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Summary

1. Summary

The Danish Road Directorate studied the noise annoy-
ance from road traffic experienced by residents along
motorways and urban roads in Denmark. This was done
by studying the dose-response relationship, i.e. the noise
impact to which a population is exposed (dose) com-
pared to the share of the population which experiences
some extent of annoyance (response).

The relationship between noise exposure and the expe-
rienced annoyance is relevant because annoyance from
road traffic noise may have negative health effects. The
dose-response relationship is also used as basis for de-
termining indicative noise limits for the purpose of pre-
venting and reducing noise annoyance from the road traf-
fic.

The study was based on a questionnaire survey in the
autumn of 2014, where about 7,000 respondents along
motorways and urban roads answered questions about
the extent to which they are annoyed by road traffic noise
at their home. The answers were linked to information
about the noise level to which the individual respondent
is exposed at their home.

The study had three primary purposes:

= To study whether the noise annoyance experienced
by residents along motorways is greater than the
noise annoyance experienced by residents along
urban roads, at the same noise levels.

= To compare the results for the dose-response rela-
tionship from this study with the general European
noise annoyance curves (Miedema /3/).

= To make suggestions for the possible reasons why
the noise annoyance from motorways is greater than
from urban roads.

On the basis of the study, it can be concluded that:

= People who live along motorways are significantly
more annoyed by road traffic noise compared to peo-
ple who live along urban roads when they are exposed
to the same noise level on the dwelling facade. 2-3
times as many people along motorways feel Highly
annoyed compared to people along urban roads.

Figure 1.1 70%
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feel Highly annoyed at 60%

noise levels of 58 dB and
68 dB (L, ) at their home
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Residents along motorways feel Annoyed at approx.
6- 13 dB lower noise levels compared to residents
along urban roads.

= The annoyance experienced indoors in the home is
almost the same for motorways and urban roads,
while the annoyance outdoors at the home (in the
garden, in the yard, etc.) is significantly greater along
motorways than along urban roads.

= People who live along motorways are significantly
more annoyed than shown by the European noise
annoyance curves, whereas the annoyance for people
who live along urban roads is in line with the general
European noise curves.

The above points are summarised in figure 1, where the
proportion of people who feel Highly annoyed at motor-
ways, urban roads and in relation to the general Euro-
pean noise annoyance curve is compared at noise levels
58 dB and 68 dB (L, ). These are the levels of when a
home in Denmark is regarded as noise exposed (58 dB)
and severely noise exposed (68 dB).

A number of factors influence how annoyance is experi-
enced, such as the noise characteristics (for example, a
motorway may sound different than an urban road, and
the characteristics of the traffic are different), the per-
son who subjectively experiences the noise (the person's
noise sensitivity, acceptance of noise, age, etc.), and

the context in which the person experiences noise (e.g.
the home, including whether the home is a single-family
house/flat, indoors/outdoors, time, etc.).

Based on the available data, various contexts have been
identified which influence the perception of noise an-
noyance. This has been described in more detail in the
report. A number of contexts relate in particular to the
dwelling conditions, each of which are factors which in-
dicate that respondents along urban roads are less an-
noyed than those along the motorways, such as:

= People who live in flats are less annoyed than people
who live in single-family houses — and significantly

more respondents live in flats along the urban roads.

= Access to a quiet facade in the home has a positive
impact on the perception of annoyance — and signifi-
cantly more homes in urban areas have a quiet facade.

= The overall perception of annoyance for people who
live in single-family houses is mainly determined by the
annoyance experienced outdoors in the garden, etc.,
while the overall annoyance experienced by people
who live in flats is to a large degree determined by the
annoyance experienced indoors in the home. It must
be assumed that the outdoor recreational areas are
generally less protected for single-family houses com-
pared to flats. Many flats have yards where noise levels
are typically low, while the outdoor areas at single-fam-
ily houses are typically not shielded to the same extent.

In addition, it should be noted:

= That young people are less annoyed by traffic noise
than elderly people - and relatively more young peo-
ple live along the urban roads/in flats

= That the degree of acceptance of the noise level to
which people are exposed has an influence on the
experienced annoyance — the lower the acceptance,
the greater the annoyance — and the respondents
along the motorways generally have a lower degree of
acceptance of noise levels compared to the respond-
ents along urban roads.

As mentioned, a number of other factors than those
stated above may contribute to the results of the study on
relationship between noise levels and the noise annoy-
ance experienced.

It is not the purpose of this report to specify actions or
assess the consequences of the fact that the reported
noise annoyance is significantly greater for motorways
than for urban roads. However, the results give rise to
considerations about how it can be taken into account in
future that road traffic noise from motorways and urban
roads is perceived very differently.
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2. Introduction

Residents along roads in towns and cities and motorways
experience noise annoyance from road traffic. A work re-
port from the Danish Environmental Protection Agency
from 2012 /1/ concluded that noise from motorways
causes more annoyance than noise from urban roads at
the same noise level. An additional survey carried out by
the Danish Road Directorate in 2013 /2/ showed that
noise from motorways causes more annoyance than
noise from urban roads. The report concluded that noise
from Motorring 3 in Copenhagen is perceived as a much
greater annoyance than the noise from two urban roads in
Copenhagen.

The Danish Road Directorate generally wants more
knowledge of how road traffic noise affects people. This
knowledge can be used in the future work to focus, im-
prove and optimise efforts against road traffic noise. The
Danish Road Directorate therefore carried out a major
study of how citizens experience road traffic noise along
motorways and urban roads in Denmark.

The primary purpose of this study was to find out
whether the noise annoyance experienced by residents
along motorways is greater than for residents along ur-
ban roads when the residents are exposed to the same
average noise level from the road traffic and to make sug-
gestions for the possible reasons for this difference.

In addition, the purpose was to compare the results of
this study with the general European dose-response
curves. The general European dose-response curves

/3/ were the result of collection of large volumes of data
from many different annoyance studies in many different
countries. The European dose-response curves are nor-
mally used to determine noise annoyance from roads and
do not distinguish between noise from motorways and
other roads.

This study was carried out on the basis of a large ques-
tionnaire survey with a total of approx. 7,000 respondents,
evenly distributed by residents along motorways and along
urban roads, and compared with data on the calculated
noise level at the home of each individual respondent.

The project was carried out and managed by a project
group consisting of:

Jakob Fryd, Danish Road Directorate (Project Manager)
Lene Nehr Michelsen, Danish Road Directorate

Hans Bendtsen, Danish Road Directorate

Lykke M. Iversen, Danish Road Directorate

Torben Holm Petersen, ATS institute DELTA

In addition, Karen Forsting (Copenhagen Municipal-

ity) and Frank Pedersen (the Danish Environmental Pro-
tection Agency) participated in the analysis work. The
market research firm Epinion A/S conducted the ques-
tionnaire survey and performed the subsequent data pro-
cessing. In addition, the consultancy firm Ramboll as-
sisted in the collection of noise data. The noise data for
the study consist of extracts of noise mapping from the
Danish Road Directorate and the municipalities of Co-
penhagen, Aarhus and Odense.
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3. Method

The study was carried out on the basis of a large ques-
tionnaire survey with a total of approx. 7,000 respond-
ents, evenly distributed by residents along motorways
and along urban roads, and the results were compared
with data on the calculated noise level at the home of
each individual respondent. The following briefly de-
scribes the study method.

3.1 Calculated noise levels

Results from noise mapping of major roads and roads in

larger cities have been used for the study. Common to all
these noise mappings is that they have been carried out

in accordance with the Environmental Noise Directive as
implemented in Danish legislation /5/.

The Danish Road Directorate's noise mapping forms the
basis of the study along the motorways, while noise map-
ping results from the municipalities of Copenhagen, Aar-
hus and Odense have been used for the study along the
urban roads.

For all the mappings, noise levels have been calculated
for the most noise-impacted dwelling facade. Noise is
calculated as L, (see fact box) using the Nord2000
propagation model /6/. The calculations were completed
in 2012. The questionnaire survey was carried out in
2014. On the selected sections included in the study,
the traffic conditions etc. are not considered to have
changed so significantly during the period from 2012 to
2014 that it would have resulted in changes compared to
the calculated noise levels in 2012.

What is L den?

The noise mappings are considered to be strategic noise
mappings, unlike detailed noise calculations, and are as-
sessed to be carried out with approximately the same
systematics and level of detail. Given the large popula-
tion studied, the results of the calculated noise levels are
generally considered to form a solid and valid basis for
estimating noise exposure of the respondents.

The calculated noise levels have been linked to each in-
dividual respondent by means of address details, and
associated information about building and dwelling con-
ditions from the Central Register of Buildings and Dwell-
ings (BBR).

