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COST onCOST on

Soundscape of European Cities Soundscape of European Cities 
and Landscapesand Landscapes

http://soundscape-cost.org/

COST (European Cooperation in Science and Technology) is one of the 
longest-running European instruments supporting cooperation among scientists 
and researchers across Europe   [http://www.cost.esf.org/]



The main aim of the Action is to provide the underpinning 
science for soundscape research and make the field go 
significantly beyond the current state-of-the-art. 

The Action will promote soundscape into current legislations, 
policies and practice, aiming at improving/preserving our 
sonic environment 

Aims



(1)(1) Understanding and exchangingUnderstanding and exchanging
-- Foster interdisciplinary crossFoster interdisciplinary cross--breeding.breeding.
-- Exchange technical knowExchange technical know--how on an international/interdisciplinary basis.how on an international/interdisciplinary basis.
-- Examining cultural differences.Examining cultural differences.

(2)(2) Collecting and documentingCollecting and documenting
-- Gather soundscape data to be reanalysed from interGather soundscape data to be reanalysed from inter--disciplinary perspectives.disciplinary perspectives.

(3)(3) HarmonisingHarmonising
-- Review and harmonise the current methodology, and develop a newReview and harmonise the current methodology, and develop a new indicators.indicators.
-- Develop a standard protocol.Develop a standard protocol.
-- Lay the foundations for future European/international standardsLay the foundations for future European/international standards..

(4)(4) Creating and designingCreating and designing
-- Provide practical guidance and tools for the design of soundscaProvide practical guidance and tools for the design of soundscapes.pes.
-- Provide guidelines for preserving architectural heritage sites.Provide guidelines for preserving architectural heritage sites.

(5)(5) Outreaching and trainingOutreaching and training
-- Create awareness among general public, stakeholders and policy Create awareness among general public, stakeholders and policy makers.makers.
-- Provide training for earlyProvide training for early--stage researchers. stage researchers. 

Objectives



Activity 
timetable



 Management Committee (MC)
MC Chair 

Up to 2 representatives from each participating COST country,  
including early-stage researchers 

Steering Group (SG) 
MC Chair, MC Vice-Chair, and the WG leaders 

WG1  
Leaders 

Committee 
Early-stage researcher 
Short-term members 

WG2  
Leaders 

Committee 
Early-stage researcher 
Short-term members 

WG3  
Leaders 

Committee 
Early-stage researcher 
Short-term members 

WG4  
Leaders 

Committee 
Early-stage researcher 
Short-term members 

WG5
Leaders 

Committee 
Early-stage Researcher 
Short-term members 

 
STSM co-ordinator 

web-manager 



Participants and open door policyParticipants and open door policy

Initially with 25 participants (MC members) from 16 COST Initially with 25 participants (MC members) from 16 COST 
countries and 7 partners outside Europe including USA, countries and 7 partners outside Europe including USA, 
Canada, Australia, Japan, Korea, Hong Kong, and China. Canada, Australia, Japan, Korea, Hong Kong, and China. 

Now about 35 participants (MC members) (18 COST Now about 35 participants (MC members) (18 COST 
countries). countries). 

Each COST country up to 2 MC members.Each COST country up to 2 MC members.

Others can join WP, or just workshops etc, as invited Others can join WP, or just workshops etc, as invited 
experts or just attendees.experts or just attendees.



Workshop in Gent, 29Workshop in Gent, 29--30 April 2010 (with joint 30 April 2010 (with joint 
IOA/ABAV meeting).IOA/ABAV meeting).

Training School, September 2010 (with EAA).Training School, September 2010 (with EAA).

Soundscape conference in Stockholm, September Soundscape conference in Stockholm, September 
2010.2010.

STSMSTSM

Coming activities





Introduction: Introduction: 
why soundscape designwhy soundscape design



1, Very quiet (very comfortable); 
2, quiet (comfortable); 
3, neither quiet (comfortable) nor noisy (uncomfortable); 
4, noisy (uncomfortable); 
5, very noisy (very uncomfortable).

