
 

1 

 

 

 

 

 

 

 

Soundscape Support to Health  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summaries of studies and results 



 

2 

 

 
 
 

 
Contents 

 
 

FOREWORD 
 

SUMMARY OF THE STUDIES ON HEALTH AND WELLBEING 
Evy Öhrström and Anita Gidlöf-Gunnarsson 

Department of Occupational and Environmental Medicine, 

The Sahlgrenska Academy at the University of Gothenburg 

Box 414, SE 405 30 Gothenburg 

 
 

SUMMARY OF THE STUDIES ON SOUNDSCAPE PERCEPTION 
Birgitta Berglund and Mats E. Nilsson 

Department of Psychology, Stockholm University and 

Institute of Environmental Medicine, Karolinska Institutet, SE-106 09 Stockholm, Sweden 

 
 

SUMMARY OF THE STUDIES ON METHODS TO PREDICT ROAD 
TRAFFIC NOISE LEVELS IN SHIELDED URBAN AREAS 

Jens Forssén, Maarten Hornikx and Wolfgang Kropp 
Applied Acoustics, Chalmers University of Technology, SE-412 96 Gothenburg, Sweden 

 
 
 

SUMMARY OF THE EXPERIENCES OF IMPLEMENTATION OF 
SOUNDSCAPES IN POLICIES 

Tor Kihlman 
Applied Acoustics, Chalmers University of Technology, SE-412 96 Gothenburg, Sweden 

 
 
 
 
 
 
 
 
 
 
 
 



 

3 

 

FOREWORD 
 

The positive and negative effects of the sound environment to which humans are exposed in daily life 

have been studied in a number of research programs worldwide. It has become more and more evident 

that the effects include not only disturbance of daily activities, effects on learning and decreased sleep 

quality but also stress-related psycho-social symptoms and cardio-vascular disease. It has also been 

demonstrated that not only the characteristics of the sound environment which can be described by 

acoustic measures are important for the effects but also the type of sound sources and other factors are 

of primary importance. The Mistra supported research program Soundscape Support to Health has 

used the perceived soundscape concept in order to take into account all elements of importance for the 

perception and health effects of the acoustic environment 

The goal of the research program has been to develop methods and models for optimizing soundscapes 

in connection with traffic and city planning with respect to effects on health and wellbeing. The 

program has been concentrated to soundscapes in residential areas (indoors and outdoors) and in 

recreational areas. Noise sources taken into account include ground traffic and external ventilation. 

The fulfillment of the goal has required joint efforts by scientists and researchers from several 

disciplines ï acoustics, psychology and environmental medicine. The main questions dealt with have 

been  

o What characterises positive soundscapes?  

o Acoustic measures are not sufficient ï how can we measure the quality of soundscapes?  

o How can we create positive soundscapes in and around dwellings and in recreational areas?  

The research has involved extensive field studies as well as more systematic experiments in 

laboratory. 

The enclosed summaries are provided by the project leaders. They include the most important results 

of the research, together with a selection of publications from the program. In selection of publications 

the aims have been to provide an insight into the scientific approach, the performance of the research 

and the most important results.  

A comprehensive communication program, involving persons engaged in the research program, has 

been run in parallel with the research. The aim of the communication program has been to create a 

bridge between the scientists on one side and the problem owners and relevant decision makers on the 

other side. The latter represent all levels from international organizations to national, regional and 

local authorities. A review of the experiences of implementation of soundscapes in policies is included 

in the enclosed summaries. 

 

Kjell Spång 

Program manager 
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SUMMARY OF THE STUDIES ON HEALTH AND 
WELLBEING 

 

Evy Öhrström and Anita Gidlöf-Gunnarsson 
 

Department of Occupational and Environmental Medicine, 

The Sahlgrenska Academy at the University of Gothenburg 

Box 414, SE 405 30 Gothenburg 

Email: evy.ohrstrom@amm.gu.se, anita.gidlof@amm.gu.se 

 
 

INTRODUCTION AND GOALS  

Many citizens are exposed to high levels of road traffic noise in and around their homes. These sound 

levels far exceed what characterizes a healthy and sustainable environment. Current traffic noise 

abatement strategy will not even in a long-term perspective be able to substantially change the 

situation and will not fulfill the national guideline value for transportation noise outside dwellings 

(LAeq,24h free field <55 dB and LAmax <70 dB).  

The vision adopted within the 8 year research program òSoundscape Support to Healthò is that 

continuing abatement of emissions from the noise sources (primarily traffic) in residential areas should 

be combined with optimized design of soundscapes resulting in health supportive sustainable sound 

environments (beyond the avoidance of unwanted noise) in which every resident can live a healthy and 

rich life free from: (a) direct as well as accumulated adverse health effects from noise (annoyance, 

behavioral deviations, stress-related psycho-physiological effects, interferences with communication 

and learning, rest/relaxation, and sleep), (b) adverse effects on future generations (deteriorated 

residential, social and learning environments, impaired human development), and (c) negative cultural, 

esthetical and economic effects (social isolation, run-down neighborhoods, deteriorated value of 

buildings).  

Studies of acoustical soundscapes and health and wellbeing  

To investigate effects on health and wellbeing during Phase 1 of the research program (year 2000 ï 

2003) several empirical field studies were conducted to: (i) assess the potential benefits of access to a 

quiet side of the dwelling; and (ii) to study the dose-response relationships between sound levels from 

road traffic (very low to high) and annoyance as well as other adverse effects of traffic noise on health. 

