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1. INTRODUCHON

The inlluence of background noise on aircratt noise annoyance is a lonrstandia;
issue thot has not been resolved in previous laboratory and field studies. The
general tooling in scientific circles is that whilst theeiiects are teit to be
second order to those oi level and number, they nevertheless still need to be
quantified. '

This paper presents the results of a small scale study designed to provide some

initial lield evidence on the magnitude of the background noise eflect. In
addition the data collected allow the relationship between total noise annoyance

and source specilic noise levels to he evaluated. '

2. n3le OP I'll! STUDY

The study was carried out as an extension to the 1982 W Aircralt Noise Index
Study (M15) and used a subset of the study areas already chosen tor the ms
study. The areas were delineated by the restriction that any respondent within
an area must experience an aircran noise level within a maximum oi 3 or 4 dB of
that measured at the single aircralt noise monitoring site {or the ares. Within
each area two zones were chosen such that background noise level within each
zone was as homogeneous as possible and that the. diiterence between the background
noise levels for each zone was a minimum of 15 d3“), with the low background
level being of the order of 50 an). no noise measurement used was the 12 hour

he“ (0100-1900 351'). As comparisons between zones within areas were at direct

interest target sample sizes for the social survey were madeequal for all zones
(circa. 40 based upon the available resources). with an expected response rate

of 155. a maximum sampling lraction 0! 1/3 and one respondent per household, each

none needed to contain at least 180 households. The design details are given in

Table I.

3 . DATA RECORDED

3.1 Aircraft noise egosures were recordedas the average and 'worst mods Inn
and LA“ values over the twelve hour period 0600-1800 GMT. The data are displayed
in Table 3. The characteristics or the areas may be sumerised as: Chismick
situated on the eastern side of the airport. north of the line or the runways.
Noise exposure solely from westerly landings. usually no direct overflights.
Diiierence between worst and average mode noise exposures about 3 dB: Starwell
and Harley no direct overflights hut start of roll noise. and noise h‘om air-
craft turning alter take on. Little difference between worst and average mode

noise exposure; Harlesden and Felthmn direct overtiying hy easterly departures.
Some westerly turning (flarlssden) and approach noise (Feltham). niiierence
between worst and average noise exposure (sun), largest in the study.

3.2 Backflund noise: all noise other"than aircraitywith trauic noise
predominant. Average background Lfleq varied between 49 and 55 dB(A) in the low,
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and 84 and 69 dB“) in the high aones. Iithin areas the separation between
aones varied between 13 and is as“) (Table 3). Within zones the standard

deviations (over individual respondents) at the estimated backgron noise level

was or the order at 2 d3“) except at Chiswich.

Backgron and aircraft “N values were combined to produce total Luq values

and signal (Aircrait) to Noise (Background) measures for each zone (Table 3).
The difference in total noise levels between zones decreases with increasing

aircraft noise level lrom > 10 dad) at Chiswick and Stanwell to < 5 as“) at

Boriey and Peltham.

8.) The fleetiormaire asked the noise annoyance questions in Table 2. The
response rates. sample sinea and the means and standard deviations of these

noise annoyanceresponsea are given in Table 3.

4 . B2501.“

4.1 Dififerences between zones within areas. Aircraft noise annoyance at
Harlesden (tor all 3 measures) is significantly greater in the low none than in
the high seas. At llerley and Chiswick the diuerences are in the same direction

as at llarlesden, but theohserved values range from about 1.5 to0.5 times their

standard errors. At Stanwell and Peltban the diflerences are much smaller than
It Horley- and Chiswick. and in all but one case. negative. None oi the
dili'erences at Harley. Chiswick, Stanwell and Felthan is significantly dinerent

iron zero at the 51 level.

Between sone within area diuerenees are likely to he lree o! other etiects

which may be confounded with the effect of background noise levels on response t

aircrsit noise. An exhaustive investigation 0! the social, demographic and othe

characteristics has not shown differences between zones, which might have an
increasing or decreasing ailect on annoyance responses. liarlesden was theonly

area in which significantly greater aircraft noise annoyance was found in the lo

zone. A [actor which could explain this is the larger diilerential between the

high and low zones, occasioned by slightly higher than average background noise
levels in the high none. The low response rate (45!) in the high zone may have
introduced a bias in the measured reactions.

4.2 Modelling the Aircrafi Noise Anngzance Relationshigs. Table 3 demonstrates
the dangers o! pooling the information from the five areas to estimate noise—

annoyaace relationships. For example. it average mode am is used to explain

ell-craft annoyance then whilst higher mu values are generally associated with

greater aircrait noise annoyanceI this increased annoyance may equally well be
attributed to other characteristics which vary in a similar way between the areas

e.g. average made less worst node mu, proportion oi residents in social classes
1 and ll. Despite these caveats some possible model forms are described and
estimated.

