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1. Executive summary

1.1. Introduction

The World Health Organization has estimated that about 1.6 million healthy life-years are lost
annually in Europe due to road traffic noise [1]. About half of these can be related to the
subjective element: annoyance. Even when the road administrations have used all the technically
feasible and economically possible measures to reduce the noise, there might still be a need for
a further reduction of the annoyance perceived by people exposed to road noise to help to support
noise abatements.

Former analyses of the results from noise surveys reveal that only about 1/3 of the variance in
the annoyance response is caused by the cumulative noise level itself (Leo, Lon, Loen, OF
similar), whereas the other 2/3 are partially determined by other factors, often referred to as
finon-acoustic factorso [2]. The surveys display a wide range for the annoyance response.
Differences in noise levels of up to Lsen 20-25 dB to evoke a certain percentage of annoyance are
not uncommon. This means that the annoyance response can be altered within wide limits without
doing any changes to the actual noise level. So, when all practical noise reduction measures have
been applied, the noise impact can still be reduced by making changes in the non-acoustic factors
known to moderate the annoyance response.

FAMOS is the acronym for fAFActors MOderating
https://famos-study.eu/. The project consortium consists of three partners:

1 FORCE Technology in Denmark (Project leader)
f LARMKONTOR in Germany
1 SINTEF in Norway

The FAMOS project is about analysing and testing if non-acoustic moderators for noise
annoyance can be a promising tool for obtaining an additional supplement to other noise and
annoyance mitigation measures to reduce the annoyance without reducing the noise level further.
Scientific methods have been used to find, extract, and analyse data and turn the results into
models formulated for practical use with illustrative examples. It has been quantified how different
factors modify people's subjective reactions to road traffic noise.

Reports from previous surveys have been systematically analysed in order to describe the
different annoyance moderators, and the effect of these moderators have been expressed in
equivalent subjective decibel changes,thei Annoyance equi val enles.Mhisi se
is the (hypothetical) shift in noise level that will give the same change in annoyance as the
presence or absence of a moderator and a practical way to express the effect of a moderator. It
should not be confused with any actual changes in noise levels. So, as an example: The existence

of a moderator will change the annoyance response in the same way as a reduction (or increase)

of a given range in decibels in the noise level. The results of this work are presented in Chapter

3.

1.2. Moderator search and qualification

1.2.1. Identification and literature analysis

As a main fundamental of the FAMOS project, the identification of possible moderators was
carried out. Several factors can change the perceived annoyance by people exposed to road
traffic noise. Reducing the noise is an obvious factor, but many other factors have an influence on
the annoyance. Moderators are factors that can change the relation between the noise exposure
and the annoyance response.
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A list of possible moderators was systematically derived on the background of the international
literature survey on moderators to perceived annoyance performed in the first work package of
FAMOS [3].

The non-acoustic factors that will modify the annoyance response can be categorized in different
ways:

1 The road itself and its immediate surroundings such as type of road, traffic volume,
speed limit, road pavement, barriers, visual appearance, etc. These are factors that to a
large extent can be controlled or influenced by the road owner.

9 Factors pertaining to the neighbourhood such as type and location/orientation of
residences, prevalence of community conveniences like shops, schools, parks,
playgrounds, etc. neighbourhood traffic conditions and so on. These factors can only to a
small extent be influenced by the road owner. Chances for control are better at completely
new developments than for projects in existing communities.

1 Relationship between the local residents and the road owner. Do they feel a personal
ownership to the road and benefit from its existence? Have the residents had a chance to
be involved the planning and construction process? Do the residents/neighbours trust the
decision makers and road administration? These factors deal with public relations and can
to a large extent be controlled and managed by the road owner.

9 Factors completely out of control by the road owner. However, it is important to
recognize that such factors exist and to know how they affect the annoyance response.
These are typically personal and demographic factors like age, gender, income, noise
sensitivity, etc.
1.2.2. Priorities moderators

The results from surveys on annoyance from road traffic noise indicate that the annoyance
response is affected by a set of non-acoustic factors. The influence of these factors, i.e., the
magnitude of the effect, varies, and the feasibility and practicality of manipulating these factors
depends on local circumstances. The FAMOS project should focus on factors that have a large
potential for annoyance reduction, and that are easily implemented. In order to prioritize different
modifiers, the following criteria have been considered:

9 To which degree is this modifier controllable by the road authority?
1 What is the potential for shift in the annoyance response?
1 What is the quality of existing data that support the conclusions?

The following preliminary list of modifying factors for further studies has been developed based
on these criteria:

9 Visual appearance of the road and its immediate surroundings, e.g., visibility of traffic,
greenery and the type and visual appearance of mitigation measures

Orientation of dwelling, access to a quiet side of the dwelling
Attitudes and relations between the community and the road authorities

Neighbourhood soundscape

=A =4 =4 =4

Perceived traffic safety

1.3. Data collection and hypothesis testing

Three different methods for data collection were investigated within a limited experimental setup
to investigate the suitability of methods for measuring the effect of moderators in future road
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projects, for Hypothesis testing for already identified moderators and for gap filling for knowledge
missing for important moderators retrieved.

The sound walks were successful in the sense that they gave a good representation of the sound
sources in a sound source hierarchy (sound source taxonomy). The results gave detailed
characteristics of the six measuring poediwhighons.
gave a clear picture of the relations between the six measuring positions, and why they differed.

By combining the assessments of annoyance from the sound walks with the measured noise

levels it was possible to make a model (dose-response curve) for the annoyance as function of

the noise level (Laeg) With a good fit (R? = 0,9). The results for greenery and the visibility of the

traffic are summarized as part of the hypothesis testing.

The mini survey was designed with limited extent and the non-personal address of respondents.
A general correlation and a confirmation of earlier project results was assessed. As for noise
annoyance in general, the responses mostly showed an expected outcome although several
respondents reported a higher annoyance although the noise levels were supposed to be
reduced. Results for as well visibility and greenery as expectations and expectations met were
analysed as part of the hypothesis testing. Overall, the results showed that moderators previously
identified in the FAMOS project had a contribution to the perceived noise annoyance. A
guantification on the effect, i.e., changes in noise level, in CTL or similar, cannot be derived due
to the low number of participants.

For the listening tests, several locations were selected so that there were variations in
moderators of interest (visibility of the traffic, amount of greenery, type, and appearance of noise
screens). For all positions, a significant increase of the annoyance with the noise level increasing
was found. From the results on the annoyance assessments, logistic dose-response curves could
be constructed with a good fit (R? > 0.95 on the mean values). The dose-response curves show
that the visual perception has a clear and significant influence on the perception of annoyance
from the noise. Differences in the annoyance corresponded to level differences, the annoyance
equivalent change in noise levels, up to 4 dB for the same sound stimuli. Some of the results
deviated from findings elsewhere and it was concluded that it is important that the assessors have
a full understanding of the context, e.g. by a short introductory video tour showing the road and
its surroundings or by using virtual reality to enhance the assessors envelopment in the scenario.

1.4. Modelling

Supplementing the findings of the former work packages, additional modelling should concentrate
on the most relevant moderators already retrieved. Based on input from the two large Danish
guestionnaire surveys on perceived noise annoyance, the model can demonstrate the effect of
various moderators.

The models provide strong evidence for the effect of the moderators that are found significant in

this study. The data from the Danish studies had a very high quality and covered a broad range

of questions many of which were identified in the literature as relevant. The confirms the findings

in the literature study to a large extent. The contribution of the modelling is also to further
investigate the potential of including more moderators and more interactions between moderators

in a multiple regression model and further qual
future studies.

1.5. Synthesis on moderators of noise annoyance

Evidence was found that a wide range of moderators affects the noise annoyance. Regarding

the Adirectionodo of the effect size, it depends
moderatoro, |ike improving greenery, the effect
a moderator is removed (like greenery) or changed towards a less favourable situation (like
increase in neighbourhood noise), the same eff¢

The selected moderators and their order of magnitude can be seen in
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Moderator Effect size
Trust / acceptance +10 dB
Expectations met 5t0 10 dB
Access to silent side 6to 9 dB
Low/no visibility of the road 2t0 10dB

Increased traffic volume

~1.5 dB per doubling

Neighbourhood noise up to 10 dB
Orientation of outdoor areas 8to 12 dB
Traffic safety expectations 5to 8 dB
Vegetation and greenery 6 to 10 dB
Visual appearance of the barrier 2dB
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annoyance equivalent noise level shift, dB
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Figure 1. Except fAtrust/acceptancedo, only t possibleposi ti ve
gain that is achievable by NRAsf or each moderator, based on a sit
influence of aftnmoudsetr/aatcocredop.t aFnocre 6, t he possi ble effe
this moderator might in most cases have an faverag

directions. So even without further influence or consideration, the annoyance might increase.

Moderator Effect size
Trust / acceptance +10 dB
Expectations met 5to0 10 dB
Access to silent side 6to 9dB
Low/no visibility of the road 2to 10dB

Increased traffic volume

~1.5 dB per doubling

Neighbourhood noise up to 10 dB
Orientation of outdoor areas 8to 12 dB
Traffic safety expectations 5to 8 dB
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Vegetation and greenery 6to 10 dB

Visual appearance of the barrier 2dB

-15 -10 -5 0 5 10 15
annoyance equivalent noise level shift, dB

Figure 1: Overview on effect sizes

Regarding uncertainties, the literature analysis shows a high variance in the annoyance
equivalent noise level shifts for some moderators between different surveys. Results of listening
tests, mini surveys and sound walks also showed a high uncertainty, mostly due to a low number
of respondents.

For some moderators, dependencies and interactions can be found. The effect size suggests
that the effects are not simply to combine for different moderators, as they would result in a change
higher than actual noise levels (e.g., + 10 dB for trust, up to 10 dB for expectations, 10 dB for
vegetation and greenery and so on).

Different moderators might have a positive or negative influence on each other. For most
effects, an increase can be expected when interacting. For trust/acceptance, a poor quality of the
other moderators can result in negative effects.

Possible positive or negative influence of the different moderators might be:

1 The appearance of a green noise barrier might influence the visual greenery and thus have
a higher effect.

1 Visual greenery might cover the view to a noise barrier and thus make the influence of the
visual appearance of the barrier irrelevant.

If the road is not visible, the perceived safety might increase.
If access to rooms on quiet side is given, outdoor areas can be oriented there as well.

Reduced neighbourhood noise can increase the chance of a quiet side.

= =| =4 =4

Noise mitigation measures like barriers, embankments or noise reducing pavement on a
major road might not only decrease noise levels at dwellings, but also in the whole
neighbourhood. In opposite, soundproof windows only decrease the noise for residents of
single dwellings indoors.
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Whenever multiple moderators could apply, these with the highest effect and the highest
emphasis should primarily be considered. Those moderators which are just slightly addressed,
like a minor change in visual greenery, could be considered with their effects to other moderators
but otherwise neglected.

