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Summary

Summary
For a sustainable use of natural energy resources, renewable energies are becoming more important. Energy
policies have changed in Europe and the US since the early 1970s, mainly driven by the oil crisis and later by
reported risks due to climate change. Furthermore, the incident of the nuclear power plant Fukushima in March
2011 widely increased the effort of using renewable energy. In Switzerland, the Federal Council and Parliament
decided in 2011 a step-wise withdrawal from nuclear energy and an adaptation of the Swiss energy system by
2050: the final energy and power consumption should be reduced, the amount of renewable energy enhanced,
and the energy-related CO2-emissions should be depleted. The Swiss Energy Law EnG is intended to ensure an
economic and sustainable provision and distribution of energy, an economic and rational energy use, and an
increased use of renewable energies. There is a strong political tendency in Switzerland to consistently exploit
the existing energy efficiency potentials and to use renewable energy sources in a balanced and sustainable way.
The energy turnaround is increasingly encountered in spatial and landscape developments, as renewable
energies, such as water, wind, and solar suppliers, have a direct effect on landscapes. Landscape, as defined by
the European Landscape Convention, is the area perceived by people, whose character is the result of the action
and interaction of natural and-/or human factors. Landscapes provide important services, such as food and timber
production, fresh water supply, and recreational opportunities, which contribute to human well-being. Human
landscape perception, cognition, and values are affected by the landscape. Therefore, cultural landscape values
arise from people’s experiential and social values present in landscapes and contribute to cultural identity and
diversity. Cultural landscape values are based on the landscape characteristic (landscape form), the humanlandscape relationship (sense of place, aesthetics), and the practices in landscapes (recreation). Due to several
factors including the expansion of settlement, production and transportation areas, or the intensification of
agriculture causing a continuing pressure on the land, the quality of landscape services is affected. The
expansion of renewable energies has an impact on the landscape as well, primarily caused by installations for
power generation and infrastructure for distributing the electrical power. As the landscape development has
direct influence on our living environment and thus potentially on our well-being, future land use has to be
carefully and comprehensibly planned to reach a sustainable landscape development.
In Switzerland, the implementation of wind energy proceeds very slowly due to objections of local
stakeholders and organizations. One reason is that planning projects are often facing major rejection by the local
public due to impacts of wind turbines and top-down planning processes. Concepts and procedures of impact
assessments of wind parks mainly have the focus on identifying potentially suitable areas on the basis of
economic-technical and environmental criteria. Clearly, top-down planning approaches fail to consider the
public’s judgment about the assessment of wind park impacts in particular places. As in Switzerland the public
has the possibility to vote on planning decisions, such as renewable energy infrastructures, numerous projects are
refused. How can landscape impact assessments of planned wind parks be enhanced in order to determine
sustainable and socially accepted locations?
An environmental impact assessment in Switzerland comes into action when planned wind energy
installations produce more than 5 MW. The environmental impact assessment covers aspects of nature and
landscape protection and further environmental aspects, such as immissions, terrain, and water protection.
However, the impact of planned energy projects on cultural landscape values are not sufficiently considered
i
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because it is challenging to quantify them in biophysical or monetary terms. They can rather be identified when
they are expressed by the people. Here, participatory processes can support the inclusion of knowledge,
preferences, and social values of the public through communication and negotiation of alternative development
options in spatial planning. This may increase public trust leading to a wider acceptance of planned renewable
energy solutions. Therefore, public participation in landscape planning processes is important for integrating
renewable energies in our landscapes.
The main reported aspects that are known to affect the attitude towards wind parks, are the impacts on the
visual landscape aesthetics and on the sense of place in a specific landscape context but also the noise of rotating
turbine blades. Current planning instruments including 2D maps, 3D visualizations, and data for noise levels,
however, fail to integrate these aspects for identifying optimal places for wind power technologies. To overcome
this gap, a more comprehensive and understandable decision basis is needed to collaboratively assess the impact
of planned wind parks on the landscape, including the perceptions and knowledge of the public. Recently, fast
technological developments, such as interactive, physical-based, and highly detailed 3D simulations, offer new
opportunities to provide information, for example, of the visual and the noise impact of planned wind turbines.
Such new technical opportunities should be made available, adequately developed and tested for supporting
planning processes.
This thesis provides a contribution to fill this gap, aiming to develop and test visual-acoustic simulations for
an improved landscape impact assessment of wind parks. The thesis is structured around three main research
questions. (1) How can a 3D landscape model with acoustic noise of wind turbines adequately be simulated and
linked? (2) How can visual-acoustic simulations appropriately be validated? (3) How can visual-acoustic
simulations be applied in landscape impact assessments of wind parks?
First, the thesis provides the theoretical background from which the research questions are derived, followed
by an overall concept to answer these questions (Research Article I). Then, the research questions are addressed
in the following three sections:
Section 1 comprises the development of visual-acoustic simulations, integrating realistic soundscapes of wind
turbine noise into GIS-based 3D landscape visualizations of wind parks. In an interdisciplinary approach, the
realistic acoustic soundscape and the interactive landscape visualizations are linked to a single simulation, using
a game engine. Videos and sound recordings of an existing wind park at Mont Crosin (BE) serve as a reference
to adequately develop and link the visual and the acoustic simulations. The presented development approach
shows the generation of visual-acoustic simulations, which allow perceiving the visual and the acoustic impact
of a planned wind park (Research Article II).
Section 2 comprises the validation of the developed visual-acoustic simulations. For the reference site of the
existing wind park at Mont Crosin (BE), visual-acoustic simulations were generated. The major intention was to
test if people’s assessments of the scenic beauty and the annoyance with the wind turbine noise based on the
simulations differ from those based on the videos of the reference site. Additionally, the weaknesses and
strengths of the new simulations were identified. The videos were presented in the newly developed mobile
visual-acoustic laboratory, allowing to calibrate and control the presentation conditions to assure comparability
between the participants. The results show that there were only small differences in the rating of the annoyance
of wind turbine noise between the real situation and the simulation. With regard to the visual landscape
assessment, the simulation videos were rated lower than the real videos. However, the differences between the
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recorded and the simulated landscape are below the defined threshold with fair correlations. This indicates
validity of the simulations. Nevertheless, as we detected site specific differences in the ratings between the real
and simulation video, they should be considered for future landscape assessments using such simulations.
Overall, the approach for validating visual-acoustic simulations was successfully applied (Research Article III).
Section 3 comprises the application of the developed visual-acoustic simulations in an acceptability study.
Three focus areas with different landscape characteristics (plains area – hills – mountains) were established for
the valuation of alternative wind park scenarios. Video tours around the wind parks in these different landscapes
were evaluated and people’s preferences and values were successfully captured. Overall, we found a tendency
that the same wind park scenarios were perceived differently dependent on the landscapes. With the application
of the visual-acoustic simulation in the acceptability study, we demonstrate that the visual-acoustic simulations
could provide an appropriate instrument for assessing the impact of planned wind parks on cultural landscape
values for an improved landscape impact assessment (Research Article IV).
Overall, this PhD thesis presents a new approach for the development of visual-acoustic simulations. The
developed simulations were then tested for validity and further applied in an acceptability study. The thesis
shows that the simulations served well for capturing people’s knowledge, preferences, and social values of
different wind park scenarios, which allows assessing the impact on cultural landscape values, serving for
determining suitable and more acceptable locations for wind parks. Within a broader context, the application of
such simulations shows possibilities to derive recommendations for planning wind parks and, thus, may provide
new solutions to the implementation of the energy strategy. In conclusion, this PhD thesis might help support
participative planning to improve the communication of possible alternatives to assess landscape impacts
together with the public for a more acceptable and sustainable landscape development.
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Zusammenfassung

Zusammenfassung
Für eine nachhaltige Nutzung von natürlichen Energieressourcen werden erneuerbare Energien immer
wichtiger. Die Energiepolitik in Europa und in den USA hat sich seit anfangs der 1970er-Jahre stark verändert,
hauptsächlich aufgrund der Ölkrise und später durch die Risiken des Klimawandels. Darüber hinaus hat der
Vorfall des Atomkraftwerks Fukushima im März 2011 einen weiteren Anstieg der Nachfrage zur Nutzung von
erneuerbaren Energien ausgelöst. In der Schweiz haben der Bundesrat und das Parlament im Jahr 2011 einen
stufenweisen Ausstieg aus der Atomenergie und eine sukzessive Anpassung des Schweizer Energiesystems bis
2050 beschlossen. Gemäss dem Schweizerischen Bundesrat sollen mit der Energiestrategie 2050 unter anderem
der Endenergie- und Stromverbrauch reduziert, der Anteil an erneuerbaren Energien erhöht und die
energiebedingten CO2-Emissionen gesenkt werden. Das Schweizerische Energiegesetz EnG bezweckt
Folgendes: die Sicherstellung einer wirtschaftlichen und umweltverträglichen Bereitstellung und Verteilung der
Energie, die sparsame und rationelle Energienutzung, und die verstärkte Nutzung von einheimischen und
erneuerbaren Energien. In der Schweiz ist somit eine starke politische Tendenz zu erkennen, die erneuerbaren
Energiepotenziale auf eine ausgewogene und nachhaltige Weise zu nutzen.
Die Energiewende findet vermehrt Einzug bei Raum- und Landschaftsentwicklungen, da Anlagen zur
Gewinnung von erneuerbarer Energie, wie Wasser, Wind und Sonne, meist einen direkten Einfluss auf die
Landschaft haben. Die Landschaft, definiert gemäss der Europäischen Landschaftskonvention, ist der Raum, der
von den Menschen wahrgenommen wird, und dessen Charakter aus den Wechselwirkungen von natürlichen
und/oder menschlichen Faktoren resultiert. Landschaften bieten wichtige Dienstleistungen, wie Nahrungs- und
Holzproduktion, Wasserverfügbarkeit und Erholungsmöglichkeiten, die zum Wohlergehen der Menschen
beitragen. Die Landschaftswahrnehmung, die Kognition (z. B. die Bedeutungszuweisung) und die Werte der
Menschen werden von der Landschaft beeinflusst. Kulturelle Landschaftswerte ergeben sich somit aus der
Wahrnehmung und den gesellschaftlichen Werten, die der Mensch der Landschaft zuordnet. Diese Werte tragen
zur

kulturellen

Identität

und

Vielfalt

bei.

Die

kulturellen

Landschaftswerte

basieren

auf

der

Landschaftscharakteristik (Landschaftsform), der Beziehung zwischen Mensch und Landschaft (Identität,
Ästhetik) und den Aktivitäten in der Landschaft (Erholung). Faktoren wie die Siedlungsentwicklung, der Ausbau
von Produktions- und Verkehrsflächen oder die Intensivierung der Landwirtschaft verursachen einen
anhaltenden Druck auf das Kulturland, womit auch die Qualität der Landschaftsdienstleistungen betroffen ist.
Auch der Ausbau der erneuerbaren Energien hat einen Einfluss auf die Landschaft, hauptsächlich aufgrund der
Anlagen für die Stromerzeugung und die Verteilung der Energie. Da die Landschaftsentwicklung einen direkten
Einfluss auf unseren Lebensraum und somit auch auf das Wohlbefinden der Menschen hat, muss eine zukünftige
Landnutzung sorgfältig und umfassend geplant werden, um eine nachhaltigere Landschaftsentwicklung zu
ermöglichen.
In der Schweiz stösst der Ausbau der Windenergie häufig auf Kritik. Die Planung und Umsetzung von
Windenergieprojekten gestaltet sich schwierig und führt zu einer zunehmenden Frustration bei Verwaltung und
Windenergiefirmen. Ein Hauptproblem sind Top-Down-Prozesse, denen es an der Bewertung der
gesellschaftlichen Akzeptanz von Windparks an bestimmten Standorten fehlt. Konzepte und Verfahren zur
Bewertung der Auswirkungen von Windturbinen zur Standortevaluation von potenziell geeigneten Flächen,
basieren meist auf wirtschaftlich-technischen und ökologischen Kriterien. Da in der Schweiz die Bevölkerung
v
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direkt über Planungsentscheidungen abstimmen kann, wie auch beispielsweise über die Umsetzung von
erneuerbaren Energieprojekten, werden zahlreiche Projekte abgelehnt. Daher stellt sich die Frage: Wie kann die
Bewertung der Landschaftsverträglichkeit von Windparks verbessert werden, um nachhaltigere und
gesellschaftlich akzeptierte Standorte zu finden?
Wenn in der Schweiz Windenergieanlagen geplant werden, die mehr als 5MW produzieren, wird eine
Umweltverträglichkeitsprüfung durchgeführt. Die Prüfung umfasst Aspekte des Natur- und Landschaftsschutzes
sowie weitere umweltspezifische Aspekte zu Immissionen und zum Boden- und Wasserschutz. Allerdings sind
die Auswirkungen der geplanten Energieprojekte auf die kulturellen Landschaftswerte nicht ausreichend
berücksichtigt, da sie biophysikalisch oder monetär schwer zu quantifizieren sind. Die Auswirkungen von
geplanten Anlagen auf die kulturellen Landschaftswerte können dann identifiziert werden, wenn sie direkt durch
die Bevölkerung bestimmt und evaluiert werden. Hier kann die partizipative Planung helfen, das Wissen, die
Präferenzen und die gesellschaftlichen Werte der Bevölkerung durch Kommunikation und Diskussion über
verschiedene Entwicklungsoptionen in die Raumplanung zu integrieren. Dies kann wiederum das Vertrauen
fördern, was zu einer höheren Akzeptanz von erneuerbaren Energieprojekten führen kann. Partizipative Prozesse
in der Landschaftsplanung sind daher für die Integrierung von erneuerbaren Energieanlagen in unsere
Landschaften von grosser Bedeutung.
Wichtige Gründe für eine ablehnende Haltung der Bevölkerung gegenüber Windkraftanlagen sind die
Veränderung des Landschaftsbilds sowie der Lärm, den Windturbinen erzeugen. Planungsinstrumente wie 2D
Karten, 3D-Visualisierungen und Angaben zu Geräuschpegel reichen nicht, um diese Aspekte ausreichend in die
Standortevaluation von Windkraftanlagen einzubeziehen. Es fehlen umfassendere und verständlichere
Bewertungsinstrumente,

welche

eine

kombinierte

visuelle

und

akustische

Bewertung

der

Landschaftsveränderung durch Windkraftanlagen kollaborativ ermöglichen und erlauben, die Wahrnehmung und
das Wissen der Bevölkerung einzubeziehen. Die rasche technische Entwicklung erlaubt, 3D-Simulationen
interaktiv, basierend auf physikalischen Modellen und mit hohem Detailgrad zu erstellen. Dies erschliesst die
Möglichkeit für die partizipative Planung, umfassendere Informationen zu visuellen und akustischen
Auswirkungen von geplanten Windkraftanlagen zu liefern. Für den Einsatz in der partizipativen Planung müssen
jedoch solche Simulationen zuerst entwickelt und als Instrument zur Bewertung der Landschaftsverträglichkeit
getestet werden.
Diese Forschungsarbeit liefert einen Beitrag zur Beantwortung der Forschungslücke, indem visuellakustische Simulationen entwickelt und getestet werden, um die Landschaftsverträglichkeit von Windparks
umfassender abschätzen zu können. Die Forschungsarbeit ist durch drei leitende Forschungsfragen strukturiert.
(1) Wie können Geräuschsimulationen von Windturbinen und 3D-Landschaftsvisualisierungen von Windparks
geeignet entwickelt und korrekt verknüpft werden? (2) Wie können die entwickelten visuell-akustischen
Simulationen angemessen validiert werden? (3) Wie können die entwickelten visuell-akustischen Simulationen
zur Bewertung der Landschaftsverträglichkeit von Windparks eingesetzt werden?
Die Forschungsarbeit liefert zu Beginn theoretische Grundlagen und zeigt konzeptuell auf, wie die drei
leitenden Forschungsfragen beantwortet werden können (Publikation I). Basierend auf den leitenden
Forschungsfragen ist die Arbeit in drei Teile gegliedert.
Teil 1 umfasst die Entwicklung einer GIS-basierten visuell-akustischen Simulation, die sowohl eine
ästhetische Bewertung des Landschaftsbildes als auch eine akustische Bewertung der neuen Infrastrukturen im
vi
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jeweiligen Landschaftskontext ermöglicht. In einem interdisziplinären Ansatz werden realitätsnahe
Modellierungen der akustischen Geräuschlandschaft mit interaktiven 3D-Landschaftsvisualisierungen von
Windparks zu einer visuell-akustischen Simulation verknüpft. Referenzvideos und -Tonaufnahmen eines
bestehenden Windparks am Mont Crosin (BE) dienen als Grundlage zur Entwicklung und zur Verknüpfung der
visuellen und der akustischen Simulationen. Der entwickelte Ansatz erlaubt die Erstellung von visuellakustischen Simulationen, die eine Wahrnehmung der visuellen und der akustischen Auswirkungen eines
geplanten Windparks ermöglichen (Publikation II).
Teil

2

umfasst

die

Validierung

der

entwickelten

visuell-akustischen

Simulationen.

Für

die

Referenzsituationen des bestehenden Windparks am Mont Crosin (BE) wurden visuell-akustische Simulationen
generiert. Das Ziel ist es zu testen, ob es einen Unterschied zwischen der Wahrnehmung der Videos der
Simulationen (Simulations-Video) und der Referenzsituationen (reelles Video), hinsichtlich der Bewertung des
Landschaftsbildes und der akustischen Belästigung gibt. Zusätzlich werden die Stärken und die Schwächen der
Simulationen identifiziert. Die Videos werden in einem neu entwickelten visuell-akustischen Labor präsentiert,
welches erlaubt, die Wiedergabebedingungen zu kalibrieren und zu kontrollieren, um eine Vergleichbarkeit der
Bewertungen zwischen den Teilnehmern zu ermöglichen. Die Ergebnisse zeigen, dass es nur wenige
Unterschiede

in

der

akustischen

Bewertung

der

Windturbinengeräusche

gibt.

Bezüglich

der

Landschaftsbildbewertung wurden die Simulationen negativer bewertet als die reellen Situationen. Dennoch sind
diese Unterschiede kleiner als der festgelegte Grenzwert und mit ausreichender Korrelation, was auf die Validität
der Simulationen hindeutet. Da wir jedoch standortspezifische Unterschiede in der Bewertung zwischen den
Simulationen und den reellen Situationen festgestellt haben, sollten diese Unterschiede bei einem zukünftigen
Einsatz der visuell-akustischen Simulationen zur Bewertung der Landschaftsverträglichkeit beachtet werden.
Insgesamt konnte der entwickelte Ansatz für die Validierung von visuell-akustischen Simulationen erfolgreich
angewendet werden (Publikation III).
Teil 3 umfasst den Einsatz der entwickelten Simulationen in einer Akzeptanzstudie. Für drei Studiengebiete
in unterschiedlichen Landschaften (Flachland, Hügelgebiet und Gebirge) wurden alternative WindparkSzenarien simuliert und in einer Akzeptanzstudie bewertet. Videosequenzen um und durch die Windparks in den
verschiedenen Landschaften wurden bewertet und die Präferenzen und Werte der Teilnehmer erfolgreich erfasst.
Die Resultate zeigen die Tendenz, denselben Windpark in den verschiedenen Landschaften unterschiedlich
wahrzunehmen. Mit dem Einsatz der visuell-akustischen Simulationen in der Akzeptanzstudie konnte gezeigt
werden, dass die Simulationen ein geeignetes Instrument sein können, um den Einfluss von geplanten
Windenergieprojekten

auf

kulturelle

Landschaftswerte

zu

bewerten

und

so

eine

umfassendere

Landschaftsverträglichkeit zu ermöglichen (Publikation IV).
Die Dissertation präsentiert einen neuen Ansatz zur Entwicklung von visuell-akustischen Simulationen. Die
entwickelten Simulationen wurden auf die Validität hin getestet und in einer Akzeptanzstudie erfolgreich
eingesetzt. Mit der Kombination von Geräuschmodellierungen mit realistischen 3D-Landschaftsvisualisierungen
und dem Einsatz als Instrument für die Ermittlung der Landschaftsverträglichkeit wird eine Bewertung der
Geräusche und der visuellen Ästhetik von Windpark-Szenarien ermöglicht. Mit Hilfe der Simulationen können
Informationen zur Beeinträchtigung der kulturellen Landschaftswerte von unterschiedlichen Windparkszenarien
erfasst werden, die zur Bestimmung von geeigneten und akzeptierten Standorten für Windparks essentiell sind.
In einem weiteren Kontext kann der Einsatz solcher visuell-akustischen Simulationen Empfehlungen für
vii
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Windparkplanungen liefern und somit die Umsetzung der Energiestrategie unterstützen. Die Resultate und die
Erkenntnisse der vorliegenden Doktorarbeit können die partizipative Planung unterstützen, um eine
gesellschaftlich akzeptierte und nachhaltigere Landschaft zu entwickeln.
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General Comment

General Comment
This thesis is a cumulative dissertation consisting of four research articles for publication in peer-reviewed
journals and conference proceedings. For this thesis, few adjustments have been made to the four research
articles, e.g., formatting or the numbering of paper sections. The content, the numbering of figures and tables
remained identical as in the published versions.
This PhD thesis was carried out in the scope of the interdisciplinary project “VisAsim—Visual-Acoustic
Simulation for landscape impact assessment for wind farms” (2011–2014), funded by the Swiss National Science
Foundation, Research Grant: CR21I2_135555. Link to VisAsim web-page: http://www.visasim.ethz.ch
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Introduction

1. Introduction
The introductory chapter gives an overview of the research context and the main contributions of this PhD
thesis. Section 1.1. describes the challenges of the energy turnaround within the landscape planning context in
Switzerland with a focus on effective participation, revealing the relevance of this study. Section 1.2. specifies
the major research questions and section 1.3. introduces the general framework of the interdisciplinary project
VisAsim. Finally, section 1.4. describes the research procedure, which corresponds to the structure of this PhD
thesis.

1.1. Landscape and Energy Turnaround
1.1.1. Overview
Landscapes shape our natural and built living environment. They contribute substantially to the quality of
ecosystems and to people’s well-being (Willemen, Hein, & Verburg, 2010). To sustain landscapes, they need to
be planned and developed in a protective and responsible way. Moving towards the sustainable use of natural
energy resources, renewable energies are becoming more important. The energy turnaround effects landscapes
and can in turn also have an impact on people’s well-being (Stremke & van den Dobbelsteen, 2012). In order to
secure a sustainable landscape development with renewable energy infrastructures, a thorough integration of
these infrastructures into the landscape is required (Stremke, 2010). The sustainable integration of new
infrastructures in the landscape is the task of spatial and landscape planning. Planning instruments, such as
environmental impact assessments, exist but they often lack a comprehensive integration of public perception
and their social values present in landscape, such as identification or sense of place (Bell, Gray, & Haggett,
2005; Stephenson, 2008). Furthermore, public participation is key for socially accepted projects of landscape
change (UN, 2014). Participation in planning processes can be supported by GIS-based landscape visualizations
(Bishop & Stock, 2010; Lange & Hehl-Lange, 2005). However, visualizations are often not sufficient as they
provide only partial information (Lange, 2011). Especially when it comes to planned installations causing noise,
such as wind turbines, more understandable and audible information is demanded (Lindquist & Lange, 2014).
New participatory instruments are needed, more comprehensively and understandably representing landscape
changes through planned projects for assessing the landscape impacts together with the public (Scott, Carter,
Brown, & White, 2009). Therefore, the question arises: how to develop, validate, and apply simulations which
allow to enhance landscape impact assessments of planned wind parks in order to determine sustainable and
socially accepted locations?

1.1.2. Need for Renewable Energy
Energy policies have evolved internationally since the early 1970s, mainly driven by the oil crisis
(Wüstenhagen & Bilharz, 2006). Later in the 1990s, further stimuli came from international environmental
treaties concerning risks of climate change, such as the UN Framework on Climate Change in Rio in 1992, and
the Kyoto Protocol in 1997 (Gan, Eskeland, & Kolshus, 2007). Besides, concerns about greenhouse gas
mitigation, energy security, and local environment impacts motivated political debates and reforms, such as the
European Union Directive in 2001 on renewable energy resources (EU, 2001) and the Renewable Energy
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Conference in Bonn in 2004 (Gan et al., 2007; Ganzleben et al., 2004). A further impulse on energy policies was
caused by the incident of the nuclear power plant Fukushima in March 2011, which broadly increased the effort
of using renewable energy resources for a more sustainable energy supply. In Switzerland, the Federal Council
and Parliament decided in 2011 a step-wise withdrawal from nuclear energy and an adaption of the Swiss energy
system by 2050 (Federer, 2014; Schweizerischer Bundesrat, 2013). To this end, the Federal Council has
developed the Energy Strategy 2050 mainly to reduce the final energy and power consumption, to enhance the
amount of renewable energy, and to deplete the energy-related CO2-emissions (Schweizerischer Bundesrat,
2013). The Energy Law EnG (2014) has the following aims: ensuring an economic and sustainable provision and
distribution of energy (EnG, Art. 1a), an economic and rational energy use (EnG, Art. 1b), and an increased use
of renewable energies, especially of indigenous renewable energies (EnG, Art. 1c). Overall, there is a strong
political tendency in Switzerland towards consistently exploiting the existing energy efficiency potentials and to
utilize renewable energies in a balanced and sustainable way (BFE, 2014; Federer, 2014).

1.1.3. Energy Turnaround Effects Landscapes
The expansion of renewable energies has an impact on the landscape. Sustainable energy landscapes are “a
physical environment that can evolve on the basis of locally available renewable energy sources without
compromising landscape quality, biodiversity, food production, and other life-supporting ecosystem services“
(Stremke & van den Dobbelsteen, 2012: 4). Federer (2014) from the Swiss Federal Office of Energy (BFE)
identified impacts on the landscape by the expansion of renewable energies, primarily caused by the installations
for power generation and the infrastructure for distributing the electrical power. In particular, water and wind
power plants have a significant impact on the landscape and are often in conflict with interests of other land-use
related purposes and activities. With a new nation-wide concept, potential areas for renewable energy supply
should be identified. In addition, the use of renewable energies and their expansion will presumably be declared
as of national interest, meaning that it basically will be possible to build energy infrastructures even in areas of
other national interests, such as protected areas (BLN) (Häne & Brotschi, 2014). However, for each
infrastructure all interests need to be balanced and prioritized as conflicts of interests are technology and location
dependent. Possible solutions should be optimized towards low impacts and high electricity production. The
energy systems have to be well integrated in the landscape and must not harm the quality of life of the local
population, the biodiversity, or the landscape quality in order to be sustainable (Stremke, 2010). Since the
infrastructures of renewable energies are optimally located where energy potential exists, in the future many
landscapes will be subject to the development of energy supply.
In conclusion, energy policies are increasingly encountered in spatial and landscape developments. The
energy turnaround has a direct influence on the shape and the use of our living-environment because energy
production and transportation changes and affects landscapes.

1.1.4. Landscape and its Multiple Services
“Landscapes are the area, as perceived by people, whose character is the result of the action and the
interaction of natural and/or human factors” (Council of Europe, 2000: 3), shaped by the long history of human
land use. Landscapes are changed by culture and culture is embodied by landscapes (I. J. Nassauer, 1995).
Landscapes are spatially the living basis for humans, animals, and vegetation (Stremlow, 2008). The physical
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landscape is characterized by various elements, such as terrain, soil, water, animals, plants, forest, agriculture,
and settlement areas. Thus, landscape includes not only the natural environment but also built areas. Landscapes
are able to fulfil many different functions. Willemen, Verburg, Hein, and van Mensvoort (2008) define the
landscape functions, based on the definitions of De Groot (1992) and the Millennium Ecosystem Assessment
(MEA, 2003), as the capacity of a landscape to provide services to society. These services include benefits, such
as food and timber production, fresh water supply, and recreational opportunities (Willemen et al., 2010). Some
of these landscape services are based on the people’s perception and their social values, such as landscape
aesthetics, recreation, identification, or the sense of place. Human landscape perception, cognition, and values
are affected by the landscape (I. J. Nassauer, 1995), whereas the perception of landscape depends on our cultural
background, our perspective, and other societal values. Experiential and social values present in landscapes that
contribute to cultural identity and diversity, are the so-called cultural landscape values (Stephenson, 2008).
These values arise from the fundamental components of landscape: the landscape form (such as natural
landforms and human-made structures), the human-landscape relationship (such as sense of place, spiritual
connection, and aesthetics), and practices in landscapes (such as human activities and natural processes)
(Stephenson, 2008). People have strong emotional relationships to landscapes associated to cultural services,
such as identity or sense of place, and people tend to have objections against landscape changes affecting
cultural landscape values. Hence, landscape planning is responsible for developing the landscape in the mirror of
human perception and cognition (ILN 1998 in von Haaren (2004)) as the landscape as our living environment
includes the space as we experience and perceive it (Stremlow, 2008).
Landscapes are constantly changing due to evolving technical, economic, social and natural forces (Bishop,
2014). Changes driven by the expansion of settlement, production and transportation areas, or the intensification
of agriculture causes higher demand for land leading to continuing pressure on natural resources, whereas in
many places landscapes are losing natural and cultural quality (Roth, Schwick, & Florian, 2010). A sustainable
landscape should be economically functioning, ecologically sound, and socio-culturally useful (Nohl, 2001). As
the landscape development has direct influence on our living environment and thus potentially on our wellbeing, future land use should be carefully and comprehensibly planned to reach a sustainable landscape
development. A sustainable landscape development will ensure the provision of services but still sustain intact
landscapes for future generations. The result of suboptimal plans are, for example, fragmentation of landscapes
(Kienast, Frick, & Steiger, 2013), impairment of the recreational and natural experience, unsolicited land use
changes, and pressure on the landscape, such as the increase of settlement area and infrastructures (urbanization),
the negative impacts on animal habitats (Roth et al., 2010), and the decrease in human well-being and health,
e.g., by noise or light at night (Council of Europe, 2010; Roth et al., 2010).
In conclusion, in order to secure a sustainable landscape development with renewable energy infrastructures,
a thorough integration of these infrastructures into the landscape is required. A thorough integration means that
landscape planning should consider people’s perception and cognition of the landscape. With regard to wind
energy, this means the impact of planned wind parks on landscapes and their cultural values have to be
established. As space is limited and landscape deteriorations are often irreversible, a sustainable landscape
development is required, today and in the future. And this is the task of spatial and landscape planning.
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1.1.5. Spatial and Landscape Planning
The general goals of landscape planning are the planning, the protection, and the development of the natural
living environment of humans (von Haaren, 2004), while balancing between the use and the preservation of
landscapes and their resources for a sustainable development (Wissen, 2009). In Switzerland, the basic tasks of
spatial planning are legally specified in the Swiss Federal Constitution (BV) and in the Federal Law of spatial
planning (RP). Landscape planning is a part of spatial planning with a major focus on environmental issues in
the planning process. The landscape should be developed and maintained in a way that it (a) is environmentally
compatible and ensures the sustainable use of environmental resources (BV, Art. 73, Art. 75.1 and Art.76.1, Art.
78), (b) is protected and preserved as an aesthetically valuable cultural landscape (BV, Art. 78.2), and (c)
provides natural resources for humans, animals, and plants (BV, Art. 73, Art. 74.1 und Art. 78.4). Landscape
planning means strong forward-looking action to enhance, restore, or create landscapes (Council of Europe,
2000), which is implied in the planning process.
In general, spatial planning processes intend to strategically reach specific spatial development goals through
evaluating alternative measures covering and balancing the different spatial related interests. The classical
planning process is strongly dependent on the project objectives but the following major steps can be described
(Lange & Hehl-Lange, 2006; von Haaren, 2004; Warren-Kretzschmar & Von Haaren, 2014; Wissen, 2009):
1.

Analysis of the situation: First, a situation analysis is needed to describe and evaluate the problem.
In addition, site-specific data has to be acquired and the current situation has to be analyzed.

2.

Definition of goals: The situation analysis serves as a basis for the specific definition of the
objectives and goals.

3.

Development of solutions: Based on the defined goals, various alternative solutions are prepared,
analyzed, and assessed.

4.

Decision and implementation: After identification of an optimal solution considered by all
involved actors, it may finally be implemented.

5.

Controlling: Ideally, it will be controlled, whether the objectives and goals were reached by defined
measures.

Within the planning process, possible solutions should be developed and applied in a collaborative and
iterative research, learning and design process together with all related actors (J. I. Nassauer & Opdam, 2008;
Swaffield, 2013; Wissen, 2009). Hence, it should identify land use potentials and provide instruments allowing
an informed trade-off decision-making and prioritization of land use demands (Celio, Ott, Sirén, & GrêtRegamey, 2015).

