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Preface
Personally, I think running is one of the most intense ways for
perceiving landscape. By running I can clear my mind, I forget
everyday struggle and can enjoy the scenery around me.
Nevertheless, until last summer I would not have dreamed
of going for a run without my motivating playlists. I always
thought running without music was like watching a silent film.
You know that sound is there, but you only hear it in a muted
form.
However, I was forced to go for a run without when my
earphones turned out to be broken. Ever since, I am listening
to birdsongs, rainfall and motorized vehicles rather than my
running songs. I have not even thought about buying new
earphones, since I discovered that listening to music while
running closed me off from the environment I was in.
In fact, the longer I run without music, the more
I notice of what is going on around me and the more I
appreciate environmental sounds. This eye-opener made
me aware of impact of sound on our landscape experience.
Especially sounds we produce ourselves in everyday life,
such as, the sound of a cars passing by. This thesis focuses
on the soundscape [1] and how this influences our daily lives.
My fascination is mostly concerned about the contradiction
between the dominating sounds and the visual appearance of
the landscape itself.
Keeping this focus in mind I started writing this
bachelor thesis, which offers a landscape architectural
approach for dealing with large-scale infrastructure and
energy transition in Overbetuwe. The aim of this thesis
is to explore how a landscape architectural approach can
contribute to the development of a sustainable transport
corridor that fosters (visual and) acoustic experience in
Overbetuwe.
During the research and design process I have become
acquainted with Overbetuwe. I learned about sustainable
energy landscapes and explored the rumbling sound of the
cars and trains that cross the landscape. This exploration and
writing of this report could not have been done without the
support and critics of my supervisors (dr. ing.) Sven Stremke
and René van Seumeren. Furthermore, I would like to thank
(ir.) Rudi van Etteger for his for sharing his inspiring literature
and documentary recommendations [2].
Notes
[1] Namely, The soundscape: our sonic environment and the tuning of the
world by Schafer (1993), Spaces speak, are your listening?: experiencing aural
architecture by Blesser and Salter (2007) and Hoe luidt het land by Voorst van
Beest (2012).
[2] That is, any sound human perceive in a landscape. The definition of
soundscape is discussed more in detail in chapter 3.

Figure 1-1 Overbetuwe (author)
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Overbetuwe is crossed by rivers (Waal, Nederrijn and Lek) and intersected by large scale infrastructure: A15 (Randstad-Germany), A50 (Eindhoven-Emmeloord), A325
(Arnhem-Nijmegen), national rail road (Arnhem-Nijmegen-Tiel) and Betuweroute (Randstad-Germany).
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1

Introduction

In a densely populated country, as the Netherlands, sound is
ubiquitous in the landscape. The Dutch soundscape exist out
of airports, wind turbines and natural areas. Nevertheless,
no sound is as present as the sound of cars passing by with
an average speed of 130 kilometres per hour. We produce
this sound every day when we travel between home and
work. Depending on the direction of the wind, the noise of
the motorway is audible in many places. The sound is all
around us and is penetrated into our daily lives. Although
sound can be perceived both as pleasant and unpleasant,
the impact of noise pollution is immense. With the increase
of infrastructure, as motor for economic growth, the
soundscape of the Netherlands changed drastically. Not only,
has it become hard to find silence in our noisy country, but
also natural environmental sounds, such as bird songs, are
overwhelmed by traffic noise.

1.1

5

Study area: Overbetuwe

Traffic noise is also dominating the soundscape of
Overbetuwe. The region is intersected by three freeways,
several highways and two train lines. The most important
linear structures are the A15 and the Betuwe route, which
transect the region from East to West [figure 1-1]. The A15
connects Rotterdam and Enschede with each other. Parallel
to this motorway the Betuweroute is constructed (a freight
railway). Both infrastructural networks form an important
connection for the distribution of goods and services to
Germany.
The large-scale infrastructure thus connects spaces.
It creates connectivity and economic development on
the national level as well for the region. Nevertheless, the
construction of large scale infrastructure also includes
negative side effects, such as large-scale developments near
the motorway, noise nuisances, pollution and intersections
of the landscape without significance for the traditional
structures in this landscape.
These negative consequences will increase in the
near future, since it is modelled that traffic congestion will
occur when the A15 will not be adjusted to the increase of
road users (Projectbureau ViA15, 2011). This not only affects
transport within the region of Arnhem-Nijmegen, but also the
distribution of goods between Randstad [1] and Germany.
In order to avoid congestion a new plan is introduced for the
A15 trace. The plan connects the A15 with the A12 and current
connection between Valburg and Ressen will be widened to
2x3 lanes [figure 1-2] (Projectbureau ViA15, n.d.a).
Recently, the municipality of Overbetuwe introduced
a new land use by setting the ambition to become climate
neutral by 2030 (Berns, Willems, & Berg, 2009; Libercé-Kruit
& Uitbeijerse, 2010; Tempelman, Ahoud, Berns, Jaarsma, &
Westerdiep, 2010). In other words, the municipality wants
to reduce the emission of greenhouse gasses (CO2, etc.)
to zero with regard to electricity and gas consumption by
households, business and organisations (Berns et al., 2009).
Expressed in numbers that is a sustainable energy provision
of 4700 TJ [2]. Since transport, is regulated on a provincial or
national level the municipality of Overbetuwe has not taken
energy transition of transport and mobility into account
(Berns et al., 2009). This is a missed opportunity, since 43%
of the total amount of CO2-emmision (199 kton) within the
municipality was produced by transport in 2008 (LibercéKruit & Uitbeijerse, 2010). In addition, also the United Nations
state that for a transition towards sustainable energy the
promotion of sustainable transport systems is needed
(Strong, 1992).
For this reason the province of Gelderland has initiated
the project Sustainable Transport Corridor Betuwe Project
(TCBP). The project addresses the challenge of combining
energy transition with sustainable transport. Besides, TCBP
is connected to the project Betuwe+, which is client of this
thesis project. Betuwe+ aims to develop a design that can
facilitate sustainable transport, renewable energy provision
and energy savings, while reinforcing the uniqueness and
prosperity of the Overbetuwe landscape (Stremke & Van

the concept of soundscapes, which exist out of any acoustic
landscape experience. Augoyard, Karlsson & Winkler
(1999) define soundscapes in more detail as the “totality of
sound phenomena that lead to perceptual, aesthetics and
representational comprehension of the sonic world” (Hedfors,
2003, p. 25). Within the study the term noise pollution will
be used to make a distinction between natural acoustic
environment and the disruption of this acoustic environment
by mechanical sound (noise pollution). Furthermore, audio
audio‐visual interactions are taken into account; there is a
contradiction between the dominating sounds and the visual
appearance of the landscape itself.

1.4 Research questions
Figure 1-2 Construction plan A15 (author; Projectbureau ViA15,
n.d.b).
Current connection between Valburg and Ressen will be widened to 2x3 lanes
and the A15 will be connected to A12.

Seumeren, 2013). The energy conscious design, as proposed
in this report, should make the municipality of Overbetuwe
self-sufficient within a time horizon by 2030. That is, when the
municipality of Overbetuwe wants to be climate neutral. Since
the total sustainable energy provision of the municipality of
Overbetuwe is estimated to be 4700 TJ and the design only
covers a part of the municipal territory, an energy efficiency of
500 TJ is pursued.

1.2 Problem statement
The widening of the A15 and the ambition to become
climate neutral in 2030 will affect the landscape experience
in Overbetuwe. Both undoubtly mean an increase in the
number of sound sources and noise pollution. Moreover, is
the appearance and spatial organisation of renewable energy
technologies in the physical environment hardly taken into
considering by landscape architects (Dobbelsteen & Stremke,
2013; Sijmons et al., 2008). It is therefore necessary to study
the impact large scale infrastructure, energy transition
and the use of different (renewable) energy sources, on
landscapes around us.
Dobbelsteen and Stremke (2013) are doing this
by postulating that landscape architects should develop
sustainable energy landscapes, rather than renewable energy
landscapes. Although a lot has already been written on
sustainable energy landscapes, and designers are anticipating
on the topic, there is a need for a better integration of
aesthetics and environmental psychology into the shaping
of sustainable energy landscapes (Dobbelsteen & Stremke,
2013). In other words, there should be a focus on the
experience of sustainable energy landscapes.
Traditionally, the focus of landscape experience, within
the discipline of landscape architecture, was always on scenic
quality (Blesser & Salter, 2007; Hedfors, 2003). Especially
acoustic landscape experience has been hardly studied so far
(Benfield, Belll, Troup, & Soderstrom, 2010; Hedfors, 2003).
In case the acoustic environment was taken into account,
it mostly was integrated in motorway design for noise
reduction. Brown and Muhar (2004), therefore, encourage
a more positive approach to sound. Accordance to them
landscape design should focus on environments that produce
sound that people prefer or consider as desirable. This thesis
elaborates on both the knowledge gap and the statement of
Brown and Muhar (2004) by studying present and (expected)
future sound changes in Overbetuwe.

1.3

Research objective

The research aims to explore the possibilities of landscape
architecture to contribute the development of a sustainable
transport corridor, with large scale-infrastructure and
renewable energy technologies, which fosters visual and
acoustic experience in Overbetuwe. The study focus is on

The research objective resulted in the following research
question:
How can a sustainable transport corridor, with large-scale
infrastructure and energy technologies, foster (visual and) [3]
acoustic experiential landscape in Overbetuwe?
In order to answer this research question, subquestions are
formulated. The subquestions are structured in such a way
that they help to gain insight in existing theory on acoustic
experience in landscapes (sub question 1,2 and 3) and the
existing landscape of Overbetuwe (subquestion 5).
1.
2.
3.
4.

What is the relationship between people and sounds in 		
landscape and how does noise pollution affect landscape
experience?
What is the impact of large scale infrastructure on 		
acoustic landscape experience?
What is the impact of energy technologies on acoustic 		
landscape experience?
What are the current state and characteristics of the 		
transport corridor and how do these influence the
acoustic experience in Overbetuwe?

1.5 Methods
In order to answer the research questions the author will
employ a research-based design approach. That is that
research should contribute and substantiate design. The
research objective resulted in the following design question:
How can landscape architectural design contribute to the
development of a sustainable transport corridor, with large
scale-infrastructure and energy technologies, which fosters
(visual and) acoustic experience in Overbetuwe?
In order to make a design that can help to answer this
question the contradiction between the dominating sounds
and the visual appearance of the Overbetuwe landscape has
to be researched. It is obvious that it is impossible to make
a design for just one location, since sound ubiquitous and
locations where visual and acoustic appearance are conflicting
are hard to identify without any analysis. The research,
therefore, is in the first place not focused on one location, but
on the whole region. By analysing the landscape locations
will be identified that serve as the basis for a localised
design. The design of the research is based on three phases:
theory, landscape (location) and design. Figure 1-3 shows
the structuring of these phases in the research and design
process.
The first phase, theory, is formed by a landscape
architectural perspective and conducted by literature
study. For this landscape architectural literature is used
that is lectured duri ng the bachelor studies at Wageningen
University. Furthermore, the conceptual framework on a
holistic view on landscape [figure 1-4], which will be explained
in more detail in chapter 2.
Second phase aimed to understand the landscape
characteristics of Overbetuwe and energy and acoustic

potentials by landscape analysis. Methods that have been
used in this phase are fieldwork, literature study, map study,
energy potential mapping and visual and acoustic analysis [4].
The information gathered in the first and second phase
are used to support a landscape architectural design (phase
three). In this phase, landscape architectural methods are
used, such as testing of design principles by sketching and
hand drawing in possible design strategies. These methods
helped to create a contextual concept with the integration of
obtained design principles.

1.6 Guide to the reader
This chapter has set out the topic of this thesis and, its
relevance to the profession of landscape architecture. The
introduction, furthermore, has explained the problem and
objective of this thesis in relations to the research questions
and the methods used during the research and design
process.
Next chapter, sustainable energy landscapes
[chapter 2], explains the energy challenge from a landscape
architectural point of view. Chapter 3, acoustic landscape
experience, gives an introduction gives a general introduction
landscape experience in relation to acoustics. In other words,
it identifies the relationship between people and acoustics in
landscapes and how noise pollution affects their landscape
experience. Furthermore, chapter 4, acoustic landscape
experience in a sustainable transport corridor, focuses on the
impact of large scale infrastructure and energy technologies
on acoustic landscape experience.
In addition, acoustic landscape experience
in Overbetuwe [chapter 5], provides an insight in the
characteristics and acoustic landscape experience of the
Overbetuwe landscape. It also explores the landscape of
Overbetuwe and its potentials for renewable energy. Chapter
6, acoustic landscape challenges and strategy for Overbetuwe,
then elaborates on the challenges and strategies for
designing acoustic landscapes and how to implement energy
technologies in such a way that they enhance pleasurable
acoustic experience in Overbetuwe. The chapter will be
rounded off with an overview of locations where visual and
acoustic appearance is conflicting with each other, resulting in
a location choice for the site design.
Chapter 7, resounding Overbetuwe, includes a site
analyses and concept, design criteria, design principles, a
site design with three design details. The chapter shows
how a landscape architectural design can contribute to the
development of a sustainable transport corridor, with large
scale-infrastructure and renewable energy technologies,
which fosters (visual and) acoustic experience in Overbetuwe.
The thesis will be rounded with a discussion [chapter 8],
conclusion [chapter 9] and reflection [chapter 10].
Notes
[1] Randstad includes the Rotterdam harbour. Nevertheless, the distribution
of goods will hardly affect the traffic congestion at the A15, since this will be
transported by water and rail traffic. This means an increase of traffic noise
produced by trucks on motorways, but an increase of noise produced by
railways (Betuweroute) (Havenbedrijf Rotterdam, n.d.).
[2] Based on the thesis assignment (Stremke & Van Seumeren, 2013) and
calculations formulated by Sven Stremke. The calculations are attached in the
appendix A.
[3] In the main and design question the visual landscape experience are
put between brackets since audio-visual interactions influence soundscape
preferences. Nevertheless, the main focus in this thesis is on acoustic
landscape experience.
[4] The execution of each analysis will be explained more in detail in chapter
5, since the set-up of the analyses is related to the theory discussed in
previous chapters: chapter 2, 3 and 4.

(a)

(b)

(c)

Figure 1-4 Conceptual framework (author)

Accordance the holistic view, the character of the landscape results from an interaction between natural processes and people (Antrop, 2007). Together they shape the physcial environment. Since landscape is always interacting with its users and needs of users’ changes though time, human interventions affect the appearance and
spatial organisation of the physical environment (a). The focus in this thesis is thereby on the impact of large scale infrastructure and energy technologies on the landscape and how they influence acoustic landscape experience (b). Desing explores the possibilities  in a landscape architectural design for a sustainable transport corridor
that fosters (visual and) acoustic landscape experience (c).

Figure 1-3 Research and design process

The process is diveded in three phases: theory, landscape (analysis) and design. Theory will be discussed in chapters 2 to 4. Chapter 5 and 6 includes an analyses of te
landscape of Overbetuwe. Design is included in chapter 7. The report  will be rounded with a discussion [chapter 8], conclusion [chapter 9] and reflection [chapter 10].
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2

Sustainable energy landscapes

Climate change and depletion of fossil fuels force us to
think about energy savings and renewable energy provision.
High-tech solutions are ubiquitous and technically feasible
in the Netherlands. However, the Netherlands is far from
reaching the EU targets for renewable energy transition. The
Netherlands only reached 3.8% out of the European target of
14% by 2020 (CBS, 2011; Hoorn, Tennekes, & Wijngaart, 2010).
Through the need for a sustainable energy transition,
a new challenge has been raised that affect the appearance
and spatial organisation of the physical environment. “Spatial
planning of ‘energy’ is no longer restricted to the relatively
simple task of reserving space and cooling capacity in some
remote industrial area” (Sijmons & Dorst, 2013, p. 45).
Instead, the generation of energy form renewable sources
will take place on the small scale and become more visible
in the landscape (KNAW, 2007). The transition requires us to
rethink the appearance of renewable energy in the physical
environment and how to design energy landscapes.

2.1 Landscape architectural view
Accordance the holistic view on landscape, as studied at
Wageningen University, such an (energy) landscape evolves
due an interaction between natural processes and people
[figure 1-4] (Antrop, 2007). Since landscape is always
interacting with its users and users’ needs change though
time, human interventions affect the appearance and
spatial organisation of the physical environment. In order to
understand this complex system several models and concepts
are developed to get a grip on the spatial reality.
One of the first models to understand the spatial
organisation is developed by McHarg (1969) (Vroom, 2010).
He introduced the layer-cake-model, which is an overlay
method for site analysis (Vroom, 2010). The model divides
the landscape in three layers, existing out of a (1) physical, (2)
biological and (3) social layer (McHarg, 1969). Each of these
layers again contains sublayers. The physical sublayer, for
example, exists out of a hydrology, a soil, a physiography
and a geology layer. By analysing the potentials of each layer
individually, and visualise them, on top of each other, in a map
the suitability for a kind of land use can be determined.
Kerkstra, Struik & Vrijlandt [1] expanded the layercake-model by introducing the triplex model. This model
states that the landscape, as we know it today, is the result
of three types of landscape forming factors (Hidding, 2006)
. Namely, (1) abiotic (geology, water and soil), (2) biotic (flora
and fauna) and (3) anthropogenic (land use) factors [figure
2-1). Together these factors results in patters that form the
landscape. The model, therefore, elaborates on the holistic
view on landscape.
In addition to the triplex model, Hidding (2006)
introduces the layer model. This model makes a distinction
between three layers: (1) underground (soil, water and relief),
(2) networks (infrastructural, water and energy networks) and
(3) occupation (types of land use, such as living, working and
recreation) [figure 2-2]. In contrast with the triplex model
the emphasis within the layer model is on the network layer
(Hidding, 2006). This layer not only consist of roads, railroads,
water ways, harbours, airports and transition points, but also
out less visible networks, such as airplane routes, pipelines
and digital networks (Hidding, 2006). In this report the triplex
model will be used [chapter 5], with a special attention to
networks in the anthropogenic layer, such as the A15 [figure
2-1].

