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Objedi ves
@

e

e

e

Irnprove understanding of noise impacts
– Annoyance and Sleep in this workshop

Noise assessments that relate exposure to impacts
Results that can be implemented via rules and policy
Findings/tools to help agencies and airports deal with
noise

Manage public expectation
Practical mitigation strategies

Societal cost inputs to Cost-Benefit models (APMT)

Not the first time for these objectives
2
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- Edmund Burke, 1729-1797

repeat it” - George Santayana, 1863-1952, whose knowledge of
history apparently did not include Burke.

• How did aviation noise metrics evolve?

• What was gained along the way?

• What was never considered?
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Need a number that quantifies two items:
How loud is it?
How often does it happen?

Fletcher-Munson curves

Classic Loudness weightings
A: low levels
B: medium levels

C: high levels

AircraR noise studies in the 1950s:

C (high levels) did not correlate with loudness
A worked better
PNL (Kryter) worked even better
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Cornposite Noise Rating
1950s CNR (Loudness based on PNL)

RHeaaSE

N \ GOROVS

(Numbers based on 10 logloN)

I!£jtTRc?Tow +
STRONG
COMPLAINTS

AvdRA6£ £xp£
RESPONSE

aILD
C6nr LAI NTS

RAN6C OF
FROM NOR

HILn
PnIOYANC£ i 'tIll. , {},iTI

NO ANNOyANC£

Source: Kryter, K. D. Human Reactions to Sound from Aircraft. J. Acoust. Soc.
NOISE RATIN6

Am. 31 : 1415-1429. 1959
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1950s CNR
Noise Exposure Forecast

(based on EPNL PNL with duration and tone)
1960s NEF TABLE I.

SHE EXPOSURE TO AnRCRAPT NOnE

Distance from Slt;e to the Center of the Area
Covered by the Principal Rwway8

Acceptability
Category

Threshold at
NEF = 30

Outside the Nl:F40 (CNR-100) contour, at a dl8tance
©eater than or equal to the distance between the
N2E-30 and N£F..40 (CNR-lOO, CNR-.116) „.b„„

Clearly Acceptable

Equivalent to
DNL = 65

Out8£cb the NE:F-30 (CNR-.100) contour, at a dl8t8nce
less than the distance between the NEF40 and NEF40
(CNR.-IOO, CNR-116) contour8 /

Normally Acceptable

Between the NEP..30 and NEP-40 (CNR-.100, CNR-115)
contcn rs Normally Unacceptable

Within the NEP-.40 (CNR--115) contour Clearly Unacceptable

Source: HUD Noise Assessment Guidelines, BBN Report 2176, August 1971
(For aircraft noise exposure)
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Cornmunity Noise Equivalent
(Developed by Wyle for California,

(based on dBA, with duration)

Level
1968)1950s CNR

1960s NEF 5012. AiFPOrt Noi8e Criteria. IJitrritnti{>1IS oil airport noise iII
res:itlenti tIt cl>hlrnurlitics are tlerek}\- e$t21blisilt'd.

(a) The eriterion corunlunity noise equivalent level ((INET,} is

GiS dB for proposed UP\r aSr)>aris tIlrd for vacated lrlilitary airports
beit:lg converted to ciVililtII two.

(b) C+jyjng due consideration tli econcln Iii, and techn.olc>gi, InI teasi-
bilitY, the criterion coInlnunity ncJjgc' Pquitt\lent level (CHEr,) fOr
exjgting civiliall airports (except as follows} is 70 dB until December

(e) The criterion CNET, for !!it T}<3j'ts which }l&ive 4„cngi lle turbojet
or turbo£ tilt air cttrrit'r ai&9r8ft OT;erat it iris und at least 23,000 annual
ai!' carrier ol)erlttion$ (taI&>offs plus llllrdirlg$) i$ as follows ,

1970 CNEL

dBA reasonably
approximates PNL Date axle IJ in decibeLs

Hfft'tlfive datct of rt*guIlttior18 ta 12'3 1.'75 __ .,_.,... „.,„. gO
1-1 „76 to 12-31„80 ......_'..__._..._ _._,_,_._,_.:.,....,„,„„__.,_,„,,,. .,..„.._._ 75
J.,I„81 to 12-31-85 .__._._.___._.,._..__.____,_.'„„„_._._.„.„___,____ 70
:1-1.86 aIIti tltev{,after .„_ _„„.,_,„,,„. ., _._„_„,_.__„.____ „. _,___ 65

