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1. INTRODUCTION

Tha purpose of a noise Impact assessment Is to assess the impacts of nolse on humans [}
It Is therefore important that Individual effects on humans are identified and assessed. For
example, “Community Noise® [2] identifies sleep disturbance, annoyance and speach
interference as the critical effects for dwallings. The different effects shouki be assessed
individually having regard to absolute noige levels and noise exposure changes. The nature
and extent of impacts should be assessed using the best avallable scientific knowledge of
individual effects. For complex situations, reliance on a single noise index Is not sufficient ﬁ].
Although this paper discusses noise parameters, it should always be borne in mind that nolse
parameters are generally used as a predictor of effects. For sources of nolse emission which
affect large numbers of people, direct measurements of effects should be considered. Also,
although the paper examines the significance of nolse differances, this does not imply that
consideration of differences is the exclusive or, indeed, the most important consideration. The
paper does not consider tha significance of changes relative to the context or absolute levels
of nolsa from which the changes occur.

The question of the percaption and significance of transportation noise change has been
central fo the nolse debate at the current Heathrow Terminal 5 Public Inquiry. While
"perception” relates to the detectability of a nolse change by human hearing, “significance”
relates to the effects (e.g. sleep disturbance, annoyance and spesech interferance) on humans
of noise changes. Also, significance Is generally concemad with complex nolse Indices rather
than simple noise levels. This paper reviews and interprets evidence given to the Inquiry on
noise changes, particularly changes In alrcraft air noise expressed in terms of the LAeq,16h
noise index and changes In road traffic nolse expressed in terms of the LA10,18h noise index.
The subjact is discussed with respact to four questions:

(1} What is the minimum perceptible change for “simple” sounds? (Section 2)

{l) Does perceptible change for "simple” sounds apply to nolse indices? (Section 3)

(ifi) Is the nature of the change to the noise Index Important? (Section 4)

(iv) How can nolse changas be assessed? {Section 5)

R is not the purpase of this paper to comment upon evidence of other parties. Rather the range
and dapth of views are considered as a means of forwarding the debate.

2. PERCEPTIBLE CHANGE FOR "SIMPLE" SOUNDS

As a preliminary to the discussion of percaptible change for noise indices, the perceptible
change for "simple” sounds (such as pure tones, steady nolses and nolse events) is
considered.
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Dr. Ollerhead [3] provides Information that in controllad laboratory tests, level differences of less
than 1 dB can be detectad by paople with average hearing, with “just noliceable differences*
bsing around 0.5 dB. A 3 dB ditferance Is stated to generally be ciearty noticeabla evan in field
conditions. Dr. Ollerhead commented on the perceptibility of two alrcraft events [Day 333 pa3].
He agreod that when aircraft pass over with the sort of regularity that they do at Heathrow,
most pacple would readily be able to distinguish 3 dB ditference, and many wouid be able to
distinguish lesser diffsrance.

Guldance on the percaption of road fraffic nolse change was given by Mr, Kinsay [4]. He states
that there Is substantial evidsnce that people are unable to discriminate between road traffic
noise lavels which differ by less than 1 dB. Mr. Kinsey refers to recant studies of the perception
of traffic nolse, in which recordings were made of the nolse emitted by the same group of
vehicles traveling on adjacent secfions of road having differant surfaces. Individuals
consistently identifiad the nelsler of the two when the measured difference In nolse levael was
3 dB(A), but ware unable to corractly identify the noisler one when the diffarence was 1 dB(A)
or lass {unfortunately he was unable to say which nolse mefric he was reporting).

The glossary of PPG24 [5] stales that a change of 1 dB Is only perceptible under controlled
conditions, and that a change of 3 dB(A) Is the minimum perceptible undsr normal conditions.
Unfortunately, the glossary Is open to interpretation becausa it is not clear whather the advice
relates solely to sound levels, or additionally to noise indices. it may be relevant that the 3
dB(A} ls stated to relate to decibels ‘easured on a sound level meter” [Day 391 p76]. The
infarence could be that the glossary should be understood as giving 3 dB(A) as the minimum
parceptible change for a “sound level®, rathar than the minimum perceptible changs for a “nolse
indax* (which Is separately referrad to In the glossary). Certainly, if the 3 dB{A} minlmum
p«moélﬂawangelshtemmdinmlswayasrelaﬁngtoa'soundtsvel'mmarmantoa
- *nolse index", thera Is no great Inconsistency between the glossary and the evidence reviewed.