1.1.6. Environmental Impact Assessment
Planning instruments and tools should effectively deal with spatially related changes. However, a critical part
of landscape planning is assessing the impacts of alternative plans, as many aspects to this assessment are
important to formulating optimal development strategies (Grêt-Regamey, 2007). Environmental impact
assessments are one instrument supporting an integration of planned infrastructures in the landscape. In the
context of wind energy, the environmental impact assessment is an effective instrument and standardized
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technique for evaluating the impacts of alternative plans on environmental considerations (Geißler, Köppel, &
Gunther, 2013). The European Union defined guidelines for environmental impact assessments (EU, 2012),
including the consideration of impacts of planned projects on humans, fauna and flora, the landscape, and the
cultural heritage. The environmental impact assessment in Switzerland is anchored in the Federal Act on the
Protection of the Environment (USG, 2014) and specified in the ordinance of the environmental impact
assessment (UVPV, 2013). The environmental impact assessment comes into action when new buildings and
infrastructures of a certain size are planned, or when existing installations are rebuilt or reused, whereas all
specific installation types and the corresponding decisive procedures are listed in the appendix of the ordinance
(UVPV, 2013). When planned wind energy infrastructures produce more than 5MW, an environmental impact
assessment on the cantonal level comes into action (BAFU, 2009; UVPV, 2013). The environmental impact
report covers aspects of nature and landscape protection and further environmental aspects, such as immission,
terrain, and water protection (Gilgen, 2010). Landscape impact assessments are part of the environmental impact
assessment with a focus on landscape related environmental aspects. For landscape planning purposes the
Federal Council further provides general landscape concepts with defined goals and measures (BAFU & ARE,
1998a, 1998b) as well as detailed landscape development concepts, where the development of a certain
landscape for sustainable use and ecological and aesthetic enhancement is described (BAFU, 2008). However,
their implementation is not mandatory and is mainly pursued through persuasion and incentives.
Concerning wind energy in Switzerland, the Federal Office of Energy, the Federal Office of Spatial
Development and the Federal Office for the Environment provide wind energy concepts and guidelines for
planning wind parks (BFE, BAFU, & ARE, 2004; Gilgen, 2010). However, the impact of planned energy
projects on cultural landscape values are not sufficiently considered by environmental impact assessments
because it is challenging to quantify them in biophysical or monetary terms (Daniel et al., 2012). They can rather
be identified when they are expressed by the people (Stephenson, 2008).
In general, the impact assessment of wind parks can be divided into three steps, corresponding to Otero et al.
(2012), in 1) a general environmental assessment to identify potentially suitable areas on the basis of
environmental criteria, 2) a more detailed assessment of those areas, using additional analyses and environmental
criteria, and 3) an assessment of potential visual effects, based on both measurable parameters and visual
perception. Visual impact assessment approaches of wind parks are widely reviewed and applied (Möller, 2006;
Rodrigues, Montañés, & Fueyo, 2010; Sullivan & Meyer, 2014; Tsoutsos, Tsouchlaraki, Tsiropoulos, &
Serpetsidakis, 2009), and there is also literature on the assessment of the annoyance caused by wind turbines
(Legarth, 2007; Pedersen & Halmstad, 2003). Despite the comprehensive environmental impact assessment,
planning and implementing wind energy projects in Switzerland proves to be rather difficult and leads to an
increased frustration among departments of the administration, wind energy companies, and the public (Ott,
Kaufmann, Steiner, Gilgen, & Sartoris, 2008; Thönen, 2014). The provision of documentation such as scientific
reports or environmental impact assessments are not enough to meet the information needs of the public (Bell et
al., 2005). Instead, wind energy developers and policy makers need to rethink their communication policies and
focus more on public participation, including local knowledge and public perspectives of wind park impacts
(Bell et al., 2005). The implementation of the Energy Strategy 2050 requires willingness to compromise and
cooperation among all actors. As the Swiss public has the right to vote whether a specific installation can be built
or not, the public acceptance of planned projects is crucial. Hence, one aim of the recent Federal Energy
Research Program is to contribute to a better understanding of the part of both the citizens as consumers and the
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investors with regard to decisions relevant to energy production and consumption (BFE, 2013). A special focus
is put on fostering social acceptance of wind turbines in concrete planning processes. Social acceptance
including the acceptance of the public and other societal actors, such as companies, public bodies, and
organizations, is important for a successful implementation of planned wind parks (Wolsink, 2012). To this end,
public participation is key for socially accepted projects of landscape change (UN, 2014).

1.1.7. Participatory Planning Processes
A process can be called participatory when the public is involved in the planning process. The following
levels of public empowerment in the process were defined by Arnstein (1969): a process is participatory through
information, consultation, cooperation, collaboration, or active citizen-controlled planning and implementation
(Arnstein, 1969). A public participation process is manipulative when the presence of the participants is the only
participatory part, while the public does not have any influence on the decisions and the interests and goals of the
decision-makers are set in the guise of participation. In such manipulative processes, the real objective of the
decision-makers is not to enable people to participate in planning programs but to enable powerholders to
“educate” or “cure” the participants (Arnstein, 1969). Participation in the proper sense, and this is how it is used
in this PhD thesis, is a two-way communication between both sides, the planning authorities and the public, such
as a cooperative or a collaborative process (Stauffacher, Krütli, Flüeler, & Scholz, 2012). In a collaborative
process, interpretations are shared and conclusions are jointly developed, and all collaborators are equally
responsible for the progress of the process and the output (Stauffacher et al., 2012)
Public acceptance can be enhanced when the actors have the possibility to discuss, shape, and assess possible
solutions within the planning process (Innes & Booher, 2004). Furthermore, with public participation, essential
knowledge can be captured and integrated into the planning process, leading to a development of more
reasonable and sustainable solutions. An important prerequisite to successful participation is to involve all
relevant actors, including the general public, locals, and other societal actors, such as companies, public bodies
and organizations in the decision-making process in the very beginning of the planning process. Participation is
thus essential both for a long-term sustainable landscape development and for increasing the acceptance of
spatial development projects (Wissen, 2009). For a sustainable landscape development, an active participation of
public and private stakeholders is essential (UN, 2014). Therefore, communication and public participation are
important in order to develop the landscape sustainably and in line with the desires of community interests for
acceptable planning solutions (Beierle & Cayford, 2002).

1.1.8. Effective Public Participation
For an effective participation, it is important that essential conditions are encountered, such as transparency
of the processes, mutual respect, and integration and information of all actors (Wissen, 2009). An effective
participation should ensure that the public has an influence on the decisions, as one of the principal reasons for
low levels of participation motivation was found to be the impression that the public had little influence over
agency decisions (Beierle & Cayford, 2002). Furthermore, for an effective participation, an important point is to
ensure that the necessary information is complete, understandable and accessible (Richards, Blackstock, &
Carter, 2004). Comprehensive and understandable information about the proposed project, the current landscape
situation, and the expected changes has to be available (Bell et al., 2005). Furthermore, opinions, preferences,
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and knowledge of the actors have to be included into the planning process, but first such internal information has
to be collected and gathered. To this end, instruments such as landscape visualization for communicating and
valuing scenarios can help to identify possible landscape impacts, technically and visually. With regard to wind
energy projects in Switzerland, public participation is increasingly integrated into planning processes, but
nevertheless there is often still opposition of local actors (Gutknecht, 2014). For this purpose, it is essential to
understand the social and political structures on site, the function and the perspectives of small spatial
communities, as well as the motives of wind energy critics (Gutknecht, 2014). Planning instruments, such as
information, visualizations, or other media, need to be comprehensible and reliable, showing the relevant aspects
people are concerned about in an understandable way, supporting the communication and assessment process for
an effective public participation.

1.1.9. Landscape Visualizations for Communicating Landscape Changes
The interest of showing alternative futures has already been discussed in works of the early 19th century,
such as Repton’s Red Book (Repton, 1803). Repton used representations for proposed landscape changes in
perspective before-after views. Later, analogue landscape collages and image compositions (Rekittke & Paar,
2008), sketches, perspective drawings, photomontages, and physical models were used (Lange, 2001). The
emphasis was almost entirely on the reproduction of landscape experiences by the presentation of representations
of current and future landscapes (Bishop, 2014). With the help of computers digital photomontages, animations,
interactive worlds, and 3D visualizations became sophisticated and were increasingly used for landscape
visualizations (Bishop, 2014). Recently, fast technological developments, such as interactive and detailed 3D
visualizations, provide new opportunities to communicate information for supporting collaborative planning
processes (Bishop & Stock, 2010; Lange, 2005; Stock, Bishop, & O’Connor, 2005; Wissen, Schroth, Lange, &
Schmid, 2008). To preserve the relation to the real-world, these visualizations should be GIS-based in the sense
that they are modelled based on real-world geodata prepared in a geographic information system (GIS).
Furthermore, due to the fast technological developments, today, landscape visualizations with a high level of
realism can be achieved. Furthermore, many visualization tools can support real-time exploration of landscapes
(Bishop, Stock 2010), such as 3D Nature (Nature, 2015), or Lenné3D and Biosphere3D (Lenné3D GmbH, 2015;
Paar et al., 2008; Paar & Clasen, 2007). A high level of realism means that visualizations are based on geodata
with added detailed 3D objects with adjusted animations and atmospheric settings, such as weather conditions,
natural illuminations, or dynamic processes (Griffon, Nespoulous, Cheylan, Marty, & Auclair, 2011; Lange,
2011; Wissen et al., 2008). Such visualizations can be achieved, for example, with game engines (Friese,
Herrlich, & Wolter, 2008). The fast development in the gaming industry encountered landscape planning
(Bishop, 2011a). Game engines have already been used for scientific purposes, such as understanding cultural
heritage (Wyeld et al., 2007), human wayfinding and navigation within an environment (Germanchis,
Cartwright, & Pettit, 2005), to understand and react to environmental processes (Bishop, Handmer, Winarto, &
McCowan, 2011), and for collaboratively analyzing possible landscape scenarios (Bishop & Stock, 2010; Stock
et al., 2005). Game engines are becoming increasingly popular for virtual environment development (Bishop &
Stock, 2010; Germanchis, Pettit, & Cartwright, 2004). They allow real-time visualizations where the user is able
to move freely through the environment, and they provide multiplayer possibilities, a high level of interactivity,
and possibilities of adjusting physical parameters, such as daytime settings or weather conditions. These
advances hold great potential for landscape planners for participatory purposes (Bishop, 2011a).
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1.1.10. GIS-based 3D Landscape Visualizations for Public Participation
The main benefit of visualization is expected in improving the communication and in supporting decisionmaking (Orland, Budthimedhee, & Uusitalo, 2001; Wissen, 2009; Wissen et al., 2008). Literature findings and
research projects at ETH Zurich studying the effectiveness of different forms of information provided in
participatory planning processes indicate that not only written technical facts but also landscape visualizations
served as a convenient data basis to support communication (Glaus, Wissen Hayek, Klein, & Grêt-Regamey,
2011; Lange, 2001; Lange & Hehl-Lange, 2005). Within the planning process of the mentioned studies, related
actors including the local public were invited to community events or workshops where information on possible
future landscape changes was presented. Written information, overview maps, and also 3D visualizations served
for communicating possible future developments. Furthermore, there was the possibility to discuss and evaluate
the changes and the proposed measures. The gained knowledge was used in further steps of the planning process.
The integration of internal knowledge in combination with economic-technical information of landscape changes
provided a good basis for finding preferred options of the landscape development (Glaus et al., 2011) and led to
the suggestion of measures for a more sustainable landscape development. Nevertheless, the potential of game
engines for landscape planning purposes is not yet often used.
Visualizations are often not sufficient to fully present future situations as they provide only a partial view of
the environment (Downes & Lange, 2014; Lange, 2001), especially when it comes to planning of infrastructures
in the landscape causing odors or noise. Important reasons for negative attitudes are landscape changes and noise
emissions caused by wind turbines (Geissmann & Huber, 2011; Shepherd, McBride, Welch, Hill, & Dirks,
2011). For projects with potential noise emissions, 2D decibel maps are not enough to communicate the
information in an understandable and realistic way. Not only visual but also audible simulations are needed for
representing future landscape developments (Lindquist & Lange, 2014; Scott et al., 2009).
Concerning wind energy infrastructures, the rotor blades rotating at a certain wind speed cause noises that are
additionally perceived in the landscape. Generally, wind turbine noise can be calculated with conventional
methods, such as the software WindPRO (EMD International A/S, 2013). The calculations are based on
technical information and are mainly displayed spatially explicit on a 2D map. However, for comprehensively
representing future situations, audible noises of the wind turbines are needed to achieve a more informed
discussion of alternative solutions, as there exists a relation between the perception of the visual environment
and the noise annoyance (Anderson, Mulligan, Goodman, & Regen, 1983; Mace, Bell, & Loomis, 2004;
Pedersen & Halmstad, 2003). Furthermore, as the noise is caused by the rotating blades, the rotation movement
of the rotors should be included and synchronized with the sound in the visualizations. However, there is a lack
of evaluation instruments allowing a combined visual and acoustic assessment of landscape changes due to
planned wind parks.
Visual-acoustic simulations may help communicating and assessing landscape changes due to planned wind
parks to get a better understanding of the perception of those involved and affected by these landscape changes.
Such instruments can provide information about future installations in the landscape from different perspectives
and in various situations. Therefore, they may serve as a discussion basis for a collaboration of all actors to
assess the impacts of the planned projects on the landscape and to find optimized and sustainable solutions.
Research on the development and the application of simulation instruments serving for a comprehensive decision
basis are needed.
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1.1.11. Concrete Research Gaps
In conclusion, appropriate visual-acoustic simulations are needed. GIS-based 3D landscape simulations with
wind turbines that allow hearing the future wind turbine noises spatially linked to the visible wind turbines have
to be developed. But before such newly developed simulations can be applied, an appropriate validation is
needed to test whether the simulation can induce similar reactions as those induced by real landscape
representations. Finally, the application of such simulations has to be tested to determine their suitability for
landscape impact assessments of wind parks. When applying the simulations, a visual aesthetic assessment of the
landscape as well as an acoustic assessment of the planned infrastructures in the landscapes should be possible.
Preferences and social values of the public concerning the planned wind parks in the landscape should be
gathered, supporting a more comprehensive landscape impact assessment.
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1.2. Major Research Questions
The research gaps highlighted in the previous section are addressed by three key research questions and were
elaborated in the research articles that resulted in this PhD thesis.

1) Development: How can a 3D landscape model with acoustic noise of wind turbines adequately be
simulated and linked?
a.

How can an adequate level of realism for the visual and acoustic simulations be provided?

b.

How can the correlation of noise variations and spatial movement be ensured?

The first major research question and the sub-questions were approached in the research articles I and II
(Chapters 2 and 3). The theoretical background and a concept of developing visual and acoustic simulations are
given (Chapter 2), and the technical development of the visual-acoustic simulation is demonstrated (Chapter 3).

2) Validation: How can visual-acoustic simulations appropriately be validated?
a.

How can the visual-acoustic simulations adequately be presented to people?

b.

How do people perceive visual-acoustic simulations in comparison to records of the real landscape?

The second major research question and the sub-questions were approached in the research article III
(Chapter 4), in which a validation approach is demonstrated and the perception of the visual-acoustic simulations
are compared to records of the real landscape.

3) Application: How can visual-acoustic simulations be applied in landscape impact assessments of wind
parks?
a.

What situation-contents are needed for adequate application of simulations for landscape impact
assessment of wind parks?

b.

What recommendations for planners concerning the assessment of wind parks for landscape impact
assessment can be derived?

The third major research question and the sub-questions were approached in the research article IV (Chapter
5), which demonstrates an application of the visual-acoustic simulations in an acceptability study. This gives
insights into implementation possibilities of the developed visual-acoustic simulations for landscape impact
assessment in participatory planning processes.
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1.3. The Project VisAsim
This doctoral thesis was embedded in the interdisciplinary project “VisAsim - Visual-Acoustic Simulation
for Landscape Impact Assessment of Wind Farms” (2011-2014) funded by the Swiss National Science
Foundation (SNSF), Research Grant: CR21I2_135555.
The aim of the project “VisAsim” was to develop and test a combined visual-acoustic simulation for
landscape impact assessments of wind parks. The project had an interdisciplinary approach as for the
development of visual-acoustic simulations research was needed across both disciplines, Acoustics and
Landscape Planning.
For the visual simulation, approaches for GIS-based 3D landscape visualization are needed in order to
generate and represent adequate visual simulations for landscape impact assessments. In the project “VisAsim”,
the intention is to use a game engine to meet the requirements of the visualizations, such as the inclusion of
geodata, a high level of visual realism, and the possibility to walk freely in the landscape. Because the objective
is to develop a visual-acoustic simulation, the visualization technique has to relate to a real-world coordinate
system and to allow capturing specific parameters to link the acoustic simulation correctly to the visual
landscape scene. The GIS-based landscape visualizations using a game engine as well as the method to
appropriately link the visual and the acoustic simulation has to be established from scratch. Finally, new
approaches have to be developed and tested, to validate and apply these visual-acoustic simulations for
landscape impact assessments of wind parks.
The chair of Planning of Landscape and Urban Systems PLUS of the Institute of Spatial and Landscape
Development IRL of ETH Zurich was responsible for the development of the visual simulations, the correct
synchronization of the visual and the acoustic simulations, and the validation and the application testing of the
visual-acoustic simulations for landscape impact assessment of wind parks. This PhD thesis comprises all
investigations developed at ETH Zurich.
For the acoustic simulation, know-how and techniques for the synthetic generation of acoustic signals
(auralization) are required. New algorithms and strategies have to be developed for simulating spatially explicit
noise of wind turbines, taking into account the environmental context.
The Laboratory for Acoustics at the Swiss Federal Laboratories for Material Science and Technology Empa
was responsible for the development of the acoustic simulations. The Laboratory for Acoustics has many years
of experience and has reached great achievements in measuring sound emissions and calculating physically
correct sound propagation with high accuracy.
During the VisAsim project, a close collaboration of the two disciplinary laboratories at Empa and ETH
Zurich was successfully accomplished. This comprises the production of reference videos including sound
recordings and the implementation of the visual-acoustic simulations for the validation and the acceptability
study. The knowledge and facilities of both laboratories was needed for ensuring appropriate acoustic and visual
simulation testing. The close collaboration mainly succeeded due to regular meetings, joint field trips, and
important collaborative decisions, especially for the correct link of the visual and the acoustic simulation. For
these decisions, one had to consider the others demands while the openness to learn from the other discipline
highly supported the decision-making.

11

Introduction
The project VisAsim was supported by an advisory board, consisting of interested stakeholders from the
cantonal and communal government. During the course of the project (2011-2014), the advisory board was
invited to three project meetings, where they supported the project with technical and practical knowledge. The
members of the advisory board were involved in the definition of appropriate focus areas, in setting up realistic
wind park scenarios, in the testing of the VisAsim-simulations in the acceptability study, and in supporting the
valuation and interpretation of the results. The inclusion of the advisory board in the VisAsim process ensured
that relevant policy needs were taken into account and that reasonable approaches for planning processes were
developed to allow fostering science and practice transfer.
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1.4. Overview of this Doctoral Thesis
The three major research questions are addressed in four main publications. One paper is a peer-reviewed
publication of the proceedings from the conference Digital Landscape Architecture 2012 (Chapter 2), one paper
was published in the ISPRS International Journal of Geo-Information 2014 (Chapter 3), and two papers have
been submitted to two different journals, one to Landscape and Urban Planning (Chapter 4), and one to the
Journal of Environmental Psychology (Chapter and 5). In Appendix A and B, two acoustic publications, derived
within the frame of the VisAsim project, are included, both published in 2014 in the renowned scientific journal
of the European Acoustics Association Acta Acustica united with Acustica.

Chapter 2: Concept for Collaborative Design of Wind Farms Facilitated by an Interactive GIS-Based VisualAcoustic 3D Simulation
This chapter presents the concept and theoretical background for developing an appropriate GIS-based
visual-acoustic 3D simulation for wind park assessment. Theoretical background information is given to current
simulation and modelling tools of both, the visual and the acoustic aspects. Furthermore, first results of
developing a visual-acoustic simulation are presented. The proposed concept and first results looked promising:
they provide information for the development and application of a simulation tool that may allow for an
improved impact assessment in collaboration with the public.

Chapter 3: Developing a GIS-Based Visual-Acoustic 3D Simulation for Wind Farm Assessment
This chapter presents the development of visual-acoustic simulations for wind park assessments. We
demonstrate the 3D visualization of wind parks using a game engine, with geodata as a modeling basis.
Furthermore, an approach of linking spatially referenced auralizations to a GIS-based virtual 3D landscape
model is developed and presented. In particular, it is shown how specific parameters can be controlled and
recorded in the game engine in order to establish a link to the acoustical model. As the simulations allow
perceiving the visual and the acoustic impact of a wind park, the resulting prototype has a high potential to
complement conventional tools for an improved public impact assessment of wind parks.

Chapter 4: Validating a Visual-Acoustic Simulation for Wind Park Assessment
In this chapter, we develop and apply a validation approach of the developed visual-acoustic simulations for
wind park assessments. For an existing wind park, recordings of the real landscape and the visual-acoustic
landscape simulations were presented as video sequences with sound in an experiment. The videos were
presented in the newly developed mobile visual-acoustic laboratory, allowing to calibrate and control the
presentational conditions to assure comparability between the participants. The survey participants made a visual
and an acoustic assessment of the simulation. The results show that subjects did perceive the recorded and the
simulated landscape quite similarly. Nevertheless, the differences in the ratings between the real and simulation
video of both the visual and the acoustic perception have to be considered for future landscape assessments using
simulations. Overall, the approach for validating visual-acoustic simulations was successfully applied.
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Chapter 5: Applying Visual-Acoustic Simulations to Landscape Impact Assessments of Wind Parks
In this chapter, we demonstrate an application of the developed visual-acoustic simulations for landscape
impact assessment of wind parks. We conducted an acceptability study using the visual-acoustic simulations,
allowing people to perceive the visual and acoustic impact of the wind turbines. We demonstrate how the visualacoustic simulations can be used to rate wind park scenarios in different landscape types. Overall, we found a
tendency towards differing perceptions of the same wind park scenarios depending on the landscapes. With the
application of the visual-acoustic simulation in the acceptability study, we demonstrate that the visual-acoustic
simulations could provide an appropriate instrument for assessing people’s preferences and values for an
improved landscape impact assessment. We conclude that the potential of integrating such applications into
participatory planning processes should be considered for more sustainable and widely supported landscape
development.

Chapter 6: Synthesis
The last chapter summarizes the key findings, relates them to the relevance for landscape planning processes,
gives an outlook for future research directions, and ends with some final comments on the relevance of the
findings for the energy turnaround.

Appendix A: Auralization of Wind Turbine Noise: Emission Synthesis
This publication describes the synthesis of wind turbine noise. In order to exemplarily demonstrate the
calculation of the model parameters, measurements on 2MW wind turbines (Vestas V90 and Enercon E-82) were
performed. The measurements were accomplished at two Swiss locations (Mont Crosin and at St. Brais) at
strong wind conditions. With the proposed signal analysis algorithms, the quite complex wind turbine sound can
be decomposed into only a few components described by few parameters. Now, for calculating a synthesized
wind turbine emission signal of a planned wind turbine, input variables, such as wind turbine type (Vestas V90
or Enercon E-82) and wind condition, have to be set according to the situation intended to be simulated. Possible
further applications of the synthesis model may include emission sounds for road or air traffic.

Appendix B: Auralization of Wind Turbine Noise: Propagation Filtering and Vegetation Noise Synthesis
This publication describes the propagation filtering, considering the specific geometry of a highly elevated
source and distant receivers. A model is presented to perform the filtering of the synthesized emission audio
signal, according to the effects of sound propagation from a wind turbine to a receiver. Furthermore, a vegetation
noise synthesizer is described to complement the acoustical scenery in the vicinity of a wind turbine. The
vegetation noise synthesizer uses an emission model that predicts a wind speed dependent volume-specific sound
power spectrum for different tree species. Overall, for calculating the propagation filtering the topography, the
ground type, the weather conditions, the turbines as well as the receiver position can be set according to the
situation intended to be simulated. The calculated audio signals are then mixed and sent to a suitable
reproduction system.
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Extended Abstract1
Planning of wind farms appears to be a complicated matter in Switzerland and all over Europe, coming along
with growing government and business frustration. The implementation often fails when it comes to choosing a
suitable location for a wind farm on the local level, although the public generally supports wind power (DevineWright, 2005; Wolsink, 2007b). Social acceptance is a key issue for successful wind energy market
development. The choice of the location is most crucial for public stakeholders and there is growing awareness
amongst policy makers that not only the physical characteristics of a wind farm but also the process of planning
a wind farm is an important factor influencing public acceptability (Devine-Wright, 2005). However, 75% of all
stakeholders in Switzerland state that there is a lack of market instruments to improve or support social
acceptance (BFE, 2009). Thus, participatory wind power planning in bottom-up approaches needs adequate new
communication instruments.
One of the most significant factors explaining support or rejection of wind farms is the impact of the new
infrastructures on a specific type of landscape characterized by aesthetical quality and a sense of place (DevineWright, 2005; Wolsink, 2007b). Besides these factors, noise made by rotating turbine blades is the most
prominent environmental annoyance factor (Mijuk, 2010; Pedersen & Larsman, 2008), which is strongly
correlated with the visual impact on the landscape (Pedersen & Larsman, 2008). Current planning tools including
2D maps, 3D visualizations and data for noise levels, however, fail to integrate these factors into site-planning
for collaboratively identifying suitable places for wind power technologies. Although a number of tools and
techniques are available for determining visibility and simulating wind farm projects (e.g. WindPro,
www.emd.dk), 3D landscape visualizations providing realistic, accurate and evaluable representations of the
real-world environments with integrated spatially explicit noise emissions of wind turbines are not yet available.
There is a strong need for integrating these factors of landscape quality into the site-planning of wind farms in
order to allow for a more comprehensive appreciation of stakeholders’ values and for detecting acceptable places
for wind power technologies.
This paper presents the concept and preliminary results of the development of a visual-acoustic simulation
integrating realistic acoustic soundscape modeling into GIS-based 3D landscape visualizations. Movie and sound
recordings were generated for a reference site of an existing wind farm at the Mont Crosin (Canton Berne, CH)
as reference for the visual and the acoustic simulation. A first interactive GIS-based 3D visualization with high
level of detail was generated using Crytek’s CryENGINE (http://mycryengine.com), a game engine offering
sophisticated tools, e.g., for animating 3D objects or realistic representation of lights and shades. This 3D
visualization will be further developed to a prototype of an audio-visual reproduction system, which will be
tested in experiments to proof the validity of the simulation in comparison to the reference movie/sound. Overall,
the final simulation tool will allow for an improved impact assessment in strong collaboration with the public,
which provides a better, more comprehensible decision basis for designating suitable locations for wind farms
(Figure 1).

1

The extended abstract was initially submitted on 1 November 2011 and accepted on 2 February 2012, but not published in the DLA 2012
Proceedings. Instead, the full paper is published.
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Figure 1: Possible collaborative workshop environment for analysing and choosing suitable locations of wind farms
facilitated by the visual-acoustic simulation

Key words: Collaborative wind farm planning; environmental impact assessment; visual-acoustic simulation
tool; wind turbine noise; soundscape modelling; GIS-based 3D landscape visualization; game engines
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2.1. Introduction
Planning of wind farms appears to be a complicated matter in Switzerland and all over Europe, causing
growing government and business frustration. The implementation often fails on the local level when it comes to
choosing a suitable location for a wind farm, although the public generally supports wind power (Devine-Wright,
2005; Wolsink, 2007b). Social acceptance is a key issue for successful wind energy market development. The
choice of the location is most crucial for public stakeholders and there is growing awareness amongst policy
makers that not only the physical characteristics of a wind farm but also the process of planning a wind farm is
an important factor influencing public acceptability (Devine-Wright, 2005). However, 75% of all stakeholders in
Switzerland state that there is a lack of planning instruments to improve or support social acceptance (BFE,
2009). Thus, participatory wind power planning needs adequate new instruments.
This paper presents the concept and preliminary results of the development of a visual-acoustic simulation
integrating realistic acoustic soundscape modeling into GIS-based 3D landscape visualizations. Movie and sound
recordings were generated for a reference site of an existing wind farm at the Mont Crosin (Canton Berne, CH)
as basis for validating the visual and the acoustic simulation. A first interactive GIS-based 3D visualization with
high level of detail was generated using a game engine, offering sophisticated tools for animating 3D objects or
realistic representation of lights and shades. This 3D visualization will be further developed to a prototype of an
audio-visual reproduction system. Then, visual-acoustic simulation models for specific areas with different
landscape characteristics will be established and used in virtual reality choice experiments for valuation of
alternative wind farm scenarios. The final simulation tool will allow for an improved impact assessment in
strong collaboration with the public, which provides a better, more comprehensible decision basis for
designating suitable locations for wind farms.

2.2. Theoretical Background
In Europe, there is a strong demand for renewable energy. Wind is an important energy source, however, the
development proceeds very slowly in Switzerland. One of the most significant factors explaining acceptance or
rejection of wind farms is the impact of the new infrastructures on a specific type of landscape characterized by
aesthetic quality and a sense of place (Devine-Wright, 2005; Wolsink, 2007b). Besides these factors, noise made
by rotating turbine blades is the most prominent environmental annoyance factor, which is strongly correlated
with the visual impact on the landscape (Pedersen & Larsman, 2008). Research results show that the soundscape
can have a substantial impact on aesthetic and affective assessments of visual landscapes, and particularly
anthropogenic, technical sound can impact scenic enjoyment and thus the recreational quality of locations
(Benfield, Bell, Troup, & Soderstrom, 2010). But it is less known how to adequately represent a multi-sensory
environment, how such representations might influence landscape assessments, or how they could influence
decision-making in planning the environment (Lange, 2011).
There is common agreement in the point that technical information about noise in form of dB values alone is
inaccessible to the public (McDonald, 2009). Noise is an inherently psychological perception wherefore reliance
on just physical measures of sound is not sufficient (Mace et al., 2004). The sound level can be rated very
objectively, however there are also other factors such as expectation, source attribution, prior experience,
motives, and difference thresholds, which have an impact on the subjective response and evaluation of the
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environment (Mace et al., 2004). Thus, in environmental assessment of wind turbine noise, including the human
perspective regarding the acceptability of noise in certain landscapes is mandatory. With regard to visual
aesthetic quality assessment of landscapes studying from a psychological perspective is required too, including
objective judgments as well as human perception (Daniel, 2001). Hence, approaches are needed to assess both,
the response to the visual and the acoustical impact of a wind farm scenario taking into account human
perceptions and preferences. In this context, visual-acoustic simulations have high potential to facilitate a more
comprehensive appreciation of values and for detecting acceptable places for wind power technologies.

2.2.1. Current Simulation and Modelling Tools
Current planning tools including 2D maps, tools and techniques available for determining visibility and
simulating wind farm projects (e.g. WindPRO, www.emd.dk) and data for noise levels fail to adequately
integrate visual and acoustic factors into site planning for collaboratively identifying suitable places for wind
power technologies. However, GIS-based 3D visualizations have proved to facilitate the communication
between various stakeholders, professionals and the public in the context of participatory wind power
development (Lange & Hehl-Lange, 2005).
With today’s visualization software programs virtual landscapes of tremendous visual realism as well as
interactivity can be generated (Paar & Rekittke, 2005). The rapid development of hard- and software for
interactive visualization is mainly pushed by the growing market for computer games (Herwig, Kretzler, & Paar,
2005). 3D game engines are optimized for real-time navigation in a virtual environment (Herwig & Paar, 2002).
Benefits are the possibility of interactively experiencing the virtual environment and the high level of detail.
Particularly a high level of detail in the foreground is required in order to allow for reliable visual landscape
assessment (Appleton & Lovett, 2003; Lange, 2001). Therefore 3D game engines are interesting alternatives to
professional GIS-based 3D landscape visualization software such as, for example, Visual Nature Studio
(www.3dnature.com).
Crytek's CryENGINE (http://mycryengine.com), for example, is a sophisticated 3D game engine, which
offers suitable functions for developing a visual-acoustic simulation of wind farms. It is possible to import a
digital terrain model and orthophoto (both raster data) and to animate landscape objects such as wind turbines.
The wind speed parameter can be increased in the virtual landscape and can affect the speed of the turbine's
blade rotation, shaking of leaves etc. accordingly. Even sound can be integrated into the virtual reality.
Auralization is the technique of creating audible sound files from numerical (simulated, measured, or
synthesized) data (Vorländer, 2008). As an engineering tool it has recently been discovered for environmental
noise applications. The main factors influencing sound propagation of wind turbines are well understood today.
There are engineering models such as ISO 9613-2 (ISO, 1996) or Harmonoise (2005) available that take into
account ground reflection and in a simplified manner the effects of inhomogeneous atmosphere due to varying
meteorological conditions. For research purposes reference models exist which solve the wave equation in the
propagation region considering the situation specific boundary conditions (Heutschi, Horvath, & Hofmann,
2005; Salomons, 2001). Such instruments are the basic tools to acquire adequate auralizations of wind turbine
noise.
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In conclusion, there are sophisticated software tools and simulation models available for either landscape
visualization or auralization. 3D landscape visualizations providing realistic, accurate and evaluable
representations of the real-world environments with integrated spatially explicit noise emissions of wind turbines
are not yet available.

2.3. Material & Methods
2.3.1. Development and Implementation of a Visual-Acoustic Simulation
The overall goal is the development of a combined virtual 3D visual and acoustic simulation tool for wind
power plants to assess and adequately discuss choices of locations with experts and public stakeholders. The
workflow presented in Figure 1 is divided into 2 phases: (1) development of the integrated visual-acoustic
simulation model (VisAsim model) and (2) implementation of the VisAsim model for landscape assessment.

Figure 1: Overview of the workflow

In Phase 1, we deal with the question how to adequately link and display the 3D landscape model with
acoustic sound of wind power plants providing an adequate level of detail as well as ensuring the correlation of
noise variations and spatial movement (e.g. synchronization of moving objects and noise modulations). In order
to reduce complexity of this task, we focus on the validation of the integrated simulation and its implementation
at selected viewpoints. Based on the spatially referenced parameters in the GIS-based landscape model, the
spatially explicit sound signals are linked with the visual landscape representation. In a later phase, an interface
will be developed that links the information about the three dimensional position and orientation in the 3D
landscape model to the soundscape model. This will allow stakeholders to walk through the virtual landscape
and to have a more personal role in the planning and evaluation process of wind turbine placement (Bishop &
Miller, 2007).
In order to test the validity of the VisAsim model it has to be compared to environment conditions close to
reality. For this purpose we are simulating an existing wind farm in the first phase. As reference area, the
existing wind farm at Mont Crosin (Canton Berne, Switzerland) was selected because it serves as a model
example for a successful wind farm and is highly accepted in the public.