1.6. Outlook

In the FAMOS project, a series of moderators was researched that can change the noise
annoyance by people living in neighbourhoods exposed to road traffic noise e.g. from motorways.
The effect of these moderators is present even though no measures are taken to reduce the actual
noise levels. Primary research subject were acoustic moderators that could be controlled by
(national) road administrations. Non-controllable factors and non-acoustical factors (such as
personal factors) are not investigated.

To facilitate future data collection, the FAMOS project has also tested three rather simple methods
to investigate the perceived annoyance of road traffic noise. Insights on conducting those methods
can help road administrations in order to investigate the effect of new road or noise abatement
projects (best practice / worst practice). Valuable information includes information on number of
respondents, suggestions for common questions, situations/locations for surveys etc.

Results of similar surveys can be used to derive new information about moderators and their effect
on perceived annoyance. Elaboration of a common basis for questions to be used in surveys
would be helpful for getting more and more reliable data on the effect of the moderators.

An advanced data foundation from surveys will make it possible to improve the models for noise
annoyance including the influence of the moderators. Questions relating to the moderators should
be included in the survey questions in future surveys (for inspiration find the questions used in the
Motorway and Copenhagen study which is basis for the modelling in this project and the mini
survey for the Hamburg region).

In addition to this project documentation, a FAMOS guidebook (Deliverable D.4.5 of the project)
is published. The knowledge found on these moderators has been used as the foundation for
developing guidebook that National Road Administrations as well as other administrations can
use in planning of new roads, enlargements of existing roads as well as in noise abatement
projects.
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3. Preface

This report has been produced as a part of the FAMOS project. FAMOS responds to the questions
of the Conference of European Road Directors (CEDR) call in 2018 on Noise and Nuisance:

Psycho-Acousti cs: |l mproved Understanding of Peoplebs S
According to the World Health Organization (WHO), road traffic noise is one of the most important

environmental risks to healt hféyeasiodtind&uropa[B]lodboutc ont r i bu
half of these can be related to the subjective el e

caused by the cumulative noise level itself, whereas the other 2/3 are determined by so-called
fnon-acoustic factorsa

FAMOS quantifies how different factors modify people's subjective reactions to road traffic noise.

The project has used scientific methods to find, extract and analyse data from existing annoyance

surveys. The most promising findings have been investigated by the use of questionnaire studies,

listening testing in the laboratory and soundscape measurements/sound walks. The results are

also basis for a handbook on how fAmoderatorso can
noise annoyance or the effect of the noise abatement measures can be optimized by making

changes in the non-acoustic factors.

FAMOS is the acronym for fAFActors MOderating peopl

Information about the FAMOS project can be seen on the project homepage: https://famos-
study.eu/. The project is carried out over two years and started in December 2019. The project
consortium consists of three partners:

1 FORCE Technology in Denmark (Project leader)
f LARMKONTOR in Germany
I SINTEF in Norway
This report has been produced within Work Package WP 4 of the project, which deals with

"Di ssemination etc.0 and is |l ed by FORCE. This rep

work packages of the project. The report includes:
9 the results of a large international literature study on noise annoyance surveys
9 aderived and prioritized list of moderators
9 results of hypothesis testing in listening test, mini surveys, and sound walks,
9 additional modelling based on Danish survey results
1 a synthesis of the results, also giving orders of magnitudes of moderator effects,
uncertainties, and examples of application in practical terms.

The report is produced by Sebastian Eggers from LARMKONTOR as Deliverable D.4.6 of the
FAMOS project. The report has been quality controlled by Torben Holm Pedersen and Hans
Bendtsen from FORCE as well as by Truls Gjestland from SINTEF. The CEDR Transnational
Road Research Programme funded by Belgium i Wallonia, Denmark, Ireland, Netherlands,
Norway, Sweden, and United Kingdom has financed the FAMOS project.
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4. Introduction

The World Health Organization has estimated that about 1.6 million healthy life-years are lost
annually in Europe due to road traffic noise [3]. About half of these can be related to the subjective
element: annoyance. Even when the road administrations have used all the technically feasible
and economically possible measures to reduce the noise, there might still be a need for a further
reduction of the annoyance perceived by people exposed to road noise to help to support noise
abatements.

Former analyses of the results from noise surveys reveal that only about 1/3 of the variance in the
annoyance response is caused by the cumulative noise level itself (Leg, Lon, Loen, Or similar). The
other2/3areof t en r e f ean-aoeubtic factorsals]. Thie surveys display a wide range for
the annoyance response. Differences in noise levels of up to L4en 20-25 dB to evoke a certain
percentage of annoyance are not uncommon. This means that the annoyance response can be
altered within wide limits without doing any changes to the actual noise level. So, when all practical
noise reduction measures have been applied, the noise impact can still be reduced by making
changes in the non-acoustic factors known to moderate the annoyance response.

Ten percent highly annoyed is defined as the

Environmental Noise Guidelinesf or t he Eur o p e Bhandtkeisis adugé chalénge8
for the National Road Administrations. All means for decreasing the annoyance and the
consequential health effects are needed and that makes the CEDR 2018 call on Noise and
Nuisance an important topic.

The FAMOS project is about analysing and testing if non-acoustic moderators for noise
annoyance can be a promising tool for obtaining an additional supplement to other noise and
annoyance mitigation measures to reduce the annoyance without reducing the noise level further.

Scientific methods have been used to find, extract, and analyse data and turn the results into
models formulated for practical use with illustrative examples. It has been quantified how different
factors modify people's subjective reactions to road traffic noise. This has been the content of
Work Package 1 of the FAMOS project. A toolbox is provided as a handbook that road owners
can use to reduce the negative impact from road traffic noise when actual reduction of the noise
level is no longer feasible. This handbook is Deliverable D.4.5 of the FAMOS project.

Reports from previous surveys have been systematically analysed in order to describe the
different annoyance moderators, and the effect of these moderators have been expressed in
equi val ent subjective decibel changes, t he
definition later in this clause. So, as an example: The existence of a moderator will change the
annoyance response in the same way as a reduction (or increase) of a given range in decibels in
the noise level. The results of this work are presented in Chapter 3.

In Work Package 2 of the FAMOS project, three different methods for annoyance data collection
have been used and tested. The purpose of the testing phase was:
1 Gap filling of knowledge missing for important moderators retrieved in Work Package 1

9 Test of the suitability of the methods for measuring the effect of moderators in specific
scenarios e.g. for new road projects or reconstruction of existing roads

The methods tested were
1 Audio/visual listening tests in the FORCE listening room, where visual context is presented
with variations in moderators relevant for this type of testing

1 Mini surveys using questionnaires at comparable locations with variations in relevant
moderators have been made in a limited number of locations with variations in selected
moderators

1 Sound walks have been performed at alternative locations with different conditions with
regard to selected moderators

The results of this work are presented in Chapter 4.
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Based on the results on moderators found in Work Package 2 and 3, work has been performed in
order to be able to model the magnitude of different moderators. This is presented in Chapter 5.

Finally, Chapter 6 presents the synthesis of the FAMOS project. This is mainly the final
presentation of the moderators found.

In the future, the regulatory system may consider formulating the limits for noise in terms of the
percentage of highly annoyed as we have seen in the WHO guidelines [3]. Whether the handling
of the non-acoustic moderators will be a measure in line with and comparable with noise mitigation
measures has to be researched by future projects, especially with respect to health effects.

Until then, reduction of the perceived annoyance is a goal that will benefit the noise exposed
population. The active use of moderators to reduce the perceived noise annoyance along roads
and highways can have advantages for the road administrations, such as fewer complaints, fewer
lawsuits, less bad media coverage, better relations to the neighbours to the roads and better
acceptance for new road projects.

4.1. Definition of Annoyance equivalent noise level shift

TheAAnnoyance equi val enles, i the (Bypothetieal) ghift in adise |€vel that
will give the same change in annoyance as the presence or absence of a moderator. This is a
practical way to express the effect of a moderator!. It should not be confused with any actual
changes in noise levels.

An example:

At the same noise level Lqen, persons who are not affected by one moderator (blue curve in Figure
2, e. g. Atraff i €igurei2)scould beemore anhoydd thangeopld thabdre affected

by a moderator (orange curve inFigure2, e. g. Atraf frcglrigweRarrir 6i bf e

The difference of percentage of Highly Annoyed (%HA) may e.g. be 30 % points. The same
annoyance reduction may be observed by lowering the noise level Lgen by 13 dB. The
AAnnoyance equi val entesinthiscmseishmutdddBshi ft o, L

In this example the moderator will change the annoyance response in the same way as a reduction

of about 13 dB in the noise level. The A Annoyance equivalent noi

confused with the actual level difference, e.g. between the most and the least exposed facade.

1 Remark: Although in our experts judgement, some moderators are likely to have an dependence on the time of the
day (day, evening, night), a distinction e.g. between daytime and night-time was not considered or possible due to
insufficient data. As data was only found in relevance to Lden, the changes stated are only valid for this noise index.
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Figure 2: The blue curve shows an example for the percentage of people being highly annoyed in a situation without
moderators. The orange curve shows the percentage of highly annoyed in a situation where a moderator has been
implemented. Change in annoyance for one moderator with change in annoyance in percent annoyed (solid arrow) and
fannoyance equivalent noise level shiftd in dB (dashed ar
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5. Moderator search and qualification

As a main fundamental of the FAMOS project, the identification of possible moderators was
carried out. Several factors can change the perceived annoyance by people exposed to road
traffic noise. Reducing the noise is an obvious factor, but many other factors have an influence on
the annoyance. Moderators are factors that can change the relation between the noise exposure
and the annoyance response.

When all conventional noise reduction measures have been applied, the noise impact can still be

reduced by making changes in so called non-acoustic factors. We wi
acoustic factorsodo as: Al f acthels attthe anbst edpwse n o t
fa-ade. This means that some acousaciocusftaicct ofrasc tad rssoo

noise reducing windows and facades, local noise screens in a garden etc. Further distinction is
possible for controllable and non-controllable moderators.

The connection of factors and moderators can be seen in Figure 3. Acoustic factors at the noise
source, such as the types of vehicles, speed, and road surface, as well as the sound propagation,
influenced e.g. by buildings and barriers, lead to resulting noise levels at the most exposed

fa-ades. The annoyance itself is Amoderated?o

project, they are further distinguished between controllable (by the National Road Administrations
(NRA)) and non-controllable moderators.

Moderators*

| | Controllable
Into toolbox

Noise
Lgen at the most

Acoustic

Annoyance
factors y

exposed facade Non- ‘
1 controllable 1
Sound source ' To be described !
Types of vehicles '\ /' An emotional and attitudinal reaction
. (I(ijght, heavy, emergency...) hecis il S 5 from a person exposed to noise
ee
Rgad surface in a given context.
Tyres

s s *Also called "Non-acostic factors*
Day, evening, night distibution

Sound propagation
Distance
Noise barriers

Figure 3: Connection from acoustic factors leading to noise and moderators influencing the annoyance

A list of possible moderators was systematically derived on the background of the international
literature survey on moderators to perceived annoyance performed in the first work package of
FAMOS [2]. Ongoing improvement, including splitting and joining single moderators, was made in
the following project discussion.

