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Sinee noise way find tecognized as & serious environmental pollutant, a number of social surveys have
been conducted in order to assess the magnitude of the problem and to develop suilable noise ratings,
such that, from a measurement of certain physical charactenistics of community notse, one could reliably
predict the comnmunily's subjective response to the noise. Recently, the author has reviewed 1he dala from
social surveys concerning the naise of aircrafl, street 1raffic, expressway irafTic, and railroads. Going
back 1o the original prblished dasa, the various survey noise ratings were transfared 1o day-night average
sound level, and an jpdependent judgment was made, where choice was possible, as 1o which respondents
should be counted as “highly annoyed.” The results of 11 of ihese surveys show a remarkable consisiency.
It is proposed that the average of these curves is the best currently available relationship for predicting

community annoyance due (o transporiation noise of all kinds.

PACS numbers: 43.10.Ln, 43.50.Qp, 41.30.5r

PART ONE: COMPARISON OF SURVEY RESULTS

INTRODUCTION

In late 1971, the United States Department of Housing
and Urban Development (HUD) issued a nation-wide nolge
abatement and contral palicy,' The policy encourages
nolse contral at the sources of nolse, and, in order to
provide incentive for compatible land use, it prohibits
HUD's suppart to sew construction on sites having unac-
ceptable noise exposures, The standards for determin-
ing unacceptable noise exposure in HUD’s nolse abate-
ment policy are based on Information available in the
late 1860's,

In the 15=20 yeara since nolse was recognized as an
environmental pollutant, a number of social surveys on
nolse annoyance huve been conduc¢ted, in order to assess
the magnitude of the problem and to develop sultable
nofae ratings, such that, from a measurement of the
physical characteristics of community noise, one could
rellably predict the community's subjective —esponse to
the noise. Many ol these surveys have bee.. pubtished
since the original HUD nelse policy was adopted,

We recently decided to review the existing social sur-
veys concerned with neise nanoyance, reasoning as fol-
lows; If annoyance scales have amy meaning, then, even
though the various surveys used annoyance scales with
difterent numbers of steps, and even though there were
diffarent {or even no) names for the acale steps, never-
theless & sensible poraon ought to be able to lorate -vith
useful accuracy the poilnta on gil (he scales correspond-
ing to the same degreé of annoyance, Then one could
go oh to defina what conatitutes a “suftable living en-
vironment.”

[
This paper describes the results of a study comparing
the conclusions of more than eighteen suelal surveys on
annoyrnce due to noise,

1. will bo ugelful first, however, to review the proce-
dures used In those social surveys,

. SOCIAL SURVEY PROCEQURES

The typleal aurvey was addressed to a study of ane
mrticular gource of noise, lor example, aireraft or
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street traftic, The procedure was to subdivide a neigh~
horhgod, known le be significantly impacted by the noise
in question, into sub-neighbarhoods, eich of which is
more or less unlformly exposed ta the noise, but in dif-
ferent degrees, either because of differing distances
from the source or because of different trallic volumes,
Interviews were conducted among the inhabitants ol the
various sub-neighborhoods to determine whether {and
how mweh) they were annoyed by the noise in queation,
and (In some cases) whether the noise interleres with
sleep, conversatlon, listenini to radio or televiaion, ete,
[t was expected that there would be a correlation be.
tween the degree of exposure to the noise and the Inten.-
sity of annoyance felt by the subjects,

A. Carrelation batwosn noise axposura and subjoctive
reIponse ‘

In fact, in each sub-neighborhood, all of whose in-
habitants were presumed to be exposed io the same
amount of nolse, as recorded by the measurement equip~
ment get up in that area, there was a wide range of sub-
jective responaes. For the same noise exposure, some
people were nearly oblivous to the noise, some experi-
enced various amounts of annoyance (or iaterference
with activities such ns conversalion, sleep, or liste
to radlo or television), and some wera axtremely dia-
turbed, '

Even in the earliest surveys, il was observed that the, .
carrelation between the noige exgosure and the individwal *
subjective reactlona was poor; typleal corrslation coels’
ficients ran around 0.3 to 0.4, When the reaponses of
the sub-neighborhoods were pooled, however, the cor- .
relation between the noise and the median response of
the aub-ne's ¥horhood was much better, with correlati-a
caellicients ol the order ot 0,8.%

Still, the limited predictability of individual responss
wag regarded a8 a Serious limitatlon, and considerable
effort wag dévated to improving different aspecta of the
survey techniques, Relinemants were made in the inter-
view Instruments {e.¢., open v8 cloged questionnaires),
the noise measurement procedures (e.g., various soms

m




pling techniques), the noise ratings {e.,, peak levels
va bickground levels, (requency weightings, cumulative
atatistics), ete,

8. Annoyance scalss

On one point there seemed to be agreement from the
beginning®; namely, that people’s subjective responses
could be measured along a scale of annoyance runnlng
from {ipproximately) “not at all annoyed* to (approxi-
mately) “very much annoyed.” (It will be seen that the
name assigned to the upper end of the annoyance scale
has a slgniticant effect on the survey results, See par-
tieularly Section C of the Addendum,) Intermediate re-
sponses were arrayed along a numerleal anneyance
scale having four, five, six or seven {or more) steps,
of which (usually} the two extreme responses, at least,
were named, Having various degrees of subjective an-
noyance nssociated with numbers along an annoyance
secal?, It was then possible to analyze these numerical
data mathematically,

The approoch used for constructing the annoyance
seale differed from one survey to ancther; in the early
surveys It was built up from a combinittion of the sub-
ject’s answers to a number of questions about actlvity
interference, sleep inlerference, etc., orthe sponta-
neous mention ol nolse as an especially annoying aspect
of the neighborhood,

A number of recent surveys, however, have assumed
that a person’s degree of annoyance can be more simply
and more reliably determined from his response to a
direct question, asking how annoyed he is by the noise
under investigation, ##%3% Often his response i8 invited
in terms of where hls annoyance lies along a "thermom-
eter” of subjective reaction, ranging from "hot ' to
*rold”; the thermometor scale is then converted to a
numerical acale for subaequent analysis,

C. Intsrvening nonacoustical varinbilos

Study of the data from certain surveys seemed to In-
dicate that nonncoustieal variables play an important
role In determining individual annoyance and complaint
reactions,~* At any given degree of noise exposure, for
example, the subject's attitudes toward the source of
noiae, or toward the neighborhood in general, or toward
nolse in general, appear to atect whether or not he ex-
preases nanoyance and the amount of his annoyance,

It hna even been suggested that noise exposure itself
im one of the {¢ast important determinants of people’s
propenaity for noise nnnoyance,? that gne can more ac-
cu.otely predict whether an individual will be annoyed
by nolae from a atudy of his personal tralts (fear hos-
tility, etc.) rather than by measurement of the noise lo
which he ls exposed,

It appeara to be well established (in the literature, at
teast) that, {f annoyance is to be evaluated in terms of
people’s median response along a constructed annoyance
seale, then the intervening, nonacoustical variables are
highly influential, To the extent that this is true, it
makea urban planning with respect to noise more diffi-

J. Agourt. Soc, Am., Vol. B4, No. 2, August 1978

Caessane ms o U HHIBS W BUGHDE RIEVEY R W RO UK YANGE -

T

cult, because it implies that one cannot plan in terms
the noise alone, : -

There s, however, good reason to question the grer
importance that has been placed on the nonacoustical
variables, in accounting for the variance In subjective
response data. [ dn not mean that the nonacoustical
variables are unimportant; rather, the acoustical varl
ables have been poorly handled, so far, with the resull
that the effeet of nonacoustical variables has been in-
flated,

D. "'Percent highty annoyed”

It has been noted®*™®¥ that in suhpelghborhoods whe
the noise exposure Is extreme, there is less scalter in
the responses, The author suggests that when people
are highly annoyed by the nolae, the effecta of nonacow
tleal variables are reduced, and the eorrelation betwee
the noise expesure and the expressed subjective reactit
is high, both for individuala and for groups. In other
words, when the nolse exposure |s felt to be extrome,
people have little dilficulty in sorting out their feelings
about the noise from their other nonacoustical attitudes

An even more cruelal matter has to do with whether
or not the past surveys have correctly assessed the nols
stimulus, Clearly, the outdoor noise "stimulus™ can
vary widely from subject to subject in the sub-neighbor
hood, depending on distance from the measuring loca-
tlon, house orlentation, shielding by other bulldings or
the terrain, etc, But more important, anyone who
has simultaneously measured the noise just outslde and
instde u house knows that the exterior and interior noja
exposure bear very little relation (o one another, ™45
The dilferences run 20-30 dB and fluctunte greatly wilh
time, (Theas differexcus may be even greater whoa:i'
the outdoor nolse is measured at some distance awayy
at the center of the sample nelghborhood.) Thua, ig=" "
stead of ench member of the teat sample being exposed’
to the same noise, aa meagured at the survey micros -
phone, the officlal *outdoor nolse stimulus” may have’)
little or nothing to do with the noise actually heard lo- .
doore by the subjecta, because of noisy indoor acm‘iﬂ’&u

For example, in the recent survey of community rew)
sponse to noise in Belgium (Antwerp and Brussels), the
correlation between the measured nolse and the mlb}drﬁ
tive responne {in termn aof disturbance of reading, ms‘t;'.F
ilatening to televirion and radio) was 0,87 with windowil’
open, and 0.44 to 0.2 with windown closed. In othesif}
worde, 1l one wiahes to increase dramatically the cod
lation between the measured nolse and the subjecHye f'gl
aponse of the subjecta, one should open the windows g
that the official survey microphons and the noise to . &}
which the subjects are actually exposed to the same
noise,

1t ig at least arguable (with respect to past survoys);
that the half of the sample population at each noiae 0x¥1
posure who respond bolow tho medlun have simply not+#
heard the noiss measured in the survey, For this Mj
the survey's measured nolse 18 a random variabie| It
is little wonder that thelr {ndividunl subjective ranponuq
correlate poorly with the noise ! '.i
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With the “highly ansoyed” part of the population, on
the other hand, we know we are dealing with people who
have attended to the outdoor noise, because they exhlbit
a delinite and congeious response to it, With this group
we have some hope of discovering a meaningful rela-
tion between outdoor nolse exposure and annoyance,

There are, |n fet, other reasons why the percentage
of the population who are highly annoyed seems a better
measure of communlty regponse than the median re-
sponse of the sub-nelghborhoods,

First, it must be remembered that the present pur-
pase in reviewing the past noise surveys is to seek gui-
dance for regulatory decisions ahout noise. In this con-
text, the medlan response is much more difficult to
translate [rom one annoyance scale to another, in every.
day terms that are understood by politiclans and policy
makers, particularly for the scales with unnamed steps,
By contrast, “percent highly annoyed” carries a com-
monsense import that is clear, even when it .. not pre-
clselydefined, that “medinn response"” completely lacks,

Furthermore, the median annoyanece is diluted and
thus is anchored by the responses of the continual com-~
plainers and the nolse imperturbables [if any (see Sec,
11 G, below)] in the pepulation, whom no nolse ordinances
or regulationscanhelp. Since the median response does
not adequately describe Lhat part of the population whose
expressed annoyance actually changes with differences
in noise exposure, it is too sluggish and insensitive a
statistie for regulatory purposcs,

Finally, the median response to noise correaponds
essentially to “no complaints." The median response
is not dealing with a community nolse "problem’ at all,

Thus, while ona can agree that studles of mediap re-
aponse, based on factor annlysis and multivariate re-
greasions, may contribute substantially * ¥ our under-
standing of people’s response to tha noi.. environment
and of how annoyance Is generated, they are not of much
use in guiding declslons about noise ordinances and other
governmental aconatical regulntion, because they tend
to daflect attention to nonacoustical matters, For regu-
latory purposes, any analysis that fails to focus on the
nolse itacll muddies the iasue.

For planning and monitoring purposes, then, the per-
centage of the population who are “highly annoyed,"
when plotted againat some ruigure of the noise expo-
sure, ia proposed us a more useful indication of accept-
able community noise exposurs than the "median de-
gree of annoyance” of the community, 1%

i
It, PURPOSE AND METHOD OF THE PRESTMT
STUDY

If we adopt the “percentage of the population highly
annoyed" for the common annoyance rating, then, it be-
comes ol interest to see how well the resulta of the vari-
ous soelal surveys agree with each other, when all the
data are analyzed in a uniform manner, In particular,

" we wish to determine whether or not a glngle relation-~

ship between nolse exposure and anhoyance can be found
that is valld for all kinds of noise.
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The difficulty with such an investigation 1a that the
noise exposure in the various soclal surveys has been
measured with different nolse ratings; snd the queatio,
of wha is to be counted as “highly annoyed” has been
dealt with differenily in the different surveys, The
present study attempts to translate the different nolse
ratings infe a common measure of noise exposure and
to develop a uplform assessment ol the percentage ol
the survey population who were highly annoyed,

For this purpose, the author has gone back to the bas
data, so lar as possible, [rom eighteen social surveys
dealing with the noise of aircraft, street traffic, ox-
pressway traffic and rallway trallle, spanning a period
of fourteen years and a range of nine countrles, The
varions nolse ratings were translated to day—night aver
age A-welghted sound level, L,,, as the common mea~
sure of noise exposure, according to methods that are
described carelully for each survey in the second part
of this report, (The rating, Lg,, 18 defined as L,
=101logd {153 LOM/ 10, g 1oHani®V  ywhopo £, and L,
are the energy-averaged noige levels during the daytime
(070¢-2200) and nlghttime {2200-0700) periods, respec-
tively, ')

Similarly, the author has tried to assess in a uniform
manner the percentage of the populaiion who were re-
parted to be “highly annoyed” in the dillerent surveys;
the “etails for each survey are described later in the
report, It will be seen that, given the survey datn aa
published, the largest uncertalnties in the results of |
this study are associated with the judgment as to who ls
counted as “highly annoyed."”

A. Evoluation of the survey dats

Since the annoyznce scalea used In the diﬂerent mr-
veys were rather different, the author originally (heﬂ
clded to use his own peraonal judgment as to what polnt
pn each scale should be reckoned as the threshold of
“high annoyance,” and then counted people as “highly an-
noyed'" who responded in the stepa on the scale nhova :
this threshold,

Of the eighteen surveya initially studied, (An nddendum ‘
to this paper presents the results from four surveys that -
becarne avallable after the synthesias was finished.) o!wun
presented the subjective response datn in such a wny
that a eonsistent cholee could be made of who wera”
“highly annoyed” (ue below), The results.are show
Fig, 1,

The degree to which these curven ngrea with obe a.n ur
other was surprising and impresalve, particularly llm&o
the nolse ratinge and interview methods were, In some.-~i,
cases, yuite ditferent,

e

Wher .ete résulta were [irat circulated for cow. - -
ment, }T however, they drew severe criticiam Irom no- .
cinlogiuls on two grounds: (1) it waa said that the elaven -
survey curves appear to ngree with ono another only be~ ..
cause the auther had made arbitrary judgments ns to tha,”
thresholda of high annoyance on the different scales, in'-
such o way aa to lorce the dats to agree; and (2) inthe
absence of a "sclentiflc” definition of who should be
counted as "highly annoyed,” no other rosearcher
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FIG. 1. Summary of annoyance data from eleven-surveys that
show clese agreement and two paints from a recont (BBN, un-
pubilished) study of aireraft noise nnnoyance at Los Angeles In-
tarnational Afrport (LAX),

would be able to repeat or confirm the author’s personal
decisfons. Tt was implied that, by a different choice aof
whom to count as “highly annoyed,” the conclusions
would be significantly changed,

1. Arbitrariness in counting the percent highly annoyed

in reply, the author asserts that, because of the na-
ture of the annoyance scales in question and the man-
fier in which the data were published, there is not much
latitude In the choice of whom to count, if we are to re-
tain any reasonable concept of "highly annoyed.”

