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Day-night average sound level (DNL), first developed by the
U.S. Environmental Protection Agency, is commonly used to
quantify and assess environmental noise. A keystone to noise
assessment is the dose-response relationship. How ever, the
dose-response relationship is not an absolute; there is great
scatter to the data on w hich it is based. In an attempt to re-
duce the scatter to the DNL data, the EPA suggested the use of
‘normalized’ DNL. Normalized DNL is the basic DNL value
w ith a number of adjustments added to account for specific
characteristics and factors of the sound. This article review s
and analyzes the concepts inherent in normalized DNL and
provides an updated set of normalization factors that can re-
duce the scatter to dose-response relationships.

Day-n igh t average sou n d  level (DNL), first d evelop ed  by th e
U.S. En viron m en tal Protection  Agen cy,1 is com m on ly u sed  to
qu an tify an d  assess en viron m en tal n oise.2 A keyston e to n oise
assessm en t is th e d ose-resp on se relation sh ip . With  su ch  a re-
lation sh ip , on e can  relate com m u n ity resp on se to n oise level.
Sin ce th e sem in al  w ork by Sch u ltz,3 “h igh  an n oyan ce” h as
been  th e resp on se m easu re of ch oice – esp ecially in  th e Un ited
States. Figu re 1 sh ow s th e relation sh ip  d evelop ed  by Sch u ltz
betw een  th e DNL for variou s tran sp ortation  n oise sou rces an d
th e corresp on d in g com m u n ity resp on se exp ressed  as th e p er-
cen tage “h igh ly an n oyed .”  On e h al lm ark of th is  figu re an d
m an y like it, is th e large am ou n t of scatter to th e d ata. Th e 90%
p red iction  in tervals are qu ite large. In  th is figu re, th ey are abou t
20 to 25%  w id e at m id  levels. Th e p red iction  in terval can  be
u n d erstood  to m ean  th at if on e w ere to su rvey m an y com m u -
n ities w h ere th e DNL w as, for exam p le, 65 d B, th en  on e w ou ld
exp ect to fin d  th at  th e rate of h igh  an n oyan ce w as betw een
abou t 5 an d  28%  in  90%  of th e com m u n ities su rveyed .

Sch u ltz w as n ot th e first to d evelop  a d ose-resp on se relation -
sh ip . Rath er, h is con tribu tion  w as to gath er th e resu lts from  a
w id e variety of com m u n ity attitu d in al su rveys an d  tran slate
th em  all to a com m on  m etric, DNL. On e of th e first d ose-re-
sp on se relation sh ip s (Figu re 2) w as created  by Kryter an d  re-
p u blish ed  by th e Fed eral EPA.4 In  Figu re 2, th e n oise m etrics
are  Com p osi te  Noise Rat in g (CNR) an d  th e Noise Exp osu re
Forecast (NEF), tw o of th e foreru n n er m etrics to DNL. On e fac-
tor is clear in  Figu re 2: for th e sam e n oise level, th ere can  be a
w id e ran ge to th e p robable com m u n ity resp on se. For exam p le,
at an  NEF of 20 d B, p red icted  reaction  in  Figu re 2 ran ges from
“n o com p lain ts” an d  5%  ratin g th e n oise as u n accep table to
“grou p  ap p eals to stop  n oise” an d  25%  ratin g th e n oise as u n -
accep table.

Th e EPA d evelop ed  th e DNL m etric an d  attem p ted  th e first
d ose-resp on se relation sh ip  for th is m etric1 (Figu re 3). Th ere are
several salien t p oin ts to th is figu re. Th is is am on g th e first u ses
of th e term  “h igh ly an n oyed .” Like Figu re 2, th is  figu re at-
tem p ts to sh ow  both  an n oyan ce an d  com p lain ts on  on e figu re.
Figu re 3 sh ow s th e 95%  con fid en ce in terval at ±10 d B. Note:
th e con fid en ce in terval sh ow s w h ere th e relation sh ip  or th e
fu n ction  is likely to be. Figu re 3 d oes n ot in clu d e th e p red ic-
tion  in terval. Th e p red iction  in terval sh ow s w h ere an y on e d ata
p oin t is likely to be. Th e p red iction  in tervals are alw ays larger
an d  u su ally sign ifican tly larger th an  th e con fid en ce in tervals.

Com p arison  of Figu res 1 an d  3 sh ow s m arked  d ifferen ces be-
tw een  th e tw o relation sh ip s. In  gen eral, th e Figu re 3 relation -
sh ip  p red icts h igh er levels of an n oyan ce for th e sam e DNL th an
d oes th e Sch u ltz relation sh ip . Bu t th ere is n o clear in d ication
th a t  th e  tw o  s tu d ies  u sed  th e  sam e d efin i t ion  fo r  w h a t  i s
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Figu re 3. “In tercom p arison  of variou s m easu res of in d iv id u al an n oy-
an ce an d  com m u n ity  reaction  as a fu n ction  of th e d ay-n igh t average
n oise level.” (A fter EPA , 1973.)

Figu re 2. “Relation s between  com m u n ity  n oise levels (m easu red  in  CN R
or N EF), ju d gm en ts of u n accep tability, an d  com m u n ity  resp on ses are
sh ow n .” (A fter EPA , 1971.)

Figu re 1. T h e S ch u ltz  relation sh ip  between  p ercen t h igh ly  an n oyed  an d
DN L for tran sp ortation  n oise sou rces.
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“h igh ly an n oyed .” On e of Sch u ltz’s m ajor con tribu tion s w as a
clear d efin ition  of “h igh ly an n oyed ” for a variety of situ ation s.
Accord in g to Sch u ltz th e “h igh ly an n oyed ” grou p  is abou t th e
top  28%  of resp on d en ts w h en  u sin g a n u m erical scale – typ i-
cally w ith  ad jectival en d p oin ts. It  can  also be th e top  1 to 3
ch oices on  an  ad jectival scale.

Th e EPA ad op ted  th e u se of DNL for n oise assessm en t.5 In
th eir rep ort th ey again  attem p ted  to relate n oise levels w ith
com m u n ity reaction  as m easu red  by com p lain ts an d  legal ac-
tion s. Figu re 4 p resen ts basic d ata available at th at tim e sh ow -
in g com m u n ity reaction  versu s DNL. Th ere is a great d eal of
scatter to th ese d ata. At 55 DNL, reaction s ran ge from  “n o re-
action ” to “severe th reats of legal action  or stron g ap p eals to
local officials to stop  n oise.” Som e m ay qu estion  th e u sefu l-
n ess of grap h ics like Figu re 4 in  view  of th e large am ou n t of
scatter to th e d ata. Th ere is ju st too m u ch  scatter to th e DNL
d ata.

Like h igh -an n oyan ce d ata, com p lain t d ata also exh ibit a great
d eal of scatter w h en  p lotted  again st DNL. In  fact, tw o stu d ies
of com p lain ts, Lu z, et al., an d  Mabry an d  Carey each  fin d s th at
com p lain ts correlate better w ith  n ew  an d  u n u su al even ts th an
w ith  DNL.6,7

In  an  attem p t to red u ce th e scatter to th e DNL d ata, th e EPA
su ggested  th e u se of ‘n orm alized ’ DNL.5 Norm alized  DNL is th e
basic DNL valu e w ith  a n u m ber of ad ju stm en ts ad d ed  to ac-
cou n t for sp ecific ch aracteristics an d  factors of th e sou n d . Table
1 sh ow s th e EPA-su ggested  ad ju stm en t factors an d  th e am ou n ts

of th e ad ju stm en ts. Factors in clu d e season al correction s, cor-
rection s for th e settin g, correction s for p reviou s exp osu re an d
com m u n ity relation s an d  correction s for sou n d  ch aracter (ton al
or im p u lsive). Figu re 5 sh ow s th e d ata from  Figu re 4 after th ey
h ave been  n orm alized  u sin g th is p roced u re. Clearly, in  Figu re
5 th e d ata com p ress an d  th ere is m u ch  less scatter to th e d ata
th an  in  Figu re 4.

In  reality, th e Table 1 n orm alization  factors w ere in  u se lon g
b e fo re  t h e  EPA’s  O ffi c e  o f N o i s e  A b a t e m e n t  a n d  Co n t ro l
(ONAC). Th e ad ju stm en t m eth od  w as in corp orated  in  th e first
Air Force Lan d  Use Plan n in g Gu id e in  1957 an d  w as later sim -
p lified  for ease of ap p lication  by th e Air Force an d  th e Fed eral
Aviation  Ad m in istration .8 An  id en tical table, excep t for th e
title, w as p u blish ed  in  1971 as “Correction s to be Ad d ed  to th e
Measu red  Com m u n ity Noise Equ ivalen t Level (CNEL) to Ob-
tain  Norm alized  CNEL.”

Tod ay, th e sam e issu es exist as in  th e 1950s, 60s an d  70s.
Dose-resp on se relat ion sh ip s are u sed  to relate  DNL to h igh
an n oyan ce an d  to com p lain ts, bu t th ere is great u n certain ty to
th ese relation sh ip s. Figu re 6 sh ow s a m ore recen t an alysis of
attitu d in al su rvey d ata in clu d in g th e origin al Sch u ltz-stu d ied
su rveys an d  m an y ad d ition al su rveys.9 If an yth in g, w ith  m ore
d ata, th e scatter is greater an d  th e p red iction  in tervals are larger
still. At DNL 65, th e 90%  p red iction  in terval ran ges from  abou t
1 to 40% . Yet few  h ave p u rsu ed  th e con cep t of n orm alized  DNL
even  th ou gh  th e in d ication  is th at i t  w ill  red u ce scatter an d
afford  a better p red iction  of th e reaction s in  an y given  com m u -

Figu re 5. Com m u n ity  reaction  for th e n orm aliz ed  DN L in d icated . (A f-
ter EPA , 1974.)

