
The influence of sensitivity for road traffic noise on residential
location: Does it trigger a process of spatial selection?

Hans A. Nijlanda�

Netherlands Environmental Assessment Agency, Bilthoven, Utrecht 3720BA the Netherlands

Sander Hartemink
Faculty of Geographical sciences, Utrecht University, Utrecht, the Netherlands

Irene van Kamp
National Institute for Public Health and the Environment, RIVM, Bilthoven, the Netherlands

Bert van Wee
Faculty of Technology, Policy and Management, Delft University of Technology, Delft, the Netherlands

�Received 25 September 2006; revised 27 February 2007; accepted 20 June 2007�

People move to another house for different reasons. It is sometimes presumed that a process of
self-selection might take place on the basis of noise sensitivity, i.e., sensitive people would either
leave high noise areas or not move into these areas in the first place. Thus, a “survivor population”
would remain in the high noise areas. This research aims to investigate whether such a process can
be observed in the Netherlands. The study does not show evidence of a process of self-selection
based on noise sensitivity. Nevertheless, the results suggest that noise-sensitive people are less
satisfied with their living environment and are more willing to move than those who are not noise
sensitive. Due to the limited sample size, external validity is limited. © 2007 Acoustical Society of
America. �DOI: 10.1121/1.2756970�

PACS number�s�: 43.50.Qp �BSF� Pages: 1595–1601
I. INTRODUCTION

Yearly, about 10% of the Dutch population �i.e., 1.6 mil-
lion people� moves to another dwelling �Ekamper and Van
Huis, 2002�. This percentage has been more or less constant
since 1946, when Statistics Netherlands started to collect
yearly figures �www.cbs.nl/nl/cijfers/statline�.

This article will concentrate on the role of noise sensi-
tivity as one of the reasons for people to move to a quiet
area, or, in contrast, one of the reasons not to move into a
noisy neighborhood in the first place. The outcome of the
analysis should provide an answer to the question: does a
process of self-selection due to road traffic noise on the basis
of noise sensitivity exist? To date, very little research has
focused on a self-selection process due to noise sensitivity
and road traffic noise. Lako �1987� analyzed the relationship
between road traffic noise and migration in a sample of 3000
dwelling units, divided in a high exposure area and a low
exposure area. Unfortunately, he did not pay attention to the
possible influence of noise sensitivity. This research aims to
fill that gap by investigating the impact of noise sensitivity
on residential location. Researchers discern a change in the
household, in work, in education and dissatisfaction with the
dwelling and/or the neighborhood as main reasons to move
to another location. �e.g. Clark, 1982; Owen, 1992; Clark et
al., 1996, 1999; Mulder and Hooijmeijer, 1999; Gardner et
al., 2001; Housing Corporation, 2004�. Literature reports
relatively few environmental factors such as noise levels or
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concentrations of pollutants as main reason for moving �Ro-
hrmann 1986, 1991�. Leidelmeijer and Marsman �2001�
found around 5% of the people in the area of Schiphol defi-
nitely wanting to move within two years mainly for environ-
mental reasons. They mentioned noise as the most important
stressor.

Noise sensitivity is often defined as a stable, personal
trait, influencing one’s reaction to noise, independent of the
noise level �Zimmer and Ellermeier, 1999, Ellermeier et al.,
2001�. The association between noise sensitivity and noise
exposure is consistently low �Job, 1988�. Research showed
that noise sensitivity is a major antecedent of noise annoy-
ance �see Taylor 1984; Stansfeld et al., 1985; Stansfeld 1992,
Job 1988; 1999; Staples 1996; van Kamp et al., 2004�. Job
�1988� found noise sensitivity to explain 10.2% of the varia-
tion in noise annoyance reactions. Noise sensitivity is asso-
ciated with health variables such as sleep disturbance �Ohr-
strom, 1995� and psychological distress and psychiatric
disorders �Stansfeld, 1992, Stansfeld et al., 1985, 1993,
1996�.

Figure 1 presents a conceptual model of the role of noise
and noise sensitivity in the process of moving. It shows the
main reasons for moving and it illustrates that the process of
moving is a multi-stage decision process �as already de-
scribed by Rossi, 1955�. It also shows that noise sensitivity
�in combination with noise level� plays a role in the different
stages of that process, when moving out and when moving
in.

Job �1988� and Fields �1992� hypothesized that people
in high noise areas could be abnormally tolerant of high

noise because of a process of self-selection, i.e., sensitive
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the r
people would either leave high noise areas or not move into
the areas initially. However, in his meta-analysis, Fields did
not find conclusive evidence to support this theory.