II the data were always presented in fine steps, then
the judgment of who is to be counted as highly annoyed
is relatively free and may, indeed, ke made arbitrarily,
Another researcher might make a different choice and
come to different conclusions,

But If the data are presented in only, say, seven sieps
along the annoyance scale, then the options & to who
should be counted as highly annoyed are considerably
restricted, If one counts only the top atep, or 14, 3% of
the acale, ope surely risks misaing some of the highly
annoyed popalation, Counting the top fwo categories cul
of seven {(or 20% of the annoyance scale) seems more
reasonable; but counting the top three categories (43%)
includes almost the entire top hall of the scule, and
would surely exaggerate the count of people " highly
annoyed,”

In practice, the ck-ice of whom to count as highly an-
noyed was pegged, more or less arbitrarily, by the two
Swiss surveys, as described [n the next section,

2. The eleven annoyance scales

Lot us now consider the terms of the eleven scales
of annoyance, as shown in Table I; they correspond to
the surveys whose resulls are given in Fig, 1.
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In the published reports of the two Swiss surveys,
people were reported as highly annoyed who raﬁrpnnde
in the top three out of eleven categories, that ls, in t!
tap 27% of the annoyance seale; this seems to the au-
thor to be a reasonable definitionof "high annoyance,”
and no other cheice was offered,

The first and second Heathrow surveys, the London
street tralflc survey and the French railroad survey,
on the other hand, all nad seven-step annoyance scale
with only the end steps named; the datz were pre-
sented in enough detail in ench case so that a number
of choices were possible for whom to count as "highly
annayed.™ However, only by counting the top two of
lhe seven categories (the top 29% of the annoyance
scale) can we come close to agreeing with the counting
method used In the Swiss reports,

{It is interesting that the agreement of the “sell” rat
Ings, from the surveys with named steps, supports the
cholee of eounting the upper 27%-29% of the annoyance
scale as highly annoyed. )

B. Original count of highly annoyed populations, based
on the author’s persanal judgmant

Thus, the bastc rule adopted was to count as “highly
annpyed™ the people who responded on the upper 27%-
20% of the annoyance scale, il the scale ateps were nof
named; and, inthe surveys using annoyance scales wit.
al steps named, so that the respondent could state di-
rectly his degree of annoyance, those people were
counted as “highly annoyed"” who said they were highly
annoyed. This basle rule was modifled according ta

TABLE I, Annoyatce roling scales used in alaven uooh.l.
aurveys concerning noise,
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FIG, 2, fNevised analysls of the cluatering surveys using a
rule for counting the percent highly annoyed that leaves out pers
sonal judgment in tho individunl surveys.

the author's personal judgment in a few cases, In the
original analysis of the survey daia,

The original count of percent highly annoyed, then,
was straightforward, in six of the surveys; U.S8. Street;
“very” or "extremely nnnoyed”; Swedish Alrcraft: sfrs
mycket; French Afrcraft: “beaucoup géne”; Munich Alr-
cralt; “Starker betrdlfenen”; Swis. road; &; Swiss Alr-
eraft: iy :

We now come to the question of the name given to the
top step of the annoyance seale, In the London Strest
survay, the end ateps of the annoyance scale ware glven
neutral nameas; ‘“definitely satistled" and “definitely un-
satistied,”" The latter seemed a very mild description
of the most extreme form of annoyance that a subject
can fael, compared to the other surveys, In that con-
text, one might coneluda that the atep nev? to the top
must correspond to gonething like only "somewhat'” ar
“moderately” unsatistactory. 1In the author's original
assessment, therefore, the percentage of people counted
as highly dnnoyed wus based on the average between
those with scares in the fi#st category only and those
responding in the firat and second catermcies; thus, ef-
tectively, 1} out of 7, or the upper 21% of the annoyance
scale.

In the French Railroad survey, on the ciher hand, the
designation "altogether intclerable for the high end of
the scale seemed 50 extreme a response, compared to
the other survey sgealea, that people responding in the
top {hree out of seven categories were originally counted
28 highly nonoyed (1),

In the tirst and gecond Heathrow studies the annoy-
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ance geale was bullt up from reaponses to questions ke
"are you at least a little annoyed by aircraft nofge "
or "have you ever been dlsturbed in conversation?”
ete, A respondent thus could be reported in the highest
category of annoyance, according to his buflt-up score,
even if he was only rarely disturbed. ({The last ques-
tion, Indeed, seems to be coaxing an annoyed response,
v comparison with the other survey annoyance scales,
Ses Table I and Part Two, Sec, ITA,) One iz templed,
for this reason, Lo count only the top category (1) as
highly annayed; but in view of the fact that the Heathrow
survey reports, themselves, identify the threshold of
high annoyance with about the third category down, the
top fwo categories were counted as highly annoyed,
consistent with the bagic rule.

The Parls Street survey Involves an entirely differ-
ent kind of scale, not an annoyance scale at all. It is
based on rank-ordering quite different aspects of the
nelghborhood, including noise, We judged that unless
the respondent put noise into last place, he was not
“highly annoyed” in a sense comparable with those in
the other surveys.

The pesulis of this original accounting of percent of
populations *highly annoyed” are presented in Fig, 1,
and, aa stated above, this proeedure drew criticiam as
belng deliberately bizsed,

C. Unbiasod count of porcent highly annoyed

Now let ua adopt, inastead, an nliernative counting
rule that leaves out personal judgment on individual
surveys, as follows: We count as "highly annoyed"
thoge people who claim to be highly annoyed, when pro~
sented with annoyance acales whose stepa are named, . °
and those people who reapond on the upper 27h-20% of - °
the anncyance scalea il the steps (except for the ax- = .
tremea) are un-named, The Paris Street survey is -
counted as before,

With this rule, the results for the eleven 51 *voys are
as shown in Fig. 2. The curves for these surveys clus-~
ter only slightly less well than in the original analysis,
Also, because some surveys have moved up and othars
down, the average of these curves la the samo as for
the orlginal analysis, as shown in Fig. 3.

The author, needless to say, prelersthe original n.nil-
ysla of percent highly annoyed, as shown in #ig, 1.

O. Powar-law bshavior functions

It the average curve of Flg, 3 indlcates how ceople
behave, the same curve plotted in logarithmic form in
Fig, 4 suggeats an explanation for this behavier, in
terms of two power-law functions,

u1 the intrusive nolse is altogether maskec ., the:o Ia
no response At all, As the nolae exposure increnses,
an increasing number of peop!s notlce it and become
aroused, Finally, when people actually attend to the
nojse, thefr annoyance increases at the same rate as
the well-known loudness function,

This suggeation, of courae, 1a unproved, but |t de-
serves further study,
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E. Tha remaining surveys

For the surveys not included in the discusston above,
the published data were not presented in such a way that
one can count the top 27%-28% of the annoyance scale,
or even anything close; nor, with one exception (see
Part Two, Sec, IIF), were the steps on the annoyance
sealas named, 50 as to permit the respondents to self-
ovialuate their annoyance, Thus, the results of these
surveys cannot be compared meaningully with those of
tha eleven surveys discussed above, simply bechuse of
the manner of reporting the subjective data,

If the curves for these remaining surveys are plottec
together, anyway, using the best approximation to " per-
cent highly annoyed” that the published data permit, it
I8 seen [rom Fig. 5 that the curves scatter widely and
appear {o be unrelated to one another.

The author initially tried to account for these non-
clustering data on the grouad of seasonal differences,
ete, ; only [ater did it bacome apparent that grent care
is needed in accounting for the percentage of high an~
noyenee; it is accounted quite differently in difforent
survey reports,

The counting rules for all the survey data are suni-
marized in Table II,

f. Accuracy of annoyunce nrediction

Even if we accept that the curve of average annoyance
responsein Fig. 3 represents the consensus of all compar-
able published surveys, one may still ask: How accu-
rate a pirediction of community response does it provide ?

Flgure 8 shows all the data points Irom the eleven
clustering surveys, It alao shows two regression

MEAN OF BLEVEN “CLUSTENING™ SURVEYS

LTI TTTT]

0
HHATONSED Ly, v 00401 LT+ 000047 1)
©
o
-
g n
-
0
F /
&
£
o
Z
& /
£ (
[ 3 . /

)
0 / T
1] //
']
40 30 & »w [ w
Ly [decibaln)

FIGQ. 3. Syothesla of ull the clustoring survey reaulta, The
meah of the "cluataring surveys” data, shown hare, {4 pro-
posed us the beat currently avallable eatimato of public annoy-
sneo dus to transportation noise of all kinds, 1t may also be
spplicable to community noise of other kinds,
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ecurves, one in which all the individual regression
curves from the eleven surveys are averaged together
with equal weight, the other in which all the ludividual
data points are given equal welght to form a single re.
gression curve, These lwo regressions are practically |
identical with one another, and with the original aver-
age curve, - '

The shaded area contalns 00% of the dain pointo; e "1 |
significance is simply that it hugs the main body of ttn;;.a i
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FId, 6, Summary of annoyance date {rom scven surveys that -
oxhiblt wido acatter, See text for explanation of the scuttor tn-
wome of thess surveys. [Tho Jopanese tallrond nolse survey

ia {ncluded hers rather half-heartedly and 18 not even counted

in the "'seven, " because of conslderable uncertalnty tn adapting
the original data.)
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dita, and ieaves 5% of the points above and 5% below
the shaded area.

The ariginal set of clustering servey cucves (Fig. 1)
ltes within £4 percentage points of their average; and
90% of all the data points lle within 110 percentage
points of the average, Whether or not the survey aver-
age curve (Fig, 3} ylelda a useful prediction, then, de-
pends on your purpose,

G. The “supersensitives” and the “imperturbables”

It has been claimed, and widely repeated, based
mainly on the results of the nolse surveys in the Ualted
Kingdom, thal there {s a supersensitive portion (about
20%) of the population wha ire always annoyed and who
may complain of the nolse even though they are exposed
to very low naoise levels; and that there 18 an “imper-
turbabla" portlon (about 25%) of the population who do
not appear to be disturbed, no matter how much poise
they are exposed to,

The results of nolse surveys In other countries, how-
ever, do not bear out this claim, Alexandre has al-
ready expressed his doubts as to the validity of this
conciusion,? and the author agrees with him, based on
the results of the individual surveys presented in the
second part of this paper. Ingeneral, there is xlways
a threshold below which there i8 no part of the popula-
tion who ate highly annoyed; and there is no suggestion,
even in the survey on French expressway nolse, that the
“highly annoyed” reaponse levels off below 100,

I, however, one ia looking, not for "high annoy-
ance,” but for “any annoyence at all,” there 1s, indeed,

TABLE [I, Method of reckoning "percentage highly annoyed™
in varlous soclal aurveys. The entry “3/11," for exampls,
meann that poople responding in the top throe out of eleven
cotegorios wete counted an highly annoyed; the designation
“gelf” mennn that people were counted aa highly anncyed who

.. safd they were highly annoyed,

Counted % upper

as highly and of
Cluatoring Surveya annoyed scale
Swediah Alrcraft Salf v
Swioa Alrcraft 3/11 &
Frunch *reralt Selt oo
Secobd eathrow Alrcraft /7 29%
Firat Heathrow nircraft 2/1 29
Munich Alroraft Balf e
Fronch Railroad -7 4 20%
Paris strect Trafllc t/10 10%
Swias Rond Trafflc /1 2Th
BBN 24-Bites Streot Traiflc Self wes
London Street Traffle /7 20%
Nonclustering Surveys
Swedleh Street Traffio 1/11 (048} o%
Bwedioh Btreet Traffic Relf (1975) ser
Vienpa Street Trafflc 2/5 (1964) 140%
French Expresawayn 2/4 50%
Tracor Large Cities 21/45 4Th
Tracor Emall Citles 21/45 7%
First Heathrow Alreraft Iy 43%
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evidence for o supersensitive portion of the population,
but not for “noise imperturbables,”

H, "“Percont complaints’ vs “percent highly annoyod'

The Tracor studies of community response to air-.
cralt nolse*®'* have led to equationa, expressed ina
variety of formulations, that purport to relate the per-
cent of people who are highly nnnoyed by noise to the
parcent of the population who nctually complain of the
noise ln some official manner, A typleal example is
(% highly annoyed) = 20 + 2 x(% complaining), ™

These relationa must be regarded with suspicion, be- -

cauge of the manner in which the percent of the popula-
tion ho are “highly annoyed” were counted in the Tra-
cor owdies, Slnce people were regarded aa highly an-
noyed if they score more than 21 out of 45 points an the
annoyance score, it appears that'the highly annoyed
portion of the population |8 nvereatimated, Thus, if
the complaint statistica from these studles are to be
truated, the number of complninanta in a population 18
probably comparable with the number of people who are
truly highly annoyed.

I, REAL -NS FOR THE DA 1A SCATTER

It 18 useful now to seek the rensons lor the data scat-
ter shown In Fig, 6,

Some of it, of courae, comea from inaccuracies in
the translation of the noine data from the original sur-
veys 1o wis day-night noise leve! used hore, And, aa
suggested zirller, some may -+Iect differences te-
tween the measured nolse and the noise to which tha
subjects were actually exposed.

Some scatter may depend on the time of year in which
the survey was conducted, This elfect may be indicated
in the two Tracor surveys of U,S8. annoyance dus to alir.
eralt nolse, ahown in Fig, 7. The upper curve is for
2 survey conducted in summer, the lower curve (or a
survey conducted in winter, when people tend to atay
indoors where they are better protacted from outdoor

B T




nolse, If this elfect dees exist, it presumably atlects
all surveys to some extent and contributes to data scat-
ter, (This also ralses a question as to whether the
same retationship between noiee and annoyance ean be
valid for both hot and cold climates, even in the same
countey, )

There may also ba an elfact due to the size of the cur-
veyed community, an alternative explanation of the re-
gults shown in Fig, 7,

Some response scatter may be due to dilferences in
the nolse attenuation of the exteriar walls of the dweli«
ings. The reported annoyance response to Japanese
Railway nolse, for agiven noise level, is extremely
high, as shown in the left-tand curve of Fig, 8. II,
hewever, onhe notes that the typieal noise attenuation
(A-weighted) for railread noise in Japanese houses is
only 10dB, compared to 28 dB in northern North Amer-
ica or Europe, one may be justified in shifting the origi-
nal curve 18 dB to the right—which brings the survey
resulte into closer agreement with the other surveys.
‘These Japanese annoyance responses still le above
those of the clustering surveys, but this may be because
the questions in the interviews asked “Have you EVER
been annoyed by sc and so ?"

Finally, there is the e{fect of background noise. It is
commonly believed that a given level of intrusive noise
is less disturbing in locations with high background
nolse than in quiet locatlons. This notion has been em-
bodied ina number of schemes for evaluating community
noise, dating back to the original Composite Noise Rating
(1953), It still appears in the current ISO standard for
‘" Aaseasment of Noise with Respect to Community Re-
aponse” (R1008),
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Thus, some of the data scatter in Fig, 8 may be due
to differences between people’s responses io Lthe nolse
under study as it is heard in dilferent background nolse
levels, Figure 0 seems to confirm this supggestion;
it shows that the annoyance response to a given level of
aireralt nolse is less in neighborhoods with heavy road.
traffic than where the road tratfie ta tight, That seemas- 3§
plausible enough: Elther the heavy road trafflc helps to’ 3
mask the airerait nolse, or it atiracts some of the an- 8
noyance to itsell, A similar results was reportedby -
Wwaters and Bottom, ¥

.""-
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different levels of local strect traffic notsa (Ref, 20 and 23},




400, 3, Dec, 1071), the standard deviation of the noise
" 1evel data about the mean relationship between commun-
- Jiy reaction and noiss level was cut nearly in half (i.e.,
the data acatter was reduced} when the amount by which
the Intrusive noise exceeded the background nolse was
taken inte account, rather than accounting simply for
the intrusive noise level alone.

On the otherhand, in the French study of response to
railroad noise,®® it was found that the annoyanee due to
the rallroad was greater in areas with lhigher back -
ground nolse Irom other sources, as though high back-
ground nolse from other scurcea haa the effect of sen-
gitlzing the communlty to the railroad noise, A similar
reault was found in a pilot study of railway noise in
England, #68 .

In addition, If the annoeyance caused by an intruatve
nolse dapends on how mueh that nolse exceeds the back-
ground level, then we should expect to find a higher cor-
relation between community annoyance and those noise
ratings, such as the Traffie Noise Index {TNI) and Noise
: Pellution Level (NPL), which depend on the difference
between the background noise level (L) and the quasi-
peak noise level (L), Instead, In several recont sur-
veys'™® these two ratings have correlated no better,
and sometimes significantly less well, with community
responae than did simpler ratings like L,,.

A final conelusion about the elfect of background notse
on the assessment of community nolse is evidently pre-
mature, Infact, the facts of the matter, themselves,
may be changing, with the {ncreased publicity about
nolse as an environmental pollutant,
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IV. DISTURBANCE OF VARIOUS ACTIVITIES BY
NOISE

In additlon to reporting general annoyance with noisa i
in the community, the interviewed subjecis insome of - |
the surveys reported interference with specific activi- L ‘
ties, such as converasation ([lace-to-face or by telephons), «'{"
listening to the radio or television, aleep, rest, or work,” .’ .
and disturbance due to the atartle elfect, or houne vibra-
tion,

These disturbances undoubtedly contribute to the gen-' . |
eral annoyance, as reported above; but it is also inter-
esting to examine theae reports separately, for they A
throw some light on the queation of which noise sources o
are most disturbing for different activitiena, o 1

Firat, we constder alrcralft nolse, Figures 10-12 . .
present data showing the percentage ¢l the sub-popula« )
tions expored to various levels ot L, who reported seri-
ous interforence with conversatlon, radlo or telovision -
listening, or sleep, in surveys earrled out in London,®
France, ™ Munich, ¥ ana Switzerland'® concerning ais-
craft noime,

Speech actlvities are more seriously disburbed by
aircralt nolse than is sleep; and, with reapect to aleep
interference, being awakened by aircralt nolse.is more
disturbing than being kept from falling aaleep,

The apmrent differences in amount of interference
can be attributed to differences in what was counted as
“gerioua interfarence,” In the London survey, Inter-
ference was reparted for people who said they had ever
heen disturbed; the French survey counted, “ sometimes”




i
|
f
l
i

o | uare 4, 2huiLe Synthesis of locis! surveys oh nolse annoysnce

and “often'* disherbed; the Swias survey counted “rather
often” and “very often” disturbed; the Munich survey
counted " rather strong” and “very strong” disturbance,
In other words, London counted mild disturbance, France
moderate disturbance, and bath Munich and Switzerland
great disturbance, The apparent differences reported
are thus underatandable,

Figura 13 shows the {nterference with these same
three activitiea due to road traffic nolse.**2 In this
case, by contraat, Interference with sleep s more pro-
nounced thap interference < lih apeech activities, par-
ticuldrly for the nolse of stroet (as opposed to {reeway)
traflic.

