
COMMUNITY RESPONSE TO AIRCRAFT NOISE IN RELATION TO 
BACKGROUND NOISE LEVELS

S. Mart in Tay lo r ,  Fred L. Hall and Susan E. B i rn ie

Department o f  Geography 
McMaster U n iv e r s i ty  

Hamilton,  Ontar io

ABSTRACT

This  paper examines the  e f f e c t  o f  v a r i a t i o n s  in  back
ground no is e  l e v e l s  on community r e a c t i o n s  to  a i r c r a f t  no ise  
using q u e s t i o n n a i r e  and sound leve l  da ta  c o l l e c t e d  a t  a 
s t r a t i f i e d  random sample o f  r e s i d e n t i a l  s i t e s  in t h e  v i c i n i t y  
o f  Toronto I n t e r n a t i o n a l  A i rp o r t .  The e f f e c t s  of  v a r i a t i o n s  
in background noise  (24 hour Leq) on in d iv id u a l  and agg rega te  
responses  to  a i r c r a f t  no is e  a re 'e xam ined .  The response  
v a r i a b l e s  considered  inc lude  annoyance,  a c t i v i t y  i n t e r f e r e n c e  
and com pla in t s .  The r e s u l t s  o f  v a r ious  s t a t i s t i c a l  a n a ly se s  
show t h a t  the  e f f e c t  of  background leve l  i s  g e n e r a l l y  not  
s i g n i f i c a n t .  The d i r e c t i o n  of  the  weak e f f e c t s  on in d iv id u a l  
responses  v a r i e s  by level  o f  a i r c r a f t  no i se  exposure and type 
o f  r e sponse .  These f in d in g s  a r e  compared with  those from 
previous  s t u d i e s .

There a r e  compelling reasons  to  b e l i e v e  t h a t  community response  to  
i n t r u s i v e  no ise  such as t h a t  from a i r c r a f t  i s  not independent  o f  back
ground no is e  l e v e l s .  I t  seems i n t u i t i v e l y  rea so n ab le  to  suppose t h a t  
the impact ,  however d e f in ed ,  o f  the  i n t r u s i v e  no ise  w i l l  show a r e l a t i v e  
decrease  as background l e v e l s  i n c r e a s e .  I f  such a r e l a t i o n s h i p  e x i s t s ,  
measures o f  no i s e  impact which f a i l  t o  account  f o r  background no is e  
cond i t io n s  a r e  s u sp e c t .  On these  grounds the  adequacy of  NNI and NEF 
as measures o f  a i r c r a f t  noise  exposure and by e x te n s io n  of  n o i s e  impact 
can be q u es t io n ed .  Nei the r  index in c o r p o r a t e s  in fo rmation  p e r t a i n i n g  to  
the  background no i s e  l e v e l s  a g a i n s t  which the  a i r c r a f t  no is e  i s  exper ienced .

Johnston  and Haasz (1978, p . l )  argue t h a t  th e  need f o r  e x p l i c i t  
r e c o g n i t i o n  o f  th e  e f f e c t  o f  background no is e  l e v e l s  has in c re a s e d  due 
to r ed u c t io n  in the  noise  generated  by a i r c r a f t  r e s u l t i n g  from techno 
log ica l  advances over  the  p a s t  decade.  The consequences o f  t h i s  r ed u c t io n  
i s  t h a t  a i r c r a f t  no is e  i s  l e s s  l i k e l y  t o t a l l y  to  dominate the  no is e  
environment even in a reas  q u i t e  c lo se  to  a i r p o r t s .  C l e a r l y ,  with  i n c r e a s in g
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dis tance from an a i rpo r t ,  the degree to which a i r c r a f t  noise i s  dominant 
declines and the potential  influence of background noise increases.
Whereas the in te rac t ion  between in trus ive  and background noise levels 
can be estimated quite eas i ly  in purely physical terms, the problem is 
more complex where the concern is to estimate the e f fec ts  of the i n t e r 
action in terms of changes in the impact of the in t rus ive  noise on the 
community.

In th is  context,  th i s  paper examines the e f f e c t  of background 
noise levels  on community response to a i r c r a f t  noise in the v ic in i ty  of 
Toronto International Airport.  The analysis  is based on questionnaire 
data and sound level measurements collected a t  56 res iden t ia l  s i t e s  randomly 
selected within 4 NEF zones. The e f fe c t  of background noise level on 
individual and aggregate response to a i r c r a f t  noise are considered. The 
paper begins with a synthesis of the findings of previous s tud ies .  A 
descr ip t ion of  the data follows. The analysis i s  then outlined and the 
r e s u l t s  are discussed. Finally ,  a b r ie f  summary is  presented.

PREVIOUS FINDINGS

The two studies most c losely re la ted  to the present one are those 
of Powell and Rice (1975) and Johnston and Haasz (1978). Both studies 
e x p l i c i t l y  examined the e ffec ts  of background noise level on judged 
annoyance of a i r c r a f t  noise. They d i f f e r  from th is  study in t h a t  both 
were conducted in a laboratory s e t t in g .  The extent to which the findings 
of laboratory research can be generalized to real world conditions remains 
an open question.

Powell and Rice found tha t  average annoyance due to individual 
flyover  events decreased with increasing background level when the back
ground level was held continuous over a laboratory sess ion.  For variable 
background condit ions,  however, no such trend was observed. Based on 
regression analys is ,  the equivalent reduction in a i r c r a f t  noise level 
by moving from lowest (mean = 32.3 dB(A)) to highest (mean = 46.4 dB(A)) 
continuous background noise levels was 4.9 dB. With reference to e a r l i e r  
s tud ies ,  Powell and Rice find th is  reduction in close agreement with tha t  
reported by Pearsons (1966) and contrary to the la rger  equivalent reduction 
reported by Nagel e t  a i .  (1967). Analysis of the e f fec ts  of background 
noise level on annoyance scores averaged over the various flyover events 
yielded inconclusive r e s u l t s .  Contrary to the findings for the individual 
flyovers a small but non-signif icant  increase in average annoyance was 
observed with increased background leve l .  In conclusion, Powell and 
Rice recognize the need for f ie ld  study data to complement and supplement 
laboratory research. Field study data are not only po ten t ia l ly  more 
r e a l i s t i c  but also permit analysis of the e f fec ts  of background noise level 
on long-term exposure to a i r c r a f t  noise.