The outcome of our research might not only be of sci-
entific interest. If such a process of self-selection exists, it
might have consequences for the estimated levels of annoy-
ance in the case of new infrastructure. It would mean that
annoyance of the people affected, based on average popula-
tion responses, is usually underestimated in the short and
medium term, because in quiet areas an overrepresentation of
noise-sensitive people might be expected. In the �very� long
term, after all dwellings had new inhabitants, the new popu-
lation would consist mainly of people relatively insensitive
to noise. Thus, in the very long term, annoyance, again based
on average population responses, would be overestimated.

II. NOISE ANNOYANCE AND NOISE SENSITIVITY

Noise is an environmental problem that has adverse ef-
fects on the daily life of many people. Exposure to noise, in

FIG. 1. Conceptual model of moving houses and

TABLE I. Health effects and respective threshold leve
Health, 1994.

Situation

- Hearing impairment Work
- High blood pressure Work

Home
- Ischaemic heart diseases Home
- Serious annoyance Home
- Awakening Sleep
- Sleep disturbance Sleep
- Poor self-reported quality of sleep Sleep
- Negative performance at school School
Adjusted according to recommendations of the Dutch Hea

1596 J. Acoust. Soc. Am., Vol. 122, No. 3, September 2007

Downloaded 27 Feb 2012 to 131.180.130.114. Redistribution subject to ASA licens
combination with nonacoustical factors, determines the ef-
fects of noise on the health and well being of humans. Table
I shows the effects of noise, the respective threshold levels
and typical situations in which those effects occur. The val-
ues in dB�A� represent the levels above which effects occur.

It has been estimated that around 20% of the European
Union’s population, close to 80 million people, suffer from
noise levels that scientists and health experts consider to be
unacceptable. At these levels most people become annoyed,
sleep is disturbed and adverse health effects are to be feared.
An additional 170 million people are living in so-called
“gray areas,” where the noise levels are high enough to cause
serious annoyance during the daytime �European Commis-
sion, 1996�. Traffic, especially road traffic, is the main cause
of noise.

The noise level is but one of the factors influencing peo-
ple’s reactions on noise. It is estimated that about a third of
the individual variety of responses to noise can be explained

ole of noise and noise sensitivity in that process.

r exposure, Source: Dutch Health Council, Noise and

Noise exposure threshold level

oise index Guideline value
in dB�A�

Inside/outside

Aeq, 24 h 70 Inside/outside
LAeq, 8 h �85 Inside

eq, 6–22 h 70 Outside

Ldn 55 Outside
Inside

LAeq, 8 h 30 Inside

LAeq, day 35 Inside
ls fo

N

L

LA
lth Council of 1997. This was formerly 60.
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by nonacoustical factors �Guski et al., 1978; Job, 1988;
Guski, 1999; Höger 1999; Flindell and Stallen, 1999; Stallen,
1999�. The nonacoustical factors are often categorized in per-
sonal and in situational or contextual factors �Guski 1987,
Fields 1993�. Situational factors may have no apparent rela-
tionship to noise, like, e.g., the visual attractiveness of the
neighborhood. Research showed that people’s reactions to
noise are influenced by aesthetic aspects of the neighborhood
�Langdon, 1976; Kastka and Noack, 1987�. Other situational
factors concern the overall context in which noise is per-
ceived and assessed �Blauert 1990, Lévy-Leboyer and
Moser, 1987�. The personal factors can be distinguished in
demographic �sex, age, household size, education, occupa-
tional status, home ownership, dependency of the source�
and attitudinal factors �fear, noise sensitivity�.

The largest difference in annoyance due to demographic
factors is caused by age, equivalent to a difference of noise
exposure of up to 5 dB�A�, where the middle-aged group
�30–50� is most annoyed at the same noise level �Fields
1992, Miedema 1999�. The other demographic factors are
less relevant and may account for differences equal to maxi-
mum 1–2 dB�A�.

The main nonacoustical factors influencing the indi-
vidual responses to noise are the attitudinal ones: fear of the
source, sensitivity to noise and the possibility of controlling
the noise �Fields, 1992�. The effect of noise sensitivity is
equivalent to a difference in noise exposure of 11 dB�A�
�Miedema and Vos, 1999�.

III. METHODS

To answer the question whether self-selection due to
noise sensitivity exists, we conducted a case study at Maars-
senbroek, a suburb in the western part of the Netherlands
built in the 1970s and 80s. We chose that suburb for two
reasons. First, the clear gradation in noise levels from road
traffic gave people the choice for settling for a quieter or
noisier living environment. Second, the dwellings of Maars-
senbroek are more or less of the same type �fairly uniform
single-family dwellings�, which means that choosing a qui-
eter environment does not automatically imply choosing a
very different type of dwelling or neighborhood. The con-
founding influence of differences in socio-economic status
was minimized as much as possible by choosing this kind of
suburb.