3. PERCEPTIBELE CHANGE FOR NOISE INDICES

Armed with some knowledge about the perceptible change for sound levels, this discusslon
now tums o the question of whather observations on the percaptible change of “simple”
sounds can be translated into rules of perceptibility or, indsed, significance for a nolse index
such as LAeq,16h or LA10,18h. Wa nead to consider the paréeptible change where there s
a numerical change In the nolse Index, and we need to consider whether pecple will be able
to detact changss In period indicas even if numerically the value does not change &l all, but
the pattern or distribution of noise events changes. LAeq,16h and LA10,18h both reflect a
combination of individual nolse evants and number of events.

As an ald to answering these questions for aircraft nolse, HIL/607 [6] was devisad in ordar to
provide Mustrations of the sensitivity of tha LAeq, 16h nolse Index to changes., The document
contalned spreadshaeet calculations of LAeq, 16h {departuras) for years 1994, 2016 with TS and
2018 without T5, and used input data comprising aircraft fleet mix, departure SELs for different
alrcraft types and numbers of air fraffic movements for the diffarent years. Departure ATMs
ware med half of total ATMs. Tha departure SELs were dertved from recorded values of
m&sﬁ Although the SEL values were derived from recorded data at monitoring points, the
LAeq,16h values produced were Intended only as lliustrations and not predictions. A simplified
example of the spreadsheet calculations Is presented as Table 1.
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Table 1
Example of spreadsheet from HIL/607

Base Case for 1994
Aircraft olher Light | Heavy | B747 | Concorde Léght Heavy B747
h2

Type ca | cnd | o che | che

tAmax | 745 | 763 | 800 | eaz | 1105 | ess gas | aza

SEL | 841 { 657 | ss9 | e70 | sz | eaz 578 | 997

Fleet% | 451 | 5285 | 1670 | 694 | 045 | 1477 | os¢ | 348

ATM_ | 5181 | 60700 | 19183 | 7872 | 547 | 16088 | 620 | 3664
N= | 11487 average | seL- | a4s

Basa Gase for 1994: calculations of LAeq,16h dB (deparures)

Alrcratt ather Uight Heavy | B747 | Cencorde Light Heavy B747
Typa Chl Ch3 Ch3 Ch2 Ch2 Ch2

Legq 50.6 629 81.1 654 | 722 65.4 549 64.7
Total Leg= 748 ’ '

Tha alm of the exercise was to explore changas in the LAeq,16h noise index resulting from
various sensitivity tasts of changes apainst the base table above. Some of these tosts are
describad balow.

() a flest mix sensitivity tast replaced all Chapter 2 alrcraft (18.5% of the 1994 fleet mix) by
quleter Chapter 3 equivalents for 1994. This gave a reduction in LAeq,16h of 0.7 dB. The
difference in the average SEL between Chapter 2 and Chapter 3 alrcraft is about 8 or 8 dB for
the heavy and light alrcraft, and about 3 dB for the B747 alrcraft. Dr. Ollerhead agreed that
phasing out Chapter 2 airoraft (18.5% of total) and replacing with Chapter 3 aircraft would be
a significant differance for those who are affected [Day 345 p72), and be a significant banefit
which would also shrink the contours if repsated everywhere [Day 345 p73].

{ii) the sensitivity of changes in movements was examined by trebling the number of
movements In the hour beginning 2200 hrs. for 1994, This gava an increase in LAeq, 1h for that
hour of 4.8 dB, but increased LAeq,16h by 0.2 dB. Dr. Ollerhead was asked if the change
would be readily appreciated by those experiencing it. He replied that in that one hour it would
[Day 345 pB2].