In the Johnston and Haasz study, each of 35 jurors  made an annoyance 
judgement for each of six flyover events,  under four d i f fe r ing  conditions 
of background t r a f f i c  noise and three d i f fe r ing  signal durat ions . Regression 
analysis  revealed tha t  background noise had a s ig n i f ic a n t  e f f e c t  on annoyance 
scores for  the two shorter  signals (22 and 44 seconds).  The e f f e c t  of
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background no is e  f o r  the  lo n g e s t  s ig na l  (88 seconds) was no t  s i g n i f i c a n t .  
Cons is te n t  wi th  Powell and R ice ' s  f i n d i n g s ,  the  d i r e c t i o n  o f  the  s i g n i f i c a n t  
e f f e c t s  was such t h a t  in c re a s in g  background l e v e l s  was a s s o c i a t e d  wi th 
reduced annoyance s c o r e s .  Johnston and Haasz e s t i m a t e  t h a t  under con
d i t i o n s  where the  background t r a f f i c  no ise  i s  o f  s u b s t a n t i a l l y  longer  
d u ra t ion  than the  f l y o v e r  events  and where th e  mean background leve l  i s  
equal to  the  peak indoor  a i r c r a f t  l e v e l , the  e q u i v a l e n t  r e d u c t io n  in 
a i r c r a f t  no is e  i s  in  th e  range of  5-6 dBA„

The r e s u l t s  o f  these  two s t u d i e s  a re  in gene ra l  c o n s i s t e n t ,  showing 
t h a t  background no ise  leve l  has a s i g n i f i c a n t  i n f l u e n c e  on th e  judged 
annoyance o f  single f ly o v e r  even ts  as exper ienced w i th in  t h e  l a b o r a t o r y  
s i t u a t i o n .  In th e  r e a l  world s i t u a t i o n  we a re  g e n e r a l l y  more i n t e r e s t e d  
in the  e f f e c t s  o f  background noise  leve l  on s u b j e c t i v e  response  to  a i r 
c r a f t  no is e  over  a prolonged per iod  o f  exposure .  I t  i s  u n c e r t a i n  to  
what e x t e n t  th e  f i n d i n g s  of  th ese  l a b o r a t o r y  s t u d i e s  can be g e n e r a l i z e d  
to t h a t  s i t u a t i o n .  The f in d ing  re p o r te d  in th e  Powell and Rice s tudy t h a t  
background no is e  had a n o n - s i g n i f i c a n t  e f f e c t  on annoyance averaged over  
a s e t  o f  f l y o v e r  events  i s  p o s s ib ly  the  one most r e l e v a n t  to  r e a l  world 
c o n d i t i o n s .

The e f f e c t  o f  background no ise  on r e a c t i o n  to  a i r c r a f t  no is e  has 
been examined in a t  l e a s t  two f i e l d  surveys  (Bottom, 1971; Grandjean 
et al. , 1976).  Using McKennell 's Guttman s c a l e ,  Bottom ob ta in ed  annoyance 
scores  from 35 r e s i d e n t s  a t  each o f  9 s i t e s  combining th r e e  d i f f e r e n t  NNI 
l e v e l s  (60,  45 and 25) and th r e e  l e v e l s  o f  t r a f f i c  f low (over  32,000 
v e h ic l e s /d a y ,  19,000 v e h ic l e s /d a y  and access  t r a f f i c  o n l y ) .  P l o t t i n g  
the r e l a t i o n s h i p  between mean annoyance a g a i n s t  NNI f o r  each l eve l  of  
t r a f f i c  f low s e p a r a t e l y ,  showed t h a t ,  f o r  any given NNI, annoyance was 
g r e a t e r  the  lower the  t r a f f i c  flow. A two-way a n a l y s i s  of  v a r i ance  
revealed both f a c t o r s  - NNI and t r a f f i c  f low - as  having a s t a t i s t i c a l l y  
s i g n i f i c a n t  e f f e c t  on annoyance s c o r e s .  When general  no is e  d i s s a t i s f a c t i o n  
was used as the  dependent v a r i a b l e  wi th in  a second a n a l y s i s  o f  v a r i a n c e ,  
the e f f e c t  o f  NNI was s i g n i f i c a n t  as was the  i n t e r a c t i o n  between NNI and 
t r a f f i c  f low.  T r a f f i c  flow i t s e l f  was not  found to  have a s i g n i f i c a n t  
e f f e c t .  Bottom concludes  t h a t  NNI i s  not  th e  b e s t  p r e d i c t o r  o f  e i t h e r  
a i r c r a f t  no is e  annoyance or  t o t a l  no is e  d i s s a t i s f a c t i o n  and he suppor t s  
the use o f  Robinson 's  L^p index (Robinson, 1971) g ives  i t s  a p p l i c a b i l i t y  
to co n d i t i o n s  invo lving  a mix o f  no is e  so u rces .

As p a r t  o f  a major survey of  the  e f f e c t s  o f  a i r c r a f t  no i s e  around 
th re e  a i r p o r t s  in S w it ze r la nd ,  Grandjean et al. c o l l e c t e d  t r a f f i c  noise  
measurements around the  Basle a i r p o r t .  Using q u e s t i o n n a i r e  d a ta  c o l l e c t e d  
from 944 r e s i d e n t s ,  they r e p o r t  a marked decrease  in  com pla in ts  about  
a i r c r a f t  o r  a i r c r a f t  noise  with in c reased  t r a f f i c  n o i s e .  Although no 
s t a t i s t i c a l  a n a l y s i s  i s  r e p o r t e d ,  they conclude t h a t  " the  su rrounding 
noise  i s  r e l e v a n t  to th e  d i s t u r b i n g  e f f e c t  o f  a i r c r a f t  no is e"  ( p . 87) .  
Unfor tunate ly  no mention i s  made o f  the  e f f e c t  o f  t r a f f i c  no i s e  l e v e l s  
on responses  to  a i r c r a f t  no ise  o the r  than com pla in ts .

