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1. INTRODUCTION

The influence of background ncise on aircraft nolse annoyance is a long-standing
issue thgt has pot been resolved in previous laboratory and field studies. The
general feeling in sclentific circles 1s that whilst the effects are felt to be
second order to those of level mnd number, they mevertheless still need to be
quantified.

This paper presents the results of a small scale study designed to provide some
initial field evidence on the magnitude of the background nolse effect. In
addition the data collected allow the relationship between total noise Annoyance
and source specific noise levels to be evaluated.

2, DESIGN OF THE STUDY

The study was carried out as an extension to the 18582 CAA Alrcraft Noise Index
Study (ANIS) and used a subset of the study areas already chosen for the ANIS
study. The areas were delineated by the restriction that any respondent within
an area must experience an aireraft nolse level within a maximum of 3 or 4 dB of
that measured at the single ailrcraft noise monitoring site for the area. Within
each aren two zones were chosen such that background noise level within each
zone was as homogeneous as possible and that the difference between the background
noise levels for each zone was a minimum of 15 dB(A), with the low background
level being of the order of 50 dB(A). The noise meaaurement used was the 12 hour
Lieq (0700-1900 BST). As comparisons between zones within areas were of direct
interest target sample sizes for the social survey were made equal for all zones
(circa. 40 based upon the avajilable resources). With an expected response rate
of 75%, a maximum sampling fraction of 1/3 and one respondent per household, each
zone needed to contain at least 180 households. The design detalls are given in
Table 1. . . .

3. DATA RECORDED

3.1 Afrovaft notse exposurec were recorded as the average and worst mode NNI
and Lpeq values over the twelve hour period 0600-1800 GMT. The data are displayed.
in Table 3., The characteristics of the areas may be summarised as: Chisuick
situated on the e¢astern side of tke airport, north ¢f the line of the runways.
Noise exposure solely from westerly landings. Usurlly no direct overflights.
Difference between worst and average mode noise exposures about 3 dB; Staowell
and Horley no direct overflights but start of roll noise, and noise from air-
craft turning after take off, Little difference betweer worst and average mode
nolse exposure; Harlesden and Feltham direet overflying by easterly departures,
Some westerly turning (Harlesden) and approach noise (Feltham). Difference
between worst and average noise exposure (6dB), largest in the study.

3.2  Background noise; all noise other “than aircraft, with traffie noise
predomipant. Average hackground Lpyeq varied between 49 and 55 dB(A) in the low,
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and 84 end 68 dB(A) in the high zones. Within areas the separation between
zones varled between 13 and 18 4B{A) (Table 3). Within zones the standard
deviations (over individual respondents) of the estimated background noise level
was of the order of 2 dB(A)} except at Chiswick.

Background and sircraft Laieq values were combiued to produce totsl Lpeq values
and Signsl (Aircraft) to Noiee {Background) measures for each zone {Table 3).
The difference in total noise levels between zones decreanses with lacreasing
aircraft noise level from > 10 dB{A) at Chiswick and Stanwell to < § dB(A) at
Horley and Felthanm.

3.3 The questionnaire asked the noise annoyance questions in Table 2. The
response rates, sample sizes and the means and standard deviations of these
nolse annoyance responses are given in Table 3.

4. RESULTS

4.1 Differences between zones within areas. Alrcraft noise annoyance at
Harlesden (for all 3 measures) is significantly greater in the low zone than in
the high zone. At Horley and Chiswick the differences are in the same direction
as at Harlesden, but the observed values range from about 1.5 to 0.5 times their
standard errors. At Stanvell and Feltham the differences are much smaller than
at Horley and Chiswick, and in all but one case, negative. None of the
differences at Horley, Chiswick, Stanwell and Feltham is significantly different
from zero at the 5% level.

Between zonv within area differences are likely to be free of other effects
which may be confounded with the effect of background noise levels on response t
alrcraft noilse. An exhaustive investigation of the soecinl, demographic and othe
characteristics has not shown differences between zones, wvhich might have an
increasing or decreasing effect on annoyance responses. Harlesden was the only
area in which sigoificantly greater aircraft noise annoyance was found in the lo
zone. A factor which could explain this is the larger differential between the
high and low zones, occasioned by slightly higher than average background noise
levels in the high zone. The low response rate (45%) in the high zone may have
introduced a biae in the measured reactions.

4.2  Modelling the Aireraft Noise Annoyance Relationships. Table 3 demonstrates
the dangers of pooling the information from the five areas to estimate noise-
annoyance relationships. For example, 1f average mode NNI is8 used to explain
elrcraft annoyance then whilst higher NNI valuea are generally associated with
greater aircraft nolse annoyance, this increased annoyance may equally well be
attributed to other characteristica which vary in a similar way between the areas
€.g. average mode less worst mode KNI, proportion of residents in sccial classes
I and II. Despite these caveets some possible model forms are described and
eatimated.