{if) a second movemant sensitivity test held the fleot mix constant for 1994, but used the hourly
movements assumed by BAA for 2016 with T5. This gave an increase in LAeq,16h for 1994
of 0.4 dB. Although the increase In total 16 hour movements was 8.8%, the increasss in hourly
movements ware 3% i the hour beginning 0600 hrs., 503 in the hour beginning 2100 hrs.,
243% in the hour beginning 2200 hrs. and 396% in the hour beginning 2300 hrs. Dr. Ollethead
sugpested that people would possibly fesl more annoyad but that it would not be a marked
increase [Day 345 p86). ‘
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(iv) a technology sensitivity test for 1994 assumed a reduction in each alrcraft SEL by 0.54dB,
brought about by new aircraft technology, was accompanied by a doubling of movements in
the hour beginning 2200 hrs. This gave an increase in LAeq,1h for that hour of 2.5dB, and a
reduction in LAeg, 16h of 0.4 dB. The reduction in SEL of 0.5 dB was chasen since It appears
to be about the limit of perceptible change per noise event under laboratory conditions, and
seems unlikely to be noticeable under field conditions. !t appears more than likely that the
doubling of movements In one hour late in the evening would be noticeable. This could lead
to jucreased amnoyance, even though the LAeg,16h Is reduced by 0.4 dB. Dr. Ollerhead
g:ggest?d that an increase in contour area would occur which would not be Insignificant [Day
patl.

These sensitivity tests show that the averaging process inherent In LAeq,16h can conceal
changes which are perceptble even though, in tarms of numerical change, the effect on
LAeq,16h Is small, or even moves in the opposite direction from what had been expected. The
averaging process in LA10,18h is different in form to that in LAeq, 16h but can produce similar
results. i Is self avident that road traffic flows and associated noise energy could be distributed
differently throughout the 18 hour day with the potential for giving very ditferent effects and
Impacts even though the numerical change in LA10,18h may be small.

These lllustrations show that bacause of the averaging processes in LAeq,16h and LA10,18h,
parceptible changes for these nolse indices differ from that for a sound leval. It is shown in
Sactions 4 and 5 below that percaptible changes for LAeq.16h and LA10,18h brought about
respectively by changes In alr traffic movements and road traffic fiow, also differ fram
perceptible change for simple sounds. It Is plaln that whatevar may be right and wrong in tarms
of perceptible change for “simple® sounds such as individua! alrcraft and road traffic nolse
events, rules of thumb applied to period nolse indices such as LAeq,16h and LA10,16h can
catch out the unwary.

4. CHANGES IN NOISE INDICES AND THEIR EFFECTS

The discussion now seeks 1o establish whether the nature of the change In a nolse index is
important in terms of its eHacts (e.9. sleep disturbance, annoyance and speech interfaranca).
For example, would a change In a noise index brought about by ons means produce the same
effect as an identical change in the noise index brought about by some other means? Also,
would a given change In a nolse index produce the same change in a particular efiect
Iraspective of the circumstances?

Oginion on this subject seems to be divided. Mr. Nell applied a 2 dB test of significance
irrespactive of the circumstances [8), and equally for the LAeq,16h and LAeq,24h parameters
[9]. it was put to Mr. Neii that an increase of 2 dB in LAeq,16h could represent an increase in
glrcraft movements alone of 60% [Day 347 p52], Dr. Ollerhead's view was that in terms of
annoyance, changes In LAeq,16h of 1 dB are probably insignificant, while an increase of 3dB
and above would be clearly significant.and "Is gaing to be a significant measurable increase
in communily annoyance. Betwsen these two limits, it is marginal.” [Day 346 pp77,78]. Dr.
Ollerhead did not explain how he had arrived at this concluslon, but it would séem that it was
axpressed as though it had general epplication, l.e. independent of the diréumstances. We
know, however, that Leq was adopted as a an aircraft noise index following the ANIS report
[10] which is a cross sectional study. It is known that government, at least, is content o rely
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upon the LAaqg,16h contour as a measure of annoyance and as the foundation for the claims
that there has been a subslantial improvement In the nolse dlimate around the airport over the
past two dacadas®[11). His Implicit in this statement that the trade-off batween individual nolse
event levels and numbers of events is adequately refiacted in the LAeq,16h parameter. The
trade-off Inherant In LAeq,16h is determined by the equal enargy principle which assymes that
event sound energy and number of events have the same effects on humans. Around
Heathrow, there has been a reduction in noise emissions of Individual alrcraft brought about
by the phasing out of non-noise certificated alrcraft and Chapter 2 aircraft, At the same time,
there has been substantial growth In the number of alr traffic movements, e.g. 3 month Leq
period 16 hour ATMs increased from 774.1 in 1982 to 1148.7 In 1994.

