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ABSTRACT 
There has been a growing recognition among noise researchers that natural elements and 
natural areas of the built environment have potentials to reduce annoyance due to traffic noise. 
It has been suggested that presence of vegetation (e.g., trees, bushes, grass, flowers) 
contributes to an aesthetically pleasing environment, which influence overall residential 
satisfaction and people‟s perception of the noise. Other expected benefits of natural 
elements/areas are prevention or modification of adverse effects of work-, personal-, or 
environmental stress (e.g., noise) through restoration processes. Within the large TVANE-
project, the present study examined the effect of green areas (park or similar at walking 
distance) on noise responses in residential settings (n=468) exposed to road traffic noise 
(LAeq,24h 45 to 65 dB). A binary multiple logistic regression analysis, with sound exposure as the 
prime variable assumed to predict general noise annoyance at home, indicated that presence of 
green areas, a closer distance to it from the subject‟s home, and perceived green-area 
characteristics (good sound environment, high attractiveness and potentials for recreational 
activities) significantly lowered noise annoyance. The results suggest that the exposure-
response relationship between noise and annoyance is influenced by access to nearby green 
areas provided that they have good environmental quality, particularly regarding the perceived 
sound environment. 
 

1. INTRODUCTION 
The protection of outdoor areas that are “quiet”, or as suggested recently – having “high 
acoustic quality”1 or health-promoting soundscapes2-4 – is an issue of growing interest as well as 
a requirement stated in the EC-directive on environmental noise (END). These “quiet” areas 
have been broadly divided into three domains of the outdoor environment: urban domains (e.g., 
parks, gardens, courtyards, squares), non-urban or rural domains (e.g., countryside, forests, 
coastlines), and natural area domains (e.g., national parks, wilderness areas)1. Within noise 
research, the focus has mainly been to identify and describe the characteristics of the “quiet” 
areas with respect to people‟s evaluation, preference and appreciation of sounds heard in the 
contexts5-10, to develop tools10-13 and measuring strategies14-15 and to suggest guidelines for 
potentially disturbing sound sources, such as traffic noise16. Recently, also various health 



effects (psychological, physiological, behavioral) of “quiet” areas have come into focus through 
the research on human health benefits of contact with natural environments17-20. Studies have 
shown that contact with nature is of great importance for human health and well-being17-23. 
Exposure to a natural environment foster psychological restoration by recovery from cognitive 
mental fatigue, reduce stress and stress symptoms, increase positive feelings (e.g., pleasure) 
and decrease negative feelings (e.g., anxiety, anger), promote human interactions, and various 
physical activities (e.g., walking, jogging, cycling, hiking etc.).  
 
For future noise policy and action plans it is important to gain knowledge of how “quiet” natural 
areas can be beneficial for human health and well-being. However, few field studies have 
investigated this issue. Results from a recent study shows that perceived availability to nearby 
green areas was associated with lower noise annoyance and experience of stress-related 
psychosocial symptoms24. An important factor was the distance between the home and the 
nearest green area: closer green areas were associated with fewer noise annoyed residents24. 
Nevertheless, in this study no data was specifically collected on how the sound environment of 
the green areas was perceived. Thus, green areas in which sounds from traffic dominate the 
sound environment may have less positive impact on health and well-being. 
 
The present study formed part of the research project “TVANE” (Train Vibration and Noise 
Effects; 2006-2010), which investigates in a series of empirical field studies and laboratory 
experiments how human responses (health and well-being) are affected by (a) combined 
exposure to railway noise and vibrations, (b) high intensive railway traffic, and (c) road traffic- 
and railway noise per se. From the latter investigation, a restricted dataset is utilized for the 
present study and the main objective is to explore the effect of green areas (park or similar at 
walking distance) and perceived green area characteristics on noise annoyance in residential 
settings exposed to road traffic noise.  

2. METHOD 

A. Study design 
Residential areas in two smaller Swedish cities (Borås and Kungälv) exposed to road traffic 
noise were surveyed using a socio-acoustic questionnaire. The selection of these study areas 
were based on a number of criteria set for the larger study, which compares effects of railway 
noise with road traffic noise. For example, the selected road traffic noise-exposed residential 
areas should be comparable with the railway noise-exposed residential areas regarding the 
following: being located in the same region (the region of Västra-Götaland), having 
approximately the same range of sound levels, and having approximately the same distribution 
of apartment houses and villas. Furthermore, the road traffic noise-exposed areas should not be 
exposed to railway noise and be situated close to a major road/highway (Kungälv is close to the 
highway E6 and Borås is close to the major road R40). 
 