Figure 14 presents the results for railroad noise®;
it 15 seen that activity interference by railroads resem-
blea that for alreralt, This I8 not surprising hecauvse
the time patterns of the nolse of railroad passages are
quite similar to those for direrafl,

Figures 15 and 18 show the incidence of serious dis-
turbance by alrcraft and street traffle noise in terms
of sturtie and house vibration, *##

Flgures 17~18 show activily interference by street
traffic noise with conversation, with radlo/TV listening,
and with sleep, for 24 sites recently studied in the United

States,

Figures 20-22 summarize the activity interlerence
due to various kinds of noise, under the categories of
disturbance of conversation, listenlng to radio or tele-
vision and sleep, These data do not cluster so closely

" as the curves concerning annoyance, for reasons having
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to do with who was counted s serlously diaturbed;, but
nevertheleas 1t 18 possible to draw meaningful averiges
from the data, as shown by the heavy lines in each of
the three figures. They indicate a thrashold of inter-
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environment, it Is not posaible to base this declsion on

Disturbance or Interiarmnca with Activitios e ; ’
HOUSE VIBRATION, AIRCRAFT NOISE Disturbance or Inierferance with Activitiss
STAEET TRARFIC NO{SE mmar e RADIG/ TV, STREET IRARMIC, USA
[ ] ad|
l -~
FRANCE
LONDON
0w mn
" / / 4 INTERFENENCE » 0,303 (t,,- 43| +0.0047 [L a5}
2" a®
- -
- -
2 : 2
[ 2 %
< ) 1 2
w FRANCE b
5. /] / 3w
H F
& LONDON ) s
q £ oy / SWITIERLAND O
1 © -
74 |
/ -
N A y 0 » .
/ If"'usmrmunn WD
. Y ‘ l o ™ eaal®
] 3 0 70 10 o 100 0 30 [ (3 0 1] 100
DAY-NIGHT SOUND LEVEL, 1, 1dB) DAY-NIGHT SOUND LEVEL, Ly (b))
FIG. 18, Incidence of houss vibration due ta aireraft and FIG, 18, Interfarence by street traffic noise in the U, 8, A,
street traffie nolae, . with radio/televiaton listenlng, :

J, Acoust, Soc. Am., Vol, 84, No. 2, August 1078

UYL N DR AL




Dislurbancs or Intecforgnce with Activitins
SLEEP: STAEET TRAFFIC, USA

]

s INTERFERENCE ¢ D.9571 (L, -43) = 0.0011 {1435}
0

“a OF FEOPLE DISTURGED

[
" 10 0 1] [ "0 100
DAY-MIGHT SOUND LEVEL, L, (dB)

FIG, 19. Interforence by street traffle noise in the U, 8. A,
with sleep,

the human response to the noise, alone. One must also
take reasonable account of the noise that already exists
in the community.

Figure 23 shows bath the axpacted effects on the pop-
ulation, {or different cholees of a standard of accept-
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FIG, 20, Summary of interferenco by noise with conversation,
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FIG, 21, Summary of intarference by nolse with radlo/tele~
vislon Ustening.

able noise environment; and alsa the number of urban
housing sites, or the percentage of the population, cur-
rently atready exposed to higher notse levels than the
standard {n each case,

Suppose, for example, thata valueof L,, =55 di wereto
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FlG. 2, Summary of data from eleven Soclnl surveys can-
corhing nolse {from alrernft, atreet traffic, highway traffic and
raliroad trafflc: percentage of the loeal population highly an-
noyed and activity interference, Tho consequences of varions
cholcos for noise atandardd are also shown in terms of the per-
centage of U, 8. aitea and of U. 8. population currently ex-
posed to highor levels,

be adopted as a standard of acceptable epvironmental
nolse exposure, nationwide, corresponding to the nolse
level identified by the U.8, EPA as “requisite to pro-
tect public health and welfare with an adequate margin
of salety,”" Then, according to Fig. 23, tie percent-
age of the population highly annoyed by noise or seri-
ously diaturbed in varlous activities would be restricted
to less than about 10%,

But thia desirable condition could currently be mst at
only about 10% of U.S. urban sites; also, about 75% of
the U,8, urban population, and about 50% of the entire
1.8, population are already exposed to higher levels
than this, )

On the other hand, If, in the interest of categorizing
more urban sites as “acceptable,” one were to permit
a higher level of environmental nolse exposure, say
L =70 dB, then one would find that nearly 90% of urban
sitea would be currently acceptable, but 25%-40% of the
population would ba highly annoyed by nelse or seriously
disturbed in important aetivities,

Thus, rig. 3 provides a tool for the use of decision
makers (in reaching conclusions about sultable sites for
residential bulldings, for example) that takes into ac-
count bath the subjective eli1cls of noise on people and
the current prevailing noise levels in the United States,

VI, CAUTIONARY COMMENTS

One reviewer, éommenung on an earlier draft of
this mper, was candid enough to remark that he was
taking a weverely critical view of this syntheais on the
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ground that an inattentive reader, who reads only the
conclusions, might well belisve that the matter of com-
munity response to environmental noise 18 now aettled,
and no further comparative research is needed; more-
aver, these careless readers might even include the
people from whom he was hoping to get funds for his
uwn [uture studies!

Let sueh fears be latd to reat immediately, There is
a0 much work yet to be done in understanding how people
respond to noise that one might say the task has barely
begun, The author hopes that the present paper, by
juxtaposing the results and procedures of & number of
quite different surveys, will help communities to mount
more useful surveys in the future,

In particular, it seems clear that if we continue to be
interested in the part of the population that is hiphly
annoyed, the annoyance scale for future surveys should
be standardized. There should be enough steps (at
least seven) on the scale to allow the highly annoyed
population to distinguish themselves from others; and
we must agree on how to count the percentage of people
highly annoyed; or, alternatively, to rely on self-judg-
ments based on an annoyance scale with consistently
named steps.

The most severe problem with past surveys, inthe
author's view, I the uncertalnty about what noise the
interviewed subjects were actually exposed to.

In past surveys, measurements of the naise to which
the subjects were exposed were hiade by placing an out-
door microphone more or less centrally with respect to
the homes of the Interviewees and analyzing the data from
thig microphone, [t was assumed that this account of
the noise exposure would be approximately valid for all
the subjects in that reighborhood; and, in the survey

analysls, their responses, elther individual or pooled, . .-

wers tasted for corralation with one or unother mea-
sure of the nolse signal recorded at the microphone po-
sition.

This approach reats on the assumption either that
most of the noise indoora, wher? the subjects spond
mont of their time, comes from outdoors; or that most
ol the annoying notae comes from outdoora—and thus
the central outdoor microphone could be used to gather
the physical noise data, It is worthwhile to explore the
validity of these assumptions, .

If the indoor noise loevels were coming mainly from
outdoors, one would expect the outdoor-indoor noise
level difference to remain nearly constant, even though
the outdeor levels might fluctuate; this Jiiference would
correapond to the sound attonuation of the exterlor walls
of the dwelling. :

Instead, the differences typleally fluetuate wildly over
a range of as much as 30 dB.™3 Evidently, a large
part of the nolse in a house Ia generatod indoors and is
independent of outdoor events, Conmequently, it 1a
doubtful that an outdoor mictophone can correctly char- '
acterize the nolae exposure of the subjact Indoors, at
least with current noise ratings,
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Thia ia not the end of the problem, howaver, It must
not be assumed that a microphone placed inside the
houne would yield a better approximation to the oceu-
pant's nolse exposure than the outdoor microphone,

In order to investigate thig question, a pilot experi-
ment was run,  The alm was to compare the exposure
recorded by a fixed indoor microphione with the exposure
recorded by a microphone mounted near the ear of the
occupant,” The results of subsequent statistical analysis
for these two signals indicated that the cumulative dis~
tribution from the (lxed microphone bears almost no
relation to that trom the moving micrephone! The Ly,
lavels differ by 17 dB, the L, levels by 21 dB; only for
percentiles higher than about 50 (that s, the background
events) do the two distributtons agree,

These results suggest that current noise ratings,
based on data from & fixed microphone, no matter where
it s placed, give a poor account of the actval noise ex-
posure of active occupants of a dwelling,

This situation could be significantly improved if we
agreed to measures, in addition to, say, the average
sound level or the day-night average level, the occur-
rencas (levelgs and numbers) of maximum (i, e., short-
term rms) nolse levels outdoors. These might be asso-
elated with identifiable events, such as a flre truck
siren, an aircraft flyover, or a train or heavy truck
passage, These nolsy events are the only candidates
likely to Intrude indoors with gulficlent Inteaslity to at-
tract the subject’s attention and thus generate annoyance.
Not even L, identifies such events with useful accuracy,
80 such a procedure would mean a drrstie chanpe in
current noise measurement practlce.

It may bo asked; If the peaks of outdoor nolge are the

PART TWO: TRANSLATION OF SOCIAL SURVEY DATA INTO COMMON TEAMS - 3

i, CUAVE FITTING

Part Two of thim report presents detaila of the methoda by
which i.. dais of the varlous aoclal surveys were iransisted in-
to commoen term# ao that thoy could be meaningfully compered,
Slightly diflerent mathods had to be applied fur each case, be-
cansa the sutvoy results were reporied differently.

In ench cane, once the noloe expostrs racing woa converted
to L g, and the parcentage of pecple highly antoyed at each
nojoe level was determlged, the data points wete plotted and a
“best fit” curvo wan drawn through the data polnts, A regres-
alon equation ls given for sach curya,

1t will be helpful firat, however, to comiment on the uae of
iant=sguares methods of curve fitting In the (ntorpratation of
survey dais, because auch procedures, If used bllndly, mey
have a profound influence an the appesrance of the results.

C. b data setl, such as those fus che perveva of French and
Hwida aiporall nolan, define a functan o clearly that they of-
far 1!**te or no option [n Hitlng A cucve to the daia pointa (gee
rugs. ©F and 36). Other data sets, such as those [rom the
Munich .nd Svedinh aircealt nolse surveys, are sufficlently
scattered that fitting & curve by eye entalls cansidersahle uncer-

7 tainty {aso Figs, 31 and 34),

. Loant-squaren curve-fitting proceduras are extremely use-
ful (o fitting curvesa to amblguous daly sets, but even 8o the
procedures must not be used uncritically, Inthe first place,
thera munt be a deoislon na to the form of function to be fitted
to the duta; lnear, quadratic, cublo, exponential, ete. The
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only acoustical events likely to penstrate indoors encl§
to cause annoyance, then why do the results of past my)
veya agree so well {Flg, 1)? The answer is that, morgl
or less inadvertently, the surveys did attend to the magl
imum noise levels. For the aircraft surveys, the noindg
rating was NNI, NEF, ar CNR, alt of which depend on §
the menn maximum flyover level and the number of 3
passages, Similar ralings were used for the railroad
surveys, AS for street, road, and expresgway traffle
noise, the nolse level statistics are very well bahaved, F
and all of the percentite levels (Lg, Ly, ele.) are so
highly correlatod amaong themselves that any one of
them Is a reasonably good measure of the maximum
nolse levels, . -3

It is proposed here that more deliberate and careful
attention to the population of maxinmim outdoor nolse
levels will lead to better correlation between outdoor
noise and annoyance, and (perhaps) less need to rely on
nonacoustical varinbles, I

Thus, the scope for further research in comparative {
studtes of community reaction to nolse 18 not restricted |,
in any way by the results presented here, There is '
much more study to be done, i

In the meanwhile, however, the clustering of all the
data points from past surveys (Fig, 6) suggests that the °
average curve of Fig, 3 1is a reasonable account of the
relation between transportation noise exposure and com-
munity response. Provided the noise exposure contin-
ues Lo be measured in terms of day-night average sound
level and the definition adopted here for percent highly '
annoyed is retained, the results of future studfes will |,
not likely shift that curve very much, "

choice will be atrongly tnflusnced by fundamental views aa §
how annoyance is gonerated, and partioularly shout what bape
pans {n the region of the threahold of anncyanoo, B

For examplo, If ono believas that there |5 a hyporsenaitive,
reaiduum of the population that will be annoyod by nolae hows
ever mild the exposure, then an expanential curve sbould ba*",
fittcd to the dats; 1t will not go to toro annoyance 1o the Fange)
of nolse exposuras of interest. o

,‘. "
Most of the survoy data, however, strougly sugiest a ihrodks!
ald below which none of the populadon aro Alghly aanoyed. %
Furthermore, [or the purposes of land-une planning and m-_‘-§
toring community holae, for axampls, mocounting for lhe‘lxr-c_,-,.‘,‘
perdennltive reslduum simply muddies the josuc: ane wants o
know the annoyanca threshold of tho part of the population thas’
actuslly rospondn (o diffevences in nolse expoeurs. Thus, ‘iog
these purposes, coo should fit & function to the data that moely:
tha zero-sanoyanco axin and defines tho throshold. . ..

. ke

Almost all the aurvey data clearly farbid a linoar roml-"-‘-
alon; therefore, the choloe is botwoen & quadratic or & ovbig™
fupction, Here, again, ons must bo guided by judgmet, - . y¥
4

¥y

The cholces embodied in the presant study grow out of eAr= =
lier views emboried Lo the Fractional Impact Method (FIM), ™ f
whtoh envibionod a sharp threshold of nolsp expodure below -9
which there waa ssaumed to be no not@e impaot, This calls -
for an Independent variable of the form (Lg,= L), whers Ly L8 .
the thresbold or eritorion lovel of nolse expooure; by tanit 12
agreement the functich (whatever [tn form) is defined to be r,i
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' goro for values of L g, less than Ly, The original veraion of

Fractional Impact involved a linear function of (Lg, =Ly with
Ly =55 dB.

Tho survey data collected here, howsver, demand a curvi=-
tinear function and a somewhat lower threshold, The cholce
of a cublo, rather than » quedratie, function might b made if
the data set requires & more “curvy' function than can be ob-
talned with & quadeating in practice, the vesults alse depend on
the cholea of Ly, and on whether and how far one expects ta
extrapalato the fitted curve boyond the range of tho given data
gel (8 pructice thal is atrongly discournged ).

In any coae, logst=squares curve-[itting 18 merely an aid,
nat an imperative; one should not hesltate to modify the func-
tion deflned by least squares where (L is clenrly at variunce
with the dala, a8 in the case of the French expressway survey
at high nolso lovels {see Fig, 2B).

Tha boat {It 10 most of the datn was found for » quadratic
equation with o choice of Lya 35 JB; alternative cholees of 40
and 45 B for L, made very little difforence, In the solse levol
ranga occupiod by the data peinta, particulurly [or high noise
lavela. The greatest differences occurred outslde the survey
data range, between 35 and 50 dB, and hnd to do with how far
the antoyance function dipped below zero (somothing that
seemed undesirable but not vory impovtant, sinco the annoy-
ance function la defined to be zaro ot noisa levels below the
greatest value for which it meats the zero axis),

Quadratic functions litted almost all of the dutn suts well;
exceptions ars the Swiss alccralt nolse survey and the sum-
mary curves, for which a cubic equation with no annoysnce
threshold wie required, and the U, 8, 24-su1e dota, for which
u linear equatlon gave the bese fiv.

‘Thoere ia, of course, n problem wish fitting a quadratle func-
tioht to the annoyance data, namely, that one expocta mn S-
shoped resposse curve, tangent to “zoro-porcent annoyed™ at
low noiae levels and to "100% annoyed" at high noise levols;
instead, the quedratic functiona continue Lo increase at high
noise levels,

However, If one oxaminea the data paints in the individual
surveys, ono ennnot find conalstont evidence for leveling off at
high nolsa lc.sls, in tho nolss ranges atndied. One must con-
clude that the tavollng ~oll ccours suddenly, na puggosted in the
[#rbltrary) itestment of the data from the French expresaway
neisa aurvey (Fig, 28), Note, too, that Fig, 3 refraina from
claimiog a consensua at lovels above 85 dB, Presumably, the
expegtod |cvellng-olf occurs above that level,

An for the renponse leveling off at Jow noiae levela, the une
of a quadratic function of (L~ Lg), with L, constant at 25 dB,
has the unferiunnte offcct that the annoyance curves sometimes
tend to injarsoct the horizottal axis at n rather aharp angle
{soe Fig, 31, for example), Rathor than belng tangent to that
axie, they dip below the axis, belng forced to zaro at Ly, = 35
dB. In eachcaso, therefore, tho rogresslon curve has been
confined to e range sctually ocoupled by the data polnta,

‘Thu data {rom each aurvay miglt be bettar fitted, at the low
end, by a curve with a different valae chomen for L, in each
case, foreing the curve to tangency with the horlzontal axia
just bolow the range of datn points, Butit is not clear how to
choosa that proper valua for Ly; the dala polnts themeelves do
not give clear guidance, so the cholce would remain arbitrary.