There Is growing concem that the LAeq,16h parameter should not be used as the sole
determinant of assessing effects and that all the paramatars, including the number ¢f events
should be used at least in complex cases [2]. At the T5 inquiry, there have been forchle
represantations and evidenca that tha noise climate around Heathrow has, in fact, deteriorated
desplte reductions In the LAeq,16h contour area [12}. it has been repeatedly and conslstently
argued that the dataroration has primarily resulted from the growth In the numbers of aircraft
movemsnts and, in particular, the growth in movements at more sensitive times, e.g. evening
and early moming. There have been repeated calls for the earlier sacial survey work, carnied
out in the 1960s, to be updated. Regular monitoring of annoyance and health effects has been
requested [13] and [Day 352 p61].

The validity of Leq as a predictor of the impact of aircraft noise on people was questioned by
Dr. Jonas [14]. He pointed out that according to the equal energy rincipla inherent In Leqg, the
value of Leq doas not change if the number of planes is doubled but they are each 3 dB
quiatar, His evidenca states “..how much credence should we place In this shrinking [of iLeq
conlour areaj when it goes against all the evidence of increasing public protest and Is based
on the premise that a barely percaptitle change in perceived loudness [of individual aireraft]
can completely offset & doubling of numbers?*

Dr. Leventhall pointed out that LAeq became popular on the assumplion that humans
responded directly to the total energy falling on them [15]. He questioned whether annoyance
follows energy immission irrespective of “acoustic features™ such as peak Individual aircraft
noisa levels and number of aircraft evants. Dr, Leventhall was asked whether event sound level
and number of events are interchangeable under the equal energy principie Inherent in Leg.
His reply was "That Is perfectly correct, but the energy princlpla Is a very mechanistic way of
considening nolse exposura..” [Day 363 p98]. -

A paper by Fastl [16] reports results of a pilot study aimed at the question of trading loudnsss
with number of alrcraft operations. Noise immissions produced within a 15 mins. duration by
four old loud aircraft versus sixteen modem quieter aircraft were evaluated in terms of
perceived average loudness using laboratory experiments. Basic condusions include the
followling: =../, however, the exchange of old varsus modam aircraft goes with an increase in
the number of operations, care has to be taken with respect to forecasts: Simple calculations
based on Leq wil be completely misleading!....the trading of loudness and number of
operations of aircraft can not be based on simple equal energy concapts,..". A further paper
by Looten [17] reviews the Fastl experiments and & number of noise surveys of aircraft
annoyancs. His conclusions include the following: *Equivalent enargy level measurement have
neither psycho-acoustic nor biological basls. Both noise surveys and laboratory experiments
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prove tha inadequacy of the equal energy concept to assess annoyance from aircralt noisa
during the day.”

Professor Berglund's view on the use of Leq contours Is Indicated by her statement that: "A
reduction in alrcrait nolse expasure as exprassed in the iso-confours doas not necessarily
rasult in & raduction In annoyance or any other kind of health effects" [13].

According to Mr. Tumer [18], those who have lived close to Haathrow for many years
acknowledge that many of the aircraft are less noisy than In the past but maintain that they
have noticed the increase In aircraft numbars. Mr. Tumer states that an examination of the data
provides the mason: although the aircraft are less noisy, virtually every alrcraft event stili
causes some form of intrusion, and with the increasing number ot movemants, the fmquoncy
ot intruslon Increases.

The trade-off betwean nolsa levels of Individual aircraft and numbers of movements which is
represented in LAeq,16h was questioned by Mr. Coates [19]. it was his belief that psople do
not respond according to the LAeg,16h contour: they respond more to an increase In number
of movements than any changa in tha LAeg,16h contour would imply.

