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Mare than a decade has passed since a relallonshlp between community nt)ise exposure and Ihe

prevalenL:e of annoyance was synthesized by Schullz iT. J. Schultz, L Acousl. Soc. Am. 64,
377.-405 (1978) ] from the findings era dozen social surveys. This quanfitalive dosage-effect

relationship has been adopled as a standard means for predicting noise-lnduced annoyance in

enviroulnenlal assessment documents. "File present effort updates tile 1978 rehaionshlp with
findblgs of social surveys conducted since its publication. Although tile number or data points

from which anew relationship was inferred more than tripled, tile 1978 rdatlonship still
provides a reasonable fit to the data.

PACS numbers: 43.50.Ba, 43.50.Lj, 43.50.Qp

INTRODUCTION than activity interference or other anise effects from width

It Ires been more than a decade since Schultz (1978) annoyance might arguably be inferred; (21 tile noise source

synthesized a rdationship between transportation noise ex- under study had to be a transportation noise source, and

posure and Ihe prevalence of annoy°nee in cmnmunides actual acoustic measurements of noise exposure were _
fromtheflndingsofadozensocialsurveys. Ahheughbfilial- strongly preferred; (3) acoustic measurements, if not re- .:

ly greeted with considerable controversy, tbe rehltionship ported in units of day-night average sound level (DNL),
bas become a mainstay ofassessments of the effects of noise had to be convertible into such units e,'itb reasonable coati-

exposure on communities, and has gained widespread cur- dunce; (4) sample sizes had to be adequate for estimating
runty as tile 1/1051Ihorough and well.docunlented dosage-
ell'eel relationship available to envlronmental planners.

One concern expressed at the time of publication of
Schultz*s synthesis was thal b might have a chilling effect on TAIILELSununarytip_t_:iahur_eysrevi¢,_t_l.
the conduct of furtber social surveys of noise-induced an-
noyance, shlce some believed that agencies which fund such i',t,l¢mnni¢ Attlhot_t_t No.nf
studies nligbt erroneously conclude that tile synthesis repro- ualupoinl_

sented a definitive solution to many o1"1he problems of as- Iq78aUdeJIda,new_,tLrver_;
s_sin_ e ffccIs o[_ilnise exposure on colnnlunlt ies. The abUll- ( I ) O.S.AtltBASE ]lor_kr,l'185 25
dance of surveys conducled since preparation or die (2) ANTWERPSI"REET M)'llcke,,tal., Ig77 31
synthesis (el. IIorsky, 1985; Fidell et al., 1985; Fields and [_) IlRUSSELSSTItEET _,tr*_ckeetal.,lg77 23t41 BURtlANK AIRPOI_.T tridenvtaL, tqfi5 20

Walker, 1982;llallundTaylor, 1977;HalletaL, 1981;11ede {51 CANADIAN ROAD flail and Taylor. 1_177 14

and Bullen, 1982; Rylander, 1977; Schemer, 1983b; Soren- {61 DANISII s'rI,[EET RelHer,1975 28
sen and Hamlnar, 1983, interalia) demonstrates that sueb 17l tntlTIStl RAtL Fieldxmld Walker, t l

1982

concerns were unfounded, 181AIRCRAFr/ Ihlllet,L, 1'177 21
hi fool, so many measurenlt_nls have been made of die TRAFFIC

prevulenceofnolse.induced annoyancein varlouscommuni- t'_t ORANeE ]:idenettd,, tq85 12

ties since publication of tile syntbes[s paper that it is nmv eouN]'r AIItI'ORT
tin) AUSTRALIAN lit'de anti llutlcn, leg2 42

wortb reviewing tile dosage-effect relationship derived in AIItCRAP'T
1978 in the light of evidence publisbud since. { l I) TILAMWAY/ e_lander, Iq77 12

TItAFFIC

I. METHOD t 121 DECATUR SCtlI)IIIeL tq83 4
AIRPORT

TabIe[llslslbsociaisurveysoftheannoyaneeortruns- (131 SWEDtStl S_lren_¢,land1lanl,nar, 15

porlation noise exposure publislled since tbe preparation of RAILROAD 1')83
the 1978 Schultz synt besls paper that were judged sufficlent- {14) WESTCIIESTEIt Fidclletal.,l'185 8AtRPOttT

ly similar in dL_iignIot lensecmlsklered by Sclluhz Io be corn- 115) I)ANISII AnUer_¢lletal,,Iq82 2h

parable for present purposes. Five criteria for comparability RAILROAD
were adopted: (1) At least end questionnaire item had to hnal; 2')2
inquire directly about long-term annoyance per so, radler
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prevalenceofannoyancewilfircasonableprecisian;and (S) Tables 3,3 and D.9 and Fig. 6.4, Twenly-rour-hour noise
the scaleused for quantification of annoyancehad to l_rmit m=lsuremcnls were made ('or approximnlely 2 weeks per
identification of numbersof respondents deseribingthem. site.Thesevahleswerelhencamparedtoesistingnolseexpo-
selvesas "highly lmnoyed" hi a manner comparableto that sure forecast (NEF) contours I'oraccuracy.
devisedbySchultz (197fi). The percenlagesof respondent_ hlgh]y annoyed were