2.2 Energy landscape
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Energy is also part of the network layer, since it occupies a
substantial part of the physical environment. Energy-related
land use, such as assimilation, conversion, storage and
transport, need space and will affect the appearance and
spatial organisation of our landscape. In this context we can
talk about energy landscapes: “physical environments that
provide energy for humans” (Dobbelsteen & Stremke, 2013,
p. 4).

Pasqualetti (2013) argues that an energy landscape
results from a two kinds of influences: constructs and layers.
Constructs can be divided in inherent, functional, natural and
cultural constructs (Pasqualetti, 2013) . The inherent construct
includes the form (solid, liquid or gaseous) of the resource.
In addition, the functional construct about the extraction,
generation and distribution of energy to consumers. The
natural and cultural construct take in account the natural and
cultural conditions which are required for energy provision,
such as climate, economic necessity and technological
achievements.
Upon the constructs the direct, indirect and mitigation
layer are imposed in energy landscapes (Pasqualetti,
2013). The layers consider the appearance of energy in the
landscape. Firstly, the direct layer includes the direct effect
of energy transition on the landscape, such as electricity
transmission towers. Secondly, the indirect layer takes into
account the invisible impacts of energy transition to the
landscape, such as pollution impacts and environmental
sounds. Finally, the mitigation layer takes into account the
way people deal with energy transition in the landscape by
changes them in recreational lakes or covering installations by
camouflage techniques.
Given these constructs and layers affect the physical
environment, it is necessary for the profession of landscape
architecture to study the impact large scale infrastructure,
energy transition and the use of different (renewable) energy
sources, on landscapes around us. Waal, Stremke, Etteger
and Brink (2013) argue against the development landscapes
that only provide renewable energy. Instead of renewable
energy landscapes, sustainable energy landscapes should
be developed (Waal, Stremke, Etteger, & Brink, 2013).
Dobbelsteen and Stremke (2013) argue that sustainable
energy landscapes “evolve on the basis of locally available
renewable energy sources without compromising landscape
quality, biodiversity, food production, and other lifesupporting ecosystem services” (Dobbelsteen & Stremke,
2013, pp. 5–6). Accordingly, the implementation of a
renewable energy sources does not automatically generates a
sustainable energy landscape. Instead, designers should also
take into account that energy-related land use not competes
with other (existing) land uses (such as food production) and
(acoustic) landscape quality.

2.3 Energy challenge
Although the contribution of landscape architects in energy in
the energy issue herewith is clarified, the implementation of
renewable energy sources is already a challenge itself. Hence,
in literature the provision of sustainable energy is subscribed
as a wicked problem (Roggema, 2013; Stremke, 2010): a
complex problem that is difficult and almost impossible to
solve. The implementation of renewable energy is seen as
such a problem since it deals with resource depletion and
climate change, which are never-ending-solving processes
(Stremke, 2010).
Since the energy challenge is a wicked problem, there
is not one straight forward solution for the implementation
of energy sources in the landscape. Nevertheless, in order
to a sustainable energy transition the focus is on a system
approach (KNAW, 2007). This means that the entire energy
chain should be taken into account, from the resource to
the end-user. Energy transition, thereby, is not limited to
energy provision, but also entails an efficient use of energy
by reduction of the demand. Although it seems not that hard
to match energy supply and demand in space and time, the
transition to sustainable energy landscapes is confronted with
constrains.
First, constrain are periodic fluctuations in energy
supply (Stremke & Koh, 2011; Stremke, 2010). This is
especially the case with renewable energy sources, such as
sun and wind energy. Photovoltaics (PV), for example, cannot
produce electricity during night while the need for energy is
then highest. The same problem can be identified for wind
energy. Although the Dutch landscape is very windy, the wind

speed can differ in season and throughout the day.
Second problem, we have to deal with in the future is
that the low energy density of renewables, compared to fossil
fuels (Stremke & Koh, 2011; Stremke, 2010). Thus, the amount
of energy stored in a renewable energy is less than a fossil
fuel, such as oil. Because of the low energy density it is hard
to distribute renewable energy carriers, since transportation
costs energy. Note, however, that the transportation of
electricity will lose less energy than heat.
The last constrain is the limit capacity to utilise
available energy (Stremke & Koh, 2011; Stremke, 2010). This
means that renewable energy sources that the possibilities
for assimilation, conversion, storage and use of energy by
consumers is restricted. Especially, the amount of space
available is limited, since the assimilation of renewables will
take more space than fossils. In addition has to be mentioned
that current energy supply is inefficient; since current energy
supply system does not re-use energy waste streams (Sijmons
et al., 2008).
The three constrains complicate the transition towards
sustainable energy transition. The current focus, therefore,
is on limitation of energy consumption and reuse of waste
(renewable) energy waste streams (Tillie, Dobbelsteen,
Doepel, Joubert, & Jager, 2009). Accordance to the scope
of this thesis he main challenge here is to deal with the
assimilation of renewables without disturbing increasing the
disturbance of an acoustic environment.

(c)

(b)

2.4 Conclusion
In summary, this chapter discussed transition towards energy
landscapes from a landscape architectural perspective. It
is argued that landscape architects should participate on
the implementation of renewable energy sources, but also
aim (acoustic) landscape quality and non-rivalry conditions
between energy-related land use and other (existing) land
uses. In meantime, landscape architectural design should
deal with the three constrains of current energy system while
designing energy landscapes.

(a)

Figure 2-1 Triplex model (author; Hidding, 2006, fig. 4.1)

The model consist of three layers: (a) abiotic layer (b) biotic layer and (3)
anthropogenic as conducted in this report.

Notes
[1] Denkraam: instructie KB2-studio landschapsarchitectuur
by Kerkstra, Struik and Vrijlandt (1976), was out on loan
at Wageningen UR Library, while writing this thesis. The
description is therefore based on secondary literature written
by Hidding (2006).

(c)

(b)

(a)

Figure 2-2 Layer model (author; Hidding, 2006, fig. 4.2)

The model consists of three layers: (a) underground (b) network (infrastructural
water and energy network) and (c) occupation.

3

Acoustic landscape experience

Human interact with their environment by using their senses.
Each sense plays thereby an important role by perceiving the
landscape, but traditionally the focus is on visual experience
(Blesser & Salter, 2007). Although most people experience
mostly by the eyes, ears play also an important role in
perceiving the landscape around us.
The relationship, in terms of sounds, between living beings
and their environment has been studied by acoustic ecology
[1] (Antrop, 2007; Pijaonwski, Farina, Dumyahn, & Krause,
2011; Pijaonwski, Villanueva-Rivera, et al., 2011; Schafer, 1997;
Truax & Barett, 2011). In more detail, it studies the effects
of acoustic environment on the living organisms, including
humans. In relation to research on the sonic environment
Schafer [2] coined the term soundscape (Kelman, 2010;
Schafer, 1997); an environment which consist of heard and
not by seen landscape.

attract immediately the attention of people. Furthermore,
they are well known and can transmit permitting messages.
The warning siren of an ambulance, for example, enhances
traffic to make space for so an ambulance can faster access in
case of emergency.
At last, there is the soundmark. The term has been
derived from landmark; that refers to a beacon which mark a
certain place in the landscape (Vroom, 2010). They are highly
recognizable and are in contrast with the other elements in
the landscape. Just as a landmark, a soundmark is prominent
present in the landscape. Nevertheless, this is also the case
with sound signals. The difference between the two is that
soundmarks are unique and place dependent. Because of this
place dependency, it is noticed and appreciated by people.
Schafer (199), therefore, says that soundmarks refer to a
community sound.

3.1

3.2 Natural, human and mechanical
soundscapes

Soundscapes

In his book, The soundscape: our sonic environment and tuning
of the world, Schafer defines the soundscape as: “any acoustic
field of study” (Schafer, 1997, p. 7). The sonic environment,
thus , may refer to actual environments, but also to musical
compositions and or radio program (Schafer, 1997). In this
thesis soundscapes refer the study of a given landscape such
as defined by Augoyard, Karlsson & Winkler (1999). They
define soundscapes as the “totality of sound phenomena
that lead to perceptual, aesthetics and representational
comprehension of the sonic world” (Hedfors, 2003, p. 25).
The soundscape of a landscape, thus, exists out of
heard objects that are defined by the human ear. By hearing
a certain sound, people perceive a sound event [3]. In order to
make a distinction between these objects Schafer identifies
three features in the soundscape: (1) keynotes sounds, (2)
sound signals and (3) soundmarks. Each feature identifies
the importance of a sound, which is depending on their
individuality, their numerousness or their domination in a
soundscape compared to other acoustics (Schafer, 1997)
[figure 3-2].
Keynote defines the tonality of a particular sound
in the landscape (Schafer, 1997). Keynotes are background
sounds which are heard very often in a particular landscape,
such as wind, water, and birdsongs. Most of the time keynote
sounds stand out from other background noises, since they
are highly recognizable. Nevertheless, key sounds can both
be perceived both conscious and unconscious. They are
overheard and cannot be overlooked in comparison with
other background noises. Because of their strong presence
in the landscape they the pervasive of key sounds influence
human behaviour and moods.
In contrast with keynote sounds, sound signals are
foreground sounds (Schafer, 1997). They can consciously be
heard in the landscape. Most well-known signals are bells,
whistles, horns and sirens. These types of signals sounds

In order to understand the features in soundscape it is
necessary to know how sound are formed. How this happens
depends on the sound source. Each source produces its
own profile of sound within a physical environment, which
is called acoustic space (Schafer, 1997). The term refers to
the area to which a sound reaches, before it drops below the
ambient sound level [figure 3-1]. Since the range of sound is
various a distinction can be made on three types of sound: (1)
geophony, (2) biophony and (3) antrophony (Pijaonwski, Farina,
et al., 2011; Pijaonwski, Villanueva-Rivera, et al., 2011).
On the hand there are geophony sounds; sounds
that are produces by geography and climate (Pijaonwski,
Farina, et al., 2011; Pijaonwski, Villanueva-Rivera, et al.,
2011). Such natural sounds include rainfall, moving water
streams, thunder, wind and earthquakes. On the other hand,
there is biophony. This sound source refers to sounds that
are produced by birds, animals and insects. In contrast with
geophony and biophony, antrophony includes sounds that
is produced caused by human and human-made objects
(Pijaonwski, Farina, et al., 2011; Pijaonwski, Villanueva-Rivera,
et al., 2011).
Together the geophony, biophony and antrophony
sounds present in the environment a form a soundscapes.
Since the antrophony sound is most dominant in our
soundscape nowadays, it is possible to distinction three
soundscape dimensions: the (1) natural, (2) human and (3)
mechanical soundscape [4].
First dimension, natural soundscapes, is produced by
both geophony and biophony sound sources. Of all the natural
sound objects the human is most familiar with bird songs
(biophony) since it has attached itself in human imagination
(Schafer, 1997). Bird vocalizations are of all types, since every
species produce its own sound. Some species are penetrating
loud, while others dominate the soundscape because of

their numbers. All over the world the natural soundscape is
different and has its own bird symphony depending on the
kind of species living in that environment. This is not only the
case for bird songs, but with every kind of natural sound since
no climate or nor any composition of species in the world is
the same.
In addition a remark has to be made since the natural
dimension also includes moving sounds. Moving sounds,
like wind, only Are overall present in the landscape, but
without hindering sound objects it is only hovers in in the ears
(Schafer, 1997). Trees give the best conditions for perceiving
wind, when they move tree brush tree leaves and moves
grasses. Nevertheless, just as birdsongs, the existence of
different tree species is highly dependent on local conditions.
Considering that every natural soundscape has its own unique
set of sound objects, tones, they can constitute soundmarks
(Brown, Kang, & Gjestland, 2011; Schafer, 1997).
Second, human soundscapes are introduced. They
focus on sounds that are produced by human voice and body.
Speaking, call, singing, laughing, groaning are all sounds
that are evolves out of the voice. Body related sounds are
heartbeat, breathing, footsteps, clapping etc. Indirectly
the body can also make sound. In case someone is wearing
clothing or jewellery under windy circumstances for example.
Within the human landscape keynotes play an important role
since they influence human behaviour and set rhythms in
daily life by transmitting messages (Schafer, 1997). Since the
human soundscape is so close to somebodies inner mind it
sound objects in this acoustic space affects the functioning of
people of daily life.
Third dimension, exist out of sounds produces by
human-made objects. These are machines, such as
ventilators, air-conditioning, automobiles, motorcycles,
trains, aircraft, jackhammers, drills, etc. Mechanical sounds
are characterised by a prolonged and unchanging sounds
[figure 3-3]. Nevertheless, instead of one tone, they can
solo exist of continuous drones. Due the fast technological
development mechanical sounds have become ubiquitous in
the landscape. They made other natural and human sounds
tend to be obscure (Schafer, 1997).

3.3

Acoustic perception

Although the acoustic space of the mechanical soundscapes
seems to overwhelm the other types of landscape, such
soundscapes only exist through human perception of the
acoustic environment (Brown et al., 2011). In reality all the
acoustic spaces are overlapping and interacting with each
other [figure 3-3]. It is, thus, possible to hear both natural and
mechanical sounds within the same landscape. Nevertheless,
perceiving the landscape is not only a matter of hearing. A
listener always perceives sounds, visual patterns and smells
together. They are interacting and are determined by willing,
feeling and thinking (Coeterier, 2000).

Accordance to Coeterier (2000) willing is directly
related to perception since it guides, conscious or
unconscious, the attention of senses. Needs play thereby an
important role since they are expressions of the wiling. When
for a long time people are not met in their needs they feel
uncomfortable in the landscape. This is, for example, the case
when motorway users see continuous the same landscape
over a long period of time. In contrast with residents and
recreationist who are in the landscape, motorway users
experience the landscape in movement. This requires other
needs then residents who a structural in the landscape and
want to live in peace. Recreationists, on the other hand,
are temporary in the landscape and needs a scenic view for
example. Each user, thus, has another need in the landscape.
A users feeling connects the willing for a certain need with
the present and is directly related to the senses, which
make experience possible. This landscape experience then is
processed in human mind and turned into a judgement about
the landscape; a landscape preferences.
		 Although the focus traditionally is on scenic quality,
it has revealed that sound, and not the visual component is
the most dominant pattern in landscape preference (Carles,
Bernáldez, & Lucio, 1992). Carles et al. (1992) show in
there research visual stimuli are altered by acoustics once.
Nevertheless, aural perception does not only exist out of
audio-visual interaction. It also includes the most sensible
sense of all: the touch. Where dominating sounds and the
visual appearance of it in the landscape can contradict,
the touch and sound are always go along. Both senses are
produced at the same moment by periodic vibrations and
sudden impacts (Blesser & Salter, 2007). These sounds
exist out of lower frequencies which are transformed into
tactile vibrations (Schafer, 1997), which makes it possible for
receivers to sense events [figure 3-4 and 3-5].
Nevertheless, the human ear is limited; it cannot notice
each sound. The hearing threshold for aural perception of an
sound event is therefore determined by the frequency of a
sound (Antrop, 2007). That is the softest noise the human can
hear. Normally, that is, circa 1000 Hz, which is equal to 0 Db
(Antrop, 2007; Maschke & Widmann, 2013).
Auditory perception can also be limited by other
factors, since it is highly dependent on place, time and
atmospheric conditions (Coeterier, 2000). In case of acoustics
atmospheric conditions play an important role, since the
perception of sounds is influenced by temperature, humidity,
wind speed and wind direction. As figure 3-6 shows noise is
carried by the wind and goes down when the wind weakens
(Schreiber & Beckenbauer, 2013). Sound vibrations are also
depending on temperature differences in day and night.
During night the ground cools faster than the temperature of
the airflows increase with high. When the air cools down, the
airflow, and thus sound wastes move down. During daytime
the opposite happens: ground absorbs heat of solar radiation
faster than the air. The cold airflow then moves down and

warm

(a)

cold

cold

(b)

Figure 3-1 Acoustic space (author)

The sound source produces sound vibrations. The sound level of the source
decreases over distance.

Figure 3-4 Differaction of sound waves: top view (author)

Wavelengths spread out from a small opening as if it is a sound source on its
own. Sounds are reflectated by obtacles.

Figure 3-5 Differaction of sound waves: side view (author)

Wavelengts of sound go around or above a object in space and is reflected by

warm

Figure 3-6 Sound vibrations: wind and temperature (author)

Vibration go down when carried by sind and during night when air cools down
(a). During daytime the airflow moves up by when the air is heated.
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moves up when its temperature increases (Schreiber &
Beckenbauer, 2013).
Off all the dimensions the experience of time is the
most complex, since people have different types of time
awareness. On the one hand there is the sense of clock time
(internal time), on the other hand there the sense of in terms
of duration (external time) [5] (Coeterier, 2001). The increase
of speed in motion has decreased the duration awareness
time awareness has decreased the acoustic landscape
experience.

[1] A synonym of acoustic ecology is soundscape ecology.
[2] Schafer is the founding father of the term soundscapes.
[3] An event is something that occurs in a certain place over a time interval
(Schafer, 1997). A sound event refers to the sound that is produced during a
particle event.
[4] The existence of the natural, human and mechanical dimensions cannot
directly be found in literature, but is inspired on the book outline of The
soundscape: our sonic environment and the tuning of the world by Schaffer
(1997).
[5] Coeterier (2000) makes a distinction between internal and external time
awareness.