21

Research Article I
“Validity refers to the degree that something is as it purports to be.” (Palmer and Hoffman (2001): 154).
Thereby it can be distinguished between response validity and accuracy in the representation (Sheppard, 2005).
With regard to the acoustic simulation the same sound has to be generated as in the real environment and thus,
the stimuli can be analyzed through a direct listening comparison. However, since the real world comprises
much more visual detail than a computer generated representation can provide, 3D visualizations are always an
abstraction from the real environment. For this reason, it is not possible to generate precisely the same stimulus
as the real environment, but one can test if the response is the same for both stimuli (Williams, Ford, Bishop,
Loiterton, & Hickey, 2007). Therefore, we will check if the test persons’ assessments (response equivalence)
based on the VisAsim model are the same as the ones based on the video of the reference site (accuracy in
representing sound, physical and visual qualities).
In the second phase, we implement the validated tool for assessing public preferences for wind farm options,
accounting for the impacts on landscape aesthetics and noise in specific landscape contexts. The methods,
workflows and tools elaborated in Phase 1 are then applied for generating VisAsim models of three focus areas
with different landscape characteristics and of different landscape sensibility. Three scenarios per focus area will
be simulated with low, medium and high numbers of possible wind turbines in the respective perimeter.
We want to find out, what are the effects of the simultaneous presentation of visual and acoustic effects of
wind power plants on the preferences for a wind farm scenario. Furthermore, is there a difference in the
influence of the noise of wind turbines on the assessment of landscape aesthetics depending on the landscape
type? To answer these questions, the (mutual) effects of the integrated visual-acoustic simulation on the
evaluation of landscape aesthetics and noise perception are investigated in experiments.
Developed in the early 1980s, discrete choice experiments are increasingly being used by economists to elicit
preferences for different non-market goods and services, such as landscape aesthetical or recreational quality
(Champ, Boyle, & Brown, 2003). Drawing upon socio-psychological concepts such as motives or expectation,
choice experiments can be used to find out about segments of respondents showing different preference levels.
Segmentation analysis such as latent class analysis is especially useful to evaluate the impact of different
management scenarios and to conclude on optimizing actual wind turbines planning projects (Birol, Karousakis,
& Koundouri, 2006). Therefore, we will conduct a virtual reality choice experiment (Bateman, Day, Jones, &
Jude, 2009) with selected experts and lay people in a laboratory experiment to determine the impact
(aesthetics/noise) of the scenarios on the landscape.

2.4. Results
2.4.1. Reference Data
Movie and sound recordings were generated for the site of the existing wind farm at the Mont Crosin as
reference for the visual and the acoustic simulation (see Figure 1, Module 1). Suitable locations for these
recordings were chosen based on the following visual and acoustic criteria: From a visual point of view the
choice of location is based on the behavior of pedestrians, ideally along roadsides (Braun & Ziegler, 2006). In
the recordings should be no disturbing objects, e.g. cows, buildings and other complex objects that may be
difficult to visualize. Different contents of views were defined: a frontal wind turbine, a wind turbine in the
background, several wind turbines and no wind turbine. From an acoustical point of view, locations fulfilling the
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following criteria are needed: an emission recording (in close vicinity of a wind turbine), an ambiance recording
(close to a forest edge), a propagation recording (up to 500m distance to a wind turbine) and a multi-source
recording (two wind turbines from different directions). The acoustic criteria are based on the principle of
auralization comprising the basic elements of sound generation, propagation and reproduction (Vorländer, 2008).
The accomplished reference recordings meet these predefined visual and acoustic criteria ensuring an optimal
modeling and validation of the visual-acoustic simulation tool.
The videos and the sound recordings were produced when the vegetation was fully foliated (Figure 2). A
Soundfield microphone and a single-lens reflex camera with movie recording capability were used as an acoustic
and visual recording system. For recording the movie, a 10-20 mm lens was used and fixed to 10 mm to capture
a field of view of 100° which comes close to a human’s field of view. Simultaneously, wind speed measurements
at 10 m above ground were gathered. In order to assess the visual and acoustic impact of the wind turbines on the
landscape under different wind conditions, we took recordings at a wind speed of 3 m/s and over 9 m/s. The
recordings serve as basic information for developing and testing the VisAsim model (see Figure 1, Module 5).

Figure 2: Simultaneous video and sound recordings at the wind farm Mont Crosin (BE)

In addition, aerial images from the reference site were captured using an unmanned aerial vehicle (UAV)
(Figure 3). UAVs are usually equipped with different sensors for navigation, positioning, and mapping such as
still-video cameras. The position of the UAV as well as the camera shutter can be controlled remotely from the
ground (Manyoky, Theiler, Steudler, & Eisenbeiss, 2011). The aerial images were photogrammetrically
processed and a digital terrain model of high resolution in decimetre range was calculated. This data allows for
highly detailed and up-to-date landscape visualizations (see Figure 1, Module 2).

Figure 3: Acquisition of aerial images using an UAV
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2.4.2. First Interactive GIS-Based 3D Visualization Integrating Sound
A first interactive GIS-based 3D visualization with high level of detail was generated using the SandboxEditor of Crytek’s CryENGINE Version 3.2.1 (Figure 4). The developed prototype is a 3D landscape simulation
based on a digital elevation model and an orthophoto. Objects of landscape elements such as vegetation and 3D
models of wind turbines were added according to the corresponding coordinates of their actual locations. The
user is able to go to any location in the visualization in order to explore the visual and acoustic situation.
Moreover the lighting and the daytime can be changed interactively so that the scenery can be experienced at
night time as well.

Figure 4: Prototype of the visual-acoustic simulation tool, wind farm at Mont Crosin (BE)

Audio recordings of actual wind turbine immissions served as base data for sound implementation. We
calculated sound levels using a simplified physical acoustic noise propagation model. The audio files were then
modified according to these sound levels with FMOD Designer (www.fmod.org), a software to create interactive
audio. These audio files were integrated into the visualization model in CryENGINE where the sound can be
reproduced on a multichannel surround system. At any location in the visualization the estimated ambient
circumstances can now be experienced (Figure 1, Module 2).
However, based on the result it was decided not to integrate audio recordings directly into CryENGINE. The
applicable sound models are too simplified and do not represent realistic soundscapes yet. For example, the
sound propagation model does not take into account reflections at landscape objects such as buildings or
vegetation (for further details see Manyoky (2011)). In the next step, thus, a sophisticated auralization will be
developed and linked to an enhanced version of the 3D landscape model. Major challenge is thereby to
synchronize the movement of the animated landscape objects with the sound depending on the wind speed and
wind direction. Particularly the specific sound frequencies of blades passing the turbine pole ("swish-swish"
sound) have to be synchronized. Failures in this synchronization were immediately perceived and criticized by
test persons. Furthermore, the georeferenced locations as well as width and height of all 3D landscape objects
(wind turbines, vegetation) in the scene have to be reported as input for the auralization model.
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2.5. Conclusions & Outlook
The presented concept for the development of an interactive GIS-based visual-acoustic 3D simulation
provides a feasible approach of integrating spatial noise emission into virtual landscapes to assess possible
locations for wind farms. Thereby the chosen game engine CryENGINE turned out as suitable software for
visual landscape representation offering high level of detail and interactivity required for comprehensive visual
landscape assessment (objective and subjective). However, with regard to sound representation the CryENGINE
does not provide enough functionality for adequate auralization yet. Thus, a separate auralization has to be
established and linked to the 3D visualization.
Implementing this tool for evaluating the impact of different wind farm scenarios in virtual reality choice
experiments (VRCE) will result in stated preferences of the public. The assessment results will reveal the impact
of different wind farm scenarios in different landscape types. These will allow for recommendations for wind
farm planning, informing decision-makers on the various planning levels about the general potentials of the wind
farms' societal acceptability in specific landscapes.
Beyond that it may be suggested that the VisAsim tool can facilitate participatory wind farm planning. The
final visual-acoustic simulation tool will allow for an improved impact assessment on the perceived landscape
quality in participatory processes, which provides a better, more comprehensible decision basis for designating
suitable locations for wind farms (Figure 5). Combining the results of both, the choice experiment and local
participatory approaches, realistic visions for landscape development with wind farms can be elaborated taking
into account the public needs with regard to aesthetical and acoustic landscape quality. The methods developed
for VisAsim will be transferable to assess also other landscape changes with visual and acoustic impacts such as
new streets or high voltage power lines.

Figure 5: Visual-Acoustic simulation of wind turbines for a more comprehensible decision basis for choosing suitable
locations for wind farms
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Abstract
Public landscape impact assessment of renewable energy installations is crucial for their acceptance. Thus, a
sound assessment basis is crucial in the implementation process. For valuing landscape perception, the visual
sense is the dominant human sensory component. However, the visual sense provides only partial information
about our environment. Especially when it comes to wind farm assessments, noise produced by the rotating
turbine blades is another major impact factor. Therefore, an integrated visual and acoustic assessment of wind
farm projects is needed to allow lay people to perceive their impact adequately. This paper presents an approach
of linking spatially referenced auralizations to a GIS-based virtual 3D landscape model. We demonstrate how to
utilize a game engine for 3D visualization of wind parks, using geodata as a modeling basis. In particular, the
controlling and recording of specific parameters in the game engine is shown in order to establish a link to the
acoustical model. The resulting prototype has high potential to complement conventional tools for an improved
public impact assessment of wind farms.

Keywords: wind farm planning; wind turbine noise; landscape impact assessment; GIS-based 3D visualization;
game engine; auralization; visual-acoustic simulation

29

Research Article II

3.1. Introduction
Planning of new renewable energy installations in the landscape is a complicated matter in Switzerland and
all over Europe. Although the public generally supports the renewable energy deployment, the implementation
of new installations often fails when it comes to choosing appropriate locations, especially regarding wind farm
locations on the local level (Devine-Wright, 2005; Wolsink, 2007b). Cowell (2010) points out the “split between
the technical and the social” as a key problem: the technical potential is taken as basis for national wind power
targets in a top-down approach (e.g.,BFE et al. (2004)), lacking the public’s judgment about the acceptability in
particular places. According to recent studies, however, social acceptance is a key issue for successful wind
energy market development (Hall, Ashworth, & Devine-Wright, 2013; Pepermans & Loots, 2013). Furthermore,
stakeholders state that there are no suitable instruments to support social acceptance (BFE, 2009).
The impact of the new infrastructures on a specific type of landscape characterized by aesthetical quality and
a sense of place is one of the most significant factors explaining support or rejection of wind farms (DevineWright, 2005; Wolsink, 2007b). Although the visual sense is the dominant human sensory component for
landscape perception, it only provides partial information about our environment (Lange, 2011). Therefore, a
multi-sensory approach for landscape assessment is needed. With regard to wind parks people perceive the noise
generated by rotating turbine blades as one of the most prominent annoyance factors (Mijuk, 2010; Shepherd et
al., 2011), which is linked to the visual attitude of the wind turbines in the landscape (Pedersen & Larsman,
2008). Hence, there is a strong need for integrating this factor of landscape quality into the site planning of wind
farms in order to allow the identification of socially accepted locations for wind power technologies.

3.1.1. Technological Advances in Digital Landscape Visualizations
In the last few decades, the technological advances in digital landscape visualization tools and techniques
allow landscape and urban planners to use digital 3D visualizations as a common feature for landscape design,
planning and management (Lange, 2011). Highly detailed 3D vegetation for landscape visualizations (e.g.,
Laubwerk plants (Laubwerk GmbH., 2013), XfrogPlants (Xfrog Inc., 2013) or the SpeedTree Toolkit (IDV Inc.,
2013)), integrated augmented reality and Geographic Information System (GIS) representations (Ghadirian &
Bishop, 2008), multi-player capabilities, and communication possibilities (Stock & Bishop, 2006; Stock, Bishop,
& Green, 2007; Stock et al., 2005) are just a few examples. These advances hold great potential for landscape
planners in a diversity of applications such as participatory purposes, communication, scenario evaluation, and the
decision-making process (Bishop, 2011a). GIS-based 3D visualizations have proved to facilitate the
communication between various stakeholders, professionals, and the public in the context of participatory wind
power development (Lange & Hehl-Lange, 2005; Otero et al., 2012). In the landscape planning context,
currently emerging game engines offer interesting modeling tools providing state-of-the-art visualizations (Friese
et al., 2008). Game engines are software programs including different modules for 2D and 3D representations,
and generic physics calculations (Lewis & Jacobson, 2002) to design computer games. These engines allow for a
high level of interactivity and support multiplayer capabilities with online communications (Bishop, 2011a).
Some of them are available for low prices in the case of non-commercial use and are designed to run on low
budget computers as well (Friese et al., 2008; Herwig & Paar, 2002). One major advantage of game engines is
the ability to create real-time visualizations, which do not require a time consuming rendering step, where each
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camera position and physical parameter has to be set before the visualization can be presented. Instead, real-time
visualizations allow the user to move freely through the environment and to dynamically alter physical
parameters in the virtual landscape, such as daytime settings or the weather conditions. The ability of game
engines to create virtual landscapes with controllable and changeable real world parameters can lead to a suitable
planning tool to support communication in decision-making processes. Bishop (2011a) states that realistic
gaming tools configured as a collaborative virtual environment can help people to explore complex issues, run
scenario models, and develop acceptable plans. Furthermore, the user’s understanding of the real world can be
supported by the interactivity and dynamics of virtual environments (Germanchis et al., 2004). If these gaming
tools include crucial physical forces and processes of the landscape and also support multi-user capabilities, it
would be a logical extension to present such game environments to communities in order to further the design of
sustainable future landscapes (Bishop, 2011a).

3.1.2. Game Engines for Landscape Visualizations
Using a game engine for landscape visualization and planning, Stock et al. (2005) showed how Torque’s
Game Engine (GarageGames., 2013) can be employed to establish a web-based map server to create a
collaborative environment. Jacobson and Lewis (2005) presented an immersive cave-like virtual reality
projection of landscapes using the Unreal Engine (Epic Games Inc., 2013). Nakevska et al. (2011) illustrate
examples of a cave-environment using Crytek’s CryENGINE (Crytek GmbH., 2013b) interfacing the game
engine with sensors and input devices for interacting with the virtual environment. Friese et al. (2008) analyzed
the visualization and interaction capabilities of different game engines, and decided to use the CryENGINE for
modeling landscape visualizations because large outdoor terrains can be generated and edited interactively.
The CryENGINE was used by Germanchis et al. (Germanchis et al., 2005; Germanchis, Cartwright, & Pettit,
2007) as well, because the CryENGINE was the most stable, easiest to learn and most powerful engine to
generate a virtual environment.
A major advantage of the CryENGINE 3 is that it incorporates a physics engine, which can be applied to almost
all objects within the virtual world and allows realistic interaction of objects with physical forces such as wind,
gravity, friction, and collisions (Crytek GmbH., 2013b). Therefore, the engine does not rely on precomputed effects
but is capable of displaying physically-based phenomena such as dynamic daytime simulation in real-time, changes
in vegetation and cloud movement due to altered wind speed (D. Tracy & Tracy, 2011).

3.1.3. Game Engines and Geodata
Germanchis et al. (Germanchis et al., 2005, 2007) uses a workflow to integrate geodata into the game engine
transforming the data into an appropriate form for the game environment to understand. The workflow consists
of different stand-alone software programs, e.g., ArcGIS or Photoshop. Herrlich (2007) developed a tool to
convert real GIS-data into a suitable source readable for the CryENGINE. In the conversion process, GaussKrueger coordinates are mapped to game level coordinates. Later, Herrlich, Holle, and Malaka (2010) show that
a game console can be used as a device for geodata visualization and GIS applications, and suggest a way of
integrating the standards CityGML and COLLADA for high-quality visualization. However, Friese et al. (2008)
state that one of the major difficulties encountered during their project using geodata with a game engine were
the data conversion processes, as the resolution of the geodata is usually very different compared to the internal
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engine height map resolution. Furthermore, the coordinate systems of the geodata compared to the internal game
engine system vary as well. To get acquainted to the import of terrain, 3D objects and other external data from
GIS software, time-intensive trials are often necessary (Herwig & Paar, 2002).

3.1.4. Reproduction of Wind Turbine Noise
With regard to acoustics, the wind turbine noise has to be reproduced for planning future wind farms.
Therefore, the audio signals that are suggestive of realistic noise in a given situation have to be synthesized.
Sound emission from wind turbines is composed of a mechanical and an aerodynamic component. The
mechanical noise is produced by the gearbox and other moving parts of the turbine. The aerodynamic noise on
the other hand is generated by air passing the rotor blades. Investigations with microphone arrays have shown
that the trailing edge delivers the main contribution to the overall noise (Oerlemans, Sijtsma, & Méndez López,
2007). This aerodynamic noise is very broadband with a drop-off towards higher frequencies and can be
predicted by numerical calculation methods (Heutschi & Pieren, 2013; Heutschi et al., 2014; Schepers et al.,
2007).
Overall, sophisticated software tools are provided for either landscape visualization or auralization. However,
spatially explicit noise emissions of wind turbines integrated in 3D landscape visualizations providing realistic,
accurate, and evaluable representations of the real-world environments are not yet available (Manyoky et al.,
2012). This paper describes the development of a visual-acoustic simulation integrating realistic acoustic
emission and propagation into GIS-based 3D landscape visualizations to support landscape impact assessments.
The visual simulation is generated employing a game engine. For the generation of synthetic wind turbine and
environmental noise, the implementation of an emission synthesizer and a propagation filter as well as a
reproduction system is developed. The visual and the acoustic simulations are then connected on the basis of
linking parameters. These parameters can be controlled via the visual simulation and are transferred to the
acoustic simulation to correctly auralize the corresponding soundscape. The focus of this article is the
documentation of methods applied for developing the visual-acoustic simulation prototype.

3.2. Methods
First, videos and sound recordings of a case study area had to be produced (Section 3.2.1). These recordings
served as reference for the simulation of the landscape scenery including wind turbines as well as for the
acoustic ambience of the wind turbine sound. Then, with regard to the visual simulation (Section 3.2.2) the
essential processes are described: the coordinate transformation to import geodata, the calculation of the wind
speed profile, and the visual optimizations to achieve an appropriate level of realism in the visualization. In the
acoustic simulation (Section 3.2.3), the general simulation method and the developed calculation software are
briefly described. Finally, Section 3.2.4 shows how both simulations are linked together.

3.2.1. Reference Video and Sound
The Mont Crosin in the Canton of Berne (Switzerland) was chosen as the reference site for the development
of the visual-acoustic simulation tool. The wind farm comprises 16 wind turbines of the type Vestas (Vestas
Wind Systems A/S.). On 11 October 2011 and 2 December 2011 the reference recordings were performed at
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Mont Crosin: video and sound recordings were produced as medium for comparison in order to develop the
acoustic and visual simulation, and to test the validity of the integrated visual and acoustic simulation tool in a
further step.
Prior to fieldwork, reference points at Mont Crosin were defined where videos and acoustic recordings were
made, suitable to serve as reference data for both the acoustic and the visual simulation. Thereby, the
fundamental auralization aspects were considered, consisting of emission (close vicinity of a wind turbine),
ambiance (close to a forest edge), propagation (up to 500 m distance to a wind turbine), and multi-source
recording (two wind turbines from different directions) (Vorländer, 2008). Furthermore, constraints for the
choice of viewpoints were given by the pedestrians’ behavior, i.e., staying on the roads (Braun & Ziegler, 2006).
The contents of views were a frontal wind turbine, a wind turbine in the background, several wind turbines and
no wind turbine. The viewing contents, except the “no wind turbine view”, were required for comparing the
human perception of the contents of the recordings and the simulations in the validation phase, carrying out a
visual and acoustic landscape assessment.
In order to assess the acoustic impact of the wind turbines on the landscape under different wind conditions, a
recording day with low wind (3.4 m/s at 10 m above ground) and one with strong wind (10.6 m/s at 10 m above
ground) were chosen. The wind speed measurements were performed with a 3D ultrasonic anemometer. The
main audio recordings were taken with a SPS200 Soundfield microphone, which, as a consequence of the strong
wind, had to be mounted close to the ground and equipped with a Rycote Windshield and Windjammer. The
visual recording system comprised a single-lens reflex camera with video recording capability. A 10–20 mm lens
was used and fixed to 10 mm to capture a field of view of about 100 degrees. Videos were captured to catch the
movement of the wind turbines and the vegetation influenced by the wind conditions on the recording days. The
recording position in the field, viewing directions, wind speed, and wind direction parameters were compiled in a
storyboard.
In addition, aerial images from the reference site were captured using an unmanned aerial vehicle (UAV).
The aerial images were photogrammetrically processed, and a digital elevation model (DEM) as well as an
orthophoto with a resolution in the decimeter range was calculated. This geodata can not only be used as an
accurate and up-to date basis for landscape visualizations but also for determining the correct wind turbine
positions in the landscape. The latter was particularly beneficial because the wind farm was recently enlarged
and existing aerial images were outdated.

3.2.2. Visual Simulation
Using the Sandbox-Editor of Crytek’s CryENGINE Version 3.3.9 (Crytek GmbH., 2013b), an interactive
GIS-based 3D visualization with a high level of realism was generated. To visualize the landscape structure
including the hilly terrain of the reference site, the visualization perimeter was set to a size of 8 × 8 km. Because
the UAV data covered only 3 km2 of the reference site of Mont Crosin, we decided to use the UAV data mainly
for determining the correct placement of the 3D models. The 3D landscape simulation is therefore based on a
DEM and an orthophoto of the Mont Crosin from swisstopo (swisstopo, 2013). In addition, 3D models for
vegetation, infrastructures, and wind turbines were added according to their actual locations, as shown in
Figure 1.
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Figure 1: Visual simulation process of the wind farm at Mont Crosin.

A major task was to import and reference the geodata accurately because the game engine does not yet
provide a direct GIS functionality. Therefore, conversion rules were defined, e.g., to import the digital elevation
model so that the heights were displayed correctly in the virtual 3D model.

Figure 2: Digital Elevation Model overlaid with an orthophoto and correctly placed wind turbines.

For this task, we took advantage from the CryENGINE’s ability to interpret gray values from a height map
(S. Tracy & Reindell, 2012). Using an 8 bit height map allowing 256 gray values, an area with height differences
over 255 m causes the height resolution to be larger than 1 m. In the reference region of Mont Crosin, the perimeter
of 8 × 8 km has differences of about 900 m in height, including a mountain of about 1,000 m above sea level.
Therefore, the height resolution is about 3.5 m per height unit (900 m/256 = 3.53 m). Working with 16 bit data
files reduces this problem having over 65,000 grey values to represent even small height displacements. Before
importing a greyscale terrain, e.g., a GIS-based DEM, the “Maximum Height” value in the engine has to be set.
The “Maximum Height” corresponds to the maximum height difference in the perimeter that is the maximal
height minus the minimal height of the DEM. The “Maximum Height” value sets the maximum terrain height
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which the imported terrain can be raised to (D. Tracy & Tracy, 2011). Using the terrain editing functions in the
engine, the elevation can be smoothed to achieve a better looking base model map (S. Tracy & Reindell, 2012).
The resulting basic model of the reference site is shown in Figure 2.
3.2.2.1. Coordinate Transformation
The auralization module requires information about the source and receiver position in order to link the
respective sound to the view accurately. To get the current user position in the visualization in real world
coordinates, transformation parameters have to be set which are applied in real-time to the CryENGINE
coordinates. The auralization and the visualization are based on geodata in the Swiss coordinate system (LV03).
Because the Swiss coordinate system is a Cartesian system and is defined to have only positive coordinate values
within Switzerland, the conversion formula can be simplified to a translation. The translation parameter
corresponds to the real world coordinates of the CryENGINE’s origin, implicating the shift of the origin
coordinates between the perimeter and the CryENGINE. By adding the translation parameters
(

/

) to the current position coordinates in CryENGINE (

/

), the lateral real

world position of the user in Swiss coordinates is known at any time:

(1)

The height coordinate
coordinates

is dependent on the minimal height of the visualization perimeter in Swiss

and the height value of the current position in CryENGINE

. The

parameter

corresponds to the 0 m height map value in CryENGINE.
(2)
Further deformation or distortion factors of the earth were not taken into account because of the small size of
the perimeter, where these factors are negligible.
3.2.2.2. Wind Speed Profile
The movement of the vegetation and the rotational speed of the turbine blades depend on wind direction and
speed. Therefore, an algorithm was developed to adjust the wind speed and direction by user interaction (e.g.,
key inputs) affecting the movement of the vegetation and the wind turbine blades in the virtual model. This
algorithm assumes a wind speed profile to calculate the wind speed at hub height. The wind field is determined
by pressure differences in the atmosphere. Near the ground surface the wind speed is lower due to friction losses.
In addition, the vertical wind speed profile depends on atmospheric stability caused by the temperature layers
influencing the vertical movement of the air particles. The wind speed profile is calculated as follows (Heutschi
& Eggenschwiler, 2010; Kühner, 1998; Van den Berg, 2004):

10

(3)
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To calculate the wind speed (wz) at a specific height (z), the wind speed 10 m above ground (w10m) and an
atmospheric exponent (m) is needed. In this project, the wind speed 10 m above ground is defined as the global
and adjustable wind speed parameter in CryENGINE influencing the vegetation movement. The wind speed at
hub height is then calculated with Equation (3). The m-exponent is dependent on the atmospheric stability class.
This is calculated based on the current solar radiation, respectively, the cloud cover at day or night time. In the
visualization, this can be defined and changed interactively influencing the wind profile and therefore the
theoretical wind speed at hub height.
The wind profile was scripted within the simulation using the visual scripting system “Flow Graph”, which is
embedded in the CryENGINE Sandbox editor (S. Tracy & Reindell, 2012). The “Flow Graph” provides a library
of functions and represents them and their connections visually to easily generate and control logical processes.
Figure 3 shows an excerpt of the implemented formula Equation (3) in the “Flow Graph” script. As the wind
turbine Vestas V90-2MW changes the rotational speed for different wind speed thresholds, rotation modes (M0M3) were established in field (see Section 3.2.3). The wind speed at hub height indicates the rotation mode in
which the wind turbine is currently operating. The output of Equation (3) (in the “Math:Mul”-Box in the middle
of Figure 3) is directed to the wind turbine rotation modes (M0-M3), where the corresponding mode value
regulates the speed function of the wind turbine rotor blades. In reality, the wind turbines never move
synchronously. To run the wind turbines asynchronously in the simulation, a random value is added to the
rotation speed and to the initial position of the rotor blades.

Figure 3: Section of the “Flow Graph” script developed in CryENGINE to control the specific parameters for wind speed
profile calculation and corresponding wind turbine rotation in the virtual landscape model.

The script allows the user to control the wind speed and direction, allowing changing the wind turbine
rotation in the engine in real-time while walking in the virtual 3D model.
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3.2.2.3. Visual Optimizations
Landscape elements of 3D visualizations such as terrain, vegetation and built forms can have different levels
of abstraction (Danahy, 1997). Each element has a geometric depiction (e.g., a polygon) with an association of
textural properties on the geometric surface (Danahy, 1997; Wissen, 2009). For their representation, Danahy
(1997), Lange (2005) and Wissen (2009) describe different scales in respect to their level of abstraction, ranging
from abstract to realistic representations. Lange (2005) states that from a modeling point-of-view, a visualization
is more realistic, the more specific textures and geometries are used for modeling represented objects.
Furthermore, a higher level of realism can be acquired by integrating and adjusting atmospheric conditions such
as weather conditions, natural illumination or the simulation of dynamic processes (Achleitner, Schmidinger, &
Voigt, 2003; Erwin, 2001; Paar, Schroth, Lange, Wissen, & Schmid, 2004). In this project, we tried to visualize
the reference locations in a high but appropriate level of realism. An appropriate level of realism should allow
inducing perceptions of the simulated landscape similar to the reference recordings. To achieve this, the
following visual optimizations were applied.
The reference videos were analyzed with regard to the wind turbine orientation and rotation, the lighting and
weather conditions, and the vegetation movement as well as the structure of the vegetation in the landscape
(type, height, density and distribution). The vegetation was animated according to the measured wind speed in
field and the movement in the reference video, and with the additional help of the aerial images the vegetation
was placed accurately in the visualization.
The lighting conditions were adjusted using the CryENGINE’s ability to simulate different daytimes. Based
on the reference data collected in field, the daytime and the weather conditions, such as cloud cover, wind speed,
wind direction, sun intensity, and sun settings were set in the game engine. The sun settings allow adjusting the
position of the sun, the sun direction (the direction from where the sun rises), and the daytime. The sun position
implies the distance the perimeter is located from the North Pole to the South Pole, and can be estimated using
the real latitude position of the perimeter (for the reference site: 48°N in WGS84). As the CryENGINE sun
position values range from 0 (=North Pole) to 180 (=South Pole) (D. Tracy & Tracy, 2011), the sun position
value in the sun settings is 42 for the reference site.
Furthermore, the orthophoto color was adjusted to match with the current ground color in the reference
videos, using an image editing application. This was necessary for the strong wind situation because the
orthophoto was captured at a slightly different season and weather condition than the reference videos.
For the strong wind condition, the sky was covered with fast moving clouds. As these moving clouds are
giving an impression of a typical windy environment, this effect has to be implemented as well in the visual
simulation, using CryENGINE’s 3D clouds (D. Tracy & Tracy, 2011). Corresponding to the cloud moving
direction in the reference video, the moving path for the major clouds was defined in the visual simulation,
leading to an appropriate visual windy effect in the landscape visualization.
For the low wind situation, direct sun exposure was present on the recording day, generating fast moving
shadows on the ground from the wind turbine rotors as well as smaller, stationary shadows from the vegetation.
Due to the dynamic shadow calculation of the CryENGINE the shadows could be reconstructed accurately with
respect to the reference recordings.
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The available 3D wind turbine object models obtained from the software library of WindPRO (EMD
International A/S, 2013) were resized in the software 3D Studio Max from Autodesk (Autodesk Inc., 2013)
corresponding to the wind turbine sizes on the reference site, including the wind turbines’ heights, mast
diameters, and the rotor blade dimensions. Additionally, the wind turbine color material was adjusted in order to
match the appearances and visual attributes of the real ones. To obtain a 3D wind turbine object file, readable in
CryENGINE (e.g., .cgf, .mtl and .dds), the exporter of the CryENGINE 3ds Max Plugin (Crytek GmbH., 2013a)
was used. The wind turbine rotor and the mast were imported as separate objects to animate the rotor
independently from the mast. In the CryENGINE’s “Flow Graph”, the rotor is linked to a rotation function,
which specifies the movement of the rotation direction (x,y,z) and the rotational speed. Linking the wind turbine
rotor to the mast using CryENGINE’s “Link Object” function, it is possible to change the entire wind turbine
orientation based on the wind direction, while all wind turbine rotors can be steered individually with respect to
the wind speed.
All these visual adjustments led to an appropriate landscape visualization providing a level of realism
suitable for a visual perception evaluation of the simulated landscapes in the validation part of the project
(Manyoky et al., 2012).

3.2.3. Acoustic Simulation
The acoustic simulation consists of the generation of the wind turbine emission audio signal (1), the filtering
to account for the frequency dependent sound propagation attenuation (2), the generation of a natural
background audio signal (3), and the reproduction by loudspeakers (4) as shown in the block diagram in Figure
4.

Figure 4: Block diagram for the generation of synthetic wind turbine and environmental noise.

In a first step, the emission synthesizer (1) was developed to generate the emission audio signal. A key issue
was the investigation of the emission signal dependency from turbine type and operation condition, wind speed,
and temperature stratification. Hence, in addition to the field survey for the reference video and sound from
October to December 2011 (see Section 3.2.1) several emission recordings of wind turbines at varying operation
conditions were taken at the reference site at Mont Crosin. Instead of an expected continuous relation between
wind speed and rotational speed, the measurements on Vestas V90-2MW turbines revealed discrete operational
modes (M0–M3). A synthesis model for the generation of emission audio signals of the Vestas V90-2MW was
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developed and implemented in the software Matlab (Pieren, Heutschi, Müller, Manyoky, & Eggenschwiler,
2014).
In a second step, the frequency dependent sound propagation attenuation (2) was calculated and implemented
as a series of digital filters. For that purpose, the computer program AuraPRO in Figure 5a was developed
(Heutschi et al., 2014). As input, AuraPRO needs information about the linking parameters from the visual
simulation (see Section 3.2.4), such as the coordinates of the source and receiver positions, the weather
conditions, and the emission audio file, to be processed. The topography information is obtained from the digital
elevation model, which was also the basis for the visual simulation (see Figure 1). Additional objects such as
buildings can be defined in a separate text file. The audio wave file containing the emission signal is read and
processed to an output wave file. The output represents the sound pressure time function at the receiver position.
So far, the propagation includes geometrical spreading, air absorption, attenuation by obstacles, attenuation by
foliage (all according to ISO 9613), and ground effects.

(a)

(b)

Figure 5: Graphical user interfaces of the computer programs (a) AuraPRO and (b) RePRO.

In a third step, possible vegetation noise is synthesized (3). The model considers the vegetation geometry, the
vegetation type, and wind speed (Heutschi et al., 2014). Vegetation noise is modulated in amplitude based on a
turbulence model that predicts wind speed fluctuations. As a simplification, these wind speed fluctuations are
attributed independently of the individual vegetation cells and not referenced to a location dependent wind speed
field.
The sound propagation simulation allows a receiver to change the position over time. Hereby, a procedure
had to be developed to map emission samples onto receiver samples for arbitrary time-shifts without audible
artifacts. This non-linear operation correctly models the Doppler Effect, that is to say the frequency shift
between emitted and received signal in case of a relative movement between source and receiver.
The last step covers a suitable mapping of the synthesized signals to a system of loudspeakers (4) in order to
generate an appropriate listening impression regarding sound pressure levels and directional information. In our
application, an ambisonics rendering strategy was chosen. Hereby, an arbitrary number of loudspeakers can be
used and different coding strategies allow for the optimization of system properties such as localization accuracy
and extension of the sweet spot. To map the signals to the loudspeaker system, the computer program RePRO
was developed, see Figure 5b. Five loudspeakers were arranged in a pentagon-setup to generate an optimal
listening impression that allows an appropriate determination of the sound source direction.

39

Research Article II

3.2.4. Linking Acoustic to Visual Simulation
A concept was developed to connect the acoustic simulation output adequately to the 3D landscape model.
As it is not yet possible to generate the acoustic simulation in real-time, the audio files have to be linked to the
visualizations in a post-process. This includes three tasks:
1.

Rendering images for a video out of the CryENGINE from a viewpoint or a walk path.

2.

Saving all relevant parameters which are needed to calculate the audio files (Section 3.2.3) correctly into
a file and providing them to the acoustic simulation calculation.

3.

Converting the images into a video, and linking the synthesized audio files to the video using the
software Adobe Premiere Pro (Adobe Systems Inc., 2013).

Figure 6: Overlaid head-up display (HUD) information of the current position in field and viewing angle (upper left corner)
and the current wind speed and direction (bottom left corner).