4.2.1 A suggested behavioural model. BReactions to aireraft noise may only differ
in the presence of high and low background ncise 1f the level of aircraft noise
were high enough to domipate the low but not so high as to dominate the high
background noise environment. If aircraft noise were very high, them it would
dominate both the low and the high background nolse environments and no difference
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in the reaction to aircraft noise would be expected. Similarly, if the aircraft
noise were very low then it would be an insignificant feature of both the low
and high background environments and no difference in the reaction to aircraft
noise would be expected. A possible functional form is displayed in Figure 1.
Although many features of aircraft noise could influence the effect of background
noise, previous studies have shown that the number of events above a given thres-
hold and the peak nolse level of the events are important correlates of the level
of anncyance.

Figure 2 phows curves which locate equal doses of aircraft noise (NNI = 33, 35,
40 and 42 respectively). The levels of background noise in the low zones range
from 49 to 54 Lpeq and in the high zones from 64 to 69 Lpeq. Thus the levels of
aircraft noise that might be expected to dominate the low background noise envir-
onment but not the high background noise environment range from 33 to 35 NNI up
to 40 to 42 NNI, say. Figure 2 indicates the position of the five study areas
wvith respect to the band within which a background noise effect might be
expected, aand sugpests that the expected rank crder of differences between
reactions to alrcraft noise in the low and high background noise zones would be
those shown in Table 4, which also displays the rank orders based upon the
observed differences shown in Table 3.

The proposed model seems plausible, The limited number of areas in the current
Study does not allow it to be investipated further. The consistent ranking of
Stanwell, which has a large number and small noise level (Table 1) suggests that
level and number may not be the appropriate way of expressing dominance, Rice
and Izumi (1984) present laboratory data which support this model.

4.2.2 Regression Models of Aireraft Noise Annoyance. The three sircraft noise
annoyance measures have intercorrelations of the order of 0.8 and the two air-
craft nolse measures have an intercorrelation of 0.98. The correlations between
NNI and the annoyance measures are 0.51 (4 pt. scale), 0.43 (7 pt. scale) and
0.51 (Guttiman Scale) and the corresponding Lpaq correlations are 0,48, 0.42 and
0.48. The conclusion is that alternative mode?s with the three annoyance
variables are unlikely to be very different either in functional form or inter-
pretation. To aid comparison with previous work the models with the Guttman
Annoyance Scale (GAS) =core as the dependent variable and independent variables
girecraft NNI and traffic Lpeq are presented. Figure 3 displays the GAS scores
for the ten zones together with their standard errora. An analysis of variance
shows that the linear component of the variation with NI is more important than
the non-lipnear component in both high and low backgrounds. The significant non-
linear effect in the high zones is attributable almost entirely to the response
in the high zone at Harlesden. Previous studies using a larger range of NNI
values have postulated a sigmold-type relationship in which response is constant
below and above specified NNI levels, but increases linearly between these
" values. The range of KNI values used in this study are from the gtraight line
segment of such sigmoid curves. This, and the previous caveats concerning the
low response rate in the hlkh zone at Harlesden, suggest that the non-linear
features observed are merely sampling or non-sampling error and that a linear
relationship is the appropriate one.

4.2.3 Linear Regression Models for GAS Scores. The regression of the Guttman
Annoyance Scale Scores on average mode NNI, a dummy for background noise level
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and en interaction term, (with standard errors of coefficients in hrackets) 1s:

GAS = -4.655 + 0.181 NNI - 0.772 Background  + 0.002 KNI x Background
{0.023) {1.228)Noise Dummy {0.032) Noise Pummy

The separate models for high and low background noise zones are:
{low) GAS = -5.427 + 0,183 NNI;(high) GAS = -4.655 + 0.181 KNI

The slopes are equal within sempling error. The parallel regression lines
fitted to the high and low Zzones are:

(low) GAS = -5.065 + 0.191 NNI;(high) GAS = -5,051 + 0.181 NNI

The intercepts are not significantly different at the 5% level. The common
regression aquation fitted to both zones is:

GAS = -5.046 + 0.191 NNI
(0.016)

This model explains 26% of the varlation in the GAS Scores. Figure 4 displays
the fitted line together with its 95% confidence band. The fitted equation from
previous studies is also plotted. This lilea outside the confidence band
indicating a noise-annoyance relationship which is significantly steeper {at the
5%, level) than that in previous studies. This may be the result of & real change|
in community response or, at least in part, an artefact of the current study
design which used areas tightly clustered around aircraft nolse measurement sites
with the result that measurement error in the NNI values was posssibly smaller
than previously.