R2 = 0.7721

R2 = 0.5413
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Peace Gardens, Sheffield

Evaluation of soundscape vs. sound level Evaluation of soundscape vs. sound level 



SOUNDSCAPESOUNDSCAPE
on relationships between ear, human being, sound environment andon relationships between ear, human being, sound environment and societysociety

relating to acoustics, aesthetics, anthropology, architecture, relating to acoustics, aesthetics, anthropology, architecture, 
ecology, human geography, landscape, linguistics, media ecology, human geography, landscape, linguistics, media 
arts, musicology, noise control engineering, philosophy, arts, musicology, noise control engineering, philosophy, 
psychology, political science, religious studies, sociology, psychology, political science, religious studies, sociology, 
and urban planningand urban planning

From noise reduction to soundscapes creation

science, engineering, social science, humanity and art

Soundscape research will bring a step change in environmental acoustics by considering 
environmental sounds as a ‘resource’ rather than a ‘waste’..

This will support the design and implementation of urban sound environment that promote 
health, attract investment, convey cultural uniqueness and enhance quality of life. . 



EU

Sheffield   China



Framework for soundscape design:  designable factors to be consiFramework for soundscape design:  designable factors to be considereddered

E a c h  s o u r c e  ( t y p e )  
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D e s c r i p t i v e  o r  h o l i s t i c  

T e m p o r a l  c o n d i t i o n s   



SoundsSounds



Active and passive soundsActive and passive sounds

In addition to dividing sounds as keynotes, foreground In addition to dividing sounds as keynotes, foreground 
sounds and sounds and soundmarkssoundmarks, sound sources in an urban open , sound sources in an urban open 
space can be divided into: space can be divided into: 

active soundsactive sounds
relate to sounds from the activities in the space, relate to sounds from the activities in the space, e.g. group dancinge.g. group dancing

passive soundspassive sounds
relate to the sounds from the landscape elements, e.g. relate to the sounds from the landscape elements, e.g. fountainsfountains

Spectrum Spectrum –– also important when using also important when using 
psychoacoustic magnitudespsychoacoustic magnitudes
dynamic processdynamic process
acoustic zones and scaleacoustic zones and scale -- suitable aural space or suitable aural space or 
sourcesource--listener distance for each zonelistener distance for each zone
… …

Designable factors/potentials



Spectrum analysisSpectrum analysis dynamic processdynamic process

A
coustic zones

Music: a typical active soundMusic: a typical active sound
People are not only interested in the music itself, but are alsoPeople are not only interested in the music itself, but are also
attracted by the activities of the players.attracted by the activities of the players.

For live music, the type of music is not important.For live music, the type of music is not important.

When music is played using loudspeakers, the type of music When music is played using loudspeakers, the type of music 
and the sound level are important. and the sound level are important. 

Most people donMost people don’’t like loud music played from loudspeakers, or from passing car.t like loud music played from loudspeakers, or from passing car.



Water: a typical passive soundWater: a typical passive sound
Endless effects in colouring the soundscape – ‘primary soundscape quality’

Landscape theory: ‘primary landscape qualities’ - water and foliage 

Spectrum: most water sounds have significant high frequency components around 
2k to 8kHz and some of them also have notable low frequency components.

making water sound distinctive from the background

DynamicDynamic: : The flow rate of a water feature should not be constant.The flow rate of a water feature should not be constant.



Examples showing design 
potentials:

- high frequency components come from the 
water splash itself,

- whereas when a large flow of water is raised 
to a very high level and then dropped to a 
water body or hard surface, notable low 
frequency components can be generated
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Bird sounds: Bird sounds: 
passive sound and then active passive sound and then active 

soundssounds……..