3.4 Noise pollution
Although the receiving of sound is highly personal,
Schafer (1997) indicated the existence of a favourable and
unfavourable sound, namely hi-fi and lo-fi sound system.
Between these systems a contrast between noise and silence
can be indicated.
The hi-fi system is processing favourable signals:
discrete sounds with a low ambient noise level that can be
heard clearly (Schafer, 1997). Soundscapes where hi-fi sound
dominates allows listeners to hear noises on distance. In a hi-fi
soundscape hearing cannot be closed off at will, nevertheless
a receiver is able to hear what he or she is willing to hear. In
other words, people have are able to filter out undesirable
sound, while concentrating on what is desirable (Schafer,
1997).
This is not the case in lo-fi soundscapes, where
unfavourable sounds are produced. Here the amount of
signals are overcrowded and exist out of loud sounds. Under
these conditions noise so much acoustic signals are present
that people get lost in orientation. It causes a soundscape that
is unpleasant to be in. The lo-fi system is therefore closely
related to the term noise pollution.
Most of the time such loud sounds are unfavourable
and perceived as unwanted. Brown and Muhar (2004) made
a distinction between wanted and unwanted sound signals.
They state that wanted sounds are mainly produced in the
natural and human soundscape, such as church bells, sounds
of nature, sounds of city vitality, food steps, sounds of running
water music etc. (Brown & Muhar, 2004). Unwanted sounds
are mostly present in the mechanical soundscape, such as
road traffic, human sounds, amplified music, machinery
noises, etc (Brown & Muhar, 2004).
Although this distinction gives insight in the general
attitude and perceptions towards noise pollution, noise is
a highly subjective experience. The distinction between
wanted and unwanted sounds highly depends on the personal
associations and preferences people have with a certain
sound. Nevertheless, it is generally accepted that noise
can have a disruptive effect and can damage the auditory
organ (Keulen, 1970; Maschke & Widmann, 2013). Noise
exposure can cause directly hearing loss by >90 dB (Maschke
& Widmann, 2013). Indirectly, it also leads to the disturbance
of activities, sleep and communication. In addition, the
annoyance caused by noise can have a negative impact on
cognitive and emotional responses. Although sounds >65 dB
already influences psychological and physical reactions, sound
levels of >120 dB can lead to traumatic disorders (Keulen,
1970).

3.5 Conclusion
In conclusion, the perception of acoustics is determined
by soundwaves that are produced by natural, human or
mechanical sound sources, which all produces their own
soundscape. The appriciation these soundscapes is highly
depending on audio-visual interactions and personal
preferences. They can be perceived as keynote sound,
sound signal and soundmark. Of all these soundscapes the
mechanical soundscape is the most polluting one since it
produces lo-fi sounds which overwhelm the natural and
human soundscape.
9

Notes

key sound
sound signal
soundmark
background sound

intensity
ff
f

frequently inconsistent
inconsistent sound
continuous sound

mf
mp
p
pp
durance

ff
f
mf
mp
p
pp

very loud
loud
moderately loud
moderately soft
soft
very soft

0

Figure 3-2 Description of sound features: key sounds, sound signals and soundmarks (author)

Key sounds stand out from background sound and is (frequently) inconsistant. Sound signals are sounds that are constant or frequently inconsistant and is
repeated over time. Soundmarks  are significant and stand out from all sounds. Nevertheless its volume, duration and frequency is place dependent.
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Figure 3-3 Description of sound sources: natural, human and mechenical sound (author)

Natural sound can be frequent inconsistent and inconsistend. Human sound cna differ in volume and produces an inconsistant sound. The sound is
nevertheless about the same level as natural sounds. Mechanical sound produces a constant sound that cannot be found in nature.
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Acoustic landscape experience in a sustainable transport corridor

Mechanical sound is one of the most significant noises of
our time. Its vast increase is one of the effects of the fast
technological development and risen welfare these last
decades (Keulen, 1970; Schafer, 1997). In the Netherlands
infrastructural networks, for example, cross the country and
dominating the soundscape of its surroundings. Besides
traffic noise, the mechanical soundscapes exist out of sounds
produces by other man-made objects. The shift towards the
use of renewable energy introduces new mechanical sounds
into the landscape. Some of the energy technologies will
have a great impact, while others are scarcely or not heard.
This chapter discusses the influence of traffic noise and the
sound produced energy technologies on acoustic landscape
experience.

4.1 Traffic noise
The impact of infrastructural networks depends on the type of
network. A distinction can be made between road traffic and
railroad traffic, since the cause of both noise sources differs.
Road traffic noise is produced by motorized vehicles,
like mopeds, cars and trucks. Each vehicle forms an individual
sound source, which produces its own acoustic space. This
acoustic space consists of vibrations formed by engines,
resonance effects and vibrations of loose vehicle components
(wheel houses, view mirrors, etc.), friction sounds of tires
on the road surface by high speeds and airflows around
vehicles (Beckenbauer, 2013; Keulen, 1970). Nevertheless,
the sound of airflows around a vehicle does not have to be
taken into account since it does not dominate the noise level
of passenger cars below the 130 km per hour (Beckenbauer,
2013). In contrast, the rolling noise of tires is the most
dominant noise of motorized vehicles, even at low speeds
(Beckenbauer, 2013).
At a short distance from a motorway the noise of every
single vehicle can be heard. Further away the perception of
road traffic sounds is different: the sound of each individual
sound object flattens away and emerges into one rushing
sound. This sound is mostly formed by the noise of a tire
rolling on a road surface (Beckenbauer, 2013). Under these
conditions no single vehicle can be heard anymore and no
distinction between foreground and background sounds can
be identified. To keep to the terminology of Schafer (1997),
road traffic noise produces a lo-fi sound system.
Besides, distance auditory perception depends on
other factors, such as the type of vehicle. Trucks, for example,
are heavy duty vehicles, which produce a sound power
that is equivalent to the power of about ten passenger cars
(Beckenbauer, 2013). Furthermore, speed, intensity of use,
time of the day and the acoustic environment and type of
pavement are important factors.
Especially the relationship between the number
of users, driving speed and time of day play an important
role. When is it is not busy on the road, high speeds can be
achieved and prolonged, unchanging sounds are produced
(lo-fi system). During rush hours, when traffic jams occur,
this is totally different. The sound produced then, consists of
continuous droning by accelerating and decelerating cars. The
sound produced by the engine is then the most dominating
sound.
In contrast with road traffic noise, railroad traffic noise
is not always present in acoustic environments. Receivers
hear a train coming from a distance, experience a moment
of heavy noise and sough away from it as soon the train has
passed by. The sound produced by trains consists of the rolling
noise, machine noise and aerodynamic flows (airflows around
a train unit) (Wettschureck, Hauck, Diehl, & Willenbrink, 2013).
The most dominant sound caused by railroad traffic
is the rolling noise of wheels on the rails. (Wettschureck et
al., 2013). The type of braking plays therefore an important
role since these determine the roughness of the wheel
surface. Furthermore, running speed, train type and train
length determine the noise level. A short passenger train,
for example, will not produce as much noise as a long freight
train, which is more heavily loaded and at higher speed. The

noise of such a freight train is therefore much more intense
than a passenger train.
Although the endurance of sound produced by both
train types is short, the impact on the perception of natural
and human sounds in the landscape is highly disrupted. For
a moment the acoustic environment becomes unclear when
a train is passing by, therefore the railroad traffic produces a
lo-fi sound system.

4.1.1 Noise legislation
Since traffic noise produces lo-fi sounds, it is seen as an
unwanted intruder. Of both the road traffic and railroad
traffic, the road traffic is the most unpleasant one for the
ear due to its continuous sound. It produces noise that can
easily reach a sound level of 75-80 dB, with peaks of 85 dB
or more (Keulen, 1970). Such sound levels can cause health
problems, such as indicated in paragraph 3.4, but also disturbs
ecosystems and the wellbeing of wildlife in natural areas
(Compendium voor deLeefomgeving, n.d.). In comparison, in
a natural area a sound level of 20 dB is acceptable. In everyday
life humans produce 40-50 dB through social interactions.
An exposure of 80 dB can, thus, be indicated as a high value
(Rijkswaterstaat, n.d.-a).
Since high levels affect human physical and mental
wellbeing, The Dutch government has set noise abatement
in national legislation: Wet geluidshinder (Wgh). This law set
restrictions to reduce sound output by setting noise standards
for sounds that are produced by motorways, rail traffic and
zoned industry areas (Ministerie van Infrastructuur en Milieu,
n.d.).
The law includes sound levels for noise-sensitive
facades (Dutch: geluidsgevoelige bestemmingen), such as
housing, health care and education facilities, and changes
that affect the surroundings of motorways and rail traffic. A
facade is understood as a noise barrier in the Wgh. This can be
a blind facade of a building, but also noise screens (Ministerie
van Infrastructuur en Milieu, n.d.).
The noise restrictions are divided into a preferred
sound level (Dutch: voorkeursgrenswaarde) and maximum
sound level (Dutch: maximale ontheffingswaarde). The
preferred sound level refers to sound levels that are always
allowed on a noise-sensitive facades (Ministerie van
Infrastructuur en Milieu, n.d.). The maximum sound level
indicates that sound might not cross a certain sound level.
Thus, it refers to the maximum sound level that is allowed
on a noise-sensitive facade. As determined in the Wgh, both
types of sound levels are, represented in table 4-1.

4.1.2 Measures against traffic noise
Since noise-sensitive facades by large scale infrastructures
require a lowering of sound level, measures against traffic
noise are needed. So when a motorway has a sound level of
80 dB and is situated close to a living area the sound level
has to be reduced to 48 dB [table 4-1]. When measures had
not been taken into account, this would have meant that the
distance between a motorway and noise-sensitive facades
should be more than 2000 meters (Keulen, 1970). In a densely
populated country such as the Netherlands this is almost
impossible, especially in urban areas.
If the noise legislation is exceeded, measures against
traffic noise will have to be taken into account. Noise control
uses three strategies in order to reduce traffic noise: (1)
Table 4-1 Preferred and maximum sound level as determined in
the Wgh (Ministerie van Infrastructuur en Milieu, n.d.)
preferred
sound level

maximum
sound level

motorway

48 dB

53 dB

rail traffic

55 dB

68 dB

industrial zones

50 dB

55 dB

control the sound by the source, (2) manage the transmission
of sounds between source and receiver and (3) protect the
receiver (Brown & Muhar, 2004). Tackling noise at the source
can be done by setting guidelines and legislation about
(1) maximum speed, (2) traffic intensity and (3) road user
composition [figure 4-1]. An example of such a guideline
is, for example, a driving ban for truck drivers for using the
motorway on Sundays. Another way for reducing noise is the
use of noise absorbing pavement, such as noise-reducing
road surfaces. This is asphalt with an open structure that has
the capacity to absorb friction sounds from tires on the road
surface (Rijkswaterstaat, n.d.-b). Insulation of housing walls is
also a good way to reduce the impact of noise inside the living
space.
In contrast with sound source reduction, most spatial
measures reduce the impact of infrastructural sounds during
its transmission. There are four spatial interventions possible
for the elimination of noise: (1) distance, (2) noise barrier, (3)
raised or sunken infrastructure and (4) the use of vegetation.
The creation of distance from a sound source,
infrastructure and noise- sensitive facilities or land is the
most effective way to reduce the impact of sound, since
the strength of sound vibrations decreases as the distance
increases (Schafer, 1997). Nevertheless, this measurement
takes a lot of space, which is scarce in the Netherlands, as
earlier indicated in this paragraph.
Noise barriers, in contrast take less space. They can
be either an earthwork or a screen which isolates the sound
vibrations. Although they are quite effective in limiting the
acoustic space, noise barriers also exist as a wall in space.
They narrow the landscape experience (Coeterier, 2000)
because people’s distance view is hampered. Furthermore,
high walls have the tendency to decrease the sense of
space (Coeterier, 2000). In other words, they can give a
claustrophobic feeling, especially for people who are driving
on the motorway. In general, the higher the wall, the more
people feel trapped by it. The presence of noise barriers is
poorly appreciated by car drivers, since they look constantly
at the same view over large distances. They appreciate
landscape when it provides a scenic view (Coeterier, 2000).
Residents, on the other hand, see earthworks and screens
above all as visual barriers in the landscape. They do not only
delimit acoustic space, but also physical space. Residents
see large scale infrastructures as obstacles in the landscape,
which has no visual connection with their surroundings
(Coeterier, 2000). This is not only the case for motorways, but
also for railways and electric transmission towers.
Besides noise barriers, it is also possible to raise
the roads above the ground level in order to reduce noise
pollution. Raising of roads will decrease the sound close to
the infrastructural sound source, but is not as effective as a
noise barrier since noise can easily spread by wind over long
distances (Keulen, 1970). Instead of rising, it is therefore
better to shield noise by a deepened. A sunken motorway can
reduce traffic noise up to 30 dB (Keulen, 1970) and forms not
as a visible barrier as noise barriers.
Nevertheless implementation of an sunken
infrastructure is not always possible due high groundwater
levels (Keulen, 1970). When this is the case, other measures
have to be taken into account as discussed before. Use
of vegetation along the roads is a good alternative.
Nevertheless, the noise reduction by vegetation is limited;
it is only able to reduce sound between 2 to 10 dB (Samara
& Tsitsoni, 2011). The effectiveness of vegetation is highly
depending on its density of its foliage and its leaf type. Only
species with big, strong leaves and have a closed form are
effective (Fang & Ling, 2003; Keulen, 1970). In addition,
broad leaves are preferred over narrow leaves (Keulen, 1970),
since their surface area is bigger. More important than leaf
characteristics are the density, high, length and width of
boscages’ (Fang & Ling, 2003). Samara and Tsitsoni (2011)
measured that single rows of trees or shrubs can reduce 1
to 3 dB. More dense vegetation and tree belts can reduce 3
to 8 dB (Samara & Tsitsoni, 2011). Best results are reached
when belts of trees and shrubs are planted, in rows parallel to

the infrastructure, with 1 m visibility and 5 m width, or 10 m
visibility and 18 m width (Fang & Ling, 2003). In order to let
trees and shrubs reduce noise pollution all year long, it is also
important to plant evergreen plant species.

4.2 Energy technologies
Compared to the impact of traffic noise the impact of
renewable energy production is limited. Its noise production
totally depends on the way an energy technology generates
energy. Although the techniques of energy technologies
differ, they all produce energy from resources that are
continuous replenished, such as solar radiation, wind, biomass
and geothermal heat [figure 4-2].

4.2.1 Solar energy
Solar energy technologies make directly use of the sun
by catching solar radiation and converting it directly into
energy (Boyle, 2004). Solar techniques are very suitable
for application to the Dutch climate and are a reliable for
sustainable energy production. Nevertheless, since our
climate is determined from diffuse sunlight, application is
limited (Boyle, 2004). Not every solar technique is appropriate
to the Dutch climate. Most energy productive solar energy
techniques in the Netherlands are the solar thermal panel
(Dutch: zonneboiler) and the solar photovoltaic (PV).
The technique of thermal solar panels uses solar
radiation to heat water circulated through the copper tubing
of the solar panel (Boyle, 2004). The circulation of water is
regulated by a pump and heated water is stored in a storage
tank of consumption later. Solar thermal energy, thus,
produces energy in the form of heat. This is a low-grade form
of energy, since it cannot be exported over long distances
(MacKay, 2009). It can only be used on site.
PV panels, on the other hand, convert solar energy
into electricity. This is possible because PV cells consist of a
junction between layers, which possesses electrons and sets
up an electronic field (Boyle, 2004). PV panels can therefore
be implemented as a self-sufficient energy supplier (e.g. for
light poles) as well as a coupled network system (Weijers &
Groot, n.d.).
Although both solar technologies can be implemented
everywhere, the seasonal variations in sun angle should be
taken into account by implementation. In other words, in
order to extract the most optimised energy production, the
collector must face south with an inclination of 30° (Weijers
& Groot, n.d.). For implementation of solar panels no specific
restrictions have been formulated yet. Nevertheless, it is not
allowed to change protected townscapes and monumental
facades of buildings (Ministerie van Onderwijs Cultuur en
Wetenschap, n.d.).
Furthermore, the implementation of solar techniques
needs a large amount of (roof) surface, which can compete
with other land uses, such as food production. Solar panels
do not compete with such land uses when they are located at
the road side. Especially the integration in noise barriers that
are south faced save space (Weijers & Groot, n.d.). Besides,
the principle of solar thermal energy can also be integrated in
pavement.
Although solar energy is visible in the landscape,
their visible impact highly depends on physical taste.
Nevertheless, solar energy is a very environmental friendly
renewable energy since it is not producing gaseous pollutions
or radioactive substances (Boyle, 2004). In addition the
technology produces no sound. Solar panels are soundscape
friendly techniques; they do not influence acoustic landscape
experience. Another advantage of solar panels is that can be
implemented along the motorway easily or in asphalt (solar
thermal energy). For implementation in asphalt different
types of collectors are available. Nevertheless, the most silent
one is the zowab collector (Weijers & Groot, n.d.). This asphalt
type has an open structure, which absorbs friction sounds
of tires on the road surface and at the same time uses the
heat of the road surface to heat water. In order use the heat,
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produced in summer, in winter, it should be stored. This can
be done by a CHP.

4.2.2 Wind energy
In contrast with solar energy, wind energy technologies make
indirect use of solar. The technologies are depending on the
sun since solar radiation causes movement of atmospheric air
masses by heating earth surface. Wind energy, thus, refers to
electricity that is generated by movement of atmospheric air
masses, which blows to blades and allows the axis of the wind
turbine to rotate. Since the Netherlands is a flat and windy
landscape, wind turbines are suitable techniques to generate
energy (Milieu Centraal, n.d.-a). Wind turbines, therefore,
are available in all sizes: from small wind turbines that can be
situated on the roofs to turbines of 120 meter or even higher.
Besides sizes, a distinction can be made between
horizontal and vertical axis wind turbines (Boyle, 2004).