B. Sound exposure 
Sound levels from road traffic (e.g., LAeq,24h = the equivalent A-weighted sound pressure level 
integrated during 24h) were calculated by the Nordic Prediction Method for Road traffic Noise25 
and based on traffic input data (traffic flows, speeds, vehicle type, various measurement 
periods) and geometrical data of the field site. For Kungälv, the calculations were made with the 
program Cadna (version 3.7) and for Borås with the program SoundPlan (version 6.4) at 
individual façade positions (2 and 4 meters above ground at the most exposed facade) of each 
residential building that was included in the sample of homes within the project. The calculations 
refer to free field values, i.e., without the impact of the "own" building facade, but with the impact 
of reflections in other nearby objects such as adjacent buildings, screens etc. Control 
measurements were done in both Borås and Kungälv. 



C. Study population 
The dataset utilized in the present study is based on questionnaire data obtained from 1 188 
residents (48 % response rate), (Table 1). One individual between 18 and 75 years of age were 
originally selected. The restricted dataset of 468 residents were all exposed to road-traffic noise 
exposures between LAeq,24h= 45 to 65 dB at the most exposed facade of the dwelling. The 
remaining residents with lower and higher sound levels were excluded from further analyses. 
Two sound level categories were formed: 45-55 dB (n=297) and 56-65 dB (n=171).  
 
 

Table 1. Study population and response rate. 

Study area Selected 
population 

Excluded 
(moved, sick) 

Remaining 
population 

Response rate 
N (%) 

Residential areas exposed to 
road traffic noise 

 

1 200 

 

12 

 

1 188 
 

567 (48) 

 
 

D. Questionnaire 
Annoyance and other health effects were evaluated using a questionnaire. The format is based 
on questionnaires previously used in larger epidemiological studies of noise annoyance in 
Sweden3. The questionnaire was sent to selected persons in Kungälv and Borås (April 5, 2007) 
together with an introductory letter. The letter presented the survey as a study on environment 
and human health and well-being. It was also explained that the questionnaire focused on the 
homes and the environment in the vicinity of the dwelling and the respondent‟s own experience 
of the environment, especially sound and noise. The letter stated also that the results from the 
study will be an important basis for the design of housing and living environments. Two 
reminder letters were sent out with 10 day intervals to those who not responded to the 
questionnaire. The first reminder consisted only of a letter while the other consisted of the 
reminder letter and a new questionnaire.  
 
The questionnaire contains a total of 50 questions, excluding sub-questions, and is divided into 
five parts related to: (A) housing and living environment; (B-C) annoyance and disturbances due 
to noise exposures from road traffic and railway; (D) general background; and (E) respondent‟s 
own comments. The present paper only uses the following data from the questionnaire:  
 
(A) Access to green areas was assessed with the following question: “Are there green areas 
(park or similar) within walking distance of your home or in the neighborhood?” Four response 
categories were used: “Yes, within 400 m (within 5 minutes walking distance)”, “Yes, within 500-
800 m”, Yes, but more than 800 m”, and “No”. Those who marked any of the “Yes”-categories 
were requested to answer the next coming question in the questionnaire (see below). 
 
Perceived green area characteristics were assessed with eight items (positively and negatively 
stated). The exact wording was “How well agrees the following statements with the green area 
you visit most?” The statements were (listed in the following order): “I can hear sounds from 
nature (e.g., birds, the wind)”; “There are benches to sit on”; “I hear mostly sounds from traffic 
(e.g., road, train)”; “Children can play there”; “Sounds from traffic annoys me (e.g., road, train)”; 
“The natural environment is attractive to stay in”; “The sound environment is relaxing”; and “The 
green area is sufficiently large for my needs”. Responses were given on a 3-point scale 
(1=“Yes, completely agree”, 2=“Partly agree”, and 3=“No, completely disagree”). Positively 
stated items were reverse recoded. 
 



(B) Noise annoyance was assessed with an internationally adopted and standardized 
annoyance scale26.The scale assessed road traffic noise annoyance at home (last 12 months) 
on a verbal 5-point category scale (“not at all”=1, “slightly”=2, “moderately”=3, “very”=4, and 
“extremely”=5). The exact wording was “Thinking about the last 12 months, when you are at 
home, how much does noise from road traffic annoy you?”. 
 

2. RESULTS 

A. Person factors  
The mean age of the respondents was 48.6 (range=19-75, SD=16.5), 42 % were women, and 
56 % were married or de facto co-habiting. A majority of the respondents (74 %) were 
employed, had their own company, or were studying, and the rest had different status such as 
retirement (early retirement, sickness- or old-age pensioner), unemployed, or were on sick- or 
parental leave. About one fourth had a high level of education (≥ 3 years at university).  
 