Specifically excluded I'rom present eonsidenulml were tabulated I'rom responses to questionnaire item 36 by the
laboratory studies o1"noise-inducedannoymme, field studies audlors (gul]en, 1988). Tile jlem wasworded "How would
of community reaction Io impulsive noisesources (gunfire, you describe your 'generM feelings' about Ihe aircraft noise
blasliltg, fielicopters, sonicbooms,etc. ), andstudiesofcom- h=thisneighborhood?" Respondents wereconstralned tose-
munily response to other nmllransportat[uu sources (e.g,, lecl oneoflhe fofiowing categories: ( I ) hi#fly annoyed, (2)
construction), considerably annoyed. (3) nloderalely annoyed, (4) sligfilly

annoyed, or (5) not al nil annoyed.
A. Treatment of data from studies meeting selection A total of 42 paired valuesof measurednoise levels and
criteria percentagesof respondentshighly annoyedwere available in

Sincethe major goaloR fiepresent elfort was IOpreserve t his data set, Respondents describingdmmselvesas "highly l
comparability el'analyses with those conducted by Schultz annoyed" were considered highly annoyed for present pur-
(197fi), file conventions adopled by Scfiullz fi_r deriving poses to conform wilh lhe convention adapted by Scimltz

paircdvalucsofnoisecxposureandprevalcnceofannoyunce ( 1978,p. 381] for dealing wilh nnmed responsecategories.
were retained. For example, Ific delinilion or "highly an- Ninety-five percent confidence inlervals were eaIculat-
noyed" respondenlsadoptedby Schullz (tfiose respondenls ed for die estimated percentagesof respondentshighly an-
whose self-described annoyancefell wilhiu Ihe upper 27%- noyed at eacb interviewing sile by _ssuming that the self-
29% of the response scale, except when category ]abels an- reports ofannoyance in the categorles "highly an hayed" and
ambiguously dictated otherwise) was retained. Likewise, it aIl miler calegaries were binomially distributed:
was necessary In trans(orm noise measurements reported in 1.96(pQ/,V) "_
units miter than L,,, In units of Ld,, in several cases. Treat-
ments of the data of individual studies are described below, where P is the proportion of respondents highly annoyed, Q

is the proportion of respondents not hlgldy annoyed, and N

I. Auatral/an aircraft (Hede ana Bullen, 1982; 3575 is the number of respondents per site. Figure l displays the
Interviews) 95% confidence intervals for the data points reported by

licde and Bullen in relation to die dose-response curve syn-
Hede all0 Bullen report a conventional social survey ol" tbesized by Schuhz (1978),

the annoyance of'aircraft noise, Noise levels were reported in
: units of L.. for field measuremetlts made ztt various Inca-

dons around the commercialairports at Sydney, Pertlh Ad- 2. Aircraft-traffic comparl$o/1 (Hal/el at,, 1981; 673
elaide, Melbourne, and tile Royal Australian Air Forc_ Base interviews)
at Richmond. Personal interviews were conducted whh 45 This social survey compared the annoyance from air°

tollSrespondenlspersite.Thephysiealmeasurememsuscd craft noise to the annoyance of road traffic noise at nlne sites
in the present analysis are reported in Hede and Bullen's around Toronto International Airport (Canada). Inler-

2,;:,oAi,¢,,,9gn*,,,I ,s

gJ
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views were conductedwith I0 to Ig0 respondents per site. 3. BurbankAIrportsurvey(Fide/letal,, 1985;5041
NoiseIevelswcrereportedhlunltsofL,_,,.TIledata_nalyzed Interviews)
for present purposesare thosereported in Table Ill (road
traffic ) and Table 1V (alrcnfft) of Hall et al. ( 19gI ). Fidell e/al. describe u sociul survey ot"aircraft noise

Data Forroadtraffic noisewere collected byuutonuued annoyar_geinvolving muhiple rounds of inlerviews in the
t, equipmenl during 24-h periods during weekdays,at Olle Io- vicinity ol*amixed-usecivil airport Iocaled in Southern Carl-

eIllionpersile. Aircraftnoiseexposurewuspredleledbyuse fornla [reporled Its "study I" ill Fidell et al. (1985)1 at
of tile lulegr;ited Noise Model software, Control tower re- which uuise levels eh;mged considerably over time due to

cords for 1977 were used us the source of operatlonid iuPof cbtlnging runwlly use patterns. Noise levds were mLlnltored

nlation for filepredictions, conthluottsly for a week prior to intervhrwing ;It nlfilliple
HalletaLsolicitedjudgmentsofdleannoyunceoflrans- mlcropfione posillons wit bbl the boundaries ofeaeh site, and

portation noise sources wilh adirect qgestion ("How do you ealibraled against exposure gradienls froln airern ft noise ex-

rateeaeh oflfiesoundsyou fiuvementloued?") and a bipolar posure contours. De facto panel samples of 220 to 330 re-
response scale composed ofthe I'ollowing categorles; ( I ) ex- spondenls per site wereinterviewed fivelimes in person or by
tremely agreeable, (2) moderately agreeable, (3) consider- lelephoue, Table I1 of Fidell et al. (1985) presents tbe an-
ably agreeable, (4) slightly agreeable:, (5) neulral, (6) noyancelmdnolsedataforlivcroundsofiuterviewsin four

slightly disturbing, (7) moderalely disturbing, (8) consld- airport neighborhoods. Tbepercentageofrespondents high-
erahly disturbing, and (9) extremely disturbing, ly unnoyed was derived from responses to questionnaire item