4.3 Linear Regression Models of Total Noise Annoyance using NBI and Background
Notse level as independent vartiables - !

Figure 5 displays the aireraft, traffic and total noise annoyance (4 point} scal

score regressions., Background noise levels average about 52 Ljeq in low zones

and 67 Lpeq in high zones. In the lew background noise zones as SOOn as air-

craft NNI exceeds about 33-34 (equivalent to an aircraft Ly.. of approximately

$5-56), then on average the expressed aircraft annoyance exceeds the expressed
_total annoyance which in turn exceeds the expressed traffic annoyance.

Aircraft snnoeyance increases more than twice as rapidly as total nolse annoyance
with increasing NNI, whereas traffic noise annoyance is independent of NNI. 1In
the high background noise zones the pattern is the same, except that it begins
when aircraft nolse exceeds 40 NNI, equivalent to approximately 62 Lpeq.

The Total NAS regressions fit the data much less satisfactorily (less than 10% of
the total variation explained)} than the source specific annoyance scale score
regressions. Two possible explanations are (i) that the total nolse annoyance
quesation is invalid i.e. either its wording or 1ts context in the questionnaire
mean that the responses do not in fact reflect total nolse annoyance or (ii)
total noise anncyance is strongly influenced by other features of the environment
which have not been measured. Simce the total nolse energy in the environment

is almost solely that from the aircraft and background sources, the first of
these hypotheses seems the more. plausible. This is further supported by the fact
that in this study total annoyance responses were solicited at ANIS Question 7,
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before any detailed mention had been made of noise at all. It is not unreasonable
to suppose therefore that 'round here' was taken to refer to the respondent's
immediate environment and that the total annoyance judgement related to this
background (mainly traffic) noise, and excluded alrcraft which vere considered

a8 being "up or over there’.

3. CONCLUSIONS

Influence .of background notse levels. There is no strong evidence to suggest
that background noise plays a significant role in the annoyance responses to
aircraft noise for all levels of aireraft noise. In Chiswick, Stanwell and
Feltham no significant differences were noted between aircraft noise annoyance
responses In the low and high zones. At Horley there was the suggestion of an
effect, whereas at Harlesden, aircraft nolse was significantly more annoying in
the low zone than in the high. Three possibilities have been explored: {i) that
Harlesden has particular socio-ec¢oiomi¢ characteristics which explain the
different response to alreraft noise. This is not supported. (i1} that the
lower response rate in the high zone at Harlesden means that part of the
explanation for the differences observed may be non-response bias. (ili) that
a new behavioural model of the response to alreratt nolse is appropriate. This
model i3 consistent with the differences observed but without more extensive
data it 1s not possible to argue that it offers a definitive explanation of them.

Modelling Total Annoyanee. In future it is proposed that at the end of the
questionnaire a supplementary question bhased on the 4 point 'very much',
'moderately’, 'a little' amnd 'not at all’ annoyed scale be included as follaws:

During this intervicew you heve boon sskod about your fnnoyehee rcactiuna 10 Bany
kinda of nolsc Includinn aireroft ond traffie. Jusé 10 be surc [ have your reaciigenu
eorreet could you pleane flnally tell oo how bothered or annoyed you are by

(a) alrgrafe nolae
{b) traffic nolse or {b) nolsc other than mircraft nojae
{e¢) the total nolse
A similar question has been used successfully in laboratory studies of combined

impulse and traffic noise (Rice, 1984) and combined aircraft and traffic noise
{Rice and Izumi, 1984) and shows that subjects can integrate the separate
alrcrazft and tratfic responses into a subjectively summed total response which
can then be modelled.
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Table 1: Dwtuils of Target Design for Study.

