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ABSTRACT

Soundscape is defined by the ISO as the ‘acoustic environment as perceived or experienced and/or
understood by a person or people, in context’. Different from conventional noise control engineering,
soundscape promotes a holistic approach, regarding sounds as ‘resources’ rather than just ‘wastes’.
This paper first briefly reviews the soundscape progress in the past 50 years, showing that there has
been a recognised focus shift from noise control to soundscape creation, and also a step change from
soundscape concept to practice. Then the current developments and needs in soundscape are dis-
cussed in terms of soundscape understating and exchanging, collecting and documenting, harmonis-
ing and standardising, creating and designing, and outreaching, showing that while considerable
works have been carried out, much work is still needed, in terms of basic research, and more im-
portantly, research towards practice. Finally, some major challenges in the next 50 years are ex-
plored, considering the new industrial revolution, climate change and changing living styles.

1. INTRODUCTION

Soundscape has brought a step change in the field of environmental acoustics, beyond noise control
engineering, by better integrating human perception and considering both wanted and unwanted
sounds. This paper first briefly reviews the progress in the past 50 years in soundscape, and then it
focuses on the current developments in various facets, from basic research, to practice, to outreaching
[1-5]. Finally, it discusses the future challenges it will face in the next 50 years.

2. PROGRESS IN THE PAST 50 YEARS: FROM CONCEPT TO PRACTICE

2.1. Pioneering Work in Soundscape
Just over 50 years ago, pioneering works in soundscape were carried out by Schafer: a musician and
composer, his early soundscape work had always been about relationship between the ear, human
beings, sound environments and society [6].

In 1975, Schafer led a group on a European tour of five villages where they made detailed inves-
tigations of the soundscape. Later the five villages were revisited to undertake comparative studies,
to analyse how their soundscapes had changed due to urbanisation [7-8].

2.2. The World Forum for Acoustic Ecology

The World Forum for Acoustic Ecology (WFAE) was founded in 1993, with members who share a
common concern with the state of the world soundscape as an ecologically balanced entity. The
WFAE also has its annual, peer-reviewed journal, <Soundscape: The Journal of Acoustic Ecology>.
While the WFAE represents a multi-disciplinary spectrum of individuals engaged in the study of the
social, cultural, and ecological aspects of the sonic environment, less attention has been paid to the
planning, designing and engineering the soundscapes of built environments.
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2.3. From Concept to Practice

In 2002, the publication of the EU Directive Relating to the Assessment and Management of Envi-
ronmental Noise (END) [9] led to a number of major actions, including preserving quiet areas. How-
ever, it was recognised that reducing sound level is not always feasible and cost-effective, and more
importantly, will not necessarily lead to improved quality of life, as people’s acoustic comfort eval-
uation is also related to the sound type, the user characteristics and other factors [10-11]. Indeed, it
was shown that the environmental noise annoyance only depends on approximately 30% of the phys-
ical facets of parameters such as acoustic energy [1,12]. While it was not clear how to determine
those quiet areas, where to go with it, how to use it, or how to incorporate it in design, a step change
was needed, by developing a new method to assess sound environment quality.

Correspondingly, ISO/TC43/SC1/Working Group 54 was formed to work on ‘Perceptual assess-
ment of soundscape quality’. In ISO 12913-1:2014 Acoustics — Soundscape - Part 1: Definition and
conceptual framework, soundscape is defined as the ‘acoustic environment as perceived or experi-
enced and/or understood by a person or people, in context’ [13].

In other words, ‘soundscape’ is different from ‘acoustic environment’ as it relates to perceptual
constructs rather than just physical phenomena. It promotes a holistic approach, regarding sounds as
‘resources’ rather than just ‘wastes’, and focuses on “wanted” (preference) rather than just “un-
wanted” (discomfort) sounds. While soundscape has always been related to many disciplines includ-
ing acoustics, aesthetics, anthropology, architecture, ecology, ethnology, communication, design, hu-
man geography, information, landscape, law, linguistics, literature, media arts, medicine, musicology,
noise control engineering, philosophy, pedagogics, psychology, political science, religious studies,
sociology, technology and urban planning, with the EU Directive END as a key driver, soundscape
creation attracted much attention of many acousticians, engineers, designers and planners, moving
from soundscape concept to practice.