B. Access to green area and green area characteristics 
A majority (67 %) had access to green areas within walking distance of 400 m from their home, 
13 % between 500-800 m, 16 % longer than 800 m, and 4 % had no access to green areas 
within walking distance. To determine the underlying dimensions of the green area 
characteristics, a principal component analysis of the eight items was conducted. A varimax 
rotation was applied and three factors were extracted with an eigenvalue above 1 explaining   
68 % of the variance (25, 25 and 18 % for factor 1, 2, and 3, respectively). Table 2 shows factor 
loadings for each item. Factor 1 obviously represents the “perceived sound environment” of the 
green area. The items referring to “perceived attractiveness” and size are found in Factor 2, but 
items relating to the sound environment are also loading in this factor (“I can hear sounds from 
nature” and “The sound environment is relaxing”), the latter loading high in Factor 1. Factor 3 
represents “perceived opportunity for various activities” in the green area. Factor scores for 
each respondent on each factor were computed and saved as variables. These factor scores 
were used as independent variables in a logistic regression analysis (higher factor scores 
indicate a more positive perception of the characteristic). 
 

Table 2: Varimax rotated principal component solution for green area characteristics. 
 

Perceived green area characteristics Factor 1 Factor 2 Factor 3 

1. Sounds from traffic annoys me (e.g., road, train)  0.86  -0.12  -0.07 
2. I hear mostly sounds from traffic (e.g., road, train)  0.85  0.08  -0.09 
3. The sound environment is relaxinga  0.68  0.47  -0.04 
4. The natural environment is attractive to stay ina  -0.10  0.84  0.02 
5. The green area is sufficiently large for my needsa  0.15  0.78  0.03 
6. I can hear sounds from nature (e.g., birds, the wind)a  -0.17  0.64  0.29 
7. There are benches to sit ona  -0.01  0.04  0.83 
8. Children can play therea  -0.06  0.14  0.80 

a
 Items were reversed coded. 

 

 

 

 



C. Relationship between road traffic noise, annoyance and green-area variables 

The influence of distance to green areas and green area characteristics on the relationship 
between noise levels and road traffic noise annoyance was explored by binary multiple logistic 
regression analysis (n=407). The model contained exposure to road traffic noise as a 
continuous variable (LAeq,24h), noise annoyance (two categories 0=“not at all”/”slightly annoyed”; 
1=”moderately”/”very”/”extremely annoyed”), distance from the home to green areas (two 
categories; 0=>400 m, 1=within 400 m), and factor scores (continuous variables) representing 
three perceived green area characteristics (Factor 1 “Perceived sound environment”; Factor 2 
“Perceived attractiveness”; Factor 3 “Perceived opportunities for activities”). Respondents who 
reported having no green areas within walking distance from their home were excluded from the 
analysis because they were requested to not answer the questions on green area 
characteristics (n=19).  
 
 

Table 3: Results of multiple logistic regression analysis with 95 % confidence intervals predicting noise 
annoyance from noise exposure and green area variables. 

 

Variables b p-value Exp(B) 95 % CI  

Noise exposure (LAeq,24h)  0.09  0.000  1.09 1.04 – 1.14 
Distance to green areas  -1.00  0.001  0.37 0.20 – 0.66 
Factor 1 “Sound environment”   -1.35  0.000  0.26 0.19 – 0.36 
Factor 2 “Attractiveness”  -0.23  0.076  0.79 0.61 – 1.02 
Factor 3 “Activities”  -0.24  0.090  0.79 0.60 – 1.04 

 
 
The results indicate that the exposure-response relationship between road traffic noise and 
annoyance at home was modified by the green-area variables included in the model (Table 3). 
The percentage of noise annoyed residents were significantly lower among those who had 
green areas within a walking distance of <400 m (OR 0.37; 95 % CI 0.20 to 0.66) and those who 
perceived the “sound environment” of the green areas in a more positive way (OR 0.26; 95 % CI 
0.19 to 0.36). The factors perceived “attractiveness” (OR 0.79; 95 % CI 0.61 to 1.02) and 
“activities” (OR 0.79; 95 % CI 0.60 to 1.04) were also related with a lowered odds of falling into 
the annoyance group, but did not reach statistically significance (p<0.05). The odds ratios 
predicting annoyance were highest for the “sound environment” variable.  
 