In any cass, the main reault of the swdy is the avernge
curve of Flg. 3, ond It dogs exhibit the deaired gradusl ap-
proach to the zero-porcant boundary. A more accurate fitting
of curves to the data polnts (n the individual surveys {besed on
the prineiple discussed shove}, would have the effect (on FIg.
3) only of making the approach very slightly more gradusl,
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il. THE INDIVIDUAL SURVEYS

A, First London (Huathrow) aircraft noisa suresy?® (1089, 1731
respondenta|

Table Il of Rel, 3 lisis the number of survey reapondaenta
with various annayance ratinga, claaslfled accordiag to their
aircraft naise exposure in terins of maximum flyaver noiso
level and number of airoralt por day, The annoyance scale
covered n rango of soven {unhamed) categorles, from 0 to g,
{The anpouyinee scale that woa actuslly used had aeven ataps,
from 0 to 6; hut so foew people responded (n calegory 6 that they
wera lumped into entegory S for the data apalysis of the orig=
inal report). It wos based on a combinaticn of the reaponsa to
A direct question about annoyance (Does the noles of alroraft
hather you vary miuch, moderataly, a little, not at all?) and
the answers to five cther quostions that indirectly Imply dla-
turbancy (Dous the nuise of aircralt ever (a) wake you up, (b}
interfere with 1iswening to TV or radio, (c) make the house
vibrate or shake, {(d) interfers with conversation, {e) Inturfare
with or disturh any cther activity, or bother, annoy, or dig-
rb you In any other way?},

The Infermant scored one point toward his annoyance rating
i he judged himself at least a little annoyed by sircralt in the
direct question, und an ndditions? point for ¢ach kind of dla-
warbance from aircralt that he said ever annoyed him, a poa-
sible total of six pointa, which would place him in cawegory 6
of the rating scate, I he was uat at ali annoyed and was never
diaturbed in mny of the listed activities, hla score wea zero.

Given the phrasing of the questions (Doea the nolse ever dls-
turh you?) and the method of scaring (ons polnt il “'at lenst &
little nonoyed" and ony paint for oach positive disturbance
answer), itia pot elear that a high annoyance rating necassarily
implies a highly annoyed subject, Fven a score of 8 could be
nttained with enly oceasional annoyance,

‘Thus, an analysia, such aa that of EPA,?%" which counts
as “highly annoyed" tho people [alling In the Wilson Report's
categaries 4 and § (actunlly the lop throoe of the aavon stops
on the annoyatice scale} may signiflcantly exaggorate the num-
ber of people who are actually highly annoyed, This anslysia’ '
is plottad aa the top curve (n Fig. 24 and also with te non- -~ 77,
olustering surveyn in Fig, 5. Ifonly the peopls in the Report's
category b {the top two of the aeven stopa) ATe counlod, tha - -
curve of percont highly aonoyed poopls {n glven as tho lower -
curve In Fly. 24; it falls much more clooely in lno with the
resulta of the “clustering’’ surveys, as whown in Fign. @ and
2,

EXAMPLE: In the first call of Table II of Raf, 3, there

are 5 peaple countad Lh ahnoynoce category 4 and 31 im° :
catogory 5 (see column il of the table); the total number 1
of paople in the atratum (s listad na 512 (column v}, The
percentage of tho population highly aanoyed ia ealcutated an

[5+81)/512%100=TF AT
if catogories 4 and 5 are apunted, spd o
31/512% 100 =8%
{ only category 51a countad.

The maximum I, avar-peroelved unlla levela tPNdBJ and .
daily numbars of niroraft operations lstad in Table I of Nel,.
3 can be used to calculate valucs of Nolas and Numbor Index
(NNI}, which fa the nolse rating developed in this survoy and
used to report the rosults, The sumo dais can be usod to cal-
culate values of day-night averagn sound tnw!. L g, by moans
of the following equestionl!;

L= (PNL yy— 13} +10logN+ 10logr/2 =49, 4 dB , {1)

where PNL la the cell madlan valus of porcelved noieo lovel;
N is the offeotive number of fights per day (= N+ 10N); N
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FIG, 24. Annoyance ve nolse exposure in the first London
{Henthrow) survey of responss to alrceralt nolse (Rof. 3, The
amount of annoyance depends on whether the top three out of
seven categorien of annoyence, or just the top two categorles
are counted as “highly annoyed,"

and N, are numbors of flights In the daytimoe snd nighttime,
respectively; 20% pighttime aperntions were 8ssumed, so the
vitlue of ¥ waa 2, 8 times tha fahulated number; nhd 7 Ls the
duratjon batween 10-dB-down pointa during a flyover,

The fina] constant {~-8, 4} corresponds to (—10logT) where
T la the obaervation period (24 h= 86 400 8),
The values of + were estimated from a curve telating (1y-

over duration and maximum flyover nolse luvel, derived Irom
the alrcraft nolse survey [n Munich (aee Fig. 32, below).

EXAMPLE: For the first cell in 'Table [ of Ref, 3, the
avorage number of aircralt per day is 5,75, and the maxi=
muts flyover nolse level range lo Irom 84 Lo 30 PNdB,

with an avarage value of 87 PNdB. Subtracting 13 dB to
convort this perceived nolse level to A-weighted sound

level, and referring to Figure 32 for n maximum A-welghted
flyover lavel of 74 dBdA, yields an estimate for 7 of 26

sag., Then L, in caiculated aa;

Ly (47 ~ 13} + 10]og{2, 8% 5, 75) + 10 log(26/2) — 49.4
= T4+ 12,1 fo1L,1 =484
=47.8 dB.
The regression cquation botween L, and NNI (n Lg, = 0. 76 NNI
+37.6, \
B. Vionnew traffic noiws survey? (1064, A00 (sspondants)

Table 10 of Ref. 3% presenta, for varioun 5 dB ronges of (-
door nolse exposure (In tarma of the Stérindex, §), the percent-
agus of the population who la in threo "'reporting categories’
of annoyance, which [n turn are based on flve basie annoyance
categorios, os fallows:

{t} In¢ludes basie annoyanco categoriea O {not at all dis=-
turbed) and 1 (alightly diaturbed);

{11} Includes the single basic categary 2 {(disturbed);

(I111) Includua buplc ontegorias 3 {very disturbed) and 4 (un-
bearably disturbed),
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For the purpased of the present study, Reporting catsgory lﬂ.}

a8 tahulated, was counted as "highly annoyed.” P

liowever, the percentages In catogary III were given sepa- |
rately for day and for night, and separately for windows-open
and windows=closed condltions: four different combinationa,
Thers was o pleuaible way of combining these data for a
meaningful comparison with the results of other surveys. The
“duytime, windows opsn' curve has boen plotted with the non-
clustering surveys [n FFig. §, merely as a motter of intereet,

The means of translating the noise rating used In thie purvey
to day-night average sound lovel I8 also not very satisfying,
The German St8rindex, @, |8 dofinod a8 follows:

Q-13, alog{l/100) 7 Flosd133 (2

i

where F ig the porcontage of the tlme that the timo-varying
sound luvel apenda in the claes Interval L,. Thia is & form of
d¢quivalent sound lovel commonly used In Germeany for evaluat-
ing aircraft nofse gipce about 1965, It 8 approximately, but
not quite, equlvatent to the L,, currently used by the U. 8.
Environmentnl Protection Agency and other jurisdictions.
{Tha difference id that L,, uscs the constant 10 where Q usca
11, 3,)

In the absence of further information, the whutated values
aof @ for this survey wore simply [nterpreted as (ndoar L,
‘These values were first corrected to outdoor values, by the
udditlon of 7d8. (The indoor measuremont location woe 1.5
m, from the open window, The range of differences hetween
outdeor and Indoor A-woighted noise levels was stated tn bo
4,4 to 8, 9 B}, with an average value of 7 dB.}) The values
wera then further corrected to Lg,, based on tabulated values
of the difference wiween daytimue and nighttime noise levels,
Spectfically, Table I of Rel, 32 lists the dilferencea at eleven
measurement locationa between daytime nolse lovels indoors
with windows closed and the nolse tevels during the avening
and nighttime poriods (1800-0800), The average difference wao
5.87 dD with a standard deviation of 2,7 dB. (It would have
been preferable, far the purpose of caleulating L, if the dil-
forence between Lho day-ond-ovening petiod and the hight
mettod had boen given, Presumably that difforence would have
teen smaller than the ane actually tabulatod; the result would
be slightly higher values of L 4, and the curve of annoyanco ve
L g would come a little closer to agrealng with the clustering
surveys,) Tokingthenighttime level to be, on average, 4 dB
leas thoa the deytime level [ends to the conclusion that L,
= Loyt .4 dB, Thua, i the tabulated range of § is 40=45, the
average 18 42,5 and L, {» taken to bo 42,5+ 7+ 4. 4= 54 dB out=
doors.

The Viennese traffic nolse survoy date do not suggest &
polynomial fit to the data points s In the other surveys. In-
stead, the curvea shown in Fig. 25 aimply connect the data
pointa for the “daytime and nighttime windows-oper." conditions,
The carresponding curves for windows cloned are very nearly
the samo; this ssoma puerling, unleas in both cases the an-
noyance was related to indoor nolse leyel, but the report lm~
pllua thet thin is not the cassa.

€. Franch oircraft noise aurvey'®'° (1900, 2000 respondents)

This survey, carried out (h & monner similar to that of the
first London {feathrow) atudy, [nvolved four airports: Orly,
Le Bourget, Lyon-Bron, and Marsellla-Marignane, I the
poriod from Novomber 1065 to April 1868, The numbsrs of
jeople interviewed at these alrports waa, respect{vely, 800,
500, 400 and 300,

The results sre reported in Refs, 168 and 19, but the readar

must be cautious tn interpreting tho data, Nominally the same
noise rating 18 uaed to report the survey redulta in the two
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FIG, 25, Annoyance due to stroot trallle nofse In Vienna, 1964,
On averago, the snme amount of annoyance {8 coused at night
by nolse lovels 10 dB lower than in the daytime,

referunces (the Prench isopsephle index, R), but it is defined
differently in the two cases,

Josae (Ref, 1B) gives;
R=L+10loghN=34 , (3
while Alexandre (19} gives:
RaL+101ogN-130 . [£3]

In both cascs, L is the average maximum perceived noise level,
In dB, during a flyover and ¥ is the number of such Nlyovers

per day.

One can got the value of Ly, aa in Eq, {1}, Assunilng an
aversge [lyover duration of 20 # and 7' nighttime oporations
{baacd on eperations at the Geneya and ZUrich sirports), the
teanalation frem & to L, s

Lgy=R=18,4 (Josue) , (o)
Lgo R =204 (Alexandre) , (6)

{In reckoning the percontage of nighttime traffic, it ia not wise
to ruly upon officia) alrport recorda, For example, despite
the general prohibition against flight oporatons batween 11:30
pm and 6:00 am ai Orly and La Bourget alrporis near Parln,
certain axceptions are permittad {for pnstal flizhts and “emer-
genclea™); aircraft may officially receive authorization to land
and sometimea aven to thke off durlng the nighttime, For ex-~
ample, in 1969, Aloxandre oounted 6000 "exceptional” night~
tdme operations at Orly nnd 4000 at e Bourget; those opera-
tona did not flgure in the cfficlal count, but amounted to nbout
3% of the total traffe at Orly and 5% st Le Bourget. Moot of
these Aights wore made with piaton alroraft, ¥}

NOTE ON THE DIFFERENCE BETWEEN L,, AND Lg,
DUE TO NIGHTTIME OPERATIONS: 1l & is the (raction
of the total dally number (&) of operations oceurring dur-
{ng the nighttime (2200~0700), then Ny=kd, Nz (1~&IN
and:
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Lyp=Lyg+10logil+ 5%), Y]

For 7% nightime operations (& = 0. 07}, the difference in
2dB.

A kiight reflnement would have been to use flyover-level-
dependent values for flyover duration, os in the lirat
lieathrow naolse level transletion, but tho published data do
not report tho flyover nalse lavels Independently of the
values of 8. [t would have made differences of only +1 dB
over the range of reportod dala, anyway,

The number of peaple counied as highly annoyed were
those who sald they were highly annoyed (Fig, 3 of Rel,
18; Fig, 5 of Ref, 18) as shown in Flg, 26 und Fig, 1,

As {or activity interforence, poople were regarded as
seriously diswrbed who reported themaelves “sometimes®
end *'fairly often” disturbed,

D. Second London (Heathrow) sircraft noise survey ' (1967,
4688 respondents}

Annoyance was rated accarding to o Guitman scale similar to
that used in the flrat London aireraft nolse survey, with asven
un=named categories from O to §, The percentages of people
counted a8 highly annoyed are thoas in the top two of the seven
categories, averaged from Tables P-2 and P-4 {3 month total
mode, doy). They are plotted hare in Fig. 47 and also with the
results of the other clustering surveys in Flg, &, Noactivity
inlerference dota as & functlon of nolse exposure were ra—
ported,

The method of translating from Nolse and Numter Index
(NND) to day=night average sound lavel, Ly, diffees from that
uaed for the first Londen aircraft study, because the flyover
holse levala and number of fights were not reported separately
in the second London study. Instead, the valies of L, cor-
responding lo tabuleted rangee of NNI (15-38, 20-24, etc,)
ware found by taking the average value of NNI in each cell and
referring to the average of two very similar linenr regressiona
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rolating L and NNI, bhaed on data from tho S-vedlsh and Swiss
alreraft purveys,

The regrosalon equation Irom the Swediah dita is Ly, = 0,87
NNL+31.7; tho equation {rom the Swida survey ls Ly,=0.833
NNI+35.2; the averago of thess, used for translating the noise
of the sucond London sircralt study, 18

Lga=0.85 NNT+30.5 7

E. Fronch axproiway nolse suney?! {1997, 400 respondents)

‘The percentage of annoyed population is taken from Fig, 2¢
of Ref, 21, which plots the percentage .f responses in the top
two of four annoyance categories, in reaponso to & direct
quention about annoyance, as follown: “Finalement, Bfes-vous
ginds, pas, pew, asaes, deaucoup par l'autorouta?" [Finally,
ara you not at all, A little, moderately or extremaly annoyed
by the exproosway ?] Poople wore said to be "highly annoyed'’
if thoy responded in the third or fuucth catsgory. Buch o pro-
csdure suroly overostimates the highly annoyet part of the pop.
ulatlon, since It includes people who claim they ars only moder-
ately annoyed. '

Aotivity interference data are preaspied [n Fig, 2b of Ref,
21 1o terma of the perceptages of respondents whoe replied
‘iyes' to diroct queations, as follows; “Btes-vous riveillts a
it par I'autoroute 7" [Are you awakeped at oight by the ox~
proosway?] and “Btes-voxs oblighs de feymer I-- fendives
quand vous receves des amis on dax parenis i [A1s you
obliged tn tlose the windows whon fricads or parents vialt?),
Ponitve responde to the [attor questics wua taken to indicats
serioue interference with converation,

‘The noine rating used for reporting nalse exposure |a the
French expressway survey wia the vlug of L, mensured dur-
ing the hour betwesn 11:00 a. m, and nooh op weekdsys. The
maothod used to tranalate thosu data to Lg, in not altogether
oattalactory, but no other way wao avaiinble,

A lator atudy of street traffic (n contral and suburban Paris®
produced s Jarge amount of nolse level data from which viluon
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of Ly could be caleulated and vaiues af Ly, both for the day-
time pariod and for the hour between 11:00 a, m. and noon
aould be dalarmined, i

Reatricting attentlon to 28 suburban messuroment [ocations
noar arterlal roads (the closest approximation to expreaawsy
traffle), one can ealculnte a linear rogresaion botween L, and
Ly for the daytima period (no hourly breakdown of noiso levels
was reported for the suburben [ocations}, sa follows:

L= 1,20 Lyggy ~6.2 (8
{r=0,864, 5,=1,17 dB} ,

Then, roferring to 43 urban Paris sites, a linenr rogrussion
was found to relata Ly, 10 Ly for the hour helwsen 11:00 a, m.

and noon:

Loen = 1. 115 Lggiysopmizitn = 8- 1 (]

{r=0.980, S,=0.57 dB),

Equaticns (8) and (9} were then combined to give a relation ba=
tween Lg, and Ly for the haurly period vaed in the saurvey, aa
follows;

L= 1. 34 Lygggpoomiziogy =~ 17.2 . {10)

The annoyrnce data are presented hare In Fig, 28 and also
a8 n matlor of interest, with the non-clustering surveys in
Fig. 5. [However, becauae of the uncertainties of nolae level
tranalation and the interpretatica of high annaysnce (all people
responding ok tho top half of the snnoyance scule were re-
portad as “highly annoyed*), this survey han been laft out of
account in the averagea and the synthesia.