Interesting example in BerlinInteresting example in Berlin

Also ecological issueAlso ecological issue



SpaceSpace



IMAGE SOURCE METHODIMAGE SOURCE METHOD

RADIOSITY MODELRADIOSITY MODEL
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CRR CRR –– Combined RayCombined Ray--tracing and Radiosity tracing and Radiosity 



IMAGE SOURCE METHOD WITH INTERFERENCE IMAGE SOURCE METHOD WITH INTERFERENCE (Li, et al)(Li, et al)

Useful when a street is narrower than 10m. Useful when a street is narrower than 10m. 
When the boundaries do not reflect sound diffuselyWhen the boundaries do not reflect sound diffusely

TRANSPORT THEORY TRANSPORT THEORY ((PicautPicaut et al)et al)

Sound propagation is simulated by a beam that represents the patSound propagation is simulated by a beam that represents the path of a sound h of a sound 
particle or phononparticle or phonon

BOUNDARY ELEMENT METHOD & FINITE ELEMENT METHOD BOUNDARY ELEMENT METHOD & FINITE ELEMENT METHOD (e.g. work at (e.g. work at 
Bradford, Reading)Bradford, Reading)

FINITEFINITE--DIFFERENCE TIMEDIFFERENCE TIME--DOMAIN (FETD) METHOD & PARABOLIC DOMAIN (FETD) METHOD & PARABOLIC 
EQUATION (PE) METHOD EQUATION (PE) METHOD ((BotteldoorenBotteldooren et al)et al)

EQUIVALENT SOURCES METHOD EQUIVALENT SOURCES METHOD ((KroppKropp et al)et al)

For parallel streetsFor parallel streets
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Parameter studies using the simulation modelsParameter studies using the simulation models
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Boundary: diffuse vs. specularBoundary: diffuse vs. specular
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Combination of various types of space:Combination of various types of space:
for contrast and rich soundscapefor contrast and rich soundscape



Soundscape in different zones Soundscape in different zones 
with/for different soundswith/for different sounds



An urban open space can An urban open space can 
be designed to encourage be designed to encourage 

activities generating activities generating 
active sounds.active sounds.

Design spaces for creating active soundsDesign spaces for creating active sounds



PeoplePeople



Sound level evaluation::
OccupationOccupation and and educationeducation have more influence have more influence 
than other factors including than other factors including ageage, , gendergender and and 
residence statusresidence status. . 
The effects of some The effects of some behaviouralbehavioural factors including factors including 
wearing earphones, reading/writing, and moving wearing earphones, reading/writing, and moving 
activities, are insignificant.activities, are insignificant.
The The watching watching behaviourbehaviour is highly related to the is highly related to the 
sound level evaluation, again indicating sound level evaluation, again indicating 
visual/aural interactions. visual/aural interactions. 

In terms of In terms of acoustic comfort evaluationacoustic comfort evaluation, the effects , the effects 
of view assessment and watching of view assessment and watching behaviourbehaviour are are 
even more significant. even more significant. 

EvaluationEvaluation



People from a noisy home environment adapt more to noisy urban spaces? 
Cultural difference - people in Germany are more aware of urban noises?

People’s noise sensitivity may differ 
considerably in different cities

Kassel has the quietest home environment, whereas 
Alimos has the noisiest. With similar Leq, the evaluation 
score in Kassel is much higher than in Alimos.

The evaluation of acoustic environment at The evaluation of acoustic environment at homehome, , 
significantly affects the soundscape evaluation in urban significantly affects the soundscape evaluation in urban 
open spaces.open spaces.



Sound PreferencesSound Preferences
Essential preferencesEssential preferences

Positive attitudes towards natural and culturePositive attitudes towards natural and culture--related sounds.related sounds.
MicroMicro-- preferencepreference
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bird songs car music

MacroMacro--preferencepreference
cultural background and longcultural background and long--term environmental experience play an important role term environmental experience play an important role 
in peoplein people’’s judgment of sound preference.s judgment of sound preference.