D. Access to a nearby green area with good sound environment decreases noise 
annoyance 

To explore more in detail and to illustrate how the “perceived sound environment” of the green 
area influences noise annoyance at home, we formed two groups based on the median value of 
the factor score for the “perceived sound environment” (Md=-0.11, range -2.14 to 1.99). 
Residents with a factor score <-0.11 were classified as having access to a green area with “bad” 
sound environment (n=203) and residents with a score ≥0.11 were classified as having access 
to a green area with “good” sound environment (n=204).  
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Percentage annoyed by road traffic noise at home in relation to perceived sound environment 

of the green area and sound levels (LAeq,24h). 
 
Figure 1 shows that having access to a green area with a sound environment that is perceived 
as “good” significantly reduces noise annoyance at home in the two noise exposure categories 

(2-test, p<0.001). Thus, about four times less amount of the residents were annoyed in the 45-
55 dB category (8 vs. 33 %) and about two and a half times less amount of the residents were 
annoyed in the 56-65 dB category (20 vs. 52 %) if they perceived the sound environment in the 
green area as “good”.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Percentage annoyed by road traffic noise at home in relation to perceived sound environment 

of the green area, sound levels (LAeq,24h), and distance to the green area  
(left panel < 400 m; right panel > 400 m). 



To examine and illustrate the influence of distance to the green area on annoyance, in addition 
to sound levels and “perceived sound environment”, the two-category distance variable (<400 
m; >400 m) was included in the analysis. Figure 2 shows that, in comparison to having a shorter 
distance to green areas (<400 m, left panel), having a longer distance (right panel) is overall 
associated with a higher percentage of annoyed residents both among those who perceive the 
sound environment of the green area as “good” as well as “bad” in the two noise categories. 
Among the residents in the 55-65 dB category and who are perceiving a “good” sound 
environment, five times more are noise annoyed at home if green areas are at longer distance 
than 400 m (8 vs. 41 %). However, it is apparent that a nearby green area within 400 m that is 
noise polluted has a minor effect on noise annoyance (left panel, 48 % annoyed). Even at lower 
noise levels (45-55 dB), every fourth resident is annoyed among those in the “bad” sound 
environment group (left panel, 27 %). With a longer distance to green areas the amount of 
annoyed residents is almost doubled (right panel, 52 %).  
 

4. CONCLUSIONS 
The results in this study indicate that the exposure-response relationship between traffic noise 
and annoyance is significantly modified by access to green areas. In the logistic regression 
model, green area distance is negatively related with noise annoyance (odds below 1), 
indicating that residents having green areas within <400 m from the home is associated with 
smaller odds of falling within the annoyance group. This finding is consistent with previous 
results, which show an association between lower annoyance levels and closer proximity to 
green areas24. Three factors were extracted in the principal component analysis of items 
describing characteristics of the green areas: “perceived sound environment”, “perceived 
attractiveness”, and “perceived opportunities for activities”. The factors explained fairly equal 
amount of variance in the data (25, 25 and 18 %, respectively) and when included in the logistic 
regression model the odds have the expected signs indicating a negative correlation with noise 
annoyance. However, only the “perceived “sound environment” factor displayed a statistically 
significant correlation with noise annoyance. Thus, a better “perceived sound environment” of 
the green areas decrease the odds (OR 0.27) of falling within the annoyance group. The effect 
of the other two factors was weaker and they did not reach statistical significance (OR 0.79, 
p=0.076 and 0.090 for “perceived attractiveness” and “perceived opportunities for activities”, 
respectively). These factors may also be more linked to individual preferences or purposes for 
visiting the green areas.  
 
The descriptive analyses illustrated the effect on annoyance of “perceived sound environment” 
and noise exposure when taken into account the distance to green areas. Although, the results 
overall indicate that long-term annoyance is less with shorter distance to green areas in both 
“perceived sound environment” groups the far best predictor of noise annoyance in the present 
study is how the sound environment of the green areas is perceived.  
 
In traffic noise-polluted residential areas, access to natural and “quiet” environments in close 
proximity to the home may be vital for meeting human needs, e.g., to offer a nearby noise-free 
zone. When people are asked, common reasons for visiting natural environments are recreation 
and play, stress-recovery, to experience the silence and get away from noise and other 
disturbances, to observe and listen to the nature, social interaction, and to be physical active. 
Feelings of being relaxed and harmonious in relation to nature are expressed as well as 
possibilities to "recharge ones batteries”17-23. The results in the present study indicate that if a 
green area is to serve as a moderator of the exposure-response relationship between noise and 
annoyance and be a restorative environment it need to have a perceived sound environment of 
“high acoustic quality”, i.e., a sound environment that is perceived as relaxing and is not 
dominated by sounds from road traffic noise. 



The results in the present paper should be treated as preliminary. Further analyses will be done 
and we will also examine more thoroughly through aerial photographs the location of green 
areas in relation to the major roads and the residential areas.  
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