4.2.1 A sweeter! behavioural model. leaetions to aircraft noise any only diner
in the presence of high and low background noise it the level or aircraft noise
vere high enough to dominate the low but notso high as to dominate the high
background noise environment. 1! aircraft noise were very high, then it would
dominate both the low and the high background noise environments and no diuerenee
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in the reaction to aircraft noise would be expected. similarly, if the aircraft
noise were very law then it would be an insignifith 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 noise level of the events are important correlates of the level
of annoyance.

Figure 2 shows 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 LA“ and in the high zones from 64 to 69 LAeq. Thus the levels of
aircraft noise that might be expected to dominate the low background noise envir-
onment but not thehigh background noise environment range from 33 to 35 mix up
to 40 to 42 “III, say. Figure 2 indicates the position of the five study areas
with respect to the hand within which a background noise effect might he
expected, and suggests that the expected rank order of differencesfietween

reactions to aircraft 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 investigated 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 (1584) present laboratory data which support this modele

4.2.2 Regression Models of Aircraft Noise Annoyance The three aircraft noise
annoyance measures have intercorrelations of the order of 0.8 and the two air—
crai‘t noise measures have an intercorrelstion of 0.98. The correlations between
N'Nl and the annoyance measures are 0.51 (4 pt. scale), 0.45 (7 pt. scale) and
0.51 (Guttman Scale) and the corresponding LAB correlations are 0.43. 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) score as the dependent variable and independent variables
aircraft N111 and traffic Laeq are presented. Figure 3 displays the GAS scores
for the ten zones together with their standard errors. An analysis of variance

shows that the linear component of the variation with m is more important than
the non-linear 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 NM
values have postulated a sigmoid-type relationship in which response is constant
below and above specified NNI levels, but increases linearly between these

'values. The range of mu values used in this study are from the straight line
segment of such simoid curves. This, and the previous caveats concerning the
low response rate in the high zone at Harlesdell, 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 Reflssian Models for GAS Scares. The regression of the Guttman
Anneyance Scale Scores on average mode mu, a dummy for background noise level
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and an interaction term, (with standard errors oi’ coefficients in brackets) is:

GAS = -4.655 + 0.13]. "N! — 0.772 Background + 0.002 lull x Background

(0.023) (1.228)Noise Dummy (0.032) Noise Dummy

The separate models {or high and low background noise cones are:

(low) GAS = -5.427 + 0.183 NNI;(high) ms = 4,655 + 0.131 run

The slopes are equal within sampling error. The parallel regression lines

fitted to the high and low zones are:

(low) GAS = —5.065 0 0.19l N'NI;(high) GAS = —5.051 + 0.191 NH!

The intercepts are not significantly difierent at the 5% level. The cannon

regression equation fitted to both zones is:

GAS = —5.046 d 0.191 NNI
(0.016)

This model explains 261 of the variation in the GAS Scores. Figure 4 displays

the litted line together with its 951. coniidence hand. The fitted equation from

previous studies is also plotted. This lies outside the conlidence band

indicating a noise-annoyance relationship which is significantly steeper (at the

57.‘ level) than that in previous studies. This may he the result of a real change

in community response or, at least in part, an artetact ol the current study

design which used areas tightly clustered around aircraft noise measurement sites

with the result that measurement error in the NNI values '35 posssihly smaller

than previously.

4.3 Linear Regression Models 0 Total Noise Annoyance using NNI and Background

Noise level as indeg variaEZes .

 

Figure 5 displays the aircrait, traific and total noise annoyance (4 point) scal

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

and 67 LAeq in high zones. In the low background noise zones as soon as air-

craft NNl exceeds about 33-34 (equivalent to an aircrait LAeq of approximately

55-56), then on average the expressed aircraft annoyance exceeds the expressed

V total annoyance which in turn exceeds the expressed trattic annoyance.

Aircraft annoyance increases more than twice as rapidly as total noise annoyance

with increasing NNI, whereas traffic noise annoyance is independent 0! "N1. In

the high background noise zones the pattern is the same, except that it begins

when aircralt noise exceeds 40 NHL equivalent to approximately 62 142.}.

The Total NAS regressions fit the data much less satisfactorily (less than 101, o!

the total variation explained) than the source specilic annoyance scale score

regressions. No possible explanations are (i) that the total noise annoyance

question is invalid i.e. either its wording or its context in the questionnaire

mean that the responses do not in tact reiiect total noise annoyance or (ii)

total noise annoyance is strongly influenced by other features of the environment

which have not been measured. Since the total noise energy in the environment

is almost solely that from the aircraft and background sources, the lirst of

these hypotheses seems the more plausible. This is further supported by thefact

that in this study total annoyance responses were solicited at ANIS Question 1,
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bemre any detailed mention had been made of noise at all. It is not unreasonable
to suppose therefore that ‘round here' has taken to reier to the respondent's
immediate environment and that the total annoyance Judgement related to this

background (mainly traflie) noise, and excluded aircraft which were considered
as being 'up or over there'.