 
  A lim os Thessaloniki Sesto  San G iovanni Sheffield  K assel 

  K ara. 
Square Seashore M aked. 

Square 
K ritis 

Square 
P etazzi 
Square 

IV  N ov. 
Square 

P eace 
Gardens

B arkers 
P ool 

F lorent. 
Square 

B ahns-. 
p latz 

F       27 .7  84 .0  74.7  80.3  74.5  
N       66 .6  14 .8  20.5  17.9  22.4  W ater 

 A       5 .7  1 .2  4 .8  1 .8  3 .1  
F        37 .7  33.2  34.0  23.5  
N        43 .1  46.1  59.1  75.3  Insects 

 A        19 .2  20.7  6 .9  1 .2  
F      31 .1   56 .8  47.9    
N      68 .9   35 .4  37.6    

B ells 
of church 

A      0 .0   7 .8  14.5    
F        44 .2  48.8  57.3  88.0  
N        38 .3  28.8  27.2  12.0  M usic played  

on street A        17 .5  22.4  15.5  0  
F  2 .3  7 .0   32 .2  23.5  44.6  17 .9  18.0  18.5  15.3  
N  77 .8  77.6   17 .0  69.8  47.2  68 .3  69.3  80.5  84.7  Surrounding 

speech A  19 .9  15.4   50 .8  6 .7  8 .2  13 .8  12.7  1 .0  0  
F  20 .3  25.5  54.1  29 .5  27.4   11 .7  6 .9  1 .7  1 .0  
N  54 .3  50.8  19.9  53 .0  53.4   48 .4  40.3  69.0  54.8  C hildren 's 

shouting A  25 .4  23.7  26.0  17 .5  19.2   39 .9  52.8  29.3  44.2  
F  5 .5  8 .0      8 .6  12.9  7 .1   
N  89 .9  84.7      62 .0  58.4  17.9   P edestrian  

crossing A  4.6  7 .3      29 .4  28.7  75.0   
F  0 .6   3 .5  31 .3  2 .7  1 .6  2 .4  1 .0    
N  26 .0   53.0  16 .6  59.8  35.4  38 .7  43.6    P assenger 

cars A  73 .4   43.5  52 .1  37.5  63.0  58 .9  55.4    
F    3 .4  1 .3   1 .6  3 .7  2 .1    
N    52.3  84 .3   39.2  38 .9  37.9    P assenger 

buses A    44.3  14 .4   59.2  57 .4  60.0    
F        2 .9  1 .0  1 .4  2 .0  
N        32 .2  35.3  57.9  54.7  V ehicle 

parking A        64 .9  63.7  40.7  43.3  
C onstruction F    2 .1  32 .5    2 .2  2 .1    

 N    52.9  11 .5    18 .0  19.2    
 A    45.0  56 .0    79 .8  78.7    

 

Significant difference exists for some sounds among the cities, likely caused by cultural factors. 

Classifications for various sounds in urban open public spaces (%).



A comparative study between Sheffield, Taipei and Beijing about A comparative study between Sheffield, Taipei and Beijing about 
preferred sounds in their preferred sounds in their living environmentliving environment (sound from outside)(sound from outside)

Bird songs as a preferred sound in their living environment:Bird songs as a preferred sound in their living environment:

70% in Sheffield, 32% in Taipei and 25% in Beijing.70% in Sheffield, 32% in Taipei and 25% in Beijing.
Music from outside:Music from outside:

4% in Sheffield, 26% in Taipei and 43% in Beijing4% in Sheffield, 26% in Taipei and 43% in Beijing



EnvironmentEnvironment

if a place is very hot or very cold, perhaps none cares about soundscape…



Landscape and acoustic satisfaction

Visual and acoustic satisfaction

Beijing

Taipei

Sheffield
Correlation between quiet and view when 

choosing a living environment
(Beijing data)

EU data

Consider auralConsider aural--visual interactionsvisual interactions
Factor analysis of the 
overall physical comfort 
evaluation. Kaiser-
Meyer-Olkin measure 
of sampling adequacy, 
0.613; cumulative, 
55.1%; extraction 
method, principal 
component analysis; 
rotation method, 
varimax with Kaiser 
normalization; N=9200. 