In addition, experimental and quasi-experimental studies were performed to: (iii) elucidate effects on 

sleep from road traffic noise and ventilation noise, which often pollutes an otherwise quiet courtyard 

in residential city areas. The results of Phase 1 show that health and wellbeing are related to the 

acoustical soundscape and that positive benefits are achievable by providing access to quiet sides of 

buildings.  

During Phase 2 of the research program (year 2004 ï 2007), the studies on effects on health and 

wellbeing focused on: (iv) to demonstrate the benefits of soundscaping in residential areas through 

examples of practical applications; (v) to develop the scientific basis, methods/models for extending 

the application of the healthy soundscape concept to restorative environments in 

residential/recreational areas as well as in situations with both road and railway traffic; and (vi) to 

establish the efficiency of different mitigation methods.  

 

METHODS AND STUDIES ON HEALTH AND WELLBEING 

We have developed methods to study various effects on health and wellbeing due to road traffic noise. 

Empirical field studies have been carried out in residential areas with different types of buildings (with 
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and without quiet side), before and after noise mitigations (shielding building, quiet asphalt) and in 

areas exposed to single and combined noise sources (railway and road traffic). Experimental and 

quasi-experimental studies have been performed in The Sound Environment Laboratory at the 

University of Gothenburg. Indicators for assessment of health effects of transportation noise have been 

developed based on results obtained in the research program as well as in other recent studies.     

 

MAIN RESULTS FROM STUDIES ON HEALTH AND WELLBEING 

The òQuiet side conceptó - benefits and limitations  

The residential soundscapes include not only spaces in the dwelling but also places outside the 

dwelling, such as a balcony, a place for outdoor restoration and places in the nearest neighborhood 

(green areas) that can be used by the residents in their everyday life. The results of our research show 

that all these places are of importance for peopleôs health and well-being.  

 
Table 1.  Prevalence of adverse health effects in relation to sound levels and access to a quiet side. 

 
                                                                 ADVERSE EFFECTS OF ROAD TRAFFIC NOISE AT DIFFERENT SOUND LEVELS (LAeq,24h) 

 

 

Adverse effects due to 

road traffic noise (%): 

Reference 

area 

Dwellings with quiet side 

Sound level most exposed side 

Dwellings without quiet side 

Sound level at both sides 

42ð43 dB 

both sides 

55 dB 60 dB 65 dB 55 dB 60 dB 65 dB 

General annoyance     

(òat homeó) 
3 11 21 38 22 34 57 

Rest/relaxation indoors 

with windows closed 

 

4 

 

11 

 

18 

 

31 

 

19 

 

33 

 

45 

Rest/relaxation indoors 

with windows open 

 

6 

 

17 

 

31 

 

47 

 

28 

 

42 

 

57 

Rest/relaxation on patio 

or balcony outdoors 

 

3 

 

11 

 

21 

 

25 

 

20 

 

26 

 

40 

(Quiet side had an average sound level of 48,5  dB 2 m from the  façade, or LAeq,24h 45,5 dB  free field value.) 

 
Our results from the cross-sectional studies (Publ. nr 1) show a strong dose relationship between sound 

levels at the most traffic noise exposed side and various adverse health effects. Access to a quiet side 

of the dwelling reduces annoyance and disturbance of rest and relaxation indoors (closed and open 
windows) and outdoors (see table 1). As can be seen (Publ. nr 9, figure 2) a high courtyard quality of 

the quiet side reduces annoyance to road traffic noise to some extent as compared with a quiet side 

with low courtyard quality (17 vs. 26 % annoyed at 58-62 dB and 28 vs. 43 % at 63-68 dB). Access to 

a quiet side also reduces stress-related symptoms (figure 1) and improves sleep substantially (figure 

2).  

A healthy sound environment where very few residents are negatively affected by road traffic noise is 

only seen in the reference area where sound levels from road traffic noise is below LAeq,24h 45 dB at 

both sides of the dwelling (table 1, column 1). Residents living in apartments with access to a quiet 

side (column 2-4) are much less affected by road traffic noise than residents without access to a quiet 

side of the dwelling (column 5-7). In dwellings with a quiet side and an equivalent sound level of 55 

dB at the most exposed side (column 2) about 10% of the respondents experience annoyance and 

disturbance of rest and relaxation indoors with closed windows as well as outdoors. If windows are 

kept open a higher number of residents report that they are annoyed or disturbed during rest and 

relaxation. Thus, this might be seen as an acceptable but not very good sound environment.  

At 60 dB, about 20% report annoyance and other adverse effects from road traffic noise although there 

is access to a quiet side (column 3). At higher sound levels outside the dwelling (column 4, 6 and 7) 

extensive effects of road traffic noise are seen. These sound environments could, therefore, be 
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considered as unacceptable from a health point of view regardless if there is access to a quiet side or 

not.  