5 . comma IONS

 

Influenceof background noise levels. There is no strong evidence to suggest
that backgron noise plays a significant role in the annoyance responses to

aircraft noise for all levels of aircrait noise. In Chiswick, Stanwell and
Feltham no significant differences were noted between aircraft noise annoyance
responses in the low and high zones. At Norley there was thesuggestion ofan
effect, whereas at Harlesden. aircraft noise was significantly more annoying in
the low zone thanin the high. 'l'hree possibilities have been explored: (i) that
Nariesden has particular socio—economic characteristics which explain the

different response to aircraft noise. This is not supported. (ii) that the
lower response rate in the high zone at Karlesden means that part oi the

explanation {or the differences observed may he non-response bias. (iii) that

a new behavioural model of the response to aircralt noise is appropriate. This
model is consistent with the diilerencss observed but without more extensive
data it is not possible to argue that it offers a definitive explanation or them.

Modelling Total Armoiance. in Iuture it is proposed that at the end or the
questionnaire a supplementary question based on the 4 point 'very much‘.

'moderately', 'a little‘ and 'not at all' annoyed scale be included as follows:

mu»; m- Interview you have mm. um about your nnnoynnre mumm- u am-
alna- o! nollc including: airtrnlt and uunc. Jun ‘0 be aun- 1 mm- your neat‘ions
(nrrucl could you phase (many (on me hon bolhen‘d nr annoyed m. an: by

In) nircrnn num-
I») name nclle a: (5) noise um" than nucr-n noise
(a) u.- [an] nu.

A similar question has been used successfully in laboratory studies 0! combined

impulse and traffic noise (Rice, 1981) and combined aircraft and traffic noise

(Nice and Izumi, 1984) and shows that subjects can integrate the separate
aircraft and traffic responses into a subjectively summed total response which

can then be modelled.

6. REFERENCES

l. DORA 1981. Communication 7907: The Noise and Number Index.
2‘ C.G. RICE 1954. Proc. of 4th Int. Cong. Noise as Public Health Hazard 2,

1073—84. CEC .{oint research on annoyance due to impulse noise: laboratory

studies.

3. c.c. Inca, K. mm 1934. Session c Paper. 10A Spring Conierence. Annoyance
due to combinations of Noises. .

7. ACKNOWLEDGEMENT

This Study was supported by the CM/DOT and the BAA. The authors have benefited

considerably from discussion and comment from scientists in the CM and the EM.

305

 



 

Proceedings of The Instikute of Acoustics ’

TILE MODELLING 017 SOURCE SPECIFIC AND TOTAL NOISE ANNOYANCE

USING SOURCE SPECIFIC NOISE msmuzm.

r num- u nun bug {Or Jump

  

Am Iva-Ann Imam-1 lulu: hm! Lav hm: um

um “Per-fl _ lumber ur mu mum I:er
Iclal Loni. Au-cnn Lav-1 you. um um um
(ma) pcl‘ an m: In“. an Ln“. znn

’ (rum: mu (hm: um-
uu) - Mu)

___________‘__—__———

aux-mu 2 95 31.5 31.5 52 (lo) (1 (In)

mum: O I: 55.2 29.: 52 (In) 61 (no)

hum 9 m “10.0 sun 5: (In) 61 (In

sum-u 15 I: 111.! 36.! 52 (In) 51 (In)

non-y 23 a; 211.0 l2.o . s: (so) 61 (5!»

mn 2: Ian. Amy-nu gnu-nu. n QuIIIIOnnAu-c.

1. Till-g .1] thing! Into Iceman. Iw luck nun you u) m- none
mm: hln bun-n u unoyl yuu'l sun. can): Very ml. Emil-loly,
A nun, lol u an.

“A. (Min-nu) "an: hot n mu nulu an un u an much no
“In M Allen“, au- ban or may. yau. sum cum: v." "a.
mum" y. A Huh. lint . u.

 

  

uA. (Ir-me) lepell o! no" urn-n quesunn m- "nun

 

n. nun-u: nu: qucanunl u In pruan nut-n nu nun" (no
nun (mm
no no urn-n lvlr ..........

nu- nu, . hw moym mm um ulm "u tell?