The r e s u l t s  of n e i t h e r  o f  th ese  two f i e l d  s t u d i e s  a r e  c o n c l u s iv e .
In Bottom's s tudy  the  da ta  s e t  i s  q u i t e  l i m i t e d ;  in th e  Swiss s tudy th e
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data s e t  i s  l a r g e r  but few r e s u l t s  r e l a t i n g  to the e f f e c t s  of  background 
noise a re  reported and no s t a t i s t i c a l  ana lys is  was performed. Considered 
toge the r  the  f indings  from these d i f f e r e n t  s tud ies  provide some support 
f o r  the  i n t u i t i v e  expecta tion  t h a t  background noise l ev e l s  s i g n i f i c a n t l y  
inf luence  sub je c t ive  response to a i r c r a f t  noise .  However, the ex ten t  
and perhaps even the ex is tence  of t h i s  inf luence under real  world con
d i t i o n s  remains uncer ta in .

DATA DESCRIPTION

The data used in t h i s  ana lys is  were co l l e c te d  a t  56 r e s id e n t i a l  
s i t e s  se le c te d  by means of a s t r a t i f i e d  random sample of block faces 
around Toronto In te rna t iona l  Airpor t .  The s i t e s  a re  loca ted  in one of 
th ree  NEF zones (30-35, 25-30, <25) and rep resen t  a range of  background 
noise l e v e l s  due pr imari ly  to road t r a f f i c  (24 hour !_eq ranges from 49 
to 72 dBA). At each s i t e  12 to 15 household in terviews were completed 
using a s t ru c tu re d  ques t ionna ire .  The ques t ionna ire  was introduced as 
a neighbourhood a t t i t u d e  survey and began with general  ques tions  about 
the neighbourhood leading on to more sp e c i f i c  quest ions about the sounds 
no ticed in the neighbourhood and the impacts of each sound reported as 
d i s tu rb in g .  The impact measures included annoyance, a c t i v i t y  i n t e r 
f e rence ,  hea l th  e f f e c t s  and complaints.  A to ta l  of  673 in terviews was 
completed. 88 percent of the respondents mentioned hearing a i r c r a f t  
and 74 percent were to some degree d is tu rbed  by a i r c r a f t  noise .

24 hour sound level measurements were taken a t  each s i t e .  A 
record was kept of the sound l ev e l s  (L eq) fo r  each f lyover  event .  These 
were accumulated fo r  each hour and subtrac ted  from the overal l  L e q  for 
t h a t  hour to provide a measure of the background L e q .  For t h i s  ana lys is  
the background hourly L e q s  were accumulated to give a 24 hour L e q .

For ana lys is  purposes the ques t ionna ire  data can be used in both 
a d isaggregate  and aggregate form. In the former case ,  the  data comprise 
each s u b j e c t ' s  responses to a sp e c i f i c  noise source ,  in t h i s  case a i r 
c r a f t .  In the l a t t e r  case,  the data are aggregated fo r  each of the 56 
s i t e s  and expressed in terms of  the percentage of  sub jec ts  a t  a s i t e  
r epor t ing  a p a r t i c u l a r  response.

ANALYSIS

S t a t i s t i c a l  ana lys is  o f  the e f f e c t s  of background noise leve ls  
on responses to a i r c r a f t  noise was performed using both the disaggregate  
and aggregate data .

Disaggregate Analysis

The disaggregate  ana lys is  involved comparing the responses of 
r e s id e n ts  exposed to the same level of  a i r c r a f t  noise but d i f f e r e n t  leve ls  
of background noise .  This was achieved by grouping respondents by NEF 
(30-35, 25-30, <25) and performing separa te  t e s t s  f o r  each of  the three  
groups.  Twelve d i f f e r e n t  response var iab les  were examined comprising
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various measures of a i r c r a f t  noise annoyance, a c t i v i t y  in te r fe rence ,  health 
e ffec ts  and complaint action.  Annoyance rat ings  examined were an overall  
rat ing on a 9 point bipolar scale (ranging from extrem ely agreeable to 
extremely d istu rb ing )  and rat ings on an 11 point unipolar scale  (0 = not 
a l l  d isturbing to 10 = unbearably disturbed) fo r  d i f f e r e n t  combinations 
of locat ion ( inside or outside) and time of day (day, evening or n igh t) .
Also examined were mentions of speech in te rference ,  volunteered and any 
sleep in te r rup t ion ,  increased tension, and complaints. The re la t ionsh ip  
between the bipolar ra t ing  and background level was tes ted  using non
par ametric corre la t ion  (Kendall 's Tau). Tests of re la t ionsh ips  involving 
the unipolar  ra t ings  were based on Pearson's co r re la t io n  ( r ) .  The r e l a t i o n 
ships between the remaining responses and background level were examined 
by a difference of means t e s t  ( s tudent 's  t  s t a t i s t i c ) .

The t e s t  r e s u l t s  (Table 1) show th a t  only 8 of  the 36 re la t ionsh ips  
examined were s t a t i s t i c a l l y  s ig n i f ic a n t .  Two of these were in the NEF 
<25 groups, 5 in NEF 25-30, and 1 in NEF 30-35. Six of the s ig n i f ic a n t  
rela t ionships  involve the annoyance scales .  Reporting of speech i n t e r 
ference and complaint action was s ig n i f ic a n t ly  r e la ted  to background level 
in the lowest NEF category.