3.2 Questionnaire - survey of the
experienced annoyance

The survey of the experienced annoyance was carried

out on the basis of a questionnaire developed for the pur-
pose. The survey contains many of the same questions as
previous noise annoyance surveys carried out by the Dan-
ish Road Directorate, for instance along Motorring 3 /2/.

This report focuses on the relationship between road
noise exposure at the home and the annoyance experi-
enced by the respondent. The basis for the relationship
between dose and response is the answer to the ques-
tion: "Thinking about the last year or so, when you are
at home, how much does noise from road traffic bother,
disturb, or annoy you?". The respondents gave their an-
swers on a numerical scale from 0 to 10 where O corre-
sponds to "Not at all annoyed" and 10 corresponds to

The noise exposure from a road is expressed in decibels (dB) by the pan-European noise indicator, L.
L,..is an overall weighting of the noise levels during the time periods day, evening and night. The calculation

adds a 5 dB penalty to the noise level in the evening (19.00-22.00 hours) and a 10 dB penalty to the noise level
at night (22.00-07.00 hours). The purpose is to take account of people's special noise sensitivity in the evening
and at night. L,_is an English term for Level day-evening-night. L, _ is calculated as an average level for a year.

The Danish Environmental Protection Agency has laid down an indicative threshold limit value for road traffic
noise at dwellings of 58 dB, L ,_ . The threshold limit value expresses the maximum noise exposure deemed ac-
ceptable by the Danish Environmental Protection Agency seen from an environmental and health perspective.
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Figure 3.1 when you are at home.
Questions about the
experienced noise 3a.

annoyance from the
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Not at all anhoyed

Extremely annoyed

Now you have to answer some questions about noise. You need to think about situations

Thinking about the last year, when you are at home, how much does
the noise from road traffic bother, disturb or annoy you?

Moderately annoyed

3p. To be sure your previous answer you now have the same questions again. Simply
answer a different scale ranging from 0 to 10. If you do not feel bothered , select 0; If
you feel extremely annoyed , select 10; If you are somewhere in between, choose a
number between 0 and 10.

Thinking about the last year, when you are at home, how much does the noise from
road traffic bother, disturb or annoy you?

Extremely annoyed
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"Extremely annoyed". Moreover, the respondents stated
their annoyance by checking one of the fields "Not at

all annoyed", "Slightly annoyed", "Moderately annoyed",
"Very annoyed, "Extremely annoyed" or "Don't know". The
question is formulated in accordance with the ISO 15
666 standard /7/, so that the results are comparable with
similar surveys elsewhere, and in other countries, as well
as with previous surveys carried out by the Danish Road
Directorate /2/.

The questionnaire consisted of a total of 30 questions
about road traffic noise, personal data, dwelling informa-
tion, etc.

3.3 Conduct of interviews

Along the selected road sections (see section 4), and on
the basis of the noise mapping results, 14,000 address
points evenly distributed by motorways and urban roads
were selected. In the autumn of 2014, the addresses re-
ceived a questionnaire and an explanatory cover letter.
A total of 6,761 interviews were conducted in this sur-
vey (see section 5). In order to ensure the representa-

tiveness of the survey, the adult person in the household
next celebrating his or her birthday was asked to answer
the questionnaire.

The respondents were asked to answer the question-
naire via a website on the internet. The respondents used
an assigned user name and password. It was there-

fore possible to trace the addresses which had not re-
sponded to the questionnaire via the internet. These re-
spondents were contacted by phone by market research
firm Epinion with a view to a telephone interview.

The completion rate for interviews with residents along
urban roads was 59% and 63% for residents along mo-
torways. 49% of all interviews were conducted via the in-
ternet and 51% via telephone interviews.

Interview data for the survey have subsequently been
combined with all other data in the study, i.e. data on
noise level on facade and other data from the Central
Register of Buildings and Dwellings and at address level.
All interview data are anonymous, and all information
from interviews has been treated as confidential.
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3.4 Calculation of dose-response curves
The calculation of dose-response curves uses data
about the calculated noise level, L, at the most ex-
posed facade of each home and the respondent's related
answers to questions about noise annoyance. Dose-re-
sponse curves between the self-reported noise annoy-
ance and the noise level (L, ) and 95% confidence in-
tervals have been calculated by using logistic regression,
where the answers concerning noise annoyance is di-
vided into 1 dB noise classes which are weighted rela-
tive to the number of responses.

The dose-response relationship is described by a logis-
tic function which is calculated by grouping the re-
spondents into level classes of noise level (Lden) cor-
responding to 1 dB intervals. For each level class, the
percentage of Highly annoyed, Annoyed and Slightly
annoyed has been calculated on a scale for experi-
enced noise annoyance ("... how much does noise from
road traffic bother, disturb or annoy you ... "). The nu-
merical scale (from O: not at all annoyed; to 10: ex-
tremely annoyed) has also been used, unless otherwise
indicated. Logistic transformation has been performed
of these percentages. Linear regression has been per-
formed where the transformed percentages are com-
pared with the noise level (L, ). In the regressions,

the level classes have been weighted according to

the number of respondents in the relevant group. The
method follows the similar method from previous sur-
veys for the Danish Road Directorate, see references
/2/ and /3/.

The curves shown are limited to the L_ -interval, where
there is actually a meaningful grouping of observations,
i.e. in the range 48 - 75 dB. A numerical response scale
from O to 10 is used, allowing the respondent to grade
answers about the degree of the experienced annoy-
ance. The response scale is in accordance with the ISO
15 666 standard /7/, meaning that results about reported
annoyance are comparable with similar surveys else-
where and in other countries.

The following descriptors for noise annoyance have been
used:

= Highly annoyed: All answers in the categories 8, 9
and 10

= Annoyed: All answers in the categories 5 to 10

= Slightly annoyed: All answers in the categories 3 to
10

Thus, the dose-response curves show a relationship be-
tween the respondents' experience of noise annoyance
and the noise level (L), i.e. the average noise impact
over a period of a year. The associated confidence inter-
vals indicate the uncertainty of the calculated dose-re-
sponse curve. If confidence intervals cross each other
on the dose-response curves, the uncertainty is greater
than the difference between the curves, and the differ-
ence cannot be regarded as significant.
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4. Description of roads and
geographic areas

4.1 Selection of roads and areas

The purpose of the noise annoyance survey was to study
the differences in the noise annoyance experienced from
motorways and urban roads, respectively. On this ba-
sis, it was important that the respondents in this study
lived in areas where the primary source of road traf-

fic noise was motorways and urban roads, respectively.
Also, it was important that the respondents, and the en-
vironments in which they live, are roughly representa-
tive of people who live along motorways and urban roads
in Denmark. For this reason, the criteria for selection of
road sections for the survey were a reasonable distribu-
tion between road types, area types and geography.

The motorways include sections that affect residential ar-
eas in large cities (Aalborg, Odense and Copenhagen),
and affect urban communities and residential areas in ru-
ral areas in Jutland and on Funen and Zealand. The urban
roads include sections in the three largest cities in Den-
mark, Copenhagen, Aarhus and Odense. The road sec-
tions in agglomerations are both urban roads with little
traffic, shopping streets and large, busy throughroads.

In the selection of road sections, it was also important
that no conditions have changed the road noise signifi-
cantly within the past year before the questionnaire sur-
vey was carried out. In this way, it was ensured that there
were no noise conditions, which may have had an influ-
ence on the respondents' answers in relation to the cal-
culated noise level. As an example, sections where noise
barriers have recently been established were avoided.
Sections with new asphalt, construction works and re-
cent roadworks, traffic diversions, etc. were also ex-
cluded, since this may have resulted in changed noise
levels which have not been included in the results of the
noise mapping.

The general map in figure 4.1 shows the motorway sec-
tions, towns and cities which are included in the study.
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4.2 Motorways

The selected motorways sections represent motorways
through rural areas and through large cities such as Aal-
borg, Odense and Copenhagen. Furthermore, the mo-
torway sections are located in different regions such as
North and East Jutland, Funen and Zealand.

Altogether, the sections represent approx. 200 km mo-
torway with speed limits from 110 km/h to 130 km/h. This
corresponds to approx. 10% of the total Danish motor-
way system.

North Jutland Motorway (Aalborg - Stevring)

The section runs through Aalborg Dst, from the motor-
way intersection Vendsyssel just north of Limfjorden to

a little south of Stevring to the south. The approx. 29 km
long section passes close to residential areas in Aalborg
Dst with single-family houses and a few multi-storey
buildings. The southern half of the section passes close
to Dall Villaby and Stevring, but otherwise it primarily
runs in the open land with isolated properties. The annual
average daily traffic is approx. 40,000-50,000 vehicles,
and the signposted speed limit is 110 km/h or 130 km/h
with variable speed at Limfjordtunnellen. The proportion
of heavy vehicles is approx. 10-15%.