The non-acoustic factors that will modify the annoyance response can be categorized in different
ways. Some factors pertain to the road itself and its immediate surroundings such as type of road,
traffic volume, speed limit, road pavement, barriers, visual appearance, etc. These are factors that
to a large extent can be controlled or influenced by the road owner.

FActors MOderating people's Subjective reactions to noise i Project Report
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Table 1: Factors that can change the annoyance response. The factors of relevance for FAMOS are the ones listed in
the cell Al: Controllable by NRA without changing the road and the traffic.

A: Controllable by NRA B: Normally not administrated/controlled

by NRA
Road and traffic Building
1 Feeling safe in the traffic 1 Detached/apartment
1 Visibility of traffic 1 Orientation of existing dwelling
1 Visual appearance of noise
barriers
NRA and authorities
1: 1 Trust in authorities/
FAMOS traffic noise acceptance
1 Communication/expectations
alignment
Building and neighbourhood
I Vegetation/Greenery
I Accessto quiet side
1 Neighbourhood soundscape
Road and traffic Personal factors
I Road type and surface Residential satisfaction
1 Traffic volume and speed Demographic factors
1 Traffic composition f Noise sensitivity
9 Distance and Noise barriers 1 Gender
9 Day, evening night distribution 1 Coping capacity
1 Dependency of sound source
ﬁot 1 Age, education, occupation, income
FAMOS I Household size, children
1

Length of residence

Traffic related

1 Tires

9 Dust and air pollution
Combined noise

1 Rail, Air, Industry

FActors MOderating people's Subjective reactions to noise i Project Report
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Then there are factors pertaining to the neighbourhood such as type and location/orientation of
residences, prevalence of community conveniences like shops, schools, parks, playgrounds, etc.
neighbourhood traffic conditions and so on. These factors can only to a small extent be influenced
by the road owner. Chances for control are better at completely new developments than for
projects in existing communities.

Some factors deal with the relationship between the local residents and the road owner. Do they
feel a personal ownership to the road and benefit from its existence? Have the residents had a
chance to be involved the planning and construction process? Do they have a feeling of being
treated fairly by the road owner? These factors deal with public relations and can to a large extent
be controlled and managed by the road owner.

Finally, there are a number of factors completely out of control by the road owner. However, it is
important to recognize that such factors exist and to know how they affect the annoyance
response. These are typically personal and demographic factors like age, gender, income, noise
sensitivity, etc.

Table 1 shows factors can be controlled by the road authorities (column A) and those who cannot
(column B). It has been defined for the project that FAMOS shall have the main focus on the non-
acoustic factors that can be controlled by the road authorities (listed in the upper left green cell in
the table). At the same time, it has been defined that FAMOS will not include factors related to
road and traffic itself (red cell).

5.1. Fundamentals

In the FAMOS project, two different mathematical approaches have been used to describe the
perceived noise annoyance from road traffic. These approaches are presented in the following.

The main objective for conducting a noise annoyance survey is usually the need for establishing
the connection between the noise exposure level and the corresponding prevalence of annoyance
among the exposed population in a particular noise situation.

The results from a study on noise annoyance are typically exposure-response functions, ERFs,
also commonly referred to as dose-response or dosage-response functions. These functions
show the percentage of the respondents that report themselves highly annoyed (or any other
degree of annoyance) as a function of the noise exposure, usually described by the cumulative
noise level, Lgen, Or similar.

From a phenomenological point of view the dose response functions is expected to have an s-
shape: At low levels, the percentage of annoyed will approach zero and at high levels the
annoyance percentage will approach 100%. A smooth transition between these extremes is
expected. An example of an s-shaped dose-response function is shown in Figure 4.

100
80
60

40

% Highly Annoyed

20

30 40 50 60 70 80 a0 100 110
Noise level, Ly, [dB]

Figure 4. The expected shape of a dose-response function.
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Usually for road transport related noise, the lower part of the curve up to 80 dB is the most relevant
and this part of the curve is often approximated by polynomial functions e.g., of 2" or 3™ order.

When making the data processing of survey data, the respondents are grouped in exposure bins
and the intermediate analysis result is the percentage of the respondents in each bin reporting a
certain degree of annoyance. These data pairs, prevalence of annoyance versus noise exposure
level, are plotted in a scatter diagram as shown in Figure 5. In this case the exposure bins were
2 dB wide.
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Figure 5. Scatterplot of results from a survey on road traffic noise. The data are fitted with an univariate polynomial
regression function (dotted line) or a CTL function (dashed line), see clause 5.1.1. These functions define the exposure-
response functions for the survey.

Various techniques can be used to fit a function to the observation data, for instance a univariate
polynomial regression function (dotted line) or a CTL function (dashed line). These functions
define the exposure-response functions for the relevant survey.

If more surveys are included in the analysis, one could add extra datapoints to the scatter diagram.
However, if the size of the exposure bins vary and the number of observations vary, just adding
datapoints to the scatter diagram could introduce a bias. Analysts therefore often calculate
predicted responses at discrete intervals based on the exposure-response function. The data from
Figure 5 in the, for road traffic most relevant range of noise levels, would be transformed as in
Figure 6 for further analysis.

FActors MOderating people's Subjective reactions to noise i Project Report



Page 20 /187

a )
CEDR

\ , Conférence Européenne
des Directeurs des Routes

Conference of European
Directors of Roads

60

percentage Highly annoyed [%]

50

40

30

20

10

50

Q

O

55 60 65 70
cumulative noise level, Ly, [dB]

75

80

Figure 6. Scatterplot of predicted results in 5 dB intervals from a survey on road traffic noise.

Figure 7 shows an example of a meta-analysis of 25 surveys performed at different geographical
locations worldwide. These data were used for the recent WHO recommendations [4]. Each data
point has been predicted on the basis of individual exposure-response curves, and in addition the
data has been weighted according to the number of respondents in each survey. This weighting
is represented by the size of each datapoint. Finally, a new 2" order polynomial regression

function has been fitted to the set of predicted response data (the black curve).
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Figure 7. Meta-analysis of 25 surveys performed after year 2000. The black line is a 2" order polynomial function fitted
to the predicted response data [4].

The new exposure-response function, ERF (black curve in Figure 7), for road traffic noise
presented by WHO exhibits a minimum HA=7.9 % at Lgen 45.5 dB. A 2" order regression function
has been used, which shows that the annoyance increases for decreasing exposure levels below
45 dB. This contradicts the fact that the annoyance must be zero when the exposure level is
sufficiently low, and that the annoyance always increases with increasing exposure levels. The
result indicated by the WHO curve is, of course, just an artifact of the regression method.

To avoid the artifacts of the 2" order polynomial regression, we have used s-shaped exposure
response functions in the FAMOS project. We have used two types of functions:

I The standardized CTL-function see clause 5.1.1, which represents a one-parameter fit,
where the slope of the curve is predefined and the position along the x-axis (the exposure
axis) is the only variable.

1 A logistic fit, see clause 5.1.2, which is a two-parameter curve, where both the slope and
the position along the x-axis can be fitted to the data.

The two methods are compared in clause 5.1.3.
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5.1.1. CTL 1T The Community Tolerance Level

According to the international standard ISO 1996-1 [4], the relationship between the prevalence
of highly annoyed residents and the noise exposure can be described by a fixed function similar
to the duration-adjusted loudness function. However, the position of this function relative to the
noise axis (the x-axis) varies depending on the effect of non-acoustic factors like the moderators
to the perceived noise annoyance that is analysed in the FAMOS project. The position of the curve
relative to the exposure can be described by a single quantity, the Community Tolerance Level i
CTL, expressed in decibels.

The exposure-response function is defined by the following equation:

@ b0 p TAIQ ° 8

with only one unknown variable, L, which characterizes the noise situation. The CTL value, L ,
is the noise exposure level at which half of the exposed population considers itself highly annoyed.
The average CTL value for road traffic noise surveys conducted across the past half century is L
=78.7 dB, [5].

Figure 8 shows the ERF for road traffic noise developed by Miedema & Vos [6] (blue curve) with
its flanking 95 % confidence interval and the corresponding ERF based on L. = 78.7 dB (dotted
red curve). The Miedema & Vos curve is currently being used by the European Union as its
standard reference curve for annoyance from road traffic noise [7]. For practically the whole
exposure range, the CTL-based ERF falls within the 95% confidence interval. From a statistical
viewpoint the two curves cannot be characterized as different.

80
70
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% highly annoyed

40 50 60 70 80
noise level, DNL/DENL [dB]

Figure 8: The exposure-response curve developed by Miedema & Vos for annoyance from road traffic noise (solid blue
line) with flanking 95 % confidence interval (dotted lines). The dashed red line is the CTL curve associated with Lct =
78.7 dB.

Differences between the results from different surveys, or between different sub-groups within the
same survey can be expressed as differences in CTL values. This difference shows how much
more (or less) noise one community will tolerate to express a certain degree of annoyance
compared with another community. A high CTL value indicates that the community is very tolerant
to noise, whereas a low CTL value indicates the opposite, a low tolerance to noise.
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The CTL method thus provides a convenient way of describing the influence of various non-
acoustic factors.

Gjestland [5] has analysed the results from 61 surveys conducted world-wide during the period
1969-2014. Two exposure-response functions were calculated for each survey using the CTL
method and a 2" order polynomial function. The "goodness of fit", i.e. how well a function fits a
set of data points, is characterized by the coefficient of determination, r2. A comparison of the r?
values for this set of surveys show that there are no meaningful differences between r? for the
CTL functions and r? for the polynomial regression functions, indicating that from a statistical point
of view they both "fit equally well".

A more detailed description of the CTL method is given in the appendix (Section 11.1).

5.1.2. Logistic fit

The logistic fit uses two parameters, the position, f, and the slope, s, to describe dose-response
curves between the percentage of annoyed and the noise level, Lq4en. The dose-response curves
can be expressed as:

2) 0

where:
- Alis the percentage of annoyed
- uis the upper limit of A (i.e. u = 100%)
- sisthe slope
- E is the noise Exposure, Lgen
- fis the value of E for an annoyance response of 50%

From Figure 9 it is seen that the logistic fit (green dashed curve) is a good approximation to the
Miedema curve (blue).
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Figure 9. The exposure-response curve developed by Miedema & Vos for annoyance from road traffic noise (solid blue
line) with flanking 95 % confidence interval (dotted lines). The dashed green curve is a logistic fit to Miedemas curve.
The dashed red line is the CTL curve associated with Lct = 78.7 dB.

5.1.3. CTL and/or logistic regression

Both the CTL and the logistic regression leads to s-shaped dose response functions and none of
the methods are more ficorrecto than the oth

The basic difference between the CTL method and logistic regression is that the CTL method is
based on a physical explanation/description of the noise situation and the perception process
whereas the logistic regression method is a purely statistical method.