Examination of the direc tion  of the re la t ionsh ips  reveals  some 
inconsistency. For the NEF <25 group, the re la t ionsh ips  are such th a t  the 
reporting of speech inte rference  and complaints i s  associated with lower 
background noise leve ls .  In the case of speech in te r fe rence ,  th i s  finding 
can probably be explained by the fac t  tha t  only a t  lower background noise 
levels would the r e la t iv e ly  low a i r c r a f t  noise (NEF <25) be s u f f i c i e n t ly  
intrusive to impair communication. In con tra s t ,  the s ig n i f ic a n t  r e l a t i o n 
ships in the higher NEF categories are in the opposite d i rec t ion ;  a i r c r a f t  
noise was rated as more disturbing the higher the background noise lev e l .  
This finding is  contrary to previous s tud ies .  Closer examination of the 
data revealed tha t  the s ig n i f ican t  re la t ionsh ips  fo r  the NEF 25-30 group 
could be a t t r ib u te d  to the annoyance rat ings a t  the s i t e  with the highest 
background leve l .  When th is  s i t e  was removed none of the re la t ionsh ips  
were s ig n i f ic a n t .  The overall conclusion drawn from the disaggregate 
analysis is th a t  background level does not have a cons is ten t  or c lear ly  
s ign i f ican t  e f fe c t  on individual level response to a i r c r a f t  noise.

Aggregate Analysis

Regression analyses were performed to examine the e f f e c t  of back
ground level on aggregate response to a i r c r a f t  noise . Three aggregate 
response variables are considered: percent highly dis turbed ,  percent 
reporting speech in terference and percent having complained. These three 
variables reasonably represent the types of response variab le  included in 
the analysis and are variables commonly employed in previous studies of 
community response to noise. Percent highly disturbed was defined as the 
percentage of respondents who rated a i r c r a f t  noise e i th e r  "considerably" 
or "extremely disturbing" on a 9 point bipolar scale  ranging from "extremely 
agreeable" to "extremely dis turb ing" .  Percent report ing speech in terference  
was based on the percentage report ing in terference  in one or more of the 
following speech re la ted  a c t i v i t i e s :  conversing indoors,  conversing
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outdoors, watching te le v is io n ,  speaking on the telephone. Percent having 
complained represents the percentage having contacted one or more o f  several 
agencies (e .g. the noise source, the po lice , some leve l o f  government) to 
complain about a i r c r a f t  noise. These aggregate variab les were calculated 
fo r  each o f  the 56 s i tes .

The regression analysis was conducted in  two ways. F i r s t ,  the 56 
s i te s  were divided in to  two groups based on background le v e l .  Separate 
regressions were performed fo r  each group and the slope and in te rcep t para
meters were compared. Second, the 56 s ites  were treated as a s ing le  set 
and m u lt ip le  regression equations were calculated w ith  the a i r c r a f t  and 
background noise leve ls  as the two independent var iab les .

The two groups o f s ites  fo r  the f i r s t  approach comprised those 
(16 s i te s )  a t which the background leve l exceeded 60 dBA (24 hour Leq) 
and those (26 s i te s )  where the background level was less than 57 dBA 
(24 hour Leq). Sites w ith background leve ls  between 57 and 60 dBA (24 
hour Leg) were excluded. The purpose o f  th is  grouping was to separate 
s i te s  w ith  re la t iv e ly  high and low background le v e ls .

For each s i te  group three equations (Table 2) were calculated 
by regressing the three aggregate response variables against a i r c r a f t  noise 
leve l (24 hour Leq). The equations fo r  the same response var iab le  were 
compared by f i r s t  tes t ing  fo r  d iffe rences in the slope c o e f f ic ie n ts  according 
to the fo l low ing  formula:

t  = b l . "  b 2

%
s(y)_  (-------- i ------ -0 + ------ ------- ô)

M xii"xi* Z(x12-x2)

with  (Nj - 2) + ( ^  - 2) degrees o f  freedom,

where b^ = the slope o f the regression l in e  fo r  the f i r s t  subgroup

- 2
L ( xi i - x )  -  the sum o f squared deviations about the mean o f  the 

independent var iab le  in  the f i r s t  sub-group,

s(5)p - r^tfJpooUd^ •
_ 2 _ ( K 1- £ ) s 2 ( y 1 ) +  (N2 - 2 ) s 2 ( 9 2 )

S (y)P°°led = (N r 2) + (n2-2)

2 a
s (y x) = variance o f the estimate o f  the dependent va r iab le  fo r  the 

f i r s t  subgroup, and

Nj = the number o f  observations in the f i r s t  subgroup,

= the number o f  observations in the second subgroup.

None o f  the t  s ta t is t ic s  are s ig n i f ic a n t  a t the .05 le v e l .  We conclude 
there fore  tha t the slopes o f  the paired regression l in e s  are not s ig n i f ic a n t ly
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d i f fe ren t .

Under the assumption of no s ign i f ican t  d i fference  in slopes, a 
pooled estimate of the slope was calcula ted and a t e s t  for  differences in 
in tercepts  was performed. This involved ca lcula t ing  a regression equation 
for each response variable including a dummy independent variable  to 
represent the background level (0 = background <57 dBA; 1 = background 
>60 dBA). The dummy variable  did not make a s ig n i f ic a n t  contr ibution to 
any of the three equations (Table 2) leading to the conclusion tha t  the 
in tercepts are not s ign i f ican t ly  d i f f e re n t .  In other  words, there is no 
s ign i f ican t  difference  in the aggregate response to the same level of 
a i r c r a f t  noise between s i t e s  with high and low background lev e l s .