Figu re 4. Com m u n ity  reaction  for th e n on -n orm aliz ed  DN L in d icated .
(A fter EPA , 1974.)
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Table 1. Corrections to be added  to the m easured  DNL of in truding noise to obtain  norm alized  DNL.5

Type of Correction
Correction Added to
measured DNL (dB)

0

–5

+10

+5

0

–5

–10

+5

0

–5

–10

0

+5

Description
Summer (or year-round operation)

Winter on ly (or windows always closed)

Quiet suburban  or rural community (remote from large cities and  from industrial 
activity and  trucking.

Normal suburban  community (not located  near industrial activity)

Urban  residential community (not immediately ad jacent to heavily traveled  roads and  
industrial areas)

Noisy urban  residential community (near relatively busy roads or industrial areas)

Very noisy urban  residential community

No prior experience with  little in trud ing noise

Community has had  some previous exposure to in trud ing noise bu t little effort is 
being made to control the noise. This correction  may also be applied  in  a situation  
where the community has not been  exposed  to the noise previously, bu t the people 
are aware that bona fide efforts are being made to control the noise.

Community has had  considerable previous exposure to the in trud ing noise and  the 
noisemaker's relations with  the community are good .

Community aware that operation  causing noise is very necessary and  it will not 
continue indefin itely. This correction  can  be applied  for an  operation  of limited  
duration  and  under emergency circumstances.

No pure tone or impulsive character

Pure tone or impulsive character p resen t

Seasonal Correction

Correction  for Outdoor Noise 
Level Measured  in  Absence
of In trud ing Noise

Correction  for Previous
Exposure and  Community
Attitudes

Pure Tone or Impulse
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n ity. Th e p u rp ose of th is article is to review  an d  an alyze th e
con cep ts in h eren t in  n orm alized  DNL an d  to p rovid e an  u p -
d ated  set of n orm alization  factors th at m ay red u ce th e scatter
to d ose-resp on se relation sh ip s.

Th is article is con cern ed  w ith  tw o situ ation s. Situ ation  1 is
w h en  a sou n d  sou rce an d  a com m u n ity h ave existed  togeth er
for a lon g tim e (at least a few  years). Th is m igh t be term ed  a
stead y-state situ ation . Situ ation  2 is w h en  a sou n d  sou rce is
bein g in trod u ced  to (or rem oved  from ) a com m u n ity. Th is m igh t
be term ed  a tran sien t situ ation . Tw o typ es of reaction s are con -
sid ered : com p lain ts an d  (h igh ) an n oyan ce.

EPA Corrections for Normalization
Th e EPA n orm alization  p roced u re is rep rod u ced  in  Table 1.

Th is p roced u re is organ ized  in to 4 factors, bu t th e th ird  factor
covers tw o top ics, so th ere are really 5 factors. Th ese are: sea-
son al  ad ju stm en ts, th e com m u n ity set t in g (am bien t sou n d ),
p reviou s com m u n ity exp erien ce, com m u n ity attitu d es tow ard s
th e n oisem aker, an d  sou n d  ch aracter (ton al or im p u lsive).

Seasonal Correction. Th e ‘season al’ factor as given  in  th e
EPA rep ort is really a “w in d ow s state”  factor. In  effect, th e EPA
w as assu m in g th at if th e w in d ow s are n orm ally closed  w h en
th e n oise occu rs, th en  th ere sh ou ld  be a –5 d B ad ju stm en t to
th e DNL. Th is is gen erally a tru e statem en t. Wh en  w in d ow s are
closed , p eop le are gen erally som ew h at less both ered  or  an -
n oyed  by ou td oor  sou n d s. Bow sh er  in clu d ed  both  su bjects
in d oors an d  ou t-of-d oors10 an d  Sch om er an d  oth ers h ave p er-
form ed  tests  w ith  w in d ow s sh u t  or  op en  a  l i t t le  (abou t  2-3
cm ).11-12 Both  th e 1994 an d  1995 stu d ies fou n d  ch an ges on  th e
ord er of 5 d B in  th e su bjective resp on se.

Som e m ay w on d er w h y th e ch an ge is on ly 5 d B w h en  th e
in d oor sou n d  goes u p  by 10 d B or m ore w h en  w in d ow s are
op en ed , even  on ly a lit t le. On e exp lan ation  is th at p eop le are
n ot  sou n d  level  m eters . Th eir  exp ectat ion s ad d  to th eir  re-
sp on se. Wh en  som eon e ch ooses to op en  a w in d ow, th ey exp ect
th e sou n d  level to go u p . Th erefore, th eir criterion  for w h at is
an n oyin g sh ifts. Th is sh ift  p artially com p en sates for th e in -
crease in  n oise, so alth ou gh  th e sou n d  level in d oors m ay in -
crease by 12 d B, th e an n oyan ce grow s by on ly som eth in g like
4 to 6 d B. Possibly, exp ectation s accou n t for th e oth er 6 to 8
d B –  p eop le exp ect th e sou n d  level to in crease d u e to th eir
action  of op en in g th e w in d ow.

Th ese laboratory fin d in gs are corroborated  by social su rveys
in  n oisy com m u n ities. Field s carried  ou t a m eta-an alysis of th e
effect of 22 p erson al an d  situ ation al variables in  n oise an n oy-
an ce  su rveys .13 Th e  m ajor i ty  o f s tu d ies  rev iew ed  sh ow ed
p eop le bein g less an n oyed  if th ey w ere relatively isolated  from
sou n d  arou n d  th eir h om e. Th u s, if th e n oise exp osu re occu rs
on ly in  th e w in ter w h en  p eop le keep  th eir w in d ow s closed , it
is reason able to exp ect a red u ction  in  an n oyan ce.

At th e sam e tim e, if n oise forces p eop le to keep  th eir w in -
d ow s closed  year-rou n d , th ere is n o reason  to exp ect closed
w in d ow s w ill red u ce an n oyan ce. In  a qu estion  sp ecific to w in -
d ow s, Bron zaft, et al., qu eried  resid en ts of Staten  Islan d  abou t

h ow  n oise in terfered  w ith  sp ecific life activities.14 Abou t h alf
of th e resp on d en ts w ere in sid e an  aircraft DNL 65 con tou r an d
th e oth er h alf w ere ou tsid e th e DNL 65. Abou t 50%  of th ose
exp osed  to DNL 65 or h igh er rep orted  h avin g to keep  th eir w in -
d ow s closed  com p ared  to 33%  ou tsid e th e DNL 65 con tou r. Th e
au th ors n ote th at 32%  of th e resid en ts th at l ived  w ith in  th e
fl igh t  p at tern  area  com p ared  to  14%  in  th e  n on -fl igh t  area
stated  th ey w ere both ered  by n oise a great d eal. It  sh ou ld  also
be n oted  th at th e w in d ow s op en / closed  d ifferen ce is n ot th e
sam e across all  frequ en cies. At low  frequ en cies, th e tran sm is-
sion  loss of th e w in d ow s is very low.

Correction for Outdoor Noise Level Measured in Absence
of Intruding Noise. Th e secon d  correct ion  d ep en d s on  tw o
m easu res: th e am bien t backgrou n d  level an d  ‘in tru d in g’ n oise.
Th e first is relatively w ell d efin ed ; th e secon d  is am bigu ou s.

Calcu latin g am bien t backgrou n d  level is straigh t forw ard . If
th e site in  qu estion  is n ear a m ajor n oise sou rce, th e am bien t
can  be calcu lated  w ith  a com p u ter m od el (e.g., INM for airp orts,
FHWA Traffic Noise Mod el for h igh w ays, etc.). If th e site in
qu estion  is isolated  from  m ajor n oise sou rces, th en  th e am bi-
en t backgrou n d  can  be calcu lated  from  th e EPA’s equ ation  re-
lat in g th e n u m ber of p eop le p er  squ are m ile to backgrou n d
DNL. Alth ou gh  th is equ ation  is a qu arter-cen tu ry old , Stew art,
et al., sh ow ed  th at it  is still  valid ,15 u sin g 50 sites in  th e Balti-
m ore Metrop olitan  Area.

In  con trast to backgrou n d , d efin in g “ in tru d in g n oise”  p oses
a p roblem . Does “ in tru d in g n oise”  refer to th e DNL/ LEQ of th e
n oise bein g assessed  or to th e sin gle even t levels of th e n oise
bein g assessed ? Th e an sw er is u n clear.

Field s  evalu ated  th e evid en ce for  th e  fi rs t  in terp retat ion
th rou gh  d irect rean alyses of over 57,000 in terview  resp on ses
to 35 n oise sou rces in  20 social su rveys an d  review s of p u bli-
cation s for over 12,000 ad d ition al resp on ses to 16 n oise sou rces
in  13 social su rveys.16 He u sed  DNL (or equ ivalen t level, LEQ)
as th e m easu re of th e in tru d in g n oise, an d  DNL (or LEQ) as th e
m easu re of backgrou n d  n oise, an d  con clu d ed  th at th e back-
grou n d  h as a n egligible effect on  n oise an n oyan ce.

Evid en ce for th e secon d  in terp retation  com es exclu sively
from  laboratory stu d ies. Gjestlan d  an d  Ofted al h ad  su bjects
assess th e an n oyan ce of 30-m in u te exp osu res to d ifferen t kin d s
of traffic n oise,17 i .e., d istan t su p erh igh w ay, n earby road  w ith
m an y tru cks, city street w ith  p assen ger cars, etc. Th e n oise w as
p resen ted  w i th  a  very  low  con stan t  backgrou n d  n oise  as  a
m asker. Th ey fou n d  th at  n oise w as ju d ged  d ifferen tly even
th ou gh  th e 30-m in u te LEQ for each  listen in g session  w as th e
sam e. Th ey con clu d ed  th at th e best m etric w as LEQ calcu lated
over n oise even ts above a certain  th resh old . Field s review ed
10 oth er laboratory stu d ies in  w h ich  su bjects rated  th e target
n oise.16 Nin e ou t of 11 fin d in gs in d icated  th at reaction s to th e
target n oise w ere red u ced  by am bien t n oise. To accou n t for th e
red u ction  of th e an n oyan ce of an  in tru sive sou n d  from  back-
grou n d  sou n d , th e  Am er ican  Nat ion a l  S tan d ard s  In s t i tu te
(ANSI) S12.9 Part 4 recom m en d s n ot in clu d in g n oises th at are
m asked  by th e am bien t in  a sou rce sp ecific an alysis.2 Basically,
th e ANSI p roced u re says, “Do n ot in clu d e sou n d s th at can n ot
be h eard .”