Ninedal_tpoints foralreraft noiseand 12datapoints for 4, wbicb asked respondents il'they had been (1) not at all

traffic noise were reported. Itall et ol. suggested tbal ",. tile annoyed, (2) sllghlly annoyed, (3) moderately annoyed,
approprhite eutoll'point rot hlgh annoyance on the response (4) very annoyed, or (5) extremely annoyed by the noise of

scale is between moderately and conslderably disturbing...." aircraft over the past year.
This criterion represents file top two or the nine response Twenty data poinls resulled from Ibls assessment of

categories of"Ifie bipolar scale. If tile "neutrnl" category is long-term noise exposure./Anc_tber queslionnalre izem thai
considered to fieequivalent Io "not at all annoyed," hov,,- solicited judgments of Ibe annoyance oflllreraft noise expo-
et,er, Hall et al. in e ft'ecl counted tbe top 40% of a live-point su re over tile past week wu_ not considered for presea! put-
scale. Thus the authors' criterion overestimates the pereen- poses to preserve eomparabilily with the time scales ofother

rage of respondents highly annoyed relative to the percent- surveys.) Respondents describing themselves as "extremely
ages counted by Ihe erileria adopled I'or the 12 chtslering annoyed" or "very annoyed" were considered to be bighly
surveys, Figure 2 shows 95% confidence intervals for botb amloyed, Figure 3 displays 95% confidence intervals for the

the aircraft and traffic noise data. dala points.
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4. OrangeCountyAIrport(Fldelletal., 1985"3103 Fidell et al. (1985) summarizesthe long-termmmoyance
Intervlewa) dala producedin four roundsor interviewsin threeinlcr-

viewingareasin airporl environs.The percezltageof respo..
Thissocialsurveywasrcporlcdas"study2" inFidellet dentshighlyannoyedwascompiledfromresponsestoquot-

a/. (198_), Noiseexposuremeasurementsweremadeby Ihe tiollaaire item 5, whichaskedrespondents++Whileyou've
existingmonitoringsysteminslalIedat OrangeCountyAir- beenat homeoverthepastyear,si.ce last (seasonofyear),

i port locatedin SoulhernCalifornia,Thedalawereenergy- haveyou beenhmheredor an,eyed bytile noisefromh_rger
averagedoverweek.longintervalsPromsixmicrophonepo- alrliners?"Theimmedcalegmiesfor theresponsescalewere:
sitionsand were comparedwhh known aircraft noise (I)aotat.llannoyed,(2)slightlyamloyed,(3)moderately
conloursto estlmalearea-weightednoiseexposurelevels, almoyed,(4) very almoycd,or (5) extremelyannoyed.

Thesesiteswerepart oflheairport'sinstallednoisemonitor- Twelvepairedvaluesorpercentagc_of respondeI shighh' _i
ingsystem,Face-to-Paeeaudlelephoneinlervlewswerecon- annoyedandmeasuredsoundlevelswerereporled.These

"' i dueledwith 200 to 330 respandenlsper site,Table IV of datapointsmaybeseenin Fig.4.

tie.

i
J _

' i! FI(}. 4. Ilclalinll',hip _f thll_l frl_lll ()r;l*l_t,
' Cem_+ly Ai¢_Irl Sludy I_I IqTP; ',)I_III¢_.I_

I _ _,,...

,

d_,y - NIGHT AYERAOE SOUND LEVEL

224 J.Acoust.Soc.Am.,v01.Og,No,t, January19gl FiOolleta_:Noisedosageelfect+ 224



5. Tramway and traffic survey (Rylander et al., 1977; 464 6. Decatur Airport (Schemer, 1983a,b; 231 Interviews)

Intervlewa) Sehomer (lq83b) reports a r_olsesurvey ol'allitudes Io-
Rylander el aL report a surveyofdifferences bl respon- ward aircraft izolseColldLIclednear Decal0r, Illinois Air-

dents'rcactlotls{otramway andcJlyframenoise.Interviews port,N(lisemeasuretnentswerellladeinunitso1,L,,,I.Field
I were conducted with approximately 75 respondents at e_ch [lleastlrenicn[s of 0else expostu't_were c_mlparedagainst cx-

of 12 sties inOotbenburg, Sweden,along streetssupporting posurc [evdspredicted hy Integrated Noise Mtldcl Version
IIdxed [not(if vehicle _llld lramway traffic, Noise measure- 2.6. Dclails regarding Ihe mcastlre[llt!ll[ ine[hods were i1(11

= " nlen[s were collected on tape recorders _1[ I -b inlcrval_; drip- specified. Pcrsollal irltervJcws were eonducled 1111,OHl' sitt..s

hlg afleruoo.s, and were I_lcr analyzed using a slatistical with 22 Io _)_)respondenls per size.
distribltlionanalyzer, Spccificdetailsreg;irdingtheperiltd_lf Queslintumire item 7a h_qLdrcdabot_l iioiscs hc_lrd at
time over which tilL'soml_ElSttr@lllelllSwere taken were tlo[ holll_ lllatrespolldents pre1.erredllOl [O hear. _7or eacJl utlde-

reported, siredll¢liseSotlrcehe_itdi.thehome.qucslloniialrehein71"

Noise levels reported in Htlil_i(1f'24-h L,_I 1.(1rbol h tram- asked respondentsIo rate their annoyance u_,ing the follow-
way anclt raise noisewere c(1nverledto L,., values by takiltg trig scale: ( I } extremely ztnrtoyed. (21 very mucb annoyed.
llleaverage nflwodilFeren[ conversion pr(Icedures, "Phecoil- (3) nloderately annoyed, or (4) slightly annoyed, Schnnlcr
version equation 1.orthe first method (Galloway, 1977] was considered respondents who described Ihemselvesas "very

much" or"extremely"ittlllOyedItshlgh]y a nlloyed. ScilOlller

L.. = L,., :_ + 3.38 dB. presents tIle noistrsource and re_pollsedata in his Fig. 3 and
The corwcrslon equation for Ibe second ln¢lbod used by Table IV ftwrcspondelllS be considered highly annoyed.
Sclltdlz (1978) was Respondents who sponlancotlsly menli(1ned some type