The CTL method assumes that the annoyance increases with the noise level as does the duration
adjusted loudness level [8] and the function is similar to the duration-adjusted loudness function.

The logistic regression method also assumes that the annoyance increases with the noise level
but is a statistical approach that finds the s-shaped function with "the best fit" to a set of data. As
the response from surveys is an average over many situations (e.g., different background noise)
and personal factors (e.g., different noise sensitivity), the method does not make a priory
assumption that the community response is of the same shape as the loudness function.

Sometimes the results with the CTL method and the logistic regression are similar, as shown
Figure 9, and the one-parameter standardised CTL method may be preferred.

In other cases, the possibility of adjusting both the slope and position may give a better fit to the
data.

5.2. Effect of moderators from literature analysis

The following sub-chapters will summarize the findings from the literature analysis. The analysis
was performed by SINTEF. The results are pr
prioritized | i st/[2].0Fbr eanl fddtof memtiorseed, & AunBed 9f dources was
analysed on relevant information for moderator effects. The summary of the findings in the
following will focus on evidence from surveys and work towards a range of effect.

One of the objectives of the FAMOS project is to identify and quantify non-acoustical factors that
have an influence on peoples' annoyance reactions to road traffic noise. A number of such factors
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have been discussed among the project team. However, this list of factors has been limited to
factors that can be managed or controlled to a certain extent by the road administrations. Control
is a matter of necessity if the objective is to use this factor actively in road planning and traffic
control.

5.2.1. Non-acoustical factors outside regular control

To complete the picture, we will briefly discuss a set of personal and demographical factors that
may or may not be important for annoyance assessment. This information may be important when
assessing the results from annoyance surveys. Some factors are also partly controllable (e.g.
isafetyodo) and thus part of the Iist of poss

Demographic factors
Age

Several authors report an age dependency [9] [10]. People aged 40-50 years seem to have the
lowest tolerance to noise, whereas relatively young and relatively old people have a higher
tolerance. The difference can be expressed in an equivalent shift in the noise exposure. This shift
can be as much as 3-5 dB. In a recent survey on aircraft noise in England, the SoNA study [11],
the response data was analysed for two different age groups: 18-85 years old and 45-70 years
old. The first group is the normal age range for these types of surveys. The other limited age range
was used for half of the surveys included in a recent WHO recommendation on transportation
noise annoyance [12]. For the SoNA study the difference between the two groups was equivalent
to 4 dB in the noise exposure [11].

Use and dependency on noise source

People who depend on or profit from a noise source are somewhat more tolerant than others. This
has been shown for aircraft noise. People who depend on the existence of an airport, either for

bl

work or as a customer for goods and services,

People who are frequent users of the noise source (frequent flyers or drivers) may tolerate 1-2 dB
more noise [10].

Home ownership

It is often hypothesized that homeowners are more likely to have a negative attitude towards a
noise source since the noise is likely to affect the value of their home negatively. This effect has
been found to be equivalent to 1-2 dB shift in the noise level [10].

Other demographic factors

Other factors such as gender, social status, income, education, and length of residency seem to
have little influence on the annoyance assessment.

Personal factors

Several personal factors that affect the annoyance response have been identified. For aircraft
noise, fear of accidents is by far the most important factors. People that are afraid of a plane crash

or other aviation-re | at ed di saster may hit them, Atolerate

a certain degree of annoyance [13] [10]. Although the personal attitude cannot be changed, the
perceived safety on a road or in the immediate surroundings can be influenced (see Sections
5.2.9 and 7.3.2).

Likewise, personal noise sensitivity is an important factor. People who consider themselves highly
sensitive to nl?dBlessnisedchareothers[BOp 10

Other personal factors that have been found to affect the annoyance response, but only to a
limited degree, are beliefs that the noise exposure could have been prevented, attitudes about
the importance of the noise source, and annoyance with other non-noise related impacts. In the
latter case noise is being used as a proxy for expressing discontent.
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Conclusions

If the participants in a noise survey have been selected according to a proper random procedure,

so that all #Atypes of peopled have the same probabi
demographic factors will even out. Calculations have shown that about 300 respondents are

enough to keep the confidence interval for the response function within acceptable limits [14].

Personal factors are assumed to be evenly distributed across a community, and it is unlikely that

for instance only very noise sensitive persons are located in a specific area.

Some annoyance studies have been primarily designed to study other health effects which
requires a special age range for the respondents. The HYENA project, for instance [12], was
designed to study hypertension among residents near airports, and therefore the target was
people likely to have noise-induced hypertension. The age range was therefore limited to 45-70
years. Due to age dependency the results from that study cannot therefore be readily compared
with results from a general survey using a wider age range, 18-85 years old.

5.2.2. Traffic volume

The prevalence of highly annoyed residents in a community that is exposed to noise is assumed
to be proportional to the noise exposure level, characterized by the equivalent level or a derivative
such as Lan (noise level day-night) or Lgen (NOise level day-evening-night). However, analysis of
surveys of annoyance from road traffic noise indicate that there is also a traffic volume effect.

If the number of passing vehicles increases, the noise level will increase and consequently the
annoyance will increase, but even for situations with the same L, level the prevalence of highly
annoyed residents seems to correlate with the traffic volume. People that are exposed to a high
number of passing vehicles are in general more annoyed than those exposed to a small number
of vehicles even if the noise levels are equal.

This fAnumber effecto has been studied on the basis
different types of roads [15], [16]. In the original reports it was concluded that different dose-

response functions characterized the annoyance from motorways and urban roads. A CTL

analysis indicates that the same dose-response function can be used for both types of roads, but

the CTL value differs depending on the traffic volume.

Data from the SIRENE project [17] indicates a volume effect of about 2 dB per doubling (see
Figure 10).
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Figure 10: Data on annoyance depending on number of vehicles from the SIRENE project [17]
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A recent Swedish report on annoyance from road traffic noise has data from a number of sub-
sections together with traffic information. This information can be used to compare similar
communities with similar type of housing but with different traffic volume [18].

Using the CTL method, the analysis gives relative differences in CTL values which can be
translated into a Atraffic vol ume -adudtiefactordaraind e
similar and/or not dominating. The average CTL value for all surveys included in the FAMOS
project is L« 78.4 dB. Similarly, the average CTL value for the surveys included in the analysis by
Miedema and Vos [6] for establishing the EU reference curve (Miedema curve) for road traffic

noise is L 78.7 dB. The traffic volume has not been specified in detail for all of these surveys.
However, since we are interested in relative differences between surveys, this quantity is not
critical.

As a first rough estimate, the average CTL value for a situation with a traffic volume of about 2000
ADT (Average Daily Traffic) can be set at L 78 dB. Then the relative differences found from
references [15], [16] and [18] can be used to introduce a traffic volume effect that corresponds to
an adjustment of -1.5 dB per doubling of the traffic (about 5*log (N/n)). The following values can
be used as a first approximation:

Table 2: Approximation of CTL value for traffic volume

Traffic volume CTL value
1000 ADT Let 79.5 dB
2 000 ADT Let 78 dB
5000 ADT Let 76 dB
10 000 ADT Let 74.5 dB
20 000 ADT L 73 dB
50 000 ADT L 71 dB
100 000 ADT Lc69.5 dB

5.2.3. Visual appearance of noise barriers and expectations

A noise barrier alongside a busy road will typically reduce the noise level by 5-15 dB depending
on the height of the barrier and the distance to the observation point. A small pilot study in
Denmark has been conducted to find out the effect of barriers and people's attitude and
expectations regarding noise barriers [19].

In one study area, area A?, without barriers the noise levels were about 75 dB in front of the
houses facing the street. The traffic was 60 000 ADT. The study sample was 113 residents. This
is sufficient to give a fairly good indication of the annoyance situation. According to the rough
estimate presented in Section 5.2.2, one could expect a CTL level of about 70 dB with this traffic
vol ume. The survey questionnaire did not compr
CTL calculation based on the response to a question on annoyance outside gives the same result:

2 Sghredden, Gentofte kommune, Denmark. Three-floor houses along main through-road (Lyngbyvej). 60 200 ADT,
speed limit 90 km/h.
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Lee 70 dB. In other words, the response to the noise in this community is quite normal. Their
expectations regarding the effect of a noise barrier are quite high, and about 2/3 of the residents
expect that they will not be annoyed by road traffic noise outside when a barrier is erected.

There was also another study area without a noise barrier, area B2, but the number of responses,
only 20, was considered too small for a meaningful analysis.

In two other study areas noise barriers had been installed [19]. The traffic volume was about 60
000 ADT and 52 000 ADT respectively. A rough estimate would be about L: 70 dB and L 71 dB
for these two communities.

In the first area, area C*, the calculated CTL value is about Ly 66-69 dB which is slightly less than
the first estimate L« 7 0 d B. This seems to indicate that
and the effect is proportional to the reduction in the noise levels.

In the second area, area D°, the two sides of the road have been analysed separately. The
calculated CTL value for the two communities, north and south, is L¢ 55 dB and L, 66 dB
respectively. This indicates that especially the residents on the north side of the road are relatively
more annoyed by the noise after erection of the noise barrier.

When asked about the noise reduction, only 15 % of the residents on the north side think the noise
is lower than before. They are also negative to the building process. Only 6 % felt they have been
properly informed about the whole process.

These results indicate that when people's expectations about the effect of a planned noise barrier
are not properly fulfilled and when they feel alien to the building process, the community becomes
less tolerant to noise. In this case the dose-response function has been shifted equivalent to a 15
dB change in exposure. So instead of having about 25 % highly annoyed at a level of 60 dB, the
percentage has increased to about 60 % HA.

In this particular case the calculated noise reduction was 5-16 dB for the houses closest to the
road. However, the effect of this reduction was almost completely offset by a similar shift in the
annoyance response as shown by the CTL calculations. So subjectively, measured as persons
highly annoyed by road traffic noise, this noise barrier had almost no effect.

A similar situation regarding expected effect of a noise abatement project has been observed in
Austria (see Figure 11). People that were highly annoyed by road traffic noise could apply for
improved facade insulation (special windows). However, as their expectations were not met
regarding reduced annoyance, the effect of lowered indoor noise levels had no effect on the
exposure-response curve. The same effect was discovered in Danish data during the modelling
(see Section 7.2.2 and Figure 116).

3 Vildkildevej, Ny Flgng, Denmark. Small single-family houses. Main noise source: near-by motor way at 100 m
distance. 51 800 ADT, speed limit 110 km/h.

4 Lyngparken, Buddinge, Denmark. Mixed apartment houses (40 % of respondents) and small detached homes (60
% of respondents). 60 600 ADT, speed limit 110 km/h. Noise barriers have reduced the noise level by 8 i 15 dB
(first row of houses).

5 Flgng, Denmark. Residences on both sides of the motor way. Mostly detached homes. 51 800 ADT, speed limit 110
km/h. Noise barriers have reduced the noise levels by 57 16 dB on the north side and by 4 -13 dB on the south
side (first row of houses).
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Figure 11: Highly annoyed in situations with and without noise reducing windows applied. Unpublished data from an
Austrian study (Lechner C. 2021: personal communication). The Y-axis is percentage highly annoyed.