Mr. Cobbing [20] also questioned whether the equal energy principle was appropriate for
assessing effects. The reason he gave was that distwbance from noise, such as speech
interference, would not be expected to follow such a principle. Consider the foliowing
Hiustration. Table 1 above shows that, at the monitoring points, Chapter 2 and Chapter 3 B7473
produced avarage LAmax values of 92.3 dB and 83.2 dB respectively, l.e. about 3 dB apart.
The equal energy principle would suggest that, say, 100 Chapter 2 B747s would have the
sama affact as 200 Chapter 3 B7475s. However, reducing the LAmax valua of a B747 by 3 dB
would mean that it would stilt be well above thrasholds for causing disturbance. Consequently,
substitution of 100 Chapter 2 B747s by 200 Chapter 3 B747s would mean that disturbance
would occur twice as often.

Although opinlon seems divided as to whether a change in a noise index would evoke an equal
responsa Imespective of what caused tha change, it is plain that the perception of changes In
a noise index brought about by changes In alrcraft movements or by changes in road traffic
fiow would be different from the perception of changes in the index brought about by cother
means. Mr, Kinsey [4] has suggested that a change in road traffic nolse lavel of lass than 1 dB
would not be parcaptible. This contrasts with the traffic nolse nulsance relationship presented
In Figure 3 of Chapter 3 of DMRB {21] which suggests that a 1 d8 Increase in LA10,18h would
result in 2% Increase in the percantage of people bothered very much or quite a lot by traffic
nolse. This may provide the reason why Section 5.10 of Chapter 5 of the DMRE points out that
the tratfic noise nuisance relationship, for estimating changes in percentage bothered resulting
from changss in LA10,18h, is basad on surveys of noise changes "caused by changes in traffic
flow" and “will not nacessarily give a good prediction if traffic noise changes were brought
about by some other means, such as barriers or low nolse road surfaces.” Such advice finds
suppart in a 1882 paper by Langdon and Griffiths [22) which reports the results of surveys
showing that reductions in traffic noise brought about by acoustic barriers may have a different
affect on traffic noise nuisance compared with reductions in traffic noise brought about by
reductions in traffic flow. A similar effact was noted in a 1986 paper by Griffiths and Raw [23].
This phenomenon is not surprising because barriers and traffic flow reduction do not have the
same effects on the fluctuating instantanecus sound level and the time pattem of road traffic
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nolse. This also suggests that the magnitude of a change in responsa to a changa In exposure
to road traffic nolse would be dependant upon the clrcumstances causing the change in nolse
exposure,

Whan assessing changes, It is important 1o consider changes In the character of the nolse as
wall as the time pattam of the nolse. For example, the introduction of a different road surlace
may not alter the time pattern and distribution of the noise exposure from road traffic, but could
alter the frequency spactrum of the noise. It has been suggasted that “the same level of nolse
from ditferent road surfaces can eficit quite different responses* [24). Barriars too would change
the frequency spectrum of the received noise which could potentiafly affect the perceived
benefit of eny reductions in LA10,18h Index levals.

5. ASSESSING NOISE CHANGES

Human responsa to nolse is complex. This point is demonstrated by the large variations found
in individual responses to noise and the large varlations In the response of individual
communities to nolse. Community response Is poorly comrelated with measurements of noise
exposure. So what, then, should be used as a means of assessing the magnitude of any
change in etfect resulting from a change in noise expesure’ i Is recommended that longitudinal
studies provide a rellable means of understanding the effact of any change in drcumstances.
There Is nothing new about this recommendation. In 1980 the World Health Organisation
kentified the need for Tonghudinal siudias of communities expesed to major changes in
environmental noise fo refing existing doss-rasponse (noise-annoyvance) relationships and to
inciude the effacis of adaptation and societal changes on public reaction to nolse” [25]. A
similar recommendation s made In the recant document from the Institute for Environment and
Health that “longitudinal studles are far more informative than cross sectional studies and
shouid therelore be encouraged” [24).