L,I,, = 1,13L.,..._, -4.9 dl], ornolseannoyancewereconsidered to be at leasl "slightly

The dilTerenccs betweell Ihe conversions rallged 1,rein 0.3- flntloygd" by the noisesource, II is assttmed thai respondents
0.8 dB. were "nol al all annoyed" by noise sources Ibal escaped mcu-

Respondentswereprovidcdwiththreeresponsec_tego- tion, yielding a five-category response scale. Schemer's

pies from which to select an answer to tbe qocsfion"Areyou sludy yidded I'our pelted observations o1, measured nolse
almoyed by Iramway or Iralllc noise?": ( I ) a litde annoyed, levels and percentages ofrespondcnts hlghly annoyed. These
(2) raffier annoyed, and (3) very annoyed. Ryhlnder et aL are platted hi Fig. 7.

(1977) present the noise exposure and response dilta in Ta-
bles I and 2 for respondents who described Ibenlselves as

"very annoyed." Respondentsconsidered In be very an- ZBrlllsflrallroad(Fle/dsandWalker, 1982; 1399
noyed by l_.ylander etal. (1977) were ct_ul_ted as highly Interviews}
allnoyed £or presea[ purposes. Fields altd Walker conducted all allittldinal survey o1,

A total o1"12 data points consisting of noise levels lind nlilro_ld noise in Great Brilain. They made more Iball 20(0)

_i pereellhlgesofrespondents hlghlyannoyed (six forlramway noise measurements at 403 It_cati(_ns in units of 24-11 L,,_,
andsix1,ortrltffie)wcrereportedbyRyhmderelaLFigurcs5 nolse and nunlher index (NN[), cornrnunily noise equiva-
and 6 display 95% confidence inlervals ill relation to tile lent level (CNEL), and L,h,. Personal interviews were c(m-

Schultz Curve for b(11htramway and traffic n(1ise respective- dtlcled wilb 45 1o 220 resp(1ndelllS per sde.

ly. The atllhors tabulated percentages tffil'eSp(111dclllShigh.
IN-

Ira.

i I1(; 5. Ilcl,fli_lll*.hill _d" [lillllllil} tt;ll*l

i
OAY- NIGHT _*VER_GE 50UND LEVEL
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FIG. h Rdalllm_hill o1' II'idlk" d;lhII'llllll

TI;un_a) lind 'l'rzdlic Slud) Ill ll)Tg *.)11.

DAy m ;_](3HT &VEAAGE SOUND LiEVE_.

ly annoyedto a directquestion(questionnaireitem 17b) Theaudlorsiillervlewed5Oto IOOrespondentsatcachofi5
wordedas£ollows:"Docs tllenoiseof trahtsbotherorannoy siles.Noisewasmeasuredin uiiitsof24.bL,,, £ureachposs.
you; ( I ) verymuch,(2) moderalely.(3) u lilOe,or (4) lint Jogtrain, Tile conversionfrom thereportedunitsofL.. to
at all." Respondents describing themselves as "very much" L,,, was performed Itsdescribed for tile Rylander (1977)
annoyed by traln noisewere considered tobe highly annoyed survey.
for current purposes, Figure g shows 95% conlidence inter. The data used in the presentanalysisare fuund in Fig. I
vals for the British Rtfilroad data, of Sorensen nnd Hammar (1983). Sincetbe duta weren_t

' hlbtliated,a grid '.VIINoveri;tidOil SoreFt_,ell lind Ifammar's
Fig. I to estim,te v;duesolpairs of noiseexposure levelsand

8. Swedlsheallroadf$orensenandHammar, 1983; 1125 percentages of highly unnoyed respondents.

lg_ Interviews) Sorensen and Ililmmar did nol report tile labelsof re-
! $orensen and Hammar report an invesiigatinn per- sponse ealegories used for elieitingannoyance judgments.
J formed during 197g-1980 of reuctionsto railroad train noise They did, however,chdmelu.';esimilarityof annoy,nee mea-

.... I in ureas surrounding the cities of Malmo and Sloekholm. surement techniqueswith ail earliersurvey (Ryhmderetu/.,

I

z

i i J:l(], 7> R¢lllikm_hipld'd;lla fr.nl lle¢;llul

Ail[_lll Sltld) ill 1'178 _.)lltll¢_i_ ¢ll*_e.