The second approach to the regression analys is  t rea ted  the back
ground level as a continuous variable .  Two steps are again involved to 
t e s t :  f i r s t ,  whether the background level s ig n i f ic a n t ly  a f f e c t s  the ra te  
of change in response to a i r c r a f t  noise ( i . e .  i s  there  an in te rac t ion  
e f fec t? ) ;  and second, whether the level of response i s  s ig n i f ic a n t ly  affected 
by the background level ( i . e .  is  there an independent e f f e c t? ) .  The f i r s t  
t e s t  involved calcula ting regression equations containing three  terms 
entered in the following order:  the a i r c r a f t  noise level (24 hour Leq);  
the cross product of the a i r c r a f t  and background lev e l s ;  and the background 
level (24 hour Leq). In none of the three equations was the explained 
varia tion (R2) a t t r ib u ta b le  to the cross product term s ig n i f ic a n t  (Table 3).
This shows tha t  the background level does not a f f e c t  the ra te  of change 
in response to a i r c r a f t  noise. A second se t  of equations was calculated 
(Table 3) excluding the cross product term. The contr ibut ion of the back
ground level in these equations was not s ign i f ic a n t  leading to the conclusion 
that  the level of response to a i r c r a f t  noise i s  not affec ted by the back
ground noise. In the equations for percent highly annoyed apd percent reporting 
speech in te r ference ,  the regression coef f ic ien ts  fo r  a i r c r a f t  Leg are s ig 
n i f ican t .  This is not the case for  percent complaining underlining the 
d i f f i c u l ty  of predicting of complaint action.

The re su l t s  of both approaches to the regress ion analysis  are con
s i s t e n t .  Background level does not s ign i f ic an t ly  e f f e c t  e i th e r  the r a te  of 
change in response to a i r c r a f t  noise or the level of  response. These 
findings re inforce the conclusions of the disaggregate ana lys is .  From 
these data therefore  there i s  a strong basis for  concluding th a t  background 
levels do not s ig n i f ic a n t ly  e f fec t  e i the r  individual or aggregate responses 
to a i r c r a f t  noise.

DISCUSSION

I t  i s  now appropriate to compare these f indings with those of the 
previous studies  described e a r l i e r .  F i r s t l y ,  compared with the laboratory 
studies of Powell and Rice (1975) and Johnston and Haasz (1978), th is  
analysis has not shown background levels  to have as s ig n i f ic a n t  an e f fe c t  
on reactions to a i r c r a f t  noise.  But the comparison i s  hardly a f a i r  one 
given tha t  the s ig n i f ic a n t  e f fec ts  of background leve ls  observed in both 
laboratory studies were on reactions to individual flyover events and not 
long-term exposure to a i r c r a f t  noise which was the focus of th i s  analysis .

- 12 -



As noted e a r l ie r ,  in so far  as these laboratory studies provide any ind i 
cation of the effects  of background noise levels on longer term exposure, 
they suggest that  the effect  is weaker than for individual flyover events 
and quite possibly non-significant. The present findings are clearly  in 
general consistent  with this  suggestion.

Comparison with Bottom!s study (Bottom, 1971) is complicated by 
the fact  tha t  he used different  metrics from those used in th is  analysis 
to measure both a i rc ra f t  and background noise levels .  In addition, the 
background conditions represented in his data are limited to only three 
levels of t r a f f i c  flow. Allowing for these differences, i t  seems l ikely  
that  the present findings are not consistent with Bottom’s re su l t s .  The 
signif icant  effect  of background levels that  he reports is  not confirmed 
by our data. Comparison with Grandjean's 'results  (Grandjean e t al. , 1976} 
is also d i f f i c u l t  because his findings are limited to the effects  of back
ground levels on a i rc ra f t  noise complaints and fur ther  because no s t a t i s t i c a l  
analysis is reported. Again, allowing for these d i f f i c u l t i e s ,  i t  appears 
that  our results  for percent complaints show neither as strong nor as 
uniform an effect  of background levels as those reported by Grandjean.

Considered overall the results  of th is  analysis do not support the 
research hypotheses implicit in the introductory section of the paper. The 
null hypothesis that  reactions to a i r c ra f t  noise are independent of back
ground levels cannot be rejected with the normally required level of con
fidence. I t  follows from this  that  measures of noise exposure such as NEF 
and NNI are not insufficient  on the grounds that  they fa i l  to account for  
background levels .  As predictors of noise impact they may of course be 
insuff ic ient  on other grounds and the re la t ive ly  weak relationships observed 
in these data between NEF and the response variables certainly suggest th is .

Allowing for the weak effects  of .background level overall,  the 
research hypothesis concerning the direction of the effect  also lacks 
support. The expectation that for a given exposure level,  the impact of 
a i r c ra f t  noise will decrease as background levels increase does not hold 
for al l  levels of exposure. To the extent that  conclusions can be drawn 
from the weak relationships observed using the disaggregate data,  the effec t  
of background level on a i rc ra f t  noise response-changes, such tha t  where 
the intrusive level is re la t ively  low (NEF <25) higher background levels 
do as expected lead to a reduced impact, but where the intrusive level is 
higher (NEF 30-35) higher background levels are associated with increased 
impact.

SUMMARY

This paper has examined the effects  of background noise levels on 
community response to a i rc ra f t  noise. Previous detailed investigation of 
this  topic has been based primarily on analysing subjective reactions to 
individual flyover events under laboratory conditions. The extent to which 
the findings of these studies apply to community responses to a i rc ra f t  
noise over an extended time period under real world conditions is uncertain. 
The questionnaire and sound level data used in th is  analysis were collected

- 13 -



a t  56 s i t e s  w i th in  fou r  NEF zones around Toronto I n t e r n a t i o n a l  A i r p o r t .  
S t a t i s t i c a l  a n a l y s i s  o f  in d iv idua l  and aggrega te  re sponses  t o  a i r c r a f t  
noise  le ads  to  two main co n c lu s io n s .  F i r s t ,  th e  e f f e c t  o f  background leve l  
i s  g e n e r a l l y  not  s i g n i f i c a n t .  Second, the  d i r e c t i o n  o f  the  e f f e c t  on 
in d iv id ua l  responses  i s  not  c o n s i s t e n t .  High background l e v e l s  tend to  reduce 
the speech i n t e r f e r e n c e  and compla int  r e sponses ,  but  to  a c c e n tu a te  annoyance.
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Table 1

S ig n i f ic a n t  Effects  of  Background Noise Level 

on Individual Responses to  A i r c r a f t  Noise

Variable

Bipolar

Unipolar ra t in g s  
indoors ,  day 
outdoors ,  day 
indoors ,  evening 
outdoors,  evening 
n ight  
o v e ra l1