The single data polnt for L, = 85,5 was omitted in calculat-
Ing the regreusion for this survey, since it ohvioualy would
not fit onto & quadratie regressjon curve; between that point
and tho regreasion curve at about L= 77 the anhoyance curve
was completad by eye, as shown deshed in Fig, 28,

F. Swadish strest trafflc?-™ (1908, 472 respondents; 1976, 564

rmpondenti) )
Two Swedlsh surveys of community responss (o traffic noise
have been mads rocently by diffarent toams of investigators,
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FIG, 29, Annoyance due to road traffie noise In several Swedish
cittes, 1989 and 1976,

They create a problem for the purpeses of the prerent study
bacause they disagren strongly with one another and with tho
veaults of tha cluntering gurveys. The reasana ore not cloar,

The people countod o8 highly annoyed in the 1968 survey
fearried put ln Stockholm and Gothenburg) wore thoss whose
annoyanca rating fell in the highest one out of 11 calogorios;
these ate Wbulated agalnst 24-h equivalent noise level, L,,,
in Table 13 of Ref, 35,

In order to transiate from Ly, to Lay, w2 was mado of an
earlier traffic nojaa atudy, 3 oarried out in soveral Swediak
cities, [n which cumula's 4 statiatical disteibutiona were given
for the tralfic nolue at .. measurement locations, for tho day~
time, svening, and nighttime pacfods, and far the eptire 24-h
pariod. From theao data, it was possible to caleulate both
Lyyiy 80d Ly, and to determine a linesr regroaston relating
them, aa [ollows:

Lga 1, 1lgag~4.9 {11
{r=0.98, §,20.9dD) .

The reaults of this sutvey ore plotied as the upper curve of
Fig. 20, . though auly e . category of eleven on the
Annoyance n2als was counted as highly annoyed, thia curve
lies conniderably abovo those for the clustering surveys,

No nctivity intorferonoo data plotted against noiso exposure
wero reported, .

In the 1875 survey, the study wae carried out [n urban pod
auburban rosldentinl arews L swckholm and Visby, Again the
noiss exposure was moasured o l.ems of L aq Aod i trana-
Intion 1o L g, was mnade with the uss of Bq, {11), u8 for e par-
liar Swadiah atydy,

In this purvey, the peopla counted ns highly annoyed were
those who declated themaolves to be “yery annayed,” The re-
sults for eleven city areas (eight of them In Stockhaolm) ara
plotted In Tabls 2 of Rel. 34, and are plotted as the lower
ourve of Fig, 29, ,This tima the curve [alln significantly be-
low those of the clustering surveys, and very much below that
for the sorlier Swedish road traffic atudy,
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There aeems to be nothing questionabloe sbout the translation
to Ly from tho roporied nolse ratings vaed [n the surveys, ex-
cept, perhapa, that in the repart of the aecond aurvey It was
implied, but not explicidy atated, that the nolse rating L,
was the 24-h avertga.

Considerobly greater question ariaea from the {acl that in
the first survey, the mepsurements were made over o 24=h
period at locations noar the roadway; but the nofae expoaure
at the respondent’s reaidence waa calculated, badod on lovel-
va~digtance relations developed from previous studles and on
nn approximate caleulation of barrier attenuation for pardally
shielded dwallings, In the aecond survey, the values of L,
tnutend of being meesured, were caleulated from measured
menn paas-by nolse levels and a traffic volume count binsed oo
“official statisties” for the previoul year.

There appears o be sufficient question about the determina~
tlon of the nolso expostre in both surveys that, oven though
tho anpnoyance of thoe subjects in the 1975 survey wea solf-
rated, and, as such, nualiffas for Inalusion with the cleven
cluatorlng survoya, it was omitted [rom Fig. 1 aod tneluded
In Fig. 8. :

Ope {ananymous) reviewer af an early drait of thia paper
commentad, with respect to the two Swedish traffic nolsa sur-
veys; “The differences have never been diacusaed (unleas with-
In the clolators of Gothenburg), but If they were to be discusased
wonld not have heen very difficult to explain, [n the first place,
the 1968 survoy used a vory pocullar ‘cascade’ type scala giving
rusulta which ara themaelves internally Inconsistent, wharens
the 1975 aurvey used & more conventional acale. Secondly, the
1975 survey did not measure the noise fully dut yrod o computa-
tichal procedure which probably groasly overasthnates the
nolde lovols,”

Correctlng (i, n,, reducing) the nolse levels might being the
regults of this 1975 survoy |nte better alignment with the clus-
tering surveys.

G. Franch straet tiatfic nois survey™® (1060, 700 respondents).

Nolse measuremsnts were made in front of more than 100" -+ §*#
bulldings fo urban (43 sitea) and auburban (68 aitos) sroas of
Paris, inoluding arterial stroots, coc-wiy snd two-wiy
atreots, distribution aireets and connsoting strogia,

The noise rating used in this survey wos Ly me-sured over . )
24 h. Based on tha nolee data from Ref, 34 for all of the 111 . .
Paris measurement locations, a regressici betwean Ly, and - .« 7
Lgggy was detarmined, ag follawa: :

Lgp= 0,015 Ly +18.3 az) -

hy aversgiog the two regression curves for the urban and the
suburban Parisiag atten:

Suburbay
L.- 1.08 L“m"* 7.4
(r=0,92, §,=1,85dB),

Urban
Ly 0,706 Lyyryyy+ 24
(r=0. 840, §,=1,01 dB)

The peoplv counted aa highly annoyed were identiftod by. . - -7%
thelr responsca Lo & quostion that Asked them to renk-order tor -k
agpocta of tho nelghborbood fram the most to the 1vent ratis-
fying, Thess aapocts inciude amucoments, noarpess to - | -
workplaca, public tranaport, strest nolvo, nolse ik the bull¥'sg,
dcheols und high achools, neighbore, shops, public services
{city hall, poat office, etc,), apd doctora apd pharmacies, ,
Thoaa who put the atreet nolss in tenth placo {least vatiafying)
were rogarded as highly annoyod, as ahown in Fig. 12 of Rof,
40, Those data are plotted hore in Fig. 30 and are also ln~
cluded with the results of tho cluatering wurveys in Figs. 1 and
2. No activity lnterferonce dita-va-noloe exposure wars re-
ported,
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H. Munizch aireraft noite survey*! (1969, 880 respondents}

The results of this survuy led to the propasal af & new Gere
wn rating, FBL, {or aireralt noise called " Fliglmimbhewer-
tungswass 1" ["Atrorait Noise Rating Measure 1", as (ol lows;

N
FBL=10log 25 1044)/%, 10 10gN— 50 | 113)
i

(Notice that the pumber of operations (8 taken Into account once
tn the gum term, and again in the second (101ogM) wrm; thus,
this rating has a 20 log¥ dependence an number of operatlons,
as in the Dutch Yuolaa load, ')

The survey results were mainly presented n terma of FB,
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Fla, 32, ‘The duratlon of nireraft flyovera na a function of the
maximunt A -welghted sound level oceyrring during tho flyover;
the louder the nolse the shorter the duration.

hut equivalences with other, more familiap, ratings were alse
given, In some cased. For the purpose of the prosent atudy,
the dala expressed in terms of Nolse and Number [ndox (NNI)
wore used; these wers translated to Ly, by means of the aver=
age of two noarly equal linear regressions of L, on NNI, de-
rived from the Swedish and the Swisa nircraft nolse studing,
(The same procedure waa alao used for the second Londen air-
craft noise study. }

This leads to the following relation:
Ly 0,517 PBL. 14.5 . {14)

The anmmoyancy duta are supynarized in FIg, 3=10 of the
Main Report of Ref, 41 where the percentage ol highly nanoyed
{stirker Getroffenen) population i8 plotted ngalnut asversl nolae
ratings, Including FII1 and NNI. Theee data are plotted agalnat
Ly here in Fig. 31 and also with the rosults of the clustoring
surveys in Fig. 1.

Tahulated values of the percentagens of poople disturboed in
rest and conversation are prenantad in Fig, ¢ of tho Dubrovnik
veraion of this report and (n Fig. 11 of the Boei' *mpton vars
aion (see commem. at Ret, 41), They were derived by the po=

denta' self=ratings, based on n five-siap wcals as follown:
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FIG, 31. Anncyance due to the nojae of alroraft in Munich,
1068,
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No; at all, alightly, averago, very, and atrongly disturbed,
Thoae reapanding in the “atrongly dimturbed” (“etemiick
starke”) and "'very diaturbed” (“sehr starke”) catogorien were
counted as serlously diaturbed,

Further results from the Munich aircraft nolae survey have
been helpflul in translating to Lg, the nolee data [rom e first
London (Heathrow) survey, These give the relation betwsen
the maximum [yover acund level £=4 tho duration ~f t-: fly=
over, in terms of the Yme betweza aatunts whan tho nojse
level s 10 dB bolow the maximum valus, as shown bere ln Fig.
a2z, .

i, Swins streat traffic nois surviy™3(1672, 848 respondents)

In 1672=1972 & |Arge survay studied tho Swisp urban pom=~
munlty rusponse to alreraft notse and alno cons’s 207 *ha're-
8ponme to strest traffle nolse (o the city of Basel, for com=
pariscn, '

The annoynnce data for astreet tralfic are given ln Tahls
4,18, p. 132, of Nef, 23. The nolae exposure was rated in
tarme of Ly for the daytime period (0600-1800), in 4-dB win=
dows (e.g., 64-68 dB, A8=7% dB, ale. ), The oiean law] In
tach window was trandlutod to Ly, by way of the sverage of filve
linear regreqsions of Ly, v8 Ly, based an streat tralfle
noige dats from Pnria (urban and suburban, ¥111 sites), Swe~
den¥ (26 sites), Belgium® (18 nites) and the United sum”
{100 gites) an followa;
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FIG. 13, Annoyunce dus to road tratfic nelse In Basel, 1973,

Lgp= 1 B28 Lygggy + 16,6 . (15
The fiva individual regreasions were ny foflows;
PParia furban): Lgn = 0,00 Logggyy # 9.2 0 0,062, 5, 0,90 1}
(UT30-2230)

Paris {suburban): L= 104 Lygyy + 5.7 tr=0.94, 5,2 1.6 dB)
{0730-2230)

Swedan,; Lgn= 0920401 10,0 (#=0,92, §,=2,6dB)
{0700-1800)

Belgium; L= 0,820 Ly, +18.1 (7= 0,756, §,=3.6 dB)
{0700~1500)

United Staten;  Lgy=0,762 Ly + 22,0 (r=D, 034, S,=1,620
(0700-2200)

The parcentage of people countod a8 highly annoyed was based
on the respondent’s aelf-pating of anncyance by refercnce {o pn
*opinton thermometer' with eleven categorive; those rating
themselvaa In the top three categories were report~d as feeling
"starkes Stdrung’ [Vstrong annoyance”), The rosults are
plotted agninst L g, hure in Fig. 33, and with the resulia of the
clusteeing surveys ln Figs, 1 and 2,

J. Swedish sircraft noive surrey 3™ (1072, 2900 respondants}

Soctul suryeys were conducted in 24 areas around 8 alr-
porta in three Scandinavian countries (Sweden, Denmark, and
Norway), The noise exposure o each of the 24 ureas was sald
1o be homogencous nhd was chagacterized In tarma of PNL for
the mean of i ' idual flyovers, and by NNI, CNR, and NEF for
ovarill pireraft nolsu sxpysure aapessment, The vaiues of
NNI and CNR were calculated in two ways: onee, taking into
account aply the nofso from the Tunway that moat stromyly
impacted tha nelghborhood, and a so.cnd time for the rolse Im-
pacting the area from all runways, The latter data are uaod in
the present report, taken from Table 4-2, p, 12, of Rel, 43,

The tranalation 1o L g, of the valuea of notse exposure for this
survey was slightly complicated, It waa assumed that the cor-
rect valuea for both CNR and NEF had been calculated by the
Swedluh study team for the varjous areas, and that the beat
vatimate of L, would be found by translating dotk of those re-
ported ratings to L, according to the approximation recom-
manded n Ruef. 29 tAppendix A); ’
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L2 NEF+36<CNR~35 . {16)

{There 18 nctually no fixed relotionship between CNR and NEF,
because of differences 1y frequancy weighting between A-
weighting (used in the CNR) and percelved nalse level (used in
the NEF}, the nllowance for [Tyover duration in the NEF, and
minor differences in handling nighttime adjustements, Thua,
tath wquivalences oxpressed in En. (16) are upproximats, )

Ther= i3 & further slight complication, howover, bocause
CNIR, but not NEF, was calculated for the Impact of nolso frem
ndl the runwaya, Accordingly, L, wan approximated onco by
subtraviing 86 fram the value of CNR {or ¢ll runawayd, Then,
the difference in CNIL for the "all-runways" and the “dominat-
ing-runway" conditions was determined, ard this difference
wils used to corroct the gecond approximatlon 1o Ly, formed
by adding 75 ta the value of NEF for the "dominunt-runway*
eondition. The mean of the two appraximationd was used for
the value of Ly, in this report,

In addition, o regresalon wes determined botweon Lhis ap-
proximatlon for Ly, and the reported values of NNI for the vari-
eus study areps, a4 follows:

L= 0,877 NNI+ O1, 7. (17}

This ngrees very closely with the regresslon determined
{rom the data of the Swiss alrcraft nolse survey; the iwo re-
gressions give each other mutual support, and Jend confidence
ty the use of these regressions in the analysis of data (rom
other aireralt noige surveys that uged NNI for the nolse rating,

The annoyance data are tebulated for the various study arvas
In Table =1, p, 45, of Ref, 43, People were counted aa high-
Iy annuyed who stated that thuy were highly annoyed ("mychet
stiirda"), (The catogories were fve in number, as follows:

“do not notice, " *notice, but not annoyed,” "a llttle annoyed, "
“rather annoyed, " and “highly annoyed.’) Of those who claimed

tv be highly annoyed, 40% apontaneously mentihed alreraft

nolse as a serjogs Bource of discomfort, and 85% sald the an=-
noyance happened dally, 81°b reported diffieulty In listoning to
radio or welevision, T0% reported nterferepco with converss~ -
ton, 80% were awakened by the noise, ato, .

The annoyance results are plotted here in FIg, 34, and also
with the resulta of tho clustoring surveys in Figs, 1 and 2,

SWEDIN
AIRCKAFT NOISE, 1972
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FIG, 34. Anboyanee due to alrcraft nolso around eight air-
parta In thres Seandinavian countries, 1972,
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K. US. sireraft nohe wrreys {Tracor)'* {1087-1060, 6502
taipondgnts in sevin farge cities; 1970-1971, 1060 respondants
in two small citieg)

Tho annoyanca duta are summartzed separately for the large
and smail cities in Fig. ! of Rel, 45, The nolee exposure 18
rated In torma of CNR, which was tranalated to Ly, for thia
study by subtracting 35 db.

‘The definition of what wad meant by “Percont Highly An-
noyed” in that figure {8 not glven In Ruf, 45, but it 45 exploincd
in ftof. 47. The description of tho scoring procedure Iy ambig-
doud, however:

“hen the redpendent Indicated disturhance of a particular
actlvity, he wan naked how much he was bothered. The re-
aponse, obtalned with a graphlo ald cailed an ‘opinian
thermametar' had a range of 0=4 for ench activity, This
range wag scored on a seala of 15 and the value 0 was
aasigred when no disturbance af the sctivity wee reparted.
The searas for &ll nine activities ware added to praduce

0 summated rating which thug had a value of O reprasenting
nodisturbanco of any activity and a rar e of 1-45 for

those respondenta wha were disturbed. ”

The ambiguity ariges from the foet that the zero step on the
oplnion thermometer was labeled “not at ali” disturbed, which
would carn & Boore of 1, not 0, an aiated,

In any czae, nctivity Interference, nol anucyance, was as-
gesged by this means (ar each reapondent, but those whase
tatal rating was between 21 and 45 on this scale were reghrded
na “highly annuyed.” Apart from the faet that it does not di-
roctly rate annoyance, per s¢, this procedure (of counum.
everyons scorihg of the uppoer hail of the Tating scale as “high-
ly annoyed”) scems |lkaly to inelude in the highly annoyed cate-
gory many paople who are sctually not highly annoyud, at least
{n the sense intended in most of the other aurveys, [t would be
more Interesting to know how many people indicated pelnt 1 on
the opinlon thermometer 8¢ the various noise exposures|

The snneyatice dats, plotted ngalnat Ly, have already been
preseated (o Fig. 7, The larye discrepancy between the re~
sulta for Jarge and smal! oities may be explained In part by the
fact that the large cities wore survev-d Ln the summsertime,
when peoplo spend & lot of Hms oul. .c8 or with their windows
open; this s always u period of high complaint about noiss.
{For example, the mean monthly complalnt rate at Kznnedy
International Alrport during the period of the amall city survey
(October through January) was only 1, 6%; for the large clty
aurvey porfod {May through September) it was 16.6%.) The
small cities were studled in the wintertime, when people ip-
doora had slgnificantly better elfsctive protection {rom the
nolse. The average of the two curves probably gives & bt
ter idea of unaual avermgs num.mnnlty rosponss,

Thore remains, bo..or, the problom o. sounting aa highly
nanoyed all the people who ratsd on the upper holf of the activi=
ty interfarsace acale. It 1a surprising that the reported per-
cantage of kigh annoyance is not greater!

L. Jupanen milrosd nolie suresy*® {1972, 424 respondant)

This railroad nolae survey ia Included here, deapile serious
ditflaulticn (o econciling the results, chieiy bacauss there is
so little quant(tative Informaticn, io date, s.cut comaunity re-
aponae Lo eilroad nolwe. These data are not included with
those of the other durveys in formulating the nverages.

