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Summary

Thisreport is one of the results of the “Genlyd” project, a project with the purpose of quantify-
ing and modelling annoyance.

Noise annoyance is defined as an emotional and attitudinal reaction from a person exposed to
noise in a given context. From this definition it is obvious that other factors, modifiers, than the
noise level are highly relevant if one wants to quantify the annoyance.

Different scales for measuring noise annoyance are stated both in English and in Danish.

The dose-response curves for different sound sources are defined in terms of logistic functions.
These functions make it easy to implement the effect of different modifying factors.

The effect and magnitude of the modifying factors are stated together with ajudgment of the
reliability of these effects. Questionnaires for measurement of noise sensitivity and the attitude
to the noise sources are given.

A model for noise annoyance which calculates the dose-response curve for specific situations
is defined in terms of logistic functions.

DELTA, 20 March 2007
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1. Introduction

This report describes a model for annoyance caused by or associated with noise or sound.
The model quantifies the annoyance response from a basic dose-response model with
moderators caused by context, persona and acoustic variables. The main emphasisislad
on environmental noise, but the model is thought as a genera model which opens for other
types of noise, e.g. irrelevant speech in open-plan offices.

Many relations between annoyance and variables are described. Many more relations are
not described, either due to lack of knowledge and data or due to the fact that data exist,
but are not found or not yet implemented in the model. The focus of the report is the an-
noyance from one type of noise source at atime, whereas models for more than one type
of source (e.g. road and aircraft noise) simultaneously are not included.

The datain the report are widely based on information from other researchers’ work. This
is stated as references in the text, and it may be consulted for a deeper understanding.

The model has been worked out as part of the “Genlyd” project (explained in Section 2.1).
Thetext in thisreport isintended for two purposes:
— Asareport, explaining and documenting the background and validity of the model

— Asabasisfor informative text available in a software model based on the ideas de-
scribed in the “ Genlyd” model

For the sake of the last purpose, some redundancy is allowed in the text of the report.
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2. General Information

21 “Genlyd”

Theword “Genlyd” is a contraction of annoyance (“gene”’in Danish) and sound (“lyd” in
Danish). “Genlyd” also means echo in Danish.

“Genlyd” was a 3-year research and devel opment project on establishing a model on noise
annoyance.

The purpose of the project was to be able to predict the annoyance and thereby give atool
to plan for minimizing the noise annoyance instead of just planning for minimizing the
noise level.

The basic ideawas to provide atool for prediction of noise annoyance when the noise
characteristics, the context and the persons involved are known.

2.2  Contributors

Thework iscarried out by DELTA’ s departments of Acoustics. A number of persons have
been more or lessinvolved in the project. A list of the results and the persons behind them
aregivenin 14 (Appendix).
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3.  Annoyance

31 Overview

In some psychophysical measurements there may be a smple relation between the stimu-
lus or the dose and the response. In terms of this project the dose would be the noise level
or the noise exposure and the response would be the annoyance.

_
Dose Response

Figurel
Smple dose-response relationship.

The perception and reaction to sound is much more complex than illustrated in Figure 1.
The sound level isonly one dimension of the sound character, and many other characteris-
tics of the sound will influence the reaction. Furthermore, there may be a difference be-
tween the physical characteristics — as they are described by instrumental measurements
resulting in numbers and metrics — and the way the sound is perceived by humans. The
reaction on the perceived sound will furthermore depend on both non-acoustical factors of
the context and on the persons exposed to the sound. What may be awanted sound in
some situations (e.g. loud music at a party), may be an annoying noise in other situations
(e.g. music from the neighbour’ s party — even at alower level —when you are going to

deep).

It isdesirable to have amodel that relates physical measurements (metrics) to auditory
perception combined with amodel that relates auditory perception to annoyance. The re-
quirements for such a general combined model are extensive. Not only are relevant physi-
cal characteristics of the noise required, but also variables pertaining to the listener, the
listener’ s expectations, attitudes and present activities. Physical identical sounds may be-
come noise to one person and music to another and the same sound may be pleasant at
midday, but annoying at midnight.

Thisis described by the filter model, shown in Figure 2, which illustrates the relations be-
tween physical or instrumental measurements, sensory or perceptive measurements and
subjective measurements. Except for the physical measurements humans, are involved in
the process as “measuring instruments’.
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Physical domain Per ceptive domain Affective domain
Filter 1, the senses Filter 2, non acoustical factors
Physical M1 M2 M3
stimulus === - Perceived stimulus |- Likes/didlikes
(Sound)
Sensory sensitivity Mood
and selectivity Context
Emotion
Background
Expectation
Objective Subjective
Figure2

The filter model illustrates the relations between the physical/instrumental, the percep-
tive/sensory and the affective/subjective measurements. Filter 1 symbolises our senses
(hearing). Filter 2 symbolises our mental processing of sensory perceptions. M1, M2 and
M3 illustrate measuring points. Measurements at each of these points may be made inde-
pendently of each other and for certain purposes measurements in any point(s) without the
others being made. M1: physical measurements (sound pressure levels, loudness ...),

M2: perceptive measurements (psychoacoustics) and M3: affective tests and surveys.

M easuring point M 1 represents the physical/instrumental measurements, i.e. sound pres-
sure levels, spectra, psychoacoustic metrics (such as loudness, sharpness roughness, and
fluctuation strength), prominence of tones, prominence of impulses or any other character-
istic of the sound.

M easuring point M 2 represents the perceptive measurements which are objective tests
(sensory evaluations, perceptive analysis) where humans are used as measuring instru-
ments. The characteristics of the perceived stimuli are rated in objective terms without
asking the test persons for preferences or annoyance. The main purpose isto give informa-
tion about the character of the sound as perceived by humans. The tests are usually made
with apanel of trained persons. The persons are trained to express their sensory perception
in terms that have been well defined to or defined in cooperation with the test personsin
advance.

M easuring point M 3 represents affective measurements which are subjective listening
tests or surveys normally performed with a group of naive (untrained and without experi-
encein listening tests) test persons who are representative of the relevant group of persons.
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It may be “aconsumer jury” or just agroup of citizens exposed to noise in their homes. As
they may use other words than acousticians for the attributes of the product or noise source
they hear or the noise they are exposed to, the relevant words for expression of the heard
sound often have to be “found” before the answering forms for listening tests or surveys
can be made. The main purpose is to give information about humans in relation to the
sound in a given context. The context will usually have amajor influence on the final re-
sult.

The filter model can be found in [33].

As described above the dose-response model in Figure 1 isfar too simple to describe the
relations between a noise exposure and the annoyance. A model — still simple — as the one
shown in Figure 3 is more relevant.

Confounders

v

Noise Annoyance

Figure3
Smple model of noise annoyance. The noise may be characterised by a number of metrics,

not only the sound level. The confounders include both context and personal variables.

The confoundersin Figure 3 include context variables as the time of day, the location (in-
door, outdoor, at work or at home ...), the current occupation (working or leisure activities,
relaxation, sleep ...) and personal variables (noise sengitivity, fear from the source, age,
attitude to the source ...). For modelling noise annoyance this may be illustrated on a more
suitable form as shown in Figure 4.

Asillustrated below, the annoyance may be “found” from three main “components’. We
anticipate (as a hypothesis) that they contribute approximately equally to the annoyance.

Annoyance )=’ + + Person

Figure4
Annoyance ” components’ in a real-life situation. On an individual basisin a specific con-
text it is the hypothesis that each of the components contribute approximately equally to

the annoyance.
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The context isall circumstances and conditions of significance for a reaction or judgment,
i.e. the noise source, the location, the surroundings, the time of day, the working or leisure
Situation, etc.

The model illustrated in Figure 4 will explain why loud music at a party may be less an-
noying than less loud music from the neighbour’ s party when you are going to sleep.

In investigations of community annoyance, the effects of a number of noise characteristics
and many context and personal variables are averaged. The main exceptions are the noise
level at the receiver, the type of source (road traffic, aircraft, railway, industry ...) and the
time of day. The latter is often included either as separate noise limits for day, evening and
night or in the exposure metric, Lqen, Which isa combined noise exposure level where
noise in the evening and the night is given a greater weight, see Section 3.3.1 for a defini-
tion. Also the characteristics of the noise are often averaged to alarge extent; the main ex-
ception for that is the prominence of tones and impulses in noise from wind turbines and
industry.

3.2  Annoyance Measured by Experiments

Normally annoyance is measured by asking people exposed to the noise in areal context,
e.g. in their homes, to express the experienced annoyance on some sort of scale.

In practice, it is difficult to find out how e.g. different characteristics of the noise influence
the annoyance in afield survey. Instead it will be attractive to try to obtain such informa-
tion by setting up an experiment, where the characteristics can be varied in a systematic
and controlled way.

But if an experiment is set up, regardliess whether it isin the field or in alaboratory, you
have changed the context and in many cases al so the persons asillustrated in Figure 5.

Annoyance

. "=" o b b
potential P Y\ Person

Figure5

Annoyance ” components’ in an experimental (arranged field or laboratory) situation.
Both the weight and the content of the contextual and personal factors may be changed
relatively to a real-life situation.

In thorough experiments on annoyance it is customary to simulate the context as far as
possible and furthermore to ask the test persons to imagine arelevant scenario (a scenario
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isan imagined or future context) by asking questions as e.g. “if you were sitting at home
reading, how annoying would you judge this sound to be?’

Evenin field experiment differences from survey measurements must be expected. If e.g.
listenersin a street are asked to judge the annoyance of the traffic noiseit is questionable
whether the results of such experiments can be transferred to the residentsin noisy living
areas. First of all such experiments usually gives the immediate annoyance (see Section
3.3.4 for adefinition) secondly the context differs from the many situations relevant in the
home environment.

Annoyance results found by experiments should be distinguished from annoyance meas-
ured in real situations by denoting it the “annoyance potential” of the noise.

If possible, the validity of such results for real situations should be demonstrated.

33 Definitions

3.3.1 Noise

For the purpose of this project, noiseis defined as unwanted sound.

In special situations noise may also characterise unwanted sound characteristics of a
sound.

The noise may e characterised by its sound pressure level and other metrics describing
specific attributes of the noise, e.g. for the prominence of tones and impul ses, the sharp-
ness of the sound, etc.

The noise level may be described by its maximum value, the variationsin level, some sta-
tistical level descriptors (Ls, L1o, Lso, Lgs), €tC., or Lae the energy equivalent continuous
A-weighted sound pressure level in decibels (dB). Only the widely used descriptor for the
noise level Lge, Will be defined here.

L ¢en (Level day-evening-night) is defined in terms of averaged A-weighted sound pressure
levels, Laeg, for the day Lgay, for the evening Levening and for the night L gy and applies a 5-
dB penalty to the Lae in the evening and a 10-dB penalty for the noise level Lae in the
night. Lgen IS calculated or measured as the free-field value at the position of the most ex-
posed facade.

Day, evening and night is defined as:
— Day: 07.00-19.00 hours
— Evening: 19.00-23.00 hours
— Night:  23.00-07.00 hours
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L gen is found from:
Laen = 10 log [(12/24) x 10" + (4/24) x 1045910 + (8/24) x 10N "0/

L gen is SOMetimes referred to as DENL and LDEN. L 4, should not be confused with L g,
which isasimilar measure where the 24 hours are divided into a day and night period
only.

3.3.2 Annoyance

A number of definitions on annoyance exist, see [38]. In “Genlyd” we decided to follow
the definition in ISO 15 666 ([16]):

“Noise-induced annoyance: a person’s individual adverse reaction to noise.

Note 1. The reaction may be referred to in various ways, including for example, dissatisfaction, bother, annoyance,
and disturbance due to noise.

Note 2. Community noise annoyance is the prevalence rate of thisindividual reaction in acommunity, as measured
by the responses to questions specified (below), and expressed in appropriate statistical terms.”

This means that noi se annoyance (short: annoyance) is an emotional and attitudinal reac-
tion from a person exposed to noise in a given context.

This definition of annoyanceisillustrated in Figure 6 from [38].

Y Reaction to noise” is defined as emotional response to noise”. It includes “annoyance”, but also a
range of other (psycho-) emotional responses.
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”Genlyd”: Noise annoyance

Disturbance Disturbance of
of reading conversation,
P ~~_ oo radio, TV..
P 7~ ~ disturbance

N

N
/ \ Behavioural
/ m \ responses
\ R (e.g. activity

// \ disturbance)
[ [ e X
/ Disappoint- n \
! ment - Learning
/ Soeeh impairment
Dissatisfac- s \
I tion L
|
! W Reaction to noise Response to noise Effects of noise
I Emotional response All consequences All consequences for
l P within the individual the individual
‘ ness
\ - -
! T /‘ Physical
\ . responses,
\ s / health effects

\ S / -
\ sy Heart Blod rgg;?g:;fs E.g. Home
i B " disease pressure i
\ A Birth Head- —

Figure 6
Overview of effects of noise and their " classification” .

In [38] three types of annoyance are defined:
¢ Global annoyance
e Specific annoyance

— Accumulated specific annoyance

— Immediate annoyance

The definitions of these concepts are given in the following section.

3.3.3 Global Annoyance

The questionsin 1SO 15 666 seek to obtain global or generally consistent reactions that
allow respondents to express their holistic experiences over time and locations in and
around their home, without concern about specific incidents and contexts. The questions
do not specify one particular combination of conditions because an overall response that
integrates responses over arange of different types of experiencesis wanted.

The long-term aspect “ Thinking about the last (12 months or o), ...” is chosen to obtain a
well defined and stable noise situation. It is known that if the noise situation changes, the
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response will be affected for ayear or so before the response stabilisesin the new situa-
tion.

3.3.4 Specific Annoyance

It isof interest in the “Genlyd” project to be able to specify the annoyance for a specified
stimulusin a specified context for specified persons. We call this “ specific annoyance’.

With regard to the time aspect we differentiate between the accumulated annoyance and
the immediate annoyance. The immediate annoyance is used for a situation when the noise
is present during or immediately before the evaluation of that particular noise.

So we define two types of specific annoyance:

Accumulated specific annoyance: The annoyance for a specified stimulusin a specified
context for specified persons integrated over time and experiences.

| mmediate annoyance?: The annoyance for a specified stimulusin a specified context for
specified persons when the noise actually is present during or immediately before the
evaluation of that particular noise.

See Figure 19 for an illustration of these definitions.

Accumulated specific annoyance may be relevant for the following examples:
— Conversations inside a home affected by traffic noise
— Working next to anoisy printer

— Neighbour usually rehearses drums every evening

Immediate annoyance may be relevant for the following examples:
— Aircraft passing while you are talking in a phone
— Passing apneumatic drill on the pavement

— lrrelevant speech while you are working in an office

The global annoyance — as defined in 1SO 15 666 — is the accumulated specific annoyance
integrated over arange of contexts and over arange of locations at home (e.g. at the bal-
cony, in the kitchen, in the bedroom).

2 The word " specific” is redundant in this connection because the immediate annoyance will always be
for a specific situation.
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The accumulated specific annoyance is the immediate annoyance and the connected ex-
periencesintegrated over time.

3.4  Community, Group or Individual Annoyance

Usually the community noise annoyance is expressed as the preval ence rate of the individ-
ual reaction for groups of persons exposed to the same noise level. These groups areillus-
trated as horizontal layersin Figure 7. Each horizontal layer is exposed to the same noise
level. For each layer a point on a dose-response curve may be drawn. Usually the percent-
age of e.g. highly annoyed is plotted as a function of the noise level, see e.g. Figure 22. In
this form, other noise characteristics (than the noise level), the context variables and the
personal characteristics are averaged.

The influence of the context and personal moderators may also be of interest. In the case
of context, the groups may be obtained by vertical “slices’ parallel with the paper. For the
influence of personal moderators as e.g. hoise sensitivity or fear, the groping should bein
vertica dices perpendicular to the paper.

See [10] and [27] for a more thorough description of these issues.

Personal Personal Personal
Charact 1 Charact 2 Charact 3

Noise

A
Noise charact. 3

\

Individual
reaction

Individual Individual
reaction 4\ reaction ﬁ

Individual Individual
reaction B

reaction
Individual
reaction

Noise charact. 2 Ny’ Individual
reaction

Individual
reaction

Noise charact. 1

Personal 2 Cummunity
Charact annoyance

Individual
reaction

Individual
reaction

Individual
reaction

Figure7
Illustration of the relation between individual, group and community annoyance.

The general way of working in the “Genlyd” model isto find the average relation between
the sound exposure (usually expressed by the level) and the annoyance and then take the
other noise characteristics (than the noise level), the context and the personal characteris-
tics into account as moderators to the average relation (the dose-response curve) between
noi se exposure and annoyance.
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3.5 Reactions to Changes in the Noise Situation

The effects of changesin the noise situation are more complicated to understand than the
relations in an unchanged (stable) situation. Therefore the “ Genlyd” model is based so far
on a stable noise situation.

When changes occur in the noise exposure, the relations between noise exposure and an-
noyance do not necessarily follow the normal dose-response curves. It is known that a
small decrease in the noise exposure does not necessarily infer a change in the annoyance.
It has also been seen that mentioning e.g. in the press that the noisy activities may increase
will in some cases increase the annoyance regardless whether a level increase has actually
happened or not.

3.6  Annoyance Reduction

Annoyance reduction is reduction of the annoyance obtained by changing the noise char-
acteristics or the context.