Our studies confirm the results obtained in longitudinal studies (Öhrström, 2004) that road traffic 

noise causes stress-related psychosocial symptoms. In areas with high sound levels (LAeq,24h 65 dB) 

without access to a quiet side the prevalence of daily or weekly symptoms; ñvery tiredò, ñfeeling 

stressedò, ñunsociableò and ñirritated/angryò were significantly more frequent than in the quiet 

reference area (LAeq,24h <45 dB at both sides of the dwelling), see figure 1. The relationship between 

road traffic noise and stress-related symptoms found in our study is strengthened by the results from 

studies, which suggest a higher prevalence of heart disease in areas exposed to road traffic noise.  

 

 

 

 

 

 

 

Figure 1. Prevalence on psycho-social stress related symptoms in relation of sound levels from road traffic 

and access to a quiet side. 

¶ Conclusion: Although access to a quiet side is proved beneficial for health and wellbeing it is of 

utmost importance to be aware that access to a quiet side can not compensate for very high sound 

levels at the most exposed side. To protect the majority (at least 80 %) from experiencing annoyance 

and other adverse health effects, the sound levels should not exceed LAeq,24h = 60 dB at the most 

traffic noise exposed side even if there is access to a quiet side (Ò LAeq,24h 45 dB).     

 

Sleep disturbance ð a most detrimental effect of noise 

Sleep quality is determined by individual factors such as age and physical and mental health as well as 

situational factors such as temperature, light and noise. Sleep disturbance is one of the most serious 

effects induced by road traffic noise. Therefore, it is very important that bedrooms are located towards 

a quiet side of the dwelling to preserve good sleep quality, even with windows slightly open. Studies 

on sleep based on data from the cross-sectional studies show that low sound levels outside bedroom 
windows are necessary to protect from noise-induced sleep disturbances (Publ. nr 1). The 

experimental/quasi-experimental studies (Publ. nr 1 & 3) elucidate important methodological issues in 

sleep and noise research.   

Our cross sectional studies showed that at low sound levels from road traffic outside bedroom 

windows and with windows closed (Figure 2) about 10 % report sleep disturbances due to road traffic 

noise and this increased to 35 % at the highest sound levels. Disturbance due to not being able to keep 

bedroom windows open at night increased in a dose-related way starting from Lnight 46 dB. If 

bedroom window was kept slightly open, which most of the residents preferred if not hindered by 

noise, the different types of sleep disturbances varied between 20 % at the lowest sound levels up to 

45 % at sound levels between Lnight 57 and 61 dB, i.e.10 percent points higher than with bedroom 

window closed. 
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Figure 2. Effects of road traffic noise on sleep with window closed in relation to sound levels outside 

bedroom window. 

Ventilation noise is common in residential city courtyards - Also if the bedroom is facing a 

courtyard free from exposure to road traffic noise, fans or ventilation noise from installations in the 

courtyard often destroy an otherwise quiet courtyard. The purpose of one of the experimental/quasi-

experimental studies carried out in a laboratory and in the home environment was to gain additional 

knowledge on the relation between acoustic soundscapes with ventilation noise and adverse effects on 

sleep. Subjects were exposed to road traffic noise, ventilation noise and a combination of the two 

sources. Our results showed that road traffic noise caused more sleep disturbances than ventilation 

noise and the combined exposure had somewhat larger effect than single exposure to road or 
ventilation noise (Publ. nr 2). 

Methodological aspects in studies on noise and sleep disturbance - Experimental studies 

with well controlled conditions are considered valuable complements to field studies. However, large 

body of studies on the effects of noise on sleep has shown larger effects of noise in studies performed 

in the laboratory as compared with findings in the home environment. At least to some extent, this 

may be due to the methods used as well as sound exposures, the laboratory environment and the 

participating subjects. Our two experimental/quasi-experimental studies on sleep aimed to investigate 

whether there were any differences in the effects of noise on sleep between studies performed in the 

laboratory and in field settings with equal road traffic noise exposure. Effects on sleep were evaluated 

by the same methods, questionnaires and wrist-actigraphy, and great effort was made to create a home-

like sleep environment in the laboratory. No significant differences in sleep quality were found 

between home and laboratory conditions on variables assessed either by questionnaires or wrist-

actigraphy.  

¶ Conclusion: A large majority of the population prefer to sleep with windows slightly open. If the 

sound levels from road traffic or ventilation noise outside bedroom windows do not exceed LAeq,22-06 40-

44 dB 2 m from the façade, bedroom windows can be kept slightly open without causing extensive 

sleep disturbances (approximately 80 % protected). At higher sound levels outside bedroom windows 

there is a steep increase in noise-induced sleep disturbances.  This means that to preserve good sleep 

quality and avoid noise-induced sleep disturbances, bedrooms must be placed where windows are 

facing a quiet outdoor side of the dwelling.  

None of the two experimental/quasi-experimental studies show that findings in the laboratory 

environment exaggerate the effects of road traffic noise on sleep, when sleep is studied with the same 

methods and a homelike environment is created in the laboratory. 

 
Physical, visual and acoustic aspects of nearby residential environment 

Research on restorative environments suggests that certain environments provide high quality 

restorative experiences that may act as moderators of adverse conditions, e.g. high sound levels from 
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road traffic. A growing body of literature indicates that contact with nature influence peopleôs health 

and psychological well-being both directly and by moderating processes. Through obtained data from 

the cross-sectional studies we examined how the physical quality of quiet courtyards and self-reported 

perceived availability to nearby green areas influenced annoyance and general well-being in noise-
exposed urban residential areas (Publ. nr 4 & nr 6). Through laboratory experiments (Publ. nr 5), we 

furthermore elaborated on how the acoustic soundscape and the visual appearance in courtyard settings 

interacted and affected subjectôs responses, (e.g., noise annoyance, perceived soundscape, visual 

impression, opportunities for relaxation and restoration, current mood). 