The annoyance data are presented in Tablea 1 and 3 {lant
columnn) of Hief, 49 (or 50), The nolsa exposure (8 rated in
topma of maxmum A-welghted scund [avel durlng the passby

" of the rallrosd train,

The tranaletion to Lg, wa8 madd in agcordance with a formuls
almilar to that given incorrectly in Ref. 51, The correet form
is

J, Asoust Soc, Am,, Wol. B4, Na. 2, August 1878

§OOR COPY

Theodots J. Schultr: Synthesia of social surveys on aoin anncyaice AP

Los Lgsr mlog(., E )ma 38,

whers N 18 the nutnber ol trains per day, T s the obumu -
period (1 day = 24 hra = B6400 8), 7 18 the duration of the pe
in a tenin passby whon the nojse level i below, but within 1g.}
dD of, the maximum value and & I the duralion of the rnui- .
mum leval,

Pnsed on the standand 16 cars per traln for thess lelnalo:
shinkansen trains, and an assumed car longth of 20 m, the -
tein length 18 320 m, At the crulsing speed of 210 km/h, the Y0
valuo of &, the duration of o puasage, 14 3.5 4, The vajue of
T s found from R

5,44%%58,3 i 5

where the distance, d, [rom the raitroad track is estimated -4
fram the reported maximum passhy lovel, based on Fig. 1of -
Ref, 49 tor 50), The reported number of tralna per day ia %
200, Thug, for example, where the reporiod maximum punby
level 1s 80 dB, the valuo of Ly, (= Ly, becouse there are no
nighttime pussages} la

Ly B0 :olog(ra—:“hﬁ)(z.:a. 2,3%5.50-61.848 .

Neither of the references clearly atates how the percentagn E .
of people who were "annoyed” was determined. It is not aven )
stated which of the listed survey queations ia the source of the
annoyance data, But the general lorm of many of the quclum -
aned in the interviews (Dota railread noise cyer keep you from S
going to sleep? llove you ever been disturbed in convetaation
by the railroad nolse? ete, [emphaals added]), suggests that
puople responding affirmatively are net pocessarily highly an~
noyed, Thus, we mey expect o rather large percentage of thy
population to e reported as annoyed for a given nolse uxpouun .
in this gurvey. .

Fven taking this into account, the results indlcats an astonis
ingly high incidance of annoyance, os alresdy shawn in l-‘l;.
{golid line),

It appoars, howover, thet this anomalous resait may do
in part on the lact that the polse attenustion from outloord
indoors ln Japaneas houses (s much differest than in Evrops y
and American bulldings, For oxumple, the stuaustion {la ks
welghted sound level) for a railroad nolse spectrura by ool
climate Amaricun housen with closed windows is about 244
1o Ref, 49, & value of only 10 dB attenuation la given for.
Japaness houses., Thus, s shift of some 18 dB toward Bl
noiia expoaura moy be appropriate (o comparing thuse Ja
autvey teoults with the othors, ma abown Lo Fig, 9 (dsshod
(A alndlar shift {s nosded to make tho Japanons data on actiwy
(nterforenca by the “bullet train’, by ordinary railroad tr
and by rond tralfic nofse come into agreoment with dasa tro g
the other surveys, ") The lightly drawn line tor *Japen B{F]
in Mg. § represonts the originel dats shifted 18 ¢B to th g
Cemoidering the phrasing of the interview guestious, thors vl
aults are perhaps not far out of lihe with the other nu.rnyl. ~B

M. Franch rallraad noiss survay ™29 (1673, 360 nq»ml\ 3

Tho Arnoyanca duta are presepted in Rol. 52 (page 63} ia'28
ierms of the reapohse to the direct question: N

rolse of the tralns is;

quite tolerable, , , . .+ 4 0 0 o4

{The respondent was asked to Indicate his responsd
along & acale with neven categorics, of which anly W
two extremes wero namod, as sbove. }

The nolse exposuTe was expreased (n terma of Ly, st the 1 gH
house facades during the daytime; since there were oo alghts ]
time traln pagsages, the same noisa lavel can be used as L. ..j‘: N
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FIG. 15, Annoyance due to raflrend noise in France around

Parls, 1073,

Bacpuse the name given to the top step on the annoyance ecale
In this survey appoared to be 80 extreme tn comparigon with
thode in the othe- - Burveys, the author oviglnally choae to count
a8 highly annoycd those peopla rusponding in the tap three
categories, instoad of following the basic rule of counting the
lop two catogories, Thia yiolda the upper curve of Fig. 35,
which fulls near tho center of the clustering surveys of Fig. 1.
If one adopta the baslo rule and counts osly the top two cata-
gories as highly annoyed, one gets the lowsr curve of Fig, 35,
which still lies L the rnnge of the clustering curves but near
the lowar part of the range (sea Fig. 2).
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FiG, 30, Annoyance due to alreraft nolse around Swica airports
at Ziirich and Geneva, 1873,
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FIG, 37, Annoyance due to street traffic nolse in the United
States, L1364,

N. Swiss aircratt noise survey @3 (1973, 2095 respondents)

The annoyance data are given in Fig. 4.8 of Ref, 23, as a ;
plot of “percent highly annoyed” "stark gestirt) agalnat noise .
expodure in NNI, The respondents self-ruted their anhoyance
on an eleven-category scale, and thowe who fell into the top .
three cotegories ware counted R highly annoyed. ;

The regression equation betwaen L,, and NNJ for the data
{n this survey was found to be (Ref, 23, page D4k

Lyy=0.BI3NNI+83.3 (r=0.613).

Anauming 7% nighttims flights, the nhun of Lowouldbe 2dB .
greator than L,, In éach cano:

Logy=0, BIINNI+ 36,3, (20)~
The duta from Fig. 4.8 of Rel. 23 are plotted bere as Fig.
36, and aloo In Figa, 1 and 2 with the resulta of the clusloring )
mrveya,

‘Thia rogreasion agroes vory well with a similap nmulun -
based on data from the Swedish aircraft noise gurver, Thse -
mean of thoss two relations was usad to translate the dats N
from nther surveys that used NNI iato corresponding values of .+ .
Lgy

0. United States strant t-21fhc noise survay™ (1974, 184
rupondsni) \ .

The sanoyiace resulta came from the respondos to a direct - |' '
queatian: “How ANNOYING was the noise in your nelghborhood L
over the past year?" The five namned responss catogoriss woze
an follown:

1, Notatall; 2, Slightly; 3. Moderataly; 4. Very; and
5. Extremely, {FPuople responding (n oategorios 4 and 3 were .
counted here as highly snnoyed,} N

As for the nolne expoaurs, It was messured direatly In L. .

The tosulta of the survey Are plottod here in Fig, 37, and ‘
8180 In Figs, 1 and 2 with tho Tosults of the clustaring surveys,

P. London rtrest tratfic noisa survay' (1872, 1359 impondenta}

A eatller survey of stroet traffic nolos in Londes wis con-
ducted in 1068, The results are not reporux] here because the
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FIG, 38. Annoyance due to street traffic nolse In Londan, 1974,

ralevant data concerned the average annoyance of groups of in-
dividuals with vortous nolso exposurcs. [L I8 not possible W
dezive the percentage of highly annoyed population from the
publishad rogults. ‘The samoe is trua for the recent strect noise
aurvey reported In Rel, 15,

However, Dr. F. J. Langdon has kindly supplied noise ex-
posure and subjective responac data for the 24 slies of thia
survey at which the traflic wan freely flowing, He has cal-
culated the noiss exporyre in terms of Lg, and has tabulated
the number of respondents (ulling Into each of seven categotien
alung a semantic differontin] seale of annoynnce, of which the
two extreme calegories were named: “definitely satlsfied” and
“definitely unaatlafled, "

in the author's original analysls of this survey, people were
countad as highly annoyed based on the average between thoss
with scores in the top two categories and those rosponding In
only the tap category: thus 1§/7. The resulls are plottad in

* Fig. 1. In & revised analyais, the poople responding In tho top

two catagoriea wore counted as highly annoyed, as shown in the
curve of Fig. 38, also plotted with tho cluataring surveys in
Fig. 2.

ADDENDUM

Most of the author's analysls of surveys reported In this
paper was done in the autumn of 1974, The data from campara-
ble gurv:ys that were available at that time are presented ns a
synthesis of community reaponase to noiss in Figs, 1-3.

Slnce that Lime, several other surveys have been published.
The reaults are described in this addendum, but they have not
been taken lnto aceount lo update the average curve of Fig, 3.
In fact, howzver, the three surveys that are comparable with
the othera {(irom Copunhagen, Grusasla and Antwerp) agreo
cloaely with the clustoring sutveys of Figs, 1 and 2, and their
incluaion would hardly chango the aynthesis curve of Fig. 3at

(318

A. Danish straet traffic noise survey® {1872, 960 respondsnt}

The annoyance data are given in Table 8, Annex 1.7, of Ref.
50, in terms of the percentnge of the interviewed peraons ot
each of the 28 altes who snswered thot they are "“much annoyed"
by the noisa of street traffic, The two other steps on the three=

J, Acoust, Soc, Am,Vol, B4, No, 2, Aupuit 1078
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step annoyance seale wore “a little annoyed” and "not atall !

annoyed," f

Appendix B of Ref, 60 gives for erch sito in this survey the
values of mensured L,, for the pericds from 0700-1800, from
18002200 and from 2200~0700, 08 well a4 tho 24-h L., Since
these data concerned the npise level at the facadwe of the dwell-
Ing, & dB were subtracted for the purposce of this study, ac=-
cording to the recommendntlon of the author of Rel, 60, Cor-~
reaponding valued ol Ly, were caloulated from these data,

The regresaion betwoen Lg #nd Lyggpy, for these aites ig
Ly 1 0029 Lgpgayy v 3,36,

with r= 0.9964 and §,= 0. 70; this agrees very closely with the
regroasiona found in the survoys in Paris, Louven, Swedoen
and the U. 8, A,

The percentago of the population highly annoyed by street
traffic noiso la plotted against Ly, in Fig, 38,

B. Vienneie strant traific nolie sumv‘" {1975, 2642 respondents}

The recent Viennese streot traffic nolse survey results can-
not be compared with tho “clustering” surveys af Figs, 1 and
2, tecnuse only one question in the interview concerncd an~
noyance and it asked simply, "Sind Sie in Ihror Wohnung
erheblichen Livmbelastigungen vos aussen ausgesetzt ?" [“Are .
you conefderably disturbed in your dwelling by noise from out=
daora?"| The permitted answers waro elther “no” or “'yes."

In the lntler case, the Interviewer determined whether the
source of the “considerable disturbance' wia street traffie,
hieavy trucks, industris] noise, cunstructlon noise, or "other
dource,”

Thus, there 14 no scale of annoyance in the sense of the other
surveys, nor {8 an opportunity allowed for self-rating aanoy-
ance like the others, far no range is auggeated, aguinst which
the subject can “calibrata” his responae.

The results of thia survey are shown in Fig. 40; one curve
{ndloates the resapopaes only for individuals whose dwallings
face the atreot, tha other curve ahowa tha responsoa Irredpoc=
tive of dwelling orientation. This survey confirma the results
found in both the Jupanese rallway nolgs survey'™™ and tho .
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FIG. 39, Annoyance duo to stroot traffic nolse in Copenhagen
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French expresaway nolso survey, ' that if thare I8 an "escape
room” available in the dwolling, to which one can retreat
from the slde of tho dwelling exposad to the nolse, the nolse
Jevel can be 3to 5 dB higher for the same anpnoyance,

Tho nolad measuramants In thig survey were reporied In
tarms of Lygayy; they were convorled to Ly, by moana of the
average of six regreasions between Ly, and Ly from various
other ¢lties, a8 mentionoed in the previous section. ‘The an-
poyance data como from Table 5 and G of Rel, 61,

¢. Belgan streat traffic naite wevey®I* (1874-1976, 2062
respondents)

The annoyance data and the noelvity interference data for the
survey |h Anlwerp are given in Tahle 32, Vol, 5 of Ref. G2,
Peoplo were counted a8 “highly annayed" who responded in the
top three of ten calegoriea on the anpoyance scnle,

Similer data are glven in Teble V3a, Vol, 12, of Rel. 62
{or the survey In Brussols,

The teaffic nolso In the Antwerp Burvey was measured {n
terms of Lo separately for the daytlme, evening and nighttime
periods and reportad Lo Vole, 2 and 3 of Ref. 42; the corre-
sponding valuea of L, were caleulated from these data for the
forty measurement siley.

In Brussels, the nolse measurements were lese complately
carried out, but at each shio the value of L, wae given for s
subsatantlal part of the daytime period. Thus, based on a re-
greasion between daytime L,, and the corresponding values of
Lg {r "1 ihe Aniwerp sutvey data, the daytime noise data from
Brunsais wore used to duternine values of L,, far the 15 frus-
seld altes, Thesu values agrved very clossly with values of
Ly culeulted directly for sitas [n Brussels for which both
daytime and nighttime nolse measurementa wero reporiod.

Two queations in the Antwerp survey {see Volume 6 of Ref.
62 concerned annoyance due to the nolsa of stpect traffic,
They are of apeclal intareat for this aynthesis nf responses to
cavironmental helse, for they show clearly the effect of how
the upper endpolnt of the anhoysnce scale 1o named,

Question 5 anked, ""Wif Aadden graag uw opinte gekend ovar
Ml varkaersiawani dat U hoort wannear Uf overdag in uw woning
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FIQ, 40, Annoyance due to street noise in Vienos, 1875,
See text {or discusslon,
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FlG, 41, Annoynnce due to siveet teaflle nolse in Antwerp,
1975: Question 5, The difference hotwoen this figure and Fig,
42 dg attributed to differences In the names of the endpointa of
the annoyance scale, ses text,

187" [We would like to know your opinion of the trafltic nolse
that yr; hear in your resldence during he day, | Thue end-
points af tha annoyance scale fnr thia queation were named
“Helemaal nict stavend® inot at all disturbing) and "zeer
storend" (very disturhlng), In Brussels, the Interviews were
conducted in both Dutch and 1n Frensh; tho corresponding taxt
for queston 5 i~ ¥roooh was “Nows voudrions bien connaitrs
volra opinton sur le bruit du trafic que vous enlendex ches
vans pendant la fournds;” and the endpolota were natmnod "Ne
pan génant du to%t" {not at all snnoying) and “Tras ginant”
(very annoying), (See Volume 11 of Ref, 82},

When the responses to question 6 ate plotted aguinat day-
night average nolee level, the results agree fnirly well with
tha resulls of tho elustering surveye, as shown . FIg. 41,
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FIG. 42, Annoyance due to street troffle nofae [n Antwerp,
1976: Questlop 30, BSec text for discusslon of differences be-
tween this figure and Fig, 41,
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FIG, 43, Annoyance due to street traffic nolse In Bruagels,
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The second question about anngyance in the Antwerp survey
(No. 30) waa quits similar: "Het vevkeerslawaai dat U over het
algemeen in uw woning oot ovevdag is voigens Ui Miet
Rinderlifh, . .. . . ... .. ... . Evg onveridraaglijh"
[The teaffic noise that you geperally kear In your resldence
during the day [, In your opinion, not annoying, .
qults unbearabla, ]

Nota that the upper gtop on the aonoyunce scale for this
cqueation carries & much more axtremo name than for question
G: "quita unbesrnhle’ v "varydiaturblng, ** If the responses in
the top threeo out of ten categories for this quaation are plotted
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Aguioat tho nolas exposurn, the curve llon aignifloantly below
those for quastion 5, aw shown in Fig, 42, In order 13 get i
proper cstimato of tho highly anncyed population with thia.que
tion, it woult be neceasary 1o count aa highly annoyed those
people responding in the top four {or mote) of the ten categori
ob the annoyance scale, A similar result was found In the
survay on Fronch railwey natse (cf, Parill, Sec, M),

Question 30 was dropped from the {nterview used the next
year in the Arussels survey. The resulls from Quastion No, .
In Brusapls are shown In Fig, 43; they lie somewhat higher
than the Antwerp rosults but still more or less within the re-
glon dofined by the eleven surveys shown in Flg. 1,

The activity Intarference duta Irom tho Balglan survey on
stroat traffic nolse are nlso quite enlightuntng, particularly
with reapect (o the valldity of using outdoor nolse measuremen
to Reseds the nolse that the residenta aro exposed to [nslde
their dwsllings, The data from Antwerp on interference with
radio llatenlng aro typoal (slmilar results occurved for tela-
vislon liatoning in both Antwerp and Brusaols, )

As shown In Fig, 44(n), one would have lttle hosltation in
sketching by eye a curve shewing a relation between percont
of poople reporting serlous disturance and the measured nolse
axposura: the data for the open-window conditlons do not al-
low much leewsy for Improvisation, On the otheb hand, as
seen In Fig, 44(b), the data peints with windowa cleaed hardly
suggest & relationship at all, The interference with peoplo's
radio listening 18 not well predicied by nolse measurements
made outaide the dwaolling,

0. Canadimn rost tratiic*’*¢ {1978, 410 respondents}

fieference 85 gives an account of a recent survey of community
rosponse to road (raffle nolse in southern Ontario, Unfor=
tunately, this reference presents no data that permii comparing
the resulta with the othor surveys here, However, ope of the
suthors haa provided® a plot ugainat Ly, of the percentago of
poople reaponding In the top two of the nine categorios of (b . !r
annoyanca scals, an shown in Fig, 45, Sinos all the nlwﬂlﬂ
were named, tho subjects were self-rating their o )

DAY-NIGHT SOUND LEVEL, L, (48}

onos, depending on whether the witdows were {a) open or (b) closed, ses laxt,
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FiG. 45, Annoyanco due to rond traffic nolse In southern On-~
tarlo, 1975 (?},

It can be scen that the curve deflned by the data pointa falls
petow the clustering aurveys of Flg, I. The reason for this is
not elear Lut, once maore, it may have to do with the fact that
the question and the carresponding annoyance scale wiro not
comonacable with those of the other surveys, They were aw
followa: “Conaidering all you have mentioned, how would you
rate the averall nolse?” 1, Extremely agresable; 2. Con-
siderably agreeabla; 3, Moderately agreeable; 4. Stightly
sgreesble; §. Neutral; 8, Slightly disturbing; 7. Moderatsly
disturblng; 8, Considerably disturblng; 9. Extremely dia-
turblog.