Horizontal wind axis wind turbines have 2 or 3 blades, and
have to be positioned in a certain direction in order to catch
the wind. In the Netherlands that is west (Besseling installatie,
n.d.). Vertical wind axis turbines, on the other hand, can
harness wind from any direction (Boyle, 2004). There is,
therefore, no need to reposition the rotor by changes in wind
directions.
Conventional wind turbines often still have a horizontal
wind axis with 2 or 3 blades. This type of wind turbine can
be classified into different axis heights and rotor diameters,
which all have their own energy efficiency. A wind turbine with
an axis height of 40 meter and a rotor diameter of 52 meter,
for example, operates at 850 kW (Haan et al., 2007). The
energy efficiency of wind turbines depends on the presence
of winds. In order to generate energy a wind force of 2 or 3
on the scale of Beaufort (Bft) is needed (Haan et al., 2007).
An optimal energy production requires an energy force of 6
Bft (Leenaers & Camarasa, 2012). Nevertheless, wind power

fluctuates all the time.
In order to deal with these fluctuations placed wind
turbines have become bigger and bigger over the years, since
bigger wind turbines have greater energy potential. In other
words, the higher the wind turbine, the higher the wind force
and the more energy can be generated. The size of the rotor
diameter also plays an important role, since longer blades can
catch more wind (Haan et al., 2007). In comparison, the wind
turbine with an axis height of 120 m and rotor diameter of 124
meter can operate at 5 to 6 MW (Haan et al., 2007). That is six
times more than the 850 kW than a small turbine with an axis
height of 40 meter.
Although larger wind turbines deliver more energy,
they do not increase the total power per unit land area,
because buffer wind turbines have to be spaced further apart.
For a maximum wind potential the distance between wind
turbines should at least five times the rotor diameter. Besides
implementation criteria restrictions are set up for areas that

should be protected from the environmental impacts of wind
turbines, such as drop shadow and noise pollution. Such areas
fall in a certain risk zones of a wind turbine.
The restrictions are based on the noise level that is
allowed in the Dutch legislation [table 4-2]. A maximum
noise level of 47 dB is allowed when close to a noise sensitive
facade, such as housing (Ministerie van Infrastructuur
en Milieu, 2013). At night this should be less than 45 dB
(Ministerie van Infrastructuur en Milieu, 2013).
Nevertheless, the sound produced by wind turbines
is not as noisy compared to other mechanical noise (Boyle,
2004). It is therefore not the sound level of wind turbines,
but the intermittent nature of the sound that is cited as
nuisance. Such nuisance is cause by both mechanical noise
and aerodynamic noise (Boyle, 2004). Mechanical noise in
this case refers to the noise produced by the generator and
can easily be reduced. Aerodynamic noise, on the other hand,
is produced by the air blushing against the blades and is not

noise reduction [dB]

3-8

30

30

30

tree belt

sunken infrastructure

noise screen

ground work

<3

<30
raised infrastructure

tree row
0

11

vegetation

sunken infrastructure

noise screen

groundwork

raised infrastructure

•
•
•
•

•
•
•

•
•
•

•
•
•

•
•

limited noise reduction
thick foliage density
leave type
evergreen species

isolation of sound waves
reflections of sound waves
visual barrier

isolation of sound waves
reflections of sound waves
visual barrier
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easy to eliminate. Aerodynamic noise contains a continuous
returning swishing noise. Just as traffic noise, it can best be
subscribed to the lo-fi background sound. When there is wind
the sound is ubiquitous in the landscape. This is especially the
case in an open landscape, where human ears cannot escape
from the sound. Although the sound produced by windmills
is low frequency noise, the sound increases and decreases
with the rotation of the blades. The same rhythm of volume
that is repeated over and over again can become annoying for
people who are exposed to the sound.
Nevertheless, research has also indicated that there is
no direct relation between sounds produced by wind turbines
and human health problems , such as tinnitus or migraine,
except from the interruption of sleep (Colby et al., 2009;
Ellenbogen et al., 2012). In other words, the aerodynamic
noise can lead to annoyance. Like traffic and railroad traffic
noise, this sound can affect sleeping and stress.
Research done by Berg, Pedersen, Bouma and Bakker
(2008) identified an a audio-visual relationship between the
visibility and the level of noise annoyance. Thus, visibility
enhances noise annoyance. Accordance their research
the visibility of wind turbines increases the cause of noise
annoyance. By placing wind turbines less visible in the
landscape can reduce it’s the impact of aerodynamic noise.
Nevertheless, its visual impact and the possibility to hide
a wind turbine is depending on the type of landscape the
turbine is situated. In this context also turbine size, design,
number of blades, colour, the number of turbines, placing lay
out play an important role (Boyle, 2004).
Besides noise pollution, wind turbines enhance shadow
pollution that can annoy human and can affect the grow of
flora and fauna(Agentschap NL, n.d.-a). In addition, wind
turbines can also be fatal for animal wildlife, such as births
and bats (Agentschap NL, n.d.-b, n.d.-c). Because of windmills
of these negative side effects people and media are generally
opposed to the construction of wind farms.
An option therefore is the introduction of small wind
turbines that can be placed on roofs such as the Turby, Aircon
10, Neoga and Eurowind (Weijers & Groot, n.d.). Most of the
small turbine types have a vertical axis and make multiple use
of space. Although this is also the case with the conventional
horizontal wind turbine, the small types are more easily
implicated since they are safe, don’t take much space and are
noiseless. This makes the small wind turbine attractive for
placement in built areas or along large scale infrastructure. In
addition, it can make use of the airflows that are created by
passing cars along the motorway.

4.2.3 Water energy
Just as wind energy, water energy is generated by the turning
movement of an axis. Instead of wind, a water flow presses
on the blades and rotates the axis. The axis is connected to a
generator, which transforms the power into electricity (Boyle,
2004; Milieu Centraal, n.d.-b). In the Netherlands several

large scale hydroelectric water power stations situated
close to nearby dams (Dutch: stuwen), such as the stations
on rivers Maas (Lith: 14 MW; Linne: 11 MW), Nederrijn
(Amerongen: 10 MW) and Lek (Hagestein: 1,8 MW) (Deltares,
2008). Their energy capacity depends on the flow rate, which
comes available when water falls on high land and flows
downstream. Nevertheless, the gradient of rivers is small.
This explains why the possibilities for hydropower in the
Netherlands are limited.
However, small-scale hydroelectricity installations
can be implemented on streams in combination with dams
and sluices (Boyle, 2004). Criteria for the application of such
small-scale hydroelectric installations are a flow velocity of 25
m3/s and 1 meter decay (Deltares, 2008). New technologies
can even function with a decay of 0.5 meter. Nevertheless,
such small scale installations are scarce in the Netherlands.
Lately (2010) a small hydraulic power plant has been installed
in the Hezenbergerstuw between Hattem and Wapenveld
(Waterschap Vallei en Veluwe, n.d.). This installation has a
decay of 2.5 meter and produces 150 MWh per year.
Historically, the small scale water flow installations
have been implemented for centuries by using the traditional
water wheel. Although their energy is limited compared by
generator driven installations, the water wheel still has a
power of 20 kW (Dick & Vansintjan, n.d.).
Although small scale installations produce less
energy, they are more preferred in terms of environmental
impact than large scale hydraulic installations, since they
have more prominence in the landscape and small scale
installations do not cause fish mortality (Milieu Centraal,
n.d.-b). Nevertheless, there is no consensus that small-scale
hydro plants have fewer deleterious effects than large scale
systems, since both can affect the natural balance in the low
flow (Boyle, 2004). The effect of the waterwheel on water
flows, groundwater, water supply and irrigation, in contrast,
is limited. Furthermore the waterwheel creates a pleasant
sound of the cardiac motion combined with pleasures
and fluidity of air. The sound of water is the origin of all
soundscapes and, above all, gives humans the most delight
(Schafer, 1997). Therefore, the natural and the mechanical
soundscape come together in this technology.

4.2.4 Bioenergy
In contrast to water energy, the Netherlands has great
potential for bioenergy, since there is a lot of leftover space
along the roadside of motorways. Bioenergy can be produced
by gasification, fermentation or combustion.
Gasification takes place by the burning of biomass
under circumstances whereby less oxygen is available
(Boyle, 2004; Milieu Centraal, n.d.-c). Under these conditions
biosyngas will be produced and burned. By burning biosyngas
electricity is generated. Fermentation, in contrast with
gasification, is a rotting process of kitchen waste without
oxygen (Boyle, 2004; Milieu Centraal, n.d.-c). Instead of

Table 4-2 Distances in a circle with a radious of x meters around the windturbune (soundsource) (Agentschap NL, n.d.; Faasen,
Franck, & Taris, 2013)
Minimal distance
Housing

160 m

Business/offices

45 m

Railway + Motorway

30 m (axis height <65 m)
0.5 x rotor diameter (axis height at >65 m)

Canal/river

50 m

Electricity networks

5m

Gas network

11/3 x rotor diameter

Water protection elements (dykes)

No windmiles allowed

Distance to other windturbines

5 x rotor diameter

Dropshadow away form shadow sensitive facades (housing/facilities)

12 x rotor diameter (axis height >45 m)

oxygen, bacteria are used to produce methane: a gas that
includes heavy metals and organic compounds (such as
dioxins) (Boyle, 2004). The burning of this product results in
green energy. Although this is a quite effective way for energy
production, it can also cause environmental pollution and
health effects when the gas escapes into the environment.
Just as by gasification and fermentation, burning of biomass
takes place by combustion. In this case biomass waste or
energy crops are burned directly in waste incineration plants
(Dutch: afvalverbrandingsinstallatie or AVI), coal power
stations and gas power stations (Boyle, 2004; Milieu Centraal,
n.d.-c).
In addition, two types of biomass can be indicated. On
the one hand, there are energy crops (woody and agricultural
crops) that are produced for combustion (Boyle, 2004). On
the other hand, there is organic waste that consists out of
wood residues, crop waste, animal manure, sewage sludge,
municipal solid waste, landfill gas and commercial/industrial
wastes (Boyle, 2004).
Biomass in the form of organic waste is a form of
recycling or reuse of materials in order to generate energy.
Public greenery, for example, is not planted for energy
production in the first place. Usually public greenery has
another function, for example they can create privacy in
public space or reduce noise along the roadside. Nevertheless,
planting of trees also has environmental benefits since they
absorb carbon dioxide and remove CO2 (Boyle, 2004).
In contrast with organic waste, energy crops (oilseed and short rotation coppice) are produced for energy
production. The harvesting of energy crops will have a major
impact on the appearance of an agricultural landscape, since
they take up a lot of space. Accordance to Boyle (2004) it is
one of the most land-greedy energy sources. Since energy
crops take much space and their energy yield is low, it is
competing with other energy sources. Furthermore, it causes
a reduction in biological diversity and as requires a higher
input of fertilizers and pesticides.
Besides an environmental impact, the introduction
of bioenergy into the landscape will also affect the acoustic
experience. During processing sounds are produced, but
since this process takes place in tanks and isolated buildings,
it is not clearly audible. Although the noise production of
gasification, fermentation and combustion processes in itself
is limited, biomass inhibits mechanical sounds in the form
of agricultural machinery. This is especially in harvest time
when tractors and other machinery will be used to gather
and transport the crops. Thus, bioenergy increases the
presence of mechanical sound during a certain time of the
year. Nevertheless, it also produces natural sounds when wind
moves a tall crop, such as maize or grain.

4.2.5 Geothermal energy
Geothermal energy has nothing to do with the
gasification, fermentation or combustion. Instead geothermal
energy takes advantage of the fact that solar radiation heats
the earth’s surface and that water gets warmer when it is
deeper into the earth’s crust. Most applied technologies in
the Netherlands are Combined Heat and Power (CHP Dutch:
warmte-koudeopslag or wko) and a heat exchanger (Dutch:
bodemwarmtewisselaar).
The heat–cold storage is an open system that consists
of two sources at a depth of 20-200 meter (Agentschap NL,
n.d.-d) . In summer, groundwater will be pumped out of a
cold well (7 degrees Celsius) for cooling, while in the winter
hot groundwater will be pumped out of the cold well (15-25
degrees Celsius) (Agentschap NL, n.d.-d). Used water will
be pumped back into the well. Such an open system is used
for offices, glass houses, industrial areas and housing areas
with 30 to 50 houses. A heat exchanger on the other hand is a
closed system, which pumps water with anti-frost through 2-4
loops per house in order to extract heat or cold from the soil
(Agentschap NL, n.d.-e). Water can be pumped horizontally
and vertically (20-50 meters below surface) (Agentschap
NL, n.d.-e). Vertical systems are preferred above horizontal

systems since they take less space. Nevertheless, both are
open systems that can be implemented only on the household
level (Agentschap NL, n.d.-e).
Besides geothermal winning on shallow depth, heat
can also be pumped from greater depth. This is called deep
geothermal or Aquifer Thermal Energy Storage System
(ATES; Dutch: diepte geothermie). This system pumps hot
ground water (steam of 70 degrees Celsius) from aquifers
at circa 1,8 kilometres below the surface for heating
(Agentschap NL, n.d.-f). Electricity can be produced with a at
circa 3 kilometres depth (Agentschap NL, n.d.-f). Just as by
CHP, double boring is needed for the reinjection of cold water.
The technology can be applied for the heating of houses
and glasshouses without risk for legionella (Agentschap NL,
n.d.-f). Although deep geothermal techniques are long since
applied abroad, the application in the Netherlands is still in
an experimental phase. Recently, it is first used for energy
production in a living area in The Hague. There a drill calibre of
2000 metres deep that foresees 4000 households and 20.000
square metres office space from heat (Aardwarmte Den Haag,
2010). The success of failure of such projects, in other words,
its economic profitability since the drilling costs are high and
there is always a chance of failure since the Netherlands does
not lie in a region of high geothermal potential it is possible to
implement geothermal energy in the Netherlands [1].
For all three systems the presents of suitable ground
layer aquifers is crucial. In case of the CHP that should be close
to the earth surface is crucial, while it by deep geothermal
is largely depending on the heat level. Nevertheless, in both
cases it is not allowed to drill in drinking water winning areas
although there are suitable aquifers situated. This is because
drilling to heat groundwater can cause water pollution (silicia,
heavy metals, sodium, potassium chlorides and carbonates)
(Boyle, 2004) and may therefore not directly be deposed
on surface water (Rijkswaterstaat, n.d.-c). Nevertheless
the pollution effects are much smaller compared to other
conventional energy systems since geothermal energy does
not cause CO2 emission (Agentschap NL, n.d.-f). Nor does
it hinder the physical environment since the installation is
installed below the earth surface.
Also sound production is limited. The drilling of wells
creates a large sound, but once in use the noise level rarely
exceeds other forms of power plants since the pumps are
situated underground (Boyle, 2004).

4.3 Conclusion
In conclusion, traffic and rail traffic both cause
noise pollution, while the noise pollution by energy
technologies is limited to wind turbines. In order to reduce
this noise legislation has been formulated in terms of
spatial interventions and risk zones. Most effective spatial
interventions against traffic noise are the creation of distance,
noise barriers and the use of slopes or sunken infrastructure
[figure 4-1]. Nevertheless, the use of noise barriers is
not recommended since they form visual barriers in the
landscape. Vegetation, on the other hand, is very suitable for
noise reduction, but its effectiveness is slight. Implementation
is, therefore, only appropriated in combination with other
noise reduction measures. Nevertheless, green zones along
large scale infrastructures areas not only useful for reducing
the impact of noise, but also for reducing air pollution and
haves a positive impact on the landscape experience of both
motorist and residents (Coeterier, 2000) and can be employed
for biomass energy production. Since the Netherlands
limits hydropower resources [2] and does not lie in a region
of great potential for deep geothermal [1], biomass is one
of the leading renewable energy sources. Other leading
energy sources are solar, wind and heat–cold storage and
a heat exchanger. Of all these techniques the conventional
wind turbine is most unsuitable for implementation in the
soundscape, since it produces an unpleasurable sound
[figure 4-2]. Instead of using the horizontal wind turbine,
it is recommended to use smaller wind energy techniques.
Geothermal and bioenergy both produce mechanical
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sound but this is reduced by its placement underground
or in isolated buildings. In addition, bioenergy includes
sounds from agricultural machinery during harvesting and
transport of biomass corps. The experience of this sound is
very subjective, since it depends on personal preference and
peoples’ associations with a rural landscape. The traditional
water mill, on the other hand, produces a pleasurable sound
that conjugates natural and mechanical sounds. Most silent
are the solar panel and thermal heat exchanger: they are
noiseless.

Notes
[1] In the Netherlands there are no landslides, glaciers or even volcanic
activity. Countries where this is the case, such as Iceland, have great
geothermal potential.
[2] Please note that this chapter only focuses on hydropower energy
resources and does not take into account tidal and wave energy. In the
coastal zone of the Netherlands there is potential for these techniques, but in
Overbetuwe there is none.
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Acoustic landscape experience in Overbetuwe

Traffic noise is a one of the most dominating sounds in the
landscape of Overbetuwe, since the region is intersected
by three freeways, several highways and two train lines.
The most important linear structures are the A15, A50 and
the Betuwe route, which transect the region from East to
West [figure 5-4]. Although it is acknowledged that traffic
noise has a disruptive effect and can damage the auditory
organ (Keulen, 1970; Maschke & Widmann, 2013), it has
been not proven that it is perceived as noise pollution or
overwhelms natural and human sounds in Overbetuwe yet.
In order to do so this chapter identifies the characteristics
and acoustic environment of the Overbetuwe landscape in
the surroundings of the A15, A50 and the Betuwe route. In
addition the chapter identifies the potentials for renewable
energy technologies in Overbetuwe in relation to its
soundscape.