A c t iv i ty  in te r fe ren ce  
speech 
s leep  (vol) 
s leep  (any)

Nervousness

<25

t=2.47*

NEF

25-30

tau=.1167*

r = . 1489* 
r=.1763**

r = . 1857**

r=.1877**

30-35

tau=.1102*

Complai nts t= 2 .08*

not s i g n i f i c a n t  a t  .05 level  

* s i g n i f i c a n t  a t  .05 level 

** s i g n i f i c a n t  a t  .01 level
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Table 2

Effects  o f  Background Noise (Dichotomized Variable)  
on Aggregate Response to A ircraft  Noise

Test for  d i f ferences  in slope c o e f f i c i e n t s :
2

Response variable  R

% highly annoyed
low background: %HA = -7 6 .5  + 1.838 AC L .236

24
high background: %HA = -190.2  + 3.845 AC L .367

e q24

d if feren ce  in s lope  c o e f f s .  = -2 .007;  t  = -1 .48 ;  
df = 38; prob; = 0.15

% speech inter ference
low background: %SI = -142.3  + 3.330 AC L .377

eq24
high background: %SI = -238.1 + 4.810 AC L .491

eH24

dif feren ce  in slope c o e f f s .  = -1 .48 ;  t  = -0 .98;  
df = 38; prob. > 0 .3

% complaints
low backaround: %C = -14 .8  + 0.484 AC L .013

q24
high background: %C = -122.4 + 2.091 AC L .249

eq24

d i f feren ce  in slope c o e f f s .  = -1 .607;  t  = -1 .2 0 ;  
df = 38; prob. > 0 . 2

Test for  d i f ferences  in in tercepts :

% highly annoyed
%HA = -123.4  + 2.609*** AC L + 6 .68 iN5 BACK .284

eq24
I speech in ter ference

«SI = -176.9  + 3.898*** AC L -  7 . 0 5 ^  BACK .458
eq24

% complaints
%C = -52 .4  + l . i o r *  AC L -  1.17 BACK .073

q24

*** s i g n i f i c a n t  a t  .001 leve l  

NS not s i g n i f i c a n t  a t  .05 leve l

Std. Error

13.179

20.766

17.066

20.159

16.926

14.963

16.637

18.256

16.320
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We are the only press medium th a t  
reaches the Canadian acoustical  comm
un i t y  e x c lu s iv e ly  -  the noise con
s u l ta n ts ,  educators and researchers  
th a t  buy noise and v ib ra t io n  equip
ment and m a ter ia ls  -  and the govern
ment o f f i c i a l s  th a t  buy equipment 
and consultant s erv ices .  We're also  
good when you1 re re c ru i t i n g .

We reach your market di re c t i  y -  one 
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NEW FROM BRUEL & KJAER ! PRECISION SN

Brüel & Kjær presents the 2218 -  two instruments 
in one. A ’’traditional” Precision Sound Level Meter 
with Fast, Slow, Impulse, and Peak response, and 
a Precision Integrating SLM for Leq measurements. 
One of the most versatile sound level meters avail
able.

No More Guesswork
For many types of stationary sound, the meter read
ing will fluctuate several dB or more -  even with 
the ’’S low”  meter response.
The problem is that ’ ’S low” is not slow enough and 
the operator is forced to make an ’’eyeball”  average. 
But with the 2218, the guesswork is out and preci
sion integration is in. The Leq feature gives a true 
RMS average over as long a time as you want -  up 
to 27,8 hours.

Remarkable Convenience
There are only three ranges on the 2218, -  and 
each is 80 dB wide. 2 5 -1 0 5  dB, 4 5 -1 2 5  dB and 
65-145 dB. A Meter Range switch lets you look at 
either the upper or lower 50 dB of the 80 dB range. 
And a built-in timer automatically stops the L eq 
measurement as programmed by the user.

High Accuracy
The Brüel & Kjær precision condenser microphone 
coupled with a highly linear and accurate detector 
(crest factor 60) gives meter readings you can rely 
on. And for Leq measurements, the crest factor is 
even higher -  1000 (60 dB) -  giving accurate energy 
integration, even for signals containing pulses as 
short as 50 ,«s.

Leq -  and much more
Not only does the 2218 measure the equivalent con
tinuous level, L e q , but the digital display also shows 
the elapsed measurement time, the user program
mable preset time after which the Leq measurement 
automatically stops, and LAX , the single event ex
posure level.

What is L a x ?
L a x  is the A-weighted sound level which, if it only 
lasted one second, would have the same sound 
energy as the actual event measured.
It is used for measuring and comparing single 
events such as fly-overs and drivé-bys.

Additional Versatility
Connection to optional octave and third octave fi l
ters, AC and DC outputs to tape recorders and level 
recorders, removable microphone stage and pro
vision for external powering.



EGRATED SOUND LEVEL METER TYPE 2218
The 2218 automatically measures Leq over preset 
periods from 0.001 to 27.8 hours with 0.001 hour 
resolution. For short duration measurements you 
may observe the continuously-updated Leq value 
and take your reading after Leq has converged 
to a steady value. Thus, you are assured of 
maximum accuracy and minimum measurement 
time.

Protective circuits are provided in the 2218. If 
the attenuator is changed during measurement, 
the display flashes until the system is reset. If 
the measurement must be interrupted, the instru
ment can be set to ’’Stand-by” . And if supply 
voltage falls below a safe level, the system auto
matically switches to ’’Stand-by” , and a separate 
battery protects the accumulated data until the 
main batteries have been replaced.

Simultaneously with Leq measurement, you can 
monitor dB(A) level on a linear 50 dB scale.