Alth ou gh  th e backgrou n d  d oes n ot  ap p ear  to  be a  s t ron g
d eterm in an t of n oise an n oyan ce, th e EPA levels d ocu m en t still
com es close to h ittin g th e m ark. On e can  th in k of th is factor
n ot as a backgrou n d  correction  bu t as a correction  for com m u -
n ity sett in g. Exp ectation s in  d ifferen t sett in gs are d istin ctly
d ifferen t, an d  th ese d ifferen ces in  exp ectation  affect th e level
of com m u n ity an n oyan ce. For exam p le, Sch u lte-Fortkam p  an d
Nitsch  asked  su bjects livin g in  d ifferen t u rban  sou n d scap es  to
ju d ge  th e  u n p leasan tn ess  o f t ap e -reco rd ed  n e igh borh ood
n oise.18 Wh en  th e n oises w ere p resen ted  to th e p eop le livin g
in  th e area w h ere th e n oises h ad  been  record ed  an d  to p eop le
n ot livin g th ere, d ifferen ces in  th e ju d gm en ts of u p  to on e cat-
egory on  a five-p oin t scale w ere observed .

Willits, et al., h as stu d ied  com m u n ity exp ectation s in  ru ral
settin gs.19 Table 2 rep rod u ces Willets’ d ata. Man y p oten tially
p ositive attribu tes of ru ral livin g are given . Of th ese, th e n u m -

Figu re 6. A  recen t com p ilation  of att itu d in al su rvey  resu lts in clu d in g
th e origin al S ch u ltz  d ata an d  m an y ad d ition al su rveys. N ote th e large
am ou n t of scatter to th e d ata.
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ber on e exp ectation  to ru ral livin g is “p eace an d  qu iet.”  Th is
p ositive attribu te of ru ral livin g ran ks far above virtu ally all
oth er p erceived  ru ral attribu tes. For exam p le, p eace an d  qu iet
are m u ch  m ore exp ected  th an  is a low  crim e rate. Th ese ex-
p ectation s are abou t th e sam e for ru ral, u rban  an d  su bu rban  re-
sp on d en ts. Th at is, everyon e exp ects ru ral areas to be bastion s
of p eace an d  qu iet.

Field s an d  oth ers w h o stu d y n oise an n oyan ce by d evelop -
in g d ose-resp on se relation sh ip s can n ot con sid er th is situ ation
of com m u n ity exp ectation s becau se th e d ata d o n ot p erm it it .
By d efin ition , th ere is n o stead y-state situ ation  w h ere th e set-
tin g is ru ral an d  qu iet. Th e resid en ts exp ect th e com m u n ity to
be qu iet, bu t th ey are n ear a n oisy exp ressw ay or airp ort. If th e
com m u n ity is n ext to an  exp ressw ay or airp ort, th e resid en ts
rem ain in g after several years n o lon ger exp ect qu iet.

On e can n ot u se th e stead y-state d ose-resp on se relation sh ip
gath ered  from  d ata taken  by road s an d  airp orts to p red ict an -
n oyan ce in  a  qu iet  ru ral  set t in g w ith ou t  s ign ifican t  ad ju st-
m en ts. Here exp ectation s relate to tran sien t situ ation s, to th e
sitin g of a n ew  airp ort, h igh w ay or factory. DNL 60 m ay im p ly
less th an  10%  h igh ly an n oyed  in  an  u rban  situ ation ; bu t DNL
60, if it is a n ew  airp ort, factory or h igh w ay in  a qu iet ru ral area,
m ay yield  100%  h igh ly an n oyed .

In  con clu sion , th e EPA n orm alization  factor of +10 d B for
qu iet ru ral settin gs is ju stified  an d  n eed ed  n ot on  th e basis of
th e backgrou n d  sou n d  bu t on  th e basis of th e com m u n ity ex-
p ectation s for a qu iet en viron m en t.

Correction for Previous Exposure and Community Attitudes.
Th e th ird  factor in  Table 1 is really th ree su b-factors grou p ed
togeth er: p reviou s exp erien ce, com m u n ity attitu d es tow ard  th e
n oisem aker (p u blic relation s), an d  “ in creased  toleran ce”  for
sh or t -t e rm  n o ises  (e .g.,  con s t ru c t ion  n o ise ).  Th e  com m on
th read  ru n n in g th rou gh  th ese factors is th at th ey, like exp ecta-
tion s, are “m en tal p rocesses.”  In  h in d sigh t, i t  is obviou s th at
th ey are: (a) d ifferen t categories of m en tal p rocesses; an d  (b)
are n ot a com p lete list  of im p ortan t categories.

For th e first category of m en tal p rocess, p reviou s exp erien ce,
th e EPA su ggests th ree levels of p reviou s exp erien ce: n on e,
som e an d  con sid erable. With  referen ce to n oise sou rces, th e
term s n on e an d  som e are clearly d ifferen t. Bu t th e d istin ction
betw een  som e an d  con sid erable is m ore d ifficu lt to u n d erstan d
in  th is con text. Th is p reviou s exp erien ce n orm alization  factor
seem s to im p ly a tran sien t situ ation . Th ere w as n o road  bu t a
n ew  exp ressw ay w ill be bu ilt, or th ere w as n o airp ort bu t a n ew
airp ort w ill  be bu ilt . Th ese w ou ld  seem  to be exam p les of th e

“n o p rior exp erien ce”  state. Altern atively, th ere is an  airp ort
bu t a closer ru n w ay w ill be ad d ed , or th ere is an  exp ressw ay
bu t an oth er lan e of traffic w ill  be ad d ed . Th ese w ou ld  seem  to
be exam p les of th e “som e p rior exp erien ce”  state. How ever, th e
d istin ction  in  th is con text, betw een  ‘som e’ an d  ‘con sid erable’
is d ifficu lt to m ake.

Th e p reviou s exp erien ce n orm alization  factor recogn izes th at
n aive com m u n ities w ill  be m ore an n oyed  by th e in trod u ction
of a n ew  n oise sou rce th an  can  be p red icted  by stead y-state
assessm en t of th e an n oyan ce in  establish ed  com m u n ities w h ere
th e n oise h as existed  for a lon g tim e. Several exam p les in  th e
section  on  Case Stu d ies illu strate th is p oin t. We su ggest, h ow -
ever, th at th is factor be sim p lified  to tw o states: (virtu ally) n o
p rior exp erien ce an d  (som e) p reviou s exp erien ce. Fu rth er, w e
su ggest th at th e EPA n orm alization  factors of +5 d B be ap p lied
to situ ation s w h ere th e com m u n ity h as (virtu ally) n o p rior ex-
p erien ce.

Th e rem ain in g EPA ad ju stm en ts for p reviou s exp erien ce are
n ot born e ou t by exp erien ce. It d oes n ot n ecessarily follow  th at
a com m u n ity w ith  p rior exp erien ce still  is n ot an n oyed  by a
rein trod u ction  of som e n oise or by an  in crease in  th at n oise.
In  fact, th is factor is sort of th e m en tal con ju gate to an  exp ec-
tation  factor. Wh ereas on e m ay exp ect op en in g a w in d ow  to
in crease th e n oise or on e m ay exp ect th eir ru ral n eigh borh ood
to be qu iet, th is n ew  n oise sou rce for w h ich  th ere is (virtu ally)
n o p reviou s exp erien ce is u n exp ected .

In  th e vicin ity of n oisy m ilitary in stallation s, th e qu estion
of p reviou s exp erien ce is  esp ecial ly com p lex. Evolvin g n a-
tion al strategic objectives, ch an gin g Con gression al ap p rop ria-
t ion s an d  base-real ign m en t an d  closu re (BRAC) can  lead  to
step w ise sh ifts in  com m u n ity n oise exp osu re. A good  exam p le
is Westover Air Force Base in  w estern  Massach u setts. Westover
served  as a bom ber train in g base an d  p ort of em barkation  an d
d ebarkation  d u rin g World  War II. In  th e 1950s, th e base w as
vital in  tran sp ortin g freigh t an d  p assen gers to forces in  Korea,
p rim arily w ith  C-47 an d  C-54 p rop eller aircraft. From  1955 to
1974, i t  w as a m ajor base of op eration s for th e Strategic Air
Com m an d  w ith  B-52 bom bers gen eratin g an  SEL of 121 d B at
1000 ft u n d er th e takeoff p ath .8 From  1974 to 1987, op eration s
sh ifted  to C-130s w ith  an  SEL of 91 d B at 1000 ft  u n d er th e
takeoff p ath .20 Th en  in  1987, n oise levels sh ifted  u p  on ce again
u p on  station in g of th e C5A w ith  an  SEL of 112 d B at 1000 ft
u n d er th e takeoff p ath .8

Com m u n ity resp on se w as qu ick an d  coord in ated . In  a 1987
su it, th e n eigh bors argu ed  th at th e m ilitary h ad  u n d erestim ated

Table 2. Responses in  percent from  rural, urban  and  suburban residents to item s dealing with  positive im ages of rural life.19

Agree
63.2

71.6

85.6

68.8

65.7

77.7

69.3

73.4

94.6

Item
Rural life brings ou t the best in  people.

Rural families are more close-knit and  
enduring than  other families.

Because rural life is closer to nature, it is 
more wholesome.

Rural communities are the most satisfying of 
all p laces to live, work and  p lay.

Rural people are more likely than  other 
people to accept you  as you  are.

Neighborliness and  friendliness are more 
characteristic of rural communities than  
other areas.