This Is the only survey questionnol re that s:7gests to the
subjact that the road nolas may actually he agreenble, rather
han anneying, [n faol, the bipolar scale glyen above was
adopted after the reaults of a pilot study Lndicated that people
spome | 1o like soma kinds of noise, for caample, the noise of
children or of rallways (provided that there were not oo many
puss-bys per day),

Nevorthelens, auch n acale may tend to bisn the reaponsca
toward a more favorable visw of the tond nolra than atnoyance
scales that focun on tho unpleasant sspects, and thia could
sccoutit for a amaller psrcontage of people elaiming high an-
noyance at ench lavel of nolse,

Note added in proofi The suthor has found » previously over-
lasked quostion with a bipolar scale of annoyance in the Freach
rollroad nolse survey, The highly annoyed responscs to thut
queation are significantly lowor than to a similar question with
tho ususl unipolar ponle,

It has beon suggeatod that the namen “dofinitely satiafiod”
and "delintely unsatislied” [n the London survoys imgply 4 bi-
polar acale with a neutral responae somawhere near the middle
of the acalo. Dr, Langdon, however, states Ui, .either he or
hia intervinwed subjects made this Interpretation,
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Updating a dosage-effect relationship for the prevalence
of annoyance due to general transportation noise
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(Received 1 December 1989 accepted for publication 25 September 1990) )

More than » decnde has passed sinee u relationship between community noise exposure ind the
previlence of annaoyance was synthesized by Schualiz [T, J, Schultz, J. Acoust, Soc. Am, 64,
377405 (1978) ] from the findings of a dozen social surveys, This quantitative dosage-clieat
relationship has been adopled as a standard means for predicting noise-induced annoyutice in
environmental assessment documents. The present effort updates the 1978 relationship with
findings of social surveys conducted since its publication, Although the number of data points
from which a new relationship was inferred more than tripled, the 1978 relationship still

provides o rensonable tit to the data,
PACS numbers: 43.50.8a, 43,50,Lj, 43.50.Qp

INTRODUCTION

It has been more than a decade since Schultz {1978)
synthesized a relationship between transportation noise ex«
posure and the prevalence of anngyance in eammunities
from the findings of a dozen social surveys. Although initial-
ly greeted with considerable controversy, the relationship
has become & mainstay ol assessments of the effects ol noise
exposure on communitics, nnd bas gained widespread cur-
rency as the most thorough und well-docomented dosage-
effect relutionship available to environmetal planners,

One cancern expressed at the lime of publication of
Schultz's synthesis was that it might have a chilling effect on
the conduct of further social surveys of noise-induced nn-
noyance, since some believed that agencies which fund such
studies might erroncously conclude that the synthesis repre-
sented a definitive solution to many of the problems of us-
sessing eliects of noise expasitre on communities, The abun-
dance of surveys conducted since preparation of the
synthesis (cf, Borsky, 1985; Fidell er a/,, 1985; Fields and
Walker, 1982; Hall and Taylor, 197T; Half e¢ af., 1981; Hede
ond Bullen, 1982; Rylander, 1977; Schomer, 1983b; Soren-
sen and Hammar, 1983, inter alia} demonstrates that such
concetns were unfounded.

In fact, so muny measurements huve been mude of the
previlence of noise-induced annoyance in various communi-
ties since publication of the synthesis paper that it is now
worth reviewing the dosage—eflect relationship derived in
1978 in the fight of evidence published since.

I.METHOD

Table Ilists 15 sociul surveys of the annoyance of trans-
portation noise exposure published since the preparation of
the 1978 Schultz synthesis paper that were judged sufficients
ly similar in design to thase considered by Schultzto be cam.
parable for present purposes, Five criterin (or comparability
were adopted: (1) At least one questionnaire item had to
inquire directly about long-term unnoyance per se, rather
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than aclivily interference or other noise efleets from which
anrioyance might arguably be inferred; (2) the noise source
under study had to be a transportation noise source, and
actual acoustic measurements of noise exposure were
strongly preferred; (3) acoustic measurements, if' not re-
ported in units of day-night average sound level (DNL),
had to be convertible into such units with reasonable confi-
dence; (4) sample sizes had to be adequate for estimating

TABLE L Summary of social surveys reviewed.

Muemanie Anthors{s) No, of
data pints
1978 udddenda, new sirveys:
(hy LS ATRBASE Horky, 1985 25
{2) ANTWERPSTREET Myncke eruf., 1977 k1|
(1) BRUSSLELS STRUEET Myncke eful, 1977 23
(4) BURBANK AIRFORT Fidell er af., 1985 20
(5) CANADIAN ROAD §lall nd Taylor, 1977 14
(6) DANISHSTREET Relster, 1975 kh]
(7Y BRITISH RAIL Fields and Walker, I
1982
(8) AIRCRAFT/ ol cral., 1977 21
TRAFFIC
{9) ORANGE Fidell er ol 1985 12
COUNTY AIRPORT
(10) AUSTRALIAN Hede und Bullen, 1982 42
AIJRCRAFT
(11 TRAMWAY'/ Rylander, 1977 12
TRAFFIC
{1y DECATUR Secliwner, 1983 4
AIRPORT
(13) SWEDISH Sorensen wned Hammar, I5
RAILROAD 1981
(14} WESTCHESTER Fidell vr o, 1985 A
AIRIORT
(15} DANISHH Anclersem ¢ al, 1982 I

RAILROAD
lotal: 342

& 19880 Acoustical Socioty of Amernca 2




prevalence of pnnoyance with reasonable precision; and (5)
the scalz used lor quantification of annoyance had to permit
identification of nimbers of respondents describing them-
selves as “highly snroyed® in a manner comparable to thnt
devised by Schultz {1978),

Specifically excluded from present consideration were
laboratory studies of noise-induced annoyance, field studies
of community reaction to impulsive noise sources (gunfire,
blasting, helicopters, sonic booms, ete.), und studies of com-
munity response 1o other nontransportation sources (e.p.,
construction),

A. Treatment of data from studies meeting selection
criteria

Since the major goal of the present efort was to prescrve
comparability of annlyses with those conducted by Schultz
{1978}, the conventions adopled by Schuliz for deriving
paired values of nojse exposure nnd prevalence of annoyance
were retained, For cxample, the definition of “highly an-
noyed' respondents adopted by Schultz (those respondents
whaose sell-described annoyance fell within the upper 27%-
29% of the response scale, except when category labels un-
ambiguously diclated otherwise) was retained. Likewise, it
was necessary to transforim noise measurements reported in
units other than L,, to units of L,,, in several eases. Treat-
ments of the data of individual studies are described below.

1. Australian alrcrafl (Hede and Bullen, 1982; 3575
Interviews)

Hede and Bullen report a conventional social survey of
the snnoyance of aircralt noise, Nodse levels were reporied in
units of L, for field measurements made at various loca-
tions around the commercial girports ot Sydncy, Perth, Ad-
elaide, Melbourne, and the Royal Australian Air Force Base
at Richmond. Personal interviews were conducted with 45
to 115 respondents persite. The physical mensurements used
in the present analysis are reported in Hede and BuHen's

T s
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Tables 3.3 and 12,9 nnd Fig. 6.4, Twenty-four-hour noise
measurements were made for approximately 2 weeks per
site. These values were then compared to existing noise expo-
sure forecast {NEF) contours for accuracy.,

The percentuges of respondents highly nnnoyed were
tabulated from responses 1o questionnaire item 36 by the
authors {Bullen, 19883, The item was worded “How would
you describe your ‘general feelings’ about the aircraft noise
in this neighborhood?" Respondents were constrained tose-
lect onc of the following categories: {1} highly annoyed, {(2)
considerably annoyed, {3} moderately annoyed, (4) slightly
annoyed, or (5} not at all annoyed.

A totol of 42 paired values of measured noise levels and
percentages of respondents highly annoyed were available in
this data set, Respondents describing themselves as *highly
annoyed' were considered highly annoyed for present pur-
poses 1o conform with the convention adopted by Schultz
(1978, p. 381) for dealing with numed response categorics.

Ninety-five percent conlidence intervals were culculat-
ed for the estimated percentages of respondenis highly an-
noyed at each interviewing site by assuming that the self-
reporisof annoyance in the categories *highly annoyed™ snd
all other categorics were binomially distributed:

1.96(PO/NY™

where Pis the propartion of respondents highly annoyed, @
is the proportion of respondents not highly annoyed, and &
is the number of respondents per site. Figure 1 displays the
95% confidence intervals for the data points reported by
Hede and Bullen in relation to the dose-response curve syn-
thesized by Schuliz ( 1978).

2 Alrcraft-tratfic comparison (Hall ot al,, 1981; 673
interviews)

This social survey compared the annoyance from air-
craft noise tothe annoyance of road traflic noise ot nine sites
ground Toronto International Airport (Cunnda). Inter-

FIG. 1. Retationship ol dati from A wsirs-
lian Aircraft Swudy 10 1978 symihesis
curve.

PAY-NIGHT AVERAGE SOUND LEVEL
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views were conducted with 10 to 180 respondents per site.
Naise levels were reported inunits of L, . The datw analyzed
for present purpases are those reparted in Table 111 {road
traffic} and Table IV (aircraft) of Hall er of. (1981).

Data for road traflic naise were collected by automited
equipment during 24-h periods during weekdays, at one lo-
cation per site, Aircralt noise exposure was predicled by use
of the Integrated Noise Mode] software, Contral lower re-
cords for 1977 were used as the source of operational infor-
mation for the predictions.

Hall ef al. solicited judgments of the nnnoyance of Lrans-
parlation noise sources with a direet question (*How do you
rateeach of the sounds you have mentioned?™) und a bipolur
response scale composed of the following categories: (1) ex-
tremely agreenble, (2) maderately ugreeable, (1) consider-
ably agreeable, (4) shightly apgreeable, (5) neutral, (6)
slightly disturbing, (7) moderately disturbing, (8) consid-
erably disturbing, and (9) extremely disturbing.

Nine data points for aireralt noise and 12 data points for
traflic noise were reported. Hall er al, suggested that ™., the
appropriate cutoff point for high annoynuce on (he response
scaleis between moderately and considerably disturbing... ™
This criterion represents the top Iwo of the nine response
categories of the bipolar scale, 1f the “neutral” category is
considered to be equivalent to *'not at all annoyed,” how-
ever, Hall ef al. in effect counted the top 40% of'a five-point
scale. Thus the authors' eriterion overestimates the percen-
tage of respondents highly annoyed relative ta the percent-
ages counted by the criteria adopted for the 12 clustering
surveys. Figure 2 shows 95% confidence intervals for both
the aireraft and traffic noise data,

H  HALL AIRCRAFT

X HaLL TRAFFIC

0t
10t
ot

sof
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ot

PERCENTAGE OF RESPONUENTS HIGHLY ANNDYED

1o

} e bl
T

3. Burbank Airport survey (Fidell et al, 1985; 50471
Interviews)

Fidell er af. deseribe o socinl survey of aircraft noise
annoyance involving multiple rounds of interviews in the
vicinity of n mixed-use civil airport located in Southern Cali-
fornia [reporied as “siudy 1 in Fidell et al. (1985})] at
which noise levels changed considerably over time due 1o
changing runway use patterus, Nojse levels were monitored
coptinuously for a week prior 1o interviewing al malliple
microphene positions within the boundaries ofeach site, and
calibrated ngainst exposure gradients from airerafl noise ex-
posure contours. De facia punel samples of 220 10 33 re-
spondents per site were interviewed five times in personor by
telephone, Table 11 of Fidell er al. (1983) presents the an-
noyance and noise duta for five rounds ol interviews in four
airport neighborhoods. The percentage afrespondents high-
Iy annoyed was derived from responses taquestionnaire item
4, which asked respandents if they had been (1) not at all
annoyed, (2) slightly annoyed, (3) moderately annoyed,
{(4) very annoyed, ar () extremely annoyed by the naise of
aireraft over the past year,

Twenty data paints resulied from this assessment of
lang-term naise exposure, (Another questionnaire item that
solicited judgments of the annayance of sircrafi noise expo-
sure over the past week was nol considered for present pur-
poses to preserve compurability with the time scales of other
surveys.) Respondents describing themselves as “eatremely
annoyed” or “very annoyed” were considered to be highly
unnoyed, Figure 3 displays 95% confidence intervals for the
duta points.

FIG. 2. Refationship of gt (rom Air-
crafi=Trallic comparisen 1w 197% sypthe-
iy eurve.
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4, Orange County Airport (Fidell et al, 1985; 3103
interviews)

This social survey was reported as "study 2" in Fidel! ot
al. (1985), Noise exposure measurements were made by the
existing monitoring sysiem installed at Oronge County Air-
pott located in Southern California. The data were energy-
averaged over week-long intervals from six microphone po-
sitiohs and were compared with known aireraft noise
contours to estimate arew-weighted noise exposure levels,
These sites were part of the airport's installed noise monitor-
ing system, Face-to-face and telephone interviews were con-
ducted with 200 1o 330 respondents per site. Table [V of

le
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Fidell er al. (1985) summarizes the long-term annoyance
dute produced in four rounds of interviews in three inter-
viewing areas in airpor environs. The percentage of respon-
dents highly annoyed was compiled fram responses to ques.
tionnaire itemn 5, which asked respondents “While you've
been ut home over the pust year, since last {scason of year),
huve you been bothered or nnnoyed by the noise from larpger
airliners?” The named categories for the responsescale were:
(1) notat all annoyed, (2} slightly snnayed, (3) moderately
annoyed, (4) very annoyed, or {5) extremely annoyed.
Twelve paired values of percentages of respondents highly
annoyett and measured sound levels were reported. These
dula points may be seen in Fig, 4.

FF1G. + Relatmonship of it from Orange
Cunnty Adrport Study 10 1978 syuthesis
viiTve,
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5. Tramway and traffic survey (Rylander et al,, 1977; 464
interviews)

Rylander et al. report a survey of differences in respon-
dents' reactions to tramway and city traflic noise. Interviews
were canducled witlt approximutely 75 respandents at each
of 12 sites in Gothenburg, Sweden, along streets supporting
mixed motor vehicle and tramway traflic, Noise measure-
ments were collected on tape recarders at 1-h intervals dur-
ing allernaons, and were later analyzed using a stutistical
distribution analyzer, Specitie details regarding the period of
time over which these measuremients were taken were not
reparted.

Noise levels reported in units of 24- L,,, Tor botl iram-
way and traffic noise were converted 1o L, values by taking
the average of twa diferent canversion procedures. Thecon-
version equation for the lirst method {Galloway, 1977) was

Ly, =L +3.38 dB.
The conversion equation for the second method used by
Schultz (1978) was

Loy = 113 ny, — 49 dB.

The differences between the conversions ranged from 0.3~
0.8 dB.

Respondents were provided with three response ealego-
ries from which toselect an answer to the guestion “Are you
annoyed by tratnway ot traffic noise?”: (1) a little annoyed,
(2) rather annoyed, and (3) very annoyed. Rylander o1 af,
(1977) present the noise exposure und response daty in Ta-
bles | and 2 for respondents who described themselves ay
“very unnoyed.” Respondents considered to be very un-
nayed by Rylander er af. (19773 were counted as highly
annoyed for present purposes.

A total of 12 data points consisting of noise levels and
percentages of respondents highly snnoyed (six for tramway
and six for traflic) were reported by Rylander ¢r al. Figures §
and 6 displuy 95% confidence intervals in relation to the
Sehultz Curve lor both tramway and traflic noise respective-

ly.
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&. Decatur Airport (Schomer, 1983a,b; 231 Interviews)

Schomer { 1983b) reports a noise survey of nltitudes to-
wird sirerall noise conducted near Decatur, Itlinois Airs
port. Noise measurements were made in units of L,,,,. Field
mensurements of noise exposure were compared aguinst ex-
posure levels predicted by Imegrated Noise Model Version
2.6, Detnils regarding the measurement methiods were not
spegified. Personal inlerviews were conducied at four siles
with 22 10 9% respondents per site. ,

Questionaaire item Ta inguired aboul noises heard m
hame thin respondents preferred not to hear, Foreach unde-
sired noise source heard in the home, questionnaive item 77
asked respandents ro rate their annoyance using the follow-
ing seale: (13 extremely annoyed, {2} very much annoyed,
(3) maderutely annoyed, or {4) slightly aonoyed. Schomer
considerad respondents who deseribed themselves as “very
mueh™ orextremely™ annoyed ns highly annoyed, Schomer
presents the noise source and response data in his Fig, Jand
Table IV for respondents hie considered h'ghly annoyed.