The impacts of soundscape include: (1) Health: It can help to provide supportive environments
which prevent the degradation of functional health, and enhance the engagement in health promoting
activities less likely in unpleasant neighbourhoods. (2) Culture: It is important in terms of ‘sensing of
places’, tourism, and conservation. (3) Economy: It can bring prosperity to the economy, i.e. property
prices, offset health costs through provision of restorative living spaces, reduce costs caused by anti-
social behaviours, and prevent unnecessary noise mitigating actions [14,15].

Soundscape activities have since increased significantly, as reflected in the number of publica-
tions shown in Figure 1. There have been increasing special sessions in conferences in the field of
acoustics such as Internoise, euronoise, ICA, ICSV, ICBEN, and Westpac, and also in the field of
planning such as AESOP. There have also been increasing national and international research pro-
jects, practical projects [15], as well as networks such as the EU-COST network on Soundscape of
European Cities and Landscapes [15], and the Global Sustainable Soundscape Network GSSN.
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Figure 1: Number of soundscape studies published since 2000 as covered in Scopus database. -
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3. CURRENT DEVELOPMENTS

To review the current developments of soundscape research and practice, a framework is used, where
five main issues are considered, as shown in Figure 2. The framework is based on the EU-COST
network on Soundscape of European Cities and Landscapes (http://soundscape-cost.org/), with part-
ner organisations from 23 COST countries and 7 outside Europe, covering a range of disciplines in
science, engineering, social science, humanity and medicine [15]. In this section, works in those fac-
ets are reviewed, using the work from the author’s research teams as examples.
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Figure 2: A framework for soundscape research and practice [15].
3.1. Understanding and Exchanging

3.1.1. Definition

To understand the elements in the perceptual construct of soundscape, the ISO/TC43/SC1/Working
Group 54 proposed a framework including interactions among context, sound sources, acoustic envi-
ronment, auditory sensation, interpretation of auditory sensation, responses, and outcomes [13].

3.1.2. Evaluation

In terms of psychological or subjective evaluation of soundscape, a large amount of investigations
have been carried out, considering (1) a range of spaces and functions including urban streets, urban
open public spaces, parks, schools, bus stations, theme streets, cycle paths, outdoor concerts, racing
tracks, archaeological sites, covered spaces, underground shopping streets; (2) a range of sound
sources, from noise sources including industrial noises, aircraft noises, road noises, wind turbines,
amplified music; to positive sounds including natural sounds; to sources with mixed perceptions such
as an infant’s cry; and (3) a range of users, where their social and demographical characteristics have
been considered for various users, also for specific groups such as children, deaf, hearing impaired
and blind people [1,14].

In terms of the physiological side of soundscape, there has been relatively limited, but increasing
work, considering a range of indicators including heart rate, respiratory rate and forehead electromy-
ography levels, and using a range of tools including fMRI techniques [16-17]. Some initial relations
have been established between psychological, physiological, and health indicators [18-19].

A wide range of perspectives have been explored in soundscape, including how attention on the
external environment is shaped internally; interactions between emotion and soundscape; how expec-
tation affects soundscape; interactions between behaviour and soundscape; how social relations, in-
tegration and support affect soundscape; how meaning is attached to the objects within a cultural/so-
cietal context; the effect that a stressed or harmonised human-environment relationship can have on
mental health; and soundscape valuation, following noise valuation [20-24].



Multi-sensory interactions have also been explored and demonstrated, including audio-visual in-
teractions, sound-smell interactions, and sound-thermal interactions [25-27].

3.1.3. Description

Based on the above evaluation work, determining essential factors and framework for soundscape
description is important for understanding as well as creating/designing soundscapes. A framework
of designable factors for soundscape in urban open public spaces has been developed [28]. A taxon-
omy has also been developed showing categories of places, sounds, and sound sources [29].