Life in  rural communities is less stressfu l 
than  life elsewhere.

There is less crime and  violence in  rural 
areas than  in  other areas.

Rural areas have more peace and quiet 
than do other areas.b 

Undecided
20.8

13.0

7.2

13.7

13.1

8.8

8.1

8.1

1.9

Disagree
15.9

15.4

7.2

17.5

21.2

13.5

22.6

18.6

3.5

Rural (N=571)a

Agree
46.5

61.2

73.7

39.8

53.4

69.0

60.7

67.4

89.3

Undecided
27.2

11.7

8.1

18.0

14.6

11.2

8.6

9.7

3.4

Disagree
26.4

27.1

18.2

42.2

32.0

19.8

30.7

23.0

7.3

Urban (N=384)
Agree
48.9

66.7

72.9

43.7

51.4

64.8

63.0

70.8

91.9

Undecided
26.4

11.3

7.7

13.7

13.7

10.9

8.8

10.6

1.8

Disagree
24.6

22.0

19.4

42.6

34.9

24.3

28.2

18.7

6.3

Suburban (N=284)

*     Sign ifican t 0.05.
*** Significan t 0.001.
a     Number of cases varies sligh tly from item to item due to missing data.
b     Emphasis added .
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its n oise im p act on  th e com m u n ity. Th e cou rt fou n d  th at USAF
m ad e a good  faith  effort in  th e En viron m en tal Im p act Statem en t
(EIS) bu t also allow ed  for citizen  recou rse if th e EIS-estim ated
n oise im p acts  w ere exceed ed . Li t igat ion  con t in u ed , an d  in
1994, resu lted  in  a $1.5 m illion  settlem en t to 42 fam ilies w h o
su ffered  losses to th eir p rop erty valu es.21

In  th is case, com m u n ity exp ectation s w ere far m ore im p or-
tan t th an  p rior exp erien ce. Lou d  n oise h ad  gon e aw ay an d  th e
com m u n ity d id  n ot exp ect th at n oise w ou ld  be rein trod u ced .
Sim ilar situ ation s h ave occu rred  w h en  th e Arm y h as stop p ed
u sin g firin g ran ges for a lon g p eriod  of tim e an d  th en  rein tro-
d u ced  th e firin g of w eap on s. Th e com m u n ities n o lon ger ex-
p ected  th is typ e of n oise. Exp ectation s clearly are a p ow erfu l
m od ifier of n oise an n oyan ce.

Th e secon d  su b-factor w ith in  th e EPA’s th ird  correction  is
th at th e “ th e n oisem aker’s relation s w ith  th e com m u n ity are
good .”  Th is su b-factor is fu rth er d efin ed  as “p eop le are aw are
th at bon a fid e efforts are bein g m ad e to con trol th e n oise.”  Th e
EPA p roced u re allow s a 5 d B bon u s for th is attitu d e an d  th e
m eta-an alyses of Field s con firm  th at th is attitu d e is an  im p or-
tan t m od ifier of an n oyan ce.13 How ever, th is is on ly on e of five
attitu d es con firm ed  as im p ortan t. In  ad d ition  to “n oise p reven -
t ion  be l ie fs ,”  F ie ld s  l i s ted  “ fea r  o f d an ger  from  th e  n o ise
sou rce,”  “beliefs abou t th e im p ortan ce of th e n oise sou rce,”
“an n oyan ce w ith  n on -n oise im p acts of th e n oise sou rce,”  an d
“gen eral n oise sen sitivity.”

In  a m ore d etailed  stu d y of atti tu d es, Stap les, et al., com -
bin ed  elem en ts of Field s’ “n oise p reven tion  beliefs,”  “beliefs
abou t th e im p ortan ce of th e n oise sou rce” an d  “an n oyan ce w ith
n on -n oise im p acts of th e n oise sou rce”  in to a 10-item  En viron -
m en tal Noise Risk Scale.22 Stap les h ad  351 su bjects th at w ere
livin g in  th e 55 to 60 DNL zon e of a form er m ilitary airfield
th at h ad  been  con verted  for com m u n ity u se. Th e d ep en d en t
variable w as a 14-item  “n oise d istu rban ce”  scale w h ich  com -
bin ed  act ivi ty d is tu rban ce qu est ion s w ith  an n oyan ce qu es-
tion s. Usin g step w ise m u ltip le regression , th ey fou n d  th at th e
en viron m en tal n oise risk scale accou n ted  for 36%  of th e varia-
tion  in  in d ivid u al d istu rban ce from  n oise. Particu larly p ow er-
fu l w ere fou r item s load ed  on  a statistical factor th at th ey la-
b e l e d  “ a p p r a i s a l  o f o n e ’s  n e i gh b o r h o o d  a s  i n a d e q u a t e l y
p rotected  an d  vu ln erable to fu tu re in creases in  n oise.”  Th ese
item s w ere:
! If airp ort n oise in creases, it  w ill  m ake m y n eigh borh ood  a

less d esirable p lace to live.
! My n eigh borh ood  is exp osed  to m ore n oise th an  oth er n eigh -

borh ood s n ear th e airp ort.
! Airp ort an d  govern m en t officials are d oin g all  th ey can  to

con trol n oise.
! Airp ort n oise p robably w ill  n ot in crease m u ch  over th e n ext

5 to 10 years.
Th ese fou r qu estion s accou n ted  for 43%  of th e variation  in

in d ivid u al d istu rban ce from  n oise (p <0.0001), m ore th an  w h at
w as accou n ted  for by th e u se of th e en tire n oise scale w h en  it
w as u sed  in  th e regression . “Noise sen sitivity,”  on e of th e atti-
tu d es con firm ed  by Field s, w as p ositively correlated  w ith  gen -
eral an n oyan ce (r=0.70, p <0.001) bu t u n related  to en viron m en -
tal n oise risk. In  ad d ition  to con firm in g th e im p ortan ce of th e
attitu d es id en tified  by Field s, Stap les, et al., con firm ed  th e im -
p ortan ce of exp ectation s an d  p rior exp osu re. Wh en  ad d ed  to
th e step w ise m u ltip le regression , “n oise relative to exp ecta-
tion s”  raised  th e exp lain ed  varian ce to 45% . Th e ad d ition  of
“n oise relative to p rior exp osu re”  as a th ird  variable raised  th e
exp lain ed  varian ce to 48% .

In  su m m ary, th ere is lit t le qu estion  th at th is su b-factor is a
p ow erfu l on e. Th e p roblem  is th at th is m u ltid im en sion al fac-
tor is far m ore com p lex th an  su ggested  in  th e origin al an aly-
sis. More stu d ies like th ose of Stap les, et al., are n eed ed  be-
fore a com p lete set of correction s can  be d evelop ed .22 How ever,
in  th e in terim  th e EPA-su ggested  n orm alization  factor of –5 d B
can  be u sed  w h en  th e “p u blic relation s”  p rocess is resp on sive
to all  of th e factors cited  above th at con tribu te to n egative atti-
tu d es. Th at is, “good  relation s”  are created  by a variety of ac-

tion s th at cou n ter th ose m en tal p rocesses th at lead  to in creases
in  an n oyan ce. Th ese in clu d e resp on d in g qu ickly, fu l ly an d
sin cerely to n oise com p lain ts, ed u catin g th e p u blic as to th e
n ecessity of th e n oise sou rce an d  bein g cogn izan t of an d  re-
sp on sive to n on -acou stical factors th at can  lead  to in creased
‘n oise’ an n oyan ce. Non -acou stical factors can  be su ch  th in gs
as ed u catin g th e p u blic as to th e safety of th e n oise sou rce so
th at fear w ill  n ot be a n egative factor an d  bein g resp on sive to
oth er sou rces of an n oyan ce like “ th e aircraft screw s u p  th e TV
recep tion .”  Clearly, a  lot  can  be d on e by th e n oisem aker to
cou n ter n egative feelin gs in  th e com m u n ity. Good  p u blic rela-
tion s are w orth  at least –5 d B as a n orm alization  factor.

Th e th ird  su b-factor is th e p ercep tion  th at th e n oise “w ill n ot
con tin u e in d efin itely”  an d  Table 1 assign s a –10 d B n orm al-
ization  factor if th e com m u n ity is also aw are th at th e “op era-
tion  cau sin g n oise is very n ecessary.”  City m ain ten an ce w ork-
ers  u s in g a  jackh am m er  to  fix  a  broken  w ater  m ain  w ou ld
certain ly fall  in to th is category. How ever, h ere th e EPA seem s
to h ave forgotten  th at DNL, as d efin ed  by ANSI an d  u sed  by
Sch u ltz, is an  an n u al average.3 Strictly sp eakin g, a on e-m on th
con stru ction  p roject alread y receives a –10 d B ad ju stm en t be-
cau se it  is on ly th ere for abou t 1/ 10 of a year. Th is factor, as
given  by th e EPA, can  on ly be u sed  if on e ‘forgets’ to calcu late
an  an n u al average an d  in stead  calcu lates DNL on ly for w h en
th e n oise is p resen t. Bu t su ch  a p rocess is su sp ect. Is a on e-
d ay con stru ction  p roject th e sam e as a th ree-m on th  con stru c-
tion  p roject? Sh ou ld  th ey be assessed  as id en tical? Probably
n ot. Sin ce vir tu ally al l  of th e at t i tu d in al  su rvey d ata rel ied
u p on  to create d ose-resp on se relation sh ip s are an n u al average
d ata, on ly th e an n u al average can  be qu an tified  for assessm en t
p u rp oses. Th u s, th is su b-factor sh ou ld  be d rop p ed  as vagu e,
in com p lete an d  u n su p p orted  by d ata. As d iscu ssed  below, th e
on ly real recou rse if DNL is to be u sed , is th e an n u al average.