 

23. Jul: n: n lur-
nm: uu noun: u an

 

hi" n .u “mum, m;- an ya“ nu aunu
mm mm unmn

 

nun gm no- you nu u "on an: o! nun.

sm- mm: 1 I a a a u 1
nun-4m, nun-mu, m
nun-nary Inhhuury

5

m<a
L

3 In Wigwam

Em: rum]. Iun at c Huh-I. 1 "9‘ blth

‘

1 ‘

o ‘
30 35 £0 55 50 55 ‘m ‘



Proceedings of The Institute of Acoustics

TEE MODELLING 0? SOURCE SPECIFIC AND TOTAL "0152 ANNOYANCE
USING SOURCE SPECIFIC NOISE MUMEN’I‘S1

 

: Inn "1,;- 01 nun ups-un- no Sauce“... mug-1-. 01 um. hunt-mrlngl of unnn 0.0!
Inch (1.) Ian. sun-nan xmn 01 Annoyuue lluml m Stun-d 01.1.11... .1 lung-mun

 

A11: 1: loin

 

    

  

  

  

      

n1 (Inf-av) 31.1 02.1 «1.:
an (run) :1 s 31.5 41,:
1-“ (1m...) 51.: 51.1 «.6

1.“. (mm) :1 0 51.0 69.3

0...:- (a) (1) (I) (J) (51

um." lung-fl
4 n. u.)- 1.00 0.1: 0.10 0.00 1.3: 0.61 1.61 1.34 1.10 3.3)
(0 00 :1 (0.1:) (0.1:) (0.11) (0.1:) (0.11) (0.1:) (0.1:) (0.10) (0.1)) (0.11)
1 ,1. u. . 1.01 1.00 1.01 1.11 1.11 1.): a. 4 LII 1.55 (.00
(0 u: I) (0.30) (0.24) (0110) (0.1!) (0.10) (0.2:) (0.16) (0.1:) (0.11) (0.2:)
cum-n 1.54 1.1: 1.00 1.15 0.0: 1.00 a.“ 1.59 1.00 1.00
(0 u: I) (0.21) (0.1:) (0.1:) (0.24) (0.1-1) (0.1:) (0.21) (0.3-) (011’) (0.20)

Ncl‘ruma "0100
Luv :44 01.4 52.: 51.1 50.0 n.) 10.1 «.1 01.0 51.2

(1.11 (0.0) (1.5) (2.0) (0.1) (n. 1 (2.1) (1.0) (2.0) (3,0)

rum: Annex-11¢:
1 pl. lulo 0.11 1.61 0.“ Lu 0.01 1.10 0.4: 1.01 0.11 1.5-:
(0 n a) (0,101 (0.10) (0.12) (0.15) (0.1:) (0.22) (0.01)) (0.111) (0.14) (0.1:)

fun] lol
LN 51.: 6H,!) 50.1 00.1 01,: 51,0 “.1 01.5 “.0 10.0

(0.1) (1,0) (0.5) (1.0) (0,1) (0.1) (0.1) (0.0) (0.1) (1.1)
run-1 to 1101-. 0.: 41.0 1.0 -10.: 10.0 - 1 15.4 0.: 11,1 . 0.

(1,1) (1.01 (1.0) (2.01 (0.1) (0.)) (2.1) (1.0) (:15) (:1,

11.1.1 1...; a“
4 pt. 0:. 1.00 1.21 0.1- 1.1:) 1. 1,22 1.11 1.31 1.51 1.00
(a n a) (0.1!) (0.10) (0.10) (0.11) (0.10) (0.10) (0.1.1) (0.19) (0.1:) (0.1:)
lam-c 11.:- B) so 00 u 10 05 u 11 I! as 11
an: as «1 so 41 40 n u n 40 u

ulnnn I.“ 1"- neaznm 1.“. (both uuum our (he an period)

up). Duhnneol 1n Mum: manne- huml 111.1 as u-
nnmuna 11.11. 1.1

up: am: at altrunnrn
nun-n (nun-a mun-v.0

hum-.1 1)— 1 pl. 1 pt. nun...
An- Ilh (aw-1 m1 Ann 01; . ken

nnuuu 1 1 1 1
mm a I I :
Inn-.11 0 I 0 0
annfi 1 a 3 I
run- 0 a a s

307

  



Proceedings of The Institute of Acoustics

'I'IIB MODELLING 05' SOURCE SPECIFIC AND TOTAL NOISE ANNUYANCB

USING SOURCE SPECIFIC NOISE MEASUREMENTS.

' a“: n:
WMRI-Kl mu nun—nu 0' In" .mm In
nu um nm a.) .— I“: .2 run. 1..." u psa-
gun-um (I) np-u.

Hen u: u.“ um... 11....» mum.- m: 1.: m m

HE" J: a... as .um Ind . x xum." "mu :1 u- n.-
.m :u mu um

'mmxnzumludv

Him I: Iunrnno- .1 Amnn. mu m 1mm 1 pom
Alwyn-(l um. Run- an m 113‘ Incl‘nul I".

lrd'i "1' a)

fl
wi

n!
W
I

un
it

 


