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ABSTRACT

Soundscape starts from human’s perception and
understanding of users’ needs and expectations of
a space in an un-visual observation and expression
form. Similar to visual landscape, soundscape cost-
benefit can be rather attractive. However, how to
integrate soundscape approaches into landscape
design has not been sufficiently understood or
applied by designers and practitioners. This

paper aims to discuss the roles of soundscape
approaches in landscape design by exploring the
research outcomes, national policies, and the
state-of-the-art design practice especially across
the UK. The design elements of landscape have
been demonstrated to be able to form positive
soundscape in terms of both noise barrier and
positive sound source, although there is still a

lack of research on soundscape approaches in
landscape design. Besides, relevant policies
should encourage appropriate soundscapes and
diversity of soundscapes in both urban and rural
areas, which could provide more possibilities for
landscape designers to create innovative design
solutions for noise problems. The landscape
design options need further development through
collaboration and innovative thinking so that a
greater variety of solutions can be implemented.
Soundscape approaches are those which take into
account interests of different groups, including
transport authorities and developers. Coordinated
solutions can be defined with the help of landscape
and urban architects to fulfil stakeholders’ interests
by creating a desirable urban soundscape.

KEYWORDS
Soundscape Approach; Landscape Design; Sound
Masking; Perception; Acoustic Environment
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1 Introduction

The concept of soundscape is originally rooted in the research
fields of music and Acoustic Ecology, where in the 1970s
Raymond Murray Schafer compared the world to a musical
instrument or a composition and referred to the concept of
“tuning of the world,” suggesting that humans are responsible
for the sonic environment to achieve a kind of state of
harmony'". Academic research on soundscape has emerged since
the early 21st century, spreading quickly to other disciplines,
including Acoustics, Architecture, Environmental Health,
Psychology, Sociology, and Urban Studies. The soundscape
approach refers to the holistic approaches to perceiving and
conceiving the surrounding sounds'". In acoustic domains,
researchers are interested in evaluating acoustic environment
quality from the perspective of human perception (e.g.,
pleasantness, naturalness, and annoyance). Cross-modal
perception”, especially aural-visual interaction, is considered in
the evaluation, which can induce more comfortable perception
and associated feelings of sonic environment. Multiple sounds,
rather than one sound, are studied in soundscape, considering
the interruption among the sounds in terms of auditory
perception (e.g., auditory masking). Distinguishment of
sounds in a global sonic environment is studied in domains

of identification and taxonomy of sound events. Sounds are
evaluated from both positive and negative aspects, regarding
sounds as design elements along with noise control. Soundscape
mapping intends to map the sonic environment quality values
by weighing more factors of human perception than purely
numbers of sound levels. Moreover, Soundscape Ecology is

also employed in the studies on biodiversity, ornithology, and
ecological well-being assessment. The fruitful research outcomes
may contribute to providing theoretical guidance to more fields
such as landscape design and planning, noise management,
transport design, and cultural heritage protection.

Users of spaces are active perceivers in daily soundscapes.
The users prevent themselves from being annoyed and adapt
their expectation when they are familiar with the compositions,
patterns, and changes of the soundscape. Defensiveness and
conflicts may occur when an accident or interruption disturbs
this complex chain of sound perception. Individual’s acoustic
comfort is moderated by their perception (both conscious and
subconscious) as well as psychological and biological responses.
In general terms these responses are managed through intention,
attention, and immediate action, and pro-action. These
interdependencies make soundscape approaches more complex
than traditional noise control methods.
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Soundscape approaches can be considered an investment.
Similar to visual landscape, soundscape can be rather attractive
regarding cost-benefit, by attracting people, business, and
economic activities, adding value in property, human health, and
restoration, and generally and foremost well-being and quality
of life™"! which could be proved from the good soundscape
design examples in Europe!®. Traditional noise control methods
concentrate on the sound pressure levels, and their conformity
with regulations and implementation standards of the control
of noise pollution. However, positive soundscape and urban
greenery design are more sustainable and ecological solutions
with a focus on the value of urban environment improvement to
attract residents, business, workforce, and market forces, instead
of purely reducing noise levels™.