East Jutland Motorway (Aarhus Syd - Hedensted)
The section runs from the motorway intersection Aar-
hus Syd to Hedensted north of Vejle. The approx. 52
km long section primarily runs in the open land, but also
in the vicinity of a number of residential areas at Skan-
derborg, Stilling, Herning, Hatting etc. The dwellings
along the section are single-family houses and isolated
properties. The annual average daily traffic is approx.
40,000-60,000 vehicles. The speed limit on the section
is 130 km/h. The proportion of heavy vehicles is approx.
10-15% on the southern half of the section, while the
proportion of heavy vehicles is approx. 15-20% on the
northern half.
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Figure 4.1
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Funen motorway (Nerre Aby - Nyborg Vest)

The section runs from Narre Aby in the west to Route

8 in the east. The approx. 58 km long section primar-

ily runs in the open land, with passage of a few ur-

ban communities. The section passes large urban ar-
eas at Odense Syd. The dwellings along the section

are mainly single-family houses and isolated properties.
Around Odense, there are also terraced houses and a
few multi-storey buildings. The annual average daily traf-
fic is approx. 40,000-60,000 vehicles, and the speed
limit is 130 km/h and 110 km/h at some sections around
Odense. The proportion of heavy vehicles is approx.
15-20% on most of the section.

Svendborg Motorway

The section runs from Fynske Motorvej in the north to
Svendborg in the south. The approx. 34 km long sec-
tion primarily runs in the open land, with passage of a
few towns such as Ringe and Kveerndrup. The dwellings
along the section are mainly single-family houses and
isolated properties. The annual average daily traffic is
20,000 - 40,000 on the section north of Ringe and ap-
prox. 10,000 - 20,000 south of Ringe. The proportion of
heavy vehicles is less than 10%. The speed limit on the
section is 130 km/h.

West Motorway (Slagelse @st - Ringsted Vest)

The section runs from Slagelse @Dst to slightly west of
Ringsted. The approx. 24 km long section primarily runs
in the open land, however with passage of a large ur-
ban community at Pedersborg near Sore. The dwellings
along the section are mainly single-family houses and
isolated properties. The annual average daily traffic is ap-
prox. 40,000-60,000, with a proportion of heavy vehi-
cles of approx. 15-20% west of Sore and 10-15% east
of Sorg. The speed limit on the section is 130 km/h.
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Kege Bugt Motorway (Motorring 4 - Motorring 3)

The section runs from Motorring 4 in the west to the
merge with Motorring 3 in the east. The approx. 7 km
long section runs through the municipalities of Ishej, Val-
lensbzek and Brendby. The section is one of the large ra-
dial motorways to Copenhagen. The dwellings along the
section are both single-family houses, terraced houses
and multi-storey buildings. The annual average daily traf-
fic is approx. 60,000-80,000, with a proportion of heavy
vehicles of approx. 10-15%. The speed limit on the sec-
tion is 110 km/h. Along this motorway section, it has been
decided only to include respondents who live relatively
close to the motorway (with noise levels above approx. 63
dB from the motorway), as it was assessed that dwellings
with a noise level below 63 dB from the motorway may be
affected by noise from local roads in the area. Noise from
local roads is not included in the noise level at the re-
spondent's address because this could affect the ques-
tionnaire response, including the relationship between the
calculated noise level and the reported annoyance.

4.3 Urban roads

The choice of urban roads, including residential areas of
different types and with different functions, is distributed
between the cities Copenhagen, Aarhus and Odense.
The choice of roads includes large throughroads, distrib-
utor roads, shopping streets and small local roads, each
of which have different characteristics in relation to traf-
fic intensity and type of area. In general, the urban roads
have a significantly smaller proportion of heavy traffic
compared to motorways, and of course a significantly
lower speed limit.

On the following pages, general maps show the roads
and residential areas which formed part of the study.
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Aarhus -Silkeborgvej
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Road name Annual average daily traffic Speed limit Main features

Silkeborgve;j approx. 12.000-20.000 70 km/h Major Throughroad/mixed housing

Aarhus - Frederiksbjerg

Road name Annual average daily traffic Speed limit Main features

Marselisborg Alle approx. 2.000 50 km/h Small local road/multi-storey buildings
Odenseve;j approx. 5.000 50 km/h Small local road/multi-storey buildings
Ingerslevs Boulevard approx. 5.000 50 km/h Small local road/multi-storey buildings
Jeegersgérdsgade approx. 4.000 50 km/h Shopping street/ multi-storey buildings
Frederiks Alle approx. 16.000 50 km/h Shopping street/ multi-storey buildings
De Mezas Vej approx. 18.000 50 km/h Throughroad/multi-storey buildings




Odense - Skibhusvej

Skibhusvej approx. 6.000 50 km/h Major Throughroad/shopping street/mixed housing
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Odense - Sdr. Boulevard, Faaborgvej, Dalumvej
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Road name Annual average daily traffic Speed limit Main features

Faaborgvej 12.000-17.000 50 km/h Throughroad/single-family houses
Sendre Boulevard 17.000-20.000 50 km/h Throughroad/multi-storey buildings
Dalumvej 11.000-13.000 50 km/h Throughroad/single-family houses
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Speed limit
Husumvej approx. 8.700 (2 %) 50 km/h Small local road/single-family houses
Alekistevej approx. 13.900 (3 %) 50 km/h Throughroad/mixed housing
Slotsherrensvej approx. 15.900 (2 %) 50 km/h Throughroad/single-family houses
Sallingvej approx. 22.600 (3 %) 50 km/h Throughroad/multi-storey buildings
Jyllingevej approx. 24.000 (3 %) 60 km/h Throughroad/mixed housing
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Copenhagen - Amager
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Road name Annual average daily traffic — (heavy vehicles) Speed limit Main features

Qresundsvej approx. 6.800 (6 %) 50 km/h Throughroad/mixed housing
Englandsvej approx. 8.800 (5 %) 50 km/h Throughroad/mixed housing

Vejlands Allé approx. 6.300 (6 %) 50 km/h Small local road/single-family houses
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Copenhagen - @sterbro

Nordhavn Bassin

Road name Annual average daily traffic — (heavy vehicles) Speed limit Main features

Classensgade approx. 5.100 (5 %) 50 km/h Small local road/multi-storey buildings
Osterbrogade approx. 19.900 (4 %) 50 km/h Shopping street/ multi-storey buildings
Nordre Frihavnsgade approx. 6.100 (7 %) 50 km/h Shopping street/multi-storey buildings




Respondents and noise impact

5. Respondents
exposure

5.1 Distribution of respondents by road
type

The following contains a presentation of how the re-
spondents are distributed along motorways and urban
roads. Figure 5.1 shows the overall proportion of re-
spondents at motorways and urban roads. Almost the
same number of responses has been received from resi-
dents at motorways as from residents at urban roads.

Figure 5.2 shows the percentage distribution of re-
spondents along the individual urban road and motor-
way sections. The figure shows that the percentage dis-
tribution varies between approx. 4% and approx. 12% of
the total population covered by the survey. It also shows
that the study has a reasonably balanced distribution of
respondents between Jutland (36%), Funen (34%) and
Zealand (30%). The distribution of respondents along ur-
ban roads is 17% from Aarhus, 15% from Odense and
17% from Copenhagen.

Figure 5.2
The percentage distribution of respondents along urban road and
motorway sections relative to the total number of respondents

and noise

Figure 5.1
Overall - distribution of respondents by road type
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Figure 5.3

The percentage distribution of dwelling type by motorways and urban roads
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houses
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The percentage distribution of the respondents' dwell-
ing type, stated as single-family house or flat either along
motorways or urban roads, can be seen in figure 5.3. The
figure shows that the distribution between dwelling types
is nearly inversely proportional. The majority of respond-
ents at motorways lives in single-family houses, while the
majority of respondents at urban roads lives in flats.

5.2 Distribution of noise levels

The distribution of noise levels at the dwelling facade
for all respondents, by motorways and urban roads, is
shown in figure 5.4. The distribution of the noise levels

Figure 5.4
Percentage distribution of noise levels at the respondent's
dwelling facade by motorways, urban roads and total

35%

@ Flats

B Motorways

M Urban Roads

1% 2%

L

Other
housing

along road types differs. Along the urban roads, 37%

of the homes have a noise impact of more than 65 dB,
whereas "only" 19% of the homes along the motorways
have a noise impact of more than 65 dB. Dwellings in
towns and cities are generally exposed to noise levels in
the high end compared to dwellings at motorways be-
cause many of the dwellings are located close to the
noise source, while along motorways, the distance to
the dwellings is generally greater. However, it should be
noted that the areas and the road sections have been se-
lected so as to ensure that the answers represent an im-
pact from both high and low noise levels along motor-
ways and urban roads, respectively.

