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Bromma airport is located nearby the city centre of Stockholm Sweden. There are a number of resi-
dential areas around the airport. The paper reports results from a measurement campaign and a 
questionnaire survey investigation among the people living in the area Bromma kyrka, located ap-
proximately 500 meters from the airport. The objective of the study was to identify the most annoy-
ing sound sources related to ground activities at the airport. This means that the noise events caused 
by starting and landing airplanes were identified using information from the airport, so that they 
could be separated from the noise caused by ground based activities. The survey showed that the 
most annoying ground based noise sources within the airport wee, airplane warm ups and airplane 
taxiing. Starting and landing airplanes were also important source of annoyance. The most 
important source of noise annoyance from outside the airport boundaries was road traffic. The re-
sults from the survey were compared with the measured noise levels giving reasonable correlation 
between recorded high noise level events and logged annoyance events. 

 

1. Introduction 
Bromma airport is located nearby the city centre of Stockholm Sweden with a number of resi-

dential areas around the airport. The objective of the present study was to identify the most annoy-
ing sound sources related to ground based activities at the airport. To do this also the noise events 
caused by starting and landing airplanes were identified using information from the airport, so that 
they could be separated from the noise caused by ground based activities.  

Many investigation about the annoyance caused by noise from airports have been made over 
the years, see for instance [1-13]. Studies comparing annoyance from aircraft noise to other types of 
traffic noise have also been made see e.g. [5-8,13]. The present study tries to estimate the annoy-
ance caused by noise from ground based activities within the airport. 
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2. Methodology 

2.1 Questionnaire study 
A small questionnaire survey was performed in September 2009 among the people living in 

the residential area Bromma Kyrka. This is an area with single family houses located 500 m from 
the airport boundary. A total of 183 questionnaires were distributed and 80 were returned giving an 
answering frequency of 44 %. There were three types of questions: questions where the answer 
could be yes, no or do not know, questions where the degree of annoyance should be estimated us-
ing a scale 1-10 and questions where a longer answer could be given. The annoyance scale used is 
described in Fig.1. 

 
1 2 3 4 5 6 7 8 9 10 

 
Not at all a little            medium  a lot     extremely 

 
Figure 1. Annoyance scale where, where 1-2 represents not at all, 3-4 a little, 5-6 moderately, 7-8 signifi-
cantly and 9-10 extremely.  

2.2 Experimental study  
Sound pressure levels were recorded in the garden of one of the houses in the area Bromma 

Kyrka during one week in October 2009. Figure 2 shows a sketch of the measurement site with the 
microphone position marked with a X. The microphone was placed 1.9 m over ground and about 
13.1 m from the nearest wall. The measurement equipment consisted of a sound level meter 
(Svantek 945A) equipped with a microphone (GRAS 40AE) and a calibrator (B&K 4230).  The 
frequency range 1 – 20 000 Hz was covered and maximum level, SEL, and total A-weighted level, 
background level in the form of 90L  in dB(A) as well as  1/3-octave band level averaged over one 
minute intervals were recorded. The equipment was calibrated daily. The meteorological conditions 
were recorded using the Bromma airport weather station. Flight information data, giving informa-
tion about the starting and landing airplanes, was obtained from the airport. The people living in the 
two houses around the measurement site kept a log of annoying noise events during the measure-
ment period. There are also some roads with quite heavy traffic close to the measurement site which 
contributes to the recorded noise levels and annoyance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Sketch of measurement site with the microphone position marked with X.  
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3. Results and discussion 

3.1 Questionnaire survey 
The results from questionnaire survey is summarised below in Table 1-3. Table 1 shows the 

outcome of questions 1-10. Interesting observations  are that: 96% felt that they could distinguish 
between ground based and air based noise sources,  42 % were working at home during the day, 
close to 50% used Bromma airport themselves, 35 % felt that noise annoyance limited their activi-
ties at home, 75 % were most annoyed by noise outdoors, 25 % had already made or were planning 
to do something to reduce the noise at their house. 

 
Table 1. Results from questionnaire questions 1-10. 

Question Yes [%] No [%] Do not 
know [%] 

Follow up question 

1. Do you feel that you can sepa-
rate noise from ground based 
sources from the noise generated 
by airplanes in the air? 