In the first task, images are recorded simultaneously to the movement through the landscape, using a
capturing function in the CryENGINE’s “Flow Graph” script. In the second task, the parameters relevant for
both the acoustic and the visual simulation have to be streamed in real-time into a single parameter file at the
same time the images are recorded (step 2). These parameters are: the position, the viewing angle, the wind
turbine positions, the turbine rotational speed, the initial rotor position, the wind direction, and the wind speed.
Nakevska et al. (2011) established an interaction with the game engine generating XML files, where e.g., each
object is a child with attributes of the position and the rotation. In our case, the relevant parameters are gathered
in the visualization software by the developed “Flow Graph” script (see Section 3.2.2.2) and streamed into an
external XML-file as well. The developed approach allows accessing these parameters in the virtual landscape
model and provides the data in a suitable format as input for the auralization model. Based on these parameters,
the acoustic simulation can be calculated. In the third task, the challenge was to correctly synchronize the
movement of the animated wind turbine to the sound files. Therefore, a function was developed in the “Flow
Graph”

script.

First,

the

actual

parameter

values

are

shown

in

an

head-up display (HUD) to control the settings of the relevant parameters (see Figure 6).
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Then, with a pre-defined key input in the “Flow Graph” script, the HUD parameter information can be
hidden and a START sign appears simultaneously for 0.3 s in the HUD, initiating the rotation of the wind
turbines. This START sign indicates the starting time of the simulation and of the parameter file generation. By
producing the simulation videos in Adobe Premiere Pro, the corresponding acoustic files can be correctly applied
to the visualization based on the visual START information.

3.3. Results
Implementing the presented method, we generated correctly linked visual-acoustic videos of the simulated
landscapes. Videos were produced for all the reference locations of Mont Crosin. Figure 7 shows three out of
five reference locations, on the left side the reference locations captured in field (see Section 3.2.1) and on the
right side the correspondingly simulated locations.

Reference landscapes

Simulated landscapes

Figure 7: Three out of five reference (Left) and simulated (Right) landscape videos.
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3.4. Discussion
We presented an approach to work with GIS-data in a game engine, to simulate wind turbine noise correctly,
and to link the noise simulation to the virtual landscape. This method demonstrates an appropriate way for
generating detailed real world landscape representations and for linking the auralization to the virtual landscape.
We produced a GIS-based virtual landscape model employing Crytek’s CryENGINE 3. The use of this game
engine offered a huge advantage for the visual-acoustic simulation. As Crytek’s CryENGINE includes a high
performance physics engine, it was possible to create visualizations with great amounts of detail, including
vegetation movement, lighting conditions, shadow calculation, and 3D cloud generation. Furthermore,
CryENGINE’s “Flow Graph” allowed scripting logical processes in an interactive manner, where all relevant
parameters for the visual and acoustic simulations can be modified by user interaction and exported in real-time.
These features allow linking the visual and acoustic simulation in an appropriate way.
However, since the visualization software is not connected directly to a geographical information system
(GIS), it was a major task to integrate and to represent the spatial data accurately and coherently in the game
engine. An appropriate transformation of a specific real world coordinate system into internal game engine
coordinates is, thus, crucial. The documentation of the straightforward translation approach in this article
provides guidance for generating fast and simple GIS-based visualizations with CryENGINE. The translation
allows not only for importing geodata and real world coordinate based 3D objects, but also for exporting the
linking parameters required for the acoustic simulation adequately.
With the help of the developed tool, it is possible to link the acoustics for an arbitrary wind farm design to a
GIS-based landscape visualization in the game engine. Linking parameters defined by predefined settings and
changed by user interaction in the visual simulation are stored in a parameter file available for calculating the
correct auralization. The wind farm design can be changed interactively and subsequently, the sound is
calculated accordingly for the new setting. The user can, thus, choose any location in the virtual landscape and
the auralization of the wind turbines can be calculated based on the actual parameters of the location.
The innovative aspects of the developed auralization computer programs are the development of new
algorithms and strategies for simulating spatially explicit sound of wind turbines taking into account the
environmental context. However, the audio synthesizer is not yet able to calculate and reproduce the audio in
real-time. Therefore, the sound files have to be calculated offline in a post-processing step according to the
parameter file exported from the visualization module. Currently, the audio information is rendered to five
loudspeakers arranged in a pentagon, allowing for optimized source localization with sufficient angular
resolution in all directions. In a subsequent step, the audio files are manually linked to the animated virtual
landscape video. To avoid the manual integration of video and audio, it would be preferable to use batch
procedures that automatically perform the combination (muxing) of video and audio.
From a technical perspective, an important improvement of the prototype would be the development of realtime functionality of the simulation tool. As it is already possible to change and store the actual linking
parameters in real-time, investigations have to be made to generate and auralize the acoustics at the same time
the user moves individually through the 3D landscape.
As a next step, this prototype of a visual-simulation tool has to be validated. Both Bishop (2011a) and Lange
(2011) state that further developments in visualization techniques help people to understand future landscape
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changes and therefore influence the decision making process, but it has to be considered how landscape
simulations are perceived by humans. Therefore, a validation is needed, where a comparative evaluation is
conducted, comparing videos of the simulated wind farm to videos of the real wind farm. The validated tool can
then be implemented for further assessments of wind farm scenarios, e.g., in participatory workshop settings as
Bishop (2011a) suggests, or in an acceptability study to assess the impact of different wind farm designs in
different landscape contexts. In this way, the development of recommendations for wind farm planning and for
exploiting socially-accepted wind energy locations can be supported.

3.5. Conclusions
We developed a prototype of a GIS-based visual-acoustic simulation tool suitable for assessing and
discussing choices of locations for wind turbines and their impact on perceived landscape quality in participatory
processes. The employed game engine Crytek’s CryENGINE 3 has delivered a suitable software program, which
proved successful for both (1) realistic 3D visualization of animated wind farms with high level of realism based
on GIS-data, as well as (2) providing input parameters for linking spatially explicit acoustic simulations to the
accurate locations in the virtual model. With the documentation of the method, we contribute to establishing
guidance to generate such visual-acoustic simulations. Overall, this prototype can contribute significantly to
enhancing the available set of instruments for conscious landscape development with wind farms. The
integration of spatial sound simulation into the correlating virtual landscapes can allow for an improved impact
assessment and, thus, it may provide a better, more comprehensible decision basis than conventional tools, such
as decibel maps or photomontages.

Acknowledgments
The

work

presented

“VisAsim—Visual-Acoustic

was

carried

Simulation

out
for

in

the

landscape

scope
impact

of

the

interdisciplinary

assessment

for

wind

project
farms”

(2011–2014) funded by the Swiss National Science Foundation, Research Grant: CR21I2_135555. We thank
Crytek for providing their game engine for free for our research purposes. In addition, we thank the community
crydev.net and crysis-hq.com, namely michi.be, silent. and the_grim for providing custom 3D vegetation assets.

Author Contributions
Adrienne Grêt-Regamey, Ulrike Wissen Hayek and Kurt Heutschi developed the overall project concept.
Ulrike Wissen Hayek is managing the project and is responsible for the coordination of the development of the
visual-acoustic simulation tool. Madeleine Manyoky is responsible of the development of the visualization part
in the project. Madeleine Manyoky elaborated and simulated the reference situations visually and linked them to
the simulated acoustics. Kurt Heutschi and Reto Pieren are responsible for the auralization part in the project.
Both authors developed the emission synthesizer, the software AuraPRO for acoustically modeling all relevant
propagation effects, the environmental noise synthesizer and the software RePRO for mapping the audio signals
to a reproduction system. Madeleine Manyoky elaborated together with Reto Pieren the concept for linking the
visual and acoustic simulation, relevant for the correct and synchronized visual and acoustic integration. All

43

Research Article II
authors discussed the development and the results of the visual-acoustic simulation tool at all stages. All authors
were involved in the writing process according to their project contribution and commented on the manuscript.

Conflicts of Interest
The authors declare no conflict of interest.

44

Research Article III

4. Research Article III

Validating a Visual-Acoustic Simulation for Wind Park
Assessment

Submitted 27 March 2015

Madeleine Manyokya, Ulrike Wissen Hayeka, Reto Pierenb, Kurt Heutschib and Adrienne Grêt-Regameya

a

ETH Zurich, Institute for Spatial and Landscape Development, Planning of Landscape and Urban Systems

(PLUS), Stefano-Franscini-Platz 5, CH-8093 Zurich, Switzerland
b

Empa, Swiss Federal Laboratories for Materials Science and Technology, CH-8600 Duebendorf, Switzerland

To Landscape and Urban Planning

45

Research Article III

46

Research Article III

Abstract
The implementation of wind parks often fails due to lack of public acceptance. Visual-acoustic landscape
simulations of wind parks offer a potential instrument for public participation, allowing experiencing the visual
and the acoustic landscape impact. However, before such simulations can be implemented in practice, they have
to be validated.
In this paper, we demonstrate and apply a validation approach of visual-acoustic simulations for wind park
assessments. The validation approach compares ratings of real wind park recordings (real videos) with ratings of
the same but simulated wind park (simulation videos). The survey participants made a visual and an acoustic
assessment of the videos.
The results show that there was nearly no difference in the rating of the annoyance of wind turbine noise
between the real situation and the simulation. With regard to the visual landscape assessment the simulation
videos were rated lower than the real videos. The approach indicates the potential of enhancing relevant aspects,
such as coherent coloring and animation of landscape elements. However, for the intended purpose of the
simulations for landscape impact assessments of wind parks, the validity of the simulations is acceptable.
Nevertheless, the rating differences between the real and the simulation video of both, the visual and the acoustic
perception have to be considered when using the simulations for further studies.
Overall, the described approach for validating visual-acoustic simulations was successfully applied. It shall
now be shown how visual-acoustic simulations can be applied in participatory planning processes for landscape
impacts assessments of wind parks.

Keywords: visual-acoustic simulation, wind turbine noise, GIS-based 3D visualization, landscape impact
assessment, validation

Research Highlights:


The approach allows a validation of visual and acoustic simulations simultaneously.



Subjects did perceive the recorded and the simulated landscape rather similarly.



We report context-specific perception differences between the representation types.
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4.1. Introduction
The clean energy switch comes along with high challenges to achieve social acceptance of its local
implementations, particularly with regard to the exploitation of wind energy (Jobert, Laborgne, & Mimler,
2007). When landscape decisions of public interest are made, public participation and a comprehensive,
understandable communication are requested (Lange, 2005; Warren-Kretzschmar & Von Haaren, 2014).
Although vision is by far the dominant human sense, it provides only partial perception of the environment
(Lange, 2011). Advances in landscape visualization techniques allow not only to simulate future wind parks
(Lange & Hehl-Lange, 2005), but also to integrate the soundscape of the corresponding simulated wind park
(Lindquist & Lange, 2014; Manyoky, Wissen Hayek, Heutschi, Pieren, & Grêt-Regamey, 2014). Visual-acoustic
simulations of wind parks offer a potential instrument for supporting a more generally understandable wind park
assessment for public participation. However, before such simulations can be implemented in practice, they have
to be validated.
As representation techniques cannot completely match the perception created by the actual environment
(Bishop & Rohrmann, 2003), the question arises, whether the representation is capable of inducing responses
similar to the assessment of the real environment (Rohrmann & Bishop, 2002). Results of research studies
carried out in the 1970s and 1980s show that the evaluative responses to on-site environmental situations and to
videos of these on-site situations are roughly in the same range (Feimer, 1984). This means that video recordings
of the on-site situations can be used to evaluate the validity of a model representing the environment for
landscape assessment. Videos of on-site environmental situations were already used in Rohrmann, Palmer, and
Bishop (2000) for testing the validity of computer-simulated environments. Although the perceptions of the
simulations did not fully match the perceptions induced by the corresponding reality of video recordings, they
report that the simulations were perceived as valid and acceptable. The authors further elucidate that for claiming
validity, the simulated landscape compared to the real landscape representation should induce sufficiently similar
impressions concerning relevant assessment aspects. Sheppard (1982) proposes not only to test the response
similarity but also to analyze the accuracy of the simulation, for example the physical characteristics and visual
properties. For achieving valid simulations, it is therefore important to consider both, the visual accuracy and
similar responses of relevant assessment aspects.
A relevant assessment aspect for evaluating the visual validity of the simulations is the perceived scenic
beauty, but as well the perceived level of realism has to be considered. For the evaluation of visual validity,
Daniel and Meitner (2001) assessed landscape visualizations by rating the scenic beauty of the landscape
representations. As the visual realism affected ratings of the scenic beauty, they concluded that the visualizations
would be valid only if high levels of realism were achieved. Developing a definition of ‘sufficient’ realism for
environmental decision-making, Appleton and Lovett (2003) rated abstract and highly detailed landscape
visualizations. Their results do not indicate a sufficient level of realism but strongly show that some elements are
more important than others. The vegetation of the foreground and on the ground in the whole scene was found to
have significant effects on the ratings (Appleton & Lovett, 2003). Furthermore, the completeness clearly matters,
as added elements such as shadows improved the evaluations of the simulations (Rohrmann & Bishop, 2002).
For an acoustic assessment, the standardized noise reaction questions of the International Commission on the
Biological Effects of Noise (ICBEN standard) (Fields et al., 2001) can be used. As a relevant assessment aspect,
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they propose to ask about the perceived noise annoyance or disturbance (Fields et al., 2001). This ICBEN
standard permits valid international comparisons of survey results, providing a reliable measure approach of
general reactions to experienced noise. The annoyance due to wind turbine noise was also assessed in the study
of Pedersen (2011).
As shown above, literature findings indicate relevant assessment aspects for both, the validity testing of a
visual and of an acoustic simulation. When evaluating a combined visual-acoustic landscape representation,
perception effects of the simultaneous presentation of landscape views and sound need to be taken into account.
It is known that acoustics influence the perception of visual environments, such as appropriate and expected
sound enhances the visual evaluation of outdoor settings (Anderson et al., 1983). Moreover, the provision of
appropriate sound can enhance the perceived visual realism of simulations (Rohrmann et al., 2000). Based on
these potential visual-acoustic interactions, and on the possible application of combined visual-acoustic
simulations for landscape impact assessments, a validation of the simultaneous visual and acoustic representation
is meaningful. Nevertheless, to assess the strengths and shortcomings of both, the visual and the acoustic
simulation aspect, the validity should be evaluated for the aspects individually. With this article, we will
demonstrate such a method and its application for the validation of visual-acoustic simulations.
A major focus of this article is laid on the documentation of the experimental design. First, the definition and
the generation of visual-acoustic wind park situations are described, which are suitable for validating the visualacoustic simulations. For this purpose, we produce real videos and simulation videos: the real videos are the
videos of on-site environmental situations of a wind park, the simulation videos are the videos of visual-acoustic
simulations of the same environmental situations of a wind park. In addition, the set-up of the questionnaire, the
study environment and the procedure are presented. Then, the responses induced by the videos of the real wind
park situations and by the videos of the visual-acoustic simulations are reported. Finally, the response differences
due to the two video types are discussed, and the demonstrated applied approach is critically reflected.

4.2. Method
4.2.1. Experimental Design
The validation study was conducted in a laboratory experiment. The design of the experiment comprises the
development of the stimuli (visual-acoustic simulations), the procedure, the questionnaire, and the description of
the study sample.
4.2.1.1. Stimuli – Real Videos and Simulation Videos
In order to validate the visual-acoustic simulation, the response to the simulations is compared to the
response to a conventional landscape representation. The two representation types used to present the wind park
situations in the landscape are:


Real videos: videos of on-site environmental situations of a wind park (linked video and audio
recordings).



Simulation videos: videos of visual-acoustic simulations of the same environmental situations of a
wind park (linked video and audio simulations).
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To generate the real videos, visual and acoustic field recordings of five situations were accomplished at the
Mont Crosin (Canton of Berne, Switzerland) on 11 October and on 2 December 2011. To obtain a variety of
scenarios to assure the representativeness (Sheppard, 2005) and to adequately test the validity, the five situations
differ in wind speeds, weather conditions, viewing directions, and number of wind turbines visible. Furthermore,
the five locations on-site meet the following visual and acoustic criteria (Manyoky et al., 2012): the viewpoints
were chosen according to the pedestrians’ behavior such as staying on the road (Braun & Ziegler, 2006), and the
possibility to experience the characteristics of the environment including the visual impact (Jessel, FischerHüftle, Jenny, & Zschalich, 2003) caused by the wind turbines. Different contents of views were defined,
showing one wind turbine in the front, one wind turbine in the background, and several wind turbines. The
acoustic criteria for the selection of adequate situations were based on the principles of auralization, comprising
the basic elements of sound generation, propagation, and reproduction (Vorländer, 2008). These are an emission
recording (close to a wind turbine), an ambience recording (close to a forest), a propagation recording (up to 500
m distance to a wind turbine), and a multi-source recording (two or more wind turbines from different
directions). The main audio recordings were performed as elucidated in (Manyoky et al., 2014). Concurrently, at
the same positions the sound pressure was measured with a calibrated ½-inch free-field microphone. These
measurements served as a calibration of the multi-channel recordings. The five accomplished reference
recordings on-site meet the predefined visual and acoustic criteria.
Visual Simulation
For the visual simulation development, we used the methods described by Manyoky et al. (2014), using the
game engine CryENGINE (Crytek GmbH., 2014). We integrated geodata, such as a height map of 2 m resolution
(swissALTI3D, 2014) with an overlaid orthophoto of 0.5 m resolution (SWISSIMAGE, 2014) to generate GISbased 3D landscape visualizations of a wind park. In order to produce a detailed landscape representation, 3D
models for vegetation and wind turbines were added according to their real-world locations. We relied on
Sheppard (1982) to assure the simulation accuracy by modelling the simulations in a way that they match the onsite recordings as well as possible. The measured on-site wind speed was set correspondingly in the virtual
landscape, defining the animation of vegetation and clouds. The moving velocity of the rotor blades was adjusted
to the corresponding rotation speed of the wind turbines visible in the on-site recordings as well. Overall, for all
situations we relied on the real video recordings to ensure that the visual simulations matches the recordings of
the on-site situations as closely as possible, taking care that the biophysical environmental features, such as the
landforms, topography, and vegetative cover, were also as similar as possible (Daniel & Meitner, 2001). In this
way, subjects responded to the same environmental context: an existing environment with a wind park.
Acoustic Simulation
The acoustic simulation is the spatially explicit auralization of the wind turbine noise. The simulation
considers the landscape context and the meteorological conditions (Manyoky et al., 2014). The auralization of
the wind turbine noise comprises the emission synthesis (Pieren et al., 2014), the propagation filtering (Heutschi
et al., 2014), and the reproduction system. The model parameters of the emission synthesizer were obtained from
preceding emission measurements performed from 7 to 9 September 2011 at individual turbines in the wind park
under investigation. In the simulation, for each wind turbine, input variables, such as the wind turbine type and
the wind conditions were set in accordance with the field recordings. The emission synthesizer was validated in
advance with experienced listeners comparing real emission recordings, from which the parameters for the
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emission synthesizer were obtained, to the synthesized emission sound. The listeners had to identify the sound as
“original recording” or “synthesized sound”, or they could choose “I don’t know”. As for the synthesized sound
about 50% of the ratings were indicated as “original recording” or as “I don’t know”, the synthesized emission
sound quality can be rated as very good (Pieren et al., 2014). The propagation filtering is dependent on the
topography, the ground type, the weather conditions, and on the locations of the turbines and the receiver
position. These input variables were set according to the different situations of the on-field recordings. The
reproduction system is based on the planar first-order ambisonics technique and uses a regular layout of five
broadband loudspeakers. The loudspeaker signals were rendered by taking into account the viewing direction.
This type of reproduction technique is particularly suitable for the validation, as there exists a well-established,
commercially available recording system to it, which allows for the direct comparison of surround recordings
and synthesis.
Integrated Visual-Acoustic Simulation
The visual and acoustic simulations were adequately linked, following the approach of Manyoky et al.
(2014). To correctly synchronize the visual and the acoustic simulation, a function was developed within the
visualization software, showing a visual start sign at the initiation of the rotor rotation corresponding to the
initiation of the wind turbine noise. In a post-processing step, the acoustic files were linked to the visual
simulation based on the visual start sign, using the software Adobe Premiere Pro (Adobe Systems Inc., 2013). In
this way, simulation videos of the five situations were generated.
Table 1 shows an overview of all videos, the real videos (a) and the simulation videos (b). The left column in
Table 1 provides information about the field situation of the video recordings. These are the weather situation
(strong or weak wind conditions), the distance to the closest wind turbine that was audible, and the number of
visible turbines. Situations 1 and 4 are strong wind situations, situations 2, 3 and 5 are weak wind situations.
Situation 5 is a remarkable capture, as the sun was exactly behind the wind turbine rotor, leading to a backlight
appearance, in which the rotating shadow on the ground is extremely dominant. We decided to include this
situation, as in a study pretest participants suggested to include a situation showing the effect of fast and
frequently rotating shadows on the ground.
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Table 1: Overview of the tested videos of the real videos (a) and simulation videos (b) of the five situations in field.
Situation

(a)
Real Videos

(b)
Simulation Videos

Situation 1
Weather condition: strong wind
Closest wind turbine:131m
Visible wind turbine: one

Situation 2
Weather condition: weak wind
Closest wind turbine: 182m
Visible wind turbine: several

Situation 3
Weather condition: weak wind
Closest wind turbine: 182m
Visible wind turbine: one

Situation 4
Weather condition: strong wind
Closest wind turbine: 170m (not
visible, behind the observer)
Visible wind turbine: several

Situation 5
Weather condition: weak wind
Closest wind turbine: 131m
Visible wind turbine: one

4.2.1.2. Questionnaire
To evaluate the visual and acoustic perceptions of the videos, a questionnaire with structured ratings of the
perceived scenery and the sound represented in the videos was prepared. The questionnaire was divided into a
visual and an acoustic perception part in order to estimate the strengths and weaknesses of each of the
simulations. A full list of the tested indicators in the questionnaire and their respective response scales are given
in Table 2.
Assessing the Visual Perception
For the visual perception, we relied on existing questions for intuitively rating the degree of landscape
attractiveness (Daniel & Meitner, 2001; von Haaren, 2004). The perceived scenic beauty was assessed by asking
the study participants how much they liked the landscape scenery (V1) from “not at all” to “extremely”, on a
numeric 0-10 scale. The degree of validity of the simulation was defined by a threshold of a maximum
acceptable mean difference of 2 rating points for (V1) between the responses to the real and to the simulation
video. This threshold is inspired by study results concerning the validity of different landscape representations
(Bishop & Rohrmann, 2003; Lim, Honjo, & Umeki, 2006; Palmer & Hoffman, 2001; Rohrmann et al., 2000).
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The overall realism of the landscape presented (V2) had to be evaluated as well, as Rohrmann et al. (2000)
showed a correlation between perceived simulation quality and appreciation of the area. Furthermore, to assess
the comprehension of the landscape scenery, the perception of the wind turbine’s integration into the landscape
(V3) was evaluated. The evaluations of the realism and of the integration of the wind turbines allow to gain a
more comprehensive response regarding the perception of the simulation.
The evaluation of visual attributes can help to explain the differences between the perception of the real
video and the simulation video (Rohrmann et al., 2000). For example, bipolar adjectives as semantic differential
ratings can be employed in descriptive assessments of environmental displays (Craik, 1968). These ratings are
also used for comparing responses to different media (Feimer, 1984), for scenic landscape assessment (Kane,
1981), and for testing the validity of landscape representations (Lim et al., 2006; Oh, 1994). In terms of the
acoustic ratings, bipolar adjectives can be used to analyze connotative meanings (such as interesting/boring and
like/dislike) and denotative meanings (such as (quiet/noisy and smooth/rough) (Kang & Zhang, 2010).
We chose bipolar adjectives to describe visual attributes addressing the scene characteristics: dark/bright
(V4), static/dynamic (V5), pleasant/unpleasant (V6), non-color-coordinated/color-coordinated (V7). The first
three pairs were used by Lim et al. (2006) for the validation of 3D visualizations (static and walk-through
visualizations). Regarding the last pair, the adequate representation of colors was mentioned by respondents as
one of the major characteristics of the credibility of simulations (Oh, 1994). All bipolar adjectives were selected
with regard to the explanation of the representation quality and to the ability to adjust the simulation. The five
pairs of bipolar adjectives were evaluated on a 5-point scale (Oh, 1994).
Assessing the Acoustic Perception
The acoustic perception was evaluated according to the standard of the International Commission on the
Biological Effects of Noise (ICBEN standard) (Fields et al., 2001). The annoyance caused by the noise of the
wind turbines (A1) was rated from “not at all” to “extremely”, on a numeric 0-10 scale (Fields et al., 2001).
Following the assessment of the visual perception, we decided to set a tolerance of a maximum mean difference
of 2 rating points on the scale of 0-10 between the responses to the real and to the simulation video.
In addition to annoyance, the overall realism of the acoustics (A2) and another set of pairs of bipolar
adjectives (A3 and A4) were evaluated. The bipolar adjectives address the perceived sound level (A3) and the
perceived noise structure (A4) such as tonal changes, both denotative components of the perceived noise (Kang
& Zhang, 2010). Acoustic bipolar adjectives for semantic differential ratings were also used in the study of
Hellbrück, Ellermeier, Kohlrausch, and Zeitler (2008), considering the perception of different object related
sound characteristics. The evaluations of these bipolar adjectives provide indication to enhance the acoustic
simulation. The five pairs of bipolar adjectives were evaluated on a 5-point scale (Kariel, 1990).

53

Research Article III
Table 2: Index overview of the stimuli variables, the questions and their scales.
Index

Indicator

Stimuli Variables(S)
S1

Type: real video or simulation video

S2

Situation: 3 weak wind and 2 strong wind situations

S3

VideoOrderPosition: position of the video in the presentation order of the 10 videos

Visual Perception Questions (V)
V1

Liking of the landscape scenery (scale: 0-10, from “not at all” to “extremely”)

V2

Perceived realism of the landscape scenery (scale: 0-10, from “not at all” to “extremely”)

V3

Perceived integration of the wind turbine(s) in the landscape scenery (scale: 0-10, from
“disturbing” to “well integrated”)

V4 – V7

Impressions of the landscape scenery: dark/bright, static/dynamic, unpleasant/pleasant, non-colorcoordinated/color-coordinated (scale between bipolar adjectives: 1=very, 2=little, 3=neutral,
4=little 5=very)

Acoustic Perception Questions (A)
A1

Annoyance of the wind turbine noise (scale: 0-10, from “not at all” to “extremely”)

A2

Perceived realism of the wind turbine noise (scale: 0-10, from “not at all” to “extremely”)

A3 and A4

Impressions of the wind turbine noise: low/loud, steady/pulsed (scale between bipolar adjectives:
1=very, 2= little, 3=neutral, 4=little 5=very)

A5

Major noise annoyance aspect (one choice: sound level, noise variation, tonal variances, nothing)

Socio-Demographic Questions (D)
D1-D7

Sex,

age,

education,

meaningless/meaningful/no

attitude
opinion),

towards
prior

wind

turbines

experiences

with

in

Switzerland

wind

turbines

(scale:
(scale:

positive/negative/both/neither), importance of the landscape scenery in Switzerland (scale: 1-5,
from “not at all” to “extremely”), familiarity with computer games (scale: yes/no)

4.2.1.3. Study Environment
To accomplish the validation of visual-acoustic simulations, the study environment for each participant
should be comparable. To assure the comparability, the visual and the acoustic conditions have to be calibrated
and controlled for each participant. Therefore, a laboratory environment was developed in shape of a mobile
visual-acoustic lab (MVAL). The MVAL consists of an aluminum construction with dimensions of 5x5x2.5
meters. This interior space was needed to set up the acoustic devices (loudspeakers), generating an appropriate
acoustic field. Black curtains were tailored to the size of the four walls and of the roof size of the construction.
The interior achieved by this non-transparent material leads to an evenly illuminated space excluding external
light emissions. Furthermore, it provides an improved sound field, as the sound absorption coefficient of the
curtains with 100% fullness is close to 1.00 for mid and high frequencies (swisscom, 2010). In addition, it is
important to use a projector causing low noise emissions at the participant’s seating position.
To allow the transport of the lab to any location, the construction was developed as mobile, consisting of a
mobile screen and elements of the aluminum construction no longer than 1m. The interior setup consists of 5
loudspeakers that are arranged in a pentagon setting (as shown in Figure 1, right) and calibrated using a sound
level meter. All these characteristics of the MVAL lead to stability of the experiments in the laboratory, which
can be controlled and performed in arbitrary locations. The mobile visual-acoustic lab shown in Figure 1 meets
the requirements to test visual-acoustic simulations within laboratory conditions.
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Figure 1: The interior setup of the mobile visual-acoustic lab (MVAL) (left) and the pentagon setup of the loudspeakers
(right).

4.2.1.4. Procedure
The videos of the real and the simulated landscape were shown and rated by the participants in the MVAL.
Only one participant was present in the MVAL during a study round. Before the evaluation started, the
participants were informed that they would see videos of a wind park in different situations and weather
conditions, and that they should rate their perception of the landscape scene and of the noise after viewing a
video. Then, the videos of 15 seconds duration each were shown to every participant. To minimize the influence
of the sequence of the videos on the perception, the order of the videos was randomly assigned with the
condition that a real video was followed by a simulation video. After each video, a break with an individual
duration was given to fill out one page of the questionnaire. For each video evaluation the same questions were
asked. As an image is better recalled than an acoustic impression, the participants had to rate the acoustic
perception first. After evaluating all videos, the participants were asked to answer additional questions
concerning their experiences with wind turbines in the landscape and further questions to gather sociodemographic information. The study procedure took about 20 minutes per participant.
4.2.1.5. Participants/Study Sample
The study sample consisted of interested people, mainly from the academic field. Each participant attended
the evaluation voluntarily, and no refund was given. The complete sample consisted of 24 male and 11 female (n
= 35) participants. They had a background in geomatic engineering, architecture, environmental sciences and
spatial planning. The participants were bachelor students (11), master students (8) or PhD students (8), others
were conducting the master of advanced studies (4), or were from other fields (4). Their average age was 20-29
years (23 participants), whereas 11 participants were older than 30 years and one was younger than 20 years.

4.2.2. Statistical Analysis
For the statistical analysis we used the computer software R version 2.15.1 (R Core Team, 2012) and the
package lme4 version 0.999999-0 (Bates, Maechler, & Bolker, 2012) to perform linear mixed-effects model
analysis. As fixed effects we entered the video type (Type real/simulation), the five situations (Situation 1-5) and
the position of the video in the order (VideoOrderPosition 1-10). As random effects we entered the participants,
as repeated measures were performed (each participant rated all 10 videos). For multiple comparisons between
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the fixed effects we used the glht() function of the multcomp-Package version 1.3-2. Visual inspection of
residual plots did not reveal any obvious deviation from normality.
To assess the model fit, we calculated R2 for our mixed-effect models (Nakagawa & Schielzeth, 2013). The
marginal R2 (R2m) represents the variance explained by the fixed factors, the conditional R2 (R2c) represents the
variance explained by both fixed and random factors (Vonesh, Vernon, and Pu (1996) in Nakagawa and
Schielzeth (2013)). The calculation of the two types of R2 is implemented in the MuMIn-package version 1.9.13
(Bartoń, 2009; P. C. D. Johnson, 2014; Nakagawa & Schielzeth, 2013).
The likelihood ratio test was used to obtain p-values (R function: anova()), testing the full model with the
effect in question against the model without the effect in question. As likelihood ratio tests for REML are not
feasible (Pinheiro & Bates, 2000), the model argument REML=FALSE was added. For the different fixed effects
we calculated Markov Chain Monte Carlo-estimated p-values (pMCMC) (Baayen, Davidson, & Bates, 2008). To
calculate the intraclass reliability coefficients, the irr-package version 0.84 was used. The estimates of the mean
values, standard deviations and differences are indicated in points (pts), ranging from the corresponding scale in
Table 2.
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4.3. Results and Discussion
4.3.1. Overview
The mean responses and the corresponding standard deviations between the real video type and the
simulation video type for the tested indicators of Table 2 are shown in Table 3, pooled over all five situations.
The mean response of each situation (1-5) to all tested indicators is attached in Appendix A.
The mean differences of the indicators (V1) and (A1) between the real video and the simulation video are
highlighted in Table 3. They clearly did not exceed the defined threshold of two rating points on the scale from
0-10. The analysis of the mixed effect model showed that when the simulation video was evaluated over all
situations, the rating of (V1) was significantly lower by -1.11 pts compared to the real video. Concerning the
annoyance of wind turbine noise (A1), the rating of the simulation video was significantly lower by -0.55 pts
compared to the real video. The analysis of each fixed effect with interaction between video types (S1) and the
situations (S2) on the indicators (V1) and (A1) are listed in Appendix B. The likelihood ratio test of the fixed
effects on all indicators is listed in Appendix C.
Table 3: Mean ratings of both video types (S1) pooled over all situations (S2) for all tested indicators.
Response over all Situations (S2)
Real (S1)

Sim (S1)

Difference (R-S)

Index
Visual

Indicator
Scale [0-10]

Mean

SD

Mean

SD

Mean

SD

V1

Liking landscape scenery

6.74

1.84

5.65

2.23

1.10

-0.39

V2

Perceived visual realism

8.36

1.75

5.93

2.50

2.43

-0.75

V3

Perceived integration of WT

5.96

2.34

5.77

2.25

0.19

0.10

Visual

Scale [1-5]

V4

Impression dark/bright

3.06

1.05

3.26

1.13

-0.20

-0.08

V5

Impression static/dynamic

3.65

1.11

2.81

1.18

0.83

-0.07

V6

Impression unpleasant/pleasant

3.61

1.02

3.22

1.00

0.38

0.03

V7

Impression (non)color-coordinated

4.05

1.07

3.41

1.05

0.63

0.02

Acoustic

Scale [0-10]

A1

Annoyance of wind turbine noise

4.41

2.69

3.85

2.36

0.55

0.33

A2

Perceived acoustical realism

7.79

1.71

7.35

1.78

0.45

-0.07

Acoustic

Scale [1-5]

A3

Impression low/loud

3.47

0.97

3.16

0.97

0.32

0.00

A4

Impression steady/pulsed

3.12

1.24

2.68

2.68

0.43

0.10

Acoustic

Scale [one choice]

A5

Most selected: Noise volume

42.86%

49.71%

-6.86%

Model fit: (V1) R2m=0.08, R2c=0.30, (A1) R2m=0.10, R2c=0.58

The overview in Table 3 shows that the rating difference between the real and the simulation videos was
visually and acoustically acceptable, although different situations (weather conditions and wind park views)
were rated. Except for the perceived visual realism, all mean differences are well below the 2 rating point
tolerance. The smallest mean difference of 0.19 rating points can be identified for the perceived integration of
the wind turbines in the landscape (V3). In particular, the mean differences are rather small for all situations in
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Appendix A, suggesting that the comprehension of the simulated landscape scenery was similar to the
comprehension of the real environment.
The influence of the additional questions concerning the socio-demographic information on the indicators
(V1) and (A1) are listed in Appendix D. As expected, the prior experience with wind turbines (D5) had a
significant influence on the ratings of (V1) and (A1). However, the experiences with computer games which may
imply familiarity with 3D simulations, did not have a significant influence on the ratings.
Not only the mean responses over all situations were considered as important, but also the comparison of the
mean differences for each situation. The following three evaluation parts are discussed below, considering all
situations separately:


The perceived visual and acoustic experience (V1) and (A1)



The perceived visual and acoustic realism (V2) and (A2)



The bipolar adjectives (V4-V7) and (A3 and A4)

4.3.1.1. The Perceived Visual and Acoustic Experience (V1) and (A1)
The differences between the ratings of the real video and the simulation video for each situation 1-5, and of
the indicators (V1) and for (A1) are shown in Table 4. The differences are calculated by multiple comparison of
means analysis of the mixed model in Appendix B. For (V1), positive differences indicate that the real video was
visually more positively perceived. In turn, for (A1) positive differences mean that the real video was
acoustically perceived as more annoying than the simulation video. The differences would ideally be zero,
indicating that there was no perception difference between the real and the simulation video. However, for all
situations the perception differences are below two rating points.
Table 4: Differences between the real and the simulation video for each situation (1-5), for the liking of the landscape scenery
(V1), and the annoyance of the wind turbine noise (A1), calculated by multiple comparison of means analysis of the mixed
model.