30%
30%

B Motorways

25%

[ Urban Roads
M Total
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6. Relationship between noise
iImpact and noise annoyance

This section describes the most important relationships
between the noise level (L, ) at the dwelling and the ex-
perienced annoyance. The relationship is illustrated by
means of dose-response curves and is limited to the
noise range for which a sufficient number of answers has
been received.

The dose-response relationship has been
studied in three different situations:

. Overall annoyance when people are at home, by asking:
"Thinking about the last year or so, when you are at home, how
much does the noise from road traffic bother, disturb or annoy you?".

. Annoyance indoors in the home, by asking:

"Thinking about the last year or so, when you are inside your
home, how much does the noise from road traffic bother, disturb or

annoy you?".

. Annoyance outdoors at the home, by asking:

"Thinking about the last year or so, when you are outside in
the garden, yard or on the balcony at your home, how much
does the noise from road traffic bother, disturb or annoy you®?".

For each question, the respondent can specify the de-
gree of the annoyance (see section 3.2). Subsequently,
answers from the individual respondents have been
linked to the calculated noise level at the respondent's
dwelling facade.

Usually, the dose-response relationship for the over-

all annoyance at the home (see item 1 above) is used as
an indicator of how annoyed people are at different lev-
els of road traffic noise. According to the Danish Envi-
ronmental Protection Agency's guidelines on road traffic
noise /8/, the guideline threshold limit value for noise at
residential areas is 58 dB, which should correspond to
22% of the population feeling Annoyed (or more than An-
noyed), of which 9% are Highly annoyed (or more than

Highly annoyed). This survey indicates that significantly
more residents along motorways are annoyed by the
noise than previously assumed.

The dose-response curves are described with the fol-
lowing terminology (see also section 3.4):

= Highly annoyed = Proportion of respondents stating
that they are Highly annoyed or more than Highly
annoyed.

= Annoyed = Proportion of respondents who feel An-
noyed or more than Annoyed.

= Slightly annoyed = Proportion of respondents
stating that they are Slightly annoyed or more than
Slightly annoyed.
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mmsm  Highly annoyed

=== Annoyed

m====  Slightly annoyed
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Figure 6.1

Dose-response - overall for the entire study
including both motorways and urban roads

6.1 Total dose-response for motorways
and urban roads

The dose-response curves in figure 6.1 show the overall
results for all respondents in the survey (i.e. motorways
and urban roads together), when they are asked about
the noise annoyance in their home. As an example, ap-
prox. 39% state that they are Annoyed by the noise at

a noise level of 58 dB, of which approx. 15% state that
they are Highly annoyed.

It should be noted that the above dose-response curves
are not representative of an overall dose-response curve
for road traffic noise and annoyance in Denmark, since
Denmark has more dwellings along urban roads than
along motorways, which means that annoyance from
motorway noise is over-represented in the above curves.

Figure 6.2

6.2 Dose-response for motorways

Figure 6.2 shows the dose-response relationship for re-
spondents who are exposed to noise from motorways,
Highly annoyed, Annoyed and Slightly annoyed, respec-
tively. The figure shows that approx. 22% of the respond-
ents feel Highly annoyed when the noise level at the
dwelling facade is 58 dB, while 48% of the respondents
feel Annoyed at 58 dB.

Dose-response for motorways (overall annoyance "when you are at home").

The dotted curves indicate 95% confidence intervals for the curves (se
explanation in section 3.4).

e
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6.3 Dose-response for urban roads

Figure 6.3 shows the dose-response relationship be-
tween respondents who are exposed to noise from urban
roads, Highly annoyed, Annoyed and Slightly annoyed,
respectively. The figure shows that approx. 8% of the re-
spondents feel Highly annoyed when the noise level at
the most noisy dwelling facade is 58 dB, while 28% of
the respondents feel Annoyed at 58 dB.

Figure 6.3

Dose-response for urban roads (overall annoyance "when you
are at home"). The dotted curves indicate 95% confidence
intervals for the curves
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6.4 Drawing of dose-response curves

It may be relevant for users of the report to be able to
draw the dose-response curves of this study for mo-
torways and urban roads, respectively. The constants
for the dose-response curves for motorways and urban
roads from this study are shown in table 6.1.

Table 6.1
Constants for the dose-response curves in figure
6.3. L__is the value for 50% annoyed (Highly

den

annoyed, Annoyed and Slightly annoyed) and s ex- CHINES

The dose-response curves are expressed as /2/:
A= u/ (1+e=E)

Where;

A is the percentage of annoyed (HA, A, LA) respondents
u is the upper limit of A (i.e. u = 100)

s is the slope

E is the noise Exposure, L

f is the value of E for a fifty pwrcent annoyance response

Constants for the Motorways Urban Roads

dose-response

f, dB f,dB s

presses the steepness of the curves. The meaning Highly annoyed 66,7 0,147 80,0 0,114
of the constants is explained in more detail in the
appendix to the Danish Road Directorate's report Annoyed 58,4 0,157 67,9 0,095
44,2013 /2/

Slightly annoyed 54,2 0,173 58,9 0,090
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6.5 Comparison of motorways and urban
roads

The difference between the dose-response curves for
motorways and urban roads is significant when com-
paring the curves for the overall noise annoyance in the
home (see figure 6.4). The overall noise annoyance is
significantly higher along motorways than along urban
roads. As an example, the proportion of respondents
who are Highly annoyed at 65 dB at the dwelling facade
is 44% along the motorway against 15% along the urban
road.

If we compare the noise annoyance curves for Annoyed
in figure 6.4, we see that at a noise level of 53 dB from
motorways, 30% state that they are Annoyed whereas it
is not until approx. 59 dB along urban roads that a sim-
ilar proportion feels Annoyed. The difference in annoy-

Figure 6.4
Comparison of motorways and urban roads.
Dose-response curves for overall noise annoyance in the home.

ance from motorways and urban roads increases with
the noise impact. At a noise level of 63 dB from motor-
ways, approx. 67% state that they are Annoyed whereas
the same proportion of Annoyed occurs at approx. 75 dB
along urban roads.

If we compare the dose-response curves for motorways
and urban roads with the experienced annoyance inside
the home (see figure 6.5), the difference in experienced
noise across road type is considerably smaller and not
significant. However, if we look at the annoyance experi-
enced outside the home (see figure 6.6), the difference
is very pronounced. For motorway respondents the noise
annoyance is significantly higher than for people who live
near urban roads. Reasons for this difference are dis-
cussed in the following section.

100%
80% > = Highly annoyed
(urban roads)
Annoyed
(urban roads)
60% )
Slightly annoyed
(urban roads)
s Highly annoyed
(motorways)
40%
Annoyed
(motorways)
Slightly annoyed
20% +—— (motorways)
00/0 T T T T T
45 50 55 60 70 75



Relationship between noise impact and noise annoyance

Figure 6.5
Comparison of motorways and urban roads (indoors).
Dose-response curves for noise annoyance experienced inside the home.
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Figure 6.6
Comparison of motorways and urban roads (outdoors).
Dose-response curves for noise annoyance experienced outdoors at the home.
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7. Factors which affect
annoyance perception

Basically, it is important to take note of the fact that peo-
ple are annoyed to the extent that they state. That said, it
is of course relevant to study the reasons why the same
noise exposure does not cause the same noise annoy-
ance in different situations. The project team has tried to
identify the factors that might affect the dose-response
curves and to clarify why motorway neighbours are more
annoyed by the same noise level compared to urban road
neighbours.

Factors of relevance for the experienced noise annoy-
ance might be the noise characteristics (a motorway
sounds differently than an urban road and the traffic
composition, diurnal distribution and speed differ), the
person who subjectively experience the noise (noise sen-
sitivity, acceptance of noise, age, etc.), and the context

in which the person experiences the noise (e.g. in the
home, indoors/outdoors, time of day, etc.) and not least
the dwelling type (single-family house/flat).

Based on the available data, various contexts have been
identified which influence the perception of noise an-
noyance. This is discussed in more detail in the follow-
ing sections. A number of contexts relate to the dwelling
conditions, each of which is a factor which indicates that
respondents along urban roads are less annoyed than
those along the motorways, such as:

= The dwelling type is relevant for the noise annoyance.
People who live in flats are less annoyed than people
who live in single-family houses — and significantly
more respondents live in flats along the urban roads.