The quiet side should have a high physical quality - We documented the physical environmental 

quality of the ñquietò courtyards (PEQC) and explored the effect of PEQC on health and well-being 
(Publ. nr 4). Data were collected from 358 residents and four groups were formed based on sound level 

categories (58-62 and 63-68 dB) and PEQC classification (low and high). At both sound-level 

categories, the results showed that residents with access to high PEQC-classified ñquietò courtyards 

reported less noise annoyance and noise-disturbed outdoor activities. However, due to high sound 

levels at the trafficked side of the dwelling, a ñquietò indoor section and a high PEQC-classified 

ñquietò courtyard could not counterbalance completely the adverse health effects of noise. Thus, 28 % 

were still noise annoyed at 63-68 dB as compared to 38 % noise annoyed in the total study sample (see 

table 1, column 4). 

Noise annoyance and restoration - audio-visual interactions - Previous research on restorative 

environments is mainly focused on the visual impression and the knowledge on the interaction 

between the acoustic/perceived soundscape and the visual appearance in residential settings intended 
for restoration and recreation is sparse. We examined audio-visual interactions (Publ. nr 5) in two 

laboratory settings ï an attractive vs. unattractive courtyard (Figure 3). At each courtyard setting, six 

sound conditions were presented in a randomized order during 4 minutes each: only sounds from road 

traffic at LAeq
 
43, 50 and 55 dB, and these traffic sound levels together with birdsong. 24 subjects (12 

men, 12 women) participated in the experiment. Perceived soundscape properties developed by 

Berglund and Nilsson (2006) were used together with questions on health effects incl. annoyance were 

used to evaluate the effect of different visual and acoustic properties (parameters) in courtyard 

settings.  

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.  Laboratory settings; unattractive courtyard (left) and attractive courtyard (right). 

 

Our results indicate that visual courtyard perception, road traffic noise annoyance, perceived 

soundscape (e.g., soothing, stressing), emotional reactions (current mood), and possibilities to 

rest/relax were affected by courtyard setting, sound levels, and birdsong. For example, noise 

annoyance decreased somewhat with the attractive courtyard setting and presence of birdsong. 

However, about 35 to 50% and 75 to 90% were annoyed at 50 and 55 dB, respectively. At these sound 

levels, few of the participants reported that they would like to visit the courtyards, even if it was the 

attractive one. 
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    Sound levels from railway and road traffic, LAeq,24h,tot 

Availability to nearby green areas and contact with nature influence peopleôs health and 

psychological well-being both directly and by moderating processes. Based on data obtained in the 

cross-sectional study we examined whether perceived availability to nearby green areas affects various 
aspects of well-being in the two noise-condition groups with and without access to a quiet side (Publ. 

nr 6). For both those with and without access to a quiet side, the results show that ñbetterò availability 

to nearby green areas is important for their well-being and daily behavior by reducing long-term noise 

annoyances and prevalence of stress-related psychosocial symptoms, and by increasing the use of 

spaces outdoors.  
 

¶ Conclusion: In the process of planning health-promoting urban environments it is not only essential 

to strive for low sound levels from road traffic and to design ònoise-freeó sections indoors and 

outdoors. It is also important to provide outdoor environments with high physical, visual, and 

functional quality as well as easy access to nearby green areas that can offer relief from 

environmental stress and opportunities for rest and relaxation.  

 

How to handle sound environments with combined noise courses  

In urban residential areas, exposure to several noise sources, e.g. road and railway traffic, is a common 
situation. However, current plans for new residential areas commonly handle only one noise source at 
a time without considering the total sound exposure. Therefore, knowledge is needed for evaluating 
effects on health and wellbeing in soundscapes with more than one noise source. Our empirical studies 
in the field (Publ. nr 7) as well as the laboratory experiments (Publ. nr 8) indicate that noise annoyance, 

and other adverse effects of noise, significantly increases in situations with combined railway/road 
traffic noise exposure as compared to situations with one dominant source with the same total sound 
level.  

The large socio-acoustic survey involved 1953 persons in residential areas exposed to railway and 

road traffic noise with sound levels ranging from LAeq, 24h 45 dB - 72 dB in a municipality east of 

Gothenburg, Sweden. Various adverse health effects, including annoyance, were assessed to elucidate 

the impact of exposure to single and combined noise sources. In areas exposed to both railway and 

road traffic, the proportion annoyed by the total traffic sound environment (total annoyance) was 

significantly higher than in areas with one dominant noise source (rail or road traffic) with the same 

total sound exposure (LAeq,24h,tot). This interaction effect was significant from 59 dB and increased 

gradually with higher sound levels (Figure 4).  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Estimated relationship between total annoyance (% annoyed) due to the total traffic sound 

environment and the total traffic sound exposure level (LAeq,24h,tot) for persons equally exposed to railway 

and road traffic noise (upper curve) and for those exposed to one dominant noise source, whether railway 

or road traffic (lower curve). 
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The experimental study examined responses (e.g. annoyance, listening disturbance) to road traffic and 