5.1 River landscape
Overbetuwe is part of the river delta of the Rhine. Entering
Overbetuwe this river splits up in rivers Nederrijn and Waal
[figure 5-4]. Both stream from East to West and formed
the landscape of Overbetuwe, which is known for its soils,
fruit nurseries and particular landscapes [figure 5-9]. The
appearance of this landscape nowadays finds its origin in the
Pleistocene. In that time the region was surrounded by sand
hills, push moraines (Dutch: stuwallen), that were formed by
glaciers in the penultimate glacial period, the Saalien [figure
5-3] (Jongmans, Van den Berg, Sonneveld, Peek, & Van den
Berg van Saparoera, 2013). In the lower areas, inbetween
the push moraines raging rivers, Waal and Nederrijn, flowed
freely by constant shifting their beds.

5.1.1 Natural landscape
Such a moving curved riverbed is called a meandering river
system. Since the Netherlands is a flat country rivers have
the tendency to meander all the time. The functioning of a
meandering river system is shown in figure 5.1. On the one
hand rivers erode in the outer curve due fast flow velocity. On
the other hand sedimentation of sand and clay takes place in
inner outer curves due slow low flow (Jongmans et al., 2013).
The same principle takes place at high tide when the
river overflows its banks [figure 5-2]. When a river floods,
sand and clay particles are transported out of the riverbed
and deposited on the river banks as soon through loss of flow
velocity (Jongmans et al., 2013). Due the deposition of sand
close near the river natural levees (Dutch: oeverwallen) are
formed. These are sandy depositions that form elongated
elevations along (former) beds in the river landscape. Natural
levees are covered with hardwood alluvial forest (Dutch:
hardhout ooibos), such as Fraxines excelsior, Quercus robur,
Quercus palustris, Alnus Glutinosa, Salex Alba (Jongmans et
al., 2013). At the lower parts of natural levees alluvial forest
is not able to grow due high water levels. Therefore another
vegetation type is present there, namely the swamp forest
(Dutch: moerasbos).
Behind natural levees, flood basins (Dutch: kommen)
are formed. Since sand (coarse sediment) is heavier than
clay it is deposited very close to the river bank. Clay (fin
sediment), in contrast, is light and can be transported
over a longer distance before deposition (Jongmans et al.,
2013). Flood basins are situated low lying parts or flat areas
inbetween natural levees. Flood basins are characterised
by high groundwater levels and open landscapes . Within
this open landscape some elevation can occur. This are river
dunes (Dutch: rivierduinen or donken), which are formed
by wind depositions during the last ice age (Weichselien).
In Overbetuwe Valburg and Elmeren are built on these
elevations.
As show in figure 5-3 and 5-7, the landscape of
Overbetuwe is characterised by small flood basins. This is
the result of the meandering river system whereby a great
amount of large flat levees formed by fossil rivers.

5.1.2 Cultural landscape
The appearance of natural levees and flood basins has
dictated the land uses and settlements in Overbetuwe,
since people determined their place of establishment on
flood hazards. First human settlements (circa 700 before
Christ) were located on higher grounds: natural levees and
river dunes (Gemeente Overbetuwe, 2010; Haartsen, 2009;
Jongmans et al., 2013). Nevertheless, since these the natural
levees were not as big as nowadays, the first occupation sites
were heighten with organic waste (Dutch: woerd) (Jongmans
et al., 2013) [figure 5-7].
From the eighth century, almost all villages, farms, roads and
estates in Overbetuwe concentrated on natural levees. Hence,
figure 5-3 in combination with figure 5-3 and 5-7 shows that
in Overbetuwe different dominant lines of human settlements
can be identified on the natural levees of fossil rivers (Dutch:
stroomrug). People settle, thus on high areas, since they are
dry. Other places, such as Heteren, Driel and Randwijk, are
developed in the Roman time at places where roads met
(Gemeente Overbetuwe, 2010). Roman settlements were
situated on location that were not only high and dry, but also
close the river (transport) and suitable soils for agriculture
as result of fertile river deposits. Therefore, most of these
settlements remained during the Middle Ages.
Since the low-lying lands, flood basins, were not
suitable for human settlement they were used as uncultivated
land (Dutch: woeste gronden). That is, land that only was
used in summer for grazing and hay production. In order
to reclaim and protect low-lying lands for being flooded
dykes (Dutch: dijken) were constructed during in the 12th
and 13th century (Gemeente Overbetuwe, 2010; Haartsen,
2009; Jongmans et al., 2013). Wild rivers were tamed by
long stretched ground bodies along the rivers. Originally the
cultivation of land started form the natural levees, but due
the diking of the rivers it was also possible to cultivate the
flood basins. Gradually, the land use in Overbetuwe changed
with the introduction of fruit orchards (17th century). In the
19th centuries agricultural land, which are close to human
settlements, are replaced by tree nurseries (Gemeente
Overbetuwe, 2010).
Although the dyke system leads to more security it also
changed the drainage system in Overbetuwe. Traditionally
water, originated from natural levees, is distributed by ditches
(Dutch: zegen) to the flood basin. Meanwhile, soil in the river
basins were saturated with seepage (Dutch: kwelwater) from
the push moraines . The increase of excess rainfall could not
be infiltrated in the ground anymore. Therefore, river bassins
are dewatered by a system ditches (Dutch: sloten or zegen),
which transport water from the natural levees to the Linge; a
drainage canal (Dutch: wetering). In contrast with the natural
part of the canal, the Linge in Overbetuwe is dug around 1250.
The introduction of the dykes did not only change the
landscape in the river basins, but also the landscape wedged
inbetween the dykes. Different processes have transformed
this area into an undulating landscape, which exist out old
river beds (Dutch: geulen or strangen) and deep water bodies
that are remained after dyke breaks in the past (Dutch:
kolken). At the same time the brick industry (figure 5-9) had a
great influence on the appearance of flood plains (Gemeente
Overbetuwe, 2010), since they excavate the clay soil for
brick production. Since the river still floods every winter, still
sediments are deposed on in the flood plains, which cause a
micro relief for different grass habitats close near the river.
In summer the flood plains are these grasslands are used as
meadow land.

1.1.3 Current landscape
The natural gradients of flood plains, natural levees and
flood basins [figure 5-8], still dictate current land uses
and settlements. In the Northern part of Overbetuwe this
landscape, despite recent changes, still very readable
since most occupation still is situated on natural levees.
Nevertheless due urban growth of Arnhem, Elst and Nijmegen

the rural area in the East of Overbetuwe decreases, while
more and more farmers are not economically viable anymore.
In the next 10 years, 100 farmers are, therefore, forced to
stop their activities within the area of Overbetuwe or switch
to crop production in glass houses (Gemeente Overbetuwe,
2010). Another option for farmers is to increase the amount
of owned land. Nevertheless, this is not always possible since
land in Overbetuwe is not always available or farmers are not
able to pay for the land prices.
Both developments, the urban growth and changes
in the agricultural sector, have led to settlements and
densification in the open water basins. Furthermore, it
increases the levelling of natural gradients in the landscape
(Haartsen, 2009). Besides these developments, urban growth
will also increase the need for outdoor recreational space.
Down south, over the years large scale infrastructure
has been introduced, which also affects the clarity of the
visual transition from one landscape type to another.
First infrastructural line that has been introduced is the
rail connection between Arnhem and Nijmegen (1879)
(Gemeente Overbetuwe, 2010). Later on the rail line between
Arnhem, Tiel and Nijmegen was realised in 1882 (Gemeente
Overbetuwe, 2010). More recently constructed are the
motorways: A15, A50 and A325 [figure 5-4].
The A50 is elevated in the landscape and forms
therefore a physical and visual barrier. The A15, in contrast,
is situated at surface level. It therefore does not forms such
a strong visual barrier, but this changed with the introduced
of the Betuweroute parallel to the A15 in 2007 (Haartsen,
2009). Both infrastructural transect the region of Overbetuwe
form East to West and split up the region of Overbetuwe
in a North and a South (Gemeente Overbetuwe, 2010)
since by the construction of both infrastructural lines the
traditional landscape structures are not taken into account.
Most unrecognizable is the traditional water system which
transports water to the Linge. That is since the water system
is intersected by the A50. Other factors that suppose that the
traditional landscape is not taken into account are the placing
of trees and scrubs at traffic junctions and the placing of
sound barriers (screens) along both sides of the Betuweroute.
Besides its appearance, the introduction of large scale
infrastructure also included other negative side effects, such
as large-scale developments near the motorway, limited
access and pollution. Off all these negative side effects the
introduction of large-scale developments by exits. By the
motorway exits of Andelst, Heteren and Elst, for example
are business areas introduced, which just as the large-scale
infrastructure not is adjusted to the natural landscape. The
business area of Heteren, for instance, is situated in a river
basin that used to provide an open view.

5.2 Soundscape
Not mentioned yet is the noise nuisance that is caused
by large scale infrastructure in Overbetuwe. In the south
of Overbetuwe noise nuisance is most ubiquitous in the
landscape, since large scale infrastructure is concentrated
here [figure 5.4]. The nuisance concerns the existence of
road and rail traffic noise that is produced by motorized
vehicles at the A15,A50 and Betuweroute [chapter 1]. Figure
5-10a and 5-10b show the striking character of both sound
sources [paragraph 4.1]. Road traffic noise seems to have less
impact then rail traffic noise, but appearances are deceptive.
Though it is true that the sound level (dB) of railroad traffic
noise exceeds the volume of road traffic noise the endurance
of both sound sources is not indicated in the figures. Since
rail traffic noise is not always present in the landscape its
impact is big large but short-lived. In contrast, road traffic
is ever present. Although its presence fluctuates over time
[1] this omnipresence disrupts the perception of natural and
human sounds in the landscape. Where a train passing by
makes the acoustic environment for a moment unclear while
motorways produces a continuous lo-fi sound system. Figures
5-10a and 5-10b also show that this system is not limited to
the surroundings of the motorway or train rail. Instead traffic

noise can still be heard at a distance of 2000 meters away
from its sound source. The presence of this mechanical sound
has accordance theory, as discussed in chapter 3 and 4, a
major impact on the acoustic landscape experience.
To indicate to what extends the presence of traffic
noise in overwhelms the natural and human sounds the
soundscape of the south of Overbetuwe has been quantified
and measured by an acoustic landscape analysis. This analysis
focuses on human and natural sounds that occur in the
surroundings of the motorway and the dominance of road
traffic noise produced by the A15 and A50 to these sounds.
In other words the acoustic analysis indicates what sound
sources are present in the soundscape of Overbetuwe and
how their appearance is perceived. Railroad traffic is in the
analysis not considered as a sound source, since its presence
is accidentally and therefore difficult to measure in time.
Along the A15 and A50 in total 8 strips of 4
measurements have been taken; 2 at both sides of the
motorway [5.10b, 5.11a and 5.12a] [2]. Since the appearance
of sound is influenced by wind direction and the distant
to from each measurement to the motorway should be
approximately equal the selection of measurement points is
based on its accessibility. In other words, the measurements
are taken at transitions that are transverse to the motorway
at about 25-50 and 200-250 meter distance from the
motorway. In addition, the measurements are taken between
10 :00 am and 16:00 pm, to avoid intensity fluctuations during
rush hours. At that moment of measurement there the wind
was coming from the southwest with a wind speed of 4 Bft.
At each measurement the intensity of the ambient
sound is measured by a Sound Level Meter [3] and notations
written down by the author in the field. This data analyses for
the sounds is based on the book The soundscape: our sonic
environment and the tuning of the world by Schafer (1997)
[4] gives an good guide for noting sounds within the field. To
ground the impression of the soundscape and minimize the
effect of subjectivity [5] sound records [6] and panorama
photos are taken. Since it is hard to formulate and represent
an exact expression of a soundscape the measurements are
analysed and visualised in (1) Isobel contour maps [7] (2)
sound event maps [8], (3) visual impressions and (4) sound
description diagrams.
The Isobel contour and sound event maps show the
locations of the four measurement points in one strip, in what
direction the visual impressions are taken and where the
sound sources are appear [figure 5-11a/b and 5-12a/b]. The
visual impressions exist out of panorama photos show the
(sometimes) present contradiction between the dominating
sounds and the visual appearance of the landscape itself
[figure 5-11c and 5-12c]. The sound diagram analyses the
sound record by the following parameters: (1) duration (time),
(2) frequency (acoustic frequency patterns) and (3) intensity
(volume).
Duration [figure 5-11d and 5-12d; horizontal axis]
gives a time indication of the presence of sound, in this
case minutes. Thus, it indicates temporal patterns in the
soundscape, such as seasonal (winter-spring,-summer-fall)
and day-night (dawn-noon-dusk) rhythms (Pijaonwski,
Farina, Dumyahn, & Krause, 2011). In addition, frequency
indicates the frequency patterns of a sound. So it indicates if a
sound is inconsistent or continuous if it is present. Continuous
sound is continuously present, while frequent inconsistent
sound is contain repetitive patterns of silence and high/
low notes. In the sound description diagram a distinction
has been made between inconsistent sounds and frequent
inconsistent sounds. Inconsistent sounds exist of long
repetitive sound patterns, while frequent inconsistent sounds
are characterized by a rapid succession of repetitive sound
patterns. The intensity indicates the dominance of sounds in
the soundscape by using the notation from very loud (ff) to
very soft (pp) (Schafer, 1997). In contrast with the Sound Level
Meter measurement a notation of sound conducted by the
author which indicates the acoustic dominance of a certain
sound source.
By comparing the sound diagrams can be made
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Figure 5-1 Principle of a meandering river system
(author)
Erosion in the outer curve sedimentation in the inner curve.

Figure 5-2 Formation of natural levees and flood bassins in a meandering river
system (author)
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Figure 5-7 Landscape type map (author)

natural levee
(high)

flood plains

Figure 5-8 Landscape gradient of the riverlandscape in Overbetuwe (author)

The landscape gradient in Overbetuwe is parrallel along the rivier: flood plains, natural levees and flood basins

Figure 5-3 Elevation map (Geodan, 2012)

Figure 5-4 Topographical map (author)

Figure 5-9a Impressions of the natural gradient (author)

Figure 5-9b Impressions of the natural gradient (author)

Figure 5-5 Historical map of 1900  (Provincie Gelderland, n.d.-b)

Figure 5-6 Satelite photo (Provincie Gelderland, n.d.-b)

Figure 5-9c Impressions of the natural gradient (author)

Figure 5-9d Impressions of the natural gradient (author)

Situation of push morraines (red), natural levees (red-yellow) and river basins
(green-blue) in the landscape of Overbetuwe.

Human settlements follow the dominant lines of natural levees.
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The landscape gradients still dictates current land uses and settlements.

The landscape gradients still dictates current land uses and settlements.

Brick industry in the flood plains by the Nederrijn.

Ochards on low natural levee by Sijk-Ewijk.

Estate on a high natural levee by Hemmen.

Open field in basin between Andelst and Herveld.  

clear that road noise from the motorway always present,
as it runs from east to west and from north to south though
the region. In addition the amount of sound sources in the
area is a limited number. Except from sounds produced by
motorized vehicles, only the sound of wind, birds and talking
people are identified [figure 5-11b/d and 5-12b/d]. These
natural and human sounds, apart from wind, are hardly heard
because of their low intensity and the inconsistent character
[figure 5-11d and 5-12d]. Against the very loud intensity and
continuous sound of traffic noise and wind, the sound of
birds and talking people is muffled away. Traffic noise and
wind are therefore dominating the soundscape The sound
measurements contribute to the statement found in literature
[chapter 3 and 4] that mechanical sound dominates acoustic
landscape. Nevertheless, the acoustic analyses gained also
new insight in the fact that there is hardly any differentiation
in sounds in the landscape. The visual impressions of each
measurement, state this this birds songs only occur in
vegetation zones and wind is always most dominant in open
space [figure 5-11b and 5-12b]. At all other places sounds
are mostly submerged by traffic noise. The appearance of
sounds in the landscape is thus as monotonous as the visual
landscape, which mostly exist of agricultural land.