= Access to a quiet facade in the home has a positive
impact on the perception of annoyance — and signifi-
cantly more flats have a quiet facade.

= The overall perception of annoyance for people who
live in single-family houses is mainly determined by
the annoyance experienced outdoors in the garden,
etc., while the overall annoyance experienced by peo-
ple who live in flats is to a large degree determined
by the annoyance experienced indoors in the home. It
must be assumed that the outdoor recreational areas
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are generally less protected for single-family houses
compared to flats. Many flats have yards where noise
levels are typically low, while the outdoor areas at
single-family houses are typically not shielded to the
same extent.

In addition, it should be noted:

= That young people are less annoyed by traffic noise
than elderly people - and relatively more young peo-
ple live along the urban roads/in flats

= That the degree of acceptance of the noise level to
which you are exposed, has an influence on the expe-
rienced annoyance. Respondents along motorways
generally have a lower degree of acceptance of the
noise levels compared to respondents along urban
roads

= The background for the above conclusions has been
described in more detail in the following sections.

7.1 Dwelling type

The following figures 7.1, 7.2 and 7.3 show the propor-
tion of respondents who are Highly annoyed by dwelling
type; flat and single-family house.

Figure 7.1 shows the total proportion of respondents
(motorways and urban roads) who are Highly annoyed

by flats and single-family houses. The figure shows that
people who live in single-family houses are significantly
more annoyed than people who live in apartments. At a
given noise level, more than twice as many people in sin-
gle-family houses state that they are Highly annoyed than
people who live in flats. In the interpretation of the curve,
it must be borne in mind that most of the single-family
houses are located along the motorways, and most of the
flats are located along the urban roads.

Figure 7.2 shows the proportion of respondents in sin-
gle-family houses who feel Highly annoyed by noise from
motorways and from urban roads. It should be noted that
in the case of single-family houses at a noise level of
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Figure 7.1
Dwelling type and the proportion of Highly annoyed respondents of the total number of
respondents
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Figure 7.2
Single-family houses and proportion of Highly annoyed respondents by road types
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100%
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Highly annoyed
60% (motorways)
40% Highly annoyed
(urban roads)
20%
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45
Figure 7.3

Flats and proportion of Highly annoyed respondents by road types

60 dB, approx. 3 times as many people are annoyed by
noise from motorways as people annoyed by noise from
urban roads. This indicates that it is far from only the

dwelling type that determines the degree of annoyance.

Figure 7.3 shows the proportion of respondents in flats
who feel Highly annoyed by noise from motorways and
from urban roads. The study only includes a very lim-
ited number of flats along motorways — this explains the
great uncertainty on the curve for flats along motorways.
The uncertainty is so significant that no conclusions can
be drawn about any differences in annoyance between
motorway and urban roads. However, reference can be
made to section 7.2 which verifies that the annoyance in-
doors in flats has a major influence on the overall annoy-
ance experienced at the home and that the perception of
the annoyance indoors in the home is almost the same
for dwellings along motorways and along urban roads.

7.2 Overall annoyance perception, indoors
and outdoors

The reported noise annoyance has been studied for both
the overall annoyance "when you are at home", the indoor
annoyance "inside your home", and the outdoor annoy-
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ance "at your home". Figures 7.4 and 7.5 show the as-
sociated dose-response curves for respondents stating
that they are Annoyed by the noise from motorways and
urban roads, respectively.

For motorways, the dose-response for the overall annoy-
ance and the dose-response for the outdoor annoyance
are virtually identical, whereas the dose-response for the
indoor annoyance is significantly lower. For urban roads,
it is the other way around. The dose-response curve for
outdoor annoyance is significantly lower than the overall
annoyance, whereas the indoor annoyance is somewhere
between the two.

If we compare the two figures, we can see that the dif-
ference in dose-response for indoor annoyance at urban
roads and motorways, respectively, is small, whereas we
see major deviations between urban roads and motor-
ways when it comes to the outdoor annoyance where the
respondents at motorways are much more annoyed.

Usually, the overall annoyance "when you are at home"
is used to refer to the overall noise annoyance from road
traffic. The overall annoyance will to some extent depend
on how the noise is experienced indoors and outdoors
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Figure 7.4
The proportion of Annoyed respondents along motorways by "overall annoyance", "indoor annoyance"
and "outdoor annoyance"
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Figure 7.5
The proportion of Annoyed respondents along urban roads by "overall annoyance", "
and "outdoor annoyance"
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at the home. An analysis has therefore been made of the
factors which influence the overall annoyance perception
based on a comparison of the respondent's answers to
the degree of overall annoyance, indoor annoyance and
outdoor annoyance.

The analysis shows that both the indoor and outdoor an-
noyance have a very large influence on the overall annoy-
ance. For residents at motorways, the outdoor annoy-
ance (t-value = -19.88) is relatively more important than
the indoor annoyance (t-value = -12.78), when it is ana-
lysed what drives the overall experience of annoyance.
For residents at urban roads, the result is the opposite.
Here the indoor annoyance is a much more important
factor (t-value = -22.39) than the outdoor annoyance
(t-value = -5.10). This means that for residents along ur-
ban roads, it is predominantly the indoor annoyance
which determines the overall annoyance.

The same applies — not surprisingly — to the dwelling
type, i.e. for people who live in single-family houses, the
outdoor noise impact is of great importance for the over-
all noise annoyance at the home, whereas for people
who live in flats, the indoor noise impact in the home is of
importance to the overall noise annoyance at the home.

Figure 7.6
The proportion of Highly annoyed respondents
in dwellings with or without a quiet side

Generally, the results seem to confirm that it is important
to be careful when you want to overcome the noise an-
noyance from motorways and urban roads, respectively,
because it is very different what drives the overall experi-
ence of noise at home.

7.3 Access to quiet side

Previous research results (see section 8.4) indicate that
if the dwelling has a quiet facade, which is not exposed
to notable noise, it has a positive impact on the over-

all annoyance effects of noise at the home. Figure 7.6
shows the proportion of Highly annoyed respondents by
respondents who have a quiet dwelling facade and re-
spondents whose dwelling does not have a quiet side. At
all noise impacts, the proportion of respondents who are
Highly annoyed almost doubles when the dwelling does
not have a quiet side.

7.4 Age

The age distribution of respondents who are Highly an-
noyed is shown in figure 7.7. The respondents are di-
vided into three age groups, 18-34 years, 35-55 years
and over 56 years.
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Figure 7.7
The total number of respondents by age who are Highly annoyed
Particularly in the youngest group with the 18 -34-year- Figure 7.8 also shows that nearly 29% of the respond-
olds, the proportion of Highly annoyed is smaller than for ~ ents at urban roads are young people under 31 years of
the other age groups. This group is also strongly repre- age. 46% of all respondents along urban roads are under
sented in the dwelling type: Flat. 41 years of age. Conversely, only 6% of the respondents

along motorways under 31 years of age. 18% of all re-
spondents along motorways are under 41 years of age.

Figure 7.8
Age distribution of respondents who are exposed to
noise from urban roads and motorways, respectively.
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When the respondents are to answer whether they gen-
erally think that "the noise levels from road traffic in your
home is acceptable", it seems that respondents along
motorways have a lower degree of acceptance of the
noise level at the home than respondents who live along
urban roads.

Figure 7.9 shows the distribution of answers for motor-
ways and urban roads from the score 0 (not at all ac-
ceptable) to the score 10 (very acceptable). Along the
motorways, 24% of the respondents give a score of 0-2
(i.e. in the category not very acceptable), whereas 13%
give this score along urban roads. Moreover, 48% of the
respondents along urban roads give a score of 8-10 (i.e.
in the category rather to very acceptable), whereas 34%

Figure 7.9

Proportion of respondents' answer to: "Do you generally
think that the noise level from road traffic in your home is
acceptable?".

25%

of the motorway respondents give this score. Further-
more, it should be noted that the respondents along ur-
ban roads are generally exposed to higher noise levels
than the respondents along motorways (see previous fig-
ure 5.3).

Figure 7.10 shows the dose-response curves for re-
spondents who state that they are Highly annoyed com-
pared to the degree of acceptance of the noise impact
on the home. No wonder, the respondents who state that
they have a very low degree of acceptance (scores O -
(2) of the noise impact are more annoyed than respond-
ents who state that they have a high degree of accept-
ance (scores 8-10) of the noise impact.
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Figure 7.10

Dose-response for the proportion of highly annoyed
respondents relative to acceptance of noise level
(answer to: "Do you generally think that the noise
level from road traffic in your home is acceptable?").
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8. Comparison with other

studies

Danish and other international studies have previously
been made of the dose-response relationship for road
traffic noise, and in the following, the results of this study
is compared with a range of previous studies. The com-
parison with the general European noise annoyance
curves is particularly interesting because these are nor-
mally the reference for calculations of noise annoyance
from road traffic in Europe.