railway noise occurring separately or in combination. We exposed 24 subjects to four different noise 

situations with sound levels around guideline values for balconies/patios (road 53 dB, railway 53 dB, 

road+railway 53 dB, road+railway 56 dB) when listening to a played-back radio program during 10 

min in each situation. The laboratory room was furnished as a living room and noise levels (and 

frequency spectra) were chosen to simulate a situation with windows kept entirely open/outdoor 

situation. The results (Figure 5) showed that at 53 dB, road traffic noise alone caused higher 

annoyance, listening disturbance, and a more negatively perceived soundscape than railway noise 

alone. Annoyance due to each noise source when occurring separately increased with 38% for railway 

and 13% for road traffic when combined at 56 dB.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Sound levels with time weighting òSlowó for road traffic, railway and speech (left). Annoyance 

(right) due to the different sound exposures: (RW = Railway traffic; RT = Road traffic). 

 
¶ Conclusion: Our research demonstrates the necessity to consider the total sound exposure from two 

(or more) sources and not only single sources in plans for new residential areas, in risk assessments 

and in noise mitigation activities. To allow for relaxed speech communication and listening without 

having to rise the voice, background sound levels from traffic and other sources should be kept well 

below the present Swedish guideline values outside dwellings on balconies and patios (LAeq,24h = 55 

dB).   

 
Different mitigation measures ð how efficient are they? 

A number of mitigation measures to reduce traffic noise in residential areas e.g. noise barriers, earth 
berms, quiet asphalt, windows with good sound insulation are available. A typical noise abatement 
measure is to erect a noise barrier with an assumption of reducing sound levels from 7 up to10 dB. An 
alternative technique is to apply quiet asphalt, which typically reduces the level slightly less than a 
barrier does. An active way to increase the access to quietness is to erect shielding buildings that fill 
existing gaps through which traffic noise penetrates and spoils the shielding effects. However, 
evaluations of how abatement measures affects sound levels and the public experiences are seldom 
conducted. Our research on health and wellbeing and acoustical soundscapes investigated the 
efficiency of shielding building (Publ. nr 9) and quiet asphalt/earth berm (Publ. nr 10). 

A full-scale demonstration example of the benefit of the quiet side-concept - Phase 2 of the 

research program include a full-scale demonstration example of the ñquiet side-conceptò and 

participation in planning and rebuilding of an existing residential area close to the highway E20 near 

Gothenburg (see Figure 6). The traffic flow at E20 is approximately 37 000 vehicles/24h and speed 

limit is 90 km/h. A quiet side is being created through new buildings that fill in gaps between houses 

facing the highway and through a considerable rebuilding of the dwellings by moving balconies and 

rooms.  
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Figure 6. Residential buildings at the highway E20 in Partille before (left) and after one out of for planned 

shielding buildings and a noise screen (right).  

 

Our findings from the pre-study of this example revealed higher prevalence of noise annoyed 

respondents (84 %) among those exposed to high road traffic noise  compared with results from the 

study of inner-city areas (see Figure 7 and Table 1, column 7). Thus, it remains to see if annoyance 

after the considerable rebuilding of the dwellings will produce a similar benefit of a quiet side as 

shown in the previous studies (see Table 1). This will be evaluated in an after-study in year 2009. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Relation between annoyance (% annoyed) and sound levels from road traffic (LAeq,24h). The red 

staple in the diagram represents percentage annoyed persons (84 %) among those living in the houses 

shown in Figure 6 next to the highway E20 in Partille. 

 

 
Noise mitigation through quiet asphalt and earth berm ð We examined noise annoyances 

before (2005) and after (2007) noise abatement measures in three quarters of a residential area located 

close to a highly traffiked road. Type of abatement measures were application of quiet asphalt (2-

Layered Porous Asphalt) (A) and 2-Layered Porous Asphalt combined with erection of an earth berm 

(B). Sound levels year 2005 ranged between approx. LAeq24h 60 ï 71 dB, 59 ï 69 dB, and 58 ï 66 dB in 

quarter A, B, and C, respectively. In quarter C, residential buildings were located at a right angle 

towards the traffiked road and was therefore mainly affected by the quiet asphalt, but to a lesser 

degree. Traffic from a local road contributed here with noise. Sound levels in quarter A, B, and C were 

reduced in year 2007 by å 5.5, 6.5, and 4 dB, respectively.  

Results indicate that quiet asphalt had no or a negative (increasing) effect on annoyances in quarter A 

and C, but the combination of quiet asphalt + earth berm significantly decreased annoyances in quarter 

B (- 20 %, p<0.05, see Figure 8). High expectations about the effectiveness of abatement measures in 

creating a better sound environment indoors and outdoors may have influenced the results. 
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Figure 8. Annoyance (% rather, very or extremely annoyed) due to road traffic noise before and after 

different noise abatement measures. (Quarter A quiet asphalt, n = 39; Quarter B quiet asphalt + earth 

berm, n = 31; Quarter C no direct noise abatement measure, n = 27), (* p<0.05, McNemar-test).  

 

¶ Conclusion: Our research demonstrates that application of quiet asphalt only did not reduce 

annoyance whereas a combination of quiet asphalt and earth berm resulted in a substantial 

significant reduction in noise annoyance.  