I I I I 1 "1 t I I 1 I I i I
I_ i / _ II _ II li II 14 II Ii II II li II 11 II II 11 II II Ii II II I_

DI_ . NIGHT _VERIGE _OUN_ LEVEl.
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I'lG, 8. Rda _ ,hp_fda; f_ 13r ,I

P,lfilrnad Sludy Ill 1_)7s_ylllh=siscur_c.

nAY _ N_GHTAVERAGESOUN_LEVEL

1980), which used four named respons_categories:(1) not how levelsof"exposure lower titanthisthresholdvaluewere

annoyed, (2) a liltle annoyed, (3) rather annoyed, and (41 eslimaled.

very annoyed. In the prcsenl anldysis, "very annoyed" was The dala used in the present analysis are based on a

osed to dcscrib_ high annoyance. Figure 9 shows 95% coati, questionnaire item thai asked "How much does noise from

dence intervals for the I 5 data points from this study, aircraft disturb, bother, or annoy you?" Respondents select-

ed a response category from an "opinion thermom¢ler"

composed of ten gradations with named end points, as fob

= 9. U.$. Alrba=e (Borak¥, 1903, 1985,'874 Interviews) lows:

personal interviews were conducted with 27 to 45 re- "not _l all 0 I 2 3 4 5 6 7 8 9 extremely"

spondentspersiteat 25shesnearseveaU.S. AirForccbases, Respondents were considered highly annoyed for present

la'_ Borsky used automatic equipment to measure exposure iu purposes if Ihcy selecled calegories 7, 8, or 9 (30% of the
' units of La,, for approximately I0 days per site. A Ihreshold response scale). Figure I0 shows tile 95% confidence taler-

of 65 dBA was used for these measurements. It is unclear vals calculated for the 25 sites.

i iol.

i
i FIG. q. R':lalhln_.hipofdala from St_¢_ish

_1 Railr_ladSILLdyto IQ78s)nlhc_is uur_¢.
Is

DAY- NI{)HT/,VER/,OE50UNOLEVEL
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i FIG. In. Itclntinn_hip _lf d;L/;L fl_tn U. S.

DAy . N|GHT AVgRAG[ 50UND LI[VgL

10.WestehesterCountyAIrport(Fldelletal.,Ig85;1465 annoyedhy noise frtm_airplaneswhile you've been al home
i Interviews) duringthesemonths?"Respondentswereallowedtochoose

oneof thefollowingcategories:( I ) notlit allannoyed,(2)
Fidell elaL reporta _ocinlsurveyof theannoyanceof slightly annoyed,(3) moderatelyannoyed,(4) very un-

aircraft noise al foursites aromldWc.stchesterCounty Air- noyed,or (5) exlremeiy annoyed. Respondentsdc'.scrlblng
portlocatedJnNewYorkstale.Bothpersonalandldephone Ihemsdvesaseither "very" or "extremdy"annoyedwere
interviewswereconductedtwicewith samplesof 100to 250 consideredhighly annoyed forcurrent purposes.Figure 11
respondentspersite.Noisemeasurementsweremadeby presentsthe 95% confidenceintervalsfor the eighl data

: automatic equipmentat multiple microphonelocations pointsreportedby Fidellc/of. in relalion1othe dose=re-
within eachsitefor a weekpriorto interviewing,andwere sponsecurveseneratedhySchullz(1978).

reporledinunitsofLd,,.
: TableVlo(Fiddletnl,(1985)summariz_sthepercen. 11.Danlehrallroad(AndereenetaL, 1983;615
i rageof rcspondcnlshighlyannoyed andmeasurednoiselev. Interviews)
e els. Questionnaire item 4 nsked respondenls "And how Andersen et aL reporta survey conducted near seven
i.,.;, about this past(season ofyenr): Have you beenbothered or Danish railways wideira[lle volumes rangingfrom 30-300

tie

l.

•
J:IG. J[. n elu [iOll_hlp uf d*LI;II'rqlln '_,'¢_1.

_. ':1L¢'_1¢Cc)UnlyAi I_lrt SluUyl_l [cJTgt.ln .

*iti .o

_&y _ N|gHT AV_RA_[ SOUND LEVE_.
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wainsperhour.Numbers of respondentsrangedfrom 1-55 USA 24 Site(Fidell,197g)
at eachof26sites,Noisemeasufemenlswerereportedby Los AngelusAirporl(LAX 2 S]'I;E)(Fidelland Joues,

AnderseuelaL inunilsofL._ andwerecenverledtoL,., by 1975)
using t he mefilod described for Ihe Rylander ( 1977 ) survey, AntwerpSIreet(MyuckeetaL, 1977)

r Andersen el al. direcdy asked respondcats "Does rail- Brussels Street (Myncke el aL, 1977)
way noise annoy [yon]7" Respondents indicaled dtal Ihcy Canadian Road (Hafiand Taylor, 1977)
were ([) slrnngly annoyed, (2) sonlcwha[ annoyed, (J) Danish Street (Roister, 1975)
slightly annoyed, (4)very little anlloyed, or (5) not an-

noyed at all Respondentsratiug dlenlselvesas"strongly art- S, Derivation of a fitting function
noyed" wereconsideredto be highlyannoyedforpresent
purposes.This representsgO%ofdleresponsescate, slightfy 'File studies summarized above yielded a total of 292
underL_limat[ng high annoyance as defined by Ihe 27%- new dnla poims. Figure 13 combines the data from the indi-
29% crileriu, vidual studies described above inlo a single ploL along wilh

A grid was overhdd on Figure I of Audersen et aL Ihc 161 data points from lilt clustering surveys of Schuhz
(1983) In eslimale values of pairs of noise exposure levels (1978). A leasl-squares quadratic fit to Ihe data points is
and pereenlages of highly annoyed respondcnls. Figure 12 also shown.
shows 95% confidence hnervals for Ihe 26 poims from rids Figure 14 compares Ihe third-order polynomial rune-
study, lion Schuhz chose Io fit tile data of the 1978 symhesis with a

second.order lilting funclion for all 453 dais points, As can
12. OthefMudlo$ be seen, the quadralic fil lo the new data palms is several

Data from the following studies [ considered as purl of decibels higher (aboul 4 dB higher at an L.. value of 57.5
Ihe original clustering surveys or four addellda by Schultz dll, and about 1.5 dB higher at an Lu,, value of 70 dll).
(1978)J are included ill Ihe preseul analysis as well. TII_ indicllling greater annoyance Ihan the 1978 synthesis over a
reader is referred Io Schullz (1978) for a delailed exphma- large parl of the range ofinteresl for most purposes,
lion of the treatment accorded the data of these studies.

