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0 EXECUTIVE SUMMARY

0.1 OBJECTIVE OF THE DELIVERABLE

The objective is to refine the noise score rating model for residents previously developed
within the QCITY project, in which several characteristics of the noise other than the
equivalent noise level at the facade were incorporated. So far, the model contained
methods for incorporating the effect of ambient noise in the immediate vicinity of the
dwelling (quiet facades) and outdoor noise in the neighbourhood, described by the
proportion of the area with equivalent sound levels above 50dB(A), as well as the effect
of insulation of the dwelling. However, indicators for these effects were not yet
adequately based on scientific literature or research. The empirical basis for these
indicators is addressed by an inventory of the literature, which is used to evaluate the
outdoor environment component in the noise score rating model for residents. In
addition, the possibilities are explored to include other aspects, such as the influence of
spectrum characteristics and the influence of the rate of occurrence of individual
events.

0.2 DESCRIPTION OF THE WORK PERFORMED SINCE THE BEGINNING OF THE PROJECT

An inventory of the literature was made addressing the empirical basis for the influence
of outdoor noise in the vicinity of the dwelling, in order to evaluate the outdoor
environment component in the noise score rating model for residents. In addition, an
overview was made of the information regarding effects of additional characteristics of
the noise other than the equivalent noise level, such as the influence of spectrum
characteristics and the influence of the rate of occurrence of individual events. As far
as possible, a method fo incorporate the influence of these characteristics is proposed.

0.3 POTENTIAL IMPACT AND USE2

In the context of the EU Environmental Noise Directive, it is important to adequately
assess the impact of environmental noise on residents. So far, the assessment of the
impact of noise on residents is based solely on facade levels of dwellings as obtained
from the noise maps. Therefore, measures directed towards a more quiet outdoor
situation, in so far as they are not reflected in facade levels, will not show up in health
assessment indicators, nor will measures that influence the frequency spectrum, the
indoor levels or the rate of occurrence of individual noise events. Using the refined noise
score rating model for residents, the expected effect of environmental noise on
residents may be better quantified.

2 including the socio-economic impact and the wider societal implications of the project so far
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0.4 PARTNERS INVOLVED AND THEIR CONTRIBUTION

TNO is involved in reviewing the literature on the impact of outdoor environment
components on residents and in evaluating and refining the noise score rating model
for residents by including characteristics of the noise other than the equivalent noise
levels. ACL is responsible for feeding the model with factors that are important from the
viewpoint of the CityHush case studies, while ACCON is responsible for the integration
of the final validated noise score model in the noise mapping software.

0.5 CONCLUSIONS

Based on current knowledge, the noise score rating model for residents is refined and
evaluated. In this rating model, indicators for equivalent noise level at the facade of
the dwelling are combined with information about outdoor noise levels in the vicinity of
the dwelling, spectrum characteristics (in conjunction with insulation characteristics)
and temporal variations in noise levels. This model may be used to predict the overall
annoyance response, i.e. the percentage and number of residents that will be
expected to be annoyed by noise in a given area.
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1 INTRODUCTION

This report describes the results of Work Package 2.2 (WP 2.2) of CityHush. The objective
of WP 2.2 was to evaluate and refine the method for predicting annoyance by traffic
noise in residents.

The common method for predicting traffic noise annoyance employs an
exposure-response function, with noise exposure represented by the day-evening-night
noise level at the most-exposed facade of the dwelling (Miedema and Oudshoorn
2001). The refined method developed here takes into account the following additional
acoustic factors:

1. quiet facade of the dwelling,

2. quiet areas in the neighborhood of the dwelling,

3. facade insulation of the dwelling,

4. frequency spectrum of the noise, in particular low-frequency components,
5. temporal variations of the noise level, and noise events.

Factors 1, 2, and 3 were included in the method developed within the QCity project
(Miedema and Borst 2007). Since the QCity method was not based on extensive noise
annoyance surveys, only preliminary values were proposed for the numerical
parameters of the method.