For environmental noise, it is normally the stable long-term effect of annoyance reducing
measures that interests.

As pointed out in Sections 3.5 and 7.7.2.4 a direct relation between noise changes and an-
noyance reaction may not be expected.

Annoyance reduction may be obtained by other measures than reducing the perceived
noise level from the source.

In Section 5 different scales for annoyance are given. The annoyance reduction may be
described as a decrease of the annoyance in terms of these scales.
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4.  Measurement of Annoyance

In“Genlyd” project the reference for annoyance is the self-reported noise annoyance. Self-
reporting means that the reaction is expressed by the exposed persons as the answer to a
guestion.

For assessment of noise annoyance by means of social and socio-acoustic surveys the
guestion and answering scal es should be in accordance with 1SO 15 666, “Thinking about
thelast (... 12 months or 0...), when you are here at home, how much does noise from
(... noise source...) bother, disturb, or annoy you?’ — The respondents give their answers
on semantic and numerical categorical scales.

The answers should express the spontaneous subjective feelings about the noise. Therefore
it isrecommended not to bother (at least not in the beginning of an interview) the respon-
dents with a complete list of too many conditions (e.g. room in a home, location on the
property, season of the year, day of week, hour of day, window opening conditions, activ-
ity during exposure, number of noise events...). This may lead the respondent towards ob-
jective assessments of the noise and away from subjective feelings about exposures.

In “Genlyd” we operate with annoyance measurements in other situations than socio-
acoustic surveys. In these cases the question should be formulated according to the follow-
ing structure:

[Reference to the time frame], [reference to the context], how much does [reference to the
sound source and/or sound characteristic] bother, disturb, or annoy you?

The question may address the annoyance accumulated over time or the immediate annoy-
ance, where the noise is present in connection with the evaluation situation.

All relevant variables of the noise characteristics, the context, and the persons shall be re-
ported. Inspiration to this can be found in ISO 15666.

The intention of the question formulated above is to be able to measure the annoyance for
a specific person of a specific stimulusin a specific context. It deviates from the question
in 1SO 15 666 which intends to measure the accumulated annoyance for along-term expo-
sure in the home environment of a non-changing noise situation. This deviation may be
necessary to obtain practical results within alimited time frame, but the consequences for
the validity of annoyance measurements by this question will be thoroughly considered
whenever used.
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5.  Scales for Annoyance

In“Genlyd” we operate with the same categorical scales as 1SO 15 666, i.e. averbal scale
and anumerical scale. The words of the verbal scale are (Danish trandations in parenthe-
Ses):

Not at all (Slet ikke)
Slightly (Lettere)
Moderately (Moderat)
Very (Kraftigt)
Extremely (Ekstremt)

... annoyed.
The process of trandlating these words into Danish is described in [21] and [22].

The numerical scaleisan 11-point categorical scale from O to 10:

Not

at all Extremely
0 1 2 3 4 5 6 7 8 9 10
Figure8

The 11-point categorical scale from 0-10 according to SO 15 666.

It iscommon practice to convert the (average) annoyance scores on the verba and numeri-
cal to a0-100 point scale. The response may aso be expressed as ([4]):

— The percentage of highly annoyed (%HA)is the percentage of people giving an answer
above 72 (the top 27-29%) of the response scale, i.e. the verbal categories Very (kraf-
tigt) and Extremely (Ekstremt) and the numerical categories 8, 9 and 10

— The percentage of (at least) annoyed (%A )is the percentage of people giving an answer
above 50, i.e. the verbal categories Moderately (Moderat), Very (kraftigt) and Ex-
tremely (Ekstremt) and the numerical categories 5 to 10

— The percentage of (at least) little annoyed (%LA) is the percentage of people giving an
answer above 28, i.e. the verbal categories Slightly (lettere) and above and the numeri-
cal categories 3 to 10.

In some cases it may be relevant to compare the values from the numerical categorical an-
noyance scale to a common reference of sound pressure levelsin dB. This can be done by
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referring to the Lqen Of road traffic noise giving the same average response on the annoy-
ance scale.

Reference can be given to the dB-scale for L 4o, Of road traffic noise in the following way:

The annoyance of this...(nhoise, stimulus) in this ...(specify context) for ...(specify
the (group of) person(s) corresponds to the average annoyance reaction you will get
from persons living in homes with L 4, Of Xx dB outdoor (on the most exposed fa-
cade) from road traffic noise.

To conclude: The annoyance for a certain noise exposure in a specified situation may be
expressed in by the following annoyance descriptors:

— AS: The average response on the ISO 15 666 eleven point scale
(average annoyance score)

— EA: Egtimated annoyance = AS* 10

— % HA: The percentage of highly annoyed
— % A: The percentage of annoyed

— % LA: The percentage of dightly annoyed

— Laenaegr: The annoyance equivalent road noise level, i.e. the outdoor L gen in dB of road
traffic noise giving the same average annoyance response as found for the actual com-
bination of noise exposure, context and persons.

5.1  The Relation between Annoyance Score and Percentage Annoyed

The community annoyance is often expressed as the percentage of little annoyed (%LA),
annoyed (%A) or highly annoyed (%HA). For the purpose of this project it is of interest to
know the relation between the percentage annoyed and the average annoyance score (AS)
on the 11 point numerical scale given in ISO 15 666.

Datafor thisisfound in Figure 9, where both the annoyance score and the % highly an-
noyed are found for aircraft noise in a Swiss study. The data are based on 2052 personal
interviewsin 58 residential aress.
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Dose response curves from“ Larmstudie 90” for aircraft noise at Zirich and Geneva with
2052 personal interviewsin 58 residential areas. The Annoyance scaleia a 11 point nu-
merical scale (0-11). The percentage of Highly Annoyed is the top 3 responses on the an-

noyance score [10].

By displaying the same data in another way the relation between annoyance score and %

highly annoyed can be found for this study, see Figure 10.
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Figure 10
Filled circles: Larmstudie 90, same data as in Figure 9 displayed with the % highly an-

noyed (%HA) as function of the average annoyance score (AS).
Dotted line: Logistic approximation for the same relation according to section 7.2.3.

The good correspondence shown in Figure 10 between the “ Larmstudie 90" and the logis-
tic approximation indicate that the logistic function isin correspondence with the dose-
relationship in practice.
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5.2  Relation between Lqen of Road Traffic Noise and the Annoyance from Other Sources

It may be of interest for comparison purposes to find the levels of road noise which causes
the same degree of annoyance.

Reference may be given to the L4, in dB of road traffic noise in the following way:

- Theannoyance of this... (noise, stimulus) in this...(specify context) for ...(specify
the (group of) person(s) corresponds to the percentage of (highly/-/little) annoyed
persons you will get from people living in homes with L 4e, Of XX dB outdoor (on
the most exposed facade) from road traffic noise.

From Equation 3 and the equations in Section 7.2 it can be shown that the annoyance
equivalent road noise level can be found from:

S, .
Ldenpeqr = > (Es —15) +f; Equation 1
r

where the general meaning of the symbols are defined in Section 6.1 in Equation 3 and:

- Laenaegr 1S the annoyance equivalent road noise level

- ssisthe dope of the logistic annoyance function for the source s

- s isthe slope of the logistic annoyance function for the road noise
- Esisthe exposure of the source (€.9. Lgen)

- fsisthefifty percent annoyance value for the source s

- f,isthefifty percent annoyance value for road noise

The results are shown in Figure 11.
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Figure1l
Annoyance equivalent road noise, Lgenaeqr,(Y-axis) based on the same percentage of highly

annoyed (%HA). Fromthe noise level of the actual source on the x-axis the L gen aeqr, CAN
be found. Thisisillustrated for aircraft noise by the arrows.

When the Lgen aeqr IS Stated it should be mentioned which annoyance measure it is based
on (%HA, %A, %LA or EA asdefined in Section 5).
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6. Functions and Methods Used in the Model

6.1  The Logistic Function

The basic idea behind the “ Genlyd” annoyance model isthat if all moderators are constant
then amore intense stimulus (e.g. louder perceived noise) will result in alarger annoyance.

According to Section 5 the annoyance is measured on a scale from O (not at al annoyed) to
10 (extremely annoyed).

The following anticipations are made:

— Thereisalinear relation between the noise exposure in dB and the response on an
unlimited (open) answering scale allowing answers lower than 0 and higher than 10
(the “underlying ideal” response).

— The underlying individual answers follows the normal distribution.

From thisit is possible to calculate the “actual” mean values of the answers on a 0-10 scale
by assigning the value O to all answers below 0 and assigning the value 10 to al answers
above 10. The calculated “actual” average response is shown in Figure 12 together with an
approximated logistic curve.

Calc. average on a 0-10 scale

0 : T T T
5 0 5 10 15

Ideal average response on an open scale

Calc. average resp. ------- Inv. logit ‘

Figure 12
The calculated average response on a 1-10 closed 11-point categorical scale calculated

froman “ideal” linear response on an open scale (normal distributed data with a stan-
dard deviation of 4.2). Approximation with a logistic (inverse logit) function with a slope
of 0.33 is also shown.
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The " S’-curve reflects that when the perceived intensity of the noise is below acertain
level, the noise annoyance will be O (This must be true, at least if this“certain level” isthe
hearing or masking threshold) and when the perceived loudness exceeds alevel where the
annoyance is extreme it will still be extreme.

Thelogistic function (or the inverse logit function) has the properties that correspond to
the situation described above. It issimple to use and as it is seen from Figure 12 it is very
close to the calculated theoretical response function based an a*limited” normal distribu-
tion.

The logistic function in the fundamental form (also called the sigmoid function) is de-

scribed by:

y ! Equation 2

= uation
1+e X .

1
0
é 0,5
>

0 ‘

-10 0 10

X - axis

Figure 13

Graph of the logistic function (inverse logit function) in the fundamental form.

A more general form of the logistic function for our purpose is given by:

u .
T SET) Equation 3

A:
1+e
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6.2

where

— Aisameasure for the annoyance response

— uisthe upper limit of A (10 for the ann. score, 100 for the percentage annoyed)
— sisthe slope of the inverse logit function

— Eisameasure for the noise Exposure

— fisthevalue of E for afifty percent annoyance response

A cumulative normal distribution function can be approximated by a logistic function as
follows:

f = mean value of the normal distribution
s=1,7/ ( the standard deviation of the normal distribution)

If we want to know the exposure E that corresponds to e certain annoyance A, this can be
found from Equation 4:

u
E=f —In(x_l) Equation 4

S

The Logit Function

Thelogit function or the logit transformation y; of avariabley is described by:
yt =In2) Equation 5
1-y

If we use the logit transformation on Equation 3, we get:

At =In( '_A )=8(E-f)=sE—¢f Equation 6

u-A

Here we have alinear relationship between the transformed annoyance response A; and the
exposure E given by the slope s and the intercept —sf.

An example of the use of the logit transformation on data from alistening test isgivenin
Figure 14.
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Figure 14
Example on logit transformation of data. Left: Raw data and the logistic function de-

rived from the transformed data in theright figure. For the transformed data the frac-
tion of explained variance, R2 = 0.93. Data is taken from [36].

From Figure 14 it is seen that the variance of transformed datain the different level groups
seemsto be the same. Thisindicates that ordinary linear statistical models such as (multi-
ple) linear regression may be used for the transformed data. Thisisillustrated in Equation
7, from [46].

1
—(a+bx+cxs+...)

y =

= = VYt :In(li):a+bx1+cx2+... Equation 7
l+e -y

6.3 Logistic Regression

The data obtained when using the procedure described in 1SO 15 666 is categorical in or-
dered categories, either in the categories “Not at all” —“Slightly” —“Moderately” —“Very”
—“Extremely” or as numeric categoriesin the 11 point 0-10 answering scale.

For thistype of data ordinal logistic regression analysisis useful. Asthe result of thistype
of analysis the constants and coefficients between the logit transformed annoyance vari-
ables and the independent variables (the L 4en, the noise sensitivity etc.) may be obtained.

Thistype of analysisisdescribed in [19] and [46], and the ordinal logistic dataanalysisin
the “Genlyd” project is performed with the SigmaXL plug-in for Excel.

More information on logistic regression, logistic function and logit function can be found
in[19], [32] and [35].
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6.4 Influence of Moderators on the Fifty Percent Value, f

For each type of source anorm curve is defined, which describes the average relation be-
tween the exposure and the community annoyance, see Section 7.2. A number of modera-
tors may change the (horizontal) position of the curve for s specific situation, i.e. achange
in the value of f for that situation. This can be described as:

f =frnorm + Affear + Afnoise sens + Af tonepenaity + Afimpuisepenaity + - Equation 8

where

— fnorm IS the f-value of the norm curve

— Afen ISthe changein f caused by fear

— Afnoisesens ISthe change in f caused by noise sensitivity

—  Afionepenaity ISthe change in f caused by prominent tones

—  Afimpuisespenaity 1S the change in f caused by prominent impul ses

— ... additional termsfor other moderators (including noise characteristics)

Asafirst approximation it is anticipated that the terms are additive (without limitations on
the maximum and minimum sum), independent and without interaction (no interaction
terms in the equation). The assumption of independence between terms (and independence
of the noise level), isafirst approximation and may not be fully correct in all cases.
The background for the values of the Af-terms may be specified in two different ways:

1. Asadisplacement in dB

2. As an increased annoyance (caused by e.g. noise sensitivity)

6.41 Af-Terms with Background in a Change in dB

The implementation of thefirst type is straightforward. A tone or impulse penalty specifies
an addition in dB to the measured sound pressure level. This addition is believed to corre-
spond to the extra annoyance these noise characteristics cause.

A penalty of x dB isimplemented as a Af value of —x dB

6.4.2 Af-terms with Background in a Change in Annoyance

If the effect of a change in an independent variable is expressed as an extra (percentage of)
annoyance or as an extra percentage of annoyed caused by this variable, such numbers has
to be converted to a Af value in dB to be incorporated in the model.
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If the information is found on basis of multiple linear regression analysis, the unlinear ef-
fects at the extremes of the s-shaped dose-response curves are often avoided by excluding
the extreme data from the analysis. The conversion from annoyance may therefore be
made with basisin the middle part of the dose-response curves. As the slope of the curves
depends on the source, the conversion will be source dependent.

Aswe now work with alinear approximation to the (middle part of the) norm (subscript
norm) dose-response curve this can be described as:

Anorm = a-E+Dbpom Equation 9

where Anom 1S the norm-annoyance, aisthe dope of the line, E isthe exposure and b isthe
intercept.

When e.g. noise sensitivity causes a change in the response A, the changed linear ap-
proximation can be described as:

A=a-E +bngm+Ab Equation 10

where Ab is the extra annoyance caused by e.g. noise sensitivity (in which case Abisa
function of the noise sengitivity).

From Equation 9 and Equation 10 we find that the Af-value (e.g. Afoisesens) Can be ex-
pressed as:

Af = %:b Equation 11

Now we need to find the dope, afor the linear approximations to the dose response
curves. From Equation 3 (and with the same notation) we find that the average slope be-
tween two points on the dose-response curve x units to each side of the valuef is:

u u
14 e S(f+x=f) 4, g=s(f—x-f) —> g Y 1 1 ) Equation 12

(f +x)—(f —x) T X e 146

a

It is seen that the Slope a for the linear approximation depends on x. The dope afor the
linear approximation depends also on s, which is the parameter for the slope of the logistic
curve. aand s should not be confused.

The results for different sources and annoyance descriptors are shown in Table 1.
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% LA % A % HA AS, EA
Air 247 2.47 2.54 1.86
Road 247 2.52 2.80 1.96
Rail 252 2.66 291 2.05
Industry 2.24 2.49 2.96 2.01
Shunting 2.26 2.16 2.27 181
Seasonal 261 3.05 3.00 2.42
Wind turbines 4.64 4.58 4.40 4.43
Tablel

The average dopes, a (unit: % XA/dB) for a linear approximation
to the norm curves in the range #5 dB around the value for
50% annoyed (f).

It should be noted that the valuesin Table 1 are larger than 1,4 EA/dB, which isthe value
used to trandate the estimated of extra annoyance into an equivalent change in DNL in
[26]. The value 1.4 is obtained by linear regression on real data, which presumably have
their point of gravity at alower point of the dose-response curve, where the slope is lower
than the slopes at the 50% value which are stated in Table 1.

The formulas for the Af-values for different effects (moderators) will be given in Section
7.

6.5 Averaging of Results from Different Studies

If different studies exist of the annoyance effect for a specific type of source one way of
combining the information isto pool all data from the studies and calcul ate the average
annoyance. The effect of this procedure isillustrated in Figure 15. It is seen that the result
will be an average curve with a systematic lower sope than found in the individual stud-
ies.
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Figure 15
The logistic functions for two studies and the combined results

by either averaging the models or the data. The dopes of the
curves for the logistic model for the two studies are 0.26 and
0.23 with a mean slope of 0.25 while the slope of the curve

based on the pooled data is 0.19. The data is the percentage
of highly annoyed derived from the studiesin [37] and [41].

A low slope may also be the result of integration over a number of (known or unknown)
specific situations, so it may be taken as the community response in general when these
situations are not specified or known.

