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A s  I mentioned t o  seve ra l  of you t h i s  morning, t he  way the   ch ips  f e l l  a s  
t o  who was se l ec t ed  t o  do what i n   t h e   i n t r o d u c t o r y   p a r t  of t h i s  workshop, a l l  
I have t o  do is t e l l  you what  happened; I d o n ' t  have t o  t e l l  you why. That is  
l e f t   t o  J i m  F ie lds .  

What I thought I would do is  e s s e n t i a l l y   t r a c e   b r i e f l y  some of   the 
h i s t o r i c a l   e v e n t s   t h a t   l e d   t o   t h e   i n t r o d u c t i o n  of n igh t   pena l t i e s ,   t hen  go 
b r i e f l y   i n t o   t h e i r   e f f e c t s  on  two th ings .  First, what  happens w i t h   d i f f e r e n t  
kinds of  day/night  operations when d i f f e r e n t   n i g h t   p e n a l t i e s   a r e  employed. I 
w i l l  cons ider   these   e f fec ts   in   t e rms   of   the   d i f fe rence  between a nighttime- 
weighted  cumulative  measure  of  noise  exposure  versus  simply  not  using any n igh t  
weighting a t   a l l ,   i n   d e c i b e l s .  Then t o   p u t   t h e   e f f e c t s  on ope ra t ions   i n to  
perspec t ive ,  some s impl i f ied   equat ions  w i l l  be  used to   a l low you t o   p l a y  games 
wi th   opera t ions   to   see  what effect   n ight   weight ing  has   as  compared t o  no 
weight ing.   Final ly ,   s ince new methods seem t o  be  proposed  about  every 5 years  
i n   t h i s   b u s i n e s s ,  and i t ' s  been 7 years   s ince  anybody came up with a new scheme, 
I ' m  going t o   g i v e  you another   p roposa l   a t   the  end  of my t a l k .  

I ' m  going t o   f o c u s   b a s i c a l l y  on the  events  and s t eps   t ha t   t ook   p l ace  
l ead ing   t o   ac t ions   i n   t h i s   coun t ry .  I'll mention b r i e f l y  a few methods t h a t  
have  been  proposed i n  Europe - other  approaches  that  were  used t o   a d j u s t   l e v e l s  
fo r   n igh t   co r rec t ions .  However, I ' m  going t o  key t h i s   t a l k  mainly t o   t h o s e  
events  which affect  fundamentally  the  planning  operations and documents  which 
have come out  in  our  country.  

Probably   the   s ta r t ing   po in t  i s  around 1951 when  Ken Stevens,  Walter 
Rosenblith and Dick Bol t  were working on the i r   p re l imina ry   s tud ie s  which l e d   t o  
the   o r ig ina l   composi te   no ise   ra t ing  scheme, o r  CNR. This was a method f o r  
a t t e m p t i n g   t o   r e l a t e   t h e   p h y s i c a l   n o i s e  and o t h e r   a t t r i b u t e s   i n   t h e  community 
t o  some method t o   e s t i m a t e   t h e  community response  that  would be  expected. 

There  were  no social   surveys  avai lable;   the   input   data   in   terms  of  commu- 
ni ty   response were basical ly   assessments   of   case  his tor ies .  Among the   cases  
were a i r p o r t s ,  one w a s  a wind tunnel  - in   essence ,   d i f fe ren t   k inds  of community 
n o i s e   s i t u a t i o n s  where the re  w a s  some degree of community response. 

In   the   p rocess  of evo lv ing   t he   p rocedures   i n   t he   o r ig ina l  CNR, i n   t h e i r  
opinion two th ings   en te red   in to   the i r   say ing   tha t   there   should  be some addi- 
t iona l   cons idera t ion   g iven  t o  events   that   occur   a t   n ight .   During  the  evolut ion 
of t h i s   f i r s t  CNR, not  only a nighttime  adjustment w a s  proposed,  but  also  the 
background  sound l e v e l s  a t  n igh t  were  brought i n t o   t h e   p i c t u r e .   B a s i c a l l y  what 
t h i s  amounted t o  was t h a t   o p e r a t i o n s  were sepa ra t ed   i n to   n igh t  and daytime; 
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t he  t i m e  per iod a t  n igh t  w a s  not   def ined.  Noises t h a t  happened a t  n igh t  were 
penal ized 5 dec ibe ls .  Moreover, s ince  background  noises seem to   dec rease  a t  
n ight ,  an add i t iona l  5 dec ibe l s  were app l i ed   i n   t he  background level  adjustment 
which w a s  i n   ano the r   s ec t ion  of t h e  CNR procedure.   But   that   effect ively 
r e s u l t e d   i n  a 10   dec ibe l   ad jus tment   for   n ight   opera t ions  - t en   dec ibe l s  on 
exposure,   the   integral  of sound level   over  t i m e .  The d i f f e r e n c e  between 
exposure and l e v e l  is  what causes some of the   confus ion   over   the   d i f fe rences   in  
n i g h t   p e n a l t i e s  between CNR, NEF, and Ldn. 