The QCity method was taken as starting point for the method presented here. The
preliminary QCity parameters were compared to results of recent studies of the effects
of the additional acoustic factors 1-3. In addition, factor 4 was incorporated in the
method, and the possibility to include factor 5 was explored.
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2 SETUP OF PREDICTION METHOD

2.1 COMMON METHOD FOR PREDICTING ROAD TRAFFIC NOISE ANNOYANCE

The basis for the refined annoyance prediction method developed here is the
exposure-response function (ERF) developed by Miedema and Oudshoorn (2001).
Exposure in the ERF is represented by the day-evening-nigh sound level (Lden) and
response is represented by the (expected) percentage of highly-annoyed people
(BHA).

Sections 2.1.1 and 2.1.2 describe the two quantities Lden and %HA, while Section 2.1.3
describes the exposure-response functions.

2.1.1 Exposure

The day-evening-night level is defined in the Environmental Noise Directive (END 2002)
2002/49/EC as follows:

12 4 8
Lyep =10l —E(L4)+—E(L, +5)+—E(L, +10 1
o =100 L ElL 4 1 ElL, + 5+ L, +10) )

with the notation E(L)=10"°. Here L, Le, and L, are the A-weighted equivalent sound
levels for the day (7-19h), evening (19-23h), and night (23-7h), respectively. The

penalties for the evening (5 dB) and the night (10 dB) represent the fact that noise is
rated more severely during the evening and the night than during the day.

According to the END, major EU cities have to produce urban distributions of the Lden
facade level, i.e. the Laen level at the most-exposed fagcade of a dwelling (excluding
the facade reflection, and calculated at a height of 4 m). The distributions are
collected on the website http://noise.eionet.europa.eu/ of the European Environment
Agency, and provide a ‘picture’ of current noise exposure in European cities.

2.1.2 Annoyance

The percentage of highly-annoyed people, %HA, is an indicator of the prevalence of
annoyance by road traffic noise. Annoyance at population level is commonly assessed
by means of questionnaire surveys, with a question about road traffic noise annoyance
in the situation at home. People are asked to indicate the degree of annoyance on a
numerical scale, such as an 11-point scale (0-10) or a five-point scale (1-5). After
converting the results to a 0-100 scale, cut-off values of 50 and 72 are used to
determine the percentages of people annoyed (%A) and highly-annoyed (%HA),
respectively. Here %HA is chosen as an indicator, as this is the most widely used
indicator, but the approach for %A is analogous.
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Figure 2.1

2.1.3 Exposure-response function

An EU position paper on exposure-response relations for transportation noise
annoyance (EU 2002) presents ERF's for annoyance by aircraft noise, road traffic noise,
and railway noise. The ERF’s are based on statistical analyses of 54 noise annoyance
studies from Europe, North America, and Australia (Miedema and Oudshoorn 2001). The
ERF for road traffic noise is:

%BHA = 9.868- 107 (Lo, — 42)° —1.436-1072(L ., — 42)? +0.5118(L,,, — 42). 2)

den den

The ERF is shown graphically in figure 2.1. For comparison, also the ERF’s for aircraft noise
and railway noise are included in the figure. For road traffic noise, %HA is zero for levels
of 42 dB and lower, and increases with increasing level to 37% at 75 dB. Miedema and
Oudshoorn have further shown that the 95% confidence intervals around the ERF's are
rather small, indicating the precision with which the average curves are estimated,
although there are considerable variations between individuals and between studies.