 

MAIN CONCLUSIONS AND RECOMMENDATIONS  

To fulfil the long-term goal for a healthy built environment it is necessary to improve existing sound 

environments and to avoid new residential buildings in heavily noise exposed areas.  

A sound environment, existent as well as new settlements, that is supportive to health and well-

being (at least 80-90 % not annoyed or experiencing other adverse health effects due to noise) 

should fulfil the following requirements: 

 Sleep disturbance is the most deleterious effect of noise, therefore, the total sound level from 
road traffic and other noise sources outside bedroom windows should not exceed LAeq,22-06  44 

dB 2 m from the façade to allow for good sleep quality with windows slightly open. In most 

cases this means that bedrooms has to be located at the most quiet side of the residency. 

 Rest and relaxed conversation indoor as well as outdoor on balconies or patios requires that 

sound levels (road traffic and other noise sources) should be kept low, LAeq,24h Ò45 dB at these 

places.   

 It is also essential to provide outdoor environments with high physical, visual and functional 

quality.  

 Easy access to nearby green areas offers relief from environmental stress and opportunities 

for rest and relaxation. Therefore, these areas should be protected.  

 A quiet side (LAeq,24h Ò45 dB) is beneficial for health and wellbeing and reduces annoyance 

and stress-related psycho-social symptoms.    

 

Sound levels not to be exceeded and specific situations to be considered:   

 There is a limit whereby the quiet side loses its strong beneficial effect and this is necessary to 
take into account in future traffic and housing development. Sound levels should not exceed 

LAeq,24h = 60 dB at the most traffic noise exposed side even if there is access to a quiet side.  
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 In situations with more than one noise source, it is necessary that plans for new residential 

areas, risk assessments and noise mitigation activities consider the total sound exposure and not 

only single sources. 

 Noise mitigation activities such as quiet asphalt alone might not be sufficient to reduce 

adverse effects if  sound levels from road traffic are high.  

 Noise mitigation through shielding buildings in combination with noise barriers and improved 

window insulation might be beneficial for health and wellbeing in existing residential areas 

close to heavily trafficked roads. It remains to see if our full-scale demonstration example after 

the substantial rebuilding could be classified as a sound environment supportive to health (i.e. 

at least 80-90 % of residents not annoyed or experiencing other adverse health effects due to 

noise).   
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INTRODUCTION AND GOALS  

Soundscape research focuses on the total sound environment, including all its positive and negative 

aspects. Consequently, to improve soundscapes is not a matter of noise abatement only; it is also 

important to promote positive sounds in the environment. In order to do this successfully, knowledge 

is needed on how the overall soundscape is perceived and on how this perception is related to the 

combination of adverse and positive sounds in the environment. Therefore, our main research goals 

were to provide knowledge and methods by which it will be possible to characterize soundscape 

quality perceptually. The long-term goal is to introduce soundscape design in city planning. 

Specifically, our research had the following goals: 

1. To develop a model of soundscape perception. 

2. To develop a method for measuring perceived soundscapes. 

3. To characterize perceived soundscape quality in urban parks and open green.  

4. To evaluate effects of noise mitigation on soundscape perception. 

 
Studies on soundscape perception 

During Phase 1 of the research program (year 2000 ï 2003) several empirical field studies were 

conducted in order to: (a) Develop methods for measuring the perceived soundscape in residential 

areas indoors and outdoors, (b) study effects of facades (indoor-outdoor) and shielding buildings 

(exposed-shielded side of buildings) on perceived soundscapes in residential areas, and (c) determine 

psychophysical relationships between perceived and acoustic soundscapes, based on listening walks 

and listening experiments in the laboratory.  

The studies conducted during Phase 2 of the research program (year 2004 ï 2007) built on the results 

from Phase I, and focused on: 

1. Perceptual dimension of perceived soundscape (listening experiments).  

2. Further development of a method, ñThe Soundscape Walkò, for measuring perceived soundscape 
quality (listening walks).  

3. Perceived soundscapes in urban city parks and recreational areas (questionnaire studies). 

4. Effects of noise mitigation on perceived soundscapes (listening experiments, listening walks). 

 

MAIN RESULTS FROM STUDIES ON SOUNDSCAPE PERCEPTION 

Dimensions of Perceived Soundscapes 

Soundscapes typically contain several sounds which occur simultaneously or separately in time. These 

component sounds may be positive (e.g., sounds from nature) or adverse (e.g., traffic noise). Despite 

this complexity, the overall soundscape can be meaningfully assessed. For example, the soundscape in 

a quiet park is more pleasant, more soothing, less annoying, and less stressful than the soundscape of a 
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sidewalk close to a busy road. An important research question is if it is possible to formulate a model, 

which integrates all possible attributes of soundscapes (pleasant, eventful, annoying, etc) to a small 

number of fundamental dimensions of soundscape perception. Such a model would bring soundscape 

research a step forward, by guiding future research on what to measure (method) and what to look for 

(theory). 