Regarding the influence of participation in the planning and design process, only few data was
found in the surveys. One survey from Germany [20] shows that the annoyance shifted by 2 dB
after the residents had participated in the planning and design process of noise barriers (see
Figure 12). The red curves are the perceived annoyance before starting a planning process with
public participation and involvement. The blue curves are the perceived annoyance after the
construction of the noise barriers. The curves with small circles represent the annoyance at
daytime and the curves with diamonds represents the annoyance at night-time. Annoyance score
in the Y-axis. However, no detail can be derived whether this stems from the influence on the
design or the participation itself.

Abbildung 26: Verinderung der Beldstigungssituation durch die Wand
(Mittelwert von 1=nicht zufrieden bis 5=sehr zufrieden)

4.5

3,5

25

- 2 dB(A) | 2 dB(A)

50 51 52 53 54 55 56 57 58 59 60 61 62 63 &4 65

# tags vor Wandbau #+ tags nach Wandbau
® nachts vor Wandbau & nachts nach Wandbau

Figure 12: Change of annoyance due to participation in the planning process of a noise barrier. Red curves: perceived
annoyance before; Blue curves perceived annoyance after; Small circles: annoyance at daytime; Diamonds: annoyance
at night-time. Annoyance score in the Y-axis. [20]
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It seems to be important to involve the residents of a community in a proper way when planning
and building noise barriers. If people's expectations are not properly fulfilled and if people are left
alien to the process, the effect of reduced noise levels (e.g. the physical effect of a barrier) can be
offset by a similar shift in the local dose-response function, so the prevalence of highly annoyed
people in the community could remain the same.

5.2.4. Vegetation/Greenery

Many studies have been conducted to assess the effect of vegetation along the road. Trees and
bushes will only give a marginal noise reduction, except for very wide areas of trees (> 100
meters). The psychological effect, however, i.e. the reduction in annoyance has often been
observed to be much greater than what could be expected from the actual often marginal reduction
in the noise level.

Langdon [21] conducted a survey among more than 1.000 residents in the Greater London area.
The respondents were asked to assess different situation with trees/bushes as noise barrier.
Langdon concluded that (regarding annoyance) visual greenery could add as much as 15 dB
excess attenuation compared to no greenery at all. In other words, greenery will reduce the
annoyance considerably.

Langdon reported a multiple correlation analysis for items evaluating environmental amenity. He
showed that 70 % of the group variance was accounted for by two items: appearance and parks,
and these two continue to play the predominant part accounting for the 25 % of individual variance
accounted for by all items. It is therefore reasonable to say that environmental quality as rated by
respondents is indeed their perception of the visual appearance of the neighbourhood i the state
of buildings and streets and the presence of parks, trees, and green spaces.

Fricke [22] conducted experiments with trees as noise barriers and concluded that the
psychological effect of having trees (as opposed to barriers without vegetation) had the same
effect as having 10 dB extra attenuation.

Huddard [23] summarized a number of reports on the attenuation of traffic noise by means of trees
and shrubs. He also referred to studies reporting a change in the annoyance even if the change
in the noise level was minimal. Many researchers have suggested that a major benefit of a
vegetation noise barrier might be psychological. Kurze [24] remarked on the possibility of this form
of benefit, even when the actual transmission loss is minimal. Kurze had observed that a row of
trees ranked among the most frequently desired protective measures for outdoor noise control.

Lercher [25] has studied the effect of visual greenery along busy roads, and concluded that an
excess attenuation of at least 5 dB may be expected due to the visual appearance of the road.

Van Renterghem et al. [26] have studied how view of outdoor vegetation can reduce the perceived
annoyance induced by road traffic noise. They refer to own survey results and cite other authors
[27] and conclude that vegetation along the road may add about 10 dB excess attenuation.

Reduced annoyance due to visual greenery may be explained by a research paper by Vienneau
et al. (2017). They conclude that residential areas with a green appearance are associated with
lower mortality.

The use of greenery along roads gives an additional reduction of the perceived annoyance
equivalent to about 10 dB reduction in the noise level.
5.2.5. Access to aquiet facade

Many studies both in the laboratory and under actual field conditions have been conducted to
assess the effect of having access to at least one quiet side of the dwelling. A quiet side is defined
as having a noise level at the facade at least 10 dB below the most exposed fagade. It is well
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documented that residents that have access to a quiet side of their dwelling are less annoyed by
road traffic noise than people without such access.

Lercher [25] observed that having bedroom windows facing a quiet side of the residence, reduced
the perceived annoyance. The reduction was equivalent to 8-15 dB reduction in noise exposure.
The effect was level dependent, increasing with increasing noise level.

Gjestland et al. [28] conducted a laboratory study comparing a situation (1) with equal traffic noise
on all four sides of a residence, with a situation (2) with a high level on one side and low on the
other sides. The test persons were asked to adjust the high or the low noise level in situation (2),
so that the situation was assessed O66éequall
the high and low noise level for equal annoyance was 6-10 dB depending on the absolute noise
level.

Ohrstrom et al. [29] conducted field interviews of about 1.000 residents in Stockholm and
Gothenburg. About half of the participants in the study had dwellings with access to a quiet side
away from city traffic, and the other half did not. The noise level, Lgen, at the most exposed fagade
varied between 48 dB and 71 dB. The difference in CTL value for the two situations was 6.3 dB.
To protect most people from adverse health effects the sound levels from road traffic noise should
not exceed 60 dB (La2sn) On the most exposed fagade [30]

Bluhm et al. [31] analysed the responses from about 650 residents in Stockholm. They did not
quantify the reduced annoyance of having access to a quiet side, but confirmed previous findings
by Ohrstrom et al.

de Kluizenaar et al. [32] analysed the responses to a mail survey from about 17000 residents.
They concluded that people with access to a quiet side of the residence would accept about 5 dB
higher noise levels (on the noisy side) to express a certain degree of annoyance than people
without such access.

Amundsen et al. [33] conducted a before/after study to assess the efficacy of improved facade
insulation. About 600 responses were collected in the before study and about 400 in the after
study. They concluded that residents having bedroom windows facing a quiet side of the dwelling
would tolerate about 6 dB higher noise levels than those that did not have a quiet side of the
residence.

A Danish report [15] confirms that access to a quiet side of the dwelling reduces the annoyance
(see Figure 13). The prevalence of highly annoyed drops to about one half compared to no such
access. The effect is level dependent (cfr. Gjestland et al. 2001, and Lercher, 1996).

100%

8006

6006 —

40% V-

20% —_— —_ —

0%

45 50 55 60 65 70 75
Ldend B arraQg

Figure 13: Results reported from a Danish study [15]. Prevalence of highly annoyed vs. exposure level. The blue curve
represents residents having no quiet side and the orange curve residents having a quiet side. The difference in
annoyance reaction may amount to more than 10 dB in exposure level.
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A Swedish research program on soundscape and health [34] concluded that access to a quiet
side of the dwelling could be equivalent to a 5 dB reduction in the exposure level.

Another Swedish study [18] provides annoyance and exposure data for 56 sites around
Stockholm. The average CTL for road traffic noise surveys is L 78 dB. The average value for
these 56 sites is L« 80.3 dB indicating that these residents are somewhat less annoyed than
average. A majority of the dwellings have access to a quiet side of the building.

On the background of the above studies, it can generally be concluded that access to a quiet side
of the residence away from city traffic will increase the CTL value for that situation is estimated to
5-10 dB, most likely around 6 dB (see also Section 5.3).

5.2.6. Neighbourhood soundscape

It has been shown that the annoyance reported by a resident is not only dependent on the noise
level at the (most exposed) facade of the residence, but also depends on the soundscape qualities
of the local neighbourhood where they live.

Klaeboe et al. [36] have introduced a soundscape index which is the difference between the
Amaxi mum ianf tlhe nei ghb o u mhforahd dmosk exposed facade. LThe
neighbourhood in this context is the area within a certain distance from the dwelling. In their
calculations, Klaeboe et al. have used a circle with r=75 meters to define the neighbourhood. (Note
that the index is based on the maximum L4n and not the regular maximum exposure level) [36].

If this difference is large, people living in the area may be exposed not only to the noise levels in
their homes but also to high levels when they go for a walk in their immediate neighbourhood. A
small difference on the other hand means that the noise exposure in the neighbourhood is not
very different from what they have outside their own house [37].

Consider a situation with a secondary road running parallel to a main street. The houses along
the secondary road may be the second or third row of houses as seen from the main street.
Special noise reduction measures for the main street may have little effect regarding the actual
(physical) noise | evels for the houses along the s
noi seo wi |l be r eddaneoggancebeoreducedl | t he reporte

So far Kleeboe et al. have not been able to quantify the influence of the neighbourhood
soundscape.

5.2.7. Attitudes towards authorities and road owners

Many studies indicate that the relationship between the authorities (noise source owners) and the
neighbourhood is an important non-acoustical factor. This has been studied systematically in the
NORAH study. This study deals with airports and aircraft noise, but it is reasonable to assume
that similar relationships exist for road traffic as well.

In the NORAH study [38] considerable differences in exposure-response functions for aircraft
noise annoyance were found depending on trust in authorities, perceived procedural fairness, and
expectations regarding the air traffic's impacts. The influence of these three factors was studied
using longitudinal survey data.

The fAndegree of i mpact o was scored wusing the modi fi
(International Commission on Biological Effects of Noise), for instance:

17 no trust

21 alittle trust

31 moderate trust
471 rather some trust
57 very much trust
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The regular annoyance responses were sorted according to the respondents' trust in the
authorities and new exposure-response curves were established; one for each "degree of trust".

An example is shown in Figure 14based on the assumption that t
road traffic as well. These curves have been calculated for road traffic noise based on the results

from the NORAH study. The difference between the various ERFs is equivalent to about 20 dB in

noise exposure from the highest to the lowest trust in authorities.

Effect of trust in authorities

100
80
60

40

% highly annoyaed

20

40 50 60 70 80 90

noise level, Ly,

Figure 14: Exposure-response functions for road noise annoyance depending on the respondent's trust in the authorities
(calculated based on data from the NORAH study [38]) . The top blue curve represents
bottom green/blue curverepres ent s fivery much trusto in authorities.

A similar analysis was also done for perceived procedural fairness. In other words, how the
respondents viewed the whole process from planning to implementation: did they have any
influence in the planning process, did they have a chance to appeal decisions that they considered
wrong, were the decisions explained and justified in detalil, etc.

The difference between the various resulting ERFs appeared to be equivalent to about 15 dB in
noise exposure from the highest to the lowest perceived procedural fairness.

The last item that was analysed by Schreckenberg et al. was an assessment of the impact of air
traffic on the regional development and the residents' quality of life. This is a more fuzzy
characteristic with many subjective aspects. The biggest difference in the ERFs was therefore
equivalent to more than 30 dB in noise exposure.