Pure Tones or Impulses. Th e p resen ce of p rom in en t ton es
or  im p u lses is  kn ow n  to in crease th e an n oyan ce of sou n d s
com p ared  to sou n d s th at d o n ot exh ibit th ese sp ecial ch arac-
teristics. Table 1 su ggests a sim p le +5 d B ad ju stm en t for th e
p resen ce of ton es or im p u lses. How ever, th is is an  area th at h as,
in  p art, received  a great d eal of scien tific atten tion  in  th e in -
terven in g 25 years. Th e cu rren t ANSI S12.9 Part 4 an d  In ter-
n ation al Organ ization  for Stan d ard ization  (ISO) 1996 Part  2
Am en d m en t 1 both  give m ore d etailed  ad ju stm en ts for im p u l-
sive sou n d .2,23 In  both , th e d efin ition s of im p u lses are d ivid ed
in to th e follow in g categories:
! Impulsive Sound. Sou n d  ch aracterized  by brief excu rsion s

of sou n d  p ressu re (acou stic im p u lses) th at sign ifican tly ex-
ceed  th e am bien t en viron m en tal sou n d  p ressu re. Th e d u ra-
t ion  of a  s in gle im p u lsive sou n d  is  u su ally less th an  on e
secon d .

! Highly Impulsive Sound. Sou n d  from  on e of th e follow in g
en u m erated  categories of sou n d  sou rces: sm all-arm s gu n fire,
m etal h am m erin g, w ood  h am m erin g, d rop  h am m erin g, p ile
d r iv in g, d rop  forgin g, p n eu m at ic  h am m er in g, p avem en t
breakin g, m etal im p acts d u rin g rail-yard  sh u n tin g op eration ,
an d  rivetin g.

! High-Energy Impulsive Sound. Sou n d  from  on e of th e fol-
low in g en u m erated  categories of sou n d  sou rces: qu arry an d
m in in g exp losion s, son ic boom s, d em olition  an d  in d u strial
p rocesses th at u se h igh  exp losives, m ilitary ord n an ce (e.g.,
arm or, artillery an d  m ortar fire, an d  bom bs), exp losive ign i-
t ion  of rockets  an d  m iss i les , exp losive  in d u str ia l  c i rcu i t
breakers an d  an y oth er exp losive sou rce w h ere th e equ iva-
len t m ass of d yn am ite exceed s 25 gram s. Norm ally, for sin gle
im p u l s ive  sou n d s  o f con ce rn  fo r  t h i s  S t an d a rd ,  t h e  A-
w eigh ted  sou n d  exp osu re level w ill  exceed  65 d B an d  th e
C-w eigh ted  sou n d  exp osu re level w ill  exceed  85 d B.

! Regular Impulsive Sound. Im p u lsive sou n d  th at is n ot h igh ly
im p u lsive sou n d  or h igh -en ergy im p u lsive sou n d .
Wh en  sou n d s can  be p red icted  or sep arately m easu red , h igh -

en ergy im p u lsive sou n d  receives a +12 d B ad ju stm en t an d  regu -
lar im p u lsive sou n d  receives a +5 d B ad ju stm en t. Un d er ANSI,
th e n orm alized  or ad ju sted  h igh -en ergy im p u lsive sou n d  ex-
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p osu re level  LN E is  given  in  term s of th e C-w eigh ted  sou n d
exp osu re level LCE by

Un d er ISO, i f h igh ly im p u lsive n oise is  m easu red  an d  i t  is
im p ossible to sep arate th e h igh ly im p u lsive sou n d  from  oth er
n on -im p u lsive sou n d , th en  a +5 d B n orm alization  factor is ap -
p lied  to th e en tire m easu rem en t.

Un d er both  ISO an d  ANSI, +5 d B rem ain s th e typ ical n or-
m alization  factor for sou n d s w ith  p rom in en t d iscrete ton es.
Little h as been  d on e in  th e p ast 25 years to p rovid e better qu an -
tification  for th is n orm alization  factor. Un d er ANSI, a p rom i-
n en t d iscrete ton e is d eterm in ed  by a m eth od  like th e follow -
in g from  State of Illin ois n oise regu lation s:24

“Prom in en t d iscrete ton e: sou n d , h avin g a on e-th ird  octave
ban d  sou n d  p ressu re level w h ich , w h en  m easu red  in  a on e-
th ird  octave ban d  at  th e p referred  frequ en cies, exceed s th e
arith m etic average of th e sou n d  p ressu re levels of th e tw o ad -
jacen t on e-th ird  octave ban d s on  eith er sid e of su ch  on e-th ird
octave ban d  by:

“5 d B for su ch  on e-th ird  octave ban d  w ith  a cen ter frequ en cy
from  500 Hz to 10,000 Hz, in clu sive. Provid ed : su ch  on e-th ird
octave ban d  sou n d  p ressu re level exceed s th e sou n d  p ressu re
level of each  ad jacen t on e-th ird  octave ban d , or;

“8 d B for su ch  on e-th ird  octave ban d  w ith  a cen ter frequ en cy
from  160 Hz to 400 Hz, in clu sive. Provid ed : su ch  on e-th ird
octave ban d  sou n d  p ressu re level exceed s th e sou n d  p ressu re
level of each  ad jacen t on e-th ird  octave ban d , or;

“15 d B for  su ch  on e-th ird  octave ban d  w ith  a  cen ter  fre-
qu en cy from  25 Hz to 125 Hz, in clu sive. Provid ed : su ch  on e-
th ird  octave ban d  sou n d  p ressu re level exceed s th e sou n d  p res-
su re level of each  ad jacen t on e-th ird  octave ban d .”

If sou rce-sp ecific m easu rem en ts are corrected  for backgrou n d
sou n d  th en  care m u st be exercised  n ot to ‘accid en tally’ in tro-
d u ce th e ap p earan ce of a p rom in en t d iscrete ton e w h ere n on e
exists. For th is p u rp ose, ANSI S12.9 Part 3 con tain s gu id an ce
on  th e m easu rem en t of backgrou n d -corrected  on e-th ird -octave-
ban d  sou n d  p ressu re levels an d  th eir ap p lication  to th e m ea-
su rem en t of p rom in en t d iscrete ton es.25

Factors Not in EPA’s Normalization Procedures
Up  to n ow, ju st th ose factors in clu d ed  w ith in  th e origin al

EPA recom m en d ation s h ave been  d iscu ssed . How ever, d ata an d
reason  su p p ort at least tw o ad d ition al factors. Th e first of th ese
relates to n oticeable n oise-in d u ced  rattles an d  th e secon d  con -
sid ers th e tim e p eriod  ad ju stm en ts to DNL. We also con sid er
th e tim e d u ration  over w h ich  DNL is calcu lated .

Noise-Induced Rattle. Not ad d ressed  in  th e EPA’s origin al
n orm alization  factors is “n oise-in d u ced  rattle.” Blazier w as on e
of th e first  to com m en t on  n oise-in d u ced  rattles in  bu ild in g
elem en ts.26 He w as con cern ed  abou t rattles in  an  office settin g
in d u ced  by th e low -frequ en cy en ergies gen erated  from  h eat-
in g an d  ven tilatin g system s. He n otes th at th ere is a “h igh  p rob-
ability th at n oise-in d u ced  vibration  levels in  ligh tw eigh t w all
an d  ceilin g con stru ction s w ill be clearly n oticeable.” ANSI 12.2
h as in corp orated  th is su ggestion  by Blazier both  in  th e Room
Criterion  (RC) p roced u re of Blazier an d  th e Balan ced  Noise Cri-
terion  (NCB) p roced u re of Beran ek.27 In  essen ce, sou n d  levels
at or above 75 d B in  th e 16 or 31 Hz octave ban d  or at or above
80 d B in  th e 63 Hz octave ban d  are p roh ibited .

On e can  tran slate th ese in d oor criteria to equ ivalen t ou td oor
criteria. Based  on  blast n oise stu d ies,11,12,28 an d  con tin u ou s
sou rce stu d ies,29,30 Sch om er sh ow s th at typ ical h om e atten u -
ation  in  th e ran ge from  20 to abou t 80 Hz is abou t 10 d B.31

Hen ce, th e above criteria levels can  be tran slated  to ou td oor
levels by ad d in g 10 d B. Th at is, ou td oor levels in  excess of 85
d B in  th e 16 or 31 Hz octave ban d s or in  excess of 90 d B in  th e
63 Hz octave ban d  h ave a h igh  p robability th at th e n oise w ill
in d u ce n oticeable vibration s in  ligh tw eigh t w all an d  ceilin g
elem en ts.

For com p arison , Tokita, et al., rep ort  on  m in im u m  sou n d
p ressu re levels th at gen erated  rattlin g sou n d s in  w in d ow s.32

(1)L LNE CE= −2 103*

Th ese d ata are rep rod u ced  in  Figu re 7 an d  sh ow  likely levels
for rattles as 80, 85, 90 an d  100 d B, in  th e 8, 16, 31 an d  63 Hz
octave ban d s, resp ectively. Con sid erin g th at th ese d ata are for
Jap an ese w in d ow s an d  slid in g d oors an d  th e (in d oor) Blazier
d ata are for ligh tw eigh t elem en ts in  office settin gs, th e agree-
m en t is rem arkable. By w ay of fu rth er com p arison , Alverson
con clu d es for aircraft th at: “a C-w eigh ted  m axim u m  level of 80
d B w ou ld  correctly id en tify m ost even ts h avin g vibration -p ro-
d u cin g p oten tial.”33 An  80 d B (C-w eigh ted ) criterion  is virtu -
ally id en tical  to th e octave ban d  l im its d evelop ed  based  on
Blazier’s d ata, as lon g as th e en ergies are in  th e low -frequ en cy
ban d s (i .e., th e C-w eigh ted  level exceed s th e A-w eigh ted  level
by a sign ifican t am ou n t, typ ically 10 to 20 d B).