Indicator

Situation 1

Situation 2

Situation 3

Situation 4

Situation 5

Scale [0-10]

Real - Sim

Real - Sim

Real - Sim

Real - Sim

Real - Sim

V1

Liking of the Landscape

0.22

1.31+

0.98

1.21

1.82***

A1

Annoyance of the WT Noise

0.81

0.33

-0.23

0.76

1.11

Index

Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1

The comparison between the mean ratings of the real and the simulation video for (V1) and (A1) is shown in
Figure 2. For the perceived liking of the landscape (V1), situation 1 is perceived most similarly. The major
difference appears for situation 5, where a special scene was presented with the sun directly behind the wind
turbine rotor, causing a fast moving shadow on the ground. Written responses of the participants indicate that
these special conditions confused people and depleted their understanding of the scene.
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Figure 2: Comparison of the mean values between the real and the simulation videos for the liking of the landscape scenery
(V1), and the annoyance of the wind turbine noise (A1).

For the annoyance of the wind turbine noise (A1), most of the simulated videos were acoustically perceived
as less disturbing. This might be due to the sound volume, which was slightly higher in the real video, for about
2 dB(A), as not only the wind turbine was audible but also environmental noise. The threshold of level change
perception lies at 2 dB(A). The presence of any anthropogenic sound negatively impacts environmental
assessments, the more so at louder levels (Benfield et al., 2010). Nevertheless, the annoyance differences of the
wind turbine noise were remarkably small, indicating that the ratings of the simulation videos are similar
compared to the real video.
The level changes of the wind turbine noise between the strong wind situations (1 and 4) and the weak wind
situations (2, 3 and 5) are on average 8 dB(A). As a level change between 5 and 10 dB(A) can clearly be
perceived, we expected rating differences between the annoyance of the weak wind and the strong wind
situations. The annoyance rating of situations 1 and 4 is in both video types higher compared to the ratings of
situations 2 and 3. This is in line with Benfield et al. (2010), supporting that the strong wind situation with higher
noise levels annoys the participants more than weak wind situations. This may show that the participants were
able to reliably assess the noise volume.
The major rating difference of (A1) between the real and the simulation video type appears for situation 5 as
well. For this weak wind situation, the annoyance was rated even higher than for the strong wind situation 4. We
assume that the participants were most likely influenced by the image of situation 5 when rating the annoyance,
which was visually perceived as confusing. One participant even indicated that the visible fast moving shadow of
the wind turbine on the ground influenced negatively the perception of the wind turbine noise. A possible
influence of the image on the annoyance of noise is also detectable for situation 4, where the audible wind
turbine was not visible, causing less annoyance compared to situation 1 of the same weather condition, where the
audible wind turbine was visible. According to the findings of Pedersen and Larsman (2008), the visual
perception of adverse impacts on the landscape correlates with the annoyance of noise made by rotating turbine
blades. This might explain an influence of the visual on the acoustic evaluation.
4.3.1.2. The Perceived Visual and Acoustic Realism
The differences between the ratings of the two video types for the perceived visual realism (V2) and the
perceived acoustic realism (A1) calculated by multiple comparison of the mixed model are listed in Table 5. The
comparison of the mean values for each situation (1-5) for (V2) and (A2) is shown in Figure 3.
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Table 5: Differences between the real and the simulation video for each situation (1-5), for visual realism (V2) and acoustic
realism (A2), calculated by multiple comparison of means analysis of the mixed model.

Index

Indicator

Situation 1

Situation 2

Situation 3

Situation 4

Situation 5

Scale [0-10]

Real - Sim

Real - Sim

Real - Sim

Real - Sim

Real - Sim

V2

Perceived Visual Realism

1.35*

2.61***

2.66***

2.17***

3.40***

A2

Perceived Acoustic Realism

-0.01

0.97*

0.10

0.33

0.89+

Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1

For perceived visual realism (V2), we expected a difference in perceived realism (Bishop & Rohrmann,
2003; Rohrmann & Bishop, 2002; Rohrmann et al., 2000) as with a simulation we are not yet able to exactly
reproduce the visual realism of the real videos. However, the ratings show a slightly parallel shape in Figure 3.
The largest differences were detected for situation 5. As mentioned above, situation 5 shows conditions which
confused people while trying to understand the scene and therefore might have caused a negative influence on
the perception of realism. This is also indicated by participant’s written feedback, that the shadows were too
sharp-edged, and some trees were not perceived as fully realistic.
For perceived acoustic realism (A2), the differences are below one rating point, which indicates that no
considerable difference was perceived. Both video types were rated with a high mean level of realism.

Figure 3: Comparison of the mean values between the real and the simulation video types for perceived visual realism (V2),
and perceived acoustic realism (A2).

4.3.1.3. The Bipolar Adjectives
The bipolar adjectives were rated from “very” to “neutral” to “very” of the opposite adjective. Figure 4
shows the mean ratings for the variables (V4-V7) and (A3 and A4) of the real and the simulation video, pooled
over all scenarios.
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Figure 4: Mean ratings of the real and the simulation videos for all bipolar adjectives, pooled over all scenarios.

The mostly parallel shape of the two lines in Figure 4 shows that the impressions of the simulation videos
were similar to the real videos with a slight tendency towards the neutral rating value.
The visual perceptions (V4-V7) were generally rated more positively for the real video. The main difference
lies in the liveliness (V5) of the perceived landscape. The acoustic perceptions (A3 and A4) were generally
perceived as lower (A3) and a bit less pulsed (A4) in the simulation videos. The differences for each situation
calculated by multiple comparison of means analysis of the mixed model are listed in Table 6. It is immediately
visible that for situation 5 the differences for all bipolar adjectives were highest and significant. This, again,
underlines that it is a rather special situation, as explained before.
Table 6: Differences between the real and the simulation video for each situation (1-5) for the bipolar variables (V4-V7) and
(A3 and A4), calculated by multiple comparison of means analysis of the mixed model.
Indicator

Situation 1

Situation 2

Situation 3

Situation 4

Situation 5

Scale [1-5]

Real - Sim

Real - Sim

Real - Sim

Real - Sim

Real - Sim

V4

Impression dark/bright

-0.15

-0.06

0.04

-0.12

-0.71**

V5

Impression static/dynamic

0.64*

0.56

0.87**

0.77*

1.36***

V6

Impression unpleasant/pleasant

-0.02

0.37

0.59

0.27

0.70*

V7

Impression (non)color-coord.

0.15

0.66+

0.52

0.71*

1.14***

A3

Impression low/loud

0.24

0.22

0.16

0.14

0.82***

A4

Impression steady/pulsed

0.33

0.43

-0.11

0.66+

0.86**

Index

Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1

The evaluation of each bipolar adjective indicates the aspects of the simulations, which could be improved to
increase the level of realism. Analyzing the main differences between the ratings of the bipolar adjectives, for
basically all the simulations more liveliness and an improved color coordination was expected. Participants
proposed to enhance the animations of movable environment elements and a better selection of natural colors.
The adequate realization of color was one of the shortcoming of the simulations of Bishop and Rohrmann (2003)
as well. Concerning the animation, participants indicated in their written comments that especially for the strong
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wind situations moving clouds and vegetation were important, but the trees and the grass moved not as strongly
and realistically as expected. As especially the appearance of the foreground and the ground surface cover is
important for an increased level of realism (Appleton & Lovett, 2003; Lange, 2001), more realistic coloring and
animation is needed for the environment elements in the foreground in particular.

4.3.2. Evaluating the Reliability Coefficients
To establish the reliability of agreement of raters’ judgments, we calculated intraclass correlations (ICC)
(Palmer & Hoffman, 2001) for two cases. First, we evaluated for each situation (1-5) separately, whether
participants rated (V1) and (A1) consistently across the video types. Second, we evaluated for each video type
separately (real video and simulation video types), whether participants rated (V1) and (A1) consistently across
all situations. In the following, both cases are reported and discussed. The ICCs were assessed using a two-way
mixed consistency average-measure ICC calculation (McGraw & Wong, 1996).
For the first case, the ICCs in Table 7 show the degree to which participants provided consistency in their
ratings of (V1) and (A1) across the video types. For the liking of the landscape scenery (V1), most of the
resulting ICCs are in the excellent range of ICC > 0.75 (Cicchetti, 1994; Hallgren, 2012), indicating that
participants had a high degree of agreement while evaluating the landscape scenery (V1) of the real and the
simulation video types. The high ICC suggests that a minimal amount of measurement error was introduced by
the participants (Hallgren, 2012). However, for situation 1, no consistency could be detected. Data inspection
showed that 13 participants (37%) rated the real video type higher than the simulation, but the same number of
participants rated the simulation video type higher than the real video type, while the remaining 9 participants
(26%) rated both video types exactly the same. This inconsistency is also reported in Table 4, where a nonsignificant difference of only 0.22 rating units was found. An interpretation might be that the strong wind
condition in situation 1 was perceived by some participants more negatively viewing the real video type, which
influenced their liking of the landscape scenery (V1) negatively. However, we also reported in Table 5 that the
perceived realism difference was smallest for situation 1, which may indicate that at this degree of similar
realism the main influencing aspect might not be the video type anymore. For the annoyance of noise (A1),
participants rated consistently among the video type for situation 1 and situation 5 but not for situations 2, 3, and
4. This might also be due to the small rating difference between the real and the simulation video (see Table 4),
whereas the rating difference might probably not be assigned to the video type anymore.
Table 7: ICC calculation for each situation (1-5) of participants’ ratings of (V1) and (A1) for consistency evaluation of the
video types.
Average Score Intraclass
Correlation, Model: twoway, Type: consistency

(V1) Liking of Landscape Scenery

(A1) Annoyance of Wind Turbine Noise

ICC(C,35)

ICC(C,35)

F(1,34)

p-value

95% CI

F(1,34)

p-value

95% CI

Situation 1

-1.020

0.496

0.4860

-10.90;1

0.825

5.700

0.0227

0.04;1

Situation 2

0.923

13.000

0.0010

0.58;1

0.200

1.250

0.2710

-3.40;1

Situation 3

0.860

7.150

0.0114

0.23;1

-0.305

0.766

0.3880

-6.18;1

Situation 4

0.882

8.500

0.0063

0.35;1

0.554

2.240

0.1440

-1.46;1

Situation 5

0.932

14.600

0.0005

0.62;1

0.900

10.00

0.0033

0.45;1

For the second case, the ICCs in Table 8 show the degree that participants provided consistency in their
ratings of (V1) and (A1) across all situations. The ICC of (V1) indicates that participants did not provide quite
similar ratings across the situations. The ICC of 0.55 of the real videos is still a “fair value” corresponding to
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Cicchetti (1994), but the ICC value of the simulation video are too low. This means that respondents perceived
the situations differently. Direct feedback of the participants might suggest that some participants were
fascinated by the strong wind situation but others were frightened by the same situation. The visible image such
as visual content, weather conditions, image composition might have influenced the individual perception of
liking the landscape scenery. This may point to the suggestion that for landscape impact assessment of wind
parks in different landscapes the same visual content should be assured to minimize perception differences
caused by others that of the wind park in the landscape. Another point for the low ICC values for the simulation
videos might be that respondents were distracted in the sense that they may have been thinking about how
interesting or amazing the simulation is, or they were noticing aspects in the simulation that were not quite right.
These slight distractions might have tended to affect participant’s ratings into a wider range than for the real
videos. Although we tried to get the visual aspects of the simulations as good as possible, there is a remarkable
decrease in reliability from real to simulation videos, which points to further research.
For the annoyance ratings of noise (A1) we expected consistencies of participants among the different
situations, as the wind turbine noise was remarkably louder in the strong wind situation than for the weak wind
situation. Specifically, we expected that the louder situations will lead to higher annoyances of wind turbines.
The calculated ICC among the situations in Table 8 is in the excellent range for the real video type (ICC=0.93,
p=0.0000) and as well for the simulation video type (ICC=0.833, p=0.0002). This might indicate that the
annoyance of the wind turbine noise was rated similarly across the situations. The high ICC values confirm that
even with simulated wind turbine noise we are now able to induce consistent annoyance ratings among different
situations.
Table 8: ICC calculation for the video types (real videos and simulation videos) of participants’ ratings of (V1) and (A1) for
consistency evaluation across all situations.
Average Score Intraclass
Correlation, Model: twoway, Type: consistency

(V1) Liking of the Landscape Scenery

(A1) Annoyance of the Wind Turbine Noise

ICC(C,35)

ICC(C,35) F(4,136)

F(4,136)

p-value

95% CI

p-value

95% CI

Real videos

0.548

2.210

0.0711

-0.30;0.95

0.930

14.300

0.0000

0.80;0.99

Simulation videos

-0.083

0.924

0.4520

-2.12;0.87

0.833

5.980

0.0002

0.52;0.98

4.3.3. Evaluating the Validity Coefficients
Sheppard (1982) distinguishes between the accuracy of visual properties and the equivalence of responses.
The accuracy of visual properties, such as color, shape, texture, position, and scale of the objects, was assured by
adjusting the simulation during the modeling process on the basis of the real landscape recordings. Concerning
the validity of response equivalence, the most common method is to demonstrate a similar response pattern by
calculating a correlation coefficient, normally the Pearson’s product-moment (Palmer & Hoffman, 2001). Palmer
and Hoffman (2001) state that, based on research among psychometricians (Nunnally, 1978), a correlation higher
than 0.70 is expected. As the correlation only measures a similar pattern of response, a high correlation is
possible even though the actual values may systematically differ. Therefore, we calculated the Welch Two
Sample t-tests in Table 9 additionally to the correlation coefficients. In accordance with Daniel (2001) and
Bishop and Rohrmann (2003), we used group means of the situations (1-5) to compare the different
representation types (real and simulation video type).
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Table 9: Mean differences (Real-Sim), the Pearson r correlation between the video types, the t-value and the p-value of the
video types (S1), pooled over all situations (S2) for all tested indicators.
Response over all situations (S2)
Mean Diff

Pearson r

(Real-Sim)

correlation

Liking of landscape scenery

1.10

V2

Perceived visual realism

V3

Perceived integration of WT

Visual

Scale [1-5]

V4

t-value

p-value

-0.37

5.06

0.0013

2.43

0.85

4.86

0.0035

0.19

0.79

0.39

0.7049

Impression dark/bright

-0.20

0.95

-0.37

0.7196

V5

Impression static/dynamic

0.83

0.70

3.83

0.0066

V6

Impression unpleasant/pleasant

0.38

0.70

2.29

0.0633

V7

Impression (non)color-coordinated

0.63

0.72

2.72

0.0293

Acoustic

Scale [0-10]

A1

Annoyance wind turbine noise

0.55

0.92

0.97

0.3658

A2

Perceived acoustical realism

0.45

-0.16

2.57

0.0352

Acoustic

Scale [1-5]

A3

Impression low/loud

0.32

0.83

1.02

0.3375

A4

Impression steady/pulsed

0.43

0.78

1.39

0.2089

Index

Indicator

Visual

Scale [0-10]

V1

As completely different situations of weather conditions and wind park perspectives were simulated, we
expected response differences varying for each situation and resulting in no acceptable correlations. However, in
Table 9 we found that all correlations were equal or higher than the 0.70 correlation threshold, except for (V1)
and (A2). The fact that most of the correlations are acceptable, confirms that we can induce similar responses
with simulations, disregarding the situation. Furthermore, a significant correlation for the bipolar adjectives
shows that the impression difference was perceived the same way for all situations specifying the most important
aspects (such as static/dynamic and color-coordination) to improve the simulations.
For (V1) and for (A2), the correlation coefficient was not sufficient, indicating that for these two questions
the response difference varies per situation. The response difference for (V1) between the real and the simulation
video is minimal for situation 1 and maximal for situation 5. This is also the case for the perceived realism (V2)
in Table 5 and for the bipolar adjectives in Table 6. When excluding these two situations, we achieve a
coefficient of 0.76 (p=0.003) for (V1), which might indicate that for ensuring a response equivalence over
different situations (weather conditions and wind park views), we might need similar realism perceptions.
Therefore, we suggest being careful when evaluating the liking of the landscape scenery of visual-acoustic
simulations, as the difference to the real video perception might be dependent on the perceived visual realism of
the simulations. For (A2), where the correlation was not sufficient over various situations as well, the response
differences are very small. They might be caused by visual influence, as the perceived acoustic realism (A2)
correlates with the liking of the scenery (V1) (r=0.77, p=0.033) and with the perceived visual realism of the
simulations (V2) (r=0.86, p=0.000). Overall, it is important to note that the assessment of the landscape scenery
might depend on the respective situation, while the evaluation of the relevant assessment aspects, such as the
bipolar adjectives, may provide indication to the overall improvements of the simulations independent of the
situations.
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4.3.4. Methodological Reflection
The visual-acoustic simulations were successfully tested, comparing them to the perception of the
corresponding real videos of a wind park. We selected several situations representing different visual and
acoustic aspects to capture important characteristics of the on-site situation of the wind park. The presented
approach allows validating both, the visual and the acoustic simulation. The evaluation of the realism and of the
bipolar adjectives shows which situations and aspects of the simulations could be improved. Furthermore, the
ratings concerning the integration of the wind turbines in the landscape allow gaining an indication of people’s
comprehension of the landscape scenery. The approach also highlights the importance of using a laboratory
environment, where the representations can be calibrated and controlled. In this way, the experiences of the
participants can actually be compared.
The results of the applied approach indicate how visual-acoustic simulations of different situations are
perceived, and allow to derive recommendations for the setup and use of such simulations for landscape impact
assessments. However, the applied approach can still be improved. For example, the questionnaire could be
extended by directly asking the participants for their perceived validity and representativeness of the presented
landscape simulations. This might support the validity evaluations and interpretations of the results.
Concerning the video duration, a few participants indicated that it was almost too short for perceiving the
wind park situation, as the videos showed the wind park for 15 seconds only. However, we needed a trade-off
between the number of different situations assuring valid representativeness (Sheppard, 2005) and the length of
the videos to keep the overall study duration acceptable. As we intended to measure the participants’ first
reactions by showing several wind park situations, we supposed that 15 seconds should be adequate. However,
for a more cognitive understanding and evaluation of the scene, a video with a longer duration and potentially a
moving view through the landscape allowing to experience different perspectives of the scenery might be
requested.
Furthermore, some participants requested the inclusion of environmental noise. They expected to hear not
only the wind turbine noise, but also further environmental ambient noise, such as bird noise, distant traffic
noise, leaves rushing, or wind noises. The effect of enhancing the acoustic realism by adding environmental
noise was tested in a subsequent evaluation. In this study, the weak wind situation of wind turbine noise was
tested against the same situation with additional bird’s noise in the background. The study analysis showed that
the experience was indeed significantly more similar to being in a real landscape if bird noise was added (+0.61
pts, p=0.016) (Girault, 2013). Furthermore, people perceived the situation with bird noise significantly more
pleasant than without (+0.71 pts, p=0.010). These study results support the demand of adding environmental
noise to enhance the perceived realism of the simulations.
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4.4. Conclusions
The developed visual-acoustic simulation tool for landscape impact assessment of wind parks was tested for
validity. For this purpose, we produced real videos and simulation videos: the real videos are the videos of onsite environmental situations of a wind park, the simulation videos are the videos of visual-acoustic simulations
of the same environmental situations of a wind park. For the simulations, we generated GIS-based 3D landscape
visualizations with a high level of visual accuracy e.g. 3D models for vegetation and wind turbines, animations
related to wind speed, GIS-based object location and landscape topography. In addition, soundscape simulations
of the wind turbine noise were created and linked to the visualizations, resulting in visual-acoustic simulations.
To present the videos under identical conditions for all participants for maximum validity, a mobile visualacoustic lab was developed. We tested the visual-acoustic simulations for whether videos of the simulations
induced similar responses to subjects’ assessments of the corresponding videos of the real environment.
The applied approach for validating visual-acoustic simulations was successfully used, showing the
perception differences between the real and the simulation video type for both, the visual and the acoustic
aspects. The approach of using bipolar adjectives highlights the relevant aspects to be enhanced in the
simulations.
The results indicate that the participants did perceive the recorded and the simulated landscape rather
similarly. There was almost no difference between the ratings of the annoyance of wind turbine noise. With
regard to the visual landscape assessment, the landscape scenery in the simulations was rated lower than in the
recordings, with varying difference in magnitude among the situations. The situations showed diverse weather
conditions and wind park perspectives. The potential influence of different situations on the perception of the
simulation should be considered when using such simulations for participative planning processes. We suggest
that for landscape impact assessment of alternative wind parks employing visual-acoustic simulations (e.g. in
different landscape types), identical weather conditions and the same set of encounters of wind turbines (distance
to the wind turbines and position in the simulation’s field of view) should be assured. In this way, perception
differences caused by other factors than of the wind park in the landscape might be minimized. However, for a
comprehensive communication of a future wind park all relevant perspectives, conditions, and situations should
be simulated.
The mean rating difference in liking of the landscape scenery between the real and the simulation video was
sufficiently small, indicating that the mean difference was below 2 rating points on a numeric 0-10 scale.
However, the difference in perceived realism between the real and the simulation video was clearly detectable.
For the improvement of the visual simulation, we found potential in enhancing relevant aspects, such as coherent
coloring and animation of landscape elements. Further findings highlight the demand for including ambient
noise. The mean differences in the perceived integration of the wind turbines in the landscape between the video
types is small, suggesting that the comprehension of the simulated landscape scenery was similar than of the real
landscape. Overall, for the intended purpose of the simulations for landscape impact assessments of wind parks,
the validity of the simulations is acceptable with the current degree of realism in the simulation. Nevertheless,
when using the simulations for further studies, one should be aware of the rating differences between the real and
simulation video type of both, the visual and the acoustic perception.
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In conclusion, the simulation tool can now be implemented for assessing future wind parks. Thus, it provides
a tool for participatory planning processes, intended to increase the general understanding of the landscape
impact of potential wind parks. Such processes, built on a more informed decision basis, might also increase
social acceptance. How visual-acoustic simulations can be applied for landscape impact assessments of wind
parks should be shown in further studies.
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Appendix A
Overview of the Responses for each Situation
Table A.1: Mean response for each situation (1-5) to the tested indicators, for the real video type (Real) and simulation video type (Sim), and the difference between the mean ratings of the real and
the simulation video type (Real-Sim).
Situation 2

Situation 1

Situation 3

Situation 4

Situation 5

Real

Sim

Diff:
Real-Sim

Real

Sim

Diff:
Real-Sim

Real

Sim

Diff:
Real-Sim

Real

Sim

Diff:
Real-Sim

Real

Sim

Diff:
Real-Sim

Scale [0-10]
Liking of landscape scenery

6.11

5.86

0.26

7.11

5.86

1.26

6.77

5.80

0.97

6.69

5.49

1.20

7.03

5.23

1.80

V2

Perceived visual realism

8.40

6.97

1.43

8.31

5.71

2.60

8.49

5.83

2.66

8.91

6.74

2.17

7.65

4.40

3.25

V3

Perceived integration of WT

5.29

5.77

-0.49

6.63

5.94

0.69

6.37

5.60

0.77

6.71

6.74

-0.03

4.80

4.77

0.03

2.06

2.23

-0.17

3.86

3.91

-0.06

3.77

3.74

0.03

2.31

2.43

-0.11

3.29

3.97

-0.69

3.63

2.97

0.66

3.26

2.71

0.54

3.26

2.40

0.86

3.89

3.09

0.80

4.20

2.89

1.31

3.11

3.09

0.03

3.80

3.43

0.37

3.94

3.37

0.57

3.43

3.14

0.29

3.74

3.09

0.66

3.74

3.51

0.23

4.23

3.57

0.66

4.29

3.77

0.51

4.26

3.54

0.71

3.71

2.66

1.06

5.60

4.80

0.80

3.37

3.03

0.34

3.17

3.43

-0.26

4.74

3.97

0.77

5.14

4.03

1.11

7.80

7.74

0.06

8.17

7.23

0.94

7.54

7.51

0.03

7.74

7.34

0.40

7.71

6.91

0.80

4.03

3.80

0.23

2.94

2.69

0.26

2.94

2.80

0.14

3.63

3.49

0.14

3.82

3.00

0.82

3.43

3.17

0.26

2.71

2.27

0.45

2.29

2.40

-0.11

3.41

2.71

0.70

3.74

2.86

0.89

Index

Indicator

Visual
V1

Visual

Scale [1-5]

V4

Impression dark/bright

V5

Impression static/dynamic

V6

Impression unpleasant/pleasant

V7

Impression (non)color-coordinated

Acoustic Scale [0-10]
A1

Annoyance wind turbine noise

A2

Perceived acoustical realism

Acoustic Scale [1-5]
A3

Impression low/loud

A4

Impression steady/pulsed
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Appendix B
Linear Mixed-Effect Models
Table B.1: Fixed effects and the interaction between the video type (S1) and the situations (S2) of the linear mixed effects
model analyses on the ratings of the liking of the landscape scenery (V1) and the annoyance of the wind turbine noise (A1).
Model references are the situation 1 (Situation), the real video (Type) and the video order position 1 (VideoOrderPosition).
Situation 2 and 3 are weak wind situations, and the model reference (situation 1) is a strong wind situation.
Fixed effects

Estimate

SE

t-value

pMCMC

95%CI

(V1) Liking of the Landscape Scenery
Intercept
Situation2
Situation3
Situation4
Situation5
TypeSimulation
VideoOrderPosition2
VideoOrderPosition3
VideoOrderPosition4
VideoOrderPosition5
VideoOrderPosition6
VideoOrderPosition7
VideoOrderPosition8
VideoOrderPosition9
VideoOrderPosition10
Situation2:TypeSimulation
Situation3:TypeSimulation
Situation4:TypeSimulation
Situation5:TypeSimulation

6.05
1.02
0.69
0.58
0.98
-0.22
0.17
-0.29
0.42
-0.21
0.25
-0.04
-0.05
-0.16
0.34
-1.09
-0.75
-0.99
-1.59

0.45
0.43
0.43
0.43
0.43
0.43
0.43
0.43
0.43
0.43
0.44
0.43
0.43
0.43
0.43
0.61
0.61
0.61
0.62

13.559
2.356
1.595
1.336
2.243
-0.515
0.398
-0.676
0.966
-0.496
0.563
-0.084
-0.124
-0.361
0.781
-1.776
-1.222
-1.621
-2.582

0.0001***
0.0204*
0.1134
0.1914
0.0272*
0.6272
0.7042
0.5042
0.3530
0.6280
0.5728
0.9306
0.9170
0.7176
0.4384
0.0802+
0.2340
0.1072
0.0128*

5.18;6.91
0.13;1.87
-0.14;1.56
-0.29;1.45
0.06;1.79
-1.07;0.65
-0.67;1.07
-1.16;0.56
-0.47;1.23
-1.09;0.63
-0.60;1.11
-0.91;0.80
-0.90;0.79
-1.01;0.71
-0.57;1.16
-2.32;0.13
-1.96;0.46
-2.25;0.18
-2.84;-0.37

11.759
-5.584
-6.054
-2.245
-1.196
-1.994
-0.683
-0.026
-0.34
0.018
-0.345
-0.541
-0.172
-0.747
0.086
0.842
1.814
0.094
-0.528

0.0001***
0.0001***
0.0001***
0.0336*
0.2512
0.0562*
0.5176
0.9806
0.7410
0.9942
0.7368
0.6088
0.8658
0.4786
0.9378
0.4226
0.0844+
0.9170
0.6204

4.83; 6.63
-3.14;-1.44
-3.33;-1.63
-1.80;-0.11
-1.32;0.37
-1.67;0.01
-1.12;0.54
-0.90;0.80
-1.00;0.69
-0.82;0.87
-0.94;0.77
-1.07;0.63
-0.94;0.76
-1.15;0.53
-0.85;0.86
-0.75;1.67
-0.15;2.21
-1.09;1.26
-1.47;0.89

(A1) Annoyance of the Wind Turbine Noise
Intercept
5.74
0.49
Situation2
-2.27
0.41
Situation3
-2.45
0.40
Situation4
-0.91
0.40
Situation5
-0.49
0.41
TypSimulation
-0.81
0.41
VideoOrderPosition2
-0.27
0.40
VideoOrderPosition3
-0.01
0.40
VideoOrderPosition4
-0.14
0.40
VideoOrderPosition5
0.01
0.40
VideoOrderPosition6
-0.14
0.41
VideoOrderPosition7
-0.22
0.41
VideoOrderPosition8
-0.07
0.41
VideoOrderPosition9
-0.30
0.40
VideoOrderPosition10
0.03
0.40
Situation2:TypeSimulation
0.48
0.57
Situation3:TypeSimulation
1.04
0.57
Situation4:TypeSimulation
0.05
0.57
Situation5:TypeSimulation
-0.30
0.58
Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1
Model fit: (V1) R2m=0.10, R2c=0.33, (A1) R2m=0.12, R2c=0.59
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Appendix C
Likelihood Ratio Test Results of the Indicators
Table C.1: Influence of the video type (S1), situation (S2) and the video order (S3) on the tested indicators – likelihood ratio
test results. The model analysis shows, whether the defined fixed effects of the linear mixed-effect model influenced the
rating of the tested indicators.
Index
Visual
V1

Indicator
Scale [0-10]
Liking of landscape scenery

V2

Perceived visual realism

V3

Perceived integration of WT

Visual
V4

Scale [1-5]
Impression dark/bright

V5

Impression static/dynamic

V6

Impression unpleasant/pleasant

V7

Impression (non)color-coordinated

Acoustic
A1

Scale [0-10]
Annoyance wind turbine noise

A2

Perceived acoustical realism

Acoustic
A3

Scale [1-5]
Impression low/loud

A4

Impression steady/pulsed

Acoustic
A5

Scale [one choice]
Major noise annoyance

(S1)
Video Type

(S2)
Situation

(S3)
Video Order

χ2(1)=32.948
p=0.000***
χ2(1)=135.33
p=0.000***
-

-

-

2

(S1)x(S2)

(S1)x(S3)

2

χ (4)=43.834
p=0.000***
χ2(4)=51.113
p=0.000***

-

χ2(1)=6.178
p=0.01293*
χ2(1)=58.581
p=0.000***
χ2(1)=16.026
p=0.000***
χ2(1)=41.57
p=0.000***

χ2(4)=222.59
p=0.000***
χ2(4)=27.793
p=0.000***
χ2(4)=18.253
p=0.00110**
χ2(4)=30.925
p=0.000***

-

χ2(1)=9.7967
p=0.00175**
χ2(1)=12.259
p=0.0005***

χ2(4)=67.038
p=0.000***
-

χ2(1)=13.777
p=0.0002***
χ2(1)=18.683
p=0.000***

χ2(4)=81.121
p=0.000***
χ2(4)=56.777
p=0.000***

χ2(9)=20.489
p=0.01512*

-

-

-

-

χ2(9)=23.258
p=0.00564**
χ2(9)=20.567
p=0.01472*

2

χ (4)=14.64
p=0.0055***
χ2(4)=7.9347
p=0.094+

χ (9)=15.005
p=0.09079+
-

χ2(4)=10.815
p=0.02873*
-

-

-

-

χ2(4)=11.048
p=0.02603*

-

-

-

-

2

2

2

χ (9)=22.769
p=0.00674**

χ (4)=9.7051
p=0.0457*

χ (9)=19.225
p=0.02335*

-

χ2(4)=9.3005
p=0.05401+
χ2(4)=11.019
p=0.02635*

-

χ2(4)=8.4116
p=0.07761+

-

Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1
Values are p-values derived from the likelihood ratio test results, testing the full model against the model minus corresponding fixed
effect or against the corresponding fixed effect interaction.
Blank cells (-) indicate that the influence was not significant. P-values smaller than 0.001 are indicated as 0.000.