 In our main listening experiment, 100 participants assessed 30-s recordings of 50 soundscapes, 

carefully chosen to represent a wide range of possible outdoor soundscapes (Axelsson, Berglund & 

Nilsson, 2005). The listener assessed the soundscape with the help of 116 attribute-scales. A principal 

components analyses (PCA) was conducted in order to represent the 116 attributes by a small number 

of orthogonal dimensions of soundscape perception. The first two components explained 50 % and 18 

% of the total variance. The first component was labeled ñPleasantnessò. The three attributes with the 

highest absolute loadings in this component was pleasant (0.96), unpleasant (-0.96), and appealing 

(0.96). The second component was labeled ñEventfulnessò. The three attributes with the highest 

absolute loadings on this component was eventful (0.90), lively (0.86), and uneventful (-0.84). 

[Remaining components explained at most 6 % of the total variance.] The obtained dimensions agree 

well with previous and later research on perceptual dimension of sound environments (reviewed in De 

Coensel and Botteldooren, 2006). 

Figure 1 shows a factor score plot of the two first components ñPleasantnessò and Eventfulnessò. Each 

circle represents one soundscapeôs location in the space defined by the two first components. 

Attributes related to these two fundamental dimensions are indicated in the figure. An ñexcitingò 

soundscape is pleasant and eventful, whereas a ñquietò soundscape is pleasant and uneventful. A 

ñchaoticò soundscape is unpleasant and eventful, whereas a ñboringò soundscape is unpleasant and 

uneventful (cf. Russelôs ñcircumplexò model of human emotions, Russel, 1980; cf. Vªstfjªll et al., 

2002). 

The colors of the circles in Figure 1 show which type of source was dominating in the soundscape. 

The general pattern of colors in Figure 1 may be summarized as follows: Soundscapes dominated by 

technological sounds were unpleasant (grey circles located to the left in the figure), whereas nature 

sounds were pleasant (green circles located to the right in the figure). Less obvious was the finding 
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Figure 1. Soundscape perception model derived from principal components analyses of 116 attribute-

scales of 50 soundscapes. Each circle represents one outdoor soundscape; its location in the space was 

derived from its factor-scores on the two first principal components (òPleasantnessó and 

òEventfulnessó); the color of the circle indicates the type of source dominating the soundscape (see 

legend), (from Berglund, Nilsson & Axelssson, 2007). 
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that soundscapes dominated by human sounds were more eventful than soundscapes without human 

sounds (orange circles located at the top in the figure). These results suggest the following strategies 

for improving soundscapes: First, in order to achieve pleasant soundscapes, nature sounds should be 

promoted and technological sounds abated. Fountains and vegetation attracting birds and generating 

sounds of wind may be used for increasing nature sounds, and various noise mitigation methods may 

be used for abatement of technological sounds. Second, it has to be decided if the ñpleasantò 

soundscape should be ñeventfulò or ñuneventfulò. In the former case, the soundscape is perceived as 

ñexcitingò, in the latter case as ñquietò (see Fig. 1). In order to create an ñexcitingò soundscape, sounds 

from humans should be promoted, for example, by cafeterias and playgrounds. Conversely, if a 

ñquietò soundscape is planned (e.g., a therapeutic garden), loud sounds from humans should be 

avoided. 

 

¶ Conclusion:  Soundscape perception is well described by a two-dimensional model, with 

òpleasantnessó and òeventfulnessó as orthogonal perceptual dimensions. An òexcitingó soundscape is 

pleasant and eventful, whereas a òquietó soundscape is pleasant and uneventful. A òchaoticó 

soundscape is unpleasant and eventful, whereas a òboringó soundscape is unpleasant and uneventful. 

Presence of nature sounds is related to pleasantness, whereas technological sounds are related to 

unpleasantness of soundscapes. Presence of human sounds is related to perceived eventfulness of 

soundscapes.  

 
The Soundscape Walk  

The Soundscape Walk is a method by which soundscape quality may be measured in places intended 

to be quiet and/or restorative. The walking tour is defined by the number of places which should be 

visited. At each place the soundscape quality should be assessed by the selected panel according to a 

structured protocol.  

Thus far, we have developed the Soundscape Walk for residential areas in places outdoors and indoor 

(Berglund & Nilsson, 2006). Figure 2 gives an example of results obtained with listening walks. The 

figure shows soundscape-attribute match plotted against 5-dB-band sound level category expressed as 

LAeq,30s. The increasing curves refer to annoyance and the decreasing curves to soothing. From right to 

left the diagrams show that acceptable soundscape quality (i.e., more soothing than annoying) is 

reached in the 50 dB category if outdoors, in the 40 dB category if indoors with open window and in 

the 30 dB category in indoors with closed window. A general conclusion is that residentsô accept 

outdoor soundscapes up to approximatly 50 dB, but requires that the indoor soundscapes should not 

surpass 40 dB and should be as low as 30 dB with windows closed. These sound levels are in 

agreement with the WHO guideline values, which also refer to place and conditions with window open 

or closed (WHO, 2000). 
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Figure 2. Perceived attribute match for positive (soothing) and adverse (annoying) attributes as a function 

of overall A-weighted sound pressure level (LAeq,30s), (from Berglund, Nilsson & Axelssson, 2007).  
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In a further development of the methodology, soundscapes are classified in the 2-dimensional space 

shown in Figure 1. The first dimension, ñpleasantnessò is not strongly related to sound pressure level, 

especially in situations with both pleasant sounds and moderately loud technologically sounds (e.g., 

city park with 50-55 dB traffic noise). The second dimension, ñeventfulnessò, is weakly or not at all 

related to average sound pressure level. In order to improve the psychophysical relationship between 

soundscape perception and various acoustic indicators, we have developed a new dualistic 

psychophysical approach, based on measures of perceptual and acoustic similarity (Berglund, 