5.3 Renewable energy potentials
Besides infrastructure this agricultural land is dominated
by energy transmission towers that are part of the energy
system of Overbetuwe. Current energy system exists out of an
electricity and gas network provided by Liander [9] (Liander,
n.d.). They supply 65.023.869 m3 gas and 214.496 kWh
gas in Overbetuwe each year (Rijkswaterstaat, 2010). The
largest energy sectors are housing and commercial services
[Appendix A]. Off all energy networks, the electricity network
is most dominant in the landscape, since a system of energy
transmission towers are connected to three trafostations that
are in the surroundings of Dodewaard and Elst (figure 5-12
and 5-13). In addition, heating networks are not present within
the borders the municipality of Overbetuwe, but are located
in Elden, Oosterhout and Wageningen (figure5-13) (Berns,
Willems, & Berg, 2009).
Current energy network forms the basis for the
development of a future sustainable transport corridor. In
order to design one in Overbetuwe the renewable energy
potentials of the region are indicated. The method of Energy
Potential Mapping (EPM) is a valuable tool for this. The aim of
EPM is to chart en the local potentials for renewable energy
in the area of study (Dobbelsteen, Broersma, & Fremouw,
2013; Dobbelsteen, Broersma, & Stremke, 2011). An inventory
about energy technologies [paragraph 4.2] and climatic,
topographical and geophysical conditions in Overbetuwe
forms the basis for the determination of renewable energy
potentials in Overbetuwe. For each specific renewable energy
source the energy potential is quantified and visualised in
energy potential maps [figure 5-13a to 5-13f].
Figure 5-13a shows, for example, that Overbetuwe
has great potential for solar energy, since it region has a
yearly average sun duration of 1550-1650 hours (KNMI, n.d.)
Especially the roof surface of buildings in business area en
life stock farmer is suitable for the placing of solar panels.
Although no townscape is protected in Overbetuwe, some
monumental facades of buildings are (Provincie Gelderland,
n.d.-a). Implementation of solar panels is therefore not
allowed on these buildings.
The wind potential in Overbetuwe is positioned in the
south [figure 5-13b]. This is since it the Province of Gelderland
wants to protect the valuable open landscape (river basins) in
Overbetuwe (Provincie Gelderland, n.d.-b). In addition , it is
not allowed to place wind turbines in protected natural areas
and close nearby noise sensitive facades (residential housing).
The average yearly wind speed in Overbetuwe amounts 4-5
m/s at ground level (KNMI, n.d.), that is about 3 Bft. That
is the minimum for the delivery of wind energy so small
wind turbines are profitable. This also applies for large wind
turbines, since the average yearly wind speed in Overbetuwe

is 7-7.5 m/s (4 Bft) (SenterNovem, 2005) at 100 meter height.
Besides solar and wind energy Overbetuwe has also
great potential for bioenergy since some anaerobic digestions
and incineration plants (for co-firing) are present in the
region already [figure 5-13c]. In addition there is potential for
incineration of organic waste, such as wood residues from
orchards and kitchen waste. In the open landscape there is
potential for the production of energy crops as long as they
do not compete with other land uses.
In contrast with the other renewable energy sources
the potential for the production of deep geothermal and
water energy in Overbetuwe is limited. The potential for
deep geothermal is limited because of the presence of water
catchment areas in Overbetuwe. These catchment areas
include bore-free zones in order to protect the drinking
water quality (Provincie Gelderland, n.d.-c) [figure 5-13e].
Other restriction is the presence of valuable open landscape
and protected natural area (EHS/Natura 2000) (Provincie
Gelderland, n.d.-b, n.d.-d, n.d.-e). Nevertheless, there is
potential for CHP or heat exchangers since they are placed
just below the earth’s surface.
Water energy production in Overbetuwe is limited,
since the velocity of the Nederrijn (669.6 m/s) and Waal (464.6
m/s) are low [10]. Nevertheless, the Nederrijn has some
capacity for energy production. Waterschap Rivierenland (a
water authority) has even plans to integrate a hydroelectric
station in the weir complex by Driel that should generate
energy for 7000 households (Gelderlander, 2013) [figure
5-13d]. Furthermore only small scale applications are possible,
since the Waal is an important infrastructural connection for
freight transport.
In synthesis figure 5-13f shows the renewable
energy potentials of all energies together. It visualises the
“richness” or “poverty” for renewable energy in Overbetuwe
(Dobbelsteen et al., 2013, 2011). The region has great
potential for solar energy, wind energy, biomass energy, CHP
and heat exchangers. Nevertheless, the region is poor when it
comes to water and deep geothermal energy production.

is measured.
[4] The book includes a part on soundscape analyses. Chapter 8 to 13.
[5] The notation of sound is a highly subjective experience. The distinction
endurance, frequency and intensity of sounds highly depend on the personal
associations and preferences people have with a certain sound [paragraph
3-4].
[6] The sound record of each measurement point has an endurance of 1
minute.
[7] Isobel map projections are aerial projection applied to sound intensity
(Schafer, 1997).
[8] Sound event maps are aerial projections that measure the distributions
and recurrence of sounds. In other words, it shows the acoustic space of a
sound source; the distance before sound waves reach the ground.
[9] Liander is an energy supplier that delivers energy and gas in the province
of Gelderland.
[10]Note that the numbers are based on a measurement at 28-5-2013 and
not representative for the yearly flow velocity of the Nederrijn and Waal.

5.4 Conclusion
In summary, the river landscape of Overbetuwe was originally
a very dynamic landscape with landscape gradients of
flood plains-natural levees-water basins. The landscape
gradients still dictates current land uses and settlements.
Nevertheless, due organic growth and the introduction
of large scale infrastructure the landscape in the south of
Overbetuwe has become less readable. The presence of large
scale infrastructure and business area makes this part over
Overbetuwe unattractive as recreation area.
In addition the introduction of large scale
infrastructure causes noise nuisance in Overbetuwe that
overwhelms natural and human sound if they are present.
This notation contributes to the statement found in literature
[chapter 3 and 4] that that mechanical sound dominates
acoustic landscape. Nevertheless, the acoustic analyses
gained also new insight that there is hardly any differentiation
in sounds in the landscape. In addition, its present is closely
related to the type of land use and the presence of vegetation
in Overbetuwe. This visual and acoustic appearance of the
landscape can be more or less attractive with the introduction
of renewable energy technologies. Highest local potentials for
renewable energy in Overbetuwe are solar, wind and biomass
energy. In the chapter 6 the acoustic influence of these
technologies on the soundscape of Overbetuwe is discusses in
more detail.
Notes
[1] Fluctuations are cause by differentiation in intensity use over time. At
night less people make use of motorways, while people are stuck in traffic
during rush hours.
[2] Two measurement strips are included in this chapter. The other strips are
enclosed in Appendix B: Acoustic landscape analyses.
[3] Sound Level Meter with a measurement range of 40 to 130 dB and
precision of ± 3.5 dB. Note that the Sound Level Meter measured the ambient
sound intensity and not the sound level of a specific sound source, such as
traffic noise. It is the merging of all acoustic sounds in the environment that

Figure 5-10a Isobel contour map: railroad traffic (author;
Gemeente Overbetuwe, 2007, fig. 17)

Figure 5-10b Isobel contour map: road traffic (authorr;
(Kersteren & Snitselaar, 2009, fig. 2)
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Figure 5-11a Isobel contour map (author)

Aerial projection applied to sound intensity and location of measurementstrip
crossing A15-Tielsestraat (N836)
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Figure 5-11b Sound event map (author)
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Figure 5-11c Visual impression of the measurement sites along the strip
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Figure 5-11d Sound description diagram (author)
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Figure 5-12a Isobel contour map (author)

Aerial projection applied to sound intensity and location of measurementstrip
crossing A15-Tielsestraat (N836)
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Figure 5-12b Sound event map (author)
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Figure 5-12d Sound description diagram (author)
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Renewable energy potentials
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water catchment area (bore-free zone)
Figure 5-13a Energy Potential Map: solar energy (author;
Provincie Gelderland, n.d.-a)

Figure 5-13b Energy Potential Map wind energy (author;
Provincie Gelderland, n.d.-b, -d, -e)

Figure 5-13c Energy Potential Map: bioenergy (author)
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Figure 5-13d Energy Potential Map: water energy (author)
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Figure 5-13e Energy Potential Map: geothermal energy (author;
Provincie Gelderland, n.d.-b, -c, -d, -e)

Figure 5-13f Energy Potential Map: overview of renewable
energy potentials
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6

Acoustic landscape design challenges and strategy for Overbetuwe

Soundscapes are not accidental by products of today’s
society; they are produced on purpose by carrying out
a particular activity in a given environment as has been
indicated in paragraph 5.3. Landscape architectural design
plays an important role in allocating actives to places, since a
spatial design invites activities and therefore sound (Hedfors,
2003). This can result in places that are associated with life
but can also turn in lo-fi environments, such as roadsides of
a motorway. Due a vast increase and intensity of lo-fi sound
produced by machines in current society the connection
with the natural soundscape is disappearing in Overbetuwe.
Schafer (1997) states that our soundscape nowadays not only
tends to obscure natural sounds, but also creates an inhuman
environment.

6.1 Design challenge
Schafer refers with inhuman environments to environments
that produce unpleasant sounds; soundscapes where people
feel uncomfortable in because they are not able to filter
out undesirable sound. In other words people prefer clear
landscapes, where they can recognize sounds and identify
themselves with the landscapes [chapter 3].
In order make a soundscape attractive again design
was focused on noise reduction for a long time [paragraph
4.1]. Nevertheless landscape architects where designing
for the deaf by playing with distance, walls, heights and the
texture of pavements. They aimed to make landscape more
attractive by noise reduction (Blesser & Salter, 2007; Brown &
Muhar, 2004; Schafer, 1997) rather than designing landscapes
that are both visually and auditory attractive.
Accordance to Brown and Muhar (2004) a more
positive focus on acoustic design is needed in order to
create soundscapes that people prefer or consider as
desirable environments. The challenge thereby is to deal
with the dominant noises in an environment in an existing
environment. In other words, a landscape is always inhabited
with sound and landscape architect has to design with the
many sounds are already present that landscape.

6.2 Soundscapes design
Since sound production is closely related to human activities,
the best way of designing is soundscapes is by zoning them
(Brown & Muhar, 2004) in terms of land use of the location
of facilities (Kersten & Noordhuizen, 2011). Designing in
this context means the carefully placing or allowing certain
keynotes, sound signals or soundmarks in a certain zone to
create clear landscapes. Zoning thus creates diversity within
a landscape and gives each zone a unique soundscape. It
helps the designer to create a “sub substantial portion of the
prominent sounds’ progression possessed (…) which could
easily be identified” (Hedfors, 2003, p. 37).
In order to make a zone recognizable for people
a distinction has to be made between foreground and
background sounds. A clear distinction between the two
creates a pleasurable soundscape. In order to create a clear
acoustic zone the acoustic space of foreground sound must
not overlap. Background sounds may overlap, but must
not tend to turn the turn into a lo-fi landscape. Another
way to produce clear landscapes is to take into account the
temporary or lasting nature, rhythm and tempo of foreground
and background sounds.
In order to classify the types of sounds and to turn
them into sound should be defined as a resource (Hedfors,
2003) of which behaviour can be can be influenced in a certain
environment. For influencing of three strategies by spatial
design can be identified in literature: (1) sound reduction, (2)
sound maskering and (3) sound experience.
First, sound reduction includes the prevention of
environments form acoustic pollution by the isolation of
sound vibrations [figure 6-1a]. As already discussed in chapter
4, this can be done by the placing noise barriers in the form
of screens or earthworks or vegetation. Nevertheless, the
creation of distance reduces the sound level.

Second, sound maskering refers to camouflaging an
undesirable sound by a pleasurable sound [figure 6-1b]. In
other words, when a undesirable sound is not to loud it can
be turned into a background noise by overwhelming it with
a pleasurable sound (Brown & Muhar, 2004; Schafer, 1997).
Traffic noise, noise for example, can be overwhelmed by the
noise of a flowing water stream when this one is loud enough
overrule the traffic noise. While reducing the impact of the
unfavourable sound, the sounds that give sense of a place are
preserved. Accordance to Schafer (1997) the preservation of a
soundmark is one of the most important sounds to fight for in
a design, since they reflect the character of a place.
Third, sound experience allows unpleasurable sound
or other sound signals at certain places to create an attractive
and stimulating environment [figure6-1c] (Brown & Muhar,
2004). In order to do this human and mechanical sound must
always grow out to a sublime acoustic experience at a certain
location. This can be done by creating a platform for instance.
Where the first two strategies are can cover a whole zone, the
third strategy can carefully be placed within a zone to create
an unexpected experience.

6.3 Design location
For implementation of the design strategies in Overbetuwe in
the surrounding of Overbetuwe is identified where the impact
of road and railroad traffic has affects the landscape the
most. This is where the sound intensity of the traffic noise is
above 48 dB [paragraph 4.1.1; figure 6-2a/b] and where noise
sensitive facades are located [figure 6-2d]. A comparison of
figure 6-2a/b and 6-2d indicates that the impact of traffic
noise is highest in the south east of Overbetuwe. Although the
intensity of sound here is comparable to other surroundings
in the transport corridor, most noise sensitive facades are
located here. In addition there are new developments are
planned in this area along the motorway and plans for the
widening the connection between Valburg and Ressen to
2x3 lanes will increase the intensity of traffic noise in this
area [paragraph 1.1; figure 6-2a/b/c/e] and will not take into
account the gradients in the landscape [figure 6-1c].
Focussing on the South of Overbetuwe it becomes
clear that the development as indicated in paragraph
5.1.3 of urban on the regional scale, such as urban growth
and changes in the agricultural sector are threatening the
readability of the gradient in the south of Overbetuwe. Figure
6.2e and 6.3i show that urban growth on the natural levee
by Oosterhout (on the border of Overbetuwe and Nijmegen)
threats the quality and readability of the landscape.
Current developments indicate already the appearance
of glass houses [figure 6-3k] and citizen inherits (Dutch:
burgererven) within this area (Gemeente Overbetuwe, 2010).
The urban growth will increase the need for recreational
area which is planned by the expansion of Strandpark SlijkEwijk [figure 6-2d]. That is a place where sand has mined
for the development of the Betuweroute, but now is used
as recreational pond. Meanwhile the expansion of the
motorway creates attractive location for the enlargement and
development of business areas [figure 5-2d; figure 5-3l]
In order keep the landscape make the landscape
gradient in Overbetuwe clear again the design should
contain elements that counters further urbanisation form the
Waalsprong and at the same time the natural gradient in the
area strengths or even reintroduces.
Currently within the area three landscape types can be
indicated: namely flood plains, natural levees and a transition
area from the natural levee to the river basin. The landscape
types form an gradual transition from a relative small scale
landscape along the Waaldijk (natural levee) to an opener and
low laying landscape along the A15 (transition form natural
levee to river basin) [figure 6-2c].
Recent years, the differences between these
landscape types have become less readable, except from the
flood plains. These are still very recognizable in the landscape,
because of the present of the Waaldijk and the fact the flood
plains remained unbuild (flood risk). In contrast appearance

of the natural levee has changed drastically; traditional
orchards with high trunks have been replaced by orchards
with low trunks [figure 6-3a], tree nurseries are introduced
and reparcelling has taken place. This all resulted in the loss of
small scale structures in the landscape such as hedges on the
plot slopes (Dutch: houtwallen).
Since the once relatively dense coulisse landscape on
the natural levee has become an open landscape, also the
transition from natural levee to the river basin has become
less clear. Hence, the intensification of agricultural land
and the introduction of large scale infrastructure in river
basins only strengthened this effect. The intensification
of agricultural land introduced more building farms and
plantings in the open landscape, while infrastructural lines,
including the network of electricity transmission towers,
intersect the landscaping structures [figure 6-3h].
Nevertheless, there some relicts of the natural
levees and the river basins are still present in the south of
Overbetuwe, such as Landgoed Loenen [figure 6-3d/e],
Huis Oosterhout and De Danenberg [figure 6-3c]. Landgoed
Loenen and Huis Oosterhout are real estates, which are
located at the east and west site of the area. Both are
recognizable due the presence of boscages and tree-lined
avenues. Danenberg is a former country seat, which is
located on a site that is elevated (Dutch: woerd). In addition
there are old village centres, such as Slijk-Ewijk [figure 6-3c].
From a top view the structure of these villages stretches
along historical transit roads where (former) farms where
located (Dutch: boerenlint or dorpslint) [figure 6-4a/b]. Other
important structures that are still present are the Waaldijk,
Rietgraaf, Oosterhoutse straat, Griftdijk, Eimerensestraat,
Reethsestraat and Esterveldsche Zeeg [figure 6-4c].
Most important structures were the Waaldijk and
Griftdijk. They formed important transit roads while
protecting the people for flooding at the same time. In
addition the Rietgraaf is an old river bed, which has been
damped and moved during the intensification of agricultural
land in Overbetuwe [figure 6-4c]. The Estervelsche
Zeeg, on the other hand forms a straight ditch that not
has been changed of course. The Oosterhoustse straat,
Eimerensestraat, Reethstraat and Esterveldsche straat
are historic linear structured villages in the area. Of all the
Oosterhouste straat was the most important one, since it
connected Oosterhout and Slijk-Ewijk [figure 6-3f/g].

Acoustic design strategies
natural sound
human sound
mechanical sound

Figure 6-1a Acoustic design strategy: sound reduction (author)
Sound reducion though the isolations of sound waves by noise barriers.

6.4 Design strategy
As figure 6-4c these historic structures are still dictate as long
lines in the landscape. Two directions can be indicated. First
there is the north south direction that follows the transition
from the natural levee towards the river basin [figure 6-4b/d]
Second have a dominant east-west direction indicate the
different gradients of the high and low natural levees parallel
along the river Waal [figure 6-4b/d]. These horizontal lines can
form a basis for acoustic zoning design, since each landscape
gradient is characterized by different land uses and different
sounds.
The first zone that can be identified is situated on the
higher part of the natural levee inbetween the Waaldijk and
the Oosterhoutse straat [figure 6-5a]. This zone is formed
by the presence of Landgoed Loenen, De Danenberg and
Huis Oosterhout. In this zone sound experience will play an
important role.
Second zone is layer on the lower part of the natural
levee, enclosed by Oosterhoutsestraat and the Rietgraaf.
Most important strategy to include in this zone is sound
masking to overwhelm the traffic noise. Nevertheless, further
away from the motorway sound experience can play a more
important role.
Third zone is formed by the agricultural land
inbetween the Eimerensestraat and Reethstraat, which forms
the transition area form the natural levee towards the river
basin. Just as in the second zone sound masking will play an
important role in here.
Although sound masking helps to reduce the impact

Figure 6-1b Acoustic desing strategy: sound masking (author)

Overwhelming of mechanical sound (undesirable sound) by human or natural
sounds (pleasurable sound).