The example above is from a study on aircraft noise, but it is a fair assumption that similar effects
can be found for other transportation noise sources. There is a clear tendency that good relations
between the source owner (for instance road authority) and the neighbourhood residents will
reduce the annoyance. The effect is rather strong and the difference in reported annoyance for a
situation characterized by good relations versus a situation with bad relations is by far larger than
the effect of most noise abatement measures. The benefit of investments in good public can
therefore have quite positive results.
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5.2.8. Controversial plans / expectations

Annoyance in aviation

I n the aviation industry
change airportsmat(HdRChHhamn dilropjmort o (LRC) .
two types of airports are distinctly different.

Almost all airports experience an increase in traffic. For most airports, this change is gradual, and
the rate of change is low. However, some airports experience abrupt changes in operations such
as the opening of a new runway, or a major carrier moves its hub to a new location. This can
trigger a different response mechanism in the airport population. The same change in the
response can be observed if controversial plans for future changes are being launched. Such

airports ar bighe attegaethiannge f@ai rportso. Unfavourabl

this type of HRC response. The average difference in the annoyance response has been found
to be equivalent to as much as a 9 dB change in noise exposure. So, people at an HRC airport
itol erated on average 9 dB | ess no[b]§k8. t han

Janssen and Guski have presented a definition of the two categories [39] and have shown that
the effect of a change will linger for quite some time in the airport community. Janssen and Guski
define an airport HRC if an abrupt change has occurred within 3 years before a survey and if
controversial plans for a change less than 3 years in the future has been launched. Gelderblom
et al. [5] indicate that the effect of a category change can be even longer.

Road traffic noise

There are no reasons to believe that a community exposed to road traffic noise will react very
differently from an airport community, but the magnitude of the effects may be different. If the
community experiences large abrupt changes (major traffic changes, opening of a new road, etc.)
it is likely that this will trigger an annoyance response similar to what can be observed at an HRC
airport. Also plans for future changes that can be considered controver s i a | (Ayou
have, but not what you wil!/ get 0) are |ike
interests' groups and noise activists may also trigger this response.

In order to avoid this augmented annoyance response, it is therefore vital that plans for future
changes are developed in close contact with the community, and the road authorities should strive
to develop a mutual trust between themselves and the community.

The launch of controversial plans for a future change in a traffic situation that is not well anchored
in the neighbourhood community may change the annoyance response equivalent to a change in
the CTL value of 5-10 dB, based on the above-described experiences from airports.
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5.2.9. Perceived safety caused by traffic in the local neighbourhood

Results from the modelling and from published [40] and unpublished [41] results from Danish
surveys indicate that feeling unsafe because of the traffic in the local neighbourhood is an
important moderator for noise annoyance. There are large variations in the findings. Dependent
on the survey and type of analysis the difference between feeling unsafe and not feeling unsafe
corresponds to an annoyance equivalent noise level shift of 5-15 dB most likely around 6-8 dB at
20 % highly annoyed.

Further investigation will be carried out based on datasets (see Chapter 7).
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Figure 15: Annoyance response dependent on perceived unsafety in the local neighbourhood [41].. The moderating
effect of the question: Ailf you want to move from this a
applies if the opbtiaboudlitni shanaakta because of the traf/

not. The dotted lines indicate the 95% confidence intervals for the curves [40]

5.3. Further information from contacts to external researchers

Within the FAMOS project it was planned to contact specially selected external international
researchers to find out if they could provide additional data and information to the FAMOS project,
and to have their assessment of the preliminary conclusions that had been drawn.

The format of these consultations was planned to be either a common workshop or one-on-one
contacts. As the Covid-19 situation in 2020 and 2021 made a workshop impossible, fifteen
researchers who had published relevant papers on road traffic noise annoyance were contacted.
The FAMOS project team subsequently had several exchanges of e-mails with ten of these. The
experts were mainly from Europe but also from Australia and the US.

It was soon realized that most of these experts had a psychological approach to the topic, and
they were quick to point out that we had omitted personal and demographic factors in our
analyses. Personal noise sensitivity was mentioned as one of the main factors for explaining the
large variations in the annoyance response. Also factors like age, gender, length of residency,
etc. were among those that contributed to the large spread in the survey data.

In the following exchange of information, we pointed out that the FAMOS concentrated on factors
that at least to some extent could be altered or manipulated by the road owner. One cannot
presuppose that only people with certain personal characteristics will reside along a specific road.

Below some of the comments and data provided by the 10 international experts are precented
and discussed.
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Access to quiet side

In preliminary conclusions the effect of having access to a quiet side of the residence was
estimated equivalent to a shift of around 6 dB in the noise exposure. Many contacts pointed out
that this was very conservative. A shift closer to 10 dB would be more appropriate, especially at
higher exposure levels. It was pointed out that the importance of this annoyance-reducing factor
increased with increasing noise levels.

Bedroom orientation [N=5199]
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Figure 16: Data from the SIRENE project shows bedroom orientation could amount to a shift in noise exposure equal
to about 15 dB [17].

Unpublished results from another survey (obtained from Lechner, C. in personal communication)
on noise annoyance confirms the effect of having access to a quiet facade, but the effect is
smaller, about 5-6 dB (see Figure 17).

FActors MOderating people's Subjective reactions to noise i Project Report



CEDR Transnational Research Programme

50
=—pooled

45

40 with access to quite facade
—without access to quite facade

30

25

20

10

35 40 45 50 55 60 65 Lden

Figure 17: Highly annoyed in situations with and without access to a quiet facade (pooled: both with/without).
Unpublished data from an Austrian study (Lechner C. 2021: personal communication). The Y-axis is percentage highly
annoyed.

Traffic volume

The findings regarding a number effect were also confirmed. At equal noise levels a high number
of vehicles is more annoying than a small number of vehicles. We had estimated the effect to
about 5*log (N/n) (with N/n as the ratio of traffic between two scenarios). Unpublished data from
the SIRENE project [17] (obtained in personal communication) show that the effect may be even
larger.

Greenery

In a research paper submitted for publication (Wothge, J. 2021: personal communication) the
effect of visual greenery had been estimated to equivalent to 5 dB shift in the noise exposure. This
is somewhat less than the FAMOS project concluded. However, an interesting observation was

published by Vienneau et al. (Env.Int. 2017,

V (

Residential greenisindependently associated with decreasi

paper stresses the importance of visual greenery to promote general well-being and thus confirms
the annoyance-reducing effect of visual greenery.

Noise protection on the facade / expectations

A clear indication that the annoyance response is controlled by other factors than the noise itself
was confirmed by another yet unpublished survey on road traffic noise (Lechner, C. 2021:
personal communication). Under a special noise abatement program people that were very
annoyed by road traffic noise could apply for funding to have the facades of their residences
improved (change to special sound insulated windows). One would assume that this would lower
their annoyance corresponding to a lower indoor noise level. However, their annoyance response
was still high after the windows had been installed, and significantly higher than those residents
that had not applied for facade improvement.

The researcher behind this study offers two alternative explanations. Either the annoyance
response is very stable and drastic changes are necessary in order to modify it, or the residents'
expectations regarding the improved situation were not met, and this fact eliminated the effect of
the lowered indoor noise level.

FActors MOderating people's Subjective reactions to noise i Project Report



/ 2ebr
Page 38/187 \ , Conférence Européenne
des Directeurs des Routes
Conference of European
Directors of Roads

Attitude

Attitude in general is an important modifying factor. Not only attitude towards the road owner but
also attitude towards the environment and the community in general. Unpublished data from a

recent study show t hadnvpeomlmentthadt alhavda ual eddp raa e

traffic noise than those who favour economic growth.

Road traffic noise [N=5178]
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Neighbourhood soundscape

The results from a comprehensive study in Oslo (Kleeboe, R. 2021: personal communication)
revealed that not only the noise level at the most exposed facade, but also the general noise level
in the immediate neighbourhood is important for the annoyance response (see Figure 19).
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Figure 19: Exposure-response curves for various levels of neighbourhood noise. Percentage of highly annoyed at the
Y-axis. From 1987 to 1996 the traffic situation in the community was vastly improved and the general neighbourhood
noise was reduced substantially (Kleeboe, R. 2021: personal communication).

The traffic situation in a part of Oslo was constantly improved over a period of about ten years.
The traffic was concentrated to designated main roads thus reducing the traffic in many small
roads throughout the community. Annoyance surveys were conducted at regular intervals to
monitor changes in the response. The change in the annoyance response due to a lowering of
the neighbourhood noise was quite substantially. After the traffic improvement project was
completed the average exposure-response curve for the community was lower than the Miedema
curve.

Based on the observations (Figure 19) we estimate that the annoyance equivalent noise level shift
may be up to 10 dB.

5.4, Summary - Prioritised moderators

The results from surveys on annoyance from road traffic noise indicate that the annoyance
response is affected by a set of non-acoustic factors. The influence of these factors, i.e. the
magnitude of the effect, varies, and the feasibility and practicality of manipulating these factors
depends on local circumstances. It is recommended that the FAMOS project should focus on
factors that have a large potential for annoyance reduction, and that are easily implemented.

In a brand-new situation where a whole new community is being developed, noise abating
measures must be used to secure that the local noise limits are fulfilled. On top at that, the most
effective annoyance-reducing measure is probably to make sure that houses and residences are
located in a favourable position/orientation relative to the road. Noise-sensitive rooms should not
be facing the noise source, and all dwellings should have access to a quiet side. The noise in the
local neighbourhood shall be as low as possible and the traffic safety situation as good as possible
in the neighbourhood.

In a new situation it is also possible to pay more attention to the visual appearance of the road
and make room for green elements that are known to have an annoyance-reducing effect.

So, the five factors:

1 Visual appearance of the road and its immediate surroundings as well as noise abatement
measures like barriers etc.
1 The use of greenery

9 Orientation of dwelling, access to a quiet side of the dwelling
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1 Neighbourhood soundscape
1 Neighbourhood traffic safety

should be studied further.

In a situation where a new road is being planned or a road is being refurbished the location of
houses and the community infrastructure is already fixed. In these cases, noise guidelines have
to be fulfilled and it may be advantageous to focus on the planning and construction process,
involving the residents in the planning whenever feasible and developing good relations between
the community and the road owner. These are factors that may have a large impact on the
annoyance response.

In a major refurbishing process, the whole traffic pattern in the entire community is often under
consideration. Concentration of traffic in chosen preferred streets leaving others with minimum
traffic will often lower the general traffic noise level in the neighbourhood, or at least create some
areas in the neighbourhood with low (and more agreeable) noise levels. An improvement of the
neighbourhood soundscape will lower the annoyance even if the noise exposure from the major
through-roads remains the same.

So, the factors:

1 Attitudes and relations between the community and the road authorities
1 Neighbourhood soundscape

should be studied further.

So far, the results from other surveys and research projects have shown that the annoyance
response will vary significantly depending on the presence or absence of other non-acoustic
factors. It may therefore be feasible to alter the annoyance response without changing the actual
noise levels. This requires detailed knowledge about the different non-acoustic factors and
possible interaction between them.