Soundscape and visual landscape are highly connected
and can be contexts for each other. Emergent soundscape
studies are rapidly contributing innovative evidenced design
practices to soundscape approaches in landscape architecture
theoretically. Soundscape management has been also
demonstrated to improve the landscape quality in urbanized
areas by reducing the masking effects of urban noise on
organism communication, and furthermore, encouraging the

urban organism habitats"*!,

2 Soundscape Principles

2.1 Soundscape Contexts
The recently agreed International Organization for
“[the]

acoustic environment as perceived or experienced and / or

Standardization (ISO) definition of soundscape —

understood by a person or people, in context” — identifies
the importance of context in the measurement and evaluation
of the acoustic environment. Context is the physical place
where the acoustic environment exists, and it “includes the
interrelationships between person and activity and place, in
space and time... and may influence soundscape through 1) the
auditory sensation, 2) the interpretation of auditory sensation,
and 3) the responses to the acoustic environment.”"”’

Currently, most of concerns on sonic environment focus on
noise level reduction without considering context. However,
increasing research evidences show that the sound levels are
not sufficient or straightforward for a high quality acoustic
environment, strongly evidenced by the research on aviation
noise'' """, Visual context, sound preference, meaning of sound
sources, user expectation, and masking effects between unwanted
and wanted sounds significantly influence human responses to

sonic environment.
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Fountains in the Sheaf
Square in Sheffield,
UK. The water feature
of the steel barrier
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sound generator for
masking. Significantly
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can be observed on the
two sides of the steel
barrier.
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2.2 Promoting Positive Sounds and Effective Sound Masking
Soundscape approaches recognize sound as an environmental
resource. It is essential to consider sounds in a positive way,
which creates more opportunities in improving the acoustic
environment with multiple sound sources.
Sound masking, one of the most significant daily-life hearing
phenomena, has been proved to have considerable effects on
the quality of soundscape'?. Masking means inaudibility or
partial inaudibility of (a) sound(s) due to the interruption of
another sound(s), which is frequently explained and explored
in Psychoacoustics. Although masking effects may not
reduce perceived loudness directly, it can significantly reduce
annoyance of road traffic noise and improve the naturalness

1 Masking unwanted sounds

and pleasantness of soundscape
by wanted sounds is widely accepted as a design technique in
soundscape design'"*""%, It is also feasible to enhance specific
natural or artificial sounds, or mask undesirable sounds by

superimposing other more interesting sounds (Fig. 1).

2.3 Soundscape and Visual Landscape

Spatially, soundscape and visual landscape are highly
connected. Diverse landscape elements as sound sources exist in
outdoor spaces, and the spatial sound viability is mainly shaped
by visual landscape attributes'”.

People have different sound preferences in different spatial
scenarios. In general, natural sounds are ranked on top in
sound preferences'"’. The natural sounds from water and

foliage, commonly-used in landscape design, are believed more

S
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desirable!"”’. Meanwhile, soundscape is highly connected with
visual landscape as context, significantly influencing the human
experience in spaces””*". The origin and intensity of the acoustic
signals can reflect the structure and spatial configuration of the
visual landscape. Sound attributes can characterize landscapes
as complex systems, showing both variability and diversity of
landscape in their sources'"®”. From the temporal perspective,
sound is a reflection of the daily cycle of anthropogenic
activities, biological process, and natural phenomena, which
produces sounds as “messengers” of the landscape.

Soundscape also contributes to the description and analysis
of the “observer-based landscapes”!"”. From a biological point
of view, both acoustical and visual cues can assist individual
organisms (including humans) to sense, perceive, and utilize
physical spaces.