For a specific situation a more steep slope of the curve is expected. This steeper slope may
be expected for single studiesin and in specific situations where the context and maybe
also the personal variables either are specified or the range of these variables limited. In
such cases another procedure than pooling the data should be used. In such cases the
slopes and the fifty percent values for the logistic functions will averaged. This procedure
will result in aresponse as shown by the steepest of the middle curvesin Figure 15. The
slopes found in each of the studies will only be changed to the average slope and not to a
systematic to lower value. The averaging of the fifty percent values resultsin a horizontal
displacement of the response curves.

6.6  The Slope of the Logistic Function

We have seen that when the results from many observations under different conditions are
pooled, the slope becomes | ess steep. We also know that e.g. noise sensitivity and fear for
the source has a significant influence on the annoyance. When such effects are averaged
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(i.e. by pooling data from alarge group of personswith e.g. different noise sengitivity) we
get aresulting curve, which isless steep than the individual dose response curves. If we
can “correct” the individual datafor the influence of e.g. noise sensitivity (by a horizontal
displacement of the individual curves) so the resulting curves for a specific noise sensitiv-
ity should be steeper than the averaged curve.

To enlighten what slopes we can expect, the slopes of the dose response curves for differ-
ent sources are shown in Figure 16.
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0,25 Wind turb. Single 0,31 Indoor road traffic - Lab.

Figure 16
Examples of dopes s for the logistic approximations to the percentage

of annoyed (% A) for different noise sources and for different studies.
The f-values for the shown curves are normalised.

Asarule of thumb: At the 10-percent level, 10-s equals the increase in the percentage an-
noyed per dB.

The slopes for the % HA and % LA are very similar to the % A shown in Figure 16, but
the dlopes for the % EA are lower, see Table 2.
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Noise source/ study s
Aircraft 0.0754
Road 0.0795
Railway 0.0832
Industry 0.0816
Shunting yard 0.0730
Seasonal industry 0.0986
Wind turbines, pooled data 0.1903
Wind turbine single studies 0.2392
Indoor traffic, Laboratory listening test 0.1660
Table2

Examples of dopes s of the logistic approximationsto the
expected annoyance (%EA) for different noise sources and
for different studies.

6.6.1 Slopes for a Specified Group of Persons and a Specified Context

In Section 6.5 the problem of averaging results from different studies were described. A
similar problem exists when we want to calcul ate the dose-response curve for e.g. a group
of persons with specific noise sensitivity. The norm curves are the average of many per-
sons response, each of these having e.g. different noise sensitivities. Figure 17 shows that
the norm curve has alower sope than the individual curves.




DELTA AV 1102/07
Acoustics & Electronics Page 35 of 121

100

90

80

70

60 -

% XA

50

40

30

20 A

10 4

0 T T T T T T T T T
25 30 3 40 45 50 55 60 65 70 75

DENL, dB(A)

‘ - = Averaged data High Medium Low Aprox to Aver ‘

Figure 17
Illustration showing that the dose-response function for averaged data

(over the response curves for persons with e.g. low, medium and high noise
sengitivity) has a lower slope than the individual dose response functions.
The f-values for high, medium and low are 45, 50 and 55 dB, the slopes
are s= 0.2. The dope for the averaged curveis 0.176 or 14% lower.

The norm curves are in general expected to have alow slope because they also “include
the result of uncertainties of the (outdoor and corresponding different indoor) levels the
persons are exposed to and other undefined effects.

The relation between the sopes of the individual curves and the slope of the averaged
curve depends both on the slopes of the norm curve and on the differencein f values, Af,
for the involved curves. For a specific situation a reasonable and heuristic approach is to
describe the slope of the dose-response curve as.

Equa-

S=Som 'St *S S Swi. , (ifS1 - S -5 -Su1. >3thens; +s, - ..o 81 =3) tion 13

where

— sisthe dope of the dose-response curve for a specific situation
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— Swom iSthe slope for the actual norm curve (depending of the sound source (aircraft,
road traffic...) and the annoyance descriptor (%LA, %A...) see Section 7.2.

— s, isafactor specifying the increase in slope due to specification of the nh’th moderator
(e.g. specifying the noise sensitivity or the fear connected to the source or etc.)

The modification of the norm curve slopeislimited to afactor 3. From Figure 16 it is seen
that this value represent the factor between surveysin the field and resultsin a laboratory
experiment where the stimuli and many modifying factors are supposed to be the same for
the participants.

The following procedure has been used to find the values of s, corresponding to the n’th
moderator:

The Af values for the classes: lowest, medium and highest (e.g. corresponding to the val-
ues 16, 50 and 84 for the midpoints if there are three categories low, medium and high on
a0-100 scale) are found. How the Af values are calculated may be found under the sec-
tions for the individual moderatorsin Section 7. The difference between the medium &
low class and between the medium & high class is denoted Afj.

The dose-response curves for the tree classes are constructed and the curve for the average
data is computed. By linear regression of the logit transformed annoyance data the pa-
rameters for the logistic function that best approximates the curve for the averaged data
has been found (see Sections 6.1 and 6.2).

The relations (depending on the slope of the norm curve s\rm) between the factors s, and
the Afy values are shown in Table 3.

The difference Afqin dB
Shorm 0 1 3 5 7 9
0.05 1 1.000 1.004 1.010 1.020 1.031
0.1 1 1.002 1.014 1.040 1.064 1111
0.2 1 1.006 1.049 1.138 1.242 1.379
0.3 1 1.010 1.099 1.262 1.500 1.775
Table3

The factor s, specifying the increase in the slope of the dose-response curve
(relative to the norm slope) for a moderator with the difference of Afy between
the medium & low class and between the medium and the high class, i.e. a
difference of 24fy4 between the low and the high class.
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1,94 ——s norm = 0,3
1,8
1,7 4
1,6 ——s norm = 0,2
1,5 4
1,4 4
1,3 4
1,2 4
1,1+ s horm = 0,05

Factor sn

——snorm =0,1

Afin dB

Figure 18
The factor s, specifying the increase in the slope of the dose-resonse curve

(relative to the norm slope, Sworm) for @ moderator with the difference of Afy
between the medium & low class and between the medium & high class, i.e.
a difference of 24f4 between the low and the high class.




DELTA

Acoustics & Electronics

71

7141

AV 1102/07
Page 38 of 121

The “Genlyd” Annoyance Model

General Overview

In the succeeding sections a model for annoyance caused by noise from a specified sound
source is described. The model quantifies the annoyance response from a basic dose-
response model (the norm curve) with moderators caused by context, personal and acous-
tic variables. The main emphasisislaid on environmenta noise, but the model is thought
as ageneral model which isopen for other types of noise, e.g. irrelevant speech in open-
plan offices. The focus of the report is the annoyance from one type of noise source at a
time, while models for source combinations (e.g. road and aircraft noise) in general are not
included. Although the model in the first place isintended for only one primary source,
masking phenomenon’ s are included in the mind set for some specific sources.

The Fundamental Model

1 Annoyance model - overview

7
2 3 Perceived 9 10 12 13
Noise Noise, acoustic features " —» Level annoyance, —®» Integration over Accumulated specific
L Effect of Modifiers . Ny .
source propagation e.g.tones & Logit fuction time annoyance
impt ";9

4

5 11 14
Masking Immediate Integration over
from other annoyance activities
sources
Ngn 1.5
»/ acoustic Integration over
. specified locations
/ attributes
16
Integration over
gen.personal
factors

7.2
Time,
Location &
Expectation

17
Global annoyance

Generalized
personal
factors

Figure 19
Overview of the elements and their relation in the “ Genlyd” annoyance model.

The content and effects of the itemsin Figure 19 are explained in the subsections of sec-
tion 7. The numbers of the subsectionsin this section follows the numbering of the ele-
ments given in Figure 19
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7.1.2 Reliability of Data and Results

The model is based on information from a number of different sources and references.
Some of these are well documented and widely accepted correlations between the noise
and the annoyance, other sources are not so well documented, and in the extreme, hy-
pothesis based on general observations and common sense may be included.

We want to gather as much information as possible and combine it into atool giving guid-
ance on the expected annoyance in different situations as atool for persons that are not
experts on annoyance.

If we want to include information which is not fully documented and well established or
information which in some sense has arelatively large uncertainty, we need to mark data
with a“reliability indicator”. This shall give an indication of the quality of the data behind
the different parts of the model.

The reliability indicator is quantifying the reliability on a percentage scale (0-100%) as
follows:

100% | Information from well documented and widely accepted references from re-
viewed scientific journals or solid reports of similar quality, based on a number
of references showing the same or similar results

80% | Information from well documented and widely accepted references from re-
viewed scientific journals or solid reports of similar quality

60% | Data and information based on documented and published (e.g. conference pa-
pers, books, articles) investigations, based on a number of references showing the
same or similar results. References from this group may be upgraded if the au-
thors are represented in the two upper groups.

40% | Data and information from non published single investigations documented in
non public available sources. Datafrom DELTA’s own listening test islocated in
this group until they are published and compared to possible other findingsin
literature and conference papers

20% | Generally accepted opinions on the connections between issues of significance
for the “Genlyd” project (noise, annoyance, context, persons). Documentation
may exist, but is not located or presently available. Personal correspondence or
conversations may be used as reference

10% | Hypotheses based on general observations and common sense, accepted as plau-
sible by anumber of “Genlyd” project participants with relevant background.

Table4
Reliability scale for data contributing to a dose response curve.




DELTA AV 1102/07
Acoustics & Electronics Page 40 of 121

7.1.3 Calculation of Overall Reliability

The overall reliability indicator for a dose response curve is the weighted average of the
indicators of the intermediate model parameters involved in the actual computation of an-
noyance. The weighting factors shall be in accordance with the relative significance influ-
ence of the intermediate models on the final result. Thisis obtained by the following for-
mulas for calculating the overall reliability:

Equation 14 is fabricated to give areasonable expression for the reliability of the resulting
50% value, f, for the dose-response curve after changing the norm curve with the modera-
tor, Afn:

Rel,, of f = (0.8+ 0.2 Rel,)A™ Equation 14
“Rel, of f” isthe reliability of the n’th moderator for f. The value of Rels, for Afnisde-

fined by Table 4 (Rely, shall be inserted in Equation 14 as a value in the range 0-1).Afnis
the actual magnitude in dB of he n’th moderator. The formulaisillustrated in Figure 20.

100%
80% - Reliability
; of Afn
E = = 100
?  60% - 80
e
5 60
Py 40
= 40%
ks —20
T 10
o
20% -
0% T T T
0 5 10 15 20
Change, Afn, dB
Figure 20

[llustration of Equation 14.

Correspondingly Equation 15 is fabricated to give a reasonable expression for the reliabil-
ity of the resulting slope, s, for the dose-response curve after changing the norm curve with
the moderator (factor), sq:
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Rel,0f s=(0.8+0.2Rel4,)%0!%9" Equation 15

“Rel, of s” istherdiability of the n’th factor for resulting slope s. The value of Rel 4, for s,
isdefined by Table 4 (Rels, shall beinserted in Equation 14 asavaluein therange 0-1. s,
is the magnitude of the n’th moderator (factor). The formulaisillustrated in Figure 21.

100%
80% | Reliability
n of sn
E’ = = 1100
2 60% | 80
= 60
(@]
2 40% o
= ] 20
<
K 10
&
20% -
0% T T T
1 1,5 2 2,5 3
The factor sn
Figure21

Illustration of Equation 15.

The reliability Rel for the dose-response curve with a number of moderatorsis then de-
fined as:

Rl =Relnom* (Rel1 0f f)* (Rel; of §) * (Rel, of f)* (Rel, of §) * (Rl of f)* (Relz of 9)...

where Relom isthe reliability of the norm curve.

7.1.4 Validity Range

The model may within a certain range be based on data with a stated reliability as de-
scribed in the former section. In some cases it may be of interest to go beyond this range,
to extrapolate the model. It will be indicated in which range the model is based on actual
data and observations and in which range the model is extrapolated.
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7.2  Noise Source

7.21 Norm Curves for Global Annoyance

For each type of noise source it has been the intension to define the most reliable norm
curve as the basis for introducing the effect of moderators. The norm curve givesthe rela-
tion between the general exposure (expressed e.g. as L gen-val ues) and the annoyance reac-
tion. The norm curve represent an average situation for sound characteristics, context and
personal factors, which isrelevant for the actual source. Examples of norm curves are
shown in Figure 22.

When a moderator has a specific value it may change the norm curve. To be able to intro-
duce a change, both the specific value of the moderator and the average value of this mod-
erator for the norm curve must be known. Even if the specific value equal s the average
value a change in the norm curve may be introduced, namely a steeper slope for the curve
in a specific rather than average situation, see Section 6.6.1.

50,00
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35,00 -
30,00 -
25,00 -
20,00 -

% Highly Annoyed

15,00
10,00 -

5,00 ~
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40,0 45,0 50,0 55,0 60,0 65,0 70,0 75,0

Noise level - Lden, dB(A)

Aircraft - - - -Road

Railway Wind turbines 8 m/s-fit

Figure 22
Norm curves (logistic approximation) for the relation between noise

level (Lgen) @and % Highly Annoyed from[4] and [24] . The wind turbine
data are found by combining data from[37] and [38] and correcting
from Lae-valuesto Lyen by adding 6.4 dB to the Laeg.
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The norm curvesin Figure 22 are based on L ge-values. Similar curves exist for Lg,-values.
The average relations between Lden and DNL are according to [4]:

e Aijrcraft: Lgen=Lgn+ 0.6
e Road traffic: Lgen=Lgn+0.2
L] Rallway Lgen = Lan

The relations for a specific case depend on the distribution of the noise in the day, evening
and night period for the actual situation.

The norm curves predict the global long term annoyance reaction (see Section 3.3.3) valid
for the entire population. They are a suitable basis for policy making and when exposure
limits for dwellings and noise abatement measures are discussed.

Community noise sources may in some respects deviate from other sources in the sense
that:

— the sound emission is not confined to areas owned by the source administrators
— they are ever-present or repetitious rather that temporary

— individual respondents rarely can do anything about them

The norm curves do not predict the actual annoyance for particular individuals or groups.
They do not take local circumstances into account nor is reactions to changes in the expo-
sure considered.

7.2.2 Approximations to norm curves and data

In [4] both estimates and approximations to these estimates are given by third order poly-
nomials. Within the level range of 45-75 dB these polynomial approximations are accept-
able, but their fundamental properties deviate from the s-shaped function of the general
dose-response relationship. Outside alimited range the third order polynomials are not us-
able, see Figure 23. They may e.g. give values below 0 and above 100%.
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Figure 23

Comparison of different approximations to the estimated norm
curves for aircraft noise. LA =% little annoyed, A = % annoyed,
HA = % Highly annoyed. Thick lines are logistic approximations
thin lines are third order polynomial approximations. The estimated
data and the approximations are valid in the range 45-75 dB Lgen.

The logistic approximations (see Section 6.1) are in agreement with the fundamental prop-
erties of the dose-response reaction and extrapolations outside the restricted range are
likely to give probable results.

The agreement with the estimated values for transportation noise (based on [4]) for the
logistic approximation isin line with or better than the polynomial approximation, see
Table5.
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Deviationsin %-point L ogistic approx. Polynomial approx.
Mean Max Mean M ax
% LA Air 0.3 0.7 0.5 1.0
Road 0.2 0.5 0.6 0.9
Rail 0.4 0.7 0.7 17
%A Air 0.3 0.7 12 2.2
Road 0.4 0.9 0.7 14
Ralil 0.5 0.8 0.4 0.9
% HA Air 0.6 1 04 19
Road 0.5 1.0 0.6 11
Ralil 0.3 0.5 0.1 0.2

Table5
Absolute values of the deviations from estimated valuesin [4] in the

range 45-75 dB Lgen. The logistic and polynomial approximations
are stated in the succeeding sections. The modelsin the “ Genlyd”
project will be based on logistic approximations.

7.2.3 Aircraft

The third order polynomial and the logistic approximations to the norm curves as defined
in Section 7.2.1 for aircraft noise are given in Table 6 and Figure 24.
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Third order polynomial approximation
%LA -6.158 x 10 (Lgen - 32)° + 3.410 x 102 (L gen - 32)*+ 1.738 (L gen - 32)
%A 8.588 x 10-6 (Lden - 37)° + 1.777 x 10? (L gen - 37)% + 1.221 (L gen - 37)
%HA -9.199 x 10-5 (L gen - 42)® + 3.932 x 107 (L gen - 42)* + 0.2939 (L gen - 42)
%EA -8.786 x 10”° (Lgen - 32)° + 1.439 x 102 (L gen - 32)*+ 1.120 (L gen - 32)
Logistic approximation: %XA = " e—s(llggNL—f) S f
% LA 0.101 55.0
% A 0.101 65.3
% HA 0.104 75.3
EA (from approximated curves) 0.0754 65.2
Table 6

Aircraft noise. Third order polynomial approximations (upper table) and logistic ap-
proximation (lower table) to the estimated curves giving the percentage of “ Little An-
noyed” (% LA), Annoyed (% A), Highly Annoyed (% HA) and Estimated Annoyance (EA).
The Average Annoyance Score, AAS= (% EA) / 10.
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Figure 24
Aircraft noise. Estimated and approximated curves for the

percentage of Highly Annoyed (HA), Annoyed (A) and Little
Annoyed (LA) for aircraft noise.

The norm curves are valid in the range 45-75 dB L g, In thisrange the reliability is set to
100% according to Section 7.1.2.