Where longitudinal studlas have been canied out they have challenged the conventional
wisdom which has besn based on cross sectional studies. This point is demonstrated by a
consideration of the evolution of guidance for the assessment of road traffic noise. Guidance
spacifically relating to changes in the LA10,18h noise indax can be found in Part B, Saction 1.4
of the Manual of Environmental Appraisal [26}. Section 1.4.2 of the MEA reportad that nolse
surveys did not identify diffarent levels of general dissatisfaction with traffic nolse until the
LA10,18h noise levels were at least 3 dB apart. As Is made cear in Section 1.4.3 and
Appendix 1 of the MEA, these studies were assentially of the steady-state or cross sectional
typo. Whilst Section 1.4.3 of the MEA referred to the potantial for changes in LA10,18h of fess
than 3 dB{A) to have “appreciable benefits or disbenefits” immediataly following a change in
traffic fiow, the methodology relied upon these steady-state studies. The DMRB [21] replaces
the MEA, and takes Into account the results of longitudinal studies (including noise and social
surveys camied out before and after a change in traffic flows). These studles are reported in
the Griffiths and Raw paper [23], and a 1992 paper by Baughan and Huddart [27].

The Griffiths and Raw research [23] took the form of social surveys at a number of sites carried
out before and after traffic noise changes associated with traffic fiow changas. It was found that
nuisance ratings changed more than would be predicted from a relation betwsen exposure and
nuisance derived under "steady state® condilions. In a follow-up paper in 1989 [28], the same
authors found that the excess change in nuisance was more than a short term effect, with
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much of it persisting for seven to nine years.

The Baughan and Huddart papsr [27) reports the results from “before® and “after” surveys
carried out with the alm of deriving reliable equations for predicting the effects of traffic nolse
changes on traffic nolse nuisance. The changes in traffic noise at the survey sites were all the
result of changes in traffic fiow. Changes in dissatisfaction were measured al sites whare the
LA10,18h changes were only +0.2 dB, +0.3 dB and -0.4 dB (although 24 hour traffic flows
changed by +7.9%, +26.6% and -26.8% respectivaly). Linear regression analysis Indicated that
percantage change In 24 hour traffic flow gave a better fit to changes in dissatisfaction than did.
changes In LA10,18h. Nevertheless, the equation adopted was a cublc equation relating
measured changes In dissatisfaction to measured changes in LA10,18h. This equation gives
measurable changes In dissatisfaction for a change in LA10,18h of 1 dB and less. One
conclusion states that where traffic lavels have changed abruptly the surveys show that ratings
of perceived nuisance change more than would be expectod fom a relation based on steady-
state surveys. .
The DMRB method tor the rssessment of changes In traffic nolse nuisance has been the
subject of soma criticlsm. Baughan and Huddart, themselves, recognise the limitations of the
studies and the paucity of data at the nolse increase sites. These longltudinal studies have
been Nluminating and helpful. Further similar work based upon a broader range of
cireumstances will enhance the levels of confidence in the quantitative assessment of changes
in nulsance atiributable to changes In road traffic flows. Our present knowledge of changes in
other effects, and for other fransportation sources, Is more limited. Without further longitudinal
smdlar&our abllity to quantly effects and changes In effects is likaly to remaln fimited and
uncertaln. ‘ o

. 6. CONCLUSIONS

1. it is uniikaty that a changa In LAeq,16h noise exposura resuiting from a change in alr traffic
movements would have the same effect as the same change in LAaq,16h noise exposure
brought about by some other means, for example quieter alrcraft. Similarly, a change in
LA10,18h nolse exposure resulting from a change In road traffic flow Is not likety to have the
same effect as the same change In LA10,18h noise exposure brought about by some other
means, such as changes from difierent road surfaces or noise barriers.

2. Transportation nolse impact assessments based solely upon changes in the LAeq,1 6h and
LA10,18h nolse indices may well be Inadequate. Changes In the pattem, frequency and
distribution of the nolse events should be appralsed. Changes In the character of the noisa
should be considered. Each critical effect should be assessed.

3. It appears clear that assessment of the effacts of changes in noisa exposure judged
according to steady state survays are not adequately representing public perceplion. Changes
In individua! effects resulting trom changes in noise exposure should be assessed using
tonglitudinal studies. In the absence of such studles, any assessment of changes in effects will
sufier from unocertainty.
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