French Aircraft (Alexandre. 1970) If. DISCUSSION
Second Ilealhrow Airport (MI L Research, 1971)
First Healhrow Airport (McKenncll, 1963) A. Relationship between third-order polynomial and
London Tramc ( Langdou, 1976) least-squares quadratic fit
Munich Airport (Rohrntanera/,, 1974) Sehultz (1978) selected It third-order polynomial
Paris Street (Aabrce el aL, 1971) forced to predict zero prevalence of high annoyance at an
French Rail (Aubree, 1975) L.,, value of 45 dB for the 1978 dosage-effect relationship.
Swedish Aircraft (RylanderetaL, 1972) Figure 15 conlpares the 1978 dosage-eft'oct relationship whh

Swiss Road (Grandjean sial., 1973) (1) die (unconslralncd) leasl-squnres quadratic titlingSwiss Aircraft (G rand jean el al., 1973) function shown in the previous figures and (2 ) wilh quadrat-

/

Fig, [2. R¢lanonship tlfdala from Dull.

i_ll Railmad Srml) Ill P178 _*ylll]l*._i_
c*ffv¢.

DAy . NIGHT AVERAG[ 50UND LEVEL
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icleasl-squllrcsfils Iolbe upper aud )owerbound(irieso#'lllC dr_t_c fitting #'ut|ct_OtlSarc ba_ed i_;nol error-free. _lldeCd,
95% conlideucc intervals Forall data poinls, Nole Ibat Ihe there is uncerlainty hi quantification of both tile dependent

lg?8 relationship Ih._wilbb) Ih_se Ihnii, (wcr via'really all of and indcpendenl variablesof the dosag_ll"cct relalionshlp,
its rang,:. Influences of errors ofsev,:ral typeson tile rclatlonsllip are

The equalion of Ibc qzludradc Iitliulg runclioli is discussedbriefly ber_,and from a difl'Crelltp©rspcctiv¢,by

%IIA = O,03b0L _,, - 3.2645L,,,. + 78.g18 I. Green and Fidcll C1991).

Tile quadratic fil accuullls for 44% of tbu variance ill the
diila points. Since die b_sl.fiiting (lea_l-_quares crhurion) B, Blas errorsln definitlomn ofliigh annoyance
cubic relalionship accounts ['or only 1% more variarlce, at_d One obvious influence on the shape ofthe fitting rune-

in Ibe absence ofany Iheorelical [mperalive iu finvou'ofeitller don is Ibe definition adopted for high annoyance in eacb of
on(:, tbe quadratic is preferred over tl_e cubic fit I'_r reascms the data sels. Table 11compares die percentages of the re-
ofparslmony, sponse allernatlves included in die definiIion of "high an-

The hlformacion oil wbich bulb Hie 1978 and (be qml- noyance" ill tbe I I studies nol coasldered in Hie 1978 synth-
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luHllinl _llid 9[l_L_r;lIiC _i_lill_ fiLIl_.'(iOIL_
@

csis,Oa average,sell-reportsof annoyancein _l_cupper C.UncertaintyInr_eaeurementeof percentagesof
31.4% of theresponseahernativcsin thesestud_eswerecon= reepelldontsIllgllly annoyed
sidercdtomeetcriteriafor"highannoyance."This figure is
slightly higherthan the 2"/%-29% average forthe [2 clus- Table Ill displays tile sizes of the average eslimated
tering surveyson which the 1978dosage--elrectrelationship 95% confidenceintervalsfor percentagesofhlghly annoyed
is based, About half (45,5%) of the data points underesti- respondents for each of the 29 data s_ls. Whenpubfished
mate "high annoyance" by 5%, while 54.5% of Ihe data reports contained sulficient informallon, (hese estimates
points overcstimate"high annoyance"by ]0.3%. Even these weremadebycalculatingconfidenceintervalsforeachinter.
figuresdo notsuggest the extent to which the dosage-effect viewing site and averaging them within studies, When the
relationslfipis sonsitive In the dclinilion of high annoyance published reports indicated only tolal numbers of respon-
in separate surveys. Because the present data sel of 453 dentsandintervlewingsites, thcestimales weremadehy as-

points is composed of a relativelylargenumberof surveys suming equal numbersof respondenls per siIe. As can be

each contributinga relativelysmall numberof data points, seen, there is considerableuncertainty insome oflhe survey
: changing tile definition of high annoyance adopted in any data about percentagesof respondents highly annoyed,The

onesurveyhunlikelytoproduceameaningfulchangeinthe average widthoft fieeslimated 95% confidenceintervals of
dosage-effect relationship. [he 29 studlcs it 16.5%. Given thai tile slope of"tile 1978

Forexamp]e,changing (hcdefinition ofbigh annoyance dosage-cg'ect relationship is about 2%-3% highly annoyed
adopted forIhe Burbank Airporl data points from 40% of perdecibeloflmise exposure Ihroughmuch of its range, the
the responsescale to 30% of the rusponsescale as shown in Ltneertainlyin the original survey data corresponds to zt
Fig. 16changesIhe quadrallc fit hardly at nIL change in noise exposure of uearly an order of magnitude.