The data are based on 27,081 observationsin 19 studies.
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7.2.4 Road Traffic

The third order polynomia and the logistic approximations to the norm curves as defined
in Section 7.2.1 for noise are defined in Table 7 and Figure 25.

% LA -6.235 x 10 (Lgen - 32)% + 5.509 x 10 (L gen - 32)%+ 0.6693 (L gen - 32)

%A 1.795 x 10 (L gen - 37)% + 2.110 x 102 (L gen - 37)? + 0.5353 (L gen - 37)

% HA 9.868 x 10 (L gen - 42)% -1.436 x 102 (L gen - 42)? + 0.5118 (L gen - 42)

EA -9.154 x 10°° (Lgen - 32)° + 2.307 x 102 (L gen - 32)*+ 0.537 (L gen - 32)

Logistic approximation: %XA = oS (TDOENL ) s f

% A 0.101 60.7

% 0.103 70.7

%A 0.115 79.4

EA (from approximated curves) 0.0795 70.4
Table7

Road noise. Third order polynomial approximations (upper table) and logistic approxima-
tion (lower table) to the estimated curves giving the percentage of Little Annoyed (% LA),
Annoyed (% A), Highly Annoyed (% HA) and Estimated Annoyance (EA). The Average
Annoyance Score, AAS= EA/10.
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Figure 25
The percentage of annoyed for road traffic noise.

Valid in the range 45-75 dB Lgen.

The norm curves are valid in the range 45-75 dB L g, In thisrange the reliability is set to
100% according to Section 7.1.2.

The data are based on 19,172 observations in 26 studies.
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7.2.5 Railway Traffic

The norm curves as defined in Section 7.2.1 for railway noise are defined in Table 8 and

Figure 26.

% LA -3.229 x 10 (Lgen - 32)% + 4.871 x 10 (L gen - 32)% + 0.1673 (L gen - 32)
%A 4538 x 10™ (L gen - 37)° + 9.482 x 103 (L gen - 37)% + 0.2129 (L gen - 37)

% HA 7.239 x 10 (Lgen - 42)° - 7.851 x 10 (L gen - 42)* + 0.1695 (L gen - 42)

EA -5.045 x 10 (Lgen - 32)% + 2.068 x 107 (L gen - 32)% + 0.234 (L gen - 32)
Logistic approximation: %XA = " e—s(lli())ENL ) S f
% LA 0.103 66.0
%A 0.109 76.0
% HA 0.120 85.0
EA (from approximated curves) 0.0832 75.3

Table 8

Railway noise. Third order polynomial approximations (upper table) and logistic
approximation (lower table) to the estimated curves giving the percentage of Little
Annoyed (% LA), Annoyed (% A), Highly Annoyed (% HA) and Estimated Annoyance
(EA). The Average Annoyance Score, AAS= EA/10.
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Figure 26
The percentage of annoyed for railway noise.
Valid in the range 45-75 dB Lgen.

The norm curves are valid in the range 45-75 dB L g, INn thisrange the reliability is set to
100% according to Section 7.1.2.

The data are based on 7,632 observations in 8 studies.
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7.2.6 Wind Turbines

Two studies of wind turbine noise is the basis for the norm curves, a Swedish study [36]
and a Danish study [41]. The Swedish study showed a considerably lower response at the
same noise levels, see Table 9 for a comparison.

LA at 8 m/sindB <30.0 | 30.0-325 | 32.5-35.0 | 35.0-37.5 | 37.540.0 | >40.0
S. Slightly annoyed 0 14 35 39 50 56
S. Rather annoyed 0 0 18 13 28 44
S. Very annoyed 0 0 8 6 20 36
DK. Slightly annoyed 0 0 0 8 9 25
DK. Annoyed 0 0 0 2 5 13
DK. Highly annoyed 0 0 0 0 5 9

Table9
Comparison of the (cumulative) percentage annoyed in two studies of wind turbine noise:
Swedish [36] and Danish [41].

In both studies the noise exposure is an estimate for the equivalent level for a (hypotheti-
cal) time period with continuous performance at downwind conditions 8 m/s at 10-m
height. The studies give no indicationsif this represents the real noise exposure. In the
Swedish study there are no measurements of the prominence of tonesin the noise. Gener-
ally the noise level from wind turbines increase approximately 1 dB per 1 m/sincrease in
wind speed and for modern wind turbines the prominence of the tonesisin the low range
of adjustment according to ISO 1996-2 [15] or below.

The data from [36] and [41] have been reanalyzed with ordinal logistic regression. Fur-
thermore the exposures expressed as L aeq-values are converted to L qen by adding 6.4 dB
under the assumption that there is no change in level during the evening and the night. The
results from these analyses are shown in Table 10.
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Logistic approximation: S S DK DK Average | Average
100
%XA =
1. e~ S(DENL—f) s f s f s i

% LA 0.263 | 50.6 | 0.235 | 624 0.249 56.2

% A (S = “Rather annoyed”) 0263 | 481 | 0.235 | 58.6 0.249 53.1

%HA (S="“Very annoyed”) 0263 | 441 | 0235 | 54.6 0.249 49.1

EA - - 0.226 | 58.2 0.239 52.7

Table 10

Wind turbine noise, results of ordinal logistic regression. The results of each of the studies
from Sweden (S) and Denmark (DK) are shown together with average values of Slopes, s
and 50% Lger-values, f, for the percentage of Little Annoyed” (%LA). Annoyed (% A,
Highly Annoyed (% HA) and Estimated Annoyance (EA). The average annoyance score
AAS= EA/10.

With background in the considerations in Section 6.5 it is decided that the norm curve for
wind turbine noise shall be based on the pooled data (i.e. giving alower slope than averag-
ing the slopes of the two dose-response curves) of the Swedish and the Danish study. The
resulting figures are given in Table 11.

o o 100

-0 -
Logistic approximation: %XA L+ o~ S(DENLT) s f
% LA 0.201 49.1
% A 0.198 53.3
% HA 0.189 56.3
EA 0.190 52.9

Table11

Norm curves for wind turbine noise. The curves are based on averaged data and gives
the percentage of Little Annoyed (% LA), Annoyed (% A), Highly Annoyed (% HA)
and Estimated Annoyance (% EA). The average annoyance score AAS= EA/10.
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Figure 27
The percentage of annoyed for wind turbine noise.

Lgen-values for a wind speed of 8 nvs, noise.
Valid in the range 35-50 dB L gen.

The norm curves are valid in the range 35-50 dB L ¢, INn thisrange the reliability is set to
70%. It isless that 80% according to Section 7.1.2 due to the fact that the exposureis
based on noise data for the wind speed 8 m/s and not the actual average wind speed.

The Swedish study is based on 351 observations from 5 locations. The Danish study repre-
sents 200 respondents on 10 locations. In total 551 observations from 15 locations.
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7.2.7 Industrial Noise

The norm curves as defined in Section 7.2.1 for industrial noise are defined in Table 12

and Figure 26.
% LA 0.02815 x L gen” - 1.130 x L gen + 11.477
% A 0.03270 x Lgen? - 2.121 x L gen + 36.854
% HA 0.02523 x L gen” - 1.886 x Lgen + 36.307
EA 0.02332 x Lgen? - 1.172 x Lgen + 17.247
Logistic approximation: %XA = 100 s f

1+ e~ S(DENL—f)

% LA 0.0913 62.0
%A 0.1018 69.6
% HA 0.1219 74.8
EA 0.0816 69.8

Table 12

Industrial noise. Second order polynomial approximations (upper table) and logistic
approximations to these (lower table) giving the percentage of “ Little Annoyed” (% LA).
Annoyed (% A. Highly Annoyed (% HA) and Estimated Annoyance (EA). The average an-
noyance score AAS= EA/ 10.
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Figure 28
The percentage of annoyed for industrial noise.

Valid in the range 35-65 dB L gen.

The norm curves are valid in the range 35-65 dB L ¢, INn thisrange the reliability is set to
80% according to Section 7.1.2. Information about the prominence of audible tones and
impulsive sounds are not available.

The data are based on 1.242 observations near 6 industriesin 1 study ([24]).
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7.2.8 Seasonal Industry

The norm curves as defined in Section 7.2.1 for seasonal industrial noise (industry not in
operation the whole year) are defined in Table 13 and Figure 29.

% LA 0.03096 x L gen” — 2.146 x Lgen + 30.156

% A 0.02124 x L gen? - 1.635 x L gen + 32.137

% HA 0.01091 x L gen? - 0.887 x Lgen + 18.123

EA 0.02017 x Lgen? - 1.390 x Lgen + 25.476

Logistic approximation: %XA = 100 s f

14 o~ S(DENL—f)

% LA 0.1069 719

% A 0.1258 771

% HA 0.1237 85.7

EA 0.0986 77.8
Table 13

Seasonal industrial noise. Second order polynomial approximations (upper table) and
logistic approximations (lower table) to these giving the percentage of “ Little Annoyed”
(%LA). Annoyed (%A. Highly Annoyed (%HA) and Estimated Annoyance (EA). The Aver-
age Annoyance Score AAS= EA/ 10. (Based on approximated values).
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Figure 29
The percentage of annoyed for seasonal industrial noise.

Valid in the range 35-65 dB L gen.

The norm curves are valid in the range 35-65 dB L g, INn thisrange the reliability isset to
80% according to Section 7.1.2. Information about the prominence of audible tones and
impulsive sounds are not available.

The data are based on 421 observations near 3 industriesin 1 study ([24]).
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7.2.9 Shunting Yard
The norm curves as defined in Section 7.2.1 for shunting yard noise are defined in Table

13 and Figure 29.
% LA -0.0253 x Lgen” + 4.659 x L gen -110.52
%A 0.01265 x Lgen” + 0.722 x Lgen - 27.629
% HA 0.02980 x L gen” - 1.367 x Lgen + 16.980
EA 0.007308 x L gen” - 0.972 x Lgen - 25.051
Logistic approximation: %XA = 100 s f

1+ e~ S(DENL )

% LA 0.0920 46.1
%A 0.0879 54.6
% HA 0.0923 63.3
EA 0.0730 54.6

Table 14

Shunting yard. Second order polynomial approximations (upper table) and logistic ap-
proximations (lower table) to these giving the percentage of Little Annoyed (% LA).
Annoyed (% A), Highly Annoyed (% HA) and Estimated Annoyance (EA). The average
annoyance score AAS= EA/ 10.
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Figure 30

The percentage of annoyed for shunting yard noise.
Valid in the range 35-65 dB L gen.

The norm curves are valid in the range 35-65 dB L ¢, INn thisrange the reliability is set to
80% according to Section 7.1.2. Information about the prominence of audible tones (diesel
trains) and impulsive sounds from shunting activities are not available.

The data are based on 212 observations near 2 shunting yardsin 1 study [24].

7.210 Summary of Norm Curves

The norm curves in the model are described by alogistic function:

100

%XA =
. —s(DENL—f)

1+e

where XA =

LA (Little annoyed)
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A (Annoyed)
HA (Highly annoyed)
AS (Average annoyance score (0-10))

EA (Expected annoyance (= 10 x AYS))

The constants for different sources are summarised in Table 15.

% LA % A % HA AS. EA
Constants
S f s f S f S f
Air 0.1010 | 550 | 01010 | 653 | 01040 | 753 | 0.0754 | 65.2
Road 0.1010 | 60.7 | 01030 | 70.7 | 01150 | 79.4 | 0.0795 | 70.4
Ralil 0.1030 | 66.0 | 01090 | 76.0 | 01200 | 850 | 0.0832 | 75.3
Industry 0.0913 | 620 | 01018 | 69.6 | 01219 | 748 | 0.0816 | 69.8
Shunting 0.0920 | 46.1 | 00879 | 546 | 0.0923 | 633 | 0.0730 | 54.6
Seasonal 01069 | 719 | 01258 | 771 | 01237 | 857 | 0.0986 | 77.8
Wind turbines | 0.2010 | 49.1 | 01980 | 533 | 01890 | 56.3 | 0.1903 | 52.9

Table 15
The constants s= slope and f = Lgen-level for 50% XA for different noise sources.

7.3  Noise Propagation

The noise propagation describes how the sound characteristics of the source are changed
during propagation. The general idea of the “Genlyd” model is to take the perceived sound
asthe starting point. In many cases thisis not possible, and the perceived sound is there-
fore approximated by the sound measured or calculated el sewhere e.g. by the sound at a
facade outside peoples homes. Anyway, the calculation of the sound propagation itself has
not been the topic for the “Genlyd” model. Only if the sound propagation itself has an ef-
fect on the annoyance it will be taken into account.

Sound insulation is part of the sound propagation, [31] describes how the sound insulation
has an effect in the annoyance reaction, see Figure 31.
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Figure31

Possible effect of sound insulation on the difference between Lgeni” and Lgen; as function of
Laeni - Laeni” 1S the Lgen-value adjusted according to the extra annoyance caused by a fa-
cade insulation deviating from the aveage. |; is the lowest insulation for bed/living room at

the most exposed facade [dB]. |; isthe average insulation for dwellings dB]. Index i re-
lates to the source type, Figure from[26].

The effect of the sound insulation is not yet incorporated in the model.

Perceived Acoustic Features

The sound from a source may have some specific characteristics. These may be changed
during the propagation to the receiver. Masking sounds that changes the audibility of the
source characteristics may also occur. We will concentrate on the sound at the receiver and
the term “Percelved acoudtic features’ relates to the characteristics of the sound asiit is
perceived at the “listener” or at the exposed persons.

The sound level or the intensity of the sound will in most cases be the most important vari-
able. Therefore metrics as L aeq Or Other metrics derived from this (Lgen, Lnignt -..) OF related
to this (e.g. Loudness) is chosen as the primary independent parameter.

Other characteristics of the sound may be regarded as moderators for the average dose-
response curves (the norm curves) which describes the general relations between sound
level and the annoyance.
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Many characteristics may be relevant. but data for the modifying effect exist only for a
few.

7.41 Audibility of Tones in Noise

It is generally believed that audible tones in noise increase the annoyance relative to a
situation where there are no audible tones in the noise. Data from laboratory experiments
exist, but data from surveys has not been found. Anyway it seemsthat it is a general ex-
perience, feeling or hypothesis that prominent tones increases the annoyance correspond-
ing to an increase in the A-weighted equivalent level of 5-6 dB.

In the legislation of many countries a*penalty” of 3-6 dB is added to the measured L oeq tO
compensate for the extra annoyance if there are clearly audible tonesin the noise.

A method for determining the audibility of tonesis published in [39] and the same method
appearsin ISO/FDIS 1996-2 ([15]). This method finds the audibility of the tones (the level
above the masking threshold AL,;) and transforms it into an adjustment K+ of 0-6 dB to the
measured Laeg. Kt isused as an input parameter in the model.

According to Section 6.4 the following relation applies:

Aftonepenalty =-Kr

This means that the dose-response curve is transposed up to 6 dB depending on the promi-
nence of the tones.

Asdescribed in Section 6.6.1 the dose-response relationship has a steeper slope for a spe-
cific situation —e.g. specific audibility of tones- than the norm curve which represents an
average of many different situations for the prominence of tones.

The value of s, (in this case Sonapenaity) SPeCifying the increase in the slope of the dose-
resonse curve (relative to the norm slope) can be found from Table 3. The Afy valuein this
caseis 3 dB, because al valuesin the range 0-6 dB (= 2Afy) are considered to be equal
probable.

From Table 15 it is seen that the Som-values for transportation noise and industrial
sources all are close to 0.1 while the values for wind turbines are close to 0.2.
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Noise sour ce ApPProx Shorm S

Transportation and industrial 0.1 1.014

Wind turbines 0.2 1.049
Table 16

The value of s, (in this case Senapenaity) SPeCifying the increase in the slope of the dose-
response curve (relative to the norm slope) when a specific value for tone adjustment K+ is
used in stead of the average for the norm curve.

The tone adjustment may be relevant for many sources. Usually it is not taken into account
for transportation noise. In thismodel it will only be introduced for industrial sources.
wind turbines and office equipment.

No documented relations for the effect has been found, but it is so generally accepted that
audible tones in noise increase the annoyance that adjustments (of the above mentioned
magnitudes) to L ae for prominent tones are a part of national legislation and international
standards. Therefore the reliability is set to 75%.

Prominence of Impulses in Noise

Prominent impulses in the noise increase the annoyance relative to a stationary noise type
with the same level (Laey). Dataexist, but to alarge extent they relates to shooting noise,
which until now is not covered by the model. Anyway it seemsthat it isageneral experi-
ence that prominent impulses increase the annoyance.

The legislation of many countries includes a“penalty” which is added to the measured
Laeq if there are prominent impulses in the noise. Thisalso holds for the ISO standard
1996-1 ([14]) where adjustment (or penalty) up to 12 dB are added

A method for determining the audibility of tonesis published in [40] and the same method
appearsin Nordtest ACOU 112 [34]. This method finds the prominence of impulses P and
transformsit into an adjustment K; up to 15 dB to the measured L ae. Although the under-
lying prominence metric P gives good correlation with the perceived impul se prominence
in listening tests, there is some doubt about the correctness of the adjustment K, . Until
further dataisfound K, is used a dlightly modified as an input parameter in the model as
follows:

According to Section 6.4 the following relation applies:
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This means that the dose-response curve is transposed up to 12 dB depending on the
prominence of the impulses.