Axelssson, & Nilsson, 2006). We have also used fuzzy ant clustering for classifying soundscapes, 

based on fuzzy resemblance of the shape of the SPL histogram, the audio spectrum and the spectrum 

of temporal fluctuations, representing loudness, spectral and temporal content (De Consel, et al., 

2007). Both these approaches may be promising steps towards a green labeling tool based on acoustic 

measurements. However, the informational content of soundscapes (i.e. its composition of different 

types of sources), which is crucial for soundscape perception and evaluation, is not captured by these 

types of models. For these reasons, we believe that a valid description of the quality of the soundscape 

can not be achieved with acoustic measurement only. Perceptual measurement is required, using 

participants in listening walks, in which perceptual dimensions and sound source identification is 

measured. An improved protocol for such walks has been developed, based on our soundscape 

perception model (Figure 1) and results from our questionnaire studies in city parks and open green 

areas (see below). The protocol was recently pilot tested in city parks in Stockholm and in a residential 

area in Örebro.  

 
¶ Conclusion:  The òSoundscape Walkó was developed for measuring soundscape perception by 

structured listening walks, outdoors and indoor. The method measures basic dimension of 

soundscapes perception (òpleasantnessó and òeventfulnessó) as well as sound source identification 

(òtechnological soundsó, ònature soundsó and óhuman soundsó). The method may be used for 

identifying and green labeling of positive soundscapes. 

 
Soundscape Quality in Urban Outdoor Areas 

Outdoor open spaces provide opportunities for relaxation and stress recovery. In urban areas, noise 

pollution is a threat to these health-promoting functions of outdoor spaces. Therefore, the EC-directive 

on environmental noise points out the need to preserve existing quiet urban areas (EC, 2002). 

Unfortunately, guideline values for quiet urban areas are typically missing, mainly due to the lack of 

knowledge of the effect of noise on perceived soundscape quality in outdoor areas. The primary goal 

of our research on soundscape perception in city parks and suburban green areas was to determine how 

perceived soundscape quality is related to combination of adverse and positive sounds in the 

environment. Such knowledge is needed for defining guideline values grounded in soundscape 

perception and for guiding soundscape design that promotes positive sounds. 

Two questionnaire studies in city parks and suburban green areas were conducted. Detailed description 

of the first study (Field Study I) is found in Nilsson & Berglund (2006).The second study (Field Study 

II), conducted in the summer of 2006, was carried out in cooperation with the City of Stockholm. The 

study was an extension of Field Study I, including a larger set of areas, a larger number of visitors, and 

more detailed sound measurements (Nilsson, 2007). 

In both studies, perceived soundscape quality was found to be strongly related to sound source 

perception. In Field Study I, soundscape quality was found to be considerably better in the suburban 

areas than in the city parks. More than 70 % of the respondents in the city parks reported that they 

often had heard technological sounds, compared to 40 % in the suburban green areas. In Field Study 

II, the question on source perception was rephrased in order to measure the degree of dominance of 

sound sources within the soundscape. Each of the three categories (i) nature sounds, (ii) sounds from 

human activity, and (iii) technological sounds was assessed with respect to the degree to which they 

were dominating the soundscape.  
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Figure 3 shows the proportion of respondents who reported that sounds from a given source category 

was ñheard a lotò or ñdominated completelyò. The 16 areas are numbered with respect to the 

proportion of visitors that considered the soundscape to be ñgoodò or ñvery goodò, from Area 1 (97 %) 

to Area 16 (9 %), (see also Figure 4). 

As expected, nature sounds (green bars) were the most dominating sounds in areas with good 

soundscape quality, whereas technological sounds (red bars) were the most dominating sounds in areas 

with low soundscape quality. Sounds from human activity (yellow bars) were not strongly related to 

soundscape quality. This agrees with results from Field Study I, in which sounds from humans were 

evaluated as ñneutralò, whereas sounds from nature and technological sounds were evaluated as 

ñpleasantò and ñannoyingò, respectively. Correlation analyses confirmed that soundscape quality was 

negatively related to dominance of technological sounds and positively related to dominance of nature 

sounds. These relationships remained also after controlling for overall measured sound level. In fact, 

dominance of technological sounds was found to be a better predictor of soundscape quality than 

measured sound level (Nilsson, Botteldooren & De Coensel, 2007). This agrees with previous research 

which has shown that sound-source perceptions is the main determinant of perceived soundscape 

quality (Brown & Muhar, 2004; Brambilla & Maffei, 2006).  
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Figure 3. Proportion of visitors perceiving sound-source categories to be òheard oftenó or to òdominate 

completelyó. Data from Field Study II. The 16 areas are numbered with respect to the proportion of visitors 

that considered the soundscape to be ògoodó or òvery goodó, from Area 1 (97 %) to Area 16 (9 %), (from 

Nilsson, 2007) 

 

 
 
Figure 4. Proportion of visitors perceiving the soundscape quality as ògoodó or òvery goodó, as a function of 

measured sound level (LAeq,4h). Data from Field Study II. Numbers refer to area number (cf. Fig. 3), (from 

Nilsson, 2007). 