In order to prioritize different modifiers, the following criteria have been considered:

1 To which degree is this modifier controllable by the road authority?
1 What is the potential for shift in the annoyance response?
1 What is the quality of existing data that support the conclusions?

The following preliminary list of modifying factors for further studies has been developed based
on these criteria, the magnitude of the modifying effect and possibilities for implementation.
Situational variables will determine which one of these that are most suitable in any one situation
and thus also the priority.

1 Visual appearance of the road and its immediate surroundings, e.g. visibility of traffic,
greenery and the type and visual appearance of mitigation measures

Orientation of dwelling, access to a quiet side of the dwelling

Attitudes and relations between the community and the road authorities

Neighbourhood soundscape

Perceived traffic safety

= =4 —a A

FActors MOderating people's Subjective reactions to noise i Project Report



CEDR Transnational Research Programme

6. Data collection and hypothesis testing

In Work Package 2 of the FAMOS project, three different methods for data collection were
investigated within a limited experimental setup. The purpose of the testing phase is threefold:

1 Investigating the suitability of methods for measuring the effect of moderators in future
road projects

1 Hypothesis testing for already identified moderators in Work package 1
1 Gap filling for knowledge missing for important moderators retrieved in Work package 1

The methods tested were

1 Audiolvisual listening tests in the FORCE listening room, where visual context is presented
with variations in moderators relevant for this type of testing (see Section 4.1)

1 Mini surveys using questionnaires on comparable locations with variations in relevant
moderators (see Section 4.2)

1 Sound walks have been performed at alternative locations with different conditions with
regard to selected moderators (see Section 4.3)

The results of these types of tests can be dose-response relations for different situations of the
moderators selected for testing. Moderators that are well documented from the search, analysis,
and modelling phases (Chapter 5) have been included to test the validity of the test procedures
used against results from real life survey.

The sound walks represent the holistic perception of various real scenarios. The results of the
sound walks will be expressed in perceptual and affective dimensions and will be quantified in
terms of a simple soundscape index which expresses the difference between the assessed and
the preferred soundscape characteristics.

There are limitations, advantages, disadvantages, and uncertainties for each of the above-
mentioned methods:

1 Inthe first, the visual sensory input is easy controllable, but it may not give a full realistic
experience. Furthermore, the context is a test situation which may give other results than
real life. The results may deviate from real life results, but previous tests performed by
FORCE of this type indicate that the results can have a high correlation with these.

I The advantage of the two latter is they relate to real life situations. The disadvantage is,
that variations in individual and other context variables also moderates the annoyance
effect and it may be difficult to isolate the effect of the moderators under investigation
without influence of the other.

1 The possibilities for using these tools for measuring the effect of moderators in specific
scenarios for new road projects or reconstruction of existing roads has been investigated.
Clever design of experiments may give usable results. The relevant methods will be
described in the FAMOS guidebook for practical use (Deliverable D.4.5 of the FAMOS
project).

Results will in the following be analysed for each test method, but also a summary on the results
and suitability is given in Sections 6.4 and 6.5.

6.1. Listening tests

This section presents the testing of listening tests with focus on moderators related to visual
appearance of the road and its immediate surroundings. This work is documented Deliverable 2.2
of the FAMOS project [42].
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Listening tests were performed in the laboratory simulating alternative locations with three
different conditions with regard the selected moderators:

1. Presence of vegetation or greenery situated between and near the road and the people
exposed to the noise

2. Visibility of road and traffic for the people exposed to the noise
3. Visibility of different types of noise screening

Listening tests are performed to investigate the perception of sounds by humans. During the
listening test the listeners, the assessors, characterises the sound in a number of objectively
defined perceptual attributes or they may characterize their own feelings about the sound, i.e. an
affective assessment, e.g. the annoyance of the sound. In both cases the answers from a number
of assessors will be the basis for mean values and confidence intervals for the attributes tested.
Especially for the affective tests the context of the sound and the listening situation usually have
a significant impact on the results. Therefore, results obtained in a laboratory setting will probably
deviate from the results obtained in real life e.g. obtained by socio-acoustic surveys.

To improve the realism of the laboratory test in this project, we have performed the test as audio-
visual listening tests (AV listening tests) by combining the sounds with video recordings of the
relevant scenarios. Furthermore, the assessors were instructed to imagine a specific context
situation during their assessments.

The hypothesis is that relative changes between alternative stimuli in an AV listening test will
change the response in the same way as in real life, even if the size of the effect may differ.

The main purpose for performing listening tests in this project has been to investigate the
possibility for using this as a tool for measuring the effect of moderators in specific scenarios in
future road projects conducted by national road administrations. The results have been taken into
account, when merging findings in other parts of the FAMOS project (see Chapter 6).

6.1.1. Locations

The locations for the video and sound recordings for the listening tests were selected so that there
were variations in the moderators of interest, i.e.: the visibility of the traffic and the amount of
greenery (trees, bushes, and grass) and the type and appearance of the noise screens. The
positions were chosen at major roads and motorways in and around Copenhagen.

Overview

An overview of the positions is given in Table 3 and in Figure 20. The percentage of greenery is
calculated as the area of the video image occupied by vegetation. The calculation is approximate
and is based on the area of 2-5 rectangles fitted to the greenery in the video pictures for each
location.

Table 3: The positions for video and sound recordings to the listening tests.

Traffic

Positions Type Visible, ((J;Jreenery, Screen JApprox. distance to road, m
%

1. Town Hall Square Major road 100 0 No 15

2. Gentofte Motorway 80 17 Glass 20

3. Ishgj Motorway 100 63 No 15
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4. Lyngby 1 Motorway 100 67 No 25
5. Hgrsholm 1 Motorway 50 77 No 70
6. H.C.A. Boulevard Major road 100 57 No 10
7. Holte Major road 100 78 No 20
8. Buddinge Motorway 0 22 Steel (20)
9. Hgrsholm 2 Motorway 0 100 No (50)
10. Lyngby 2 Motorway 0 59 Wood (15)
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8. Buddinge 9. Harsholm 2

10. Lyngby 2

Figure 20: Overview over the recording positions, the visual stimuli.
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Positions for recordings
Position 17 Town Hall Square

This position is at the corner if the Town Hall Square in Copenhagen. The road, the same as in
position 6, is one of the busiest roads in the central Copenhagen with four lanes in each direction.
There are road crossings and traffic lights at and to both sides 100-200 meters from the measuring
position. Speed limit 50 km/h.

Figure 21: Position 1. Picture taken from the video shown at the listening test.
Distance to road: 15 m. 0 % greenery.
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Position 217 Gentofte

The Elsinore motorway E47, north of Copenhagen, in Gentofte with 3 lanes in each direction. The
traffic is seen through a transparent glass screen, but the lower part of the vehicles is hidden by
the low concrete barrier. It is estimated that the traffic is 80 % visible. A little greenery is seen in
front of the glass screen and between the houses on the opposite side of the motorway. Speed
limit 90 km/h. The road in the front is a local road with minor traffic.

). .;ﬁ;‘&’-?‘..;',

Figure 22: Position 2. Picture taken from the video shown at the listening test.
Distance to road: 20 m. 17 % greenery.
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Position 37 Ishgj

Kgge Bugt Motorvejen, E47, west of Copenhagen, in Ishgj with 3 lanes in each direction. The
traffic is fully visible. There is greenery both in front and behind the motorway. Speed limit 110
km/h.

Figure 23: Position 3. Picture taken from the video shown at the listening test.
Distance to road: 15 m. 63 % greenery.
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Position 47 Lyngby 1

The Elsinore motorway E47, north of Copenhagen, three lanes in each direction, near the Danish
Technical University, DTU. Traffic fully visible and greenery both in front and behind the road.
Speed limit 90 km/h.

S—=we . [Em— Il

R
o Bl

Figure 24: Position 4. Picture taken from the video shown at the listening test.
Distance to road: 25 m. 67 % greenery.
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Position 517 Hgrsholm 1

The Elsinore motorway E47, north of Copenhagen with two lanes in each direction, near
Harsholm. The traffic is partly hidden by greenery, 50 % visible. Greenery both in front and behind
the road. Speed limit 110 km/h.

Figure 25: Position 5. Picture taken from the video shown at the listening test.
Distance to road: 60 m. 77% greenery. Traffic 50 % visible.
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Position 6 i H.C. Andersens Boulevard

This position was close to the Town Hall in Copenhagen. The road, the same as in position 1, is
one of the busiest roads in the central Copenhagen with four lanes in each direction. There are
road crossings with traffic lights to both sides some hundred meters from the measuring position.
The traffic is fully visible and there is greenery both in from and behind the road except for the
utmost right corner. Speed limit 50 km/h.

e

Figure 26: Position 6. Picture taken from the video shown at the listening test.
Distance to road: 10 m. 57 % greenery.
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Position 71 Holte

Major road with 4 lanes near the Holte town hall. The traffic is fully visible and there is greenery
both in front and behind the road except at the utmost right. Speed limit 50 km/h.

Figure 27: Position 7. Picture taken from the video shown at the listening test.
Distance to road: 20 m. 78 % greenery.
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Position 87 Buddinge

The Ring Motorway M3 around Copenhagen with three lanes in each direction, in Buddinge. The
traffic is hidden by a steel barrier, which is partly covered by greenery. Speed limit 110 km/h. The
road in the front is a local road with minor traffic.

-

Figure 28: Position 8. Picture taken from the video shown at the listening test.
Distance to road: 20 m. 22 % greenery.
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Position 91 Hgrsholm 2

The Elsinore motorway E47, north of Copenhagen with two lanes in each direction, in Hgrsholm
near the townhall. The traffic is totally hidden by greenery which fill the whole picture. Speed limit
110 km/h.

Figure 29: Position 9. Picture taken from the video shown at the listening test.
Distance to road: 50 m. 100 % greenery.
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Position 107 Lyngby 2

The Elsinore motorway E47, north of Copenhagen, two south going lanes in Lyngby. The traffic
is totally hidden by the wooden screen. Speed limit 90 km/h.

Figure 30: Position 10. Picture taken from the video shown at the listening test.
Distance to road: 15 m. 59 % greenery.
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6.1.2. Method

Video and calibrated sound recordings were made at the ten positions near busy roads. The
recordings represented variations in the noise levels, the visibility of the traffic, the amount of
greenery and the types of noise screens. Combinations of noise played back over a stereo setup
and video recordings on a screen were shown to assessors, who assessed the annoyance of the
different situations.

The listening tests were performed according to the FORCE guideline [43] for such tests.

Recordings

The recordings were made were made 18" to 29" of September 2020 in good dry weather
conditions with moderate wind and with dry roads. The vegetation was still green.

The original video and sound recordings lasted around 10 minutes in each of the ten positions.
From these recordings neutral 30 seconds excerpt without any characteristic vehicles (visual or
sound) were selected for the test.