Sch om er h as sp ecifically stu d ied  th e equ ivalen t in crease in
an n oyan ce w h en  th ere are n oticeable n oise in d u ced  vibration s
th at can  be h eard  by th e su bjects. Th e su bjects n eed  on ly h ear
elem en ts rattle, th ere is n o tactile p ercep tion  of vibration . In
on e stu d y,34 sim u lated  blast sou n d s w ere p resen ted  to su bjects
both  w ith  an d  w ith ou t  n ot iceable  ra t t le  sou n d s. Th e blast-
sou n d  in d u ced  rattle n oise w as virtu ally u n m easu rable com -
p ared  w ith  th e blast sou n d  yet it  in creased  th e equ ivalen t an -
n oyan ce by 6 d B at low  blast levels an d  by 13 d B at th e h igh est
blast levels u sed  in  th at stu d y. In  an oth er stu d y u sin g real h e-
licop ters to gen erate th e test sou n d s,35 th e m ere ad d ition  of n o-
t iceable  ra t t le  sou n d s  in creased  th e  su bjec t ive  an n oyan ce
ju d gem en ts by 10 to 20 d B. Again , th e rattle sou n d s w ere vir-
tu ally u n m easu rable com p ared  w ith  th e h elicop ter sou n d . Sev-
eral su bsequ en t stu d ies sh ow  an  in crease in  an n oyan ce w h en
A-w eigh ted  levels are accom p an ied  by vibration .36-39

At th is tim e, +10 d B is recom m en d ed  for th e n orm alization
factor for n oticeable rattle sou n d s (excep t th ose th at origin ate
from  h igh -en ergy im p u lsive sou n d s), al th ou gh  th e evid en ce
su ggests th at th is factor m ay be a variable an d  m ay be larger at
tim es. Based  on  th e w ork by Blazier an d  th e ANSI S12.2 stan -
d ard , n oticeable rattles sh ou ld  be assu m ed  w h en  th e ou td oor
octave ban d  m axim u m  sou n d  levels m eet or exceed  85, 85 or
80 d B in  th e 16, 31, or 63 Hz octave ban d s, resp ectively. Note,
rattle sou n d s m ay occu r at sign ifican tly low er levels th an  th ose
stated  h erein .40 Th e rattle sou n d s are con trolled  n ot by th ese
octave ban d  levels, bu t by th e tran sfer fu n ction  betw een  th e
in p u t (acou stic en ergy strikin g th e stru ctu re) an d  th e ou tp u t
(vibration  sp ectru m  of th e su rface). Som e stru ctu res (an d  com -
p on en ts of th ese stru ctu res) are m ore effective in  tran sferrin g
th is en ergy th an  oth ers. High -en ergy im p u lsive sou n d s are n ot
in clu d ed  w ith in  th e above fram ew ork becau se Eq. (1) alread y
exp licitly in clu d es th e effects of n oise-in d u ced  rattles.

Time-Duration over w hich DNL is Calculated and Time Pe-
riod Adjustments to DNL. Th e Air Force h as h istorically em -
p loyed  “bu sy d ay”  DNL as a w ay of goin g beyon d  th e lim its of
a stead y state p red iction . On e stron g p rop on en t for “bu sy d ay”
h as been  Harris, w h o ad vocates u se of th e bu sy d ay for all  air-
p orts u sin g th e Air Force d efin ition .41 He is p articu larly con -
cern ed  w ith  gen eral  aviat ion  airp orts  w h ere op erat ion s can
p eak on  th e w eeken d s an d  w ith  resort airp orts like Nan tu cket,
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Figu re 7. Min im u m  sou n d  p ressu re level to in d u ce rattlin g of w in d ow s
an d  slid in g d oors. (A fter Tok ita, et  al., 1980.)
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MA w h ere op eration s can  p eak d u rin g a certain  season . For
bu sy com m ercial airp orts, Harris su ggests th at th e average d ay
w ill be abou t th e sam e as th e average bu sy d ay.

Use of average bu sy d ay at first glan ce seem s very logical an d
ap p rop riate. How ever, exam in ation  of p oten tial  resu lts  an d
d ifficu lties lead s to secon d  th ou gh ts. Con sid er th e follow in g.
A certain  p olice fir in g ran ge h as been  u sed  on ly d u rin g th e
w eek, five d ays p er w eek for p olice train in g, for th e p ast sev-
eral years. Noise w as assessed  u sin g th e average bu sy d ay. Th at
is, all th e firin g n oise d u rin g th e w eek w as su m m ed  an d  d ivid ed
by 5 to com p u te th e average bu sy d ay. Th e p ark d istrict n ow
p rop oses to op en  th e ran ge on  w eeken d s for sp ortsm en . An
en viron m en tal assessm en t is p erform ed  an d  it  is rep orted  th at
th ere is n o sign ifican t im p act – th e n oise im p act w ill n ot ch an ge
by th e ad d ition  of th e sp ortsm en  firin g on  w eeken d s. How  can
th is h ap p en ? Th e firin g is 7/ 5 w h at it  w as before. Th ere is a
40%  in crease in  rou n d s fired . Bu t th ere is also a 40%  in crease
in  bu sy d ays, so th e firin g on  th e average bu sy d ay d oes n ot
in crease. Taken  to th e extrem e, on e cou ld  go from  on e firin g
d ay p er year to 365 an d  see n o in crease in  im p act u sin g th e bu sy
d ay con cep t.

Th e above exam p le is h yp oth etical, bu t d u rin g base closu res
th e U.S. Air Force closed  som e bases u sed  m ain ly on  w eeken d s
by th e reserve forces. Th ese reserve activities w ere m oved  to
regu lar Air Bases th at p reviou sly h ad  been  u sed  m ain ly d u r-
in g th e w eek. At th ese bases, th e op eration s really d id  go from
5 d ays p er w eek to 7 d ays p er w eek an d  th e Air Force h ad  to
rep or t  n o im p act  w h en  in  real i ty  th e  im p act  w as  p robably
greater th an  2/ 7th  m ore sin ce m ore p eop le are h om e on  w eek-
en d s th an  d u rin g th e w eek.

It  seem s clear th at  if on e ad d s op eration s or ad d s d ays of
op eration s, th en  th e im p act goes u p . Com m u n ities are n ot very
accep t in g of th e n ot ion  th at  on e can  d ou ble  th e n u m ber of
op eratin g d ays bu t th e im p act d oes n ot go u p  becau se th e bu sy
d ay level h as n ot ch an ged . If ad d in g op eration s or d ays of op -
eration s in creases th e im p act, th en  su btractin g op eration s or
op eratin g few er d ays m u st d ecrease th e im p act. So on  th is ba-
sis, th e con cep t of th e average bu sy d ay fails.

An oth er exam p le m akes th is sam e p oin t in  a d ifferen t w ay.
Con sid er a com m u n ity th at is n ear both  a gen eral aviation  air-
field  an d  a m ilitary airfield . Th e gen eral aviation  airp or t op er-
ates m ain ly d u rin g th e w eeken d ; th e m ilitary airfield  op erates
ju st d u rin g th e w eek. Th e an n u al average DNL from  each  air-
field  at th is com m u n ity is 55 d B. Sh ou ld  th e m ilitary m u ltip ly
th eir op eration s by 7/ 5 in  com p u tin g con tou rs, ad d in g 1.5 d B?
Sh ou ld  th e gen eral aviation  airp ort m u ltip ly th eir op eration s
by 7/ 2 in  com p u tin g con tou rs, ad d in g 4.5 d B? Th e n et resu lt
in  th e  com m u n i ty  i s  55  DNL from  a i rc ra ft  everyd ay. Wh y
sh ou ld  th e con tou rs be in creased ?

Are th ere an y tim es w h en  a bu sy d ay con cep t is correct? Th e
sim p le an sw er is yes, at least in  term s of com p lain ts. Con sid er
th e situ ation  of a Nation al Gu ard  train in g site. Typ ically, th ese
in stal lat ion s gen erate th e m ost  n oise d u rin g 2 to 3 su m m er
m on th s of th e year w ith  sp orad ic w eeken d  train in g d u rin g th e
rest of th e year. So for year-rou n d  resid en ts, on e can  argu e th at
th e an n u al average is valid . How ever, con sid er a su m m er va-
cat ion  com m u n ity ad jacen t  to  th e m il i tary base. In  th is  in -
stan ce, th e su m m er visitors an d  th e su m m er train in g coin cid e.
To th e vacation ers, th e 3 su m m er m on th s con stitu te th e w h ole
year. Th ey n ever see th e qu iet tim es. For th em , tim es of rela-
tive qu iet d u rin g th e rest of th e year w ou ld  m ean  n oth in g. Th e
bu sy d ay con cep t, if th ere is on e, is receiver cen tered  an d  n ot
sou rce cen tered . If th e receivin g com m u n ity is p resen t on ly p art
of th e year, th en  th e im p act sh ou ld  be assessed  on  th e tim e p e-
riod  th at th e receiver is p resen t. On e can  th in k of th is as a “re-
ceiver fram e of referen ce.”

Can  th is sam e con cep t be carried  to w eeken d  op eration s?
Sh ou ld  w e assess n oise based  on ly on  th e w eeken d  sin ce m ost
p eop le are h om e on ly on  th e w eeken d ? Wh at abou t sou rces th at
op erate on ly on  th e w eeken d ? Is th e “w eeken d  fram e of refer-
en ce”  a relevan t su bset to th e “receiver fram e of referen ce?”
First, th e ‘w eeken d ’ fram e of referen ce is relevan t if th e com -

m u n ity ‘arrives’ ju st for th e w eeken d . Bu t if it is ju st at p eop le’s
h om es w h ere th ey alw ays resid e, th en  th e sp ecial fram e of ref-
eren ce for th e receiver is n ot valid . Rath er, w h at m ay be n eed ed
is a tim e p eriod  ad ju stm en t. Cu rren tly, w e ad d  +10 d B to sou n d
at  n igh t  (10 PM to 7 AM). In  Californ ia th ere is  an  even in g
n orm alization  factor or ad ju stm en t of +5 d B (7 PM to 10 PM).
Eu rop e cu rren t ly  p lan s  to  u se  th e  sam e d ay/ even in g/ n igh t
n orm alization  sch em e. Som e h ave su ggested  d ay of th e w eek
ad ju stm en ts. Th is is esp ecially p revalen t in  Germ an y. Ju st as
+10 d B is ad d ed  at n igh t, w h y n ot ad d  +5 d B to all  d aytim e
w eeken d  n oise? Like th e n igh ttim e n orm alization , th is w ou ld
be a w eeken d , d aytim e n orm alization . A valu e of +5 d B w ou ld
certain ly accou n t for eith er p eop le or n oise on ly bein g th ere
on  th e w eeken d  sin ce 10 tim es th e logarith m  of 7/ 2 is abou t
4.5. Bu t m ore im p ortan tly, a +5 d B ad ju stm en t w ou ld  em p h a-
size th e fact th at m ore p eop le, even  th ou gh  th ey resid e th ere
year rou n d , are actu ally at h om e d u rin g w eeken d s th an  d u r-
in g th e w eek.