Appendix D
Likelihood Ratio Test Results of the Additional Questions
Table D.1: Influence of the additional questions to the liking of the landscape scenery (V1) and the annoyance of the wind
turbines (A1), likelihood ratio test results.
Index
D1

Indicator
Gender

D2
D3

Age
Education Level

(V1) Liking of the Landscape Scenery
Real Video
Simulation Video
χ2(1)=4.2053
p=0.0403*
2
2
χ (4)=33.425
χ (4)=35.311
p=0.000***
p=0.000***

(A1) Annoyance of the Wind Turbine Noise
Real Video
Simulation Video
χ (4)=30.971
p=0.000***
χ2(2)=5.828
p=0.05426+
χ2(2)=26.125
p=0.000***
2

χ (4)=25.288
p=0.000***
2

Attitude towards Wind
Energy in Switzerland
Prior Experience with
χ2(2)=25.26
χ2(2)=22.813
χ2(2)=23.487
D5
Wind Turbines
p=0.000***
p=0.000***
p=0.000***
Importance of Landscape
D6
Scenery in Switzerland
Experiences with Computer
D7
Games
Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1
Values are p-values derived from the likelihood ratio test results, testing the full model against the model minus corresponding fixed effect or
against the corresponding fixed effect interaction.
Blank cells (-) indicate that the influence was not significant. P-values smaller than 0.001 are indicated as 0.000.
D4
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Abstract
Successful implementation of new infrastructures in the landscape, such as wind energy projects requires
social acceptance. In Switzerland, increased wind energy supply is widely supported, but there is a high potential
for public conflict when planning wind parks at the local level. Not only economic-technical requirements but
also public perceptions of the potential landscape change’s impact come into play when planning wind energy
projects. The perceived impact can often be the main determining factor to explain the acceptability of projects.
In selecting wind park sites, it is therefore important to consider public perceptions of the wind park in the
corresponding landscape. We conducted an acceptability study with a new visual-acoustic simulation tool,
allowing people to perceive the visual and acoustic impact of the wind turbines. We demonstrate how the visualacoustic simulations can be employed to rate wind parks in different landscape types. Furthermore, the results
support the following four findings: (i) there is a relationship between affective landscape ratings and acceptance
of the wind turbines (ii) additional scenario information influences acceptability perceptions, (iii) both visual and
the acoustic aspects are reported to influence judgments, and (iv) people’s background is associated with
acceptability ratings. The application of the visual-acoustic simulation in this acceptability study indicates, that
the simulations could provide an appropriate instrument for assessing public’s experiential and social values of
the landscape, for improved landscape impact assessments. The potential of employing such applications into
participatory planning processes should be considered for more sustainable and widely supported landscape
development.

Keywords: acceptability, wind parks, 3D visualization, soundscape, environmental perception, affective
response, cognitive response

Research Highlights:


The simulations allowed for a reliable landscape impact assessments of wind parks.



People understood the simulation as responses are in line with literature findings.



The application of the simulations allowed capturing people’s preferences and values.



We report landscape type dependence for wind park ratings.
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5.1. Introduction
Successful implementation of new technologies in the landscape, such as wind energy projects, requires
social acceptance (Wolsink, 2012). In Switzerland, the wind energy supply is widely supported, but at the local
level, there is a high public conflict potential concerning the planning of wind parks (Hübner, Elisabeth, Hampl,
& Wüstenhagen, 2013). Furthermore, as the Swiss Federal Energy Council focuses in its 2050 Energy Strategy
on expanding the wind energy supply (BFE, 2012a; Hübner et al., 2013), the planning of wind parks is expected
to increase. Social acceptance including the acceptance of the public and other societal actors, such as
companies, public bodies, and organizations, is important for successful implementation of planned wind parks
(Wolsink, 2012).
The acceptance of wind parks is significantly influenced by perceptions of the values of a landscape
characterized by aesthetic quality and a sense of place (Devine-Wright, 2005; Wolsink, 2007b). In addition, the
“landscape context” and the “local impacts of construction” were identified as the major negative aspects of
wind energy projects (Graham, Stephenson, & Smith, 2009). This indicates that not only economic-technical
requirements but also subjective perceptions of the potential landscape change’s impact, play a role in decisions
for or against wind energy facilities (Schödl, 2013). For a wind park site selection it is therefore important to
consider public perceptions of the landscape, as perceived impacts are a main determining factor to explain
project acceptability (Graham et al., 2009). Overall, an appropriate balance is needed between objective
judgments and human perception with regard to landscape quality assessment (Daniel, 2001).
The visual impact caused by new infrastructures on a specific landscape type is one of the most important
factors in explaining opposition to or support of wind parks (Wolsink, 2007a, 2007b). Besides the visual impact,
wind turbine noise is another negative impact factor of these new infrastructures (Mijuk, 2010; Pedersen &
Larsman, 2008) which tends to correlate with perceived visual impact on the landscape (Pedersen & Larsman,
2008). Approaches are needed to integrate both visual and acoustic factors into site-planning of wind parks to
identify acceptable locations for wind power technologies (Manyoky et al., 2012). Recently, a visual-acoustic
simulation tool was developed, linking spatially referenced auralizations of wind turbine noise to a GIS-based
virtual 3D landscape model (Manyoky et al., 2014). Such visual-acoustic simulations have the potential to
provide a more comprehensible decision basis for designating suitable wind park locations. However, little is
known about the applicability of such tools for gathering people’s experiential and social values of the
landscape. To overcome this gap, we demonstrate the application of visual-acoustic simulations in an
acceptability study. The objective of this study was to identify how different factors influence the acceptance of
a set of scenarios consisting of different wind park layouts in different landscape types. To help explain the
acceptance of the simulated wind parks due to people’s perception, we tested four hypotheses based on literature
findings:
During an environmental preference judgement, individuals apply substantial information processing (S.
Kaplan, 1987), which can engage both cognitive and affective reactions. Cognition can be interpreted as the
evaluation of a setting that might have required mental processing (Sheets & Manzer, 1991), for example, the
comparison of a landscape with wind turbines against the same landscape without wind turbines. In contrast,
people’s affective evaluations of environments can be described by pleasure (Hull & Harvey, 1989), as pleasure
is one of the fundamental dimensions of emotional response (Russell & Steiger, 1982). In the case of responses
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to wind energy infrastructure, aesthetic perceptions of the developments can be considered as affective responses
(Bishop, 2011b), and the acceptance of the wind turbines can be considered a more cognitive response.
However, cognition and affective landscape perception are interrelated processes (S. Kaplan, 1987). Ribe (2002)
states that scenic beauty as an affective visual perception can serve as a proxy for acceptability perceptions when
the responses are based on the same constituencies. Therefore, we hypothesized that the aesthetic liking of
perceived landscapes is related to the acceptability of wind parks (Hypothesis 1).
Additional information provided to the observer may cause cognitive processing influencing the responses to
landscapes (Ribe, 2002). Ribe (1999) found, that information can influence the judged acceptability more than
perceived scenic beauty. We therefore hypothesized that provision of additional information has an influence on
the acceptance of the wind parks (Hypothesis 2).
The auditory soundscape can have a large impact on the assessments of visual landscapes, in particular,
technical sound can influence scenic enjoyment and thus the recreational quality of locations (Benfield et al.,
2010). However, the visual evaluation of the impact of wind power on the landscape is posited as the most
dominant factor (Wolsink, 2007a). We hypothesized that people will mainly indicate that the visual stimuli
influences them when judging the wind parks, but that the wind turbine noise will also be considered
(Hypothesis 3).
Factors such as expectation, prior experience, perceived appropriateness of noise, and different recreational
motives can have an impact on the subjective response to visual and acoustic environments (Mace et al., 2004).
People may have positive or negative responses to a specific landscape type being affected, or the response may
be influenced by the wind park layout relative to the landscape, the number of wind turbines and so forth
(Bishop, 2011b). Concerning public responses to wind energy, Bishop (2011b) states that affective response
involves primarily aesthetic appreciation of the wind turbines in the landscape but may be influenced by attitudes
towards renewable energy. Cognitive responses overlap with affective responses as they also draw on local
factors of noise concerns, tourism and health issues, and are dependent on personal experiences and perceptions
of the degree to which the planning process is transparent, fair and legitimate (Bishop, 2011b). Prior experiences
were as well reported by Ladenburg (2009), having a significant influence on the individual perception of
offshore wind parks. Consequently, we hypothesized that people’s background information affects the
acceptance (Hypothesis 4).
In conclusion, the objective of this paper is to conduct an acceptability study with suitable visual-acoustic
simulations to put to test four hypotheses. In section 5.2 the methods of setting up and conducting the experiment
as well as of the statistical analysis are described. The results are presented in section 5.3. In the discussion in
section 5.4, we focus on the level of acceptance of the different scenarios and on the discussion of the
hypotheses. We prove that the visual-acoustic simulations could successfully be applied in the acceptability
study, supporting the findings from literature but pointing to a significant tendency of landscape type
dependence. With the application of the visual-acoustic simulation in the acceptability study, we demonstrate
that the visual-acoustic simulations provide an appropriate instrument for considering people’s perceptions and
social values for improved landscape impact assessments.
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5.2. Method
5.2.1. Experimental Design
An acceptability pilot study with experts and lay people was conducted as a laboratory experiment. The
design of the laboratory experiment comprises the definition of scenario variables, the development of the
stimuli (visual-acoustic simulations), the questionnaire, the procedure, and the description of the study sample.

5.2.2. Variables
To gain answers on the acceptability of wind parks in different landscape types, the scenarios showing the
wind turbines in various landscape types have to be coherent and comparable. All variables defined for the
scenarios are listed in Table 1.
Table 1: Scenario variables and levels of variations
Variables
Landscape type (LT)
Wind Park (WP)
Additional scenario
information (Info)
Presentation order
(Order)

Description
Different landscape types may differ in their sensibility with
regard to the integration of wind turbines (BFE et al., 2004).
The area with visible wind turbines (WT) has an impact on the
visual quality (Torres Sibille, Cloquell-Ballester, CloquellBallester, & Darton, 2009).
Dependent on (LT) and (WP). Additional scenario information
may influence the acceptance of the wind turbines in the
landscape (Ribe, 2006).
Possible order effects of the presentations needs to be controlled
(Rohrmann et al., 2000).

Levels of variations
plains area, hills, mountains
5WT or 10WT
Without info or with info
(Info Set A or Info Set B)
Scenario position in the
presentation order (1-6)

For the contextual setup of the simulations, the landscape type (LT) and the wind park (WP) are the two main
variables. For the variable landscape type (LT), three different landscape types (plains, hills and mountains) were
defined, based on the potential areas for wind parks in Switzerland (BFE et al., 2004) and the Landscape
Typology of Switzerland (Szerencsits et al., 2009). For each landscape type an existing area in Switzerland was
chosen as a basis for the simulations. For the variable wind park (WP), two wind park sizes with different
number of wind turbines (5WT and 10 WT) were defined, which reflect average sizes of small and large wind
parks currently planned in Switzerland. The combinations of these variables results in six different scenarios
identified by the following: 5WT plains area, 10WT plains area, 5WT hills, 10WT hills, 5WT mountains, and
10WT mountains.
To answer Hypothesis 2 (see section 5.1), additional scenario information (Info) was defined as a further
variable, dependent on the landscape type (LT) and the wind park (WP). The additional information listed in
Table 2 comprises the number of wind turbines, the wind park size, the landscape type, the energy produced per
year and the predicted hazard level to birds. The predicted hazard level to birds is information concerning the
conflict potential of wind turbines to birds, differing per landscape type. As the predicted hazard level to birds
might induce an affective response, we expected that this information will have the strongest impact on the
ratings of the scenarios. Therefore, we provided two information sets (set A and set B) with exchanged
information for the plains and the hilly area, whereas for the mountainous area we kept it constant to preserve
reference of reality. Though, for the hilly and the plains area, the alternative levels of predicted hazard levels to
birds for both information sets are based on study reports (De Lucas, Janss, Whitfield, & Ferrer, 2008; Erickson,
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Johnson, & Young Jr, 2005; Petra Horch & Keller, 2005; Petra Horch & Liechti, 2008). These information
items were categorized by ordinal scale into “low”, “moderate”, “high” and “very high”.
Table 2: Additional information of set A and B.
Additional information
In set A and B:
Number of wind turbines
Wind park size [ha]
Landscape type
Produced energy per year [GWh/year]
In set A:
Predicted hazard level to birds
In set B:
Predicted hazard level to birds

Plains Area
5WT
10WT

Hilly Area
5WT
10WT

Mountainous Area
5WT
10WT

5
20
plains area
7

10
75
plains area
14

5
20
hills
7

10
75
hills
11

5
20
mountains
14

10
75
mountains
25

low

moderate

moderate

high

high

very high

moderate

high

low

moderate

high

very high

As the order of the scenario presentation may influence people’s ratings (Rohrmann & Bishop, 2002;
Rohrmann et al., 2000), we defined a further variable (order) representing the presentation order. To minimize
order effects, the scenarios were chosen in a random but constricted order. The randomization constraint induced
recurrent choices of the landscape types to avoid inattentiveness of participants due to repetitive landscapes.
5.2.2.1. Stimuli – Visual-Acoustic Simulations
Landscape Visualization
For developing the visual-acoustic simulations according to the methods described by Manyoky et al. (2014),
we used the game engine CryENGINE of Crytek (Crytek GmbH., 2014) and integrated geodata, such as a height
map of 2 m resolution (swissALTI3D, 2014) with an overlaid orthophoto of 0.5 m resolution (SWISSIMAGE,
2014). To establish the visible landscape in the vicinity of the sample areas, first, a viewshed analysis was
performed using geographic information systems (ArcGIS, ESRI). To avoid recognition of the site by local
public the most prominent landscape elements, such as locally well-known hill ranges, were avoided in the
simulation. This was decided to keep the perception of the sites impersonal for the participants and to evade
possible disturbances of ongoing planning processes of wind parks.
In order to set up realistic wind park scenarios in the different landscape types, experts for wind energy
planning were consulted inducing technical advice from a planner close to actual planning processes. For the
position of the wind turbines and the orientation of the wind park layout in the landscape we used wind condition
data (MeteoSwiss, 2013). The wind turbines were placed in relation to the rotor diameter (Seifert & Kröning,
2003). As subjects may prefer orderly, uniform arrays of wind turbines (Thayer & Freeman, 1987), and to allow
experiencing surrounding wind turbines for the larger wind park, one wind turbine row was defined for the 5WT
wind park layout, and an additional row for the 10WT wind park layout. Some local topography adjustments
have been made in the virtual landscape model to optimize the wind turbine position and to keep the 5WT and
the 10WT wind park layout identical for all landscape types. As we used a game engine, the simulation of
different weather conditions, various daytime situations and sky coverages are possible. The weather in our
simulations was set to an unexceptional day where people tend to go out for recreation, with moderate wind
speed and a blue sky with few clouds.
It is important to develop the simulations in a way that the experiences of the scenarios are comparable
between the landscape types, by reducing perceptual differences attributable to other influences than to the
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scenario variables. Therefore, videos of 90 seconds were generated from the simulations with a similar flight
path through the landscape for all scenarios. The visual scene of the video flight should give information that
people would expect in the specific landscape type, allowing to compose a “configurational coherence” for the
landscape characterization and the aesthetic appraisal (R. Kaplan & Kaplan, 1989). The video path allows the
respondents an experience of both, the distant view from on the ground (a) and the movement through the wind
park (c) (Table 3). A fast fly-over (b) is a transition between the two ground views (a) and (c) that quickly
informs about the context of the wind park site. During this fly-over, where the turbines appear most orderly in
rows from the bird’s eye view (b), the flight is paused for a few seconds to allow orientation in space.
To ensure the comparability of the participant’s experiences during the video flight, for every scenario the
same set of encounters with wind turbines at similar distances to the turbines was established. Furthermore, the
field of view and the composition of the image during the movement through the landscape were controlled
(McManus & Weatherby, 1997; Svobodova, Sklenicka, Molnarova, & Vojar, 2014). As the human processing
system is specialized to detect contrasts (Kastner & Ungerleider, 2000; Pedersen & Larsman, 2008), a skylining
effect of showing objects against the sky can implicit high contrasts, which could influence people’s landscape
perception negatively (Bishop, 2011b; Bishop & Miller, 2007). The visibility, the color, the visual complexity
and continuity of the park affect the visual impact (Torres Sibille et al., 2009). The skylining is dependent on the
landscape type and is naturally highest for the plains area. Therefore, we set the skylining effect for all three
areas to a possible maximum at the starting view on the ground, to ensure comparability. The moving velocity
through the landscape was set to a moderate bicycle speed of 10 km/h. To further enhance the spatial perception,
360° panoramic views were provided at positions where people would take a stop or look around, e.g. at a road
crossing or a viewpoint (Braun & Ziegler, 2006; Manyoky et al., 2012). The sky coverage was adjusted so that
during the video flight path the same cloud formations were visible in all scenarios.
Acoustic Simulation
The acoustic simulation is the spatially explicit auralization of the wind turbine noise considering the
landscape context and the weather situation (Manyoky et al., 2014). The auralization comprises the emission
synthesis (Pieren et al., 2014), the propagation filtering (Heutschi et al., 2014), and a surround reproduction
system consisting of five loudspeakers. The acoustic simulation with a pure synthesis model for wind turbine
noise is based on the variables: wind turbine type, wind speed, temperature and relative humidity, topography,
ground type and video path parameters, i.e. the time-dependent receiver position and viewing direction. The
variables were set in accordance to the visual simulations with moderate wind speeds. However, the acoustic
simulation may cope with other weather situations as well, such as strong wind or snow covered ground. As a
first step in the acoustic simulation, a parameter file was generated for each video path through the virtual
landscape. In a temporal resolution of 0.5 s, the file indicates the values of each parameter. In a second step,
based on the parameter file, audio files according to the video path were calculated for each scenario separately.
Integrated Visual-Acoustic Simulation
The acoustic simulations were linked to the videos following the approach of Manyoky et al. (2014). To
correctly synchronize the visual and the acoustic simulation, a function was developed within the visualization
software showing a visual start sign at the initiation of the rotor rotation which corresponds to the start of the
acoustic simulation. Using the software Adobe Premiere Pro (Adobe Systems Inc., 2013) in a post-processing
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step, the audio files were linked to the visual simulation based on the visual start sign (Manyoky et al., 2014).
The resulting visual-acoustic videos of the simulations built the basis for the acceptability study.
Table 3: Viewpoints of the video flight path of the six scenarios: distance view (a), bird's eye view (b) and ground view (c).
The flight path included all three viewpoints, starting from the distance view (a), followed by an ascending flight to the bird’s
eye view (b) followed by a descending flight to the ground view position (c) in the center of the wind park. From this position
(c), the movement through the wind park started.
(a)
View from the distance

(b)
Bird’s eye view

(c)
View from the ground

Plains 5WT

Plains 10WT

Hills 5WT

Hills 10WT

Mountains 5WT

Mountains 10WT
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5.2.2.2. Questionnaire
To assess the acceptability of wind parks in different landscape types, a structured rating of the perceived
landscape was conducted. We were primarily interested in to what degree people accept the wind turbines in the
presented landscape, which would mainly induce a cognitive response. As cognitive processes are interrelated
with affective processes (S. Kaplan, 1987), we were also interested in the affective response about the intuitive
perception of the landscape with wind turbines by asking about the liking of the perceived landscape (Hypothesis
1). The acceptance of the wind turbines and the liking of the perceived landscape were assessed on a numeric 010 Likert scale from “not at all” to “extremely”. We set up the questionnaire in German and in English.
An index list to the stimuli variables (S), the video rating questions (V), the socio-demographic questions
concerning the people’s background information, essential for the study (E), and their respective response scale
are given in Table 4. The questionnaire comprised video rating questions without showing the additional
information (WOI) and with additional information (WI).
Table 4: Index overview of the stimuli variables, the questions and their scales.
Index
Stimuli Variables (S)
S1
Landscape Type (LT): plains, hills, mountains
S2

Wind Park (WP): small=5WT, large=10WT

S3

Additional scenario information (Info): without info (WOI), with information set A or set B (WI).

S4

Order of videos: 6 videos in controlled random order, with alternations of the landscape type.

Video Rating Questions (V)
WOI1/WI1

How much did you like this perceived landscape? (scale: 0-10, from “not at all” to “extremely”)

WOI2

How much did you find that this experience was similar to being in a real landscape? (scale: 0-10,
from “not at all” to “extremely”)

WOI3/WI2

How acceptable do you think the wind turbines are in this landscape? (Your opinion about the
acceptability of the turbines might be different than how much you like this perceived landscape).
(scale: 0-10, from “not at all” to “extremely”)

WOI4

Which aspect (sound vs. visual) influenced you in judging the presence of the wind turbines?
(scale: only sound, mainly sound, sound+visual influenced equally, mainly visual, only visual,
none of them)

Socio-Demographic Questions, essential for the study results (E)
E1

How interesting do you think wind parks are to look at? (scale: very uninteresting, uninteresting,
neutral/don’t know, interesting very interesting)

E2

How appropriate are wind parks for Switzerland? (very unacceptable, unacceptable, neutral/didn’t
know, acceptable, very acceptable)

E3

How concerned are you about birds and bats killed by wind turbines? (scale: very unconcerned,
unconcerned, neutral/don’t know, concerned, very concerned)

E4

In its 2050 Energy Strategy the Swiss Federal Energy Council contemplates realizing forty times
more wind power potential than now in Switzerland. How much do you support increasing the
wind energy supply in Switzerland? (scale: don’t support, slightly support, neutral/don’t know,
support very much, extremely support, no answer)

5.2.2.3. Procedure
The acceptability study was performed during summer 2014 in two Swiss cities, to reach a sufficient number
of participants with diverse backgrounds. The videos were shown in a mobile visual-acoustic lab (MVAL). The
MVAL consists of a portable aluminum construction (5 m x 5 m x 2.5 m) with sound absorbing curtains on the
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walls and on the roof, constructed to visually and acoustically control the presentation of the scenario videos,
disregarding of daytime and location. The MVAL was set up in a room with low background noise. Right after a
video scenario was shown in the MVAL, the questionnaire was filled out. The participants had as much time as
they needed to fill out the questionnaire.
The structure of the study is listed in Table 5. Before the participants went into the lab, they were asked to
state their political opinion towards wind energy supply in Switzerland (Step 1. in Table 5). Inside the mobile
visual-acoustic lab, (Step 2. in Table 5), participants viewed and rated each video separately. To evaluate the
influence of the additional information on people’s ratings (Hypothesis 2), people rated videos first without (2a)
and then with (2b) additional information. After all scenarios had been rated, they answered additional sociodemographic questions outside the lab to gather information about people’s background (Hypothesis 4), (Step 3
in Table 5). Participants had the opportunity to optionally add qualitative statements to explain their ratings. The
total study duration took 40 minutes on average. A maximum of 3 people were allowed to participate, to avoid
mutual influences by participants and to assure comparable visual and acoustic conditions. The maximum of 3
people is the limit on how many people could be in the MVAL at a time to gain validly simulated experiences.
Table 5: Study structure of the acceptability study where people answered questions before, during and after seeing the
visual-acoustic simulations in a mobile visual-acoustic lab (MVAL).
Study structure

Description

Time (average)

Step 1. Answering introductory questions

To give people the opportunity to state their
political opinion before rating the scenarios.

5 min.

2a. Video rating
without
additional
information

To gather people’s scenario ratings, asking for
their affective and cognitive perception.
(WOI1-4)

2.5*6=15 min.

2b. Video rating
with additional
information

To give people the chance to adjust their
scenario ratings after reading the additional
information set A or B. (WI1-2)

2.5*6=15 min.

To gather people’s background information

5 min.

Step 2. In the
MVAL: Viewing
and rating each
scenario video
separately (6x)

Step 3. Answering additional questions

Total time 40 min.

5.2.2.4. Participants
The study sample consisted of interested experts as well as a high variety of the public from the two cities in
which the study was conducted. Participants were invited by email, flyers, and advertisements in the newspaper.
After excluding two invalid questionnaires, 90 fully completed questionnaires remained for further analysis. The
final sample included 60% men (n=54) and 38% women (n=34), and missing data on gender (n=2). The majority
of the participants were younger than 40 years (31% between 20 and 29 years, 29% between 30 and 39). About
half of the participants has a university degree (14%, n= 13 for their bachelor studies and 38%, n=34 for their
master studies). 29% (n=26) have a primary degree or some bachelor studies, and 17% (n=15) have a higher
level of education (master of advanced studies or dissertation). One participant has not completed any education
and

one

refused

to

answer.

The

area

of

work

of

the

participants

are

engineering

(civil/geomatics/environmental/mechanical/chemical) (n=18), environment and energy (n=13), service divisions
(n=13), education and research (n=11), spatial planning (n=10), psychology, health or welfare (n=9),
media/journalism and graphic/design (n=4), architecture (n=3), law/insurance (n=2), and theology (n=2), no
answer (n=5).
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5.2.3. Statistical Analysis
To evaluate the acceptance of the wind parks we set up linear mixed-effects models. As fixed effects we
entered the variables of Table 1: LandscapeType (plains area/hills/mountains), WindPark (5WT/10WT), Info
(without/with) InfoSet (InfoSetA/InfoSetB) and the VideoOrderPosition (1-6). In order to test Hypothesis 1
regarding the rating differences between the acceptance and the liking of the landscape, an additional fixed effect
Q (Accept./Liking) referring to the respective question was included. For testing people’s choice of the
influencing aspect on the acceptability (Hypothesis 3) we analyzed the linear mixed-effect model of acceptance
including the influencing aspects as an additional fixed effect. As random effects we entered the participants, as
repeated measures were performed (each participant rated all 6 scenarios).
For the statistical analysis, we used the computer software R version 2.15.1 (R Core Team, 2012) and the
package lme4 version 0.999999-0 (Bates et al., 2012). R2 is a useful property of providing an absolute value for
the goodness-of-fit of a model, describing the amount of variance explained as a statistic summary (Nakagawa &
Schielzeth, 2013). R2 for mixed-effect models can be categorized into two types: the marginal R2 (R2m)
represents the variance explained by the fixed factors, and the conditional R2 (R2c) represents the variance
explained by both fixed and random factors (Vonesh et al., 1996) in (Nakagawa & Schielzeth, 2013). Nakagawa
and Schielzeth (2013) proposed a method for calculating the two types of R2 which is implemented the MuMInPackage version 1.9.13 (Bartoń, 2009; P. C. D. Johnson, 2014). For Hypotheses 1 and 2 we performed model
analysis of multiple comparisons between the fixed effects using the glht() function of the multcomp-Package
version 1.3-2.
The likelihood ratio test was used to obtain p-values (R function anova()), testing the full model with the
effect in question against the model without the effect in question. As likelihood ratio tests for REML are not
feasible (Pinheiro & Bates, 2000), the model argument REML=FALSE was added. For the fixed effects
variables, we calculated Markov Chain Monte Carlo-estimated p-values (pMCMC) (Baayen et al., 2008). The
estimates of the mean values, standard deviations and the differences are indicated in response-scale points
(pts.), ranging from 0 to 10. Visual evaluation of residual plots did not reveal any obvious deviation from
normality.
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5.3. Results
The acceptability experiment illustrates the acceptance of the wind parks in three Swiss landscape types and
further gives an explanation of these wind park acceptance patterns (Hypotheses 1-4). To explain the level of
acceptance of the wind turbines, we analyzed the relation between the acceptance of the wind turbines and the
liking of the perceived landscape (Hypothesis 1), the influence of the additional information set A and B
(Hypothesis 2), the reported influence of combined visual and acoustic sensations (Hypothesis 3), and the
influence of people’s background (Hypothesis 4). The hypotheses 1 and 2 were tested adjusting the interactions
of the mixed model. A list of the full interaction model is given in Appendix A. For hypothesis 3, the model for
testing the most influencing aspect against the acceptance of the wind turbines before reading the scenario
information (WOI3) is listed in Appendix B.

5.3.1. Acceptance of the Wind Turbines
For each scenario the mean values and the standard deviations of all ratings were calculated, for all questions
asked during the survey (see Step 2 in Table 5). The questions listed in Table 6 are divided into three parts:
without Info (WOI1-3), with Info A (WI1-2) and with Info B (WI1-2). All given scenario information in set A
and B are listed in Table 2. The ratings of the WOI questions indicate the rating before reading the information
of both groups of set A and B pooled.
Table 6: Mean values of participant’s ratings either before reading the additional information (WOI), or after reading the
information (WI) of set A or set B (see Table 2). For each scenario, the mean values and the standard deviation were
calculated for the liking of the landscape (Liking LS), the perceived similarity (Similarity) and the acceptance of the wind
turbines (Accept. WT). Per index, the highest mean value is marked in bold.
Index (V)
Scale [0-10]
Without Info
(WOI1) Liking LS
(WOI2) Similarity
(WOI3) Accept. WT
Info Set A
(WI1) Liking LS
(WI2) Accept. WT
Info Set B
(WI1) Liking LS
(WI2) Accept. WT

Plains Area
5WT
Mean SD

10WT
Mean SD

Hilly Area
5WT
Mean SD

10WT
Mean SD

Mountainous Area
5WT
10WT
Mean SD
Mean SD

6.34
7.43
6.93

2.13
1.51
2.17

6.08
7.42
6.61

2.67
1.54
2.45

7.43
7.61
6.96

1.79
1.70
2.07

6.8
7.43
6.25

2.14
1.80
2.41

7.07
7.29
7.38

1.89
1.76
1.99

6.73
7.02
6.91

1.83
1.80
2.37

6.89
7.47

2.11
2.42

6.55
6.83

2.10
2.42

7.32
6.83

1.96
2.16

6.64
5.34

2.15
2.51

6.85
6.38

1.82
2.42

6.36
5.62

2.18
2.51

6.62
7.07

2.06
1.96

5.81
5.86

2.35
2.52

7.44
7.28

1.89
2.02

6.35
6.12

2.17
2.22

6.91
6.35

2.13
2.34

6.12
5.72

2.40
2.57

With regard to liking the perceived landscape (WOI1), the participants rated the 5WT hilly area the highest,
even when additional scenario information (set A or B) was shown to the participants (WI1).
For the acceptability of the wind parks (WOI3), participants rated the 5WT mountainous area higher than the
other scenarios. Compared to the 5WT mountainous, the acceptance was significantly lower for the 10WT hilly
area (-1.14 pts. ±0.25 (std. error), p=0.001).
After showing the additional information (WI2), the level of acceptance differs between the two information
sets A and B.:


For information set A, the wind turbines are most accepted in the 5WT plains area. Compared to this
most accepted scenario, the acceptance was significantly lower for the 10WT hilly area and for
10WT mountainous area.
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For information set B, the wind turbines are most accepted in the 5WT hilly area. Compared to this
most accepted scenario, the acceptance was significantly lower for the 10WT plains area and for the
10WT mountainous area.

Surprisingly, we detected that for the 5WT wind park scenarios all questions (WOI1-3, WI1-2) are in average
rated equal or higher than the 10WT scenarios. Compared to the 5WT scenarios, the acceptance was
significantly lower for the 10WT by -0.5 pts. ±0.14 (std. errors) p=0.016 before reading the information, and by 0.98 pts. ±0.14 (std. errors), p=0.000 after reading the information.

5.3.2. Hypothesis 1: Affective Landscape Ratings
The mean ratings for the case without additional information (WOI) are plotted in Figure 1. The difference
between liking of the perceived landscape (Liking LS) and the acceptance of the wind turbines (Accept. WT)
varies across the landscape types: for the plains and the mountainous area, the acceptability was rated higher
than the liking of the perceived landscape, whereas for the hilly area the acceptability was rated lower. Looking
at each landscape type (5WT and 10WT pooled), the difference between the liking of the landscape and the
acceptance of the wind turbines are above 0.5 rating points for both the plains area (0.56 pts. ±0.17 (std. errors) p
= 0.0580) and the hilly area (0.51 pts. ±0.17 (std. errors), p=0.1403), but for the mountainous area the difference
is very small (0.24 ±0.17 (std. errors), p=0.9630).

Figure 1: Comparison between the liking of the perceived landscape (Liking LS, blue) and the acceptance of the wind
turbines (Accept. WT, red) without additional information (WOI).
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5.3.3. Hypothesis 2: Additional Scenario Information
The differences between the ratings with and without additional scenario information are calculated by
multiple comparison of means analysis of the mixed model, for the liking of the landscape (WI1) and the
acceptance of wind turbines (WI2), as shown in Table 7. Here, the WOI ratings are the ratings before reading the
information of either information set A or set B.
Table 7: Differences between the ratings of with info (WI) and without info (WOI) for the liking of the perceived landscape
(Liking LS) and the acceptance of wind turbines ratings (Accept. WT). Values marked in bold indicate a rating increase after
reading the information. The hazard level to birds is indicated for each scenario, corresponding to the information set A and
set B (Table 2).
Index (V)

Plains Area
5WT

Scale [0-10]
Info Set A

10WT

Hilly Area
5WT

Mountainous Area

10WT

5WT

10WT

Diff=WI-WOI

Diff

Diff

Diff

Diff

Diff

Diff

Bird hazard

low

mod.

mod.

high

high

very high

0.43

0.30

-0.06

-0.38

-0.21

-0.45

(WI1) Liking LS
(WI2) Accept. WT

0.64

0.38

-0.23

-1.15+

-0.94

-1.26*

mod.

high

low

mod.

high

very high

0.41

-0.07

-0.05

-0.21

-0.16

-0.53

-0.93
0.02
Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1

0.44

0.10

-1.09

-1.23+

Info Set B

Bird hazard

(WI1) Liking LS
(WI2) Accept. WT

The additional information to the scenarios did not substantially influence the liking of the landscape, but
there is a positive information influence for the plains area and a slightly negative influence for the hilly and the
mountainous area (Table 7). Generally, the differences in acceptance were only significant if the hazard level to
birds was indicated as “high” for the hilly and as “very high” for the mountainous area. In Figure 2, the mean
values of the acceptance of the wind turbines with information A and B are shown: the information influenced
the acceptance of the wind turbines differently for the plains and the hilly area depending on the information set
A or B.
(a)

(b)

Figure 2: Comparison between the acceptances of the wind turbines without (WOI Accept. WT, red) and with (WI Accept.
WT, orange) additional information set A (a) or set B (b).

If the hazard level to birds was indicated as “low”, the acceptance of the wind turbines with information was
rated higher than without information, for both information sets A and B. If the hazard level to birds was
indicated as “moderate” the acceptance did not alter or varied slightly after reading the information, for both
information sets A and B. If the hazard level to birds was indicated as “high” for the hilly area and the plains
area mean acceptability decreases by about one rating point. For the mountainous area, there is no difference
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between the additional information A and B, as shown in Figure 2, where the acceptability ratings after seeing
set A or B decreased to a similar degree.