As described in Section 6.6.1 the dose-response relationship has a steeper slope for a spe-
cific situation —e.g. specific prominence of impulses- than the norm curve which repre-
sents an average of many different situations for the prominence of impul ses.

The value of s, (in this case Simpuisepenaity) SPECITYing the increase in the dope of the dose-
resonse curve (relative to the norm slope) can be found from Table 3. The Afy valuein this
caseis set to 3 dB. Although the variation of Af isup to 12 dB, it is estimated that the
ocurrence of 12 dB impulse penaltiesis not normally used for non explosive sources. As
these are rare or maybe not represented at all in the underlying data for the norm curves, it
isjudged that the mgjority of adjustments K (if any) arein the range 0-6 dB (= 2Afy).

From table Table 15 it is seen that the Sy, Values for transportation noise and industrial
sources al are close to 0.1 while the values for wind turbines are approximately 0.2.

Noise sour ce APProx Shorm S

Transportation and industrial 0.1 1.014

Wind turbines 0.2 1.049
Table 17

The value of s, (in this case Sypussenaity) SPECifying the increase in the slope
of the dose-resonse curve (relative to the norm slope) when a specific value
for tone adjustment KT is used in stead of the average for the norm curve.

The impulse adjustment may be relevant for a number of sources. Usually it is not taken
into account for transportation noise. In thismodel it will only be introduced for industrial
sources, wind turbines and office equipment.

No documented relations for the effect are found for these sources. Anyway it is generally
accepted that prominent impulses increase the annoyance and penalties (or adjustments)
areincluded in national legidation and international standards. There are discussionsin the
international community about the correct magnitide of the adjustment; therefore the reli-
ability is set to 50%.

7.4.3 Other Acoustic Characteristics of the Sound

Until now only the effect of the noise level, tones and impul ses are taken into account.
Other chracteristics of the noise may also moderate the annoyance reaction.
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— Other metrics for sound intensity than Lgen (Laeq, Lamaxr Lags. Loudness. Loudness
(Ns) ...)

— Number of events (partly included in metrics as L aeq)

— Duration of the noise (partly included in metrics as L aeq)

— Number and duration of relative calm intervals

— Low frequency content (metric?)

— Sharpness

— Roughness

— FHuctuation strength

— Unbiased annoyance/psykoakoustic annoyance

— Information content (speech. music)

— Potential communication disturbances/difficulties (metrics for this characteristic?)

— Speechintelligibility (Speech interference level (SIL). Articulation index (Al) Speech
transmission index (ST1. RASTI) Speech intelligibility index (SI1)

— Privacy (expressed as 1-ST1 or by asignal to noiseratio)

The effect of these noise characteristics has not been found and therefore not included in
the model.

7.5  Masking from Other Sources

Several noise sources in the same area or at the same time may increase the total annoy-
ance, but sometimes one source may mask the sound or sound characteristics (e.g.- tones)
so the contribution from thisisless.

Following types of masking may be relevant:

— For wind turbines the masking effect of wind generated noise in the vegetation around
the neighbours homes may have influence on the annoyance

— Audible tones or impulses may be masked by other sources so that these characteristics
will be less prominent or inaudible. The annoyance may be decreased accordingly.
(Generally. addition of another (type of) source will not decrease the annoyance. So the
validity of decreasing annoyance by masking should be investigated).

— Inopen-plan officesirrelevant speech may be masked by other noise sources (general
“office noise” or “bable noise” from many remote speakers).

The model is prepared for such effects.
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7.6 Non-Acoustic Attributes

7.6.1 Non-Acoustical Moderators from Source

There may be a number of non acoustical issues related to the source that may moderate
the norm curves. Examples are:

— Smell from noise source
— Dust and air pollution

— Visual impact from noise source (e.g. changed view. disturbance of landscape or shad-
ows)

— Visbility of the sound source (visual screening by e.g. by trees)
— Vibrations from the noise source

— Indirect effects: Generation of more traffic

Especially for wind turbines the visual effects seem to have a significant influence. see
[41].

None of these effects are taken into account in the present version of the model.

7.6.2 Non-Acoustical Moderators related to Noise Reduction

There may be other changes in the environmental situation than a mere reduction of the
noise exposure when noise reducing arrangements are made. They may be:

anoise barrier changes the view (positive or negative)

— anoise barrier takes up room avalable for other purposes

— Shadows from a noise barrier

— amore time consuming route to shops. school or work

— Windows with good sound insolation in connection with small attenuated ventil ation

opening may give lessfresh air indoor

Such effects are not taken into account in the present model

7.7  Context

The context isall circumstances and conditions of significance for the annoyance, i.e. the
noise source, the situation, the location, the time of day, the surroundings, the working or
leisure situation, etc. in this section the emphasisis laid on the context variables at the ex-
posed persons.
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7.71

1.7.2

7.7.21

1.7.2.2

Activity

By the activity is meant the present occupation (what is the person doing during the stimu-
lus exposure). For environmental noise types the knowledge is not very specific, soitis
normally some average of home activities except for sleep where data for sleep distur-
bance are found, see Section 9.

For other types of noise, e.g. noise (including irrelevant speech) in open-plan offices, more
specific information on the work activity may be specified (e.g. mind work or conversa-
tion).

Time, Location and Expectation

Time of Day and Day in the Week

Noise events in the evening and at night have more serious effect with respect to annoy-
ance and disturbance than at daytime. Thisis caused by different vulnerability of activities
and different expectations for different parts of the day. For outdoor activities less masking
because of lower background noise may also play arole.

With regard to annoyance this effect is considered handled by using L gen, Wwhere 5 dB are
added to the evening levels and 10 dB are added to the night levels. More details can be
found in section 3.3.1 and [10].

For the night period sleep disturbancesis of special interest. Thisissue is described in sec-
tion 9.

Weekends are in the noise legidlation of some countries treated with a special penalty. Fur-
thermore the transition period between night and morning is one hour later in the weekend.
These effects are not included in the model at the present stage.

Seasonal Effects

In[10] it is stated (based on [45]) that when representative samples of the German popul a-
tion -during the summer period (May to September)- are asked about the annoyance due to
road traffic noise the percentage of annoyed peopleis about 70. even if the summer period
is not mentioned in the question. If they are asked the same question during the winter pe-

riod, the response is about 10% less.

If we compare this information with the dataiin Table 7 and Figure 25 (in the extrapolated
area) we find that a 10% decrease in percentage annoyed corresponds to 3 dB less noise.

Asthe data mentioned are general data (over the whole year) we may anticipate that the
seasonal noise sensitivity for road traffic noise can be approximated by

— Northern seasonal sensitivity = 1.5 * cos ( month/6* = + = ), dB
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— Southern seasonal sensitivity = 1.5 * cos ( month/6*r ), dB

These functions areillustrated in Figure 32.

15 e
1,0 AN e
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Northern hemisphere - ------ Southern hemisphere

Figure 32
Approximation to seasonal noise sensitivity for road noise.

This seasonal variation will probably be most relevant for countries where the population
spend more time outdoors in the summer than in the winter (where they mainly stay indoor
with closed windows). This means that this effect probably only is relevant for countries
with northern and southern latitudes in the range 30-70 degrees.

Since the observation is made for one type of source (road) in one country. the reliability is
set to 25% according to section 7.1.2.

7.7.2.3 Location

The type of location where the persons are exposed to the noise has a major influence on
the acceptance of the noise and thereby also on the annoyance. The main groupsin the
present model are: At home. office and recreational area (park or free nature).

At Home: “ Quiet facade”

For the home environment the presence of a quiet side of the dwelling. aquiet facade is
known to have significant influence on annoyance. The parameter for this effect is the dif-
ferencein Lge, between the most and the |east expose facade for a specific source type.
This effect is described in [7] and is yet not included in the model

At home: “ Ambient noise Levels’
The Lgen-level on the most and least exposed facade is not the only noise level of signifi-
cance for the annoyance in the home environment. Also the noise level in the surroundings
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is of significance. It isfound to be important if there are relatively quiet areas available
near the dwelling. This effect is described in [20] but is yet not included in the model.

At home:” Type of area”

In the Danish legidation there are different noise limits for multi-storeyed block of flats.
for areas with single-family detached houses and for summer cottage areas. No data has
been found for the effect of the area type. and it therefore not included in the model.
Maybe the investigations in the effect of soundscape may enlighten thisissue.

Recreational area

Two types of quiet areas are relevant: The relatively quiet areas as parksin cities or near
residential areas and then the free nature or nature reserve. In the parks relatively high
background levels (around L aeq = 40-45 dB) seem to be acceptable while in the free nature
or nature reserve any audible sound not belonging to the nature seem to disturb the experi-
ence of “natural silence”. Datafor these effects have not been found and is not yet in-
cluded in the model.

At work

Workplace noise differs from noise in the home in the sense that the levels may be higher
and that not all noise sources are under control of the individual. The annoyance of work-
place noise depends on the type of workplace (Indoor/outdoor work. production plant. of-
fice) and the type of work (manual or mind work).

In the “Genlyd” model only the annoyance from irrelevant speech and general background
noise (office machines, PC’s and ventilation) will be included in the model.

Expectation

Peopl€e’ s expectations to the noise levelsin different situations may influence the annoy-
ance. Expectations that are connected to the type of area— to the acoustic quality of an
area. time of day. work or leisure situation are taken into account by these issues.

Effects of expectation not related to the issues described in the other section may be:
— Annoyance may increase if the residents expect the noise to increase ([10] and [11])

— Expectations to the “acoustic” quality (quietness). Residents who expect live in aquiet
countryside may be more annoyed than farmers that live and work there. The expecta-
tion of a quiet countryside may also play arole for annoyance of wind turbine noise.

— If the noise is known to be of shorter duration (i.e. construction work) the annoyance
may be less

Datafor the mentioned effects are not found and they are yet not included in the model.
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7.8  Generalised Personal Factors

Special characteristics for specified group of persons may cause the responses and reac-
tions to deviate from the general average in a given context. Such characteristics are called
personal characteristics.

Personal factors are variables which are closely linked to an individual person or a group
and may vary considerable between individuals or groups. Personal characteristics cannot
be used for general noise/annoyance evaluations and abatement programs. unless the
group of persons considered. is known to deviate from the mean values for the population
in general on these factors.

A distinction shall be made between actual properties and perceived properties. The differ-
ence may be illustrated by the fact that from a statistical point of view it is safer to travel
by airplane than by car. but many people are more nervous for flying because they per-
ceive therisk as greater. For the personal factorsit isthe perceived or believed factors that
counts.

The effect of these factors depends on the factor. Table 18 gives an overview over the

magnitudes.
Approximate
Variable noise level
equivalent. dB
Fear 19
Noise sensitivity 11
Age 5
Dependency on sound source 2
Education 2
Household size 2
Use of noise source 2
Homeownership 2
Occupation 1
Gender 0
Table 18

The approximate maximal noise equivalent effect in dB of the effect on transportation
noise for different variables according to [ 26] .

The specific influences on the annoyance of each of the mentioned factors are treated in
detail in the succeeding sections. The following sections are mainly based on the informa-
tion in [26] which is transformed to fit into the general formulas of the present annoyance
model.
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7.8.1 Fear

Studies on aircraft noise have shown that fear (the subjective feeling rather than the objec-
tive risk) of an aircraft crashing in the neighbourhood is related to noise annoyance. The
fear variable is the most important non-acoustic variable to be mentioned in aircraft noise
studies followed by noise sensitivity. even with stronger correlations than the acoustic
variables.

Studies of noise annoyance for other modes of transportation (road and rail) show that fear
also have an effect for the annoyance from these sources. although it isless.

The feeling of fear may be measured on a 0-10 scale similar to the scale shown in Figure 8
by using questions as:

— Would you please estimate how much you feel afraid or worried about a possible plane
crash in this neighbourhood?

— How concerned are you that atraffic accident will occur near your home?
— When you hear trains go by. how much do feel there is a danger they may crash
nearby?

The answers on the 0-10 scale may be transformed into a 0-100 point fear scale.

In [26] the extra annoyance (on the expected annoyance EA 0-100 scale) is estimated in
three categories as shown in Table 19.

Fear Number of
Low Medium High (67-100) | Respondents

Fear. category 0-32. mean: 16 | 33-66. mean: 50 | 67-100. mean: 84
ExtraEA. Air- 0 16.8 30.2
craft 14373
Distrib. Aircraft 63% 21% 16%
ExtraEA. road 0 5.7 135

. 2008
Distrib. road 43% 19% 38%
ExtraEA. train 0 14.4 43.17?

1113

Distrib. train 86% 13% 1%

Table 19
Extra noise annoyance on the EA scale 0-100 for transportation noise relative to the cate-

gory “low fear” . The validity rangeis45-75 dB DNL. The High fear value for trainsis
doubtful (to few respondents) and is excluded from the further analysis.
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Figure 33

The extra noise annoyance (scale 0-100) caused by fear (scale 0-100) for transportation
noise relative to the category “low fear” . The (linear) validity range is 45-75 dB DNL

The data from Table 19 is shown in Figure 33.

The deviation. Abxey . from the mean annoyance score caused by deviations from the mean
fear can be described as:

Aircraft:  Abgey = 0.4441 - fear — 15.11 Equation 16
Road: Abfeyr = 0.1985 - fear — 9.59 Equation 17
Raillway:  Abtey = 0.4235 - fear —6.78 Equation 18

According to the datain Table 19, the mean fear is: 34 for aircraft, 48 for road traffic and
21 for railways.

Until now we there are found no data for stationary sources, such asindustry and wind
turbines. We anticipate that the fear pattern of such sources most likely will be closer to
the fear properties of railways than to the fear properties of road traffic or aircrafts. Asa
consequence the extra annoyance caused by fear for stationary sources are calcul ated ac-
cording to Equation 18.
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From Equation 11 and Equation 19, Af;e can be found from the different noise sources:

_Ab
Af gy = ——

Equation 19

The values of a can be found in Table 1 for different noise sources and for different pa-
rameters for annoyance.

The datain Figure 33 stems from traffic noise surveys with 1113-14373 respondents (see
Table 19). The reliability is high: 80%. At the moment we don’t have data for stationary
noi se sources but it seems reasonable that the effects on Af are the same for these. The re-
liability isin these cases are set to 20%.

When a specific fear value is used instead of the average fear value, then the slope of the
does-response curve isincreased, see Section 6.6.1.

The Afq values corresponding to half the difference between the low and high class of fear
isstated in Table 20. The corresponding s,-values for fear, Sy Can then be found from
Table 1 by interpolation.

%LA %A %HA AS. EA
Afy Afy Afy Afy
Air 6.11 6.11 5.94 8.10
Road 2.73 2.68 241 3.44
Rail 571 541 4.94 7.02
Industry 6.42 5.78 4.87 7.16
Shunting 6.37 6.66 6.35 7.98
Seasonal 5.52 4.73 4.80 5.96
Wind Turb. 3.10 3.14 3.27 3.25

Table 20
The Afy values corresponding to half the difference between the

low and high class of fear (values 16 and 84 on a 0-100 fear scale).

When a specific fear value is used then the reliability factor Relq, for fear. Relsey 1S Set to
20%.
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7.8.2 Noise Sensitivity

Noise sensitivity is one of the factors that influence the relationship between noise expo-
sure and reaction. According to [25] the correlation of noise sensitivity with subjective
reactionsto noiseisin the order of 0.3, and it explainsin the order of 9% of the variance in
the reaction. The difference in noise annoyance between low and high noise sensitive per-
sons (three categories: low. medium and high) was equal to the difference caused by an 11
dB change of the noise exposure (noise metric DNL). There isaweak or no relation be-
tween noise exposure and noise sensitivity. Thisindicates that noise annoyance and noise
sensitivity are different factors and not only different ways of measuring noise annoyance.

Operational definitions of noise sensitivity are based on different types of questions:
1. self reported characterization of noise sengitivity
2. self-reported general attitudes toward noise
3. self-reported general reactions to noise in specific situations

A physiological method of measuring noise sensitivity is not available, because thereis no
theory specifying the relation between a physiological measure and classifications in the
basis of answers to noise sensitivity questions. It should be noted that noise sensitive per-
sons do only rate noise as being dightly louder for sound pressure levels above 75 dB [3].

A typical singleitem question of type 1is. “In general. how sensitive to noise are you?’,
with options “not at all”. “alittle’. “moderately” . “considerably” and “extremely”.

In general a scale constructed from multiple items measuring the same attribute is more
reliable than the response to a single item.

A guestionnaire with a set of 21 noise sensitivity questions has been formulated by
Weinstein [47], and a 9-item questionnaire has been formulated by Zimmer and Eller-
meier. A comparison of the types of questionsin the two questionnairesis givenin Table
21.
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Type of question Welinstein Zimmer/Ellerm.

1. Noise makes you behave 2 2
different (choices and be-
haviour)

2. Noisedisturbsyou ( at 7 4
work. whwn sleeping or
relaxing)

3. Acceptance of noise (tol- 9
erance. habituation)

4. Notice noise (awareness. 2 3
sensitivity)
5. Annoyance (annoyance. 2

irritation. bothering)

6. Well being after noise ex- 2
posure

Table21

Groups (types) and number of questions of each type for the 21 point Weinstein and the 9-
item Zimmer/Ellermeier questionnaire for measuring noise sensitivity. Some questions
may contribute to two groups.