3.1.4. Modelling

It is important to integrate the knowledge acquired from different fields into explicit modelling. Using
the data obtained from a large-scale survey, a model based on artificial neural networks has been
developed to predict soundscape perception [30]. More fundamentally, a bottom-up approach is also
needed, considering the individual sensory, cognitive and emotional mechanisms. Modelling physics
side, namely sound propagation is a space is also relevant here, where a number of models have been

developed [31].

3.2. Collecting and Documenting

Gathering and maintaining a repository of soundscape data is important, to be achieved and re-ana-
lysed and studied from inter- and trans- disciplinary perspectives. In terms of sound sources, there
have been a considerable number of databases of various kinds, using different recording techniques.
While those are useful for soundscape studies, more relevant databases would be those with context
information, such as visual information. However, such databases are still limited although in recent
years there is an increasing number, such as those based on the ‘Urban Soundscapes of the World’
[32], European Research Council (ERC) SSID (Soundscape Indices) project [33], and SONYC —
Sounds of New York City project [34].

Given that a large number of soundscape questionnaire surveys and interviews have been carried
out, such as those based on RUROS [35] and SSID projects [33], with 10,000 and 4000 field sur-
veys/interviews worldwide respectively, there is a recognised need to create coordinated and compa-
rable databases.

To move from research to practice, a collection of good soundscape design examples and case
studies is vital across sectors including researchers, practitioners and policy makers. There have been
some initial efforts [14] and a more systematic collection project is on-going [36].

3.3. Harmonising and Standardising

While it is argued that standardisation could restrict the creativity in designing soundscapes, from
planning viewpoint, it is useful to have standards. The ISO/TC43/SC1/Working Group 54 has gener-
ated a series of standards and technical specifications on perceptual assessment of soundscape quality,
including ISO 12913-1: 2014: Part 1: Definition and conceptual framework [13], ISO/TS 12913-2:
2018: Part 2: Data collection and reporting requirement [37], and ISO/TS 12913-3: 2019: Part 3: Data
analysis [38]. Currently the Working Group is developing ISO/TS 12913-4 - Part 4: Design and in-
tervention.

Correspondingly, a number of more detailed and specific protocols have been developed, such as
those for soundscape description and evaluation, considering cross-cultural and cross-contextual dif-
ferences; and measurement procedures with respect to a balance between scientific accuracy and
practical applicability, also considering comparability and reproducibility. A recent example is the
SSID protocol [39].

There is still a recognised need to develop a new set of indicators to characterise sound quality of
environments that improves significantly on the conventional decibel level approach that has been
the basis of current regulations worldwide for decades. The indicators should be suitable to assess
health related quality of life and functional health which can then be used to evaluate claims related
to health-promotion benefits. Efforts have been made to develop indicators including fuzzy noise
limits, tranquillity rating, speech intelligibility, similarity index, and hierarchical clustering [2-4].

An ongoing ERC Advanced Grant project aims to establish “soundscape indices” (SSID) [33].
By taking psychological, (psycho)acoustical, neural and physiological, and contextual factors into



account, SSID will adequately reflect levels of human comfort, to integrate side-by-side with (and
eventually replace) decibel-based metrics into existing (international) regulations. Steps to achieve
this include:

(1) to characterise soundscapes, by capturing acoustic environments and establishing a compre-
hensive database;

(2) to identify key factors and their influence on soundscape quality based on the database, by
conducting laboratory psychological evaluations, acoustical/psychoacoustic factors analysis, and
also, to research the neural and psychophysiological underpinnings of soundscape experience;

(3) to develop, test and validate the soundscape indices, by analysing the influences of various
factors, and by developing prediction models.

The soundscape indices may take the form of a single index or a set of indices. For the former, it
could be SSID = f(physical factors) + f(contextual factors) + ..., with corrections by socio-demo-
graphical factors and modifications with psychological, neural, and physiological considerations. For
the latter, the SSID will reflect multiple attributes, and in the same time, they could also be regarded
as intermediate indices.