Figure 6-1c Acoustic design strategy: sound experience (author)

Allowance differend sound sources, both pleasurable and unpleasurable, creates   
differentiation in soundscapes and therefore pleasurable experience.
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Figure 6-2a Isobel countour map: railroad traffic (author;
Gemeente Overbetuwe, 2007, fig. 17)

Figure 6-2b Isobel contour map: road traffic (author; Kersteren &
Snitselaar, 2009a, fig. 13; 2009b; fig. 1)

Figure 6-2e Noise sensitive facade map; scale 1:50.000 (author; Kersteren & Snitselaar, 2009a, fig. 13; 2009b; fig. 1)
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Figure 6-2c Landscape type map (author)
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Figure 6-2d Noise sensitive facade map (author; Kersteren &
Snitselaar, 2009a, fig. 13; 2009b; fig. 1)
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Figure 6-3a Overbetuwe landscape (author)

Figure 6-3b Overbetuwe landscape (author)

Country seat De Danenberg (house on the right hand) is situated on a elevation,
but this is not clear in the landscape.

Church of Slijk-Ewijk situated at the Waaldijk.

Figure 6-3c Overbetuwe landscape (author)

Figure 6-3d Overbetuwe landscape (author)

Figure 6-3e Overbetuwe landscape (author)

Figure 6-3f Overbetuwe landscape (author)

Figure 6-3g Overbetuwe landscape (author)

Figure 6-3h Overbetuwe landscape (author)

Figure 6-3i Overbetuwe landscape (author)

Figure 6-3j Overbetuwe landscape (author)

Figure 6-3k Overbetuwe landscape (author)

Figure 6-3l Overbetuwe landscape (author)

Traditional and modern orchards on the natural levee by the Waaldijk.

Connection of Loenense straat (Landgoed Loenen) that is connected to the
Oosterhouste straat.

Urban expansion by Oosterhout.

Oosterhouste straat (Landgoed Loenen/Slijk-Ewijk): an important historical
linear settlement sturcture in the south of Overbetuwe.

Camping situated in the floodplains of river Waal.

Oosterhouste straat (Oosterhout): an important historical linear settlement
sturcture in the south of Overbetuwe.

Apperance of glass houses neer country seat De Danenberg.

Estate Landgoed Loenen situated.

Overview of Betuwe landscape along the A15.

Backside of business area the Grift.
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Figure 6-4a Topographical map

Figure 6-4b Landscape type map (author)

Figure 6-4c Historical llinear structures and elements in Overbetuwe landscape (author)

Figure 6-4d Dominant  linear structures in Overbetuwe landscape (author)
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of acoustic landscape experience, it will not be enough to
protect the noise sensitive facades along the motorway.
Therefore the strategy of sound reduction will be deployed in
surroundings of the motorway.
As figure 6-5b/c/d shows the concept of zoning not
only provides the opportunity to strength the natural gradient
with an acoustic layer but also can gives each zone an unique
soundscape. This can be done by the identification of possible
sound sources within the area. Since mechanical sound made
other natural and human sounds tend to be obscure in the
Overbetuwe landscape, the design tends to decrease the
acoustic experience of mechanical sounds and increase the
occurrence of human and natural sounds in the gradients of
Overbetuwe.

in the south of Overbetuwe. This species are the bat (Dutch:
vleermuis), Steenuil, Grote bonte specht and the Ransuit
(breeding birds). The occurance of bads in Overbetuwe is not
exceptional, but since bat colony (Gewone dwergvleermuis0)
is located in Oosterhout it as the potential to become a
soundmark. The Steenuil, Grote bonte specht and Ransuit
are endangered species (Vries, 2007) that live in orchards
and small scale coulisse landscape at the natural levee in the
south of Overbetuwe. In addition three breeding places of the
Steenuil and one breeding place of the Grote bonte specht are
indentified by Vries (2007) (figure 6-5d).

6.4.1 Human soundscape

In order to let people experience acoustic sounds in
Overbetuwe the mechanical sound has to bed reduced. The
spatial interventions for doing this, as identified in paragraph
4.1.2 are (1) distance, (2) noise barrier, (3) raised or sunken
infrastructure and (4) the use of vegetation. Most effective
spatial interventions for applications in Overbetuwe are
the use of (1) distance, (2) slopes (e.g. sunken or elevated
infrastructure) and (3) vegetation [figure 6-7]. Distance and
slopes can help to increase the openness of the transition
from the natural levee to the river basin. In addition noise
barriers are needed to protect noise sensitive facades along
the motorway. Further away from the motorway vegetation
can strength the coulisse landscape at the natural levee.
Renewable energy techniques can also be used to
strength the acoustic landscape gradient. As indicated the
presence of indicated in paragraph 4.2 solar energy, wind
and biomass energy have highest potential in Overbetuwe. In
addition the introduction of PV panels has no acoustic impact
on the acoustic environment. They can easily be implanted
in at places where the landscape experience strategy will be
applied and since they produce electricity they they can be
installed at greater disctance from the user.
The production of biomass energy introduces
vegetation in the landscape that can increase the amount of
natural sound in Overbetuwe. Nevertheless it also introduces
mechanical sound during harvesting and the generation of
heat. Of all these techniques the conventional wind turbine
is most unsuitable for implementation in the soundscape,
since it produces an unpleasurable sound. Nevertheless, in
comparison to rail road traffic noise is limited. Placement of
wind turbines can therefore be desired for fuelling mechanical
acoustic landscape experience at certain places.

The location of land use is closely related to human
activities (Kersten & Noordhuizen, 2011) and can gives clues
about the kind of human sounds occur where and when at
a certain place. Places that are inhibited by are most of the
places where facilities are present, such as shopping centre
or leisure facilities. This are places where people gather
together and produce human sounds. At places that are less
inhibited human sound is only occasionally present. That is for
example the case by agricultural land use. Although human
sounds occur in many ways, it impossible to specify them in
detail. The differentiations in human sounds are therefore too
similar, since they are all related to human voice and body and
only noticeable by being on site close to the source. Especially
in the acoustic design of Overbetuwe it is not necessary to
make a distinction between human sounds, such as speaking,
call, singing, laughing or groaning, because it concerns just
the presence of human sounds is scarce in general. Only a
few spots that are more inhibited by human sounds could be
indicated. These sounds sources are visualised in figure 6-5b.
The recreational area by Strandpark Slijk-Ewijk, for example,
forms an important cluster for the production of human sound
sources, especially in summer when people gather there for
swimming and other leisure activities. In addition human
sounds are present in visitor centres and camping grounds
and leisure parks. In addition human sounds can also occur
in moving condition along recreational pedestrian and cycle
routes.

6.4.2 Natural soundscape
The identification of natural sounds in the area of
Overbetuwe is less easy to identify. On the one hand it is ever
present by climatic conditions such as wind and rainfall, while
on the other hand animals’ sounds are hard to indicate. They
are not standing still, are constantly moving and influenced
by the rhythms in nature. Nevertheless, just as humans the
living area of animals can be pointed out. By analysing the
habitat preference of animals and inventory where they live
they can be identified as sound sources on a map. Figure 6-5c
shows where animals’ sounds sources are present. The event
maps show hints for the allowance of certain natural sounds
as keynotes, sound signals or soundmarks in each landscape
gradient.
Backgrounds animal sounds are be formed by
mammals that are the hedgehog (Dutch: egel), rabbit (Dutch:
konijn), different mouse [1] and marten species [2] (Vries,
2007). Sounds produced by breed birds that are present
in the area are characteristic for agricultural landscapes in
the Netherlands. The means that the sounds produced by
the following species can be indicated as sound key sounds
or sound signals: Boerenzwaluw, Huiszwaluw, Graspieper,
Gele Kwikstaart, Kneu, Huismus, Spotvogel and Patrijs [1]
(Vries, 2007). Amphibians, such as the frogs [4], can also
become sound signals since they are foreground sounds.
Sound marks refer to a beacon sound that mark a certain
place in the landscape, is highly recognizable and in contrast
with other elements in the landscape. Such sounds can be
formed by animals that are endangered or scarcely present

6.4.2 Mechanical soundscape

6.5 Conclusion
In summary, acoustic design is not about quoting landscapes
or banning out mechanical sound. Instead it focuses at
special places where the opportunity exists to reduce, mask
or experience certain sounds in order to increase human
enjoyment. In addition Schafer argues that “the simple and
only theme of the acoustic designer is to let nature speak for
itself” (Schafer, 1997, p. 247). Three strategies are identified
for dealing designing soundscapes, namely by (1) sound
reduction, (2) sound maskering and (3) sound experience.
Zoning plays an important role by the implementations of
these strategies in order to strength the qualities that are
already present in a soundscape. In Overbetuwe a zoning can
be introduced by following the natural gradient that the long
historical lines that are present in this river landscape. Zoning
provides here not only provides the opportunity to strength
the natural gradient with an acoustic layer but also can gives
each zone a unique soundscape. Since mechanical sound
made other natural and human sounds tend to be obscure
in the Overbetuwe landscape, the design tends to decrease
the acoustic experience of mechanical sounds and increase
the occurrence of human and natural sounds in the gradients
of Overbetuwe. The focus hereby is on natural sounds. This
is since it’s the appearance of different type animal sounds
can easily be created within the different landscape zones.
In Overbetuwe the bad and three endangered breeding bird

species have the potential to become soundmarks. In addition
to mechanical noise can best be reduced by the creation of
distance, the use of slopes and vegetation. Mechanical sounds
produced by an solar, wind and bioenergy technologies
can give an extra dimension to the landscape experience in
Overbetuwe since it provide both silence and mechanical
experience. The zoning strategy, as discussed in this chapter
forms the basis of the landscape architectural design that is
(mostly) visually represented in chapter 7.
Notes
[1] Dutch names of mouse species that live in Overbetuwe are Veldmuis,
Huisspitsmuis, Bosmuis and Rossewoelmuis (Vries, 2007).
[2] Dutch names of marten species that live in Overbetuwe are Bunzing and
Hermelijn (Vries, 2007).
[3] The summation exists out of several Dutch names of breeding bird species
that live in south Overbetuwe.
[4] Dutch names of frog species that live in Overbetuwe are Bastaardkikker,
Gewone pad en Bruine kikker (Vries, 2007).
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Figure 6-7 Design principles for traffic noise

Most effective spatial intervantions for application in Overbetuwe are the use of
(1) distance, (2) slopes and (3) vegetation. A combination is most effective.
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30°
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short transport distance

Windturbine
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[table 4-2]

Figure 6-7 Design principles energy technologies (author)

Implementation criteria for photovoiltaic, bioenergy production and windenergy.
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Figure 6-5a Identification of different soundscape (zones) in the landscape of South Overbetuwe (author)

Figure 6-5b Sound event map: mechanical soundscape (author)

Figure 6-5c Sound event map: human soundscape (author)

Figure 6-5d Sound event map: natural soundscape (author)
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Resounding Overbetuwe

The design represented in this chapter proposes a possible
future for the development of a sustainable transport corridor
in Overbetuwe. It concerns a research-based-design that
challenges the implementation of energy technologies
Overbetuwe, but also aims the acoustic quality in the
surroundings of the A15 and Betuweroute.

7.1

river bassin

natural levee
(low)

natural levee
(high)

flood plains

Concept

Based on the historical lines of the natural gradient that is
present in Overbetuwe, it is argued that the natural gradient
can be strengthening with an acoustic layer [figure 7-1a].
In other words, this design aims to reintroduction a natural
gradient, whereby energy technologies (solar, wind and
biomass energy) are used for the generation of a pleasurable
acoustic experience. [figure 7-1b].
The natural gradient will be strengthened by making
the transition from a coulisse landscape at the natural levee
to the open field in the river basin clear again. Therefore three
zones are identified.
Seen from the river Waal, first the estate zone is
identified as natural gradient. In this zone two estates and
a former country seat are present. By expansion of existing
boscages and te introduction of new levelled hedges (Dutch:
houtwallen) the returns the small scale on the natural levee
and produce organic waste (punning’s).
As Second, the traditional orchard, which is characteristic for
Overbetuwe, is reintroduced in the form of energy orchard
[figure 7-2]. The orchard provides a pleasurable acoustic
experience since it a slope covers traffic noise where PV
panels are situated. In addition orchard trees form is living
habitat for different breeding bird species, such as the
Steenuil.
Third zone, the open field, covers the transition from
the natural levee to the river basin. Here energy crops are
harvested and can people experience the mechanical sound of
a wind turbine.

Figure 7-1a Traditional natural gradieint in the riverlandscape of Overbetuwe (author)

open field
zone

orchard
zone

estate
zone

Figure 7-1b Concept: reintroduction van de natural gradient (author)

Strengthening of the natural gradient with an acoustic layer, whereby energy technologies (solar, wind and biomass energy) are used for the generation of an
pleasurable acoustic experience.

Figure 7-2 Concept: an acoustic gradient in a sustainable transport corridor
The acoustic gradient exist out of an open field zone (river basin/low natural levee), orchard zone (natural levee) and estate zone (natural levee). Each zone provides its key sounds, sound signals and soundmarks.
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7.2 Landscape plan
Figure 7-3 and figure 7-4 show the implementation of the
zoning strategy, as discussed in chapter 6, in the landscape
of Overbetuwe. Most important structures in this design are
Waaldijk, Oosterhoutse straat and Rietgraaf since they form
the borders between the estate, energy orchard and field
zone.

The energy orchard is most important, since it provides
the highest differentiation in acoustic experience and forms
a buffer against the urbanisation from the Waalsprong. The
differentiation in the orchard zone is highest since it is living
habitat for different animal species and is surrounded by other
zones that produce mechanical and human sounds, such as
the recreation pond [figure 7-5].
Energy provision is delivered by each zone. Together
they produce a total energy amount of 516.9 TJ [figure 7-6].

Since Overbetuwe has the ambition to be energy neutral, and
thus self-sufficient by 2030 and the landscape plan provides a
design based on closing energy cycles. In other words, energy
and water flows are combined in other to match supply and
demand as much as possible within the region. As residual
kitchen waste (e.g. fruit and vegetables), organic waste en
black water stream will be pumped towards the anaerobic
digestion installation (Zeeman et al. 2008). At the anaerobic
digestion installation, biogas will be produced. The CHP

(combined heat and power) will burn the biogas to produce
electricity and heat. Heat will be used for the heat distribution
network and for direct application at the digestion
installation. The still polluted water coming from the digester
will be treated with magnesium to recover phosphorus in the
form of struvite (Zeeman et al. 2008). Struvite can be used
as fertilizer for agricultural practise (Green et al. 1988). The
anaerobic digester, ATEZ and CHP are located in the east of
Overbetuwe.

c

b

a

Figure 7-3 Landscape plan 1:25.000 (author)
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Figure 7-5 Sound event map: landscape plan (author)
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The legenda is included at page 26.
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Figure 7-4 Design strategy (author)

Dominant long structured lines form the basis for the implementation of an acoust gradient in the South of Overbetuwe.
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black water

Figure 7-6 Energy flow diagram (author)

In total the design delevers an energy provison of 516.9. Calculations for this assumption are included in Appendix C.

heat
ATES

7.3

Site design

The site design and design detail [figure 7-7; figure 7-10]
indicate more precisely the strengthening of the landscape
gradient in Overbetuwe. Near Danenberg a new coulisse
landscape has been introduced [figure 7-8]. Agricultural land
has been replaced by a stronger structure of energy orchards
and an open field has been realised [figure 7-11]. To deal with
the noise nuisance of the large scale infrastructure sound
barriers and a slope with elephant grass [figure 7-9] are
introduces there were noise sensitive facades or activities are
located. In conclusion are all the zones connected by a foot/
cycle path which stretches from the river plains to Elst. Along
this path different sound sources can be experienced.