Diverse landscape elements as geophony sources exist
in urban and rural green spaces. Vegetation in green spaces
provides habitats for sound-producing organisms (biophony)
and acts as both sound absorbers and sound sources (e.g., wind
goes through leaves).

Visual landscape also influences soundscape by aural-visual
interaction. The interactions between acoustic and other physical
conditions are very important in soundscape assessment,

among which aural-visual interaction is intensively studied'!
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Fountains in urbanized
areas, generating water
sounds as urban noise
sound-maskers and
diverting space users’
attention by either visual,
aural or tactile stimuli
as urban noise mind-
masker: Howard Street
and Hallam Garden in
Sheffield (Fig. 2-1); The
fountain in the Queen
Elizabeth Olympic Park
in London (Fig. 2-2);
Silent fountain in the
Millennium Square of
Sheffield (Fig. 2-3).
Water features in green
spaces: Chatsworth
House in the UK

(Fig. 3-1); Assen in
Netherlands (Fig. 3-2).
The water features

are important design
elements in landscape
design, which could
produce diverse water
sounds and contribute to
tranquility of restorative
natural environment

by masking artificial
sounds.
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By means of perceptual experiments, the natural view has been
demonstrated to increase the naturalness and pleasantness of
soundscape, and to decrease annoyance in human perception'*.
This effect can be considered as masking by attention diversion,

where landscape serves as the context of the masking (Fig. 2, 3).

3 Soundscape Approaches in Landscape Design

3.1 Soundscape Approaches in UK’s Planning and Design Policies

For a long time, relevant planning and design policies and
guidance across the EU and the UK focus on eliminating the
negative aspects of environmental sounds primarily through
noise reduction and mitigation. In 2012, European Parliament
published Directive 2002/49/EC relating to the assessment and
management of environmental noise, known as Environmental
Noise Directive (END). It emphasized the needs for
environmental noise prevention and reduction to avoid negative
impact on human health, as well as preservation of good sound
environment and quiet areas. END also specifically required
the member states to prepare Noise Action Plans, which should
include actions of the competent authorities to preserve quiet
areas.

The first mention to tranquility in the UK policy was in the
Rural White Paper in 2000, where noise and light pollution were
believed harmful for tranquility, but tranquility was not about
absence of noise (e.g., some noises are representative of activities
in rural way of life). The Environmental Noise (England)
Regulations 2006 placed a responsibility on the government
to identify and protect quiet areas in the UK’s largest cities
(referred to as “agglomerations”) from increasing transport and
industrial noise, which may result in decreasing perceived sense
of tranquility. In 2010, the Noise Policy Statement for England
stated long-term vision for noise management and control,
to avoid significant adverse impacts, especially mitigating
and minimizing adverse impacts on health and quality of life.
Accordingly, in March 2012, the National Planning Policy
Framework (NPPF) was published, clarifying the material
consideration of noise in planning decisions in England. Besides
avoidance and reduction of adverse noise impact on health and
quality of life, identification and protection of tranquil areas
were firstly included as one of the aims in NPPE.

The Welsh Government set up pilots in rural and urban
areas to value positive sounds in soundscapes. In Natural
Resources Policy Statement released by the government in
2013, it is claimed that positive sounds, “such as birdsong,
flowing water and leaves rustling in the breeze,” are related
to the health benefits by green infrastructure and “associated
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with a sense of safety and well-being, and the multi-sensory
concept of tranquility” in the section of 5.3 Resilient Urban
Communities”””. Planning Policy Wales (2016) stated the need
to protect urban “quiet areas” against an increase in noise,
but nothing was mentioned about tranquility. However, a
comprehensive definition of tranquility is given in the Welsh
Government website of Tranquility and in the State of Natural
Resources Report (2016) by Natural Resources Wales as

“an untroubled state, which is peaceful, calm and free from
unwanted disturbances. This can refer to a state of mind or a
particular environment. Tranquility can be measured in terms
of the absence of unwanted intrusions, or by a balancing

of positive and negative factors. These include the presence

of nature, feeling safe, visually pleasing surroundings and a
relaxing atmosphere.”*" This definition combines both the
engagement with the environment, the state of one’s mind, and
the avoidance (instead of absence) of human intrusions.