In Maarssenbroek, dwellings are predominantly pri-
vately owned and families are typically middle class. Very
high and very low incomes are rare. Maarssenbroek has ap-
proximately 9000 households and 25,000 inhabitants �CBS,
2003�. The average income in Maarssenbroek
�11.300 Euro/year� is slightly above Dutch average
�11.000 euro/year�. Average household size in Maarssen-
broek �2.6� is slightly bigger and younger than Dutch aver-
age �2.3�.

Maarssenbroek is located next to one of the major mo-
torways �around 150,000 cars and lorries pass every day,
AVV 2003�. Noise screens were constructed simultaneously
with the construction of the suburb itself. This excludes the

disturbing effect of significant reductions in noise levels after
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the residential choice of some of the respondents. We chose
two sample areas, one close to the highway, one at some
distance. Noise loads at the dwellings close to the highway
were around 65 dB�A� Lden, we will call this the high expo-
sure area. Noise loads in the other area, further away, were
�50–55 dB�A� Lden. We will call this the low exposure area.
The noise levels were ascertained from �calculated� noise
maps �Milieudienst Noord-West Nederland, 2000� as well as
from our own measurements. A total of 300 households in
the low �150� and in the high �150� exposure areas were
randomly selected. A questionnaire was sent to the 300
households. The response rate was 67%; the most cited rea-
sons for nonresponse were lack of time or lack of interest in
the neighborhood. As compared to Maarssenbroek as a
whole, single-person households were slightly underrepre-
sented in our survey, whereas households with children were
slightly overrepresented �see Table II�.

The survey concentrated on noise sensitivity, noise an-
noyance, neighborhood �dis�satisfaction and willingness to
migrate. Socio-economic and demographic variables were
included as well, because they are known to be related to
noise sensitivity and annoyance levels �see Sec. II�.

Noise sensitivity can be measured by different question-
naires. Most broadly used are the 1-item, the 10-item �Zim-
mer and Ellermeier, 1998a, 1998b� and the 21-item �Wein-
stein 1978� questionnaire. The 10- and the 21-item
questionnaires have been shown to have satisfactory predic-
tive validity in field research �e.g., Weinstein, 1978; Topf,
1985, Zimmer and Ellermeier 1999�. In this research, the
10-item version was used to measure individual noise sensi-
tivity. We used the 1-item test only to see whether people
were able to valuate their own noise sensitivity �see Discus-
sion�.

No threshold score for noise sensitivity is known from
literature. Here we considered people to be sensitive to noise,
if they had scored 72 points or more �of maximum 100
points� on the Noise Sensitivity Scale. We chose this value to
be in line with the threshold value for noise annoyance
�Miedema et al., 2001�. We analyzed other threshold values
�the 10% and 50% most noise-sensitive ones vs. the 10% and
50% least sensitive ones�. It did not really change the results
of the next paragraph.

IV. RESULTS

Around 24% of the respondents were highly annoyed by
roadway noise. Table II shows that significantly �P�0.001�
more highly annoyed people live in the high exposure area as
compared to the low exposure area. In our research, noise
exposure therefore correlates positively with noise annoy-
ance, as is already extensively known from the literature �e.g.
Miedema et al., 2001�. In both the high and the low exposure
areas, around 23% of the population is sensitive to noise.

There was no significant relation between noise expo-
sure and noise sensitivity, and this remained unchanged after
adjustment for potential confounders �age, gender, length of
residency, size of household, education level and income�. In
fact, adjustment only contributes to a slight increase in vari-

ability �see Table III�.
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Thirty-five percent of the noise-sensitive people were
highly annoyed by roadway noise against only 20% of the
noise-insensitive people. Similarly, 42% of the people in the
high exposure area and 3% in the low exposure area were
annoyed by noise. Table IV shows that relatively more noise-
sensitive people are highly annoyed compared to the not
noise-sensitive group. The effect on noise annoyance of the
combination of the acoustical factor noise exposure and the
nonacoustical factor noise sensitivity is extremely small.
Whereas noise exposure alone explains 32% of the variety of
individual responses, and noise sensitivity alone explains
3%, the combination of these two factors explains 36% of
the variety of individual responses.