5.3.4. Hypothesis 3: Visual and Acoustic Perception
Most of the people reported that both, visual and acoustic aspects influenced them when judging the presence
of the wind parks, as shown in Figure 3. However, for the mountainous area, the “mainly visual” category was
chosen more often, compared to the plains and the hilly area. If people indicated that “mainly visual” was the
judging aspect, then their acceptance of the wind park was significantly lower (-0.3 pts. ±0.2 (std. error), t=-1.66,
p=0.0952) compared to the category “sound + visual”. If “mainly sound” was the judging aspect, people rated
their acceptance even lower by about -0.9 pts. ±0.3 (std. error), t=-3.21, p=0.0030. The category “only visual”
and “only sound” was not significantly associated with differences in acceptance of the wind parks, and the other
two categories (“none of them” and “not answered”) appeared only two to three times.

Figure 3: Percentages of the reported influencing aspects in judging the presence of the wind turbines per scenario.

5.3.5. Hypothesis 4: People’s Background
Most of people’s background information had a significant effect on the acceptance of the wind parks in
testing the additional questions with the likelihood ratio test. Table 8 shows boxplots of four selected questions
of people’s background information, compared to people’s acceptance of the wind turbines across all scenarios
before reading the scenario information (WOI3). People’s acceptability was more positive if they thought that
wind parks are interesting (E1). Generally, if people thought that wind parks are appropriate for Switzerland
(E2), the acceptability of wind parks was more favorable. Furthermore, people rated the acceptance of wind
parks lower if they were concerned about birds and bats killed by wind turbines (E3). The majority (55.6%) of
the participants had chosen the category “concerned” for (E3) but about the same number of people indicated
that wind parks are appropriate for Switzerland (E2). Overall, people’s acceptance of wind parks was mainly
more positive if they had positive attitudes towards wind energy in Switzerland (E4).
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Table 8: Acceptance of the wind turbines before reading the additional information (WOI3) versus the answers of questions
concerning people’s background. The number in brackets indicates the number of people choosing the respective category.
As the boxplots show the acceptance ratings across all 6 scenarios, per participant 6 responses are included.
E1: How interesting do you think wind parks are to look at?

E2: How appropriate are wind parks for Switzerland?

E3: How concerned are you about birds and bats killed by wind
turbines?

E4: 2050 Energy Strategy: How much do you support increasing
the wind energy supply in Switzerland?

For completeness, the boxplots of Table 8 are shown per landscape type in Appendix C. Visual inspection shows
slight landscape type dependencies. When people thought wind turbines are not appropriate for Switzerland (E2)
the acceptances of the wind turbines in the hilly area were more negatively influenced than in the plains area and
the mountainous area. Nevertheless, the landscape type specific analysis is not further investigated as this was
not the purpose of Hypothesis 4.
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5.4. Discussion
In this section, we discuss the study results on the acceptance of the wind parks with regard to the
Hypotheses 1-4 and close with a methodological reflection.

5.4.1. Acceptance of the Wind Turbines
The statistical results show that the acceptability of the wind parks without additional scenario information
was highest for the 5WT mountainous area setting. The written comments of the participants might give some
indication why the 5WT mountainous wind park was most accepted. Some noted that the presented mountainous
landscape is a “timeless” landscape and the wind turbines may offer a “modern vision”, probably associated with
sustainable energy landscapes. Furthermore, they commented that in the presented mountainous landscape there
might be less people and tourists than in the other landscape types, and that they expected a more satisfying
amount of energy be produced there. The lower acceptance for the hills and the plains area is also supported by
Pedersen and Larsman (2008) indicating that wind parks in plain landscapes are likely to draw visual attention
than in more topographically varied landscapes.
Comparing the hilly and the plains area, the acceptance was statistically the same for the 5WT wind park, but
for the 10WT wind park the acceptability was lower for the hilly area. Here as well, the written comments of the
participants might give some explanation. In the plains area with the traffic road nearby and the agricultural
environment, comments suggest that respondents expected traffic and farmer machinery noise as well, and
therefore the wind turbines might not be as disturbing. However, in the plains area people were concerned about
the close settlement and indicated in the written comments that acceptability would be dependent on the noise
immission in the near settlement areas. Furthermore, as the presence of hills is an important landscape
characteristic in Switzerland for recreation (Kienast et al., 2013), people might wish to preserve hilly areas from
visual and acoustic disturbances which may result in a lower acceptance of wind parks. In general, our finding
that the acceptability of 10WT wind park in the hilly area is slightly lower than in the plains agricultural area is
also supported by Wolsink (2007a), stating that landscape types that clearly represent nature and highly rated
scenic values seem to negatively affect the acceptability of wind power.
Surprisingly, we detected that the 5WT scenario is significantly preferred over the 10WT, whether in the
acceptability ratings of the wind parks or the liking of the perceived landscape. The preference of 5WT
compared to 10WT is also supported by Bishop (2011b), citing that a number of wind turbines between two and
eight turbines are best accepted (Daugarrd, 1997). As well Molnarova et al. (2012), concluded, that a limited
number of wind turbines might be better accepted, and that above a certain threshold in number of wind turbines,
they might be rated as unattractive.
5.4.1.1. Hypothesis 1: Affective landscape ratings are related to the acceptance, with a tendency of a
landscape type dependence
The analysis of the difference between the liking of the perceived landscape (affective landscape ratings) and
the acceptance of the wind turbines in case no information is given shows a relation per landscape type in Figure
1. The mean differences range from 0.47-0.59 pts. for the plains area and the hilly area, while for the
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mountainous area the difference is remarkably small. As Ribe (2002) stated, if no information is given to the
participants, there may be a close relation between scenic beauty ratings and acceptability. Figure 1 shows that
the differences are close but vary across the landscape types. Though, for the mountainous area where the scenic
beauty was in a similar range as for the hilly area, the acceptance was higher. Figure 1 clearly indicates a shift
for the hilly area inasmuch as the liking of the landscape is higher than the acceptability, compared to the
mountainous area. To explain this shift, a closer look at people’s association and relation to the landscape
revealed some possible explanation. Table 9 shows the liking of the perceived landscape and the acceptance of
the wind turbines divided into three groups of people spending their free time in the respective landscape. The
shift is now only visible for the group preferring to spend their free time in the hilly area. It is also visible that
the group preferring to spend their free time in mountainous area had lower acceptances for the wind park in the
mountainous area than for the other landscapes. In conclusion, the relation between the acceptance and the liking
of the landscape might not only be dependent on the landscape type but might also have a dependency on
people’s relation or association to the landscape type. Therefore, Figure 1 should be interpreted with caution.
Table 9: Comparison between the Liking of the Landscape (Liking LS, blue) and the Acceptance of the wind turbines
(Accept. WT, red) without additional information. The table is divided into three groups of people who prefer spending their
free time either in the plains are, the hilly area of the mountainous area,

5.4.1.2. Hypothesis 2: Additional scenario information has an influence on the acceptance, with a
tendency of a landscape type dependence
After reading the additional scenario information, people changed their acceptance of the wind turbines,
confirming Hypothesis 2. It can be seen that additional scenario information has a different influence on the
affective ratings compared to the acceptance, as shown in Table 7: the additional information has a smaller
influence on the affective ratings (between -0.53 and +0.43 rating point difference) compared to the acceptability
ratings (between -1.26 and +0.64 rating point difference). This is consistent with findings of Ribe (1999), where
the information influenced perceptions of acceptability more than those of scenic beauty. Analyzing the
influence of the additional scenario information on acceptance, we detected a tendency of landscape type
dependence (Figure 2). If the hazard level to birds was indicated as “low” or “moderate”, the influence was more
positive for the plains area than for the hilly area. In addition, if the hazard level to birds was specified as “high”,
the negative influence was higher for the hilly area than for the plains area, indicating that the information
influence on the acceptance tends to depend on the landscape type.
In general, the results show that the interpretation of the additional information is based on people’s
perceptions and social values, which affect the level of acceptance. Most of the participants stated in their written
comments that the hazard level to birds was the most crucial aspect that influenced them when rating the
acceptability. This goes in line with Dimitropoulos and Kontoleon (2009), that people tend to have aversion
against wind energy projects which disturb wildlife.
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5.4.1.3. Hypothesis 3: Visual and acoustic perceptions both have an influence on acceptability
perceptions, with a tendency of a landscape dependence
For most people the visual and the acoustic aspect were important for judging the scenarios, which supports
Hypothesis 3. However, the strength of this combined effect seems to depend on the landscape as can be seen in
Figure 3: compared to the hilly and the plains area, for the mountainous area the “mainly visual” aspect was
more often mentioned as the influential aspect. The written answers of the participants indicate that some people
expected windy situations in the mountainous area, causing wind induced background noise that might mask the
wind turbine sounds.
We further revealed that if the reported influence was only one aspect (visual or sound), the acceptance of the
wind parks was rated significantly more negatively. A reason for the negative influence if “mainly sound” was
indicated may be the perceived noise annoyance. For all scenarios, the sound pressure level was similar.
However, some people stated in their written comments that for the hilly area they perceived the sound as most
disturbing because they associated the landscape with a calm soundscape. As mentioned in several studies, the
noise annoyance is raised if noise is believed to be hazardous to health, if it is associated with fear, and if the
perceiver is dissatisfied with other aspects of the environment (Green & Fidell, 1991; Mace et al., 2004;
Miedema & Vos, 1999). The visibility and attitude toward wind turbines are significantly related to noise
annoyance of wind parks (Pedersen, van den Berg, Bakker, & Bouma, 2010). Furthermore, if the perceiver
considers the noise as unnecessary, annoyance increases (Mace et al., 2004). The perception of an increased
level of noise may cause a negative influence on the acceptance of the wind turbines. As there was no significant
difference in sound pressure level in the scenarios, the results suggest that the perception of the wind turbine
noise did not only depend on the sound pressure level but also on the people’s contextual perception of sound.
5.4.1.4. Hypothesis 4: People’s background has an influence on the acceptance
The analyzed questions (E1-E4) in Table 8 show graphically a tendency that people’s background has an
influence on the acceptance, supporting our Hypothesis 4. The variables of the questions (E1) and (E3) mainly
influenced people’s acceptance positively or negatively if the associated reaction was positive or negative. For
(E1), when people think that wind turbines are interesting, they had higher acceptances for the wind parks. On
the other hand, people rated the acceptance of wind turbines lower if they were concerned about birds and bats
killed by wind turbines (E3), even if no information with respect to this concern was given. In addition, the more
concerned people are, the stronger the level of acceptance of the wind parks varies which is shown in the boxplot
of (E3) in Table 8. The variables of questions (E2) and (E4) mainly influenced acceptability if people had a
positive attitude towards wind parks in Switzerland. This might go in line with Kaldellis (2005), stating that
open-minded people compared to people being more conservative in their opinions tend to be more positive in
their acceptance of wind turbines.
Participants mentioned in their written comments additional subjective factors, such as the general preference
for a certain landscape type for recreation purposes and considerations regarding economic, ecological, and
social effects of the wind turbines as factors which influenced their acceptance of wind parks. This confirms the
importance of including people’s preferences and social values of the landscape in the evaluation of wind park
locations and in public perception studies of simulated projects. It is essential to gather information about
people’s relevant opinions and their values, to explain and predict the acceptability of wind park projects. Since
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the additional information influences acceptability (Hypothesis 2), correct and accurate information should be
provided to inform people, as well regarding the topics they are concerned about (Hypothesis 4). Furthermore, if
this background information is included in the planning process, it may help finding more sustainable wind park
locations.

5.4.2. Methodological Reflection
The model fit is calculated according to the description in section 5.2.3. For the acceptability model without
scenario information the model fit is R2m=0.03, R2c=0.42. For the acceptability model with information A the
model fit is R2m=0.11, R2c=0.55, and with information B R2m=0.07, R2c=0.45. With pooled information A and
B the model fit is R2m=0.07, R2c=0.49. For comparison, acceptability and perception studies of wind energy
projects report following model fits: R2 of 0.23-0.25 (Wolsink, Sprengers, Keuper, Pedersen, & Westra, 1993)
cited in (Pedersen & Halmstad, 2003), R2 of 0.44-0.47 (Wolsink, 2007a, 2007b), and R2 of 0.33-0.50 (Johansson
& Laike, 2007). This means that when considering the fixed and the random factors in the model, we have
reached similar model fits as reported in the literature.
As the results support the hypotheses, the visual-acoustic simulations proved to be suitable to evaluate the
acceptance of wind turbines, with information and attitude survey components augmenting the results. The
results of the likelihood ratio model tests in Appendix D show that the acceptability of wind turbines and the
liking of the perceived landscape ratings were significantly influenced by the fixed effects (LandscapeType,
WindPark, and the combination as Scenario). This indicates that the scenarios were defined and simulated
differently enough that people’s perception of the corresponding scenarios changed among them. However, the
visual-acoustic simulations can still be improved. A major improvement would be the integration of ambient
noise. In the simulations, no ambient noise was included, which some participants indicated as a missing factor.
Natural noises such as rustling trees or bird noise might lead to a more plausible aural perception. Furthermore,
background noise as natural masking effects (Bolin, Nilsson, & Khan, 2010) can decrease the annoyance of wind
turbines (Legarth, 2007). To include these masking effects for specific wind park situations, Heutschi et al.
(2014) developed the integration of wind-induced vegetation noise into spatially explicit auralizations of wind
turbines.
The acceptability study was conducted in two Swiss cities to reach a diversity of participants such as experts,
students, academic people and people from the public. The acceptability results represent the study sample and
cannot be generalized for Switzerland or for people living in the vicinity of wind parks. The present acceptability
study, however, provides a basis for designing large scale acceptability studies which are suitable to derive
results regarding public acceptability judgements of wind parks valid for certain regions or landscape types.
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5.5. Conclusions
The study shows that the visual-acoustic simulations were suitable to assess and explain the acceptance of
wind parks. This acceptability study allowed evaluating acceptances for different wind park layouts among
different landscape types from a variety of people. The results show that the participants’ level of acceptance
was influenced by their affective rating of the landscape, the information provided, their perception of the visual
and acoustic aspects, and their individual attitude and concerns. Not only economic-technical information but
also people’s experiential and social values of the landscape influence the level of acceptance and are therefore
needed to be integrated into simulation studies and project planning processes.
The visual-acoustic simulations provide an appropriate instrument to improve the impact assessment of wind
parks proposals. Large scale acceptability studies using the methods of the present study could provide a more
comprehensible decision basis for planning suitable locations for wind parks on a regional to national scale.
Furthermore, integrating the visual-acoustic simulations into planning processes at the local scale may support
effectively integrating local people’s knowledge, preferences, and social values into the decision making
process. This should be tested in further studies. The potential of including such applications into participatory
planning processes should further be considered for sustainable and widely supported landscape development.
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Appendix A
Linear Mixed-Effects Model Analysis: Full interaction model
Table B.1: Linear mixed-effects model analyses on the ratings of acceptance of the wind turbines and the liking of the
landscape. The hilly area (LandscapeType), 5WT (WindPark), the acceptance ratings (Q), without information (Info),
information set B (InfoSet) and the video position 1 (VideoOrderPosition) are the model references.
Fixed effects:

Estimate

Std. Error

t value

pMCMC

Intercept
LandscapeTypeM
LandscapeTypeP
WindPark10WT
QLiking
InfoWith
InfoSetA
VideoOrderPosition2
VideoOrderPosition3
VideoOrderPosition4
VideoOrderPosition5
VideoOrderPosition6
LandscapeTypeM:WindPark10WT
LandscapeTypeP:WindPark10WT
LandscapeTypeM:QLiking
LandscapeTypeP:QLiking
WindPark10WT:QLiking
LandscapeTypeM:InfoWith
LandscapeTypeP:InfoWith
WindPark10WT:InfoWith
QLiking:InfoWith
LandscapeTypeM:InfoSetA
LandscapeTypeP:InfoSetA
WindPark10WT:InfoSetA
QLiking:InfoSetA
InfoWith:InfoSetA
LandscapeTypeM:WindPark10WT:QLiking
LandscapeTypeP:WindPark10WT:QLiking
LandscapeTypeM:WindPark10WT:InfoWith
LandscapeTypeP:WindPark10WT:InfoWith
LandscapeTypeM:QLiking:InfoWith
LandscapeTypeP:QLiking:InfoWith
WindPark10WT:QLiking:InfoWith
LandscapeTypeM:WindPark10WT:InfoSetA
LandscapeTypeP:WindPark10WT:InfoSetA
LandscapeTypeM:QLiking:InfoSetA
LandscapeTypeP:QLiking:InfoSetA
WindPark10WT:QLiking:InfoSetA
LandscapeTypeM:InfoWith:InfoSetA
LandscapeTypeP:InfoWith:InfoSetA
WindPark10WT:InfoWith:InfoSetA
QLiking:InfoWith:InfoSetA
LandscapeTypeM:WindPark10WT:QLiking:InfoWith
LandscapeTypeP:WindPark10WT:QLiking:InfoWith
LandscapeTypeM:WindPark10WT:QLiking:InfoSetA
LandscapeTypeP:WindPark10WT:QLiking:InfoSetA
LandscapeTypeM:WindPark10WT:InfoWith:InfoSetA
LandscapeTypeP:WindPark10WT:InfoWith:InfoSetA
LandscapeTypeM:QLiking:InfoWith:InfoSetA
LandscapeTypeP:QLiking:InfoWith:InfoSetA
WindPark10WT:QLiking:InfoWith:InfoSetA
LandscapeTypeM:WindPark10WT:QLiking:InfoWith:InfoSetA
LandscapeTypeP:WindPark10WT:QLiking:InfoWith:InfoSetA
Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1
Model fit: R2m=0.06, R2c=0.46

7.14
0.59
0.10
-0.86
0.65
0.44
0.20
-0.21
-0.42
-0.22
-0.23
-0.52
0.37
0.65
-1.02
-1.49
-0.11
-1.53
-0.42
-0.34
-0.49
-0.32
-0.38
0.26
-0.33
-0.68
0.18
0.04
0.20
-0.61
1.42
0.87
0.18
-0.20
-0.43
0.45
0.81
0.32
0.83
1.29
-0.57
0.66
-0.41
0.29
-0.20
-0.08
0.39
1.27
-0.87
-1.26
0.41
-0.10
-0.76

0.34
0.35
0.35
0.36
0.35
0.35
0.46
0.12
0.12
0.12
0.12
0.13
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.49
0.49
0.49
0.49
0.49
0.71
0.71
0.71
0.71
0.70
0.71
0.71
0.69
0.69
0.69
0.69
0.69
0.69
0.69
0.69
0.69
1.00
1.00
0.98
0.98
0.98
0.98
0.97
0.98
0.98
1.38
1.38

20.945
1.675
0.288
-2.416
1.849
1.255
0.433
-1.714
-3.357
-1.765
-1.826
-4.168
0.746
1.298
-2.055
-2.988
-0.222
-3.082
-0.839
-0.688
-0.981
-0.657
-0.781
0.536
-0.681
-1.387
0.256
0.058
0.289
-0.863
2.014
1.236
0.256
-0.294
-0.622
0.651
1.172
0.469
1.208
1.871
-0.828
0.956
-0.415
0.295
-0.207
-0.086
0.402
1.3
-0.888
-1.287
0.425
-0.071
-0.553

0.0001
0.1074
0.7776
0.0206
0.0754
0.2236
0.6416
0.0848
0.0004
0.0856
0.072
0.0004
0.4524
0.2186
0.0518
0.0038
0.8348
0.003
0.4036
0.5092
0.341
0.527
0.4356
0.6064
0.5028
0.1736
0.8118
0.9476
0.7864
0.3874
0.058
0.2188
0.8238
0.759
0.5542
0.5392
0.2478
0.6396
0.2458
0.0664
0.4222
0.3468
0.7002
0.775
0.8574
0.9346
0.6724
0.2068
0.3856
0.2092
0.672
0.9312
0.5886

HPD95
lower
6.50
-0.13
-0.61
-1.59
-0.07
-0.28
-0.64
-0.48
-0.67
-0.47
-0.48
-0.78
-0.68
-0.36
-2.06
-2.52
-1.07
-2.53
-1.38
-1.34
-1.50
-1.29
-1.37
-0.76
-1.31
-1.65
-1.20
-1.32
-1.20
-1.99
0.02
-0.51
-1.23
-1.62
-1.80
-0.91
-0.58
-1.09
-0.54
-0.13
-1.91
-0.75
-2.33
-1.75
-2.21
-2.11
-1.55
-0.60
-2.74
-3.27
-1.48
-2.85
-3.48

HPD95
upper
7.75
1.30
0.80
-0.16
1.36
1.15
0.99
0.02
-0.16
0.03
0.02
-0.28
1.36
1.67
-0.04
-0.50
0.93
-0.53
0.61
0.68
0.53
0.68
0.59
1.21
0.63
0.30
1.73
1.55
1.62
0.88
2.89
2.36
1.60
1.17
0.93
1.88
2.16
1.69
2.19
2.63
0.87
2.01
1.66
2.28
1.74
1.80
2.36
3.33
1.12
0.62
2.46
2.65
2.10
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Appendix B
Linear Mixed-Effects Model Analysis of Hypothesis 3
Table B.1: Linear mixed-effects model analyses on the ratings of acceptance of the wind turbines before reading the scenario
information (WOI3). The most influencing aspect “visual+sound” (InfluencingAspect), the hilly area (LandscapeType), 5WT
(WindPark), information set B (InfoSet) and the video position 1 (VideoOrderPosition) are the model references.
Fixed effects:
Estimate
Std. Error
Intercept
7.57
0.33
InfluencingAspect_MainlyVisual
-0.34
0.20
InfluencingAspect_MainlySound
-0.94
0.29
InfluencingAspect_NoneOfThem
2.40
1.28
InfluencingAspect_OnlyVisual
0.11
0.49
InfluencingAspect_OnlySound
-2.17
1.30
WindPark10WT
-0.45
0.15
LandscapeTypeH
-0.14
0.18
LandscapeTypeM
0.40
0.19
InfoSetA
-0.01
0.33
VideoOrderPosition2
-0.38
0.26
VideoOrderPosition3
-0.38
0.26
VideoOrderPosition4
-0.31
0.25
VideoOrderPosition5
-0.60
0.26
VideoOrderPosition6
-0.61
0.26
Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1
Model fit: R2m=0.06, R2c=0.44
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t value
23.255
-1.664
-3.213
1.874
0.216
-1.663
-3.074
-0.754
2.141
-0.029
-1.478
-1.467
-1.233
-2.315
-2.363

pMCMC
0.0001
0.0952
0.003
0.0526
0.4236
0.1532
0.0038
0.4868
0.0494
0.985
0.1524
0.1766
0.2532
0.0336
0.0272

HPD95lower
6.94
-0.77
-1.54
0.04
-0.54
-4.80
-0.78
-0.54
-0.02
-0.51
-0.91
-0.96
-0.87
-1.16
-1.16

HPD95upper
8.15
0.06
-0.35
5.16
1.31
0.69
-0.16
0.25
0.79
0.51
0.18
0.15
0.22
-0.04
-0.06
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Appendix C
Background Information Analysis of Hypothesis 4
Table C.1: Acceptance of the wind turbines before reading the additional information (WOI3) versus the answers of people’s
background. The number in brackets indicates the number of people choosing the respective category. As the boxplots show
the acceptance ratings across the scenarios per landscape type, for each boxplot two responses per participant are included.
Plains Area

Hilly Area

Mountainous Area

E1: How interesting do you think wind parks are to look at?
Scale: very uninteresting, uninteresting, neutral/don’t know, interesting very interesting.

E2: How appropriate are wind parks for Switzerland?
Scale: very unacceptable, unacceptable, neutral/didn’t know, acceptable, very acceptable.

E3: How concerned are you about birds and bats killed by wind turbines?
Scale: very unconcerned, unconcerned, neutral/don’t know, concerned, very concerned.

E4: 2050 Energy Strategy-How much do you support increasing the wind energy supply in Switzerland?
Scale: don’t support, slightly support, neutral/don’t know, support very much, extremely support.
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Appendix D
Linear Mixed-Effects Model Analysis: influence of the fixed effects on the rating of the
video evaluation questions, with and without additional information
Table D.1: Influence of the fixed effects LandscapeType (S1), WindPark (S2), InfoSet (S3), and VideoOrderPosition (S4) on
the ratings of the Video Rating Questions (V), likelihood ratio test results. Furthermore, the interactions between the
landscape type and the wind park (S1)x(S2), and the landscape type and information set (S1)x(S3) are tested.
Index (V)
Scale [0-10]
Without Info
(WOI1) Liking LS
(WOI2) Similarity
(WOI3) Accept. WT
(WOI4) Infl. asp.
With Info (pooled)
(WI1) Liking LS
(WI2) Accept. WT

(S1)
Landscape
Type
χ2(2)=38.462
p=0.000***
χ2(2)=15.277
p=0.000***
χ2(2)=9.597
p=0.0082**
-

χ2(1)=10.963
p=0.001***
χ2(1)=3.254
p=0.0713+
χ2(1)=10.931
p=0.0010***
χ2(1)=1.120
p=0.0922+

χ2(2)=9.483
p=0.0087**
χ2(2)=14.078
p=0.000***
-

With Info A
(WI1) Liking LS
(WI2) Accept. WT
With Info B
(WI1) Liking LS

(S2)
Wind
Park

2

χ (2)=19.922
p=0.000***

(S3)
Info

(S4) Video
Order

X
X
X

(S1)x(S2)

χ2(5)=11.484
p= 0.0426*
-

-

X

-

X

-

X

X

-

-

X

χ2(1)=26.813
p=0.000***
χ2(1)=40.592
p=0.000***

-

-

-

-

-

-

-

χ2(2)= 13.509
p= 0.0012**

χ2(1)=8.054
p=0.0045**
χ2(1)=21.680
p=0.000***

X

-

X

X

2

χ (5)=12.028
p=0.0344*

2

χ (2)=4.821
p=0.0898+

χ2(2)=9.431
χ2(1)=20.378
X
p=0.0090**
p=0.000***
χ2(1)=20.128
X
(WI2) Accept. WT
χ2(2)=6.200
p=0.0450*
p=0.000***
Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1
Values are p-values derived from the likelihood ratio test, testing the full model against the model minus
corresponding fixed effect or against the corresponding fixed effect interaction.
Blank (-) cells indicate that the influence was not significant. X cells indicate that the influence testing was
illogical. P-values smaller than 0.001 are indicated as 0.000.
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Table D.2: Influence of the fixed effects Scenario (combination of Landscape Type and Wind Park), InfoSet (S3), and
VideoOrderPosition (S4) on the ratings of the Video Rating Questions (V), likelihood ratio test results. Furthermore, the
interactions between the scenario and the Info Scenario x (S3), and the scenario and the video order Scenario x (S4) are
tested.
Index (V)
Scale [0-10]
Without Info
(WOI1) Liking LS
(WOI2) Similarity
(WOI3) Accept. WT
(WOI4) Infl. asp.
With Info (pooled)
(WI1) Liking LS
(WI2) Accept. WT
With Info A
(WI1) Liking LS
(WI2) Accept. WT

Scenario

(S3) Info

(S4) Video
Order

Scenario x (S3)

Scenario x (S4)

χ2(5)=36.614
p= 0.000***
χ2(5)=19.875
p=0.0013**
χ2(5)=22.009
p=0.0005***
-

X

-

X

X

X

X

χ2(5)=11.348
p=0.0449*
-

χ2(25)=65.473
p=0.000***
-

X

-

X

χ2(5)=36.614
p=0.000***
χ2(5)=57.606
p=0.000***

-

-

-

-

χ2(5)=10.006
p=0.0751+

χ2(5)=10.789
p= 0.0557+
χ2(5)=44.735
p=0.000***

X
X

2

χ (5)=13.531
p=0.0189*

X

χ2(5)=15.034
p=0.0102**

χ2(25)=40.543
p=0.0256*
χ2(25)=50.062
p=0.0021**
χ2(25)=46.816
p=0.0052**

X
X

2

χ (25)=52.861
p=0.000***

With Info B
(WI1) Liking LS

χ2(5)=29.310
X
X
χ2(25)=56.433
p=0.000***
p=0.000***
X
X
(WI2) Accept. WT
χ2(5)=27.070
p=0.000***
Signif. codes: ‘***’= 0.001, ‘**’= 0.01, ‘*’= 0.05, ‘+’= 0.1
Values are p-values derived from the likelihood ratio test, testing the full model against the model minus corresponding fixed effect or
against the corresponding fixed effect interaction.
Blank (-) cells indicate that the influence was not significant. X cells indicate that the influence testing was illogical. P-values smaller than
0.001 are indicated as 0.000.
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6. Synthesis
The synthesis of this PhD thesis comprises the key findings referring to the major research questions, the
relevance of the important findings with regard to landscape planning processes, and an outlook on the potential
future research directions in the field of development and application of visual-acoustic simulations for
landscape planning. Finally, the PhD thesis is concluded with some final comments on the relevance of the
findings for the energy turnaround.

6.1. Summary of Key Findings
The goal of this PhD project was to develop, validate, and apply visual-acoustic simulations for landscape
impact assessments of wind parks. In a first step, the visual and the acoustic simulations were developed and
appropriately linked together. Then, the integrated visual-acoustic simulations were tested using an applied
validation approach comparing the visual and the acoustic perception of the simulations against the perceptions
of videos of real wind parks. For an adequate validation a laboratory environment was developed, allowing to
control and calibrate the presentation of the visual-acoustic simulations. As a last objective, the visual-acoustic
simulations were applied in an acceptability study to assess people’s perceptions of wind parks in different
landscape contexts. All objectives are covered in four first and two co-authored papers during the PhD project.
Referring to the major research questions in Chapter 1, the following main conclusions can be summarized.


The developed visual-acoustic simulations are suitable for landscape impact assessment of wind
parks (Chapter 5).



For developing visual-acoustic simulations, software tools should allow simulating an adequate
level of realism, and should provide the possibility to control relevant parameters to correctly link
the visual and acoustic simulations (Chapters 2 and 3).



The applied validation approach allows validating the visual and the acoustic simulations
simultaneously (Chapter 4).



Subjects did perceive the recorded and the simulated landscape rather similarly but with contextspecific variations (Chapter 4).



The developed mobile visual-acoustic lab (MVAL) served well for validating visual-acoustic
simulations (Chapter 4).



The developed approach for applying visual-acoustic simulations allows not only to assess
perceived landscape impacts of wind parks but also to establish people’s preferences and values
(Chapter 5).



People’s preferences and social values influence the level of acceptance of wind parks but vary
across landscape types (Chapter 5).



Sound and visual perceptions are important for judging wind parks in the landscape (Chapter 5)

In the following, each major research question raised in Chapter 1 is discussed, and for further details the
specific sections of the research articles are indicated.
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(1) Development: How can a 3D landscape model with acoustic noise of wind turbines adequately be
simulated and linked?
The concept and the development of the visual-acoustic simulations (Chapters 2 and 3) indicate that for a
visual-acoustic simulation it is important to simulate an adequate level of realism and to ensure the correlation of
noise with spatial movement and animation in the visual simulation. The use of a suitable game engine allows
producing GIS-based visual landscape models and offers huge advantages for linking the visual to the acoustic
simulation. The engine should allow scripting logical processes, where all relevant parameters for the visual and
acoustic simulations can be modified by user interaction and exported in real-time (Chapter 3, section 3.2.2.2.).
These features of game engines allow to develop and link the visual and acoustic simulations in an appropriate
way.
a.

How can an adequate level of realism for the visual and the acoustic simulations be provided?
It is important that both the visual and the acoustic simulation techniques are developed based on field

recordings to assure the simulation accuracy (Sheppard, 2005) and to provide an adequate level of realism. For
an adequate visual level of realism, a game engine was used for the 3D visualization of wind parks, including
geodata as a modeling basis. Game engines are based on a coordinate system, usually Cartesian, which enables
to define a coordinate transformation to integrate geodata. Furthermore, a major advantage of game engines is
the ability to create visualizations in real-time. The user is able to move freely through the environment and to
dynamically alter physical parameters in the virtual landscape, including vegetation movement, lightning
conditions, shadow calculation, and 3D cloud generation (Chapter 3, sections 3.1.1. and 3.2.2.3.). As the selected
game engine CryENGINE 3 (Crytek GmbH., 2015) includes a high performance physics engine, it was possible
to design visualizations with a high amount of realism (Chapter 3, section 3.2.2.3.). CryENGINE 3 is capable of
displaying physically-based phenomena, such as dynamic daytime simulation in real-time and changes in
vegetation and cloud movement due to altered wind speed (D. Tracy & Tracy, 2011). The vegetation was
animated according to the measured wind speed in field and the movement in the reference video. With the
additional help of the orthophoto and the photographs taken in the field the vegetation was placed accurately in
the virtual landscape (Chapter 3, section 3.2.2.). As the CryENGINE has the ability to simulate different
daytimes, the lighting conditions were adjusted. All these settings were set corresponding to the geodata and the
reference recordings in field, allowing to model a high level of realism in the visualizations.
For a realistic acoustic simulation, the developed wind turbine noise auralization was based on preceding
emission measurements of the same wind park as for the visual simulation. The acoustic simulation is dependent
on landscape context, wind turbine type, wind speed, weather conditions, wind turbine positions, and movement
and viewing direction of the receiver. These input variables were set according to the different situations of the
in-field recordings of the visual simulation, leading to a high acoustic realism of the synthesized wind turbine
noise.
b.