Under the Well-being of Future Generations (WFG)
(Wales) Act 20135, the Welsh Government published Noise and
Soundscape Action Plan 2018-2023 and the Planning Policy
Wales (Edition 10) in December 2018, which firstly included
the soundscape principles in the UK planning policy. The
soundscape principles bring in more sustainable development
ideas in sound environment management, human health and
well-being, environmental inequality reduction, natural /
wildlife area conservation, and so on. Soundscape practice
can definitely benefit the achievement of the well-being goals
specified in the WFG (Wales) Act 20135.

The Noise and Soundscape Action Plan 2018-2023
replaced the old noise action plan for Wales. As the Welsh
Government’s recent central noise policy document, it
outlines the Welsh public sector’s strategic policy direction in
relation to noise and soundscape management. This action
plan demonstrates a good understanding of the concept of
soundscape and soundscape principles, and over the next
five years the policy will make soundscape a compulsory
consideration.

While not yet ingrained in the UK policy and
regulation, soundscape could be used as an effective noise
mitigation measure. The three key objectives of the English
Government’s noise control strategies are set up in the Noise
Policy Statement for England (NPSE)™*' as follows: 1) avoid
significant adverse impacts on health and quality of life;

2) mitigate and minimize adverse impacts on health and
quality of life; and 3) where possible, contribute to the
improvement of health and quality of life.

Typically the environmental noise assessment will go as

VOLUME 8/ ISSUE 1/ FEBRUARY 2020



SRS /18X

B R IETE RN MG T AT T, HLATRECN SEBLER = A A b
WA T H

TER AL TT A 07, el CEZMRI LS ) (NPPG) g
B, A RBE A T AN 2 I 4, W Br 2 M 7 520 o] A —
FEE BAREIGRAN . 1) AEBIA RN LR scm (ERAaE ) 5 2)
YA TR (PR ARG 2 A SR Bt =S 1) CAn PR 5 AR ) o R
ﬁﬁ)\ﬂ‘]ﬁﬁﬁﬁ%ﬁ}*%ﬁ%@@iﬁﬁ , (BT A e B P B e o
g A, ELRTRE AR T E R AR 3) P AT R A
Zﬂ@ﬁﬁé@*ﬁﬁt%ﬁ‘k SR AR AN Bt =S 6], AR g —
g 4) PIAMXTLEEE . 2RI (BATS e AN ) A3

ZE M) (AN b s HA TSl ) o 7

TEMHE ST, 8RR O R B B AT B LR 75 5 S B
AT AIvetizs mrr, w] DR R B G M & R0, Fh IR I B 43
SE M PSRN B4 7 4 14 ) FR

flt FREAY 7P BRI O E AU IR BOA M . M Bk, A R4
H—FrE P AR 00 PR DL MRS S BT R S

B R, BT A5 0E 4 IR 1) AL B3 50 A PRI, XL LU AR A
Oy VUE RS S SRBUTEN A 55 4% Fob - 3t 0] RIS TRUARSE IO 9 75 55t

3. 2 HRHE SRR

FEF 5 A PR A A A R, e S A B ] ) 2
By e, MRIHL R - RIWIRE T, éﬂﬁiﬁé%iﬁ SUBEIREIA
LRGN, WSSl S5 AT 7S 3 1A BT T AR b iy
PTG AR AR RN R A 2R, R TR 2R T
SALSE SO ZE S IR, G, B0 - JERARE AR

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

079

far as demonstrating that traditional mitigation measures
employed in a development deliver the first and second
objectives of the NPSE. The third objective of the NPSE

can be more problematic to demonstrate, particularly for
developments which generate, or are subject to, high levels of
noise. Soundscape methods have the potential to demonstrate
improvement to an environment and could be a powerful tool
for schemes wishing to achieve the third objective.