The survey contained several questions on �dis�satisfac-
tion with the dwelling and the neighborhood and on the de-
sire to move. Analyzing the satisfaction with the dwelling
and the neighborhood by noise-sensitive and not noise-
sensitive people by means of the Fisher’s Exact Test showed

TABLE II. Survey figures compared to those for the

Survey total
�N=200�

Highly annoyed
24%
�N=48�

Noise sensitive 24%
�N=47�

Composition of
household

Single
person

10%
�N=20�

No children 25%
�N=49�

With
children

64%
�N=125�

Age 18–24 1%
�N=1�

25–44 36%
�N=69�

45–64 58%
�N=110�

�64 5%
�N=10�−

Gender Woman 52%
�N=104�

Man 48%
�N=96�

Length of
residency �years�

0–5 11%
�N=20�

6–10 7%
�N=13�

�10 82%
�N=155�

TABLE III. Logistic regression model of the relation

Odds ratio �
exposure, un

High level on sensitivity scale 1.01
age, gender, length of residency, children at home, educat
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significant differences between the two groups: i.e., the
noise-sensitive group members were significantly less satis-
fied with their dwelling �P=0.003� and their living environ-
ment �P=0.009� than the noise-insensitive ones, in the high
noise area as well as in the low noise area. The survey
showed that there was no significant difference in desire to
move between people in high noise and in low noise areas
�P=0.44�. At the same time there was a significant difference
in desire to move between sensitive and not sensitive ones
�P=0.008�. Noise-sensitive people are nearly twice as likely
to want to move than those who are not sensitive �40%
against 21%�. No interaction was found between noise sen-
sitivity, noise exposure and desire to move �P=0.91�

V. CONCLUSIONS AND DISCUSSION

Our main conclusions are first that we found no relation-
ship between noise sensitivity and noise exposure. This re-

lation of Maarssenbroek.

urvey
w

xposure
N=93�

Survey high
exposure
�N=107�

Maarssenbroek
�source: CBS 2003�

%
N=3�

42%
�N=45�

4%
N=22�

23%
�N=25�

0%
N=9�

11%
�N=11�

23%

7%
N=16�

33%
�N=33�

27%

3%
N=67�

57%
�N=58�

50%

%
N=1�

0%
�N=0�

12%

4%
N=31�

38%
�N=38�

46%

9%
N=53�

57%
�N=57�

35%

% �N=5� 5% �N=5� 7%

9%
N=55�

46%
�N=49�

51%

1%
N=38�

54%
�N=58�

49%

4%
N=12�

8%
�N=8�

%
N=6�

7%
�N=7�

0%
N=70�

85%
�N=85�

een noise sensitivity and noise exposure �N=200�.

CI� high
ted

Odds ratio �95% CI� high
exposure,
adjusted for potential
confoundersa

9–2.08� 1.08 �0.50–2.37�
popu

S
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e
�
3
�

2
�
1
�
1
�
7
�
1
�
3
�
5
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5

5
�
4
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1
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mained unchanged after adjustment for potential confound-
ers. Therefore, our research did not show any evidence of a
process of self-selection based upon noise sensitivity. How-
ever, it did show, secondly, that people who are noise sensi-
tive tend to be less satisfied with their dwelling and their
neighborhood than those who are not sensitive to noise. The
noise-sensitive people think more often about moving else-
where.

Our research suggests that noise sensitivity is not a ma-
jor factor in the process of moving and settling down, at least
not where road traffic is the major noise source. These find-
ings are in line with the research of Babisch �presented in
Prague, 2004�. Other factors related to the dwelling or the
neighborhood probably play a more important role, as shown
by recent research on factors influencing the process of mov-
ing in the Netherlands by Van de Griendt �2004�. He found
that of all environmental factors, soil pollution is the major
concern among potential buyers of dwellings. No doubt, this
has to do with the large financial consequences of soil pol-
lution for home owners. Noise only played a minor role in
the final decision on which home to buy. These findings are
confirmed by the field studies available so far �Schümer-
Kohrs and Schümer, 1974; Michelson, 1980; Rohrmann,
1991�. These studies indicate that significant weight is put on
noise exposure among the principal considerations. Yet noise
exposure has only moderate influence on actual moving or
residential choice.

TABLE IV. Percentage of people highly annoyed by
square p�0.001�.

High exposu

Noise sensitive �N=47� 60% �N=15
Not noise sensitive �N=153� 37% �N=30

FIG. 2. Individual scores on two tests for noise sensitivity, i.e., the 1-item

and 10-item tests.
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Due to the cross-sectional character and the limited
sample size, we could not distinguish between the role of
noise sensitivity in the separate processes of moving out and
moving in �see Fig. 1�. To do so, either a longitudinal survey
and/or a far bigger sample size is required.