Many dwellings are exposed to a combination of road traffic noise, railway noise, and
aircraft noise. For these dwellings the annoyance can be calculated with a method
developed by Miedema (Miedema 2004, Miedema and Borst 2007). The basic idea of
the method is that the levels of aircraft noise and railway noise are first converted to
‘road-equivalent’ levels (levels of road traffic noise inducing equal annoyance) and
next the levels are summed (logarithmically).
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Exposure-response functions for annoyance by aircraft noise, road traffic noise, and railway noise
(Miedema and Oudshoorn 2001).
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It is important to note that the ERF's represent the expected annoyance in the situation
in and around the house (Miedema and Vos 1998). Although there are variations in the
precise phrasing of the annoyance question used in the 54 studies, many studies used
the expression ‘annoyance at home' in the question. People may have different
interpretations of ‘at home’, but many people will consider not only the house itself but
also locations near the house such as a garden in the response to the question.

The fact that the ERF represents expected annoyance in and around the house is
important for the choice of additional acoustic indicators of the refined model
presented in this report. Two of these indicators are partly related to noise perception at
locations around the house:

i) the facade level at the least-exposed facade (quiet facade),
ii) the sound level in quiet areas near the house (ambient noise level).

The first indicator may account for the beneficial effect of a quiet facade on traffic
noise annoyance, for example due to reduced noise levels in a quiet backyard or a
quiet bedroom. The second indicator may account for the effect of nearby quiet areas
such as parks, where people may ‘escape’ from the noise directly near the house or in
the house.

2.2 ADDITIONAL ACOUSTICAL FACTORS : THE QCITY MODEL

The refined method presented here takes into account the following additional
acoustic factors:

1. quiet facade of the dwelling,

2. quiet areas in the neighborhood of the dwelling,

3. facade insulation of the dwelling,

4. frequency spectrum of the noise, in particular low-frequency components,
5. temporal variations of the noise level, and noise events.

Factors 1-3 were included in the QCity noise score rating model (Miedema and Borst
2007). Factor 4 is taken into account through the frequency dependence of facade
insulation, as described in Chapter 5. So for factors 1-4 the QCity model serves as a
basis.

This section in short describes the setup of the QCity model, extended with factors 4
and 5. In the following chapters the values of the numerical parameters of the model
are described, both the preliminary values proposed in QCity, and their evaluation
based on recent noise annoyance studies.

The QCity model starts from the assumption that the exposure-response function for
annoyance is valid for the ‘average’ situation, with average values for the factors 1, 2,
and 3. Here ‘average’ refers to an average over the populations of the noise
annoyance surveys employed for the derivation of the exposure-response function
(ERF). Local deviations from the average values correspond to local deviations from the
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expected annoyance according to the ERF. To calculate the local annoyance
deviations, an adjusted facade level is defined:

Lyen ' =Lgen + AL +ALg +AL, (3)
with

AL =0l =lgy)Lgen + b1 =15y ) (3a)

Alg =aq(Q-Qq )Lgen +bo(Q-Qq,) (3b)

AL, =a,(A=Ag )Lgen +DA(A-AL) (3¢)
and

| = facade insulation (outdoor level minus indoor level),
Q = level at most-exposed facade minus level at least-exposed facade,

A = ambient noise level within a radius of 200 m around the dwelling.
The quantities AL,, ALy, and AL, are correction terms for local deviations of I, Q, and

A from the average values lav, Qav, and Aav, respectively, and ai, bi, aa, ba, aa, and ba
are numerical parameters. For simplicity, only one type of environmental noise (road
traffic, railway, or aircraft noise) is considered. For situations with combined exposure,
the reader is referred to QCity (Miedema and Borst 2007).

The adjusted level L,," is considered as an equivalent level at the most-exposed
fagcade, and substitution of Lg,' into the exposure-response function (2) yields an

estimate of the percentage highly-annoyed people in a situation with acoustic
indicators |, Q, and A.

The three correction terms on the right-hand-side of Eqg. (3) are just parameter
representations of the effects of the three acoustical indicators on annoyance. In
principle, there are two adjustable parameters for each correction term (a and b). In
practice, however, the quantities lav, Qav, and Aav are also not known. Moreover, lav,
Qav, and Aogv may not even be constants, but functions of Lden. For example, Qav
increases in general with increasing Laen. INn the following chapters the problem of the
values of the parameters in Eq. (3) is addressed.