8.1 General European dose-response
curves (Miedema)

The general European dose-response curves /4/, also
known as the Miedema curves, indicate the relation-
ship between noise level and the experienced annoy-
ance and are often used to assess noise annoyance
from roads, railways and airfields. These dose-response
curves are based on data collected from many different
annoyance studies. For road traffic noise, the dose-re-
sponse curve is based on nearly 20,000 individual in-
terviews from 26 different studies in different countries.
On one hand, this provides a very well-substantiated re-
lationship between noise level and annoyance. On the
other hand, the Miedema dose-response curve is an
average, which covers very different situations, and is
therefore best suited to describe a general "noise an-
noyance in society" from road traffic.
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Figures 8.1 - 8.3 compare the results from this study with
the general European dose-response curves (Miedema).

The distribution between motorways, regional roads and

urban roads in the underlying data is unknown.

Figure 8.1 shows that the overall reported annoyance from
motorways and urban roads put togheter from this study is
significantly higher than the international average. Figure
8.2 shows that the annoyance effects around motorways
in this study are significantly higher than the average an-
noyance in the general European dose-response curves
(Miedema) which reflects effects found in a large number
of studies. Figure 8.3 compares the dose-response re-
sults of this study for residents along urban roads with the
international average. These results are in good accord-
ance with those of Miedema.

If Midema curves particularly represent noise in towns
and cities, this survey may be in good accordance with
the international dose-response curve.

If, for example, we look at the reported annoyance at a
noise level of 65 dB, the international dose-response
curve shows that 16% of the population is Highly annoyed.
This is in good accordance with the result of this study

for urban roads alone, which is also approx. 16%, while
for motorways alone, the proportion of Highly annoyed re-
spondents is 44% whereas the proportion for motorways
and urban roads together is 30%.
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Figure 8.1
Motorways and urban roads put together (this survey)
compared with the international dose-response (Miedema)
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Urban roads (this survey) compared with the
international dose-response (Miedema)
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Figure 8.4
Motorways (this survey) compared with the international dose-response
(Miedema) which illustrates the difference in noise level for the curves Annoyed
Figure 8.4 shows the difference between the reported dicted by the general European noise annoyance curve
noise annoyance for the annoyance score Annoyed from (Miedema). The other study shows nearly the same an-
this survey and the general European dose-response noyance for roads in towns and cities as predicted by the
curve (Miedema). If we compare the noise annoyance Miedema curve at high noise levels (L, greater than 70
curves for Annoyed, the annoyance at the home is seen dB), but at lower noise levels, a lower degree of annoy-
at a noise level at motorways which is approx. 9-14 dB ance than predicted by the EU curve.

lower than the European noise annoyance curve (when

the starting point is in the range 53 dB to 63 dB along

motorways in Denmark). 8.3 The Danish Road Directorate's
previous survey of noise annoyance from
urban roads and motorways

8.2 The Danish Environmental Protection The Danish Road Directorate's report no. 447, 2013, on

Agency's survey of the difference between  "Stejgener fra byveje og motorvej M3" /2/ (Noise annoy-

annoyance impact of motorway noise and ance from urban roads and motorway M3) reviews the re-

noise from other roads sults from various questionnaire surveys along the Mo-
In the Danish Environmental Protection Agency's work re-  torring 3 in Copenhagen — before and after the extension
port no. 1, 2013 on "Forskel mellem genevirkning af mo- of Motorring 8 — and along three different urban roads in

torvejsstej og stej fra andre veje'"/ 1/ (Difference between Copenhagen. The urban road data come from a study be-
annoyance effect of motorway noise and noise from other ~ fore and after the replacement of asphalt surfacing, where
roads) a literature study was carried out studies which less noisy "thin-layer asphalt" was laid.

could demonstrate any difference in noise annoyance

from motorways and other roads, and, if possible, quantify ~ The average of the before and after situation does not

this difference. show any significant difference in the annoyance percep-
tion at noise impacts below approx. 55 dB. At noise im-
Only two major studies were found which could be di- pacts above 55-58 dB, the noise from Motorring 3 is
rectly used to quantify the difference. Based on the two more annoying than the noise from the urban roads. At
studies, it was concluded that the difference in annoy- the higher noise impacts, the size of this difference corre-
ance from motorways and other roads corresponds to at sponds to a difference in noise impact of about 5 dB.
least 5 dB, but may be greater (up to about 10 dB), and
that the difference in relation to less busy roads in towns Figures 8.5 and 8.6 make comparisons between this
and cities can even be even greater. study and Danish Road Directorate's previous study.
Again, people along the motorway seem to be signif-
Similarly, one of the two studies shows that the noise an- icantly more annoyed than residents along the urban
noyance from other roads than motorways is virtually pre- roads. While the noise annoyance curves for the urban
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100% This study:
Motorways

Slightly annoyed
80% _— ghtly annoy
Motorways
Annoyed
60% g Motorways
=== Highly annoyed
40% —
Other study:
Motorring 3
20% +— Slightly annoyed
mm— / Motorring 3
0% - T T T T T 1 Annoyed

45 50 55 60 65 70 75 Motorring 3
T Highly annoyed
L4 dB

Figure 8.5
Dose-response curves at motorways from this annoyance study and for
the Motorring 3 questionnaire surveys

100 This study:
Urban Roads
80 Slightly annoyed

Urban Roads
Annoyed
60 Urban Roads
Highly annoyed
40 — — .
Other study:
Urban Roads Copenhagen
20 Slightly annoyed
/ Urban Roads Copenhagen

0 Annoyed
45 5'0 5|5 elo 6I5 7|o 7'5 N Ehrgslr; z::g;egopenhagen
Lye,dB
Figure 8.6

Dose-response curves at urban roads from this annoyance study and the
questionnaire surveys conducted in Copenhagen in connection with renewal
of wearing course to thin-course surfacing.
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roads in 8.6 from the previous study and from this study
are very similar, there are, however, more significant dif-
ferences in the curves for motorways in figure 8.5.

8.4 Swedish results about the relationship
between quiet side and minor noise
annoyance

A number of research projects indicate that the experi-
enced annoyance is affected by more factors than just
the noise level at the most noise-impacted facade. Re-
search shows that access to a quiet side of the dwell-
ing can have an influence on the noise annoyance experi-
ence. A similar influencing factor is whether the bedroom
of the dwelling faces the quiet side. In dwellings without
these conditions, noise from the road will, all other things
being equal, be experienced as more annoying. This is
not as such new knowledge, but in recent years better
documentation has been provided for the importance of
a quiet side, and results have been achieved which quan-
tify the effect of a quiet side and formulate the conditions,
which must be met.

Figure 8.7

Experienced annoyance (% with the degree of annoyance "ganska
stérd" (rather annoyed), "mycket stérd" (very annoyed) or "oerhért
mycket stérd" (extremely annoyed) from road traffic noise relative
to noise level and access to a quiet dwelling facade (dB refers to
the average noise level, LAeq,24h). The quiet side of the home had
an average noise level of 45.5 dB (free field)

In the Swedish research programme "Ljudlandskap for
battre hélsa" /9/, figure 8.7 shows the proportion of peo-
ple who are annoyed (% with the degree of annoyance
"ganska stérd" (rather annoyed), "mycket stérd" (highly
annoyed) or "oerhért mycket stérd" (extremely annoyed))
by traffic noise at various noise levels, with and without

a quiet side in their home. The figure shows that, at the
same noise impact, the annoyance is smaller if the build-
ing has a quiet side compared to buildings without a quiet
side. The proportion of people who are adversely affected
by road traffic noise is almost the same (approx. 20%)

in buildings with a diurnal average level (LAeq,24h) of 55
dB without a quiet facade (yellow column), as in a build-
ing with a noise level of 60 dB where there is access to a
quiet facade (pink column). Access to a quiet side of the
dwelling results in a reduction in the experienced annoy-
ance in the same order as a reduction of the noise level
by 5 dB at the most noise-impacted dwelling facade. The
same trend is seen in this study, just more pronounced,
where the difference between a dwelling with and without
quiet side is more than 10 dB.