Asthe Weinstein questionnaire originally is meant for another purpose it includes ques-
tions on noise annoyance. These should be excluded when we want to measure the influ-
ence of noise sensitivity on annoyance. Furthermore it includes questions on tolerance.
The answers to such question may include other personality traits than noise sensitivity.
Questions on annoyance and tolerance are not included in the Zimmer/Ellermeier ques-
tionnaire, and therefore we find this more suitable in relation to investigations of the rela-
tions between noise exposure and noise annoyance. Anyway, a high correlation (0.79) be-
tween the two scalesis found, and for both there is a high degree of test-retest stability
[48]. Thetest retest stability is better than for the single item question on noise sensitivity.

A trangdlation from German into English and Danish of the Zimmer/Ellermeier question-
naireisgiven in appendix 11 and 12. Scores are 0-3 for each question with scales for ques-
tions1, 3, 4, 7 and 9 reversed. The most sensitive persons will obtain a score on 27. The
scores shall be multiplied by 100/27 for conversion to a 0-100 noise sensitivity scale. Ac-
cording to [25] the mean noise sensitivity is47. Thisvalue is used for the further computa-
tions.
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It should be noted that the influence on annoyance stated below stems from single item
measurements of noise sensitivity.

In [26] the extra annoyance (on the expected annoyance EA 0-100 scale) is estimated as

shown in Table 22.

Noise sensitivity
Low Medium High (67-100)
Sensitivity category 0-32 (mean: 16) 33-66 (mean: 50) 67-100 (mean: 84)
Extra annoyance 0 6.8 16.0
Distribution 46% 32% 22%
Table 22

Extra noise annoyance (scale 0-100) for transportation noise relative to the category “ low
sensitivity” . The data are based on 15171 respondents. The (linear) validity range is 45-
75 dB DNL.

The weighted mean sensitivity based on the figuresin the table is 42.

25

y = 0,2353x - 4,1647
R? = 0,9926

20 -

100

Ekstra annoyance (Scale 0-100)

Noise sensitivity

Figure 34
The extra noise annoyance (scale 0-100) caused by noise sensitivity (scale 0-100) for
transportation noise relative to the category “ low sensitivity” . The data are based on
15171 respondents. The (linear) validity range is 45-75 dB DNL.
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The data from Table 22 is shown in Figure 34. It is seen from the figure. that the extreme
difference in annoyance caused by different noise sensitivity is 23.5 on the 0-100 scale.

The deviation, Abngise sens - from the mean annoyance score caused by deviations from the
mean noise sendtivity can be described as.

ADngise sens = 0.2353 - noise sensitivity — 11.06 Equation 20

From Equation 11 and Equation 20, Afpgisesens CaN be found:

—Ab —0,2353- noisesensitivity +11,06 .
Af hoisesens = n(;smens = a y+11 Equation 21

The value of acan be found in Table 1 for different noise sources and for different pa-
rameters for annoyance.

The datain Figure 34 stems from traffic noise surveys with in total 15171 respondents.
Thereliability is high: 80%. At the moment we don’'t have data for other noise sources but
it seems reasonable that the effects on Af are the same for other sources and situations. The
reliability in these casesis set to 20%.

When specific noise sensitivity is used instead of the average then the slope of the does-
response curve is increased. see Section 6.6.1.

The Afq values corresponding to half the difference between the low and high class of
noise sensitivity is stated in Table 23. The corresponding s, values for noise sensitivity.
Shoise sens CaN then be found from Table 1 by interpolation.

%LA %A %HA AS. EA

Afq.dB Afg.dB  Afg.dB  Afy.dB
Air 3.24 3.24 3.15 4.29
Road 3.24 3.18 2.86 4.08
Rail 3.18 3.01 2.75 3.90
Industry 3.57 321 271 3.98
Shunting 3.54 3.70 3.53 4.43
Seasonal 3.06 2.63 2.67 331
Wind Turb. 1.72 1.75 1.82 181

Table 23
The Afy values corresponding to half the difference between the low and high class of
noise sensitivity (values 16 and 84 on a 0-100 noise senditivity scale).

When specific noise sensitivity is used then the reliability factor Relg, for noise sensitivity.
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According to [25] there is an interaction between the noise level and the noise sensitivity.
Thisinteraction is not included in the model.

7.8.3 Age

Age has an effect on annoyance. It is not alinear function so it will not appear in data if
linear regression is used as atool.

The scale for age is simply the age of the personsin years.

In [26] the extra annoyance (on the expected annoyance EA 0-100 scale) is estimated as
shown in Table 28.

Age
10-19 20-29 30-39 40-49 50-59 60-69 70+
Mean of cat 15 25 35 45 55 65 75
Extra Ann -5.6 -15 0 0.4 -0.7 -2.1 -4.2
Distribution 3% 18% 20% 19% 17% 15% 8%

Table 24

Extra noise annoyance (scale 0-100) for transportation noise relative to the category “ 30-
39" . The data are based on 42496 respondents. The (linear) validity rangeis 45-75 dB
DNL.

The weighted mean age based on the figuresin the table is 45.6 years.
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3 y = 0,000075x° - 0,015888x2 + 0,929393x - 16,134592
2 R? = 0,996941

Ekstra annoyance (Scale 0-100)
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Figure 35
The extra noise annoyance (scale 0-100) caused by age for transportation noise relative to

the category “ 30-39” . The data are based on 42496 respondents. The (linear) validity
range is45-75 dB DNL.

The datafrom Table 24 is shown in Figure 35. It is seen from the figure. that the extreme
difference in annoyance caused by age is 4.6 on the 0-100 scale.

The deviation, Abage, from the mean annoyance score caused by deviations from the mean
age of 45.6 years can be described as:

Abgge = 0.000075* (age)*-0.0159* (age) *+0.929* age-16.415 Equation 22

From Equation 11 and Equation 22, Af e can be found:

—Ab _ . aged .age? —0.929. .
A _ ~Abage _ —0.000075- age® +0.0159- age” ~ 0.929- age-+16.415 Equation 23

a a

The value of acan be found in Table 1 for different noise sources and for different pa-
rameters for annoyance.

The datain Figure 37 stems from traffic noise surveys with in total 42496 respondents.
The reliability is high: 80%. At the moment we don’t have data for other noise sources
than transportation, but it seems reasonabl e to assume that the effects on Af is of the same
magnitude as for other sources and situations. The reliability isin these cases set to 20%.
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When a specific age group is used instead of the average then the dope of the dose-
response curve is increased, see Section 6.6.1.

The Afg-values corresponding to half the difference between 20 and 40 years of age is
stated in Table 29. The corresponding s,-values for age, Sye,can then be found from Table
3 by interpolation.

%LA %A %HA AS. EA

Afy Afy Afy Afy
Air 0.75 0.75 0.73 0.99
Road 0.75 0.73 0.66 0.94
Rail 0.73 0.70 0.64 0.90
Industry 0.82 0.74 0.63 0.92
Shunting 0.82 0.86 0.82 1.02
Seasonal 0.71 0.61 0.62 0.77
Wind Turb. 0.40 0.40 0.42 0.42

Table 25

The Afg-values corresponding to half the difference
between 20 and 40 years according to Equation 23.

When a specific age group is used then the reliability factor Rels, for age. Rel e IS set to
20%.

7.8.4 Dependency on Noise Source

Persons who are economically dependent on the transport activities that cause the noise
seem to be dightly less annoyed by the noise fromit.

The question behind the datain Table 26 (“Are you or anyone in the family employed at
thistimeat ...) gives only two answering categories: Y es or no. Anyway the underlying
variable may be continuous; If the one or more persons are employed the family may be
more or |less dependent. Therefore this variable istreated like other continuous variables as
e.g. noise sengitivity in thismodel. The answer “Yes’ is set to the average of the interval
50-100 on the 0-100 dependency scale. For the answer “No” we must anticipate that there
is no direct dependency, so we must anticipate the value is zero for most of the respon-
dents and a higher value for only afew who may be indirectly dependent. In the table the
“No” is set to zero.

In [26] the extra annoyance (on the expected annoyance EA 0-100 scale) is estimated as
shown in Table 26.
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Dependency
No Yes
Dependency 0 50-100 (mean: 75)
Extra annoyance 0 -3.6
Distribution 91% 9%
Table 26

Extra noise annoyance (scale 0-100) for transportation noise relative to the category
“No” . The data are based on 21516 respondents. The (linear) validity range is45-75 dB
DNL

The weighted mean dependency based on the figuresin the tableis 6.8.

Ekstra annoyance (Scale 0-100)

0 20 40 60 80 100

Dependency of noise source

Figure 36

The extra noise annoyance (scale 0-100) caused by dependency (scale 0-100) for trans-
portation noise relative to the category “ Medium’ . The data are based on 21516 respon-
dents. The (linear) validity range is 45-75 dB DNL.

The data from Table 26 is shown in Figure 36. It is seen from the figure. that the extreme
difference in annoyance caused by different dependency is 4.8 on the 0-100 scale.
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The deviation, Abgependency, from the mean annoyance score caused by deviations from the
mean dependency can be described as:

Abgependency = -0.048 - dependency + 0.32 Equation 24

From Equation 11 and Equation 34, Af gependency Can be found:

~Abgependency  0.048- dependency —0.32

Equation 25
a a

Af dependency —

The value of acan be found in Table 1 for different noise sources and for different pa-
rameters for annoyance.

The datain Figure 36 stems from traffic noise surveys with in total 21516 respondents on
the dependency. The reliability is high: 80%. At the moment we don’t have data for other
noise sources than transportation so in lack of data we will assume that the effects on Af is
of the same magnitude the for other sources and situations. The reliability isin these cases
set to 10%.

When a specific dependency is used instead of the average then the slope of the does-
response curve is increased, see Section 6.6.1.

The Afy values corresponding to half the difference between the “No” and “Yes’ depend-
ency is stated in Table 27. The corresponding s, values for dependency. Syependency Can then
be found from Table 1 by interpolation.

%LA %A %HA AS. EA

Afy Afy Afy Afy
Air 0.73 0.73 0.71 0.97
Road 0.73 0.71 0.64 0.92
Rail 0.71 0.68 0.62 0.88
Industry 0.80 0.72 0.61 0.89
Shunting 0.80 0.83 0.79 1.00
Seasonal 0.69 0.59 0.60 0.74
Wind Turb. 0.39 0.39 0.41 0.41

Table 27

The Afy values corresponding to half the difference between the “ NO” and “ Yes’” category
of dependency (values 0 and 75 on a 0-100 dependency scale).

When a specific dependency is used then the reliability factor Rels, for dependency. Rel ge
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According to [41] the effect of an economical interest in the running of awind turbine on
the annoyance of the noiseisonly at the border of being significant. This effect is not in-
cluded in the model.

7.8.5 Education

The education level is divided into four categories:

1% competed primary school

2" Completed secondary school. high school

High: Completed higher education that does not lead to afirst university de-
gree

University: University first degree and postgraduate level
These four categories are transformed into a 0-100 education level scale.

In [26] the extra annoyance (on the expected annoyance EA 0-100 scale) is estimated as
shown in Table 28.

Education

1 2" High University
Education 0-24 (mean: 12) | 25-49 (mean: 37) | 50-74 (mean: 62) | 75-100 (mean:
level 87.5)
Extra annoy- -1.0 0 0.7 2.3
ance
Distribution 35% 45% 11% 9%
Table 28

Extra noise annoyance (scale 0-100) for transportation noise relative to the category “ 2™
level” . The data are based on 32254 respondents. The (linear) validity range is45-75 dB
DNL.

The weighted mean education level based on the figuresin the table is 36.
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y = 0,0422x - 1,5931
R? = 0,9735

Ekstra annoyance (Scale 0-100)
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Figure 37

The extra noise annoyance (scale 0-100) caused by education level (scale 0-100) for
transportation noise relative to the category “ 2" . The data are based on 32254 respon-
dents. The (linear) validity range is 45-75 dB DNL.

The datafrom Table 28 is shown in Figure 37. It is seen from the figure. that the extreme
difference in annoyance caused by different level of education is 4.2 on the 0-100 scale.

The deviation. Abgy,caion - from the mean annoyance score caused by deviations from the
mean education can be described as:

ADggucation = 0.0422 - education — 1.5931 Equation 26

From Equation 11 and Equation 26, Afequcaion CaN be found:

~AD gicaion  —0.0422. education +1.5931

Equation 27
a a

Af education =

The value of acan be found in Table 1 for different noise sources and for different pa-
rameters for annoyance.

The datain Figure 37 stems from traffic noise surveys with in total 32254 respondents.
Thereliability is high: 80%. At the moment we don’'t have data for other noise sources
than transportation but it seems reasonable that the effects on Af is of the same magnitude
the for other sources and situations. The reliability isin these cases set to 20%.
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When a specific education is used instead of the average then the slope of the does-
response curve is increased, see Section 6.6.1.

The Afq values corresponding to half the difference between the “1st” and the University
class of education is stated in Table 29. The corresponding s, values for education. Segucation
can then be found from Table 3 by interpolation.

%LA %A %HA AS EA
Afy Afy Afy Afy
Air 0.64 0.64 0.63 0.86
Road 0.64 0.63 0.57 0.81
Rail 0.63 0.60 0.55 0.78
Industry 0.71 0.64 0.54 0.79
Shunting 0.70 0.74 0.70 0.88
Seasonal 0.61 0.52 0.53 0.66
Wind Turbines 0.34 0.35 0.36 0.36

Table 29

The Afy values corresponding to half the difference between
the“ 1st” and the University class of education (values 12
and 87.5 on a 0-100 education scale).

When a specific education is used, then the reliability factor Rels, for education, Rel egucation,
is set to 20%.

7.8.6 Household Size

The number of personsin a household has a weak an effect on annoyance. It is not alinear
function so it will not show up if linear regression is used as atool.

The scale for household size is simply the number of personsind the household.

In [26] the extra annoyance (on the expected annoyance EA 0-100 scale) is estimated as
shown in Table 28.

Household size
1 2 3 4 5+
Extra Ann -2.7 0 0.1 -0.6 -05
Distribution 14% 30% 20% 19% 17%

Table 30
Extra noise annoyance (scale 0-100) for transportation noise relative to the category “ 2" .
The data are based on 27241 respondents. The (linear) validity range is 45-75 dB DNL.
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The weighted mean household size based on the figuresin the table is 3.0 persons.

3 y = 0,2833x° - 2,9786x> + 9,6381x - 9,64
2 R? = 0,9999

Ekstra annoyance (Scale 0-100)
o
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Household size, number of persons

Figure 38

The extra noise annoyance (scale 0-100) caused by household size for
transportation noise relative to the category “ 2" . The data are based on
27241 respondents. The (linear) validity range is 45-75 dB DNL.

The data from Table 30 is shown in Figure 38. It is seen from the figure, that the extreme
difference in annoyance caused by household sizeis 2.7 on the 0-100 scale.

The deviation, Abnhousehold sizes from the mean annoyance score caused by deviations from the
mean household size of 3.0 persons can be described as:

Abhousshoidsize = 0.2833* (household size)®

2.9786* (household siz6)°+9.6381* (household size)-0.74  Couation 28

The relation will hold for the range 1-5 persons. For more than 5 personsthe value5is
used. Non integer input values are relevant for the average number of personsin a group of
households.

From Equation 11 and Equation 28, Afpousehold size CaN be found:

- Abage _ —0.2833- householdsi ze® + 2.9786- householdsize? — 9.6381- householdsize+ 9.74
a a

Af age =

Equation 29
The equation is valid for household size 1-5. For household size > 5, household size = 5.
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The value of acan be found in Table 1 for different noise sources and for different pa-
rameters for annoyance.

The datain Figure 38 stems from traffic noise surveys with in total 27241 respondents.
The reliability is high: 80%. At the moment we don’t have data for other noise sources
than transportation but it seems reasonabl e to assume that the effects on Af is of the same
magnitude for other sources and situations. The reliability isin these cases set to 20%.

When a specific household size group is used instead of the average then the dope of the
does-response curve isincreased, see section 6.6.1.

The Afq values corresponding to half the difference between household sizes of 1 and 3
persons of is stated in Table 29. The corresponding s,-values for household size, Shousenold
size, CaN then be found from Table 1 by interpolation.
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% LA % A % HA AS EA

Afy Afy Afy Afy
Air 0.57 0.57 0.55 0.76
Road 0.57 0.56 0.50 0.72
Rail 0.56 0.53 0.48 0.69
Industry 0.63 0.56 0.48 0.70
Shunting 0.62 0.65 0.62 0.78
Seasonal 0.54 0.46 047 0.58
Wind turbines 0.30 0.31 0.32 0.32

Table 31
The Afy values corresponding to half the difference between household sizes of 1 and 3
persons according to Equation 29.

When a specific household size group is used, then the reliability factor Rels, for house-
hold size, Re household sizes is set to 20%.

7.8.7 Use of Noise Source

Persons who often use a specific means of transportation are dightly less annoyed by the
noise from it.

The question about the use of transportation is: “Looking back at the last 12 month. how
many times have you ...” The answers could be given in anumber of categories: Never.
seldom. ...or the categories could be asociated with the number of times the mean of trans-
portation has been used. The answersin the categories are then transformed into an 0-100
scale for use of the mean of transportation

In [26] the extra annoyance (on the expected annoyance EA 0-100 scale) is estimated as
shown in Table 22.