TAULE It. Pcrcenlage of responsealternatives considered "highly an noying" in surveys noZconsidered in the 1978 sylllhesis.

Col]lparlsr_l_of pcreerllagC_,
Survey % of response % of % of

_c;dc ¢ol_sidered ICJll_ldl_tit n,cwd:u_

"highly al_lloyillg" poinls p:)illl_

Auslralian Aireran 20% 9._% 21.4%
Aircraft/Tram¢ 4¢)% 4,6% ID,7%
Burbank Airport 40% 4.4% 1{}.2%
Orange Coallly Airporl 9d% 2.7% 6 1%
Tramway/T_i)i¢ 2 _% 2.7_ 6 1%

Decalur Airporl 40% : 0.9% 2.(1%
t]riIisll ttailra_d 25% 2.4% S.6%
Swedish R_il_d 2_% 3.3% 7,7%
U.S. Airba_¢ _n% S.S% 12_%

WeslehC_ler ^iqx)r ( 40% 1,8% 4.1%
Danish gaifroad 20% 5.7% 13._%

231 J, Acoust.SOC.Am., VOL89,No. I, January 1991 F_811ot a£: Noisedosageeflects 231
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Since thi_ uneertalnty repros•his the fundamental level tff D. Errors in eatimatlag noise exposure

precision of measurement on tile ordinate nf the dosltgc- A more difficult matter to llddress is uiicerudllty ill re-

effect refalionsfilp, it is mlproduclive to seek expfiulallmlS ported n_easuremenls or noise exposure, Few of the studie_

for smaller differellces :lmollg pmentlal filtiiIg fiulctions for reviewed provide su_¢Jetfl delall to permil eslhuatinn of

th_c dlt tzl. confidcll¢¢ iltlerVais for sucfi aleas,renl¢lltS. II_ goner;d, the

iltffabers of InJeropfione ]o_atiolls, durations or measure-

: TAItLEllI.Ninely.Sv¢¢tlnfidencelnlcr_ahfilrdel,:rmin;_th._._t_W_cc,i. IllCI1|_ calibration of ni.Ja_uremetlts _[_ains[ miter in['ornla-

itL=e_or r_llldenl_* hight) almoyed • [[DII, lind homogcneity or _xpo%ure across illt_ry[cwillg SilOS

: ant not well reported.

Rank orderinl;of_ludi¢_ b)'a_¢rasc_'M_t_lulcdettll[_delleetnl_rv;ll_ Ol_g t_Xee_tIO[I is the iI_e_sllrcHlellJS made at Burbank
U/[dliltlfqs_ Stud_
c..fid¢.ce Airport, In Ifils cas_, noJs_ measureiIil_llt _ '*Ve_'Clnad_ m ff_'c

inl_rv_d (_) locations wilhin each inlerviewing site For a fiffl week prior

to illtervlewJllg, and Ihe Oblaitled measurcmellt_, were taft-

'7.1 51_i_*Airc_aff {Gr,_,dj¢;melul,, IqT.tl brated agaltiM Iloise exposure grlldicnls derived rronl air-
: 7,2 Traffiu/Tr;ml_l r I"['r;t[l[¢oil[y, t()[;mdcr. [q77_

'_.4 Seco.d IJ¢_lthrtlwAilp*tl'f( hill. I(_.".eareh,P)TI) Crllfl lloisc C(llllllU rill_ software. I_.ven ill Ibis CilSC, flow•vet.

i i: "/.5 Iffifi.,hlLail(Fiehl_andWalker, l_l_2) exposure varied by abot_t _2.5 dB within filter_iewh_g

i . 7.6 Fl¢ltch Aircnfft (Ale_;indrc. Iq?(I) sties. This figure is probably close to Ih¢ greatest precislol_ of
' fi::: 0.O ,_*,_* Ra;td tG¢;(tld_¢;.tela_,, t_?J)

_: physical mcasuremem of any of tfie studies ill the presell[= : 10.9 First Ilcalltlow Airl'_wl (MuK_Im¢I. Iqh3)
10.0 WL-.1_ql¢,,I,:r AJrp*_rt( I:iddl el o1., Iqg$ ) data _;el Thus the position of _ltly fittillg t'Ultl_liOll devctcffw.d
I L._ Ilurhattk Airporl I I:idrll t'l at.. tql_$1 top title;data set probably ¢amlol Wit hstand lilly closer scruIi-

11.4 Tr_tfltu/t'rmtlwa) 1Tramway only, t_.ylaud_r. Ily (lf_ts rehtl[onsJlip to the abs¢i_;sa ill;Ill 3 dlt,I*)'/'/I
12,3 Ormlg¢ C_lulllyAirl_rl ( I:id¢ll ¢'l el.. IqS_ t
12,5 I,o_Angul¢_Airl_lrl ( FJd¢ll_ndJon¢_ Iq75t
13.5 S_edi_h ](all (Sorcn_:. mid I hHnnlar. I')K3) E. Reliability of ¢losage-effect relationship
t4.3 Au_lndianAirunlFI(I if'de and Itutlen,IqS_)
14.5 IIru_d_ Street tMy,ck_ ,,:.1., 1'177[ One major inlpllcation nf the l'*reeedillgdisctlssinn o1"
[4.8 USA 24 She (Fiddl. Iq78) sources of error in Ihc data set is IJlat Ihe relatively Sllla]J

lb.3 A.l_erp SlrCel ( My_tckeel _1,, IC_'/'/) di_ere,ccs betwect_ the curret_t dosage-effect relationship