In our research, we distinguished areas with high and
low noise levels. We did not consider other environmental
factors like odor, air pollution or vibrations that are associ-
ated with proximity to the highway as well. In future re-
search, it may be worthwhile to pay more attention to these
potential confounders.

Noise-sensitive people in our research were less satisfied
with their dwelling and their living environment than those
who were not noise sensitive. This is in line with research of
Miedema and Vos �2003� who found indications for a general
negative attitude among noise-sensitive people.

Assuming that people often act more or less rationally,
one might ask: why is it �as in our case� that people who are
sensitive to noise deliberately move into high exposure ar-
eas? Isn’t this asking for trouble? One explanation might be
that people are simply not aware that they are noise sensitive.
This explanation is supported by the fact that the Weinstein
10-item test, generally regarded as a good indicator of noise
sensitivity, is only weakly correlated to the 1-item test, in
which people directly answer the question whether they re-
gard themselves to be noise sensitive or not. According to the
distribution-free Spearman’s rank correlation test, both test
results show a positive, but rather weak correlation; Spear-
man rho is 0.629 at 0.01 level; for a strong correlation the
outcome would at least have to be above 0.8. See Fig. 2�.

A second explanation, as sometimes found in literature
�e.g., Zimmer and Ellermeier, 1999�, could be that noise sen-
sitivity increases with length of residency. One could hypoth-
esize that the noise-sensitive people in the high exposure
area were not noise sensitive at the time of moving in but
became so during their residency. Analysis of the data in our
research did not show a correlation between noise sensitivity
and length of residency though.

Another explanation might lie in the tight market for
dwellings, especially in the western part of the Netherlands.
Potential home buyers may have a long list of criteria on
which to base their decision and the noise level may be just
one of those criteria. In practice, given the tight housing
market, no dwelling will meet all the criteria and the final
decision is usually based on a compromise in which noise
levels may be traded off for other qualities of the dwelling or
the neighborhood. Research including different periods with
a more and a less tight housing market may give insights into
the relevance of housing market characteristics at the mo-

traffic noise in high and low exposure areas �Chi-

=107� Low exposure �N=93�

9% �N=2�
1% �N=1�
road

re �N

�
�

ment of residential choice.
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Yet another explanation might be that the noise-sensitive
people who settled in high exposure areas did so because the
higher noise levels were compensated for by lower prices for
the dwellings. The �negative� correlation between house
prices and noise levels is a well-known topic of study �see,
for example, Nelson �1982� for one of the key studies in this
area, or Navrud �2002� for a literature review�. Research of
Arsenio et al. �2006� in Lisbon yielded a correlation between
income level and noise level. Noise sensitivity was not re-
garded in their research. Those with higher incomes and
higher marginal values of noise tended to live in quieter
apartments. This correlation was not further elaborated in
this study due to a lack of relevant data. This may form a
weakness in this research. On the other hand, one might ar-
gue that there is no reason at all why noise-sensitive people
would be more willing to trade off high exposure for lower
housing prices than the noise-insensitive people.

Another explanation could theoretically be that what is
now a high exposure area was relatively quiet at the time of
settling. However, from historical traffic data �AVV� it be-
comes clear that traffic intensities on the roadway passing by
Maarssenbroek have increased by about 40% over a period
of 20 years, the maximum residential period encountered in
our research, equivalent to a rise in noise levels of about
1.5 dB. In other words, traffic growth did not account for a
large change in noise loads. What is noisy now was noisy
20 years ago as well.

VI. RECOMMENDATIONS

Given the importance of noise sensitivity for the indi-
vidual reactions on noise, it is recommended to pay more
attention to noise sensitivity and other nonacoustical factors
in future acoustical research. More questions on nonacousti-
cal factors should be included in the national Dutch annoy-
ance census �Franssen et al., 2004�, carried out every five
years or so. Inclusion in that census would give insight into
the prevalence and spatial distribution of nonacoustical fac-
tors.

Noise sensitivity influences residential satisfaction.
More information to prospective house owners/renters on the
ambient noise levels and on one’s noise sensitivity might
prevent disappointment and could help to better match de-
mand and supply on the housing market. A system of label-
ing dwellings according to their noise loads as well as label-
ing potential buyers according to personal noise sensitivity
might be considered.

It is highly recommended to standardize the different
noise-sensitivity scales. It would enhance comparability of
future research on noise sensitivity.

Finally, because of the small sample size, external valid-
ity of this research is limited. Longitudinal surveys, larger
samples and surveys in other areas �preferably where hous-
ing markets are less tight� are options for future research.
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