The calibrated sound recordings with the measuring microphones were analysed with the
NoiselLab noise analysis software.

Figure 31: Photos of the measuring setup
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Listening room and sound reproduction

The listening tests with stereo loudspeakers were performed in the listening room, of FORCE
Technology, SenseLab.

Figure 32: The SenseLab listening room at FORCE Technology. The sound is played from the stereo setup and the
video is shown at the large screen. The projector for the video is outside the listening room. The PC-screen is for the
user interface.

In the listening room a 26-channel surround system is installed but only the two front stereo
speakers were used for this test.

The listening room and the 26-channel loudspeaker system fulfils ITU-R BS.1116-3 [44], with
respect to reverberation time, background noise level and frequency response of the
loudspeakers.

The measured background noise were:
1 Background and inherent microphone noise: Laeqg = 11 dB
1 As above plus ventilation at 20 %: Laeq = 12 dB
1 As above with all 26 loudspeakers on: Laeq = 19 dB.

The ITU-R BS.1116-3 [44] requirements to the speaker system are +/-3 dB in the frequency range
250-2000 Hz, widening to +3 to -7 dB at 50 Hz. The system is well within these tolerances down
to 30 Hz.
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The FORCE Technology SenselLabOnline software version 4.0.3 was used for stimulus
randomization, playback, and collection of assessments in the listening test.

The sound pressure levels stated, were measured in the listening position without the listener
present.
Assessors

In total 24 assessors participated in the listening test. The persons participating were ordinary
persons(non-e x pert | isteners) recruited from Senselat
participants received a gift card to shops for their participation. The ages of the participants were
between 21 and 66 years with a mean of 40 years with 10 male and 14 female listeners.

No assessors were excluded according to post-screening of the test results.

Instruction and attributes

The instruction to the test persons (the assessors) can be seen in the annex of [42]. They were
asked to assess different examples of traffic noise from samples with both audio and video. They
were informed that the road is always close by but in some cases the traffic is not visible.

The assessors should imagine that they were at home and that the situation is like in the video,
all day.

They were asked to get used to the situation before making an assessment - preferably at least
10 seconds.

They were asked to assess the following two attributes:

- Annoyance: State how annoying you perceive the sound, considering that you have to be in
this place for an hour. Annoyance: The sound is bothering or disturbing.

- Does the sound fit: Watch the video and indicate to what extent you think the sound fits the
visual surroundings.

The definitions of the attributes were shown to the participants, next to the answering scales.

There were labels next to the continuous answering scale. The labels for the annoyance scale
were the ones defined in ISO/TS 15666 [45].
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Generende

Slet ikke Lettere Moderat Kraftigt Ekstremt
Angiv hvor generende du opfatter lyden
u som helhed.

Gene: Er lyden irriterende eller til

ulempe?
Lyden passer
Meget Darligt  Meutralt Godt Meget
darligt godt
Angiv hvordan du synes at lyden som
u helhed passer til stedet.

Passende: Se pa billedet. Passer lyden til
det du ser og de evt. aktiviteter, der
kunne forega her?

Figure 33: User interface for the listening test and the answering scales used.
Upper scale: Annoyance. The scale labels are: Not at all, Slightly, Moderately, Very and Extremely annoyed.
Lower scal e: Do dtethefplde)eThe scalenalelsfare: Veéry bad, Bad, Neutral, Good, Very good.

Test plan
The listening test was completed in two separate sessions.

In session A the videoclips for all ten positions were shown together with the same neutral excerpt
of road noise played back at noise levels of 45, 50, 55, 60, 65, 70, and 75 dB.

This would make it possible to construct dose-response curves for each of the scenarios and
would give data enough for multiple regression analysis.

6.1.3. Results

Attribute assessments

In this clause the mean results of the attribute assessments are shown. The data in the graphs
are the mean values and 95 % confidence intervals of the assessment for all 24 participants in
the listening test.
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Figure 34: Annoyance. Mean values and 95 % confidence intervals per position and per noise level (Laeq) The noise
levels are Laeq for the sound samples.

Figure 34 shows the assessments of annoyance. For all positions, the annoyance increases with
the noise level, but it can be seen that the annoyance for a specific noise level depends slightly
on the position.

Figure 35 is a simplified version of Figure 34 where it is easier to follow the differences in
annoyance between the positions for each of the noise levels. The middle levels have larger
differences for positions 9 and 10 than the other levels.
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Figure 35: Annoyance stated as annoyance score. A simplified version of Figure 34. The noise levels are Laeq for the
sound samples.

The average for all noise levels positions can be seen from Figure 36. There is a slight increase
in the annoyance for positions 8. Buddinge, 9. Hgrsholm 2 and 10. Lyngby 2.
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Figure 36: Annoyance. Mean values and 95 % confidence over assessments for all noise levels per position.

Figure 37 shows how the sound fits the video films. It is seen that the Laeq=75 dB is a bad fit for
most positions. This can also be seen in Figure 38 where the fit in average for all positions is poor.
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Figure 37: The sound fits. Mean values and 95 % confidence over assessments for all noise levels per position. The
noise levels are the Laeq for the sound samples.
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Figure 38: The sound fits. Mean values and 95 % confidence over assessments for all positions. The noise levels are
the Laeq for the sound samples.

From Figure 37 it can be seen that for most positions the highest and the lowest levels are those
with the poorest fit to the videos, but for positions Hgrsholm2 and Lyngby 2 the best fit is obtained
for the lowest levels. This also partly the case for Holte and Buddinge.

The real sound pressure levels (Laeg) in the measuring positions were in the range 60-70 dB with
a few exceptions of up to 72 dB, so the 75 dB is higher than the noise levels in all positions. It was
therefor decided to exclude the 75 dB level for the dose response analyses in next clause. In fact,
as can be seen in [42], this also gave a slightly better fit to the data.

To conclude:
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9 For all positions there is a significant increase of the annoyance with the noise level.

I The fit between noise levels and videos were generally neutral to good, except for the
highest levels which were bad.

1 As the highest level, Laeq=75 dB, was higher than any of the real levels at the recording
positions this level will be excluded in the analysis of the following analysis of dose-
response reactions (see Section 4.1.4).

Relations between the positions
From the assessments of the attributes, information about the positions can be deduced.

A principal component analysis, PCA, is a tool to get an overview over the many assessments of

the attributes. PCA, is a dimensionality-reduction method that is often used to reduce the

dimensionality of large data sets, by transforming a large set of variables into a smaller one that

still contains most of the information in the large set. In this case we only have two dimensions:
Annoyance and AThe sound fitso the vi baaadlysisappear an
(not shown) these two dimensions are almost perpendicular, i.e. independent.

I I
0.4 2 0.0 0.2 0.4 0.6
Dim 1 (62%)

Figure 39: A systems factor map from a principal component analysis (PCA) that show the mean values and confidence
ellipses based on the assessments of the measuring positions of the two dimensions Annoyance (Dimension 1) and
AThe sound fitsodo (Dimension 2).

From Figure 39 it is seen that the positions form a sort of curved diagonal in the diagram, with
Lyngby 2 and Hgrsholm 2 in the lower end and Hagrsholm 1, Gentofte and Ishgj at the upper end.
The rest of the positions is in the middle part.

A cluster analysis based on the same data is shown in Figure 40. The longer the vertical bars are,
the more different the clusters they connect are.
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Figure 40: A cluster analysis of the positions based on the assessments of Annoyanceand fThe sound

It is seen that in Group 1 the traffic is partly hidden by a screen and vegetation. Group 2 is
motorways with visible traffic and greenery. In Group 3 there is a lot of greenery, and the traffic is
not visible at all. Group 4 is the rest three positions with urban roads and slow traffic various
amount of greenery and one position with a steel barrier.

6.1.4. Models for annoyance

Dose-response curves

The relation between the annoyance reaction and the noise exposure can be described with dose-
response curves as precented in Section 3.1. Most often these curves represent the annoyance
response as function of the noise exposure, L¢en, Where the annoyance responses are averaged
over context, social and personal variables.

The responses are normally obtained from socio-acoustic surveys where hundreds to thousands
of respondents are asked to assess the annoyance within the last year when they are at home.
The annoyance assessment is meant to be the average over time and over the many situations
where the annoyance is felt at home.

Although the annoyance measured in the listening test uses the same annoyance scale, the
situation is quite different. It is a short-time assessment where the noise and video are more in
focus than in the everyday life averaged over a year. Nevertheless, there may be similarities
between the dose-response reactions and the non-acoustic factors that modifies the dose
response curves.

With the purpose of finding the dose-response curves for the annoyance from traffic noise during
the audio-visual listening test, the assessors were exposed for seven different noise levels in the
range Laeq = 45-75 dB, for each video. As mentioned in Section 4.1.3, it was decided to exclude
the Laeq = 75 dB level. From the assessments the annoyance as function of the corresponding
Laeq levels can be found. The curves in Figure 41 shows a model with a logistic fit to the measured
data (see Section 3.1.2)

It should be noted that normally the results from socio-acoustic surveys are given as curves
showing the percentage of highly annoyed. For the listening tests we have chosen to show the
results as the average annoyance response on the 0-10 scale.
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The logistic curve is defined by only two constants, the slope, s, and the fifty percent value of the
exposure, f (see Section 3.1.2).

10

Annoyance Score 0-10
TS
A
hY
hY
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1 v
0
40 45 50 55 60 65 70 75
Laeq. dB
@ 2 Gentofte 2. Gentofte 9. Harsholm2
9. Hgrsholm2 ssessss Sound Walk Miedema Road

Figure 41: Average annoyance response from the listening test for positions 2. Gentofte and 9. Hgrsholm 2. The vertical
bars represent the 95 % confidence intervals. The red dotted curve is the annoyance found from sound walks in
Copenhagen (see Section 4.3.5 and [46]). The grey dotted curve (Miedema road) is the average annoyance score
deduced from [47] according to [48]. For this curve Lden is converted to Lday (~ Laeq) by adding 2,4 dB.

The data for the curves in Figure 39 can be found in Table 4.

Table 4: Data for s and f for the curves in Figure 39. See the formula on in Section 3.1.2.

2. Gentofte | 9. Harsholm 2 | Sound Walk | Miedema Road

S 0.0950 0.1057 0.1064 0.0795

f 59.2 55.1 62.7 70.4

In Figure 39 data and curves for the locations with the highest (Hgrsholm 2) and lowest annoyance
(Gentofte) are shown. As the confidence intervals are not or only slightly overlapping, we can
state the difference between the two curves is significant. Also shown in the figure is the results
from the sound walks performed in Copenhagen (see Section 4.3.5).

The models from the listening test in Figure 39 gives good fit (R>>0.97) to the data. It can be
concluded that it is possible to find a dose-response curve from the listening test. Furthermore, it
can be seen that there is a significant influence of the videos shown together with the noise. The
influence corresponds to a level difference of up to 4 dB.

Compared to the corresponding curve from the sound walks it can be seen that the annoyance is
assessed higher in the listening tests.
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