I n   t h e   o r i g i n a l  CNR development t h e r e  were  about 11 case   h i s tor ies   used .  
I n  a la ter  pub l i ca t ion ,  I think  in  about  1955,  the  authors added  something l i k e  
the  order   of  a dozen more case   h i s to r i e s .  They made  some modif icat ions i n  t he  
expected  response  scale  but  basically  the  system  remained  the same. This 
o r i g i n a l  work w a s  done as p a r t  of a program f o r   t h e  A i r  Force  in  i t s  e a r l i e r  
look a t  community noise  problems. 

Again f o r   t h e  A i r  Force ,   in   1957,   the   f i r s t   spec i f ic   p rocedure   for   a i rpor t  
noise  and land  use  planning w a s  introduced.  This w a s  Technical Note  57-10, 
which w a s  produced by Ken Stevens and Adone P ie t r a san ta .   Bas i ca l ly  it w a s  
simply an implementation  of  material  that  had  been  gathered  for a number of 
years.  There  were no magic new response   da ta   tha t  were brought   into i t s  devel- 
opment. I t  w a s  b a s i c a l l y  a f i r s t   s t e p  as t o  how one  can  take sound l e v e l  
measurements from a i r p l a n e s   i n   f l i g h t  and t i e  them t o g e t h e r   i n t o  a system t h a t  
w i l l  allow you to   p red ic t   no i se   con tour s .  

I t  is worth  pointing  out  that   they  used a cumulative  noise  measure  in  this 
1957 document, an e q u i v a l e n t   l e v e l ,   t h a t  i s ,  an  energy  average  level, if you 
w i l l ,  over a 24-hour per iod.  A t  t h a t   t i m e ,   f o r   r e a s o n s   t h a t  are still obscure,  
t h ree  t i m e  per iods  w e r e  introduced. From  6:OO a . m .  t o  6:OO p.m. e s s e n t i a l l y  
took  no  penalty;  from 6 : 00 t o  11 :'OO p.m. , they  introduced a 5 dec ibe l   pena l ty ;  
from 1 1 : O O  p . m .  t o  6:OO a . m . ,  a 10 decibel  penalty.   There still could  be some 
additional  adjustments  for  background sound leve ls ,   bu t   th i s   ad jus tment  w a s  
rarely  used. The 10   dec ibe l   n ight   pena l ty   has  now showed up twice. 

The next  phase  of  development was a modified CNR s p e c i f i c   t o   a i r p o r t  
land  use  planning. We looked a t ,   i n   t h i s   c a s e ,   s p e c i f i c a l l y   a i r p o r t   c a s e  
h i s t o r i e s  - a number of a i r  base   s i t ua t ions ,  run-up  problems,  flyover  problems, 
t h a t   s o r t   o f   t h i n g ,  and t r i e d   t o   s e e  how they  appl ied t o  A i r  Force  operations.  
There  were  about 30 case   h i s tor ies   involved  and the  system came out   not   too 
d i f f e r e n t   i n   t h e  end  from t h e   o r i g i n a l  CNR approach. The most s i g n i f i c a n t  
d i f fe rence   was- tha t   perce ived   no ise   l eve l  had come i n t o   b e i n g  and a t   t h a t  time 
the  A i r  Force and FAA wanted a p lanning   gu ide   tha t  w a s  based on perceived  noise  
leve l .  The FAA wanted to   i nco rpora t e  commercial a i r c r a f t   i n   t h e   p r o c e d u r e   t o  
do s i m i l a r  analyses  so t h a t  it would be  used  €or  military/commercial  operations. 
The a i r p o r t  CNR is  based on a r e p o r t   t h a t  w a s  f i r s t   p repa red   i n   1961 ,   r ev i sed  
i n  1962, and eventual ly  made it t o   p u b l i c a t i o n   i n  1964.  This was a very  simple 
guidel ine.  The name of   the game w a s  t o   p rov ide  a p lanning   too l ,  and a s  I 
remember t h e   i n s t r u c t i o n s  it was such t h a t  it could  be  used by a brand new 
l i e u t e n a n t   i n   t h e  A i r  Force who had never  seen any  of t hese  problems i n   h i s  
l i f e .   S i n c e   t h i s  w a s  t h e   l o w l i e s t   j o b   t o  which  he  could  probably  get  assigned, 
he was t o  make the   no ise   ana lyses .  The procedure had t o   b e  something  where 
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one  could sit down without a ca l cu la to r  and use a very  simplified  procedure 
( the   s imp l i f i ca t ion  would la te r  cause  problems) t o  do a noise   ana lys i s   o f  
o p e r a t i o n s   a t  an A i r  Force base. 