Ares Area Hoainal Hominal Roalnal Target Low Target Bigh
Runbar Alreraft . Huzber of WHL Background Background
Boise Level Aircrafll Level Holse Level Holoe Lavel
tPR4D)} per 28 hours L yeqr 235 L yeqr 20
{Targst pasple {Target sample
alze) Size)
farlosden | 2 95 .6 s 82 (80} &1 1a0)
Chiswick 8 a3 5.2 29.3 52 {&0) (1L
folihem ] wn 100.0 51.0 52 (D) 67 {%0
Sranuell 16 a3 1T7.8 36.8 9z (80) 67 (40)
Borley 3 L e 52.0 52 (30) &7 (500
Table 2:; Molsa Anhoyance Questions Ln Quastionnalre.
7. Taking atl things into scceumt, bow much would you say the noisc
round here bothors or ansoys you? SHOW CARD: Very much, Moderately,
A 1itele, Hot at oll.
11A. (Aircroft) Ploasc look at this scala ond tell oe how cuch the
noise of aireraft hore bothera or monoys you. S10Y CARD: Very much,
Foderately, A Mittle, Hot at sll.
11A, (Traific) Eepeat of pbove aircraft gquestion tar rtraffic.
17, Cuttman lteb questions s Lo previous sircrafi ooise studies (sce
DXRA {1%81))
DO tBe MATCTRIV OVEF .oooceoonues ea?
When they . ......eainen . how pogoyed does this mako you reel?
23. Just ta be sure 1 have it wll straighe, how do you feol overall
about the amcunt of moise heye from mircraft?
Pleane give how you feal & score Qut of soven.
SAOW CARD: 1 2 3 4 a -] 7
beficitely Pefinitaly KOT
satisfactory aatistactory
5 T ¥ T T ¥
w
<
]
LF e
1k low Background p
- . ich B
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Table 3: Meen valuca of Boiso Exposores and Subjociive Beacliops by rooe. Estimated range Of sircrafu peok
levole (L) I» shown. Standard Errors of Avnoyance Massuron and Standard Deviations of Background
and Toisl Melse Exposurocs are given in brackets.

AREA CHISWICE STANWELL HARLESDEN RORLEY FELTHAX
ZONE

Low High Low High Low Righ Low High Low Righ

ddreratt Holse

EN1 {avorage} 3.e 3.8 3.7 .7 JT.8 378 42.3 41,3 44.7 44.7
AN] (worst) 3ty 1.y 3.5 16 45.8 456 42,2 42,2 33.8 32.8
l-m (avarage) M0 M. 374 371 0.9 60.9 1.6 &6 86,4 66.4
'[-m {warac) 84.1 a8} 51.8 519 a8.% B8.3 63.2 6.2 7@ 72.0
Range (3] {4) (£} {» 5}
Alrcraft Annoyance
4 pt. seala 1.0 0.83 0.88 0.88 1.33  0.67 L.62 1.4 2.38 2.0
{0 to 3} €0.13) ¢0.13) £9.13) 19.13) {0.17) (0.12) (2.13) (0.18) (@.11) (0.x
T pt. scals 1.87 1.88 1.08 1.51 a0 1.13% 2.84 .48 3.69 4.00
{0 to B) 0.30) (0.20) {0.18) {0.37) (0.28) (0.22) (0.26) (0.32) (0.2%} (0.23)
Gottouy 1.54 I1.7% 1.00 1.76 2.03 1.00 2.9 2.59 A.50 3,60
(8 te 8 (0.27Ty (0.23) €0.22) {0.24) (0.27) (0.22) {0,234y (0.38) {019  {0.20}
Background Aelse
I‘"'I 54.6 87.4 32.5 &7.7 0.9 €8,] 49.1 644 83.0 67.2
(L.7) (B.0} (1.6) (2.0 0.7y (0.8) 2.7 .8 {2.6) (3.0)
Traffic Annoyanee
4 pt. oscale .71 1.62 0.68 1M 0.4 1.48 0.43 1.a7 o.T4 1.587
{0 10 3) {0.18) {0.18) {0.12} {0.15} €0,13) (0,22) {0.08) (0.19) {0 14} {0.1N)
Total Folse .
I.“q 37.8  €6.0 58.7 68.%2 61.3 €9.% 4.7 6T.6 86.6 0.0
0.7 (7.3 {0.5) 1.8 0.1y (0.7) {0.1) t0.8) Wy {14
*Signal to Rolae .2 -13.3 4.9 -10.7 10,0 -8.4 18.4 0.1 4.4 - 0.3
{1.7) (8.0) (1.6) {2.m) 0.7y (0.8) {2.7) (1.9) {3.6; (2.0
Iotal Anneyernce
4 pt. scale 1.00 1.37 ¢.78 1.33 1.18 1.32 1.31 1.38 1.89 1.00
W to (0. 18) (0.1M) 0.1 (0.140) {6, 18) (0.19) {0.12) 10.19) {013 {210
Response Late (%) -] 80 83 T8 83 435 T at &3 ra
Base’ as 40 50 47 40 27 &1 e 40 48
“Aircraft L‘lﬂ less Backgpround "l\ﬂ {both wossured owbr the KNI perfod)
Tabla 4: Differencos in Alrcraft Annoyance betwoen High and Low
Background Nolse Zones.
Rank order of difforonces
Obsorvad Coanrved Ubaorved
Predicted from 4 pr. T pr. Gultasn
Aras Botsvicursl Nodel Sculs Scule Scorm
Barlesdsn 1 1 1 1
Borloy 2 ] ]
Stanwell 3 L] B ]
Chiawick 4 E ] 3 4
Faltham -] 4 4 3
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