The L eqand Peak values are of great importance 
when determining hearing damage potential. The 
2218 measures them both -  simultaneously.
Peak on the analog meter and L eq on the digital 
display. For these measurements .the 2218 is so 
accurate that virtually all types of signals -  re
gardless of crest factor (up to 60 dB) will be 
measured correctly. And although the 2218 does 
not compute noise dose directly, it is easy to 
calculate since the 2218 measures both the time 
and L eq necessary for the simple calculation. 
Use of the ’’Stand-by”  switch of the 2218 permits 
many measurements to be averaged. Thus spatial 
averaging for sound power computation is easily 
performed.

For measuring noise emitted by products such 
as machinery, home appliances and construction 
vehicles, the 2218 Integrating Sound Level Meter 
is invaluable.
If the noise is cyclical, Leq is a convenient single
number rating which describes the true noise 
emission.
If the noise fluctuates and causes an unstable 
reading on dB(A) ’’Slow” , Leq provides a longer 
averaging time. This eliminates the uncertainties 
of "eyeball”  averaging and produces an accurate, 
repeatable reading.
Use of the ’’Stand-by” switch of the 2218 permits 
many measurements to be averaged. Thus spatial 
averaging of many points for sound power com
putation is easy.

Condensed Specifications

Measuring Range:
25 to 105 dB 
45 to 125 dB 
65 to 145 dB

Frequency Response: (Microphone)*
(0° incidence, free-fie ld)
±  1 dB: 4 Hz to 12,5 kHz 
±  2 dB: 3 Hz to 20 kHz 
*) indiv idually calibrated

Frequency Response: (Amplifiers)
+  1 -1 ,5  dB: 20 Hz to 20 kHz 

+  1,-3 dB: 10 Hz to 20 kHz

Detector:
Characteristic: True RMS
Dynamic Range: 80 dB (60 dB +  20 dB
autorange)
Accuracy: ±  0,5 dB 
Crest Factor Capability: 1,4 at upper 
lim it of m easuring range (max. 145 dB 
peak), increasing linearly w ith 
decreasing signal. Max. 60 for Sound 
Level -  max. 1000 for Leq

Leq Mode:
Display:
V2"  liqu id crystal display.

Leq Calculation Circuit:
Range: 25-145 dB 
Accuracy: ±  0,5 dB

Display Functions:
L eq : Resolution 0,1 dB; result updated
approx. once every second
Preset Time: Up to 27,8 hours; max.
resolution: 0,001 hour
Elapsed Time: Up to 27,8 hours; max.
resolution: 0,001 hour
L a x ; Resolution 0,1 dB

Sound Level Meter Mode:
Standard: Meets all s tandards for 
precision and impulse precis ion sound 
level meters

Meter Functions:
Displays SPL o r dB(A) over a 50 dB 
range, wh ich can be shifted 30 dB by 
means of METER RANGE switch

Meter Response:
“ Fast , ’’S low ” ; "Im pu lse ” and 
’’ Peak H o ld ”

External Filter Sockets:
Provided fo r use in S L M  and Leq 

modes

AC Output:
3,16 V fo r upper lim it of m easuring 
range

DC Output:
-50 mV dB. over 80 dB range

Battery Life:
Approx. 25 hours 
Continuous operation

Dimensions:
82X 120X 540 mm,
(330 mm w ithout extension rod)

Weight:
2,7 kg incl: batteries

— BRUEL & KJAER CANADA LTD.
Specialists in acoustic and vibration measurements

M ontrea l  90 Leacock Road, Pointe Claire, Q ué. H9R 1H1 
B ranches: T oron to :  O ttaw a :

71 Bram alea Road, Su ite  71D, 7 Slack Road, Su ite  201,
B ram a lea, O n t .  L6T 2W 9 O t ta w a ,  O n t .  K2G 0B7
Tel.: (416) 791-1642 —  Telex: 06-97501 Tel.: (613) 225-7648

Tel.: (514) 695-8225 —  Telex: 05-821691
R ich m o n d :
8111 A n d e rso n  Road,
R ichm ond , B.C. V6Y 1S 1 
Tel.: (604) 278-4257



MICROCOMPUTERIZED 
NOISE DOSIMETRY...

With Convenient Im m ediate Visual Readout

db-306 METROLOGGER
R eal Tim e E xposure C om putations In Palm  o f  H and

Combining a patented digital sound level meter with a programmable micro
computer, the 306 produces fast and accurate answers to complex measurements.
A four digit LED display permits direct readout of sound level, Lmax, Lcq, and test 
duration (hours, minutes and seconds).

A major advantage is the capability for interchanging PROMs which adapt 
the db-306 in accordance with different ISO, OSHA and US Air Force (proposed 
DOD) noise exposure criteria. The db-306 can measure over the bounded dBA 
range specified in the various occupational noise exposure standards or it can 
measure over the full range of noise amplitude for evaluating community noise 
and for rating noise emission of cyclical machinery.

R epresen ted  in Canada by L eq M EASUREM ENTS LTD.

The N ow  Generation  
o f  N oise A nalyzers METROSOIMICS IIMC.

P.O. BOX 2 3 0 7 5  ■  ROCHESTER, N.Y. 14692 •  716-334-7300

With H ard Copy 
Documentation

db 301/651
METROLOGGER 
SYSTEM
Continuous P rin ted  R ecord  o f  Time 
Weighted N oise Exposure L evels

Advanced computer technology utilized in the db-301 Metrologger obsoletes primitive single number 
dosimeters. Significant noise data, unobtainable with current instrumentation is now automatically 
printed out in a hard copy permanent record.

Important data such as Time History Profiles, Amplitude Distribution Histograms and concurrent 
computations of Leq, L oshaj exposure coefficient at both 85 and 90 dBA criteria, Li0, Lmax and many 
others are automatically produced.

The Optimum Exposure Monitor Metrologger/Metroreader system is a significant advance in noise 
monitoring instrumentation. Combined features of size, computer performance and automatic printout 
make the system ideal for any personnel or environmental noise measurement program.