In the context of new residential development, the National
Planning Practice Guidance (NPPG) advises that noise effects
may be partially offset if the residents of affected dwellings
have access to the following conditions: “1) a relatively quiet
facade (containing windows to habitable rooms) as part of
their dwelling; and / or 2) a relatively quiet external amenity
space for their sole use, (e.g., a garden or balcony). Although
the existence of a garden or balcony is generally desirable,
the intended benefits will be reduced with increasing noise
exposure and could be such that significant adverse effects
occur; and /or 3) a relatively quiet, protected, and nearby
external amenity space for sole use by a limited group of
residents as part of the amenity of their dwelling; and / or 4)

a relatively quiet, protected, and external publicly accessible
amenity space (e.g., a public park or a local green space
designated because of its tranquility) that is nearby (e.g., within
a 5§ minutes walking distance).”'*"!

In this context, the noise effects can be offset through
careful architectural and urban design and the application of
soundscape principles to external amenity spaces. This could
remove planning restrictions on sites, as it would normally be
refused to plan in noise grounds.

It is believed that a healthy acoustic environment is more
than simply the absence of unwanted sound. Conceptually,
soundscape includes beneficial and neutral sounds as well
as noise in a given context. It has a broader focus than just
clamping down on the decibels, recognizing that we also
need to create appropriate soundscapes — the right acoustic
environment in the right time and place. Towns and cities
should contain a variety of soundscapes appropriate to the

land use.

3.2 Soundscape Approaches in Research

The interplay between aural and visual stimulus is the most
important among the interactions between acoustics and other
conditions"”!. According to Michael Southworth’s research,
when aural and visual settings were joined, the conscious
perception of sound could be reduced by the visual form"”,

Because of the crucial role of visual-aural interaction of human
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perception on sound environment assessments, integrated
studies of soundscape and visual landscape have also been
conducted recently”*""**l For example, Rob Pheasant et al.
proposed to evaluate perceived tranquility of a location by
linear expressions with presented view of natural features as a
variable™".

There is also an emerging evidence that, besides strategies
of noise control, noise (e.g., aviation noise) attenuation can
also be realized by controlling urban fabrics””. Good visual
design of open spaces and design of landscape patterns have
the potential to reduce noise annoyance by sound-masking
effects?’ 1,

Hao Yiying et al. carried out perceptual listening tests
on masking effects of natural view and natural sounds on
traffic noise within the scope of soundscape'””. The study
demonstrated how significantly the natural view increases the
pleasantness of the acoustic environment (Fig. 4) and how
significantly the natural sounds can improve the environmental
quality of traffic noise by sound-masking (Fig. 5) corroborating
the findings from previous studies”'"**. The wideband water
sounds showed big potential in energetic masking of urban
traffic noise, inducing inaudibility or partial inaudibility
of noise. Water sounds have rich effects in coloring the
soundscape and could be defined as a “primary soundscape

9 [19]

quality

3.3 Soundscape Approaches in Practice
Over the past few years with the increased awareness
of soundscape as a technique for mitigating noise, reducing

!
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Box-and-Whisker

Plots of the perceptual
evaluations of
pleasantness of the
road traffic noise
environments at
distances of 1, 4,9, 19
and 50 meters from the
road, without view and
with view, showing the
statistical distribution
of the evaluation scores
(source: Ref. [33]).
Box-and-Whisker

Plots of the perceptual
evaluations of
naturalness of the

road traffic noise
environments at
distances of 1, 4,9, 19
and 50 meters from the
road, without birdsong
and with birdsong at
52.5 dB(A); showing the
statistical distribution
of the evaluation scores
(source: Ref. [33].)
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6. The Buitenschot Land
Art Park mitigates
airport runway ground
noise by land arts and
adds aesthetic and
recreational values to
the area.
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adverse health impacts, improving well-being, and creating
more desirable assets, several consultancies in the UK have
started to offer relevant services.