Design toolsDesign tools
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ANN model for soundscape in urban open spaces

Artificial neural network (ANN) modelsArtificial neural network (ANN) models



MAPPING EXAMPLES MAPPING EXAMPLES based on ANNbased on ANN

Maps Maps of Sound Level Evaluation:of Sound Level Evaluation: different age groupsdifferent age groups

Age Group 13Age Group 13--1818 Age Group > 65Age Group > 65

Young people feel the square quieter than old peopleYoung people feel the square quieter than old people



Secondary education level groupSecondary education level group High education level groupHigh education level group

Higher education people feel the square noisier than the secondaHigher education people feel the square noisier than the secondary education level groupry education level group

Maps Maps of Sound Level Evaluation:of Sound Level Evaluation: different education groupsdifferent education groups



To aid urban soundscape design and for public To aid urban soundscape design and for public 
participation, it would be useful to present the 3D participation, it would be useful to present the 3D 
visual environment with an acoustic animation toolvisual environment with an acoustic animation tool
ChallengesChallenges

Multiple sourcesMultiple sources
Source and receiver all movingSource and receiver all moving
Calculation speed fastCalculation speed fast
But: calculation accuracy less criticalBut: calculation accuracy less critical

Acoustic animation and auralisationAcoustic animation and auralisation



Design guidelinesDesign guidelines



Concluding remarksConcluding remarks
Tendency from noise reduction to soundscape creationTendency from noise reduction to soundscape creation

Great potentials of planning/designing Great potentials of planning/designing 
soundscape has been demonstratedsoundscape has been demonstrated

Space 

Presentation        design tools        Evaluation Prediction

Practice
 

Policies

PeopleSounds Environment 

Description 
Framework 
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SummarySummary
Whilst much work has been carried out in terms of soundscape Whilst much work has been carried out in terms of soundscape 
description and evaluation, it is important to put soundscape indescription and evaluation, it is important to put soundscape into the to the 
intentional design process comparable to landscape, and to intentional design process comparable to landscape, and to 
introduce the theories of soundscape into the design process. Inintroduce the theories of soundscape into the design process. In this this 
paper a framework of soundscape design potentials is explored bypaper a framework of soundscape design potentials is explored by
considering four key factors, namely sound sources, space, considering four key factors, namely sound sources, space, 
environment and people, with a particular attention to urban opeenvironment and people, with a particular attention to urban open n 
public spaces. In terms of sound sources, both active and passivpublic spaces. In terms of sound sources, both active and passive e 
sounds are discussed, relating to the sounds from the activitiessounds are discussed, relating to the sounds from the activities of of 
users such as group dancing, and the sounds from the landscape users such as group dancing, and the sounds from the landscape 
elements such as fountains, respectively. Designable factors incelements such as fountains, respectively. Designable factors include lude 
sound level, spectrum, as well as temporal and spatial dynamic sound level, spectrum, as well as temporal and spatial dynamic 
process. In terms of spaces, effects of architectural changes anprocess. In terms of spaces, effects of architectural changes and d 
urban design options on the sound field are studied based on urban design options on the sound field are studied based on 
parametric studies using a series of computer simulation. In terparametric studies using a series of computer simulation. In terms of ms of 
environment, multienvironment, multi--sensory interactions are discussed. In terms of sensory interactions are discussed. In terms of 
people, since different users may have rather different soundscapeople, since different users may have rather different soundscape pe 
preferences, a space should be designed accordingly.preferences, a space should be designed accordingly.