Referens- Bebyggelse med tyst sida Bebyggelse utan tyst sida
omrade Bullerniva, mest Bullerniva pa
exponerad sida bada sidor
10
finde) | % som 42-43 dB
stors/paverkas bada 55 dB 60 dB 55 dB 60 dB
negativt av Helor
végtrafikbuller:
Allman 3 11 21 22 34
stoérning
Vila / &terhdamtning
inomhus med 4 11 18 19 33
sténgt fonster
Vila / aterhamtning
pa uteplats / 3 11 21 20 26

balkong
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9. Summary and conclusion

The purposes of this study were:

To study whether the noise annoyance experienced
by residents along motorways is greater than the
noise annoyance experienced by residents along
urban roads

To compare the results with the general European
noise annoyance curves (Miedema)

To make suggestions for the possible reasons why
the noise annoyance from motorways is greater than
from urban roads

Overall, it can be concluded that people who live along
motorways are significantly more annoyed by road traf-
fic noise than people who live along urban roads when
they are exposed to the same noise level on the dwell-
ing facade. If we compare the noise annoyance curves
for people who feel Annoyed, the annoyance is seen at

a noise level which is approx. 6-13 dB lower for motor-
ways compared to urban roads (in the range 53 dB to 63
dB along motorways, see figure 6.4).

For people who are exposed to the same noise level on
the dwelling facade, there are 2-3 times as many peo-

Figure 9.1
Proportion of people who feel Highly annoyed at noise
levels of 58 dB and 68 dB (L, ) at their home (total),

outdoors at their home and indoors in their home

ple who live along motorways who feel Highly annoyed
compared to urban road neighbours. This trend is even
more clear when it comes to the outdoor annoyance at
the home. However, there is only a small difference in the
indoor annoyance, where residents at motorways feel
slightly more annoyed than residents along urban roads.

The results from this dose-response survey have been
compared with the previous, and widely respected, gen-
eral European noise annoyance curves from Miedema.
The results from this study of dose-response curves for
road traffic noise from urban roads are virtually identical
with the general European dose-response curves. How-
ever, there are large differences in dose-response rela-
tionship for motorways compared to the general Euro-
pean dose-response curves.

If, for instance, we compare the noise annoyance curves
for respondents who feel Annoyed, the annoyance at the
home is seen at a noise level which is approx. 9-14 dB
lower at motorways compared to the European noise an-
noyance curve (in the range 50 dB to 63 dB along mo-
torways, see figure 8.4).

The above points are summarised in figure 9.1 and com-
pared with the noise levels 58 dB and 68 dB (L),

70%
60%
[ Motorways
50% (Highly annoyed)
40% Urban Roads
30% (Highly annoyed)
20% -+ u General European
) curves
10% - . (Highly annoyed)
0% -+
58 dB 68 dB 58 dB 688 | 5848 | 68dB |

At their home (total) Outdoors at their home
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Indoors at their home



Summary and conclusion

which corresponds to the levels at which a home in Den-
mark is regarded as noise exposed (58 dB) and severely
noise exposed (68 dB). It should be noted that the gen-
eral European annoyance curves only apply to the gen-
eral noise annoyance experienced at the home. There are
no similar results for the noise annoyance experienced
indoors and outdoors, respectively.

A number of factors influence how annoyance is experi-
enced, such as the noise characteristics (for example, a
motorway may sound different than an urban road, and
the traffic composition, diurnal distribution and speed are
different), the person who subjectively experiences the
noise (the person's noise sensitivity, acceptance of noise,
age, etc.), and the context in which the person experi-
ences noise (e.g. in the home, indoors/outdoors, time,
etc.) and not least the dwelling type.

Based on the available data, various contexts have been
identified which influence the perception of noise from
motorways and urban roads. This has been described

in more detail in the report. A number of contexts relate
in particular to the dwelling conditions, each of which
are factors which indicate that respondents along urban
roads are less annoyed than those along the motorways.
Thus, it is found that:

= People who live in flats are less annoyed than people
who live in single-family houses — and significantly
more respondents live in flats along the urban roads.

= Access to a quiet facade in the home has a posi-
tive impact on the perception of annoyance — and
significantly more homes in urban areas have a quiet
facade.

= The overall perception of annoyance for people who
live in single-family houses is mainly determined by
the annoyance experienced outdoors in the garden,
etc., while the overall annoyance experienced by peo-
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ple who live in flats is to a large degree determined
by the annoyance experienced indoors in the home. It
must be assumed that the outdoor recreational areas
are generally less protected for single-family houses
compared to flats, where many flats have yards,
where noise levels are typically low.

In addition, it should be noted that:

=  Young people are less annoyed by traffic noise than
elderly people - and relatively more young people live
along the urban roads/in flats

= The degree of acceptance of the noise level to which
you are exposed, has an influence on the annoyance
experienced — the lower the acceptance of the noise
impact, the greater the experience of annoyance. The
respondents along the motorways generally have a
lower degree of acceptance of the noise levels com-
pared to the respondents along the urban roads.

As mentioned, a number of other factors may contribute
to the results of the study on relationship between noise
levels and the noise annoyance experienced than those
mentioned above. As an example, a comparison of the
dose-response curve for people who live in single-family
houses shows that at a noise level of 60 dB, 2-3 times
as many people are Highly annoyed by noise from mo-
torways as people Highly annoyed by noise from urban
roads. This indicates that it is far from only the dwelling
type that determines the degree of annoyance.

It must be assumed that the characteristics also have an
influence for the experienced annoyance. Motorways are
characterised by high traffic intensity, high speeds, and a
large proportion of heavy vehicles. This gives a different
sound than the noise from a urban road which generally
has less, but more complex traffic, lower speeds and a
smaller proportion of heavy traffic.



References

10. References

"/

12/

13/

14/

15/

Arbejdsrapport nr. 1. Forskel mellem genevirkning
af motorvejsstej og stej fra andre veje,
Miljostyrelsen, 2013

Rapport 447, Stejgener fra byveje og motorve;j
M3, Vejdirektoratet, 2013

Rapport 442, Befolkningsreaktioner pa
stejreducerende vejbeleegninger Vejdirektoratet,
2013

European Communities EU Position paper

on Doseresponse relationships between
transportation noise and annoyance. ISBN 92-
894-3894-0, European Communities, 2002

Bekendtgerelse nr. 1309 af 21/12/2011 om
kortleegning af ekstern stej og udarbejdelse af
stejhandlingsplaner, Miljgministeriet, 2011

42

/6/

171

/8/

19/

Rapport 434, NORD2000 - Beregning af vejstej i
Danmark, Vejdiretoratet og Miljestyrelsen, 2013

ISO 15 666 Acoustics Assessment of noise
annoyance by means of social and socioacoustic
surveys. 2003

Vejledning nr. 4, Stoj fra veje. Miljostyrelsen, 2007

Ljudlandskap for battre hélsa, Resultat
och slutsatser fran ett mulitidisciplinart
forskningsprogram, Goteborgs Universitet,
Chalmers, Stockholms Universitet, 2008



[




Appendix: Descriptive statistics - answers to questionnaire by road type

Appendix:
Descriptive statistics - answers to
questionnaire by road type

This appendix presents the response rates to questions from the questionnaire survey.
The response rates are broken down by road type (motorways and urban roads).

1 "Thinking about the last year, how much does the traffic on the roads in your neighbourhood bother,
- disturb or annoy you?" (think in relation to all motorised vehicles such as passenger cars, buses,
trucks and mopeds, motorcycles, etc.)

35%

31%

30%

25% 29% D006 2390

20% B Motorways

15% [ Urban Roads

10% -

5% -

0% 0%
0% -

Extremely Very Moderately Slightly Not at all Don't know
annoyed annoyed annoyed annoyed annoyed

2 « 'In what ways are you annoyed by road traffic in your neighbourhood?"

I
B Motorways

Other

There is dust from the traffic M Urban Roads

There is air pollution and odours from the vehicle
exhaust fumes

There is vibration from the traffic

There is noise from the traffic 68%

It is unsafe for children to be on or at the roads in the area 13%

13%

It is unsafe to be on or at the roads in the area 10%

0% 10% 20% 30% 40% 50% 60% 70%
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3.

40%
35%
30%
25%
20%
15%
10%

5%

0%

25%

20%

15%

10%

5%

0%

Appendix: Descriptive statistics - answers to questionnaire by road type

"Now you have to answer some questions about noise. You need to think about situations when you
are at home" "Thinking about the last year, when you are at home, how much does the noise from
road traffic bother, disturb or annoy you?".

38%

B Motorways

[ Urban Roads

0% 0%

Not at all Don't know

annoyed

Extremely
annoyed

Moderately
annoyed

Slightly
annoyed

Very
annoyed

"To be sure of your answer to the previous question you will be asked the same questions once more.
You just have respond on a different scale, which goes from 0 to 10. If you do not at all feel annoyed,
choose O; if you feel extremely annoyed, choose 10; if you are somewhere in between, choose a
number between 0 and 10. "Thinking about the last year or so, when you are at home, how much
does the noise from road traffic bother, disturb or annoy you?".