How can the correlation of noise variations and spatial movement be ensured?
To ensure the correlation of noise variations and spatial movement, the ability of CryENGINE 3 to control

and record specific parameters in the game engine was used. The relevant parameters comprise the actual
coordinates of the receiver positions and viewing directions in the landscape, wind speed and wind direction,
rotation frequency of the wind turbine, and weather conditions. To generate a visual-acoustic simulation video,
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images are rendered by CryENGINE from a viewpoint or a walking path, and all relevant parameters for
calculating the acoustic are recorded into a parameter file. The resulting audio files are then linked to the videos
of the corresponding visual simulations in a post-processing step, using video editing software. The post-process
is needed as it is not yet possible to generate the acoustic simulation in real-time.
In conclusion, the use of a game engine has successfully been applied for both (1) GIS-based 3D
visualizations of animated wind parks, as well as (2) providing input parameters for linking spatially explicit
acoustic simulations to the accurate locations in the virtual landscape. With the documentation of the method
(Chapters 2 and 3), this dissertation contributes to establishing guidance to generate such visual-acoustic
simulations.
(2) Validation: How can visual-acoustic simulations appropriately be validated?
In Chapter 4, a validation approach of visual-acoustic simulations for wind park assessments is developed
and applied. The validation approach considers the following: because of potential visual-acoustic interactions,
and because of the combined use of visual-acoustic simulations for landscape impact assessments, a validation of
the simultaneous visual and acoustic representation is reasonable. Nevertheless, to assess the strengths and
shortcomings of each simulation type, the validity should be evaluated for each of the types individually. The
validation approach tests whether a simulation can induce responses similar to real field recordings. We assumed
that people’s responses reflect their perceptions of the presented situations. In this project, the real field
recordings were recorded in the existing wind park at Mont Crosin (BE). In the validation process, both the real
landscape and the visual-acoustic simulations of the same wind park were presented as video sequences in an
experiment. The response equivalence was then analyzed by comparing participant’s responses of both video
types. As each participant evaluated the visual and the acoustic simulation separately, the strengths and
shortcomings of each simulation type could be evaluated.
a.

How can the visual-acoustic simulations adequately be presented to people?
The visual-acoustic simulations should be presented in a stable study environment: the study environment for

all participants should be comparable in order to accomplish the assessments of visual-acoustic simulations. To
assure the comparability, the visual and the acoustic conditions should be calibrated and controlled for all
participants. Therefore, a laboratory environment was developed as a mobile visual-acoustic lab (MVAL). All
specifications of the mobile visual-acoustic lab are described in Chapter 4 in section 4.2.1.3.
b.

How do people perceive visual-acoustic simulations in comparison to records of the real landscape?
The results show that there were only small differences in the rating of the annoyance of sound. With regard

to the visual landscape assessment, the simulations were rated lower than the videos of the real landscape
(Chapter 4, section 4.3.1.1.). The approach indicates the potential of enhancing relevant aspects, such as coherent
coloring and animation of landscape elements (Chapter 4, section 4.3.1.3.). We report context-specific
perception differences between the representation types (Chapter 4, section 4.3.3.). However, as the mean
perception differences between the representation types are below the defined threshold and with fair
correlations, this indicates validity of the simulations for the intended purpose of the simulations for landscape
impact assessments of wind parks.
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In conclusion, the approach for validating visual-acoustic simulations was successfully applied. The approach
allows validating visual and acoustic simulations simultaneously. To present these simulations under the same
conditions for all participants for maximum validity, a laboratory environment should be used where the visual
and the acoustic conditions can be calibrated and controlled. Concerning the validity of the visual-acoustic
simulations, the subjects did perceive the recorded and the simulated landscape rather similarly. However, as we
report context-specific perception differences between the representation types, perception variations between
sites have to be considered when using the simulations for further studies.
(3) Application: How can visual-acoustic simulations be applied in landscape impact assessments of wind
parks?
In Chapter 5, an application of the visual-acoustic simulation was demonstrated. In contrast to the method
suggested in Research Article I, no choice experiment was conducted. During the study setup of the choice
experiment, numerous correlated variables were identified that would not have been properly identified with the
sample size possible in the scope of the VisAsim project. Furthermore, to test the application of visual-acoustic
simulations for landscape impact assessments of wind parks, an acceptability study seemed reasonable.
Therefore, a more general cognitive and affective approach was developed to analyze how factors, such as the
visual-acoustic perception, people’s attitudes, and reactions after reading further information on a wind park
scenario influence the degree of acceptance of wind turbines in different landscape types.
Therefore, Chapter 5 demonstrates the application of the visual-acoustic simulations in an acceptability
study, to test whether the visual-acoustic simulations are suitable for landscape impact assessments of wind
parks, evaluating wind parks in different landscape types. In a laboratory experiment using the mobile visualacoustic lab MVAL, people evaluated visual-acoustic simulations of wind parks in different landscape types by
rating the liking of the perceived landscape and the acceptance of the wind turbines in the respective landscape
types. This method gives direct feedback on the acceptability of wind parks in different landscapes. Furthermore,
we relied on literature findings and extended the study by analyzing (i) if there is a relationship between
affective landscape ratings and acceptance of the wind turbines, (ii) if additional scenario information influences
acceptability judgements, (iii) if both the visual and the acoustic aspects are reported to influence judgments, and
(iv) if people’s background is associated with acceptability ratings. With this additional analysis, the influence of
people’s preferences and social values on the level of acceptability was successfully revealed. The results
indicate that there are factors that influence the acceptance of wind parks, such as the landscape type,
information on the hazard level to birds, and individual attitudes and values. The application of the visualacoustic simulation in this acceptability study shows that the simulations could provide an appropriate
instrument for assessing public’s experiential and social values of the landscape for improved landscape impact
assessments.
a.

What simulation-contexts are needed for adequate application of simulations for landscape impact
assessment of wind parks?
Generally, it is important to simulate all situations and perspectives relevant to fully perceive the future wind

parks to assure valid representativeness (Sheppard, 2005). This would include relevant views of the wind park in
the landscape, but also of different weather and seasonal conditions. As the performed acceptability study aimed
at comparing the impact of wind parks on different landscape types, the scenarios were set up in a way that the
influence on the landscape could be determined. This incorporates the following principles: the simulations
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showing static perspectives and fly-throughs should be developed in a way that the experiences of the scenarios
are comparable. This way, the responses can be compared. This is achieved by reducing perceptual differences
attributable to other influences than to the scenario variables. To ensure the comparability for a landscape impact
assessment of wind parks in different landscape types based on the participant’s experiences, it is therefore
important to assure the same set of encounters of wind turbines at similar distances across all the turbines in
every landscape type. Furthermore, the field of view and the image composition during the movement through
the landscape have to be controlled. The key is to make the experiences similar between the landscape types. All
the specific requirements of the simulation-contexts for this acceptability study of evaluating wind parks in
different landscape types are described in Chapter 5, section 5.2.1.2.
b.

What recommendations for planners concerning the assessment of wind parks for landscape impact
assessment can be derived?
Overall, we found a tendency that ratings of the same wind park vary across the landscape types (Chapter 5,

section 5.4.1.). Therefore, it is recommended that for wind park assessments more emphasis should be put on the
evaluation of people’s preferences of planned wind parks with regard to the landscape context. Furthermore, the
acceptability study showed that participants’ level of acceptance tends to be influenced by their affective rating
of the landscape (Chapter 5, section 5.4.1.1.), by additional scenario information (Chapter 5, section 5.4.1.2.), by
their perception of the visual and acoustic aspects (Chapter 5, section 5.4.1.3.), and their individual attitude and
knowledge (Chapter 5, section 5.4.1.4.). Not only technical information but also factors such as people’s
perceptions, preference, and values influence the level of acceptance. Therefore, the integration of both technical
information and also participants’ values into landscape planning processes is recommended.
In conclusion, the application of the visual-acoustic simulation showed that visual and acoustic assessments
of wind parks are possible and that in addition further information could be gathered, identifying influences on
the ratings. The applied acceptability study demonstrates that the developed visual-acoustic simulations could
provide an appropriate instrument for assessing people’s preferences and social values for an improved
landscape impact assessment of wind parks.
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6.2. Relevance of Key Findings
In the following, the key findings are discussed with an emphasis on their relevance for landscape planning
processes.
Relevance of the methods as guidance: The developed visual-acoustic simulations worked well and are
suitable for the landscape impact assessment of wind parks. As the resulting prototype represents spatially
explicit sound simulation with the corresponding virtual landscapes, it may provide a better and more
comprehensible decision basis to enhancing landscape impact assessment of wind parks. This PhD thesis reports
methods to develop, validate and apply the prototype for landscape impact assessments of wind parks. This may
serve as guidance for its possible integration into planning processes and for further research (Chapter 6.3).
Relevance of the simulated level of realism: For developing visual-acoustic simulations, software tools
should allow simulating an adequate level of realism. Generally, the level of realism depends on the purpose of
the use of simulations. Abstract simulations can help to conceptually understand spatial changes, while realistic
simulations can help to individually perceive these changes (Wissen, 2009). For the intended purpose of a
comprehensive landscape impact assessment of wind parks, the visual-acoustic simulations were modeled as
accurately as possible, relying on real-world data and measurements. However, the validation study showed that
the difference in the perceived realism between the real and the simulation video was clearly detectable (Chapter
4, section 4.3.1.2). To improve the simulations, we found potential in enhancing relevant aspects, such as
coherent coloring and animation of landscape elements and the inclusion of ambient noise (Chapter 4, sections
4.3.1.3. and 4.3.4).
Literature studies trying to define a sufficient level of realism found that mainly realistic and detailed
foreground is important (Appleton & Lovett, 2003; Lange, 2001). Based on the experience during this PhD
thesis, improvement of the visual realism is very time consuming as adjustments have to be accomplished by
hand, mostly in an iterative process. However, the foreground should still stay in the focus of realistic modeling
while for the background simple models and visualization techniques can be used. Furthermore, there is a huge
difference in expenditure of time when modeling single perspectives compared to modeling the landscape for a
flight-through. As for a flight-path the visible area of the landscape is tremendously enlarged, the time for
modeling realistic foreground is increased correspondingly. Therefore, before simulations are modeled in a high
level of realism, the relevant viewpoints have to be established. Here, the suggested workflow is to first model
the landscape with integrated geodata and the main identification characteristics of the area. Then, the most
important situations and perspectives should be evaluated and defined together with the local public. In
conclusion, before simulations are modeled in detail, the specific purpose and all necessary information
including the relevant situations to communicate landscape changes should be defined.
Relevance of a validation: A validation of new simulation tools is crucial before they are applied in
planning processes. Simulations might induce perceptions completely different from what was intended.
Therefore, simulations need to be compared to an adequate representation of the real landscape or to the real
landscape itself. This will allow to derive recommendations what parts of the simulations have to be improved.
With the proposed validation approach in this PhD thesis, the visual and the acoustic simulation could be
validated simultaneously. This way, the weaknesses and the strengths could be established for both simulation
aspects. However, as simulations can never induce the exact same perception as in field, it is reasonable to
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suggest that for landscape planning processes the visit of the field should never be missed. This way, people
have a real on-field experience as a reference impression when evaluating visual-acoustic simulations.
Relevance of the validation results: In this PhD thesis, subjects did perceive the recorded and the simulated
landscape rather similarly (Chapter 5, section 5.4.1.3). However, we report context-specific perception
differences between the representation types. This means, that for some sites the perception of the simulation
will come closer to the perception of the real landscape recordings. Therefore, perception variations between
sites have to be considered when using the simulations for further studies. Specifically, for landscape planning
processes it is necessary to ensure that perspectives, daytimes, seasons, and weather conditions, causing contextspecific differences, are carefully selected for the intended objective when evaluating and discussing future
landscape changes.
Relevance of the mobile visual-acoustic lab: To accomplish comparable assessments using visual-acoustic
simulations, the study environment should be comparable between the participants. The developed mobile
visual-acoustic lab (MVAL) assures comparability as the visual and the acoustic conditions can be calibrated and
controlled for each participant. Comparability increases the relative accuracy of the assessments in the laboratory
and enhances the credibility of the results.
Relevance of a more comprehensive decision basis: For the majority of the participants, sound and visual
perceptions were important for judging the wind park scenarios. As the visual and the acoustic aspect of future
installations are simulated, the developed simulations offer a more comprehensive decision basis: not only visual
but also acoustic landscape impact assessments of wind parks are possible. A more comprehensive decision basis
might support the understanding of future landscape changes, which might motivate the involved actors and the
public to collaboratively discuss and assess possible alternatives. Participation helps that information from the
public can be included in the planning process, such as internal knowledge, concern and preferences, which
might lead to optimized solutions. As participation demands a lot from people, such as time and energy, with an
understandable, comprehensive decision basis, more stakeholders might be motivated to participate. And
participation might built public trust as the integration of the desires of different community interest and views
can increase the credibility of the final decisions (Beierle & Cayford, 2002; Richards et al., 2004). Overall, a
comprehensive decision basis might support procedural justice: if the public has full access to information and
opportunities to participate, and if the procedures are perceived to be fair, transparent and equitable, the
acceptance of the final solution will be increased (Devine-Wright, 2013; Gross, 2007). A comprehensive
decision basis might therefore improve participatory planning processes and lead to more acceptable planning
solutions.
Relevance of the possibility to simulate any wind park situation: With the developed visual-acoustic
simulation it is possible to simulate any wind park situation. As the user is able to move freely in the landscape
and relevant parameters can be altered in real-time, it should be possible to simulate any situation for a
comprehensive landscape impact assessment of wind parks. Here, it might be important to establish at the
beginning of the planning process all important viewpoints and situations to be simulated, assuring the
simulation representativeness (Sheppard, 2005). This could be best performed together with the public to include
social and local knowledge in an early stage of the planning process. The inclusion of internal knowledge allows
identifying concerns and possibilities of planned projects together with the public in an early stage of the
planning process, which is an important prerequisite to successful participation.
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Relevance of the possibility to simulate other infrastructures: Not only wind parks but also other planned
infrastructures in the landscape demanding visual and acoustic evaluations could be simulated, based on the
methods and approaches demonstrated in this PhD thesis. Although, the acoustic model has to be developed,
field measurements for the respective infrastructure are needed and 3D models of the planned installations have
to be established first. However, this PhD thesis might serve as guidance for developing visual-acoustic
simulations for landscape impact assessments for other infrastructures.
Relevance of the possibility to interact within the simulation: With the use of a game engine with a high
performance physics engine, it is possible to interactively create visualizations with a high amount of realism.
The interactivity and dynamics of the virtual environment can support the user’s understanding of the real world
(Germanchis et al., 2004). Furthermore, the interaction with the virtual landscape based on key physical forces
and processes of the landscape might offer great potential for collaborative decision-making processes: people
might explore complex issues (interactivity in the landscape, multiple information sources, and personal
exploration) and develop acceptable solutions, which in addition allows researchers to better understand
decision-making in environmental planning and management (Bishop, 2011a).
Relevance of assessing people’s preferences and values: As the landscape is the place where insiders and
disciplines meet, collide, and interact, landscapes need to be planned and managed well (Stephenson, 2008).
Using visual-acoustic simulations, more comprehensive evaluations of people’s preferences and values are
possible, as not only the visual perception but the audible impression as well can be included into landscape
impact assessments.
Participatory planning processes that integrate scientific and local knowledge to provide a more
comprehensive understanding are regarded as suitable to evaluate the appropriateness of potential solutions to
environmental problems (Reed, 2008). For example, social acceptance of wind energy projects can be better
understood by quantifying significant determinants including concerns about wind turbine externalities or
annoyance caused by wind turbines (D׳Souza & Yiridoe, 2014). Walter (2014) concludes in his study that
general attitude was found as a strong predictor of local acceptance of wind energy projects, and local
acceptance by participants with a positive or moderate general attitude was also dependent on associated regional
benefits. It is therefore important to find ways of achieving more integrated and comprehensive approaches for
understanding people’s values related to the landscape to improve collaboration (Stephenson, 2008) and to find
more acceptable solutions. Those making decisions affecting landscapes should be aware of the potential nature
and range of cultural landscape values, as traditional landscape assessment methods may fall short of revealing
the richness and diversity of cultural values in landscapes held by insiders (Stephenson, 2008).
The acceptability study (Chapter 5) successfully revealed that the landscape type, the information of the
scenarios, and the individual attitude of the participants tend to influence the level of acceptance of certain wind
parks. Furthermore, a landscape type dependence of participant’s ratings was detected. The ability to capture
people’s knowledge, preferences, and values related to the landscape proved that cultural landscape values could
be identified. Hence, using visual-acoustic simulations in planning processes may support the effective
integration of cultural landscape values into decision-making, leading to a more sustainable landscape
development.
Relevance of assessing cultural values for the ecosystem services concept: In this PhD thesis, the focus
was on landscape services and cultural landscape values, but this information needs to be linked to other
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ecosystem services to allow making trade-offs when planning. Ecosystem services, the benefits people derive
from ecosystems (MEA, 2005; Sukhdev, 2010), can be affected by the integration of new infrastructures in the
landscape (Grêt-Regamey & Wissen Hayek, 2013). There are only few approaches to evaluate the impacts of
new infrastructures on the landscape in order to secure the provision of required ecosystem services (GrêtRegamey & Wissen Hayek, 2013; E. Johnson, 2013). Indeed, several tools exist that include ecosystem services
for environmental impact assessments, such as cost-benefit tools (Finnveden & Moberg, 2005; Turner, Pearce, &
Bateman, 1994) or the multi-criteria decision-making tool ToSIA (Lindner et al., 2010) but most of the existing
tools do not consider cultural ecosystem services. Cultural services are the non-material benefits people obtain
from contact with ecosystem such as recreational, spiritual, psychological, and aesthetic benefits (Sukhdev,
2010). Currently, efforts are made to operationalize ecosystem services, for example, in the EU projects
OPERAs (2015) and OPENNESS (2014), and standards are needed to ensure comparability and transferability
allowing trade-off assessments in a spatially explicit way to establish optimal landscape planning solutions (de
Groot, Alkemade, Braat, Hein, & Willemen, 2010). However, there is still a lack of appropriate
operationalization techniques for cultural ecosystem services (Carpenter et al., 2009) as their values are difficult
to assess (Daniel et al., 2012). As stated above, the key findings show the importance for including cultural
values into planning processes. The methods developed in this PhD allow capturing cultural values with regard
to the impact of a planned project on e.g. recreational qualities such as the scenic beauty of a landscape. But as
well, people’s social values concerning e.g. the protection of wildlife or the renewable energy production can be
identified, and how these values might influence the acceptability of planned projects. And the integration of
these values into planning processes can support making trade-off assessments and evaluating alternative
options. In conclusion, the methods developed in this PhD for capturing cultural values for planned projects
might serve to operationalize cultural services.
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6.3. Future Research Directions
This PhD thesis presents new approaches for the development and the application of visual-acoustic
simulations for science and practice but also reveals limitations pointing to future research directions at different
levels of implementations.
We demonstrated a possible application of visual-acoustic simulations in an acceptability study. The specific
results may not be generalized for Switzerland or for other countries, as this was not the purpose of the study.
Large scale acceptability studies using the methods of the present study could provide a more comprehensive
decision basis for planning suitable locations for wind parks at a regional to national scale. At a local scale,
visual-acoustic simulations in planning processes may support identifying thresholds based on people’s
experiential and social values. The evaluated thresholds may then constitute the input to adjust site evaluations
and identify optimized locations and designs for wind parks, which again can be simulated, assessed, and
discussed with local stakeholders, see Figure 1. These processes as well may reveal regionally adjusted solutions
for more sustainable and socially acceptable landscape development. This should be tested in further studies.

Figure 1: Participatory planning process for more acceptable energy landscapes.

The visual-acoustic simulation tool was developed and tested as a prototype. Limitations can be found for
both simulation types:
For the visual simulation, the validation showed reliability differences in the ratings of the simulation and
the real videos in Chapter 4. The difference in rating may indicate that respondents may have been thinking
about how interesting or amazing the simulation is, or they were noticing aspects in the simulation that were not
quite right. These slight distractions might have tended to affect participant’s ratings to a wider range than those
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for the real videos. Although we tried to get the visual aspects of the simulations as good as possible, there is a
remarkable decrease in reliability from real to simulation videos, which points to further research.
Furthermore, limitations can be found in the availability of appropriate and up-to-date geodata and of 3D
models for modeling a high level of visual realism. Visualization software often comes with limitations in
perimeter sizes, and license costs should be considered when the developed landscape visualizations will be used
commercially in planning processes. Furthermore, detail modeling by hand is time consuming. Trade-offs have
to be made in terms of the amount of time available for modeling the visualization, and the number of relevant
situations, walk-throughs, and perspectives. To further shorten the duration of the visualization process, it should
be investigated whether visualization processes can be automated. For example, the generation of the land use
texture or the placement of the vegetation objects in the visualization could be automatized based on adequate
geodata of vegetation species and their spatial distribution. A first step in this direction was developed by
Mächler, Rupf, and Köchli (2013). Software techniques integrating GIS with a game engine would simplify the
generation of geodata-based visualizations but would still allow modeling a high level of realism and conducting
spatial analysis directly in the 3D visualization scene. First steps in this direction are made by ESRI’s
CityEngine (ESRI, 2015): based on geodata, regulations, and specifications 3D scenarios can be build, where
spatial analysis is possible within the virtual 3D scene. By now, these are mainly useful for the context of
conceptual planning purposes to technically compare and analyze scenarios considering the 3D scene. In future,
for experiencing the scenarios a GIS-integrated game engine might simulate the scenarios with a high level of
realism which can complement the scenario assessment.
Another point is that education should transfer scientific knowledge on how to technically generate
appropriate visualizations for practical planning purposes in an ethically correct manner. In this way, wider
access to such visualization techniques and a more comprehensive level of understanding for applying such
visualizations in planning processes can be supported.
For the acoustic simulation, one limitation is the wind turbine type that can be auralized. Currently, only the
wind turbine types Vestas V90 and Enercon E82 can be auralized. The implementation of other wind turbine
types is possible, but for this field measurements and acoustic analyses need to be conducted. Besides that, the
acceptability study showed that participants were missing ambient noise. Integrating ambient or environmental
noise, such as vegetation or traffic sound, will mask the wind turbine noise. These masking effects and the
perception of image and sound interactions have to be studied in future research. Another aspect would be the
real-time generation of acoustic noise, based on user interaction. Real-time user interaction could be the altering
of the receiver position, the sound source position, or the weather conditions. Real-time generation of the
acoustic simulation would technically be possible but development and implementation research is needed.
Furthermore, limitations can be found in the presentation of the visual-acoustic simulations, mainly the
representations of the simulations in a laboratory environment:
The developed mobile visual-acoustic lab (MVAL) can only be used by a maximum of three participants
simultaneously because the viewing and acoustic conditions have to be similar for all participants. However,
developments could be made regarding capacity and practicability of the MVAL for demonstrations in planning
processes. For the development and the validation of the visual-acoustic simulations is was necessary to use the
ambisonic reproduction technique. An ambisonic reproduction was particularly needed for the validation of the
synthesized wind turbine sound, as there exists a well-established, commercially available recording system
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(such as the SPS200 Soundfield microphone), which allows for the direct comparison of the field recordings and
the synthesis. However, with the synthesized sounds, other representation techniques, such as the Vector Base
Amplitude Panning (VBAP), are also possible for reproducing the synthesized wind turbine sound via
loudspeakers. With VBAP the positioning of virtual sound sources can be achieved with computationally
efficient equations that calculate the sound field for any number of loudspeakers at arbitrary positions (Pulkki,
1997). The advantage of VBAP is that a larger sound area can be created in the MVAL where more people
would hear the sound properly (Horvat, Jambrošić, & Domitrović, 2012). The use of VBAP for reproducing the
synthesized sound should be tested in further studies. As a practical improvement, it could be further analyzed
whether headphones would also be a possibility, but an appropriate calibration, and considerations of head
movements and image dependencies have to be taken into account. A further challenge is, that for a correct
reproduction using headphones the head-related transfer function (HRTF) of the listener should be simulated and
known (Horvat et al., 2012), and that headphones might cause confusing feelings as it is unnatural to wear
headphones in the landscape.
Based on the conditions given in the laboratory environment of this PhD project, we did not show true
dimensions of the landscape elements. Instead, we showed image information that would approximately be
visible by human eyes when standing in the field, which comes close to a wide angle field of view. However,
wide angle lenses might cause the effect of making the wind turbines to appear smaller (Downes & Lange,
2014). Reproducing the landscape in the right dimensions with our equipment, we would have been able to show
only a “window” into the landscape with no more than parts visible of the wind turbines and the wind park.
Therefore, we decided to approximately show the same amount of information as would be visible in the field to
evaluate the landscape impact assessments of the wind parks but considering that the dimensions are not exactly
the same as in field. In any case, when landscape impact assessments are compared, the same field of view
conditions should be assured. To this end, Scottish Natural Heritage (SNH, 2014) set up and published guidance
for practitioners for the visual landscape representation of wind parks when using it for actual landscape impact
assessment of wind parks (Macdonald, 2012). This way, the visualization process and the shown field of view
can be standardized, decreasing possible manipulative effects of visualizations, and the assessment results can be
compared properly. Accordingly, the Scottish Natural Heritage has successfully shown that high standards of
visual representation guidelines are possible and ought to be applied. For honest communication, transparency in
both production techniques and presentation to the public is important (Downes & Lange, 2014).
Future simulation methods and representation technologies will allow showing the landscape in immersive
quality and in real dimensions. Promising technologies, for instance, large and curved screens or virtual reality
glasses, such as Oculus Rift (Oculus, 2015), showing a wide field of view of about 110° (Hale & Stanney, 2014),
might allow perceiving future landscapes in a more realistic manner. Immersive environments might allow
interactively changing wind park scenarios and adjusting the landscape contexts and weather conditions in realtime. The user will be able to go to any location to perceive the wind park visually, but also the noise of the wind
turbines might be audible. This way, the wind park scenarios can be changed interactively while assessing the
landscape impacts in real-time. However, for landscape impact assessment comparing perceptions of planned
installations, the effect on the perception of moving freely through the landscape should be considered. The use
of immersive technology and integration possibilities for planning purposes should be tested in further studies.
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In this PhD project representations of the real landscape situations were used. However, as the experience of
in-field situations will remain important, augmented reality technologies might as well be further applied.
Augmented reality allows supplementing the real surroundings by virtual elements illustrating planning situation
and planning alternatives in a form that is comprehensible to human perception (Wietzel, Hagen, & Steinebach,
2009). In addition, virtual sound events can be mixed with microphone signals to produce a hybrid augmented
reality audio representation (Härmä et al., 2004). Using augmented reality technologies, people might go into the
field while seeing and hearing the planned wind turbines virtually, supplemented by the image and the acoustic
of the real world. The audio representation is adjusted corresponding to the position in the field and the viewing
direction. Such system will be equipped with sensors for estimating the exact position in real-time. The use of
augmented reality for enhancing the understanding of landscape and environmental futures was already tested by
Bishop (2014), stating that the potential of emerging technology such head-mounted glasses, e.g. Google Glasses
(Google, 2015), should be considered. However, the use of augmented technology in field is dependent on
weather conditions: without sufficient wind conditions in field the wind turbines should not rotate in virtual
reality and no wind turbine noise should be audible. This means that participants collaborating in the planning
process might have to visit the field on several days which can be time consuming. Furthermore, for comparing
perceptions, the participants should perceive the same conditions in field. Possible variations of the perceived
conditions should be taken into account when analyzing and comparing the results, and methodologies should be
developed that allows new technologies to provide valid data in an experimental setting. Nevertheless, it is
recommended to develop and test evolving technologies for suitable participation instruments.
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6.4. Final Comments
During the PhD project (2011-2014), the political situation of renewable energy evolved in Switzerland. The
incident of the nuclear power plant Fukushima in March 2011 was a major incentive for the Swiss Federal
Council to introduce the new energy policy (UVEK, 2015a). In September 2012, the Swiss Federal Council set
up a first package of measures for a stepwise reorganization of Switzerland’s energy supply system, intended to
reduce the energy and electricity consumption per person. The package was submitted to the Parliament for
deliberation in September 2013 and debated in winter 2014 at the national council (UVEK, 2015a, 2015b). A
first draft of specific measures was defined also with an increased focus on energy research, for example, the
action plan “coordinative energy research”, which was initiated in May 2011 and adopted in March 2013
(UVEK, 2015a). This action plan should reveal relevant contributions to achieve the goals of the Energy
Strategy 2050, driven by earmarked funding measures to strengthen the energy research in the years 2013-2016
(admin.ch, 2012). Concrete projects were initiated (SNSF, 2013), showing possible approaches to reach the goals
defined in the Energy Strategy 2050. In parallel to the political and scientific evolvements, a rethinking of the
public has been noticed, as the general public has high hopes in renewable energies (Alpiq, 2009) and generally
supports wind energy in Switzerland (Hübner et al., 2013; Walter, 2013). Overall, affected and shaped by the
incidents of energy catastrophes that pushed the discussion of a reorganization of the energy supply system, now
the energy turnaround has come to concrete measures and implementation projects. People tend to see
themselves as a part to successfully reach the goals for a sustainable energy future but have demands on
integrating best technology and newest research to achieve compromise but sustainable solutions, where full
knowledge and least harmful decisions towards human and nature are considered. These challenging demands
and the continuing time pressure reinforce the need for fast solutions and new appropriate planning tools.
The change in the view of the public might also be driven by the connotation of the new renewable energy
infrastructures in the landscape. Disregarding fast technological developments in efficiency and physical
optimizations, in the near future we will most certainly meet an increase of integrated renewable energy
installations in landscapes. The connotation of these renewable energy infrastructures in the landscape could be
positive (a symbol for a sustainable society) or negative (alienation from nature) (Hunziker, Michel, &
Buchecker, 2014). Study findings conclude that the perceived landscape effects have a major influence on the
assessment of wind energy installations (Bishop, 2011b; Hunziker et al., 2014; Johansson & Laike, 2007;
Lothian, 2008; Möller, 2006; Molnarova et al., 2012; Wolsink, 2012). In simulations of renewable energy
projects, often a direct comparison of the landscape with and without the planned installations is shown, where
the changes are perceived as an instant mutation, and a possible alienation from the landscape might be caused.
According to Hunziker et al. (2014), a general and positive identification with renewable energy would be
needed in order to have accepted implementations of numerous and exposed infrastructures in the landscape. The
planning strategy “hide the production sites of renewables” might be changed to a strategy of “energy regions”
(Kienast, Hersperger, Hergert, & Moran, 2014). However, there is also opposition against this strategy, mainly
by associations of landscape and environment protection such as Verein wind-still (2014). A balance should be
found between the protection of landscapes and the explicit definition of optimal energy locations as “energy
regions”. Examples of a successful identification with renewable energy are the regions of Entlebuch (LU) (Frei,
Weissman, & Mathys, 2011; Neue Luzerner Zeitung, 2013), the regions of Mont Crosin and Mont Soleil (BE)
(Oudot & Bögli, 2012), and the region of Goms (VS) (EBP, 2009).
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Another important aspect is energy education and sufficiency. In the future, we will still need sufficient food,
clean water, and clean air, we will still rely on services provided by nature and we will most probably value
recreational living qualities, communication, and comfortable mobility. Furthermore, there is a trend indicating
that in future we will live in an increased sensor-equipped world, and that smart energy solutions might allow
using the energy when it is actually available (Hengelage & Brinker, 2014). To reach the goal of an energy and
climate-friendly future, technical solutions, such as energy efficient machines and buildings, might support
reducing energy consumption to a more reasonable and climate-friendly amount. However, there is currently the
discourse that efficient technology alone might not be sufficient enough, and that people might have to change
their behavior and have to learn dealing with energy more efficiently and economically (Hengelage & Brinker,
2014). With the goal to reduce negative impacts causing ecological damage, sufficiency calls for a change in
behavior towards a moderate use of products, services, and resources (BFE, 2012b). Energy education has to
show the background of and changes within the energy supply system in a way that people can understand and
evaluate the effects on their daily life (Hengelage & Brinker, 2014). Furthermore, energy education might not
only help people to understand where and how they can save energy but also enable them to investigate energy
related processes on their own. Everyone should know their options of action and influence and should have the
possibility to participate in the energy turnaround (Hengelage & Brinker, 2014).
In planning processes, collaboration is important. Consultation with stakeholders was one of the three major
predictors correlated with social acceptance besides the concerns and the annoyance with wind turbines (D׳Souza
& Yiridoe, 2014). As collaboration is important, not only single votes of a minority but votes of the public in
general should be considered in participatory processes (Walter, 2013). The interests of the directly concerned
and involved should be balanced against the cost and benefits for the general public (Hengelage & Brinker,
2014). This is a dilemma, as it is difficult to motivate and include all stakeholders in a collaborative process.
A successful collaboration should allow a dialogue, where participants are able to work through issues, create
shared meanings as well as develop possible joint actions, which can result in a continuing learning process
(Innes & Booher, 2004). Furthermore, successful collaboration will build networks of professional and personal
relationships, as participants might understand each other’s perspectives, leading to considerable trust (Innes &
Booher, 2004). But collaboration requires social costs of engagement, such as time and energy resources (Beierle
& Cayford, 2002; Rydin & Pennington, 2000). Therefore, emphasis should be placed on enabling access to the
policy process, encouraging the take-up of the access, and ensuring that participation will make a difference to
the policy outcomes (Rydin & Pennington, 2000). A development of new renewable energy projects with high
social acceptance seems possible if the focus lies on the integration of a wide variety of the local public and if
their voices are heard in the planning process (Walter, 2013). Comprehensible communication tools such as
visual-acoustic simulations developed in this PhD project might help motivate the public and support a learning
process to participate in planning processes. For successful and sustainable energy landscapes the participation
of everyone is needed to actively discuss, shape, design, and protect our future landscapes.
In general for landscape planning projects, research in collaboration and communication of planned changes
are important, as our living environment and our natural habitat is directly affected. When including the public
into planning processes, transparent and comprehensive information should be standard. Especially when it
comes to decisions in landscape planning processes, reliability is important in order not to alienate and decrease
public confidence and participation. As information can affect perceptions in advance of a decision (Hanna,
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2000), reliable, trustworthy, and comprehensible information on planned projects need to be acquired. This
information might come from or be approved by an independent institution without political tendencies or be
derived by the participants themselves. Based on this information, the general public and all involved actors
might form their opinions, influenced by their knowledge, preferences, and values.
This PhD thesis develops and applies a new communication instrument for landscape planning. The
simulation tool allows acquiring a more comprehensive data basis including not only visual but also acoustic
information, and allows gathering public social values of planned projects. In conclusion, this PhD thesis might
help support participatory planning to improve communication of possible alternatives to assess landscape
impacts together with the public for a more acceptable and a more sustainable landscape development.

“Plans fail for lack of counsel, but with many advisers they succeed.”
(Proverbs 15:22 New International Version)
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