96.25 2.5 1.25  

2. Do you work at home during 
the day? 
 

42.5 57.5 0 If yes, which times? 

3. Do you fly often yourself, pri-
vately or at work? 
 

48.75 51.25  If yes, how often? 

4. Do you fly from Bromma air-
port? 
 

52.5 47.5  If yes, how often? 

5. Does noise influence or limit 
your activities at home, indoor or 
out door? Do you for instance 
move indoor when reading in-
stead of sitting outdoors? 

35 65 0 If yes, in what way? 

6. Do you close open windows in 
case of noise annoyance? 
 

35 63.75 1.25  

7. Are you most annoyed by noise 
indoors (yes) or outdoors (no)? 
 

6.25 75 18.75  

8. Are you in anyway connected 
to Bromma airport through your 
employment? 

2.5 97.5 0  

9. Is someone in you household in 
anyway connected to Bromma 
airport through their employ-
ment? 

2.5 97.5 0  

10. Did you or do you plan to do 
anything in your house to reduce 
the noise annoyance from the 
airport?  

25 73.75 1.25 If yes, what? 

 
Table 2 shows the result from the question regarding sleep disturbance caused by noise from 

ground based activities. It can be seen that about 44% had their sleep disturbed sometimes. The ma-
jority were disturbed less than three times per month, but as many as 9% had their sleep disturbed 
more than twenty times per month. 
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Table 2. Results from questionnaire question 11. 

Question Yes [%] No [%] Do not 
know [%] 

11, Have you ever had you sleep disturbed by ground 
based noise from the airport?  
 

43.75 53.75 2.5 

If yes, what 
number of 
times per 
month? 

1-3 4-7 8-11 12-15 16-19 20- 

[%] 57.1 14.3 5.7 8,.6 5.7 8.6 
 
Table 3 shows the results from the question about which time during the day the annoyance 

caused by ground based activities was worst. It can be seen that the annoyance is fairly evenly dis-
tributed over the days of the week with slightly lower values on Saturday and Sunday when the traf-
fic intensity is reduced. Regarding the time of day it can be seen that people are most annoyed by 
noise between 5 and 10 in the morning and 17 to 20 in the evening. This is the time of peak traffic 
both at the airport but also at the surrounding roads. 

 
Table 3. Results from questionnaire question 12. Which day/time is the annoyance caused by 

ground borne activities worst? It is possible to choose multiple alternatives. 
Day Monday Tuesday Wednesday Thursday Friday Saturday Sunday Did not 

answer 
[%] 
 

16.5 15.7 15.3 14.8 17.4 8.5 11.9 37.5 

Time of 
day 

23-05 05-10 10-14 14-17 17-20 20-23 

[%] 
Summer 

1.1 37.8 2.2 12.2 31.1 15.6 

[%] 
Winter 

2.5 37.0 1.2 12.4 32.1 14.8 

 

 
Table 4 shows the results of questions 13 to 20, in which the degree of annoyance was esti-

mated on a scale from 1 to 10. Some interesting observations could be made from the results. About 
one third were not negatively affected by noise from the airport while about 25% were significantly 
or extremely affected. About one third were not annoyed by noise caused by ground based activities 
at the airport but one third were also significantly or extremely annoyed. Close to 50% did not feel 
that their stress level was affected by noise from ground based activities at the airport while more 
than 20 % felt that their stress level was affected a lot. Around 75 % answered that they were more 
annoyed by noise from ground based activities than noise from take off and landing and 40% were 
much more annoyed by noise from ground based activities. More than 70% also felt that they were 
more annoyed by noise from ground based activities than noise from other environmental noise 
sources and  about 50% were much more annoyed by noise from ground based activities. 

In question 21 in the questionnaire people were asked to list the five worst sources of noise. 
They were also for each noise source asked to estimate how many times per week they were an-
noyed by this noise source and to estimate the degree of annoyance on a scale from 1 to 10. The 
results showing how many times a certain noise source was mentioned are summarised in Table 5.  
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Table 4. Results from questionnaire questions about the degree of annoyance. 
 Answers [%] 