65 dB criterion
formally specified

Source: -Title 4, California Administrative Code §5000. Department of
Aeronautics, Suk>chapter 6. Noise Standards. (Register 70, No. 48 – 11-28-70).
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Day-Night Average Noise Level
(based on dBA)1950s CNR

Table I
SUMMARY OF NOISE LEVELS IDENTiFIED AS REQUISITE TO I'!{OTECT PUBLIC

ill:ALT II AND WELFARE \VI TII AN ADEQUAIE MARGIN OF SAFETY
(we T:IbId 4 for dc l;lil€d de$crip:ioll}

1960s NEF
EFFECT LEVel AREA

1970

1974

CNEL

DNL

l!€aritw Loss All areas

Outdoor activity
in tCficFuncC altd

aJ)1IQyullcL'

Lda < 55 dB ORICIOUt'$ 111 n'sIdon tIal along :urII
thrIlls and ot tIer otltdd>or areas

wllen PPopl$ $98114 widely varying
aint>yili s or liBre tIIIa Other piaces

fIt wlllcJl quiet is 8 basis For us6.

Outdoor aNus wheN people &pond

!inljtec! Mlount$ of time, &ucb as

scllool yards, playgrounds, etc.Consolidated diverse
noise metrics and criteria,
Emphasized effects,

Indoor acliHty
interfcr©nce arId

anti<iy€11t eB

Lda < 45 dB Indoor rwldcnli a1 alBog

Other indoor ;tIeRS wltll tlurngn

activities such as schools, utc.

I
Source: EPA Levels Document EPA 550/9-74-004, March 1974
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e Adoption of DNL meant acceptance of the Equal Energy
principle

e Single events are quantified by their energy

SEL, = 10 IOg„ 110’;/10,#
Multiple events are energy sum of single events•

L.q = IOloglo IE IOME;/10
i

e These are the easiest metrics to model

SEL is simple sound power integral
Separate sources add independently: no statistical
interaction. Familiar "decibel addition"

Would be nice if these correlated with individual and
cornrnuniW reaction
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' Presumed to apply to total exposure time
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But is it really universal?
e

e

e
e INITIAL IISt
a FINAL TEST

6 a/DOLBLt NG

\

-\
\

LfX4IVcg/ITIIin

3.S d/DOLBLING

2.0 d/DOLBLING

L i ?\n+

•

Pearsons, FAA ADS-78, 1966.
I+t .- H

Tim notATioN (SECONDS)

Source: Kryter, The Effects of Noise on Man, 1971.
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SEL or average over a longer period

Early analyses considered
DaWime noise: mostly speech interference

Nighttime noise: mostly sleep disturbance

Single daily number would be useful
Calculate average daWime and nighttime noise levels

Add 10 dB penalW to nighttime level

Combine via energy addition
• NEF combined day/night equally, so whichever is bigger will

dominate. Effectively 16.67 N„ight multiplier
• CNEL, DNL applied adjustrnent hour-by-hour, so the night

multiplier is 10 N,i,ht

Morphed into the concept of a cumulative 24 hour dose

e

12
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Metrics in use around 1970

COUNTRY

IEbJII + S + JIII111P ILIIL +

U.S. A.

France

Great Britain

Germany

South Africa

SCALE

CNR

NEF

./r

NNI

6
Nl

aBlIHHHnHa•HaHlll

DEFINITION

PNL + 10 log N -- 12
10

N -. 88

PNL +10 lo9lo N ''' 30

PN L + 15 log N -- 80
10

PNL+ 13'3 lo910 N ''' 52'3

PNL.- 13+ 10 log N .... 39.4
10

{g (PNL- 13) + 20 lo910 N - (

£PN + 10 log N --. 39,4
10

EPN + 10 log
10

Netherlands

1.C.A.o.

B

WEC NL

10 logloN is equal energy across events

13
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Unf03N.„F&goon„

Vigaraus action + + + + + +++
p p.f & nOrm a Iii,e„d tQ,;

Reside ntia ! urban fe sid u ai noIse

Some prior exposure
WIndOws partially open
No pure tgne Or In\pulses

Several threats of !8981
action or strong appeals to
local offIcial s tG step noise

':t q":

Widespread camp iaint s or
SIngle threat oF !egal

a€tlon ++:+: +8 :+

Sp o ra d IC corn p :a lnts , ,+ t+

No reactIon althOugh
noise is 9enetalty

notice abi e

+

: + t e :+ ++ +

40 50 60 70 80 98

Outdoor C>ay.NIght Av©rage Sound La/81 of IntfUd$rIg NoIse in i:18 re 20 y Pa

Source: EPA Levels Document EPA 550/9-74-004, March 1974
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CORRECTION FACTORS FOR NORMAUZING COMMUNITY NOiSE
CASES TO A SINGLE MAGNITUDE SCALE