Finally, the additional acoustical indicators 4 and 5 are considered.

Indicator 5, temporal fluctuations of the noise level, and the rate of occurrence of noise
events, is included because temporal fluctuations are not represented by the
time-averaged sound level Leen. Fluctuations and variations at various time scales may
play a role, from minutes to months. This topic is discussed in Chapter 6. However, it
turns out that current knowledge about the effects of temporal variations is not
sufficient for developing a correction term similar to the correction terms in Eq. (3).
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Figure 3.1

QUIET FACADE

An element of the European policy for reduction and control of the harmful effects of
traffic noise is the protection of quiet areas and quiet facades of dwellings (European
Commission 2002). The idea is that quiet facades and quiet areas reduce annoyance
by fraffic noise. A quiet facade allows people to benefit from a quiet backyard or a
quiet bedroom. Figure 3.1 illustrates the case of a quiet facade (quiet side).

lllustration of the creation of a quiet side of a house in a city. Top: with traffic flow on both sides of the
house, inhabitants are annoyed. Bottom: with all traffic on one side of the house, inhabitants have access
to a quiet side and may be less annoyed.

Two points should be mentioned. First, as shown in the figure, ‘moving’ all traffic to one
side of the house creates more traffic noise on this side, and a question is whether this is
outweighed by the beneficial effect of the quiet side. Second, the exposure-response
relations are based on populations that live in cities that to some extent already have
quiet facades, so the quiet-facade correction (3b) is zero for this average situation, or
reference situation (Q = Qav). Application of the quiet-facade correction therefore only
corresponds to a local refinement of the annoyance prediction, or a refinement due to
measures aimed at the creatfion or protection of quiet facades (an analogous
argument holds for the facade-insulation correction 3a and the ambient-noise
correction 3c).

This chapter presents the approach proposed in QCity for facade insulation, with
preliminary values for the numerical coefficients (Section 3.1). Next, relevant recent
studies info the effects of quiet facades are discussed (Section 3.2). In Section 3.3
conclusions are presented with respect to the preliminary QCity approach.

3.1 PRELIMINARY APPROACH
In QCity the preliminary values

aq =-0.0156 and ba =0.7 (7)
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Figure 3.1

of the coefficients in Eq. (3b) have been proposed. These values were derived from the
assumption that a value of Q - Qav = 15 dB at outdoor level 75 dB would correspond to
a correction term of -7 dB (AL, =—7 for Laen = 75 and Q — Qav = 15), while the correction

term would be zero at outdoor level 45 dB. The resulting correction term as a function of
Laen and Q — Qav is shown graphically in Figure 4.1. The average value Qaov was not
specified in QCity.
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Quiet-facade insulation correction term (3b) calculated with preliminary values given in Eq. (7) for different
values of Q — Qav.

3.2 RECENT STUDIES

Ohrstrém et al (2006) have reported a study into the benefit of access to a quiet
facade. This study focused on residential areas in Stockholm and Gothenburg, with a
considerable percentage (50%) of dwellings with a quiet facade (10-20 dB lower than
most exposed facade). Noise levels were determined by a combination of
measurement and calculation based on fraffic data and geometrical data.
Socio-acoustic surveys were conducted in the period 2000-2002. Out of 1 625 individuals
between 18 and 75 years of age, 956 participated (59% response rate) and 458 had
access to a “quiet” side of their dwelling while 498 had no such access.

The results of the study indicated that access to a quiet facade reduces disturbances
considerably. It was found that the effect corresponds to a reduction in sound levels of
5 dB at the most-exposed facade (Laeqgz4n).