Respondents who spontsncously mertioned some type
of noise apnoyunce were considered 1o be at least *slightly
annoyed” by the noise source. It is assumed that respondents
were**notatall apnoyed™ by noise sources that ¢scaped men-
tion, yielding o five-cutegory response scale, Schomer's
study yielded four paired observations of measured noise
levels and percentages of respondents highly annoyed. These
are plotted in Fig. 7.

7. Britist rallroad (Fields and Walker, 1982; 1399
Intarviews)

Fields undd Walker condueted un anitudinal survey of
railroad naise in Great Britain, They made mare than 2000
noise measwrements al 403 locutions in units of 24-h L,
noise ang number index (NND), community noise equiva-
fent level (CNELY, and L. Personal interviews were con-
ducted with 45 1o 220 respondents per site.

The authars tabulated percentiges of respondents high-

IG5 Reaionship of irmway dhina
Yooy Travnsary d Teallic Stugdy i 1978
sy eithesis e,
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FIG. f Belationship of tafic dits Gromy
Teamway aned Traflic S1dy 10 1978 syn-
esis carve.
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ly annayed to a direct question (questionnaire item 17h}
worded as (ollows: **Does the noise of trains bother or annoy
you: (1) very much, {2) moderately, (3) a lintle, or (4) nat
at all." Respondents describing themselves as “very much™
annoyed by 1ruin nojse were considered to be highly annoyed
for current purposes. Fipure 8 shows 95% confidence inter-
vals for the British Railroud data.

&8, Swedish rallroad (Sorensen and Hammar, 1983; 1125
interviews)

Sorensen and Hammar report an investigalion per-
formed during 1978-1980 of reactions to railrod train noise
in arens surrounding the cities of Malmo and Stockholm.

0T
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The authors interviewed 50 to 100 respondemts ot each of 15
sites, Noise was measured in units of 24-h L, for each pass-
ing train. The canversion from the reported units of L, to
L., was performed as deseribed for the Rylander (1977)
survey.

The data used in the present analysis are found in Fig. 1
of Sorensen and Hammar ( 1983), Since the data were not
tabulated, o grid was overlaid on Sorensen and Hammar's
Fig. | 10 estimate values of pairs of noise exposure levels and
percentuges of highly annoyed respondents.

Sorensen and Hammar did not report the labels of re-
sponse cutegories used for eliciting annoyanee judgments.
They did, however, cliim close similarity of annoyance mea-
surement techniques with an earlicr survey (Rylanderer al.,

FIC 7, Relatiomsdip aldati feoam Decatur
Advpant Sty 100 TOTR syitlesia e,
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Railroad Study (o 1978 synthiesis corve,
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1980), which used four named response categories: (1) not
annoyed, (2) a little annoyed, {3} rather annoyed, and (4)
very annoyed, In the present analysis, “very annoyed" was
used to deseribe high annoyance. Figure 9 shows 95% confi-
dence intervals for the 15 dma points from this study.

9, U.5, Airbase (Borsky, 1983, 1985; 874 intervisws)

Personal interviews were conducted with 27 to 45 re-
spondents pet siteat 25 sites near seven U,S, Air Force bases,
Borsky used automatic equipment to measure exposure in
units of L, for spproximately 10 days per site. A threshold
of 65 dBA was used for these measurcments. It is unclear

PERTENTAGE OF RESPONDENTS HIGHLY ANNGYED
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how levels of exposure lower than this threshold volue were
estimated.

The duta used in the present analysis are based on a
questionnaire item that asked “*How much does noise from
uireralt disturb, bother, or annoy you?" Respondents select-
ed & response category from an *‘opinion thermometer”
composed of ten pradutions with named end points, as fol-
lowss

“notarall 0123456789 extremely”

Respondents were considered highly annoyed for present
purposes il they selected entegories 7, 8, or 9 (30% of the
response seale). Figure 10 shows the 9595 confidence inter-
vals ealeuluted for the 25 sites,

FIG. % Retationshipofduty from Swedish
Railrnad Study 10 1978 synthiesds curse,
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FIG. 1. Relationship af data from U_ S,
Airbase Stndy o 1978 synibesis curve.,
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10. Westchester County Alrport (Fidell et al,, 1985; 1465
nterviews)

Fidell ¢f al, report a sociul survey of the annoyunce of
pircraft noise at four sites nround Westehester County Air-
port located in New York state. Both personnl and telephone
intervicws were conducted twice with sumples of 100 to 250
respondents per site. Noise measurements were made by
automatic equipment al muliiple microplione locations
within each site for a week prior to interviewing, and were
reported in units of L,,,,.

Table VI of Fidell eral. (1985) summarizes the percen-
tage of respondents highly annoyed and measured noise lev-
els. Questionnaire item 4 asked respondems “And how
about this past (season of year); Huve you been bothered or
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annoyed by noise from airplanes while you've been at home
during these manths?* Respondents were allowed to choose
ane of the following categories: {1) not at all annoyed, (2)
slightly annoyed, (3} moderately annoyed, (4) very an-
noyed, or (5} extremely annoyed. Respondents describing
themselves us either “very™ or “eatremely” annoyed were
considered highly annoyed for current purposes. Figure T1
presents the 95% confidence intervals for the cight data
points reported by Fidell et @/, in relation to the dose-re-
sponse curve generated by Schuliz (1978).

11. Danish railroad (Andersen et al, 1983; 615
interviews}

Andersen ef al. report o survey conducted near seven
Dunish railways with traflic volumes ranging from 30-300

FIG. 11, Relutionship of dutia frony West-
chester County Airport Siudy to 1978 syn-
thesis curve,

bnd
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trains per hour, Numbers of respondents ranged from |-55
at ench of 26 sites, Noise mensurements were reported by
Andersen e al. in units of L, and were converted 10 £, by
using the method deseribed for the Rylander (1977 survey.

Andersen ef al. directly asked respondents *Does rail-
wiy noise annoy [you]?" Respondents indicated that they
were (1) sirongly annoyed, (2) somewhat annoyed, (3}
slightly annoyed, (4) very litile annoyed, or (5) not an-
noyed atull. Respondents riting themselves as “strongly an-
noyed” were considered 10 be highly annoyed Tor present
purposes, This represents 209 of the response scale, slightly
underestimating high annoyance as defined by the 2796
29% criteria,

A grid was overlaid on Figure 1 of Audersen er al,
(1983) 1o estimate values of pairs of noise eaposure levels
and percentages of highly annoyed respondents. Figure 12
shows 95% confidence intervals for the 26 points from this
study.

12, Other studies

Data from the following studies | considered as part of
the origingl clustering surveys or four addenda by Schuliz
(1978)) ure included in the present analysis as well, The
reader is referred 1o Schultz (1978) for a detailed explana.
tion of the treatment accorded the data of these studies,
French Aireraft { Alexandre, 1970)

Second Heathrow Airport (MIL Research, 1971)
First Heathrow Airport (McKennell, 1963)
London Traflic (Luangdon, 1976)

Munich Airport (Rohrman ¢z al,, 1974)

Paris Street (Aubree o7 af., 1971)

French Rail (Aubree, 1975)

Swedish Aircraft (Rylander et al, 1972)

Swiss Road (Grandjean ef al., 1973)

Swiss Aircraft (Grandjean et af,, 1973)

USA 24 Site (Fidell, 1978) ‘

Los Anpeles Airport (LAX 2 SITE} {Fidell and Janes,
1975)

AntwerpStreet (Myncke ef af., 1977)

Brussels Street (Myncke et al,, 1977)

Cunadian Road (Hall and Taylor, 1977)

Danish Street {Relster, 1975)

B. Derlvation of a fitting function

The studies summarized above yiclded o total of 292
new dati points, Figure 13 combines the duta from the indi-
vidual siidies described ubove into a single plot, along with
the 16! data potnts from the clustering surveys of Schultz
(1978). A least-squares quadratic fil to the data points is
also shown,

Figure 14 compares the third-order polynomial func-
tion Schultz chose to fit the data of the 1978 synihesis with a
second-order fitting function for all 453 daty points, As can
be seen, the quadralic fit to the new data points is several
decibels higher (about 4 dB higher at an L, value of 51.5
dB, und about 1.5 dB higher at an L, value of 70 dB),
indicating greater snnoyance than the 1978 synthesis aver a
large part of the range of interest for most purposes.

li. DISCUSSION

A. Relationship between third-order polynomiat anc
least-squares qQuadratic fit

Schultz (1978) seclected a third-order polynomiul
forced to predict zero prevalence of high annoyance at an
Ly, value of 45 dB for the 1978 dosage-<flect relationship,
Figure 15 compares the 1978 dosage-eflect relutionship with
(1) the (unconstrained) least-squares quadratic fitting
functionshown in the previous figures and (2) with quadrat-
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ic lenst-squares fits to the upper and lower boundaries of 1he
95% confidence intervals for all duta points, Note that the
1978 relntionship lies within these limits over virtually all ol
its range. '

The equation of the quadratic fitting funclion is

%414 = 0.0360L ], — 3.2645L,, + 789181,

The quadratic fit accounts for 44% of the variance in the
data paints. Sinee the besi-fitting (least-nguires eriterion)
cubie relationship accounts for only 155 more variance, and
in the ubsence ol any theoreticai inperadive i favor of cither
ane, the quadratic is preferred over the cubic fit for reasons
of parsimony.

The information an which both the 1978 and the gua-
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dratic fitting functions are based is not error-ree, Indeed,
there is uncertainty in quantification of both the dependent
and independent variables of the dosage-eltect relationship.
Influences of errors of several types on the relationship ure
discussed briefly here, and from a different perspective, by
Green and Fidell (1991},

B. Bias errors In definitions of high ahnoyance

One obvious influgnce on the shape of the fitting func.
tion is the definition adopted for high annoyance in each of
the data sets, Table 1T compares the percentages of the re-
spense alternatives included in the definition of “high an-
nayance” in the 11 studies not considered in the 1978 synth-

Schully
" 1

-4 1o w3} Pointy
. FIG. 14, Comparisun of 1978 third-oedere ™
. pelymomial Aiding funetion with present
wuadeiie i 1o 81 dut paings,
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esis.On average, self-reports of annoyance in the upper
31.4% of the response alternatives in these studies were con-
sidered to meet criteria for “high annayance.” This figure is
slightly higher than the 27%-29% average for the 12 clus-
tering surveys on which the 1978 dosage-efTect relationship
is based. About half (45.5% )} of the data points underesti-
mate "high annoyance” by 5%, while 54.5% of the data
pointsoverestimate “*high annoyance” by 10.3%. Even these
figures do not supgest the extent to which the dosage—effect
relationship is sensitive Lo the definition of high annoyance
in separate surveys. Because the present data set of 453
points is camposed of n relatively large number of surveys
each contributing a relatively small number of dala points,
changing the definition of high annoyance adopted in any
one survey is unlikely to produce a meaningful change in the
dosage—cffect relationship,

For example, changing the definition of high annoyance
adopted for the Burbank Airport data points from 4095 of
the response scale to 3072 of the response scale 13 shown in
Fig. 16 changes the quadratic (it hardly at all,

L' U )

C. Uncertainty in measurements of percentages of
respondents highly annoyed

Table 111 displuys the sizes of the averuge estimated
95%% confidence intervals for percentages of highly annnyed
respondents for ench of the 29 duty sets, When published
reports contained sufficient information, these estimates
were made by caleulating confidence intervals for each inter-
viewing site and averaging them within studies. When the
published reporis indicated only total numbers of respon-
dents and interviewing sites, the estimates were made by s.
suming equal numbers of respondents per site. As can by
seen, there is considerable uncertainty in some of the survey
data about percentages of respondents highly annoyed. The
average widih of the estimated 9595 contidence intervals of
the 29 studies is 16,59, Given that the slope of the 1978
dosage-ellect relationship is about 29%-3%% highly unnoyed
per decibe] of noise exposure through much of its range, the
uncertainly in the original survey data corresponds lo a
change in noise exposure of nearly an order of magnitude,

TABLE I, Percemtage of response alternutives considered “highly annoying™ in surveys not considered in the 1978 synthesis,

Comparison of percentuges

Survey % al respanse hal % of
seale considered Iotal datn new daty

*highly annaying™ painis neints

Australian Aircrafl 20% 9.3% 4%
Airerult/Trallic 0% 1.6% 10.7%
Burbank Airpan 0% 447 1n.2%
Orange Counly Alrport W% 11% 6100
Trumway/Traffic 25% 21 6.1%
Decutur Airport A% ) Y0z 2,07
British Ruilroad 25% ) 24% S.0%
Swedish Ruileoud 25% 3% 17%
LS, Airbase 0% 5.5%% 12.4%
Wiesiehester Adrport +% 1L.b% AL
Danish Ruilroad 20% 5.7% 13.3%
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Since this uncertuinty represents the fupdamental tevel of
precision of measurement on the ordinate of the dosuge-
effect relationship, it is unproductive to seek eaplanations
for smaller differences among potentinl fitting lunctions for
these data,

TABLE T, Ninety-five comlidence intervals for determinatiois of peveents
ages of respondents highly annoyed.

Rank ordering of studies by iverage estimated conlidence ingervils
Width of 955 Study
wonfidenee
interval (%)

71 Swiss Aireraft {Grinsliean erad, 1974
7.2 Traffie/Tranwiny { Trallic only, Rylinder, 1977)
7.4 Second Heathrow Adrpars ( MU Research, 1971)
15 ritisls Rail {Ficlds and Walker, 1982)
1.6 Freneh Adreralt ¢ Alesandre, 1970)
2.0 Swins Round {Gramdjenn ¢ el 1973)
1n.e First Heawthrow Airpart (McKennel, i963)
1049 Woeehester Aieport { Fidell ef af,, 1985)
113 Rurbank Airpoey (Fidel ef ol HIS)
154 Traflic/Tronway  (Trunway  only,  Rylander.
14917
F2.3 Orange County Airport (Fidell ¢ al., 1945)
125 Lo Anpebes Airperr) (Fidell wnd Jones, 1975)
133 Swedish Rail {Sorensen wad wmmar, (983}
4.} Avstralian Aireraft (Hede und Bullen, 1981)
14.5 Brussels Street {Myncke o7 wl, 1977)
14.8 USA M Site (Fulell, 1978}
16,3 Angwerp Sueet (Myneke oral, 19773
{6.3 Dectur Airport (Schomer, 1953}
17,3 Freneh Rail { Aubree, 1975)
187 Paris Streen {Aubree, orald, 19713
0.2 Punisly Bailroas] (Andersenef of., 19823
ni Traflie/ Aireralt Comparison CUrathe snly, Hall
vial, 1977}
224 Cinadion Kead (ELall and Taylor, 1977)
234 LS, Airbase { Boesky, [98$)
234 Diish Street { Redsier, 1975)
244 Lot ‘Trafbe ( Langedon, 1976)
1.5 Tratfic/ aireralt Comparisen CAdrerfi only, Hall
vtul, 1977)
RN Musich Adgpant ( Rubirmsan of wf, 1974)

Swedish Adreraft (Rybuwder ¢ el 1972)
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D, Errors in estimating noise exposure

A more diflicult maner to address is uncertminty in re-
ported medsurements of noise exposure. Few af the studies
reviewed provide sufficient detail to permit estimation of
canfidence intervals for such measurements, In general, the
numbers of microphone locations, duritions of measure-
ment, calibration of measurements against other informa.
tion, and homogeneity of exposure across interviewing sites
are not well reported.

One exceplion is the measurements made at Burbank
Adrport. In this case, noise measurements were made at five
locations within each interviewing site far a full week prioe
to interviewing, and the obtained measurements were cali-
brated apainst noise exposure gradients derived from air-
eraft noise contouring software. Even in this case, however,
exposure varied by about 4 2.5 dB within interviewing
sites. This figure is probably close 10 the grentest precision of
physical measurement of any of the studies in the present
data set. Thus the position of any fiting function developed
for this duta set probubly eannot withstand any closer seruti-
ny of its relationship ta the abseissa than 3 d13,

E. Reliability of dosage-effect relationship

One major implication of the preceding discussion of
sources of error in the data set is that the relulively small
differences between the current doesage—eflect relutionship
und the one synthesized in 1978 should not be overinterpret.
ed. Thedifferences are minor anes 1hat could be attributed as
persuasively to errars of measurement of various sorts as 1o
substuntive effects, Anotlier implicution is that more sophis-
ticuted curve fitting procedures could be employed to deal
with uneeriainty on both uxes of the relationship. For exan.
ple, ifthe goal were to weight the sulience of each diata point
by the magnitude of its likely errors of both physical and
psychological measurement, o dosage-effect relationship
with a rather different shape imight well emerge.

Another limitation of both the [978 polynomial approx-
imation and the current gquadritic fitting function is that
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they are both simply convenient data fitting functions, de-
void of physical menning, Bath functions are positively ac-
celerated within the range of DNL values of greatest inter-
est, und both are nonmonotonic, Care is therefore necessury
to avoid using these relationships outside their intended
ranges, Commaon sense strongly suggests that in reality the
function relating exposure to annoyunce must be a sigmoid
asymplotic te values of the prevalence of annoyance in the
vicinity of 0% and 100%,

The next article in this issue develops a theoretically
based alternative approach to the purely empirical curve fit-
ting described above,
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