Case Studies
Alth ou gh  qu estion s relatin g to attitu d e rem ain , u se of n or-

m alization  factors as d escribed  above is ap p rop riate an d  rec-
om m en d ed . Th ree case stu d ies are p rovid ed  to illu strate th is
p oin t.

The New  Denver Airport. On e Colorad o com m u n ity of abou t
60 p eop le w as situ ated  in  th e cou n trysid e m an y m iles from  an y
m ajor road , railroad  or airp ort –  u n til  th e n ew  Den ver airp ort
w as bu ilt  th ree kilom eters aw ay.42 Th e DNL from  th e airp ort
w as ju st below  60 d B, so th e assessm en t su ggested  low  an n oy-
an ce an d  th at everyth in g w as basically OK. Noth in g cou ld  be
fu rth er from  reality. 100%  of th is com m u n ity w as h igh ly an -
n oyed . Over h alf join ed  in  a law su it an d  over 20%  m oved  aw ay
in  th e first year or so, citin g n oise as th eir m ain  reason  for m ov-
in g. Th e DNL is 60 d B, bu t th is com m u n ity w en t from  qu iet to
n oisy, at least in  th e eyes an d  ears of th ese resid en ts. A +10 d B
ad ju stm en t for th e exp ectation s of a qu iet, ru ral com m u n ity
p lu s a +5 d B ad ju stm en t for n o p rior exp erien ce w ith  th e n oise
sou rce, as in  Table 1, w ou ld  h ave gon e a lon g w ay tow ard s
p rovid in g a correct assessm en t of th is situ ation .

It  is logical to exp ect th at over tim e th e p ercen t h igh ly an -
n oyed  in  th is com m u n ity w ill  lessen . On e grou p  leaves; th ey
sell th eir h ou ses to n ew  resid en ts w ith  d ifferen t exp ectation s.
Th e n ew  resid en ts m ove in  kn ow in g th ey are n ear th e airp ort
(th e lan d  is so flat an d  op en  th at on e can  see aircraft rollin g on
th e ru n w ays an d  taxiw ays 3 km  aw ay). To th e n ew  resid en ts,
DNL 60 m ay be accep table, esp ecially if th ey get a good  p rice
on  th e h ou se th ey p u rch ase. Th is n ew  airp ort w ill brin g d evel-
op m en t an d  grow th  an d  in  a few  years, th e u rban ization  of th e
areas w ill  force th e airp ort to im p ose th e sam e restriction s on
op eration s th at th ey origin ally m oved  “ou t in to th e cou n try”
to get rid  of. Areas n earby th at are agricu ltu ral w ill  tran sform
to com m ercial, in d u strial or resid en tial. Th ose th at d o n ot leave
w ill grad u ally com e to term s w ith  th e n oise, an d  th e p ercen t-
age h igh ly an n oyed  can  be exp ected  to d ecrease. Griffith s an d
Raw  fou n d  a m ajor p art of th e effect from  a ch an ge in  n oise level
to be visible 7 to 9 years after th e ch an ge.43 Bu t 10 or 20 years
from  n ow, an  at t i tu d in al  su rvey m igh t  sh ow  less  th an  10%
h igh ly an n oyed .

The Expanded East Coast Plan. Th e Exp an d ed  East Coast
Plan  (EECP) of th e Fed eral Aviation  Ad m in istration  (FAA) is
an oth er exam p le of th e breakd ow n  in  p red iction s of an n oyan ce.
Un d er th is p lan , th e FAA d ecid ed  to fan  ou t aircraft d ep artin g
New ark an d  LaGu ard ia airp orts to ease con gestion  in  th e air-
sp ace n ear th e New  York an d  New  Jersey airp orts. Th e p red ic-
tion s of aircraft DNL in  th e New  Jersey cou n trysid e ran ged  from
th e m id - to u p p er 40s to th e low  60s.44 Th ey give th e p red icted
form er an d  th en  cu rren t DNL levels at 11 com m u n ities (Table
3). Th ey n ote: “Ten  of th ese (com m u n ities) in volved  th e d is-
p ersion  of aircraft over n eigh borh ood s p reviou sly u n exp osed
to aircraft n oise or th e overflyin g of areas at low er altitu d es or
th e con solid ation  of LaGu ard ia traffic in to corrid ors p reviou sly
u sed  on ly for New ark.”  Reaction  to th e EECP w as qu ick. Com -
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p lain ts w ere alm ost im m ed iate, w id esp read  an d  h ave con tin -
u ed  for several years. Nu m erou s legal action s an d  com p lain ts
to state an d  fed eral rep resen tatives en su ed . Th e reaction  from
th e com m u n ity w as an d  is sim p ly far m ore ad verse th an  ex-
p ected  by th e FAA an d  th e New  York/ New  Jersey Port Au th or-
ity.

Wh at h ap p en ed ? Mu ld oon  an d  Miller su ggest th at th e ch an ge
in  DNL is a better p red ictor th an  th e DNL itself in  th is situ a-
tion . Wh ile th is is p lau sible, com m u n ity exp ectation s offer a
sim p ler, m ore d irect an sw er. Th e origin ally very qu iet areas (42
to 45 DNL) sh ou ld  be very ru ral in  ch aracter. Th ese ru ral areas
of New  Jersey h ave exp ectation s of p eace an d  qu iet. Man y of
th e resid en ts w ork in  th e New  York City area. Th ey com m u te
1 to 2 h ou rs each  w ay to w ork. Th ese com m u ters h ave ch osen
th is com m u te to l ive in  th e cou n trysid e. Ap p aren tly, on e of
th eir exp ectation s w h en  ch oosin g su ch  a com m u te is p eace an d
qu iet in  th eir h om e settin g. Th e EECP, at least in  th eir m in d s,
h as taken  th eir p eace an d  qu iet. As Willits, et al., sh ow  in  Table
2 h erein , p eace an d  qu iet are th e n u m ber on e exp ected  p osi-
tive attribu te of ru ral livin g. Ap p aren tly, at least in  th e eyes of
th ese resid en ts, th e n orth east p lan  h as taken  aw ay th eir p eace
an d  qu ie t . Th e n orm al izat ion  p roced u res  su ggested  h ere in
w ou ld  ad d  +10 to +15 d B to th e m easu red  or p red icted  DNL.
Th is ad ju stm en t w ou ld  in clu d e +10 d B for th e qu iet ru ral set-
tin g an d , in  m an y cases, +5 d B for n o p rior exp erien ce w ith  fre-
qu en t aircraft overfligh ts. For exam p le, as Table 3 sh ow s, a DNL
of 48 w ou ld  be ad ju sted  to a DNL of 63, a level th at w ou ld  m u ch
better exp lain  th e w id esp read  com p lain ts an d  d issatisfaction
w ith  th e situ ation .

Marine Corps Air Station (MCAS), Miramar, CA. Follow in g
th e recom m en d ation  of th e Defen se Base Closu re an d  Realign -
m en t Com m ission , MCAS El Toro w as closed  an d  its op eration s
m oved  to NAS Miram ar, n orth  of San  Diego. NAS Miram ar h ad
lon g been  fam ed  for its Top  Gu n  Sch ool an d  its F-14 Tom cats.
Th e Top  Gu n  Sch ool w as m oved  to Fallon , NV, an d  th e Tom -
cats w ere assign ed  to oth er bases. In  th eir p lace, th e Marin es
brou gh t in  F-18 aircraft. Noise con tou r m ap s d evelop ed  for th e
before an d  after con d ition s sh ow ed  little d ifferen ce in  th e n oise
en viron m en t from  su bstitu tin g F-18 for F-14 aircraft .45 Also
in clu d ed  in  th e tran sfer w ere h elicop ter op eration s. Alm ost
from  th e begin n in g, resid en ts h ave com p lain ed  abou t n oise an d
p ol lu t ion  an d  exp ressed  con cern  over  p oss ib le  h e l icop ter
crash es. A su bsequ en t stu d y d em on strated  th at h elicop ter n oise
at th e h om es of com p lain an ts w as so close to th e am bien t th at
on ly m axim u m  levels, n ot SEL, cou ld  be m easu red .46 No p rior
exp erien ce w ith  h elicop ter n oise is a m ajor factor in  th is situ -
ation . Also, h elicop ter sou n d s frequ en tly in d u ce bu ild in g vi-
bration s an d  rattles.

Peop le w h o com p lain ed  em p h asized  th e low  frequ en cies:
“p rolon ged , p en etratin g, low -frequ en cy p ou n d in g of a Su p er

Stallion  h elly-w h op ter,”47 “both  lon ger in  d u ration  an d  stron -
ger in  vibration .”48 In  Febru ary 1999, th e Marin es sh ifted  th e
h elicop ter rou te a m ile sou th  to avoid  th e tow n  of Del Mar an d
oth er su bu rbs. In  resp on se, oth er citizen s com p lain ed , an d  in
Sep tem ber 1999, th e m ayors of fou r cities in  th e fligh t p ath  m et
to d iscu ss w ays to red u ce th e n oise.49 If th e Air Force h ad  in -
clu d ed  a +15 d B ad ju stm en t (+10 d B for h elicop ter n oise-in -
d u ced  rattles an d  +5 d B for n o p rior exp erien ce w ith  th e h eli-
cop ter n oise sou rce) in  th eir assessm en t, th en  th eir p red iction
of com m u n ity resp on se w ou ld  h ave been  m u ch  closer to real-
ity.