Support for the result of Ohrstrém et al (2006) comes from a Norwegian study reported
by Amundsen et al (2011). This study yields a beneficial effect of 6 dB (equivalent
outdoor level reduction) due to ‘having the bedroom on the quiet facade’. In other
words, the difference in annoyance between ‘having the bedroom on the
least-exposed facade' and ‘having the bedroom on the most-exposed facade’
corresponds to an exposure difference of 6 dB.
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A recent population study into the beneficial effect of a quiet facade was performed
by de Kluizenaar et al (2010). The study was performed in an urban area in the
Netherlands, and 18973 persons participated in the study. Noise levels at the most and
least exposed facades were calculated. The participants provided responses to a
number of questions, including a question about annoyance by traffic noise. Results of
the study indicate that, taking into account possible confounders, residents may benefit
from a quiet facade of the dwelling. The effect in terms of Laen found was of the order of
2 dB.

While the above three studies did find a beneficial effect of a quiet facade, a recent
study by Botteldooren et al (2011) gave a different result. It was found that the noise
level at the quiet facade had no significant effect on traffic noise annoyance (in and
around the house, over the last 12 months). In contrast, it did have a significant effect
on the perceived quality of the living environment. These results are based on large
surveys of the quality of the living environment in Flanders (Belgium), which are
conducted every 3 years. Three databases with 3 year intervals (13000 participants in
total) were available for the study. Another interesting result from this study is that noise
exposure during frips has a significant effect for noise annoyance in and around the
house and also for quality of the living environment. The noise exposure during trips was
calculated for trips within a 300 m distance from the house, measured along the most
probable routes for leaving the dwelling (this result is relevant for the effect of ambient
noise, discussed in the next chapter).

3.3 CONCLUSION

The results of the studies described in the previous section have not yet been
interpreted in terms of adjusted values for the parameters aa and bq in Equation (3c).
However, most of the studies give a considerable beneficial effect of quiet facades, in
the same order as the proposed values in QCity. Therefore, the preliminary QCity values
given in Equation (7) can be used for the model presented here.

A European project called QSIDE (2010-2013, www.gside.eu) aims at the derivation of
values for the parameters aa and ba from re-analyses of available noise annoyance
studies. The Dutch, Belgian and Swedish authors of the studies described in the previous
section participate in this project.

In addition to the values of aa and ba, a value is required for the average value Qav. In
principle, Qav May even be a function of Lgen, since dwellings with high noise exposure
at the most-exposed facade are expected to have larger values of Q than dwellings
with low noise exposure at the most exposed facade, on the average (De Kluizenaar
2010). However, this relation is as yet unquantified. Ideally, one would derive the value
of Quv for the population on which the exposure-response relation for annoyance was
based. However, since information on quiet facades is missing for most of the studies in
the original database, this is not a feasible solution. As a preliminary practical choice
one may use a typical value of 10 dB for Qav. Further consideration of the parameter
Qav Will be part of the project QSIDE mentioned above.
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4 AMBIENT NOISE

In addition to an effect of quiet facades, quiet places in the vicinity of the dwelling can
provide a possibility to escape and restore from the noise in the dwelling. Therefore,
relative quietness in the direct vicinity of the dwelling is expected to reduce the
annoyance in comparison to situations where there is no such escape.

In QCity it was proposed to use quantity A to represent ambient noise around the
house:

A = lowest 25 percentile of Loutdoor Within a radius of 200 m around the dwelling,

with Loutaoor beiNg the cumulated outdoor noise level in dB(A).

However, other choices are also possible. The beneficial effect of a relatively quiet
surrounding will in practice depend on the quality of these areas in other respects, with
parks or other green areas suitable for walking being particularly beneficial.
Alternatively, one may choose to assign higher weights to locations visited more
frequently by people (such as travel routes) and lower weights to locations visited less
frequently. In other words, rather than using a uniform average over a circular area with
a radius of 200 m around the dwelling, one may use a weighted average that assigns
higher weights to specific locations in the area. Also the choice of the radius of 200 m
may be modified in principle if another value proves more appropriate.