1(_.3 I)_:atur Atrlx_rt (Schemer. Iq8_[ alld Ifie OIle Sylltllesized in J978 sllould .ol be ovcriIHerprel-[7.3 t:rc*l_ll RlilJ(Auhlee,[q75)
18.'/ P;td_*SII'e,:I(Auhrc¢,el el.. ItS?I) t.'(I,Tile difl'erences tire minor OlleS that CC*Lddbe ttt t ributed as
2[)2 D;tlti_h Ruilrtl;id (Auderwn t'/_1.. Iq_2 ) per_,uztsiveJy to errors or mea_;urenl¢l_t of vtlriotl_; tlort s8s IO

_t2,1 I'rMfi¢/Ah'cnd'l Compari..tln ( Tr;dfi¢ tml)'. II_dl SUbSIIUIIiV_ e]rccts. AllOt fief illlplic;tllon is Ihat nlore sophis-

vtu/,_ 1_77J I[_:ated CUrVe fitlin 3 procedures could he employed to deal
22.4 Canadl.m Ro.td tllatl mid "l'uyl,r. t97'/]
23.4 U,S. Air h;r.e ( Ik_l_k)'.IU85) _','i(h UllCel'taillt y Ol1both ;IX¢_,of the re fiai(lllN filp. [-'or e_.:l ni -
23.q l)ani_h SIr_'¢l ( I_cKtcl, tq75 ) pie, if tile goal were m weight tile salience o['each d_ita point

24,4 I.t_tidtln"t'ntfl_¢(I.u_lgdtm.1qThl hy Ifie mtlgltit uric o1" ilS likely errors c_["hmfi physleM alld

_q.5 ['raffie/Airer;t[i C'tlilll_;tt'i',t)*l(A/rerali _ln[_.H;tff psycfioIogie=ll Ille;P,urelllel_l, ;i d(V_ilge,--¢lJ'_el rehtlion_dllpt't ,d., 1'1'/7I

32.(1 Munich Airl'_ltt tlttlhrman t.l,/.P_741 W[([I ;I ra[ fleer di_rell( sfiapl: illighl _veff Clll*_rge.
4(].3 $1__'dKhAircriffl ( R)'land*:rel.t,. Iq?2) AllOt her filIlitlttioII ofhntlltfie 1978 i)O]yllOMli_ll approx-

imatim_ and tht: current quadrtalc fillillg functimt is that
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[bcy arc botb 81rllp]y COllVCflient datll fil{Jflg fUllCliOllS, dg- Surs'cyof Airerafl Noi'.e il=Swil/,:rland," in ProceedingsOt'lheIntcrna-

void or' physicilI nlelllrillg. |30th filllClions _lre posili'/ely ire- 16,halCo.lgrcssOil Noiw a__lI'uhlic I (¢_lllhEmblem, D_hrovnik, Yu-gn,dalia.prl, 645oll51).Seeiilso "$nzin.[l%¢hologiseheFlughlrlnunlC_ll-
celer_led witbin Ihc rarlge of ]_NL values ol'grea[esl ialer- ehi,,i9 in Gehiel ilcr d,_i 8di_tei_er Ehlghlif¢*i: Z, rieh, Gell£ Ilasel
es[. lilrd bo(h life nonnlOllO[Ollic. C;irc is tb _r¢ foi-e ileeessltry t 8,_:iUll_yclulllgliea I hl_¢'.lig;lliollllf Airerllfl Nols¢ in Ih¢Vi¢inilics nf

to avo{d osillg I bese rclaliorlships outside Ibeir illtc/idcd rh,¢e Swi_ Arr/_lrl_: Zurich. G_ne_a,and Ila_1)." .in reporl n,lmher.

t ranges. Common scrlse 81rollgly SllggCs[8 t{l{il it1 re.llity (be Arl_il_gCnlcill'._hllfl ftlr S_lzillll_¢htllo_i_llu EluglarmUlllersuchungeil,l{ern IElilc 1973r

ftll|C[iOll relalillg expOsllre [0 lirlllOyance iiitl_( be _i Sigfflo[d C{rc¢il.D, and Ehl¢ll, S ( 1991)>"V;iriahilily in Ihceril_rhln filr r¢imrliilg
asynlpt llliC I0 '¢aluc$ of I b_ prevli]ellCC of linlloy_lncc ill th_ allil,,y;lll¢¢ in ¢llnulluliily norse,_uriey,,.'' J, AcllliSl. Sl_:,Ain, 89, 234-

vicinity of 0% and 100%. 24J

Tile nexl llrtJele in Ib}s issll¢ develop!; =1[llcorer}cally IlalI, F L.midTa_h,r.S M { 1977)"Pmlicti=LgComu..=ity Respoa_L'toE_oad1radlc N,6,_'." J. S¢_mulVib 52 ( 2 ). pp I- I_,
b;tscd alterrlil[{ve approzicb Io (he purely crop{deal cllrw ill- Ilall, F. Irir.ie, S,,'l'aylor, S. M ,;.Id Pahl=er,J, r 19HI), "l)ire,:t Co=npari-
tilzg descrlbed =tbove, soa of commu.ily Itt._p_ln..eIo Eilad t'lalli¢ N*fis¢ and Io Air_:rafl

Nnisc."J.AcOUSl.So¢,Am, 7if, pp.16_}(I-16q14>
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