Achieving the Intent of the Normalization Factors
Of th e tw o m ilitary an d  tw o civilian  case stu d ies d iscu ssed

h ere, th ree w ere p red ictable from  th e n orm alization  factors
(Westover  AFB, EECP an d  Den ver  Airp or t ) an d  th e  fou r th
(MCAS Miram ar) is p red ictable if a 10 d B p en alty to A-w eigh t-
in g is ap p lied  for vibration . Neverth eless, th e origin al EPA fac-
tors are con fu sin g an d  in com p lete so a set of revised  factors is
su ggested . Th e revised  factors p rovid e n orm alization  ad ju st-
m en ts th at correlate w ith  exp erien ce an d  are based  on  p revi-
ou s p ractice.

Table 4 con tain s th e recom m en d ed  qu an titative n orm aliza-
tion  factors to be ap p lied  to DNL. Table 4 is d ivid ed  in to th ree
p arts. Th e first p art d eals w ith  th e acou stical factors relatin g
to sou n d  ch aracter an d  sou n d -in d u ced  rattles an d  vibration .
Th ere is su p p ortin g evid en ce for each  of th e acou stical factors.
Th e rem ain in g fou r “ typ es of correction s”  relate m ore to atti-
tu d es th an  to p h ysical m easu res of th e sou n d . Th ese fou r are
sp lit  in to tw o grou p s of tw o each : gen eral attitu d in al factors

Table 3. Estim ated  annual average DNL values before and  after EECP
im plem entation , along with  estim ated  norm alized  DNL.

Community
Long Valley
Cranford
Tewksbury
Denville
Allendale
Mendham
Short Hills
Colt Neck
River Edge
Kearny
Readington

Site
No.

2
1
3
5
6

10
7

11
9
8
4

Before
42
52
42
45
42
45
53
50
53
65
49

Rank*
1
2
3
4
5
6
7
8
9

10
11

Change
+7
+5
+5
+4
+4
+2
+2
+1

0 to +1
0

–2

  Annual Average DNL
After

49
57
47
49
46
47
55
51

53–54
65
47

%**
6
7
-
3
-
2
-
-
-

0.4
-

Normalized
DNL***

64
62
62
64
61
62
60
56

53–54
65
47

*     Absolu te number of complain ts without regard  to population .
**   Percent of population  complain ing – not all values reported  by the
       au thors.
*** Only positive change considered  as 'new' sources and  given  a +5 dB
       "no prior experience" ad justment. Quiet rural status (+10 dB
       ad justment) on ly given  to communities where the 'before' DNL was
       45 dB or less.

Table 4. Corrections added  to m easured  or pred icted  DNL to obtain
norm alized  DNL.

Factor
Type

Type of
Correction

Sound
Character

Sound
Induced
Rattles

Time period
for Comput-

ing DNL

Community
Attitudes

Setting

Prior
Experience

Description
Highly impulsive sound1

Regular impulsive sound1

High-energy impulsive 
sound1,2

Prominent d iscrete tones1

Audible rattles induced  
by the sound2

Affected  community on ly 
presen t during certain  
times of the year (e.g., 
summer)

 
Affected  community 
presen t year-round

Nighttime (per curren t 
DNL formulation)

Weekends, daytime

Noisemaker has an  on-
going, effective relations 
program, responsive to all  
major attitud inal factors 
that increase negative 
response to noise sources

Quiet rural community 
(remote from large cities 
and  from industrial 
activity and  trucking)

All other communities

(Virtually) no prior 
experience with  the 
specific noise

Correction 
Added

+12

+5

see Eq. (1)

+5

+10

Compute DNL 
on  the basis of 
the time-period  
that the affected  
people are 
presen t

Compute annual 
average

+10

+5

–5

+10

0

+5

Acoustical-
Physical

Acoustical-
Psychological

All Situations

Acoustical-
Psychological

Only
Transien t
Situations

1See ANSI S12.9 Part 4
2Except h igh-energy impulsive sounds
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an d  t ran s ien t  s i tu a t ion  a t t i tu d in a l  fac tors . Un l ike  th e  tw o
acou stically based  factors, th ese fou r attitu d in al factors, l ike
th e w id ely u sed  10 d B n igh ttim e ad ju stm en ts, are m ore d iffi-
cu lt to ju stify on  th e bases of evid en ce.

Th ese fou r attitu d in al factors are tim e p eriod  (n igh ts, w eek-
en d s) an d  observer orien tation , settin g (ru ral), p rior exp erien ce,
an d  oth er attitu d in al factors th at are cu rren tly, an d  p rovision -
ally, rep resen ted  collectively by th e catch all, “com m u n ity re-
lation s.”  Of th ese, all  excep t th e last are a state an d  th u s can
be read ily accou n ted  for by n orm alization  factors. Eith er an
area is qu iet an d  ru ral or it  is n ot, a sou n d  h as a ton e or n ot, a
com m u n ity h as p rior exp erien ce or n ot, etc. In  con trast, com -
m u n ity relation s rep resen ts th e active an d  con tin u in g in stitu -
tion  of a p rocess to ach ieve an d  m ain tain  good  com m u n ity re-
lation s by bein g atten tive an d  resp on sive to th ose attitu d es th at
are  kn ow n  to  be  s ign ifican t  m od ifiers  to  n oise  an n oyan ce.
Th ese  in c lu d e  resp on d in g qu ickly  an d  effec t ive ly  to  com -
p lain ts, ed u cation  to cou n ter th e con cep t of m isfeasan ce (th e
n oise sou rce is u n n ecessary), ed u cation  to cou n ter fear, an d  re-
sp on d in g to an d  solvin g n on acou stical p roblem s created  by th e
n oise sou rce. In  Table 4, th e tw o gen eral attitu d in al factors are
th e tim e-p eriod  related  factors an d  com m u n ity attitu d es. Th e
tw o tran sien t situ ation  factors are settin g an d  p rior exp erien ce.

Th e read er w ill  n ote th at w e h ave sh ifted  ou r p ersp ective
w h en  d ealin g w ith  th e issu e of com m u n ity relation s to in clu d e
n ot ju st an n oyan ce bu t also com p lain ts, ad d in g a w h ole ad d i-
tion al d im en sion  to com m u n ity resp on se. It is n ot ou r p u rp ose
to d eal w ith  th e u n d erstan d in g or p red iction  of com p lain ts in
th is article. In  fact, “As an y airp ort n oise abatem en t officer w ill
attest . . . com p lain ts are sh ort-term  resp on ses to in d ivid u al
n oise even ts, an d  p articu larly to u n u su al on es.”50 A sim ilar
con clu sion  w as reach ed  in  tw o stu d ies of com p lain ts.6,7 Ou r
on ly reason  for in clu d in g an y d iscu ssion  on  com p lain ts is th at
failu re to d eal effectively w ith  com p lain ts as p art of a p u blic
rela t ion s  p rogram  w il l  ser iou sly  d egrad e th at  p rogram  an d
elim in ate m u ch  of th e ben efits th at can  be realized  by an  ef-
fective p rogram .

Conclusions
It  is con clu d ed  th at n orm alization  to DNL can  rem ove m u ch

of th e scatter  in  resu lts from  com m u n ity to com m u n ity an d
from  settin g to settin g. Fu rth er, n orm alization  w ill  p rovid e for
better, m ore p recise assessm en ts. Th e EPA n orm alization  fac-
tors (Table 1) go in  th e righ t d irection . How ever, th e an alysis
h erein  sh ow s th at several m od ification s, clarification s, ad d i-
tion s an d  d eletion s sh ou ld  be m ad e to th is table.

Th e n orm alization  factors in  Table 4 are recom m en d ed  as
n ecessary an d  ap p rop riate. Th is table con tain s a series of tw o-
state factors for w h ich  n orm alization  valu es are given . In  ad -
d ition , ‘cred it’ can  be taken  for a stron g, effective p u blic rela-
tion s p rogram  th at resp on d s to all  th e m ajor attitu d in al factors
th at m od ify n oise an n oyan ce. Th e n orm alization  factors can  be
grou p ed  in to several categories an d  it  is sh ow n  th at attitu d i-
n al factors are very im p ortan t to u n d erstan d in g an d  qu an tify-
in g n oise an n oyan ce. On e p rim ary factor is exp ectation  (an d
n ot  exp ectin g). In  ad d ition , an n oyan ce ju d gm en ts are m od ified
by a p rim ary grou p  of fou r oth er attitu d in al factors (fear, m is-
feasan ce, com p lain t  h an d l in g, an d  n on acou st ical  con tr ibu -
tion s). With  th e excep tion  of th e w eeken d  tim e-p eriod  ad ju st-
m e n t  t h a t  fi n d s  i t s  h i s t o r y  i n  s o m e  Eu r o p e a n  l a w s  a n d
regu lation s, all  of th e ad ju stm en ts in  Table 4 are based  on  sci-
en tific d ata an d / or th e n orm alization  factors origin ally p u b-
lish ed  in  EPA d ocu m en ts in  1974 an d  in  earlier Air Force d ocu -
m en ts from  th e 50s an d  60s.

Few  recogn ize th at a clear u n d erstan d in g of th e p sych oso-
cial variables is vastly m ore im p ortan t th an , for exam p le, th e
d ifferen ce betw een  a Typ e I an d  Typ e II sou n d  level m eter. If,
as th e evid en ce su ggests, p sych osocial variables con trol m ore
of th e varian ce in  com m u n ity resp on se th an  acou stic variables,
th en  th e active an d  p rop er in clu sion  of n orm alization  factors
an d  p roced u res rep resen ts on e of th e m ost im p ortan t d im en -
sion s to en viron m en tal n oise assessm en t an d  an alysis.
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