4.1 PRELIMINARY APPROACH
In QCity the preliminary values
aa =-0.0039 and ba =0.175 (8)

of the coefficients in Eq. (3c) have been proposed. These values were derived from the
assumption that the beneficial effect of low ambient noise is about 25% of the
beneficial effect of a quiet facade. The resulting correction term as a function of Lden
and A - Aqv is shown graphically in Figure 4.1. The average value Aqav was not specified
in QCity.



s SPC8-GA-2009-233655 Page 14 of 39
I y l | S CITYHUSH 29 June 2011

Figure 4.1
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Ambient noise correction term (3c) calculated with preliminary values given in Eq. (8) for different values of
A — Aav. For clarity, the scaling is the same as in Figure 3.1.

4.2 SOME RELEVANT STUDIES

In a study by Fields (1998) situations with target noise (‘foreground noise’') and ambient
noise (‘background noise’) were investigated. It was found that ambient noise does
influence the loudness of target noise, but that the effect on annoyance by target
noise was negligible. However, this study addressed the influence of ambient noise from
a different noise source than the target noise, both assessed for the location of the
dwelling. This differs from the definition of ambient noise in a certain radius around the
dwelling, the influence of which is addressed here.

Gidléf-Gunnarson and Ohrstrém (2007) have reported a study into the potential role of
perceived availability to nearby green areas. The effect of nearby green areas on
annoyance at home and annoyance outdoors was investigated. The study was
performed in residential areas in Stockholm and Gothenburg. Noise levels were
determined by a combination of measurement and calculation based on traffic data
and geometrical data. Socio-acoustic surveys were conducted in the period 2000-2002.
Out of 1 625 individuals between 18 and 75 years of age, 956 participated (59%
response rate). Out of the 956 participants, a restricted set of 500 residents was selected
that was exposed to high levels of road traffic noise (Laeq24n = 60 — 68 dB at the most-
exposed facade of the dwelling).

Participants indicated degree of annoyance by road traffic noise on a scale from 0 to
10. Based on self-reported perceived availability to green areas, two groups were
formed: residents with ‘poorer’ availability to green areas (356 residents) and residents
with ‘better’ availability to green areas (146 residents).
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Figure 4.2

The results indicate that the degree of perceived availability of nearby green areas
affected the residents’ responses to road traffic noise. This is shown graphically in Figure
4.2. The figure shows that perceived availability of nearby green areas corresponds to a
30% reduction of the noise annoyance score, both at home and outdoors around the
home. In addition, a distinction was made between residents with access to a quiet
facade and residents without access to a quiet facade at home. Both categories of
residents were found to benefit from nearby green areas. However, since the
availability of access to green areas was detected on the basis of self-report, it was not
possible to quantify the effect on annoyance expressed in equivalent dB changes.

Access to green areas:

Access to green areas:
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Mean annoyance at home (0-10)

Mean annoyance outdoors (0-10)

llustration of the reduction of annoyance due fto access to green quiet areas, for residents with
(Noise/quiet) and without (Noise/noise) access to a quiet facade, both for annoyance at home (left) and
for annoyance outdoor (right).

A study by Klaeboe et al (2005) showed that an adverse neighbourhood soundscape
has a substantial impact on residential noise annoyance. The degree of adverse
neighbourhood soundscape was defined by the difference in dB between the highest
equivalent noise level encountered in the immediate vicinity of the dwelling (within a
radius of 75 m) and the noise level at the most exposed facade. It was found that an
increase in the degree of adverse neighbourhood soundscape of approximately 2 dB
increases the probability that a resident reports a higher degree of annoyance by the
same amount as an increase of 1 dB in the facade noise level. This trade-off factor was
subsequently incorporated in a method for context sensitive noise mapping (Klaeboe
et al 2006). In a follow-up analysis (Klaeboe 2007), also the