Use of noise source
Not Low Use High
Use category 0-24 (mean: 12) | 25-49 (mean: 37) | 50-74 (mean: 62) 75-100
(mean: 87.5)
Extra annoyance 0 -0.9 -1.3 -2.2
Distribution 40% 13% 29% 18%

Table 32
Extra noise annoyance (scale 0-100) for transportation noise relative to the category “ no
use’ . The data are based on 16800 respondents. The (linear) validity range is 45-75 dB

DNL.
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The weighted mean use of sound source based on the figuresin the table is 43.

y = -0,0278x + 0,2816
R? = 0,9805

Ekstra annoyance (Scale 0-100)
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Figure 39
The extra noise annoyance(scale 0-100) caused by use of sound source (scale 0-100) for

transportation noise relative to the category “ not used” . The data are based on 16800 re-
spondents. The (linear) validity range is 45-75 dB DNL.

The data from Table 32 is shown in Figure 39. It is seen from the figure. that the extreme
difference in annoyance caused by different use of sound source is 2.8 on the 0-100 scale.

The deviation. Ab, . from the mean annoyance score caused by deviations from the mean
use of sound source can be described as:

Abyse =-0.0278 - use of sound source + 0.2816 Equation 30

From Equation 11 and Equation 20, Af,s can be found:

Ay = —Al;use _ 00278 uze—0.2816 Equation 31

The value of acan be found in Table 1 for different noise sources and for different pa-
rameters for annoyance.

The datain Figure 39 stems from traffic noise surveys with in total 16800 respondents.
The reliability is high: 80%. At the moment we don’t have data for other noise sources but
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it seems reasonable that the effects on Af are the same for other sources and situations. The
reliability isin these cases set to 20%.

When a specific use of sound sourceis used instead of the average then the slope of the
does-response curve isincreased, see Section 6.6.1.

The Afy values corresponding to half the difference between the “not used” and high class
of use of sound source is stated in Table 33. The corresponding s, values for use of sound
source. Sy can then be found from Table 3 by interpolation.

%LA %A %HA AS, EA
Afg Afy Afy Afy
Air 0.42 0.42 0.41 0.56
Road 0.42 0.42 0.38 0.53
Rail 0.42 0.39 0.36 0.51
Industry 0.47 0.42 0.35 0.52
Shunting 0.46 0.49 0.46 0.58
Seasonal 0.40 0.34 0.35 0.43
Wind turbines 0.23 0.23 0.24 0.24

Table 33
The Afg-alues corresponding to half the difference between the “ not used” and high class
of use of sound source (values 12 and 87.5 on a 0-100 use of sound source scale).

When a specific use of sound source is used, then the reliability factor Rels, for use of
sound source. Rel S set to 20%.

7.8.8 Home Ownership

People who own their home are more concerned about noise than other. Thishas a (small)
effect on the annoyance. Asillustrated in Figure 6 this effect may be caused by concern
about devaluation of the home.

In [26] the extra annoyance (on the expected annoyance EA 0-100 scale) is estimated as
shown in Table 34.
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Home owner ship
Renter Owner
Home ownership 0 100
Extra annoyance 0 23
Distribution 44% 56%

Table 34

Extra noise annoyance (scale 0-100) for transportation noise relative to the category
“Renter ” . The data are based on 33343 respondents. The (linear) validity rangeis 45-75
dB DNL.

The weighted mean home ownership based on the figuresin the table is 56. corresponding
to that 56% own their home.

y = 0,023x + 0,000

Ekstra annoyance (Scale 0-100)
o
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Home ownership, %
Figure 40
The extra noise annoyance (scale 0-100) caused by home ownership for transportation

noise relative to the category “ Renter” (=0). The data are based on 33343 respondents.
The (linear) validity range is 45-75 dB DNL.

The data from Table 34 is shown in Figure 40. It is seen from the figure. that the extreme
difference in annoyance caused by different home ownership is 2.3 on the 0-100 scale.
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The deviation, Abnome ownership, from the mean annoyance score caused by deviations from
the mean home ownership can be described as:

Abnhome ownersip = 0.023 - home ownership — 1.29 Equation 32

From Equation 11 and Equation 32, Afhome ownersnip €aN be found:

~ABhomeownersip  —0.023- hom eownership +1.29

Equation 33
a a

Af homeownership =

The value of acan be found in Table 1 for different noise sources and for different pa-
rameters for annoyance.

The datain Figure 40 stems from traffic noise surveys with in total 33343 respondents on
the home ownership. The reliability is high: 80%. At the moment we don’t have data for
other noise sources than transportation but it seems realistic to assume that the effects on
Af is of the same magnitude the for other noise sources. The reliability isin these cases set
to 20%.

When a specific home ownership is used instead of the average ownership then the slope
of the does-response curve isincreased, see Section 6.6.1.

The Afy values corresponding to half the difference between the “Renter” and “Owner” is
stated in Figure 28. The corresponding s, values for home ownership. Shome ownersiip €aN
then be found from Table 1 by interpolation.

%LA %A %HA AS A
Afy Afy Afy Afy
Air 0.47 0.47 0.45 0.62
Road 0.47 0.46 0.41 0.59
Rail 0.46 0.43 0.39 0.56
Industry 0.51 0.46 0.39 0.57
Shunting 0.51 0.53 0.51 0.64
Seasonal 0.44 0.38 0.38 0.48
Wind Turb. 0.25 0.25 0.26 0.26

Table 35
The Afy values corresponding to half the difference between the “ Renter” and “ Owner”
category of home ownership (values 0 and 100 on a 0-100 home owner ship scale)

When a specific home ownership is used, then the reliability factor Rels, for home owner-
g’“ p, Rel homeowners]""p, |S %t tO 20%.
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7.8.9 Occupation

The occupational statusis not self evident and involves a subjective judgment. Three cate-
gories are used: Low. medium and high. The status is determined for the member with the
highest status in the household. Unemployed persons were excluded for the analysis.

These three categories are transformed into a 0-100 occupational status scale.

In [26] the extra annoyance (on the expected annoyance EA 0-100 scale) is estimated as
shown in Table 36.

Occupational status

Low Medium High

Occupational status | 0-32 (mean: 16) 33-66 (mean: 50) | 67-100 (mean: 84)

Extra annoyance -0.9 0 0.7
Distribution 24% 42% 34%
Table 36

Extra noise annoyance (scale 0-100) for transportation noise relative to the category “ 2™
" . The data are based on 27018 respondents. The (linear) validity range is 45-75 dB DNL

The weighted mean occupational status based on the figuresin the tableis 53.
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y = 0,0237x - 1,2436
R? = 0,9942

Ekstra annoyance (Scale 0-100)
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Figure4l

The extra noise annoyance (scale 0-100) caused by occupational status (scale 0-100) for
transportation noise relative to the category “ Medium” . The data are based on 27018 re-
spondents. The (linear) validity range is 45-75 dB DNL.

The data from Table 36 is shown in Figure 41. It is seen from the figure that the extreme
difference in annoyance caused by different occupational statusis 2.4 on the 0-100 scale.
Thisisless than the effect of education, which may be caused by the more accurate and
unambiguous classification of the education level.

The deviation, Abgceupaion, from the mean annoyance score caused by deviations from the
mean occupationa status can be described as:

Abgceupation = 0.0237 - occupational status — 1.2436 Equation 34

From Equation 11 and Equation 34, Afocepaion CaN be found:

—Aboceupation  —0.0237- occupation +1.2436 .
Af oecupation = a = a Equation 35

The value of acan be found in Table 1 for different noise sources and for different pa-
rameters for annoyance.

The datain Figure 41 stems from traffic noise surveys with in total 27018 respondents on
the occupational status. The reliability is high: 80%. At the moment we do not have data
for other noise sources than transportation but it seems reasonable that the effects on Af is
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of the same magnitude the for other sources and situations. The reliability isin these cases
set to 20%.

When a specific occupationa statusis used instead of the average then the slope of the
does-response curve isincreased, see Section 6.6.1.

The Afy4 values corresponding to half the difference between the low and high occupational
status is stated in Table 37. The corresponding s, values for occupational status. Soccupation
can then be found from Table 3 by interpolation.

%LA %A %HA AS EA

Afq Afq Afq Afq
Air 0.33 0.33 0.32 0.43
Road 0.33 0.32 0.29 0.41
Rail 0.32 0.30 0.28 0.39
Industry 0.36 0.32 0.27 0.40
Shunting 0.36 0.37 0.36 0.45
Seasonal 0.31 0.26 0.27 0.33
Wind Turb. 0.17 0.18 0.18 0.18

Table 37

The Afy values corresponding to half the difference between low and high category of oc-
cupational status (values 16 and 84 on a 0-100 occupational status scale).

When a specific occupational statusis used then the reliability factor Rels, for occupa-
tional status. Rel oceupaiion 1S Set to 20%.

7.8.10 Gender

Men and women react in asimilar way to transportation noise. so the gender has no effect
0N Noise annoyance.

7.8.11 Control

The perceived control over the sound source. (i.e. if the person exposed to the noise has
control over the source or is the user of it) may have a mgjor influence on the annoyance.

So far the model is based on surveys on the reaction to environmental noise where the in-
dividual respondents rarely can do anything about the noise sources.

Asno data are found for the influence of the possibility of controlling the noise source it it
not part of the model although it is believed to be an important moderator in general.
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7.8.12 Attitude

The attitude to the sound source may be seen as a number of reasons each of which may
moderate the annoyance. It is chosen to synthesise these reasons into one moderator called
attitude.

It isthe thought that a questionnaire may be constructed to cover the issues mentioned in
this section. The answers may then be combined into a single number after the same prin-
ciples as used for the noise sensitivity questionnaire (see 11 Appendix).

The attitudinal issues may be social or personal. Social and general characteristics are
linked to noise situations shared to a considerable degree between the individuals of a so-
ciety: railway systems are generally evaluated more positively that airline systems. be-
cause they are perceived as being less dangerous to the general public. Social characteris-
tics are thought to be the result of a social development shared by larger groups of the so-
ciety. Some factors will appear both as socia and as personal factors. Social characteristics
can be used for general annoyance evaluations and for noise/annoyance abatement pro-
grams.

Social attitudinal factors are such as:

— socia evaluation of the source being unhealthy

the source isimportant and useful for the society

— Will the source spoil the nature or the wild life

the source isgiving less air pollution (wind power)

Does the noise source fit in the history of the area?

For airport noise the the correlation coefficients of annoyance with importance of the noise
has found to be 0.15 to -0.28 i.e. afraction of explained variance R? = 2-8% [10]. For wind
turbines the significance of wind power for the annoyance was R*= 13% [41].

Mainly personal attitudinal factors are:

— Attitude to the specific sound source in the specific neighbourhood (Do | want it here?
NIMBY — Not In My Back Y ard)

— Fear of or belief that the noise source has harmful effects. the most important non
acoustic moderator according to [10]

— Feeling that the noise annoyance is preventable
— Did we have influence on the planning process?
— Detailed knowledge about the sound source

— Perceived fairness of the authorities or the source ownersin the planning process
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— Trust or misfeasance to source authorities (noise abatement programs will be more effi-
cient in reducing the annoyance if the inhabitants trust the authorities [10]).

More information may be found in [17] and [44].

Asit seen above a number of different issues are relevant for the attitude so a sound
source. It may be difficult to find the influence for each of these on the dose-response
curve. Therefore one single number (e.g. ranging from 0 to 100) that describes the attitude
to a sound source may be more useful. An untested draft for a questionnaire on attitude is
givenin 13 Appendix.

The attitudinal factor is not yet part of the model.

7.8.13 Personal Situation and Personal Capabilities

The annoyance is also likely to be moderated by the person situations such as the stress
level (on the workplace and at home) the persons coping capacity and the satisfaction with
residential aspects and with lifein general.

No data for these effects have been found and it is not included in the mode!.

7.9  Effect of Moderators

In box 9 in Figure 19 the combined effect of the moderators are expressed as horizontal
displacements and as a change in the slope of the norm curves described in section 7.2.
The magnitude of each of these effects are described and quantified in sections 7.3to 7.8

710 Level-Annoyance Logistic Function
In box 10 in Figure 19 the specific logistic functions are defined. Information on this can
be found in sections 6 and 7

711 Immediate Annoyance

The immediate annoyance is defined in Section 3.3.4 as the annoyance of a specified
stimulusin a specified context for specified persons when the noise actually is present dur-
ing or immediately before the evaluation of that particular noise.

It istypically the immediate annoyance (potential) which is measured in experiments (see
remark in Section 3.2).

712 Integration over Time

Box 12 in Figure 19 represents integration over time of the immediate annoyance.
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7.13  Accumulated Specific Annoyance

The accumulated specific annoyance is defined in Section 3.3.4 as the annoyance of a spe-
cified stimulusin a specified context for specified persons integrated over time and experi-
ences.

7.14 Integration over Activities

A part of the context is the activities of the exposed persons. How annoyed a persons are
depends on the task or leisure situation. Sleep isalso a sort of activity.

For the home situation we are normally interested in the annoyance averaged over differ-
ent home activities. Sleep disturbance is an exception from this. For an office situation we
may want to distinguish between mind work and manual work.

The activity is part of the context.

7.15 Integration over Specified Locations

For the home situation the context may be indoor (e.g. in rooms facing anoisy road or the
opposite. aroom behind the “silent facade”). or outdoor in a garden or at a balcony. The
noise exposure at different locations at home is usually not the same.

When we integrate over the specified locations “ At home” we get the average response for
home locations.

7.16 Integration over generalised personal factors

Thisbox in Figure 19 represents an integration over the personal factors specified in Sec-
tion 7.8.

7.17  Global Annoyance

The global annoyance (for environmental noise aso called the community response to
noise) is defined in Section 3.3.3 as the average response of large groups of persons at cer-
tain noise levels. The global annoyance expresses the average holistic experiences of a
large group of persons over time, activities and locations without reference to specific in-
cidents and contexts.

The norm curvesin section 7.2 express the global annoyance.
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8. Overview of Effects and Parameters in the Model

Table 38 gives an overview of most of the factors and moderators of relevance for the an-
noyance reaction mentioned in the preceding sections.

Sour ces Sound propagation L ocation
Road Sound insulation Type of area
Air Facade Average
Train To neighbours Town
Wind turbines Multi-storeyed suburb
Industry Per celved acoustic attributes | Detached housing
Seasonal industry Source related Industrial
Shunting yard L AmaxF Home ownership
Neighbors Tones. Ditaor Ky Renter
Irrelevant speech Impulses. P or K, Owner
Office equipment Number of events In or out
Ringing phones Duration per event Average
Camintervals Indoor stay
L ocations Background noise level Outdoor stay
At home Information content Sound Scape
Office Low frequency content Silent side
Recreational (park) Whirr of wings Neighbourhood levels
Recreational (free nature) Loudness Office data
Sharpness Reverberation time
Activities Roughness Size
Average home activities Fluctuation strength Number of persons
Sleeping Masking
Conversation Office appliances Personal M oderators
Average office activities Babble noise Personal factors
Menta work Wind noise in vegetation Fear
Manual work Speech intelligibility Noise sensitivity
STI? Age
Time of day Dependency on sound source
Day Non acoustic factors Education
Evening Source related Household size
Night Smell & air pollution gse of al;_cnse source
Visual impact in general ccupation
Average, Lgen Visibility of source from home Gender
Size (visual angle) Expectations
X-parameters Vibrations Acoustic quality
L den Generation of more traffic Expected duration
L Night Working environment Expected noise increase
L peq Comfort Control
L Amax.F Noise barrier Perceived control over sound source
Privacy Visual appearance of noisebarrier | Attitude to source
Time of year Importance of the source
Y-parameters Average (default) Attitude to such sound sources
AS January Attitude to the specific sound source
EA February Learning impairment
% HA March Influence on planning
%A . Trust to source administrators
% LA Appropriateness of source in area
L Perceived health risk
AgeS’AeqR Visual disturbance
ESD Situation and coping
% HSD Stresslevel and satisfaction
% SD Coping capacity
% LSD
Table 38

Overview of factors and moderators of relevance for annoyance.
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9.  Sleep Disturbance

If the noise levels are high enough, awakenings will occur. Mainly three types of seep dis-
turbance are reported in the literature:

— Behavioura awakenings: awakenings that are followed by an action (like pressing a
button) from the sleeper.

— Sleep stage changes, found from EEG patterns
— Increased motility (body movements during sleep)
— Self-reported (chronic) sleep disturbances

The reference for this report (and the model) will be the self reported sleep disturbance.

9.1 Indicator for Night Time Noise

According to [6] the L e Value for the night outdoors at the most exposed facade. L gy iS
chosen asindicator for the night time noise level.

Lnignt do not include reflections of the fagade for which they are assessed so that they de-
scribe the incident sound at the fagade. L g is defined as the A-weighted “average” sound
level. over ayear for the period 23 — 7h (he lenght of the night time should minimum be 8
hours) at the fagade of a dwelling with the highest L gen.

For mapping purposes Lqgy shall be determined at the facade at a height of 4 meters. For
more detailed evaluations at the position of the bedroom.