Table 3

Effects of Background Noise (Continuous Variable) 
on Aggregate Response to Aircraft Noise

Interaction effect: 

Response Variable

% highly annoyed 

% speech interference 

% complaints

Incremental explained variation (R^) 
due to independent variables

AC L
"eq

.1075*

.3708***
NS.0373N5

Cross
Product

.0271

.0050'

.0001

NS

NS

NS

Background

Leq

.0359

.0335

.0583

NS

NS

NS

Independent effect: 

Response Variable

% highly annoyed
,NS

%m = -100.6 + 1.733** AC L + .564no BACK L
cq24 eq24

% speech interference 
%SI = -121.0 + 3.271*** AC L

"eq
.330NS BACK L

24 "eq24

% complaints MC.
%C = -33.9 + 0.853 AC L - .028Mi BACK L

eq24 eq24

R

.131

.378

.037

Std. 
Error

19.2

18.1

18.4

NS

**

* **

not significant at .05 level 

significant at .05 level 

significant at .01 level 

significant at .001 level



Rotor Dynamics 
Noise and Vibration Control

ONTARIO HYDRO'S DESIGN AND DEVELOPMENT DIVISION offers a 
Toronto-based position for a professional engineer interested 
in analytical work in the following areas, to provide 
techical expertise to groups within the Power Equipment and 
Energy Studies, Stations Project, and other design 
departments. Candidates with expertise in the first area 
only will be considered:

Critical Speed and vibration analyses of bearing/rotor 
systems using digital computer techniques, including design 
requirements for vibration monitoring systems.

Noise control measures for new or proposed rotating 
equipment.

Seismic qualification of specific items of power cycle 
equipment to meet nuclear safety requirements.

The successful candidate requires a Bachelor's degree or 
higher with emphasis on applied mechanics/vibration theory, 
(courses in applied acoustics would be considered an asset), 
and up to ten years experience in rotor dynamics/vibration 
analysis and noise control of large rotating equipment.

Qualified candidates are invited to forward resumes detailing 
qualifications, work experience and salary expectations, 
quoting File No. CAAJ-567 in letter and on envelope to:

Staffing Officer, Ontario Hydro 
700 University Avenue,
Toronto, Ontario 
M5G 1X6



Get it a ll. For le ss

T H IO O C »

Real-Time Spectrum Analyzer: CMOOKHz
THE ALL. Rockland’s Model F FT 512/S is the 
most versatile design in its class... and the 
most advanced. By specifying one of the do
zens of mainframe-plus-option combinations, 
you get all these performance-optimizing fea
tures: all-digital range translation (“ frequen
cy zoom” ) for 51,200 lines of resolution; 
digital interfaces for computers or calcula
tors; 1/3-octave and full-octave bandwidths; 
narrowband (tunable) power readout; and 
ultra-low-frequency analysis (2, 5, 10 Hz 
ranges).

And before you add options, you get stand
ard mainframe features that others provide 
as options (if at all); the most advanced read
out system in the fie ld ... everything can be 
measured, displayed and recorded, in abso
lute or engineering units.

The most modal flexibility, too: input time 
function (continuous or captured), instan
taneous power spectrum, averaged power

spectrum, two averaged power spectra (dual 
display), difference spectrum, and ratio spec
trum. All of this plus great human engineer
ing, for speed and simplicity.

THE LESS. Believe it or not, you'll pay less 
for our mainframe plus several options than 
others charge for a bare-bones box.

THE WHY. Simply this: we use an inherently 
superior circuit architecture. Most features 
cost us far less to implement —  so we 
charge less.

REQUEST FULL DETAILS 
plus FREE BONUS... this 
48-page “ MINI-TEXTBOOK” 
on SPECTRUM ANALYSIS.

Radionics Limited
195 Graveline Street 
Montreal, Quebec H4T 1R6 
Tel.: (514) 735-4565 
Telex: 05-827558
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First of a Series
(Advert)

At Vibron, we are pleased to sup
port the CAA, proud of our accom
plishments and proud of the con
tributions of Canadians to the 
science of acoustics. We'd like 
to share the results of some 
interesting problems which have 
come our way :

REDUCTION OF GROUND-BORNE NOISE

The new Metro Toronto Library, 
designed by the renowned Raymond 
Moriyama, is located near the 
intersection of two subways. The 
problem was ground-borne vibration 
from subway trains resulting in 
noise in the Library. Measure
ments of vibration and sound from 
subway passbys in nearby buildings 
were used in predicting a low 
frequency rumble comparable to 
NC 50-55 in the Library.

The solution was vibration isola
tion for the entire building, 
placing all columns, stairwells 
and walls on 1" neoprene rubber 
pads. The pads were sized accor
ding to the local load and were 
distributed under columns and 
walls to give correct foundation 
loading. Typically 20 pads were 
used per column with 7500 pads 
total.

Neoprene was used because of its 
stability and estimated life of 
200 years. Care was taken during 
design and construction to align 
bearing surfaces, avoid contami- 
nents, and eliminate flanking 
paths, eg. backfill against out
side walls.

The measured attenuation of in
door sound was 14 dB, resulting 
in "subway noise" which is 
buried in the background, even 
for the noisiest subway trains.

Next.: Library Interior Acoustics

Vibron Ltd. 1720 Meyerside Dr. 
Mississauga, Ont. (416)677-4922

(Ad ve  r t )

REVERBERANT ROOM 
TEST FACILITY

THE CANADIAN CHROMALOX CO,
LIMITED

will conduct sound power testing 

in a 64 00 cubic foot Reverberant 

Room. A wide range of sound 

sources can be accommodated, incl

uding appliances, power tools, 

office equipment and HVAC equip

ment. Simultaneous airflow 

measurements to 3,000 C.F.M. and 

electrical testing can be under

taken.

Experienced staff are available 

to conduct noise source identi

fication, to test noise control 

treatments and to prepare reports.

CONTACT; DR, DAVID CRUMP, OR 
DAVID SUTTON

(416 ) 678-7300

c/o OASIS AIR CONDITIONING INC, 
2600 DREW ROAD 
MISSISSAUGA, ONTARIO
l4t 3m5
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