Site plan
residential area
grassland (natural levee/riverbasin)
grassland (flood plains)
boscage/wood
arable land
water surface (river/pond)
energy crop field
energy crop field
energy crop field
river dunes
historical occupations site
elephant grass
motorway (A15/A50/A325)
railway
high voltage network
local road
predrestian/cycle path
cycle bridge
ditch (A15/A50/A325)
housing
orchard
tree line
Figure 7-7 Site design 10.000 (author)
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Figure 7-8a Estate zone: current situation (author)

Figure 7-8b Estate zone: future situation (author)

Keynote sound

Gewone dwergvleermuis

Figure 7-8b Estate zone: section 1:1000 in length and 1:500 in height (author)
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Figure 7-9a Field zone: current situation (author)

Figure 7-9b Field zone: future situation (author)

Keynote sound

Boerenzwaluw
Keynote sound

Wind turbine
Sound signal

Agricultural motorized
vehicles

Figure 7-9b Field zone: section 1:1000 in length and 1:500 in height (author)
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Figure 7-10 Design detail 1:2000 (author)
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7-11a Energy orchard zone: current situation (author)

Figure 7-11b Energy orchard zone: future situation (author)
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Figure 7-11c Energy orchard zone: section 1:1000 in length and 1:500 in height (author)
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Discussion

This bachelor thesis focused on acoustic landscape experience
in sustainable energy landscapes and how these could be
improved by landscape architectural design. Although
most literature is focused on noise pollution by traffic,
this thesis tried to encourage a more positive approach to
sound. In other words, it aimed to explore how a landscape
architectural approach can contribute to pleasurable acoustic
experience while taken into account the impact of renewable
energy technologies on the acoustic environment.
This topic turned out t0 be relevant for landscape
architecture since the traditional focus within the discipline of
landscape architecture was on scenic quality and there is need
for a better integration of aesthetics and en environmental
psychology into the shaping of sustainable energy
landscapes.
Although the initial idea of this thesis was to show how
a landscape architectural design can contribute to pleasurable
acoustic experience, it turned out that is impossible since
acoustic landscape experience is highly subjective. It depends
on personal preference and people’s associations with a
certain landscape or sound in particular. In addition the time
and place also play an important role in acoustic landscape
experience.
In order to ground the design interventions of de
proposed design in this thesis an acoustic landscape analysis
has been conducted. The purpose of this acoustic analysis was
not only conduct an impression of the current soundscape,
but also to minimize the effect of subjectivity within this
report. By the comparison of sound description diagrams for
example could be stated why certain sound sources produce a
lo-fi or hi-fi system and why they are more or less preferred by
the human ear. Nevertheless, since the observations are still
taking by one person and not repeated of time they can still
be qualified as subjective.
In an addition the research lacks in a multisensory
analysis to capture the whole landscape experience. Although
the visual landscape experience is partly taken into account
the presents other features, such as smell is necessary to
determine the whole landscape experience.
Due limitation in time, this report furthermore does
not contain a field analyses of differentiation in soundscapes
in gradients. The same applies for the effectiveness of
spatial interventions to noise reduction and impact of
different renewable energy techniques. All are covered by
secondary literature research, but field acoustic analyses
should contribute to valuable conclusions about the changes
in sounds in place and time. Such numbers would have
strengthened the statement and proposed design of this
thesis.
Since the design interventions are only based on
theory, it is hard to forecast if the proposed design actually
contributes to a more pleasurable experience is. More
research and acoustic landscape analysis to the performance
of executed acoustic designs are needed to determine
its effectiveness. Such research should not only exist of
intensity measurements, but also value judgement should
be taken into account. This can be done by asking the users
of the acoustic design to comment on sounds they are. By
visualizing these into sound event maps can be indicated
which sounds take place where and are less or more preferred
by others. Such maps only show hint for acoustic design
improvement. By doing so it can be guaranteed that an
acoustic design can provide a pleasurable acoustic experience
over time.
Despite of the limitations of this research the
knowledge gathered in this report can be valuable for our
discipline since the topic of soundscapes has hardly been
studied in landscape architecture so far. Let alone that
acoustic experience has been associated with the acoustic
impact of sustainable energy technology. This report can be
therefore be interpreted as a first attempt to bring knowledge
about acoustic landscape experience in relations to the topics
of traffic noise en renewable energy technologies together.
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Conclusion

This thesis started a fascination for soundscapes and aimed
to explore the possibilities of landscape architecture to
contribute the development of a sustainable transport
corridor, with large scale-infrastructure and renewable energy
technologies, which fosters visual and acoustic experience in
Overbetuwe.
In order to design such sustainable transport corridor it
has been argued that landscape architects should participate
on the implementation of renewable energy sources, but also
aim the acoustic landscape quality.
This quality is determined by soundwaves that are produced
by natural, human or mechanical sound sources, which all
produce their own soundscapes. The appreciation these
soundscapes is highly depending on audio-visual interactions
and personal preferences. They can be perceived as keynote
sound, sound signal and soundmark. Of all these soundscapes
the mechanical soundscape is the most polluting one since
it produces lo-fi sounds which overwhelm the natural and
human soundscape.
The mechanical soundscape are most of the time
produces by motorized vehicles. In Overbetuwe the
mechanical soundscape is dominated by road traffic noise
and rail traffic noise. In order to reduce this noise legislation
has been formulated in terms of spatial interventions and
risk zones. Most effective spatial interventions against traffic
noise are the creation of distance, noise barriers and the use
of slopes or sunken infrastructure. The presence of vegetation
is less effective as spatial intervention for noise reduction,
but also reduces air pollution and has positive impact on the
landscape experience of both motorist and residents.
In addition the impact of renewable energy
technologies has been taken in account. Since the
Netherlands limits hydropower resources [2] and does not lie
in a region of great potential for deep geothermal [1], biomass
is one of the leading renewable energy sources. Other leading
energy sources are solar, wind and heat–cold storage and
a heat exchanger. Of all these techniques the conventional
wind turbine is most unsuitable for implementation in the
soundscape, since it produces an unpleasurable sound. Most
silent are the solar panel and thermal heat exchanger: they
are noiseless and can be in the river landscape of Overbetuwe
without changing the soundscape.
Originally the landscape of Overbetuwe was dynamic
landscape with clear landscape gradients of floodplains,
natural levees and water basins. Nevertheless, due organic
growth and the introduction of large scale infrastructure
the landscape in the south of Overbetuwe has become less
readable. The presence of large scale infrastructure and
business area makes this part over Overbetuwe unattractive
as recreation area.
In addition the introduction of large scale
infrastructure causes noise nuisance in Overbetuwe that
overwhelms natural and human sound if they are present.
This notation contributes to the statement found in literature
that mechanical sound dominates acoustic landscape.
Nevertheless, acoustic analyses gained also new insight that
there is hardly any differentiation in sounds in the landscape.
In addition, its present is closely related to the type of land
use and the presence of vegetation in Overbetuwe. This visual
and acoustic appearance of the landscape can be more or
less attractive with the introduction of renewable energy
technologies. Highest local potentials for renewable energy
in Overbetuwe are solar, wind and biomass energy and are
implemented in the acoustic design of Overbetuwe.
The design as proposed in this thesis not about quoting
landscapes or banning out mechanical sound. Instead it
focuses at special places where the opportunity exist to
reduce, mask or experience (design strategies) certain sounds
in order to increase human enjoyment. Zoning plays an
important role by the implementations of these strategies in
order to strength the qualities that are already present in a
soundscape. For Overbetuwe a zoning has been introduced
by following the natural gradient and long historical lines
that are present in this landscape. Zoning provides here
not only provides the opportunity to strength the natural
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gradient with an acoustic layer but also can gives each
zone a unique soundscape. Since mechanical sound made
other natural and human sounds tend to be obscure in the
Overbetuwe landscape, the design tends to decrease the
acoustic experience of mechanical sounds and increase the
occurrence of human and natural sounds in the gradients of
Overbetuwe. The focus hereby is on natural sounds; since it’s
the appearance of different type animal sounds can easily be
created within the different landscape zones. In Overbetuwe
the bad and three endangered breeding bird species have the
potential to become soundmarks. In addition to mechanical
noise can best be reduced by the creation of distance, the use
of slopes and vegetation. Mechanical sounds produced by
an solar, wind and bioenergy technologies can give an extra
dimension to the landscape experience in Overbetuwe since it
provide both silence and mechanical experience.
The zoning strategy, as applied in this report has
resulted in a landscape architectural design that contributes
to the development of a sustainable energy transport corridor
by the implementation of renewable energy technologies
in the design, which together can largely foresee in the
energy provision of 500 TJ. In addition the design is in theory
able foster to pleasurable acoustic landscape experience.
Nevertheless its effectiveness is highly depending on
personal preference and people’s associations with a certain
landscape or sound in particular. Since it total reduction of
traffic noise is impossible it will always be present in the
landscape. Nevertheless, the design proposed in this thesis
has proven that zoning strategies can create differentiation
in soundscapes and therefore for a more pleasurable acoustic
experience.
In addition to this remark is has to be mentioned that
the design proposed as proposed in this is thesis based on
landscape characteristics and local circumstances of the
Overbetuwe landscape. Since this is the case and soundscape
differs in time and space, it is impossible to give a one set
approach for designing soundscapes in general. Nonetheless,
the given framework for the development of an acoustic
design can be used as a guide for further research, which is
important since (traffic) noise pollution and energy provision
are important topics. That we, as landscape architectural
designers, should not lose out of sight.

Reflection

Since energy has become a more increasingly important
factor in the planning and design discipline, I choose
Betuwe+ as topic for my bachelor thesis. I think this
assignment has provided a nice opportunity to convey
knowledge and experience about how to design both
sustainable energy landscapes and soundscapes.
Since my fascination was mostly concerned with about
the contradiction between the dominating sounds and the
visual appearance of the landscape itself I could directly link
my topic to the landscape of Overbetuwe where traffic noise
is omnipresent. Nevertheless, out of the literature study it
became clear to me that the topic I had chosen is not a simple
one. An extensive literature was needed to discover how a
to design soundscapes and how to implement renewable
energy technologies. Therefore I think I demonstrated my
competences regard to academic knowledge and skills during
my bachelor studies. That is, that I have to prove that I can
independently conduct a (literature) research for design.
Although I think I have become acquainted with the
notation and strategies for developing an acoustic design,
I have doubts about integration of energy technologies
into the narrative my design the design. To put it in another
way, I had the feeling that it was not my first design task
to generate 500 TJ energy, but to accommodate acoustic
landscape experience in the surroundings of the large scale
infrastructure in Overbetuwe. This was one of the troubles
where I had to struggle with during my research and design
process.
		 During both midterm and final presentation I
therefore had some problems with conveying my ideas to
the public. Therefore I don’t think I have achieved one of
my learning goal to improve my oral presentations skills.
Although I was not nervous for my presentations, I think I
could have present more confidently and prepared.
Nevertheless this was not the case though bad time
management. In my previous design processes I always
wasted time by postponing decisions, this was not the case
during my thesis studies. Instead I think I had a quite good
time management, but I got time trouble due technical
problems when visualizing. This was for example the case by
the assembling of this report.
The technical difficulties led to the fact that I have
improved both my digital- and hand-drawing skills. I was
forced to not digitalize everything but to hand draw certain
figures that are included in this report. In addition I learned
how more about working with Adobe Photoshop, Adobe
Illustrator and Adobe InDesign. Especially this last program
still seems to surprise me with new tools en functions.
One of my most important personal learning objectives
by writing this thesis was to improve my English writing skills.
Since the common language in the master programme is
English I thought the writing of this Bachelor thesis would be
a nice opportunity to practise my this skill. Although I think
my essay skills are fine, I still have to make progress with
structure and style. I have improved my writing skills during
the last 10 weeks, I but still need to work on sentence building
since I discovered that the flow of sentences sometimes is
disturbed by faulty punctuations and word order. I think I
have to keep on writing to improve this skill, but this bachelor
thesis was a good start to do so.
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Appendix A: Energy consumption
Tabel A-1 shows that in Overbetuwe the total gas use is about
2.536 TJ in 2010. For electricity that is 772 TJ.
The numbers are based on inventarisation of Rijkswaterstaat
in 2010, which calculated the energy consumption per use in
Overbetuwe.
Since energy consumption by transport is
transboundary the total energy consumpty has to be
calculated with average energy consumption numbers
of the Netherlands. In the Netherlands the total energy
consumption by the transport sector is 492 PJ (= 492.000
TJ) (Action Aid, n.d.) by a total of ≈ 16.500.000 citizens.
Overbetuwe exist out of ≈ 46.500 citizens [1] so the total
energy consumption by the transportsector is (492.000 /
16.500.000) • 46.500 = 1386,54 ≈ 1.387 TJ
Considering the gas, electricity and transport energy
consumption the total amount of energy results in 722 +
2.536 + 1.387 = 4.696 TJ in 2010. It is likely that this number
differs from the actual energy consumption nowadays, since
the used data is based on measurements done in 2010.

Table A-1: Energy consumption within the municipality of Overbetuwe in 2010 (Rijkswaterstaat, 2010)
sector

gas

electricity

housing

37.495.500

m3

66.956.250

kWh

commercial services

16.105.770

m3

73.201.851

kWh

public services

4.424.096

m3

17.183.027

kWh

industry

1.271.101

m3

39.516.185

kWh

building industry

1.108.116

m3

5.087.120

kWh

agriculture

4.009.830

m3

9.172.512

kWh

other sectors

609.456

m3

3.379.883

kWh

total

65.023.869

m3

214.496.828

kWh

2.535.930.891 MJ

772.188.581

MJ

2.535.931

GJ

772.189

GJ

2.536

TJ

772

TJ

Notes
[1] In 2010 Overbewe consisted of 45.566 citizens (Gemeente Overbetuwe,
2013). Anno 2013 that is 46.536 citizens (Gemeente Overbetuwe, 2013).
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Appendix B: Acoustic landscape analyses
Crossing A15-Kerkstraat

52.4 dB

Figure 5-3 Isobel contour map (author)

Aerial projection applied to sound intensity and location of measurementstrip
crossing A15-Tielsestraat (N836)

69.6 dB
75.6 dB

71.3 dB
Figure 5-5 Visual impression of the measurement sites along the strip
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Crossing A15-Wageningse straat (N836)

80.8 dB

81.1 dB

Figure 5-3 Isobel contour map (author)

Aerial projection applied to sound intensity and location of measurementstrip
crossing A15-Tielsestraat (N836)

74.7 dB

67.1 dB
Figure 5-5 Visual impression of the measurement sites along the strip
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Crossing A15-Bredestraat-Zuid

65.3 dB

77.4 dB

77.2 dB

73.2 dB
Figure 5-5 Visual impression of the measurement sites along the strip
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Figure 5-3 Isobel contour map (author)

Aerial projection applied to sound intensity and location of measurementstrip
crossing A15-Tielsestraat (N836)

Crossing A50-Waaldijk

80.8 dB

70.4 dB

Figure 5-3 Isobel contour map (author)

Aerial projection applied to sound intensity and location of measurementstrip
crossing A15-Tielsestraat (N836)

72.1 dB

79.4 dB
Figure 5-5 Visual impression of the measurement sites along the strip
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Crossing A50-Tielsestraat (N836)

73.2 dB

77.0 dB

Figure 5-3 Isobel contour map (author)

Aerial projection applied to sound intensity and location of measurementstrip
crossing A15-Tielsestraat (N836)

81.7 dB

78.8 dB
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Crossing A50-Weteringsewal

82.1 dB

80.6 dB

Figure 5-3 Isobel contour map (author)

Aerial projection applied to sound intensity and location of measurementstrip
crossing A15-Tielsestraat (N836)

69.9 dB

80.8 dB
Figure 5-5 Visual impression of the measurement sites along the strip
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Appendix C: Calculations energy flow diagram
Table C-1 Energy provision by solar energy technologies (author; KNMI, n.d.; MacKay, 2009; Weijers & Groot, n.d.)
technology

power

sunhours

thermal solar panel

53 W/m2

W/m2

0,053

kWh/m2

1600

h/y

0

m2

0

GJ/y

0

TJ/y

photovoiltaic

20 W/m2

W/m2

0,02

kWh/m2

1600

h/y

7000

m2

224000

GJ/y

224

TJ/y

zowab collector

0,8 GJ/m2

GJ/m2

222,22

kWh/m2

1600

h/y

0

m2

0

GJ/y

0

TJ/y

a

area

b

energy

c

d=axbxc

e=d/1000

Table C-2 Energy provision by wind energy technologies (author; Agentschap NL, n.d.; Haan et al., 2007)
technology

axis/mast
height

rotor
diameter

Power

power

load hours

amount

energy

TJ/y

a

b

c

d=axbxc

e=d/1000

Turby

?

m

?

m

1,5 kW

kW

1,5

kWh

0,0054

GJ

2200

h/y

50

594

GJ/y

0,6

TJ/y

Windturbine

40

m

52

m

850 kW

kW

850

kWh

3,06

GJ

2200

h/y

0

0

GJ/y

0

TJ/y

Windturbine

70

m

90

m

2,5 MW

kW

2500

kWh

9

GJ

2200

h/y

0

0

GJ/y

0

TJ/y

Windturbine

120

m

124

m

5-6 MW

kW

5500

kWh

19,8

GJ

2200

h/y

5

217800

GJ/y

217,8

TJ/y

Table C-3 Energy provision by energy crops (author; Garcia, Mathijs, Nevens, & Reheul, 2003; Warmerdam, Ismail, & Koop, 2011)
energy crop

energy
content

bruto
energy

energy
loss
(harvest)

netto
energy

Area

energy

a

b

c=b-a

d

e=d-c

f

g=fxe

h=g/100

wheat

wintertarwe

6,8

ton/ha/y

17

GJ/ton

115,6

GJ/ha/y

16

GJ/ha/y

99,6

GJ/ha/y

75

ha

7470

GJ/y

7,47

TJ/y

suger beet

suikerbiet

14

ton/ha/y

18,5

GJ/ton

259

GJ/ha/y

16

GJ/ha/y

243

GJ/ha/y

75

ha

18225

GJ/y

18,225

TJ/y

patato

aardappel

9,8

ton/ha/y

15,2

GJ/ton

148,96

GJ/ha/y

30

GJ/ha/y

118,96

GJ/ha/y

75

ha

8922

GJ/y

8,922

TJ/y

repeseed

koolzaad

3,1

ton/ha/y

27,63

GJ/ton

85,653

GJ/ha/y

14

GJ/ha/y

71,653

GJ/ha/y

75

ha

5373,975

GJ/y

5,373975

TJ/y

maize

mais

15,2

ton/ha/y

17

GJ/ton

258,4

GJ/ha/y

12

GJ/ha/y

246,4

GJ/ha/y

75

ha

18480

GJ/y

18,48

TJ/y

elephant grass

olifantengras

12

ton/ha/y

17

GJ/ton

204

GJ/ha/y

19

GJ/ha/y

185

GJ/ha/y

15

ha

2775

GJ/y

2,775

TJ/y

willow and poplar (fertilized)

wilg en populier
(bemest)

10,8

ton/ha/y

18

GJ/ton

194,4

GJ/ha/y

13

GJ/ha/y

181,4

GJ/ha/y

0

ha

0

GJ/y

0

TJ/y

willow and poplar (unfertilized)

wilg en populier
(onbemest)

18,8

ton/ha/y

18

GJ/ton

338,4

GJ/ha/y

11

GJ/ha/y

327,4

GJ/ha/y

0

ha

0

GJ/y

0

TJ/y

Harvesting timber and prunings of
ochards

18,8

ton/ha/y

8

GJ/ton

150,4

GJ/ha/y

11

GJ/ha/y

139,4

GJ/ha/y

90

ha

12546

GJ/y

12,546

TJ/y

Harvesting timber and prunings of
boscages

18,8

ton/ha/y

8

GJ/ton

150,4

GJ/ha/y

11

GJ/ha/y

139,4

GJ/ha/y

6

ha

836,4

GJ/y

0,8364

TJ/y

6,8

ton/ha/y

13,5

GJ/ton

91,8

GJ/ha/y

16

GJ/ha/y

75,8

GJ/ha/y

0

ha

0

GJ/y

0

TJ/y

Reed
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dry
matter

riet