The acoustic consultants have started promoting
soundscape by joining or undertaking soundscape research
and practical projects. They have been active in undertaking
research and practice in soundscape techniques, e.g.,
soundscape and visual design, subjective listening in lab,
sound art, and soundscape installations. Soundscape
also attracts a lot of attention from the on-going big
infrastructure development, of which noise assessment is
essential in urban planning / design.

Ideally, soundscape design begins with the determination
of users’ perception of the outdoor sound environment
via questionnaire survey and interview, followed by sound
measurement and analysis, and soundscape mapping. The
final stage of design and optimization focuses on integrated
practical measures, including noise control, design with
masking, and social survey. However, given often limited
project time and budget, previous research outcomes and
good practice can be properly considered and referred to
soundscape design in order to avoid undertaking the whole
procedure.

Currently, the main principle of soundscape
management / design is enhancing wanted sounds and
reducing unwanted sounds. Masking is considered the
most powerful tool to achieve this goal. Two means of
masking, i.e., psychoacoustic / energetic masking and
mind / informational masking, can both be employed
in the enhancement of soundscape quality. Careful
demonstration and assessment of the masking effects
are needed in soundscape design to avoid worsening
the existing soundscape. Once more attention is paid to
soundscape practice, professionals will be more familiar
with the soundscape principles and approaches, which can
be applied in a wider range of projects of landscape.

Noise mitigation can also be achieved by visual
landscape design, which is more sustainable and cost-
effective than traditional noise control strategies,
particularly for the areas intrusive to noise. Buitenschot
Land Art Park to the southwest of Amsterdam’s Schiphol
Airport is a good example of noise mitigation by large-
scale landscaping (Fig. 6). The landscape design integrates
land arts with soundscape design to achieve the airport
runway ground noise reduction sustainably by sound
wave reflection. It not only reduces noise from the aircrafts
but also adds aesthetic and recreational values to the area.
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It is believed that the innovative collaboration between the
visual landscape and soundscape design is promising for global
environmental improvement and sustainable development,

especially for large infrastructure projects.
4 Discussion and Conclusions

The soundscape approaches are rooted in the human
auditory perception, which is influenced by visual landscape
settings as an important context. Meanwhile, the soundscape
quality improvement can benefit the visual landscape design,
and further the holistic environmental design.

It has been demonstrated that the visual landscape elements
can benefit soundscape through both positive sounds and
natural view settings, although more research on soundscape
approaches in landscape are needed to provide evidence on the
relationship between visual landscape design and soundscape
quality. Landscape architects can optimize the design at the
early stage to avoid or elminate noise problems. For example,
the creation of habitats for birds to induce birdsong, which is
mainly composed by high frequency components, will divert
the attention of listeners to other more pleasant sounds in terms
of informational masking. Water sounds are powerful masker
for urban noise. A more natural atmosphere can be created
through water sounds with similar spectrum of urban traffic
noise, which is wide-band in frequency, while designers should
carefully design the waterscape to include consideration of
the signal-noise-ratio in masking, to make the masking more
positive. Considering that the aural-visual interaction can induce
more comfortable perception and associated feelings, the visual
design of waterscape can also contribute to the quality of urban
soundscape.

With more and more attention, soundscape approaches in
UK’s planning and design policies aim at the improvement of
well-being and quality of life, which is beyond just clamping
down on the decibels. The policies ask for appropriate and
diverse soundscapes in both urban and rural areas, which
provides more possibilities for designers to create innovative
design solutions for noise problems.

An increasing number of good practice shows that the
design options need further development through collaboration
and innovative thinking for a greater variety of solutions.
Soundscape approaches take into account interests of different
groups, including transport authorities and developers.
Coordinated solutions can be defined with the help of landscape
architects and urban planners to fulfil stakeholders’ interests by
creating a desirable urban soundscape. LAF
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