Question Not at all A little Moder-
ately 

Signifi-
cantly 

Extremely 

13. Do you like your neighbour, 
the airport? 

15.2 20.3 22.8 25.3 16.5 

14. Do you have an interest in air-
planes or air traffic ( for instance 
as a hobby)? 

57.0 16.5 11.4 12.7 2.5 

15. Are you affected negatively by 
noise from the airport? 

34.2 25.3 16.5 20.3 3.8 

16. Estimate your degree of annoy-
ance caused by ground based ac-
tivities at the airport? 

31.6 26.6 10.1 19.0 12.7 

17. Are you annoyed by changes in 
flight routines? 

34.2 24.1 8.9 17.7 15.2 

18. Do you feel that your level of 
stress is influenced by noise from 
ground based activities at the airport? 

48.1 22.8 7.6 19.0 2.5 

19. How annoying do you feel that 
noise caused by ground based activi-
ties at the airport is compared to noise 
from take off and landing? 

26.6 13.9 16.5 31.6 11.4 

20. How annoying do you feel that 
noise caused by ground based ac-
tivities at the airport is compared to 
other environmental noise source, 
for instance road traffic noise etc? 

27.8 17.7 6.3 20.3 27.8 

 
Table 5. Number of occurrences where a certain activity was listed as one of the 5 most annoying 
noise sources. 
Activity Total Extremely Signifi-

cantly 
Moderately A little Not at 

all 
Aircraft warm up 27 10 9 4 4 0 
Road traffic 26 2 7 6 9 2 
Aircraft take off 20 6 9 3 0 2 
Snow plowing 18 2 6 6 2 2 
Helicopters 13 2 3 4 4 0 
Taxing airplanes 11 4 3 2 1 1 
Shots (to scare birds) 9 1 5 2 1 0 
The airport in general 4 0 2 0 2 0 
Sirens 6 0 5 0 1 0 
Aircraft in general 16 2 7 4 2 1 
Aircraft breaking 3 0 1 0 2 0 
Aircraft landing 5 1 2 1 1 0 
Repare work at  
the airport 

2 0 1 1 0 0 

Others 32 1 9 13 7 2 
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An attempt was also made to estimate the total annoyance by multiplying the annoyance level 
(1-10) with the number of times per week that person was annoyed by the specific activity and fi-
nally summing this number over all replies. The outcome of this exercise was that aircraft warm up 
was the most annoying followed by aircraft take off and road traffic. If the same was made but us-
ing only the category extremely annoyed (level 9-10) aircraft warm up was still the most annoying 
followed by aircraft take off and taxing airplanes.   

3.2 Experimental study  
There were a number of challenges associated with analysing the results of the experimental 

study. Since the main purpose was to look at noise from ground based activities at the airport there 
was a need to remove the noise from aircraft taking off and landing. This could be done using logs 
from the airport. It was also of interest to separate noise from events caused by ground based activi-
ties at the airport from other environmental noise sources such as traffic noise. This was attempted 
using the log books kept by the residents in the two houses surround the measurement site. Since 
maximum level, SEL and A-weighted noise level were recorded every minute the question was 
which was most relevant for the present study. SEL is appropriate for events when the level varies a 
lot such as aircraft take off or landing while dB(A) would be more relevant for more stationary 
sources. It was decided to mainly use db(A) for this study.  Figure 3 shows the A-weighted sound 
level recorded day 4 (Thursday) and Fig. 4 shows the corresponding result for day 7 (Sunday). It 
can be seen that there is an increase in sound level between 6 and 8 in the morning on the week day 
when both air traffic and road traffic is starting for the day. On Sunday the background level (L90) is 
much more constant. The logged annoyance events occur mainly in the period 7 to 9 in the morning 
and 17 to 20 in the evening as can be seen in Fig. 5 which shows the dB(A)-level for all the logged 
annoyance events during the week.  

 
 

 
Figure 3. A-weighted sound level day 4 (Thursday). 
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Figure 4. A-weighted sound level day 7 (Sunday). 

 Figure 5. A-weighted sound level for logged events. 
  

4. Conclusions 
Results from a limited study on the annoyance caused by ground based activities at Bromma 

airport in Stockholm Sweden have been presented. The study consisted of a questionnaire survey 
and an experimental study. The main conclusions were that: aircraft warm up activities was the 
most annoying noise source followed by aircraft take off. The times of day when people in the 
neighbouring residential area were most annoyed was not surprisingly the peak traffic times be-
tween 7 and 9 in the morning and between 17 and 20 in the evening. 
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