22%

B Motorways
I Urban Roads

7%7%

0%0%

0 1 2 3 4 5 6 7 8 9 10 Don't know
Not at all Extremely
annoyed annoyed
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Appendix: Descriptive statistics - answers to questionnaire by road type

5 "Thinking about the last year or so, when you are at home, what sources of noise other than road traffic
" bother, disturb or annoy you?".

Construction sites

B Motorways
Airplanes

[ Urban Roads
Railways

Institutions, schools, etc.

Companies, such as restaurant, shop or workshop

Loud music

Noise from neighbours

I

45%

No other sources of noise 617%

0% 10% 20% 30% 40% 50% 60% 70%

6. "During which periods of the day are you annoyed by noise from road traffic when you are at home?"

Don't know

M Motorways
At night (22.00-07.00 hours)
22% [ Urban Roads

In the evening (19.00-22.00 hours)

In daytime (07.00-19.00 hours) 620
0

0% 10% 20% 30% 40% 50% 60%

46



Appendix: Descriptive statistics - answers to questionnaire by road type

7_ "Are there any special vehicle types, which are the cause of regularly occurring noise annoyance from road traffic?"

Don't know

Other

Agricultural machinery
Emergency vehicles

B  Motorways

Vehicles unloading goods [ Urban Roads

Garbage trucks
Motor cycles

Mopeds

Trucks 50%

Passenger cars

0% 10% 20% 30% 40% 50%

8- "Thinking about the last year or so, have you done anything because of noise from road traffic?"

| haven't done anything
Don't know

Other
B Motorways

| sleep with ear plugs or use other aids to sleep because of

noise from road traffic W Urban Roads

| do not sleep with the windows open because of noise from

road traffic
| use the rooms in the home differently than originally
intended
| open the windows less than | would do without noise 38%
from road traffic
0% 10% 20% 30% 40%
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Appendix: Descriptive statistics - answers to questionnaire by road type

9 "You should still think of noise. Now you just have to focus on situations when you are inside your
home." "Thinking about the last year or so, when you are inside your home, how much does the
noise from road traffic bother, disturb or annoy you?".

50%

47%  46%

45%

40%

35%
B Motorways

30%
[ Urban Roads

25%

20% 7%

17%

15%

10%

5%

0% 0%

0% -
Extremely Very Moderately Slightly Not at all Don't know
annoyed annoyed annoyed annoyed annoyed

1 O "Thinking about the last year or so, when you are inside your home, how does noise from road traffic
* bother, disturb or annoy you?".

Other
| wake up at night due to traffic noise

| find it difficult to fall asleep due to traffic noise

) . . B Motorways
Traffic noise disturbs when | read or work 21% Y

[ Urban Roads
Traffic noise disturbs when [ listen to the radio or watch TV

Traffic noise disturbs when | talk on the phone

Traffic noise disturbs normal conversation

0% 5% 10% 15% 20%
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Appendix: Descriptive statistics - answers to questionnaire by road type

1 1 « 'From your home, can you see the road which is the main source of traffic noise at your home?".

90%

80%

80%

70%

60%

B Motorways
50% y

M Urban Roads
40%

30%

20%

10%

1% 1%

0%

Yes No Don't know

1 2 "You should still think of noise. Now you should just focus on situations when you are outside at
"  your home, for example on a balcony, in the garden or in a yard." "What types of outdoor areas do
you have at your home?",

Don't know
B Motorways
Other M Urban Road
Balcony

Communal garden/yard

Own garden 91%

Have no outdoor areas at my home

0% 20% 40% 60% 80% 100%
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1 3_ "In what direction does the yard or balcony face?"

Don't know B Motorways

[ Urban Road
Other

. . . ) . 65%
Towards a quiet side, away from road with traffic noise 0

Towards the road which is the main source of road
traffic noise

65%

0% 10% 20% 30% 40% 50% 60% 70%

1 4 "Thinking about the last year or so, when you are outside in the garden, yard or on the
" balcony at your home, how much does the noise from road traffic bother, disturb or annoy
you?".

60%

54%

50%

40% B Motorways

M Urban Roads
30%

20%

10%

0%

Extremely Very Moderately Slightly Not at all Don't know
annoyed annoyed annoyed annoyed annoyed
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1 5 "Thinking about the last year or so, when you are outside in the garden, yard or on the balcony at your home,
" in what way does noise from road traffic bother, disturb or annoy you?"

Don't know

Other
B Motorways

Traffic noise disturbs when | do garden work M Urban Roads

Traffic noise disturbs when | read

Traffic noise disturbs when | rest

43%
Traffic noise disturbs when | talk on the phone
Traffic noise disturbs normal conversation
0% 10% 20% 30% 40%
1 6. "Thinking about the last year or so, have you done anything because of noise from road traffic?"
Don't know 2d%
Other 10%
| have established a noise-reducing fence due to road traffic
B Motorways
| completely avoid going out due to road traffic [ Urban Roads
| sometimes avoid going out due to road traffic 107
_-
| choose a place in the garden with the least traffic noise 8% 2906
0% 5% 10% 15% 20% 25%
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25%
20%
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5%

0%

18.

70%
60%
50%
40%
30%
20%
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Appendix: Descriptive statistics - answers to questionnaire by road type

"Do you generally think that the noise level from road traffic in your home is acceptable?".

20%
14% 149 M Motorways
@ Urban Road
7% 7%
1%1%
0 1 2 3 4 5 6 7 8 9 10 Don't know
Not at all Very
acceptable acceptable

"Does your home have a quiet side where there is no noise from road traffic?"

67%

M Motorways
@ Urban Road

Yes No Don't know
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1 9- "Is your bedroom facing:"

70%
60%
50%
40%
30%
20%
10%

0%

20.

80%
70%
60%
50%
40%
30%
20%
10%

0%

Appendix

: Descriptive statistics - answers to questionnaire by road type

62%

"Is your living room facing:"

The road

Quiet side

Don't know

71%

The road

Quiet side

53

Don't know

B Motorways
@ Urban Roads

B Motorways
I Urban Road
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21 . "How many people have permanent residence at the address?"

50%
45%

42%

40%

B  Motorways

30%

[ Urban Roads

20% -

12% 190p

1% 1%

1 2 3 4 5 more than 5

22 . 'Whattype of windows do you have in your bedroom?"

Don't know

Other

1-layer glass

Ordinary windows/double- or triple-glazed windows

Special sound-insulating windows

0% 20% 40% 60% 80%
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Appendix: Descriptive statistics - answers to questionnaire by road type

23_ "What type of windows do you have in your living room?"

Don't know B Motorways

[ Urban Roads
Other

1-layer glass
Ordinary windows/double- or triple-glazed windows

89%

Special sound-insulating windows

0% 20% 40% 60% 80% 100%

24. "In which year were you born?" (recoded to age categories)

35%

0
30% 29%

25%

B Motorways

20% M Urban Roads

15%

10%

5%

0%

30 years or 31-40 year-olds 41-50 year-olds 51-60 year-olds  61-70 year-olds Over 70 year
younger
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25 . "Are you male or female?".

60%

55%

53%

50%
40% -+
B Motorways

30% - M Urban Road
20% A

10% -

0%
Male Female

26_ "For how long have you lived in your home?"

70%
63%

60%

50%

B Motorways
40%

[ Urban Road

30%

20%

10%

0%

0-2 years 3-6 years 7-10 years More than 10 years
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27_ "How is your hearing?"

9
100% 1%
85%
80% -
60% -+
B  Motorways
40% -+
@ Urban Road
20% -+
9%
6% 7%
3% 1% 0%
0% - T ]
Normal hearing Normal hearing with Hearing loss Don't know
hearing aid

28_ "How sensitive are you to noise?"

70%

65%

60%

50%

40%

B Motorways

30% M Urban Road

20%

10% 6%

2%
° 1% 1%

0% -
Very Relatively Normal Relatively Very Don't know
insensitive insensitive sensitive sensitive
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29. What type of dwelling does the person live in

100%

91%

80%

60%

B Motorways

40% M Urban Road

20%

1% 2%

0%

House Flat Other dwelling types

30- On which floor is the home located

100% 5%

80%

60%

B Motorways

[ Urban Roads
40%

18%

13% 9%

1st floor 2nd floor 3rd floor 4th floor 5th floor or higher

20%

0%
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The Danish Road Directorate has five
regional offices:

Aalborg, Fleng, Middelfart,
Neestved and Skanderborg

More information:
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