3.4. Creating and Designing

In the process of applying soundscape research into practice, there is a need for practical guidance in
soundscape design. Such guidance [40], which currently is still limited, should include design pro-
cesses, effectiveness of design changes, as well as good practical examples. In the design process, a
key component is public participation [41]. It is also of significance to provide guidelines for the
preservation of architectural heritage sites from a soundscape perspective.

Correspondingly, soundscape tools and software are also essential, considering different stages
and scales, including planning, designing, and management/operation. A number of mapping tools
have been developed, such as soundscape perception prediction model based on ANN [30], and sound
source mapping tools [42-43]. A soundscape management model for delivery sound environment has
also been developed, where with the input in contextual and acoustic factors, the model can predict
soundscape quality [44].

Auralisation tools are especially relevant and important for soundscape design and also for public
participation. While such tools have been developed well in room acoustics, for environmental sound-
scapes, there are many challenges, including multiple, complex, and moving sources, under compli-
cated situations, as well as speed needed to generate results. On the other hand, there are relatively
low requirements in terms of accuracy compared to room acoustics. Therefore, it is important to
explore simplifications through subjective experiments [45-46].

3.5. Outreaching
As discussed above, policies have been a major driver to move from research to practice. For policy
makers it is important to demonstrate benefits, especially health effects, and provide successful ex-
amples and tools. With the influence of soundscape work, the UK noise policy [47] has been moved
from noise mitigation to noise management, and another step change was that in 2018, the Welsh
Government published its Noise and Soundscape Action Plan [48]. Soundscape is also relevant to a
wider range of policy. For example, it should be recognised that soundscape studies are not only for
the improvement of the current sound environment but also for the conservation of our sound envi-
ronments which can be classified as acoustic heritages [15].

It is equally important to create awareness amongst the general public, especially given that
soundscape is relevant to a much wider range of citizens than noise. For that soundscape art installa-
tions could be effective [49], as well as apps which involve participation of the general public [50].

4. CHALLENGES IN THE NEXT 50 YEARS

In the next 50 years there will be a range of major changes in various aspects of our life and environ-
ment. Correspondingly, this section tries to briefly explore long-term challenges in soundscape re-
search and practice in such changing situations, although for immediate or short-term future devel-
opments, some discussions have also been made in Section 3.



4.1. New Industrial Revolution

New technologies are being developed rapidly and our cities and living environments are becoming
smarter, with many devices with sensors rapidly increasing in popularity [51]. This could lead to
smarter and adjustable soundscapes, in terms of space and time domain, integrating more the needs
of specific users.

With the development of electric vehicles, our sound environments will become quieter. How-
ever, it is noted that during the COVID-19 lock-down, although the environmental noise levels were
much lower [52], there was a sharp increase in noise complaints, as some other sound sources became
more annoying even their sound levels were unchanged [53]. This again demonstrated the needs and
challenges in soundscape creation, compared to merely engineering noise control.

4.2. Climate Change

With the tendency of climate change and global warming, there will be a range of changes in our
environmental conditions, and this in turn, will bring changes in biodiversity, urban morphology, as
well as cultural changes. Those will affect sound sources, sound propagation, and sound preferences.
For example, it has been shown that for sounds from water features, surrounding speech, and bird-
songs, the sound preferences differ significantly with different climate and culture conditions [1, 54].

4.3. Changing Living Style

Along with the new industrial revolution and climate change, people’s living style will also change.
For example, people may work from home more, and use public spaces in a different way. Corre-
spondingly, the soundscape evaluation framework would also change. It has been shown that for
indoor soundscape in residential environments, there is a different assessment mode compared to that
in urban open public spaces [55].

5. CONCLUSIONS

Started from the pioneering work in soundscape just over 50 years ago, in the field of environmental
acoustics there has been a focus shift from noise control to soundscape creation, and also a shift from
soundscape concept to practice. While considerable works have been carried out in terms of sound-
scape understating and exchanging, collecting and documenting, harmonising and standardising, cre-
ating and designing, and outreaching, much work is still needed, in terms of research towards practice,
as well as basic research. In the next 50 years, there will be some major challenges along with new
industrial revolution, climate change and changing living styles.
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