9.2  Scales for Sleep Disturbance

Different categories (of severeness) of self reported sleep disturbance may be expressed on
a0-100 scalein asimilar way as described noise annoyance and phenomenon’ s related to
that. see sections 5 and 7. Similar to annoyance, sleep disturbance can be expressed as fol -
lows [29]:

— 9%HSD. the percentage of highly sleep disturbed is the percentage of people giving an-
swersin categories above 72 (the top 27-29%) of the response scale

— %SD. the percentage of deep disturbed is the percentage of people giving an answer in
categories above 50

— %L SD The percentage of (at least) lowly sleep disturbed is the percentage of people
giving an answer in categories above 28




DELTA AV 1102/07
Acoustics & Electronics Page 102 of 121

9.3  Norm Curves for Sleep Disturbance

For each type of noise source norm curve for sleep disturbance may be found. The norm
curve gives the relation between the general exposure (expressed e.g. as L ngy-values) and
the sleep disturbance. The norm curve represents an average situation. which isrelevant
for the actual source. Examples of norm curves are shown in Figure 22.

25,0 g
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- .
o 2
g 100 R
B,0 f--mrszremt T e
O’O T T T T T
40 45 50 55 60 65 70
Lnight,dB
———-Ajr ------ Road Train
Figure 42

Norm curves for the relation between Noise level (Lnign) and % Highly sleep disturbed as
for aircraft, road and train noise according to [6] .

The norm curves describe the general chronic sleep disturbance. They are a suitable basis
for policy making and when exposure limits for dwellings and noise abatement measures
are discussed.

The norm curves do not predict the actual sleep disturbance for particular individuals or
groups. They do not take local circumstances into account.
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9.4  Approximations to Norm Curves and Data

In [6] the sleep disturbance is described by second order polynomials. Within the level
range of 40-70 dB (which is extrapolated from data in the range 45-65 dB). These poly-
nomial approximations are acceptable in alimited range. but their fundamental properties
deviate from the s-shaped function of the dosis response relationship. see Section 7.2.2.
Outside alimited range the the order polynomials are not usable. as they may give values
below 0 and above 100%

The logistic approximations (see Section 6.1) are in agreement with the fundamental prop-
erties of the dose response reaction and extrapolations outside the restricted range are
likely to give probable results.

The difference between values for sleep disturbance calculated from second order poly-
nomials (based on [6]) and the logistic curvesis shown in table Table 39. It is seen that
within the range where data exist (45-65 dB) the differences are insignificant.

Differencesin %-point Mean M ax
Air 0.2 0.3

% LSD Road 0.2 04
Rail 0.1 0.3

Air 0.2 0.3

% SD Road 0.2 04
Rail 0.1 0.2

Air 0.2 0.3

% HSD Road 0.2 0.3
Rail 0.1 0.2

Table 40

Absol ute values of the differences between polynomial curvesin [ 6]
and the logistic curve in the range 45-65 dB Lign. The logistic and
polynomial curves are stated in the succeeding sections.

The modelsin the “Genlyd” project are based on the logistic curves.
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9.5 Aircraft

The polynomial curves from [6] and the logistic norm curves for sleep disturbance as de-
fined in Section 9.1 to 9.3 are given for aircraft noise in Table 41 and Figure 43.

Second order polynomial approximation

%LSD 4.465-0.411* L jgr+0.01395* L gy *

%SD 13.714-0.807* L gy +0.01555* L gy *

%HSD 18.147-0.956* L gy +0.01482* L pign >

Logistic curve: %XSD = % s f
l+e g

%LSD 0.0632 73.5

%SD 0.0667 79.8

%HSD 0.0715 85.5

Table 41
Aircraft noise. Second order curves and logistic norm curves (lower table giving the pe-

centage of “ Lowly sleep disturbed” (%LSD). “ Seep disturbed” (% SDA. “ Highly sleep
disturbed” (%HSD).
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Figure 43
Aircraft noise.Estimated and approximated curves for the percentage of highly sleep dis-
turbe (Y%0HSD) sleep disturbed (%SD) and Little annoyed (%L D) for aircraft noise.

The norm curves are valid in the range 40-70 dB Ligx. In thisrange the reliability is set to
75%. The reason for not setting the reliability to 100% isaremark in [6] that states that the
variance is large compared to the variance found for rail and road traffic. Thereforeit is
recommended that the responses calculated for aircraft noise are considered as indicative
only.

The data are based on 7.394 observationsin 7 studies.
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9.6 Road

The polynomial curves from [6] and the logistic norm curves for sleep disturbance as de-
fined in Section 9.1 to 9.3 are given for road noise in Table 42 and Figure 44.

Second order polynomial approximation

%LSD -8.4+0.16* L gy +0.0108* L gy 2

%SD 13.8-0.85% L gy +0.0167% L gy 2

%HSD 20.8-1.05* L gy +0.01486* L pigry 2

Logistic curve: %XSD = ]ﬂi‘% s f
%L SD 0.0634 66.4
%SD 0.0693 77.7
%HSD 0.0770 87.1
Table 42

Road noise. Second order curves and logistic norm curves (lower table giving the percent-
age of “ Lowly sleep disturbed” (%LSD). “ Seep disturbed” (% SDA. “ Highly deep dis-
turbed” (%HSD)
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Figure 44

Road noise. Estimated and approximated curves for the percentage of highly annoyed
(HA) annoyed (A) and Little annoyed (LA) for road noise.

The norm curves are valid in the range 40-70 dB Ligx. In thisrange the reliability is set to
100% according to Section 7.1.2.

The data are based on 8.459 observations in 14 studies.
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9.7 Train

The polynomial curves from [6] and the logistic norm curves for sleep disturbance as de-
fined in Section 9.1 to 9.3 are given for train noise in Table 43 and Figure 45.

Second order polynomial approximation

%LSD 4.7-0.31* Lyjgy +0.01125% L gy 2
%SD 12.5-0.66* Lyig +0.01121* Lyigry 2
%HSD 11.3-0.55% L gy +0.00759% L gy 2

Logistic curve: %XSD = ]ﬂi‘% s f

%LSD 0.0556 78.3
%SD 0.0624 90.4
%HSD 0.0700 100.7

Table43
Train noise. Second order curves and logistic norm curves (lower table giving the pecent-

age of “ Lowly dleep disturbed” (%LSD). “ Seep disturbed” (% SDA. “ Highly dleep dis-
turbed” (% HD).
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Figure 45
Train noise. Estimated and approximated curves for the percentage of highly annoyed

(HA) annoyed (A) and Little annoyed (LA) for train noise.

The norm curves are valid in the range 40-70 dB Ligx. In thisrange the reliability is set to
100% according to Section 7.1.2.

The data are based on 4.098 observations in 7 studies.

9.8  Moderators for Sleep Disturbance

The norm curves in the preceding sections are based on L g .the outdoor night time noise
exposure at the most exposed facade of adwelling. Lyig 1S not the only acoustical factor
that influences sleep disturbance. The norm curves may be modified by factors as:

— the actual noise exposure at the facade of the bedroom

— the difference between outdoor and indoor noise levels of bedrooms
(sound insulation)

— influence from day-time noise
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The sound insulation in this case should be determined under the premise that the windows
are partially open.
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11.  Appendix — Zimmer/Ellermeier 9-ltem Noise Sensitivity Questionnaire in
English
On the following pages, we will ask for your opinion with respect to a variety of sounds.
Please try to imagine the situation presented in each statement, and indicate to which ex-

tent you agree with it. We are interested in your own per sonal assessment of the topics
presented here, so there are no , right* or ,wrong*“ answers.

Please give your opinion spontaneously by marking that answering option which best re-
flects your opinion. The answering options are: Agree fully, Rather agree, Rather disagree,
or Disagree fully.

Please answer al statements in turn, always marking a single option only.

If you are unsure as to which option to mark please choose that option which comes clos-
est in reflecting your opinion.

Thank you for your participation!

Agree Rather Rather Disagree
fully agree disagree |fully

1. Itisno fun keeping up aconversation while the
radio ison.

2. | tendto notice disturbing sounds later than
do other persons.

3. | avoid noisy pastimes such as going to soccer
matches or fairs.

4. | wake up at the dightest sound.

5. Evenin noisy surroundings. | am able to work
quickly and with concentration.

6.  Ondoing my shopping in the city. | hardly
hear the street noise.

7.  After having passed an evening in anoisy pub
| feel drained.

8. When| want to fall asleep, hardly any sound
can disturb me.

9. Onweekends| liketo bein quiet places.
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12.  Appendix — Zimmer/Ellermeier 9-ltem Noise Sensitivity Questionnaire in
Danish

Hvordan har du det med stgj?

Nedenfor vil vi sparge om din mening om forskellige former for stgj. Svar venligst pa ud-
sagnene i raekkef@lge uden at springe nogen over og afkryds kun ét svar for hvert.

Forestil dig for hvert udsagn, at du er i den beskrevne situation, og angiv, i hvilken grad du
er enig. Vi er interesseret i din helt per sonlige bedemmelse af de praesenterede udsagn, sa
der eringen "rigtige” eller "forkerte” svar.

Angiv din mening spontant uden at overveje for laange og marker den svarmulighed, der
bedst afspejler din mening. Svarmulighederne er: "Helt enig”, " Forholdsvis enig”, ” For-
holdsvis uenig” eller "Helt uenig”.

Hvis du er usikker p3, hvilket svar du skal krydse af, sa vadg det, der kommer taettest pa at
afspejle din mening.

Helt Forholds- | Forholds Helt
enig visenig vis uenig uenig

1. Det er ikke saaligt sovt at tale med hinanden,
nér radioen ogsa kerer.

2. Jeg bemazker forstyrrende stgjkilder
senere end andre gar.

3. Jeg undgar stgjende begivenheder som f.eks.
fodboldkampe €eller byfester.

4. Jeg végner ved den mindste lyd.

5. Sevi stgjende omgivelser kan jeg arbejde
hurtigt og koncentreret.

6. Narjegeribyenfor at kabeind. laag-
ger jeg ikke magke til gadelarmen.

7. Efter at havetilbragt en aften i stgj-
fyldte lokaer, faler jeg mig flad.

8. Nar jeg lamgyger mig til at sove,
kan naesten ingen lyde forstyrre mig.

9. Jegforetrakker at tilbringe weekenden
i fredelige omgivelser.

Tak for din deltagel se!
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13.  Appendix — Untested Sketch to an Attitude Questionnaire

On the following page, we will ask for your attitude to (sound source). Please consider
each statement, and indicate to which extent you agree with it. We are interested in your
own personal assessment of the topics presented here, so there are no , right* or ,,wrong*
answers.

Please answer al statements in turn, always marking a single option only.

If you are unsure as to which option to mark, please choose the option which comes clos-
est in reflecting your opinion.

Thank you for your participation!

Agree | Rather |Rather |Disagree | Disagree
fully |agree |disagree |fully fully

1. The...(source) isimportant for the society

2. Such ... (sources) increase the pollution

3. The...(source) should not be placed/operating
so close to my residence

4. Such sources do not belong in an arealike this

5. Myl/the citizens views are taken into account in
afair way when planning this ...(source)

6. | believethat the ...(source administrators) are
making/have made great efforts to minimise
noise and other negative effects

7. The...(source) will decrease(s) the value of my
residence

8. The...(source) is unhealthy and/or dangerous
for people living here

9. The... (source) disturbs the landscape and/or
the nature

Scoring 0-3 points. 3 isin favour of the noise source. Attitude scaling = points * 100/27.
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14.  Appendix — Results of the “Genlyd” Project

141 Reports and Notes

Many of the documents listed below are intended as internal, and some of them are pre-
liminary reports. Finalising, proofreading and layout have not been prioritised in all re-
ports, and they are therefore not suitable for publication (marked as “ Draft”). Some of the
reports shall be seen as steps towards an understanding of the matters and do not necessar-
ily represent the final recognition of problems and their solutions.

- Litteratur om stgjgene (Literature collection on noise annoyance)
Internal note, March 2004, 11 pages, Birger Plovsing
A note with titles and links to relevant articles, summaries and literature

- Proposal for atool and scales for measuring annoyance of noise
Internal Technical Note AV 1328/04, June 2004, 24 pages, Torben Holm
Pedersen
Describes loudness functions and suggests a similar scale ”Molestia” for annoy-
ance

- Selection of annoyance scalesfor further testing
Internal Report, draft, September 2004, 28 pages, Preben Kvist
Describes different types of scales used for perceptive and affective evaluations,
among these scales for annoyance

- Genlyd — Lytteforsgag, procesbeskrivelse (Listening test process description)
Teknisk Notat, draft, AV 1590/04, 25 sider, juni 2004, Lise-Lotte W. Tjellesen

- Genlyd — Lytteforsgg. praktiske eksempler (Listening test, practical examples)
Teknisk Notat, draft, AV 1589/04, 29 sider, juli 2004, Lise-Lotte W. Tjellesen

- Genlyd —Listening test procedures
Technical Note, draft, AV 1590/04uk, Sept. 2005, 84 pages, Lise-Lotte
W. Tjellesen
Overview and reference for procedures for performing listening tests

- Trandation of Questionsand Scalesin | SO 15666 into Danish.
Technical Report, AV 1340/05, draft, October 2005, 23 pages, Preben Kvist
Describes the selection and trandation process and results

- Genlyd — Building acoustics - Annoyance from traffic noise indoor
Internal report, draft, February 2006, 99 pages, Dan Brasted Pedersen
Detailed results on ” Reduction of annoyance from traffic noise indoor by win-
dows’
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- Dokumentation af lytteforsgg (Documentation of listening test)
Internal note, draft, Feb. 2005, 18 pages, Lise-Lotte W. Tjellesen
Describes details of the listening test for the Building acoustics project

- Genlyd - Noise Annoyance - Concepts and Definitions
Technical Note AV 1500/04, 2005 rev. 2006, 23 pages, Torben Holm Pedersen.
Defines relevant concepts for the interaction between the physical noise/sound and
the human perception and affect. Describes the effects of noisein general and
gives a definition of annoyance. relevant to the “ Genlyd” project.

- Annoyance and performance test in an office environment
Technical Note, draft, February 2006, 18 pages, Preben Kvist
Describes the test setup for annoyance and performance measurements in office
environment. Results and data processing not yet reported.

- Test af noiseLAB plug-in til toneanalyse
Technical Note, draft, March 2006, 22 pages, Birger Bech Jessen
Describestest of the software module for analysis of audible tonesin noise

- Verifikation af noiseLAB plugin til beregning af impulsers tydelighed
Technical Note, AV 1269/04, draft, 8 pages, Preben Kvist
Describes test of the software module for analysis of the prominence of impulses
in noise

- Kravspecifikation for genedemonstrator (Requirement specification for annoy-
ance demonstrator)
September 2006, 34 pages, Carsten Ryom Pedersen
Describes the requirements to a piece of software for annoyance cal culations ac-
cording to the model

- Genlyd —Field vs. Laboratory — Statistical Analysis
Technical Note, draft, December 2006, 23 pages, Saren Ludvig Jergensen
Analysis of socio acoustic results from field survey of annoyance from traffic
noise

- Genlyd - Measurements of internal and external noise from road traffic at 3 sites
in Copenhagen
Technical Note, under preparation, Claus Backalarz
Describes the noise measurements for the field vs. laboratory annoyance study

- Report on surveys of traffic noise
Report 2006, Social Research Institute
The results from the field interviews on annoyance from traffic noise
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- Annoyance from soundsin open-plan offices
Technical Note, under preparation, Jan Voetmann and T. Holm Pedersen
The results of aliterature study and amodel for annoyance from irrelevant speech
and masking noises (bable noise, ventilation and office equipment) are described.

- Genlyd - Laboratory study on sound from wind turbines
Technical Report, draft, March 2007, 90 pages, Seren Vase Legarth
Describes the results of listening tests with simultaneous presentation of pictures.
A metric for the wosh of wingsis devel oped.

- "The Genlyd annoyance model”
Technical Report, March 2007, 135 pages, Torben Holm Pedersen
Reference report which describes the annoyance model, the background and the
underlying mathematical methods and formulas

14.2 Papers

Some of the “Genlyd” results were presented at Euronoise 2006 in Tampere. Finland:

- Trandation into Danish of the questions and modifiers for socio-acoustic sur-

veys
Preben Kvist and Torben Holm Pedersen

- Physical and psychoacoustic metrics for the reduction of indoor traffic noise
annoyance by windows
Dan Brasted Pedersen, Torben Holm Pedersen, and Preben Kvist

- Model for Noise Annoyance
Torben Holm Pedersen

Some results were also presented at a meeting arranged by the Reference Laboratory for
noise measurements (DELTA) for the approved noise measurement laboratories (6 March
2007).

14.3 Developed Software Tools

Tone and impulse plug-ins

Asatool for quantification of noise annoyance with regard to the noise characteristics, two
software modules are devel oped. The modules are able to measure the prominence of
tones and impul ses according to the methods described in the [15] and [34] (see also [39]
and [40]). The modules are plug-ins for the noise analysis software noiseLAB from
DELTA.
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Wav-import

This module makes it possible to import and analyse sound files in the wav-format. The
sound files for the Genlyd listening tests were all in that format, so this plug-in for noise-
LAB made an efficient analysis possible.

” Annoyance demonstrator”
This piece of software calculates the annoyance from a number of sound sources with re-
gard to a few moderators.

“ Annoyance calculator”

With the experience from the Annoyance demonstrator software, a requirement specifica-
tion was made for a more comprehensive piece of software. This software will calculate
the annoyance according to the models described in this report. A program according to
the requirement specifications exists at present as a first and untested version.