Amount of Correction
to the Measured Noise

Levels, dBA
Type of

Correction Description
A, Vigorow Conmunity

ActIon
Seasonal

Corroct ion
Sumtnor (Year-around operaticirs)
Winter only

0
.d

a

+5

+10

DIne of Day

Recommended

Daytime
Evening
Nighttime

B, Threats of Legal
Action

by Reference 39

Correction for
Background
Noise

Vory quiet suburban or rural cornmonity
(remote from lar9d\,cities and from industrial
activity and trucking)

+1 0 C. -Wld88pread ComplaInts
or'Slngla Threats of
bgiII Action

Norrnal suburban community (not located
near industrial activity)

+5

0

n5

0

D, Spc#adie Complaints

Residential urban community (not immediately
adjacent to heavily traveled roads ard
industrial areas)

Note: All data have been treated

by conection$ givor\ in Table$ 4
and 5.

E. Noise is Notfceabl8

Noisy urban cornmunity (near relatively
busy roads or industrial areas)

Correction for
PrevIous Exposure
and Community
Attitudes

Community has had sarne pnvious expsure'
to aircraft noise but little effort is being
made to control the noise, This correction

may also be applied in a situation where
the community has not be9n exposed to
aircraft noise previously, but 'the people are
aware that bona fide efforts are being macJo
to control the noise .

F, No Annoyance

6555

Normalized Average Noise Level, dBA

Adjustrnents other than
evening and night penalties
have fallen out of use

Cotnmunity has had considerable previous
exposure to aitcraft noise, and airport
relations, with the cornmuni ty are good.

This correction can be applied for an

operation of limited duration ard under
emergency circumstances; it cannot be
applied for an indefinite period.

n5

-.10

Source: Supporting Information for the Adopted Noise Regulations for California
Wyle Report 70-03. 1971.

Airports,

15
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---– All 161 DATA POINTS
Given Equal Weight

–--' Alt SURVEYS
Given Equal Weight

M 90% of the Data Points
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Note that the plot is
effect vs DNL. This
has become “the”
way to view noise
impact .

Popular conception that DNL 65 was a policy
decision based on this.
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Does changing where we draw the curve change:
• How communities react?
• How people are a#ected?

Does a single curve make sense?
• There are modal differences (air, rail, road)

Should there be a distribution at each level?
tOO

90
AIraraft {US)

Aircraft (EU)

Road Traffic (US)

Road Traffic (EU)

Rail (US)

Rail (EU)

80

70

60

SO

40

30

pEr20

10

a

4 S 8S SOA m 65 70 75 80
Day-Night Average Sound Level (dB)

SO

U. S,C>eta: Flneoold. L.3., -Community Annoyan% and Sleep tH$tarbanca: Upd8t6d Criteria lot A88e9sJn8
the Imp8cb o113oneral Transpart8tIon NoIse ur PoolIIen, NoIse Control eng. J. +2 (1 ), 1994

EU Data: 14iodeKm. H.M.C., -Response Fund!$ns for Env&onKnntal Noi$8 in ResIdential /Voa s-,
TNt>RHraN 92.02t , Laidon, The Netherlands, t992
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200

180
• Foreign
a Domestic Since 1990, 95'% of

surveys have been160
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140

120

100

80

60

overseas.

40

20
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0

1950s 1960s 1970s 1980s 1 990s post 2000

Era

Data from: Bassarab, R., Sharp, B., and Robinette, B., “An Updated
of Residents’ Reaction to Environmental Noise,” Wyle Report 09-18,
(Also DOT/FAA/AEE/2009-01 and DOT-VNTSC-FAA-10-02.)19
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• Equal energy principle dominates,
partly for reasons not necessarily
related to science

8 Basics that were simplified need to
be revisited. Other metrics (like
current "supplementary’) may better
reflect impact.

Mould another similar data point
really make a difference?

• Schultz curve has been reworked

many tirnes

e

e Relationship between DNL and
annoyance has high degree of
uncertainty .

Most of the social surveys are over
20 years old (>60'Yo),

• Mould different metric(s) reduce
uncertainty? ]:s 'Y,HA versus DNL the
only way?

Nhat are the influences of changes
in public attitudes and aircraft
characteristics?

e e

• All recent social surveys have been
done overseas (Europe and Japan).

• Do Americans have a different
attitude about their environment?

20 r
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