N o  new response  data  had  been  gathered  in  this  country,   yet   in  the  develop- 
ment o f   t h e   a i r c r a f t  CNR one  question  considered w a s  whether  or no t  t o  
incorporate  a nighttime  adjustment  based upon the  case h is tory   in format ion .  
The case   h i s to ry   da t a  were no t   t oo   f i rm ,   bu t  one o the r   t h ing  w a s  ava i l ab le .  
Resul ts  of t h e   f i r s t  London Heathrow social   survey were becoming access ib l e  a t  
the  time, however tentative  they  might  be.  The d a t a  came i n   p i e c e s ;   t h e  cor- 
rec tness   o f   the   ana lyses  w e  w i l l  l e t  J i m  F i e lds   d i scuss  and I won't go i n t o  it. 
A t  t h a t  t i m e  t he   i n t e rp re t a t ion ,   p re sen ted   i n   t he   Br i t i sh   no i se  and number 
index (NNI) system  (which w e  took a t   f a c e   v a l u e ) ,  was tha t   about  a 1 7  u n i t   i n  
N N I  d i f f e rence  was r e q u i r e d   t o   o b t a i n  comparable  responses in   the   n ight t ime 
versus  daytime.  That is ,  the  noise  exposure had t o  be 1 7  u n i t s  lower a t   n i g h t  
if one  were to   ba lance   the   responses .   Correc t ly   o r   incor rec t ly ,   tha t  w a s  t he  
statement.  We t r a n s l a t e d   t h e  N N I  back in to   t he   equ iva len t  CNR terms and s a i d  
about 17  u n i t s  of NNI t o  u s  w a s  worth  about 11 units of CNR, which wasn ' t   too  
d i f f e r e n t  from the  10  used  previously,  so 10   dec ibe ls  was kept  as t h e   o f f s e t   i n  
mR. Now because CNR worked i n  5 decibel   increments ,   th ings were  always 
done i n   s t e p s ;  a continuous  scale was not  used. I t  w a s  s imply  that   us ing 
5 dec ibe l   s t eps ,  two s teps   (or   10   dec ibe ls )  was the  nighttime  adjustment.  
Again with  the  except ion of t h e   d a t a  from  Heathrow, no o the r  new response  input 
was used. 

By 1967 - every 5 years  seems t o  have  generated a change - the   perceived 
noise   l eve l  PNL had evolved   in to   e f fec t ive   perce ived   no ise   l eve l  EPNL, no t  
qu i t e   i n   t he  form t h a t  was eventually  used i n  FAR 36, but   very similar. The 
PNL weight ing  for   f requency  response  a t   that   t ime was no t   qu i t e   t he  same as  
it i s  today ,   bu t   for   a l l   p rac t ica l   p lanning   purposes  it can  be  considered  to  be 
the  same. Although EPNL has   been   re f ined   subs tan t ia l ly   as   to  how one ca l -  
cu la t e s  and measures i t ,  the  essence of EPNL w a s  p r e t t y  much evolved a t   t h a t  
t i m e .  I n  o r d e r   t o   t r a n s f e r   t h e  CNR kind of ana lys i s   i n to  a procedure  in 
which no i se   l eve l s  of i n d i v i d u a l   a i r c r a f t  were r e l a t e d   t o  EPNL, t w o  s t u d i e s  
were  undertaken:  one by BBN and one by an SAE research  group.   Basical ly   the 
two s tud ie s  came o u t   e s s e n t i a l l y   t h e  same, saying we should  convert CNR by 
taking  the PNL and replacing it with EPNL but  not  do much e l se   w i th  any- 
thing  in  terms  of  the  other  adjustments.   In  other  words,   simply  adopt what w e  
had i n  CNR w i t h   j u s t  a change t o  EPNL and an a rb i t r a ry   cons t an t .  The r e s u l t  
was NEF. Here is  t h e   f i r s t   p l a c e  where the  exposure  versus  level  adjustment 
starts g e t t i n g   i n t o   t h e   a c t  and starts a f f ec t ing   ope ra t ions  more s t rongly .  The 
assumption t h a t  was made from the  previous work was that   n ight t ime  exposure 
would be   o f f se t  from daytime  exposure by a 10 decibel   adjustment   for   night t ime.  
The n igh t  by d e f i n i t i o n  a t  tha t   t ime was 1O:OO p.m. t o  7 : O O  a . m . ,  a nine  hour 
period. Daytime was obviously 15 hours,  so balancing  the  exposure a t  n igh t  
versus   the  exposure  in   the  dayt ime  required  greater   adjustment  on l e v e l  a t  n igh t  
than it would i f  some o the r  t i m e  per iod w a s  involved.  In  essence it came out  
to   be   about  a 1 2  decibel  azjustment on l e v e l ,   w i t h   t h e   e f f e c t  on opera t ions  
being a f a c t o r  of 16.7 operations a t  night  equated  with one i n   t h e  daytime. 
I'll show you some s impl i f i ed   equa t ions   t o  l e t  you p lay   opera t iona l  games with 
l a t e r ,   b u t   i n   e s s e n c e   t h a t ' s   b a s i c a l l y  what  happened. 
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I should  point  out  that   other  developments of cumulative  noise  measures 
with  night   adjustments  were taking  place  about   this   t ime.  The European 
count r ies  were very much involved.   Internat ional   Standards  Organizat ion (ISO) 
w a s  considering  various  measures  €or  land-use  planning  purposes,   International 
Civi l   Aviat ion  Organizat ion ( ICAO)  w a s  beginning t o  ge t   go ing   i n  some of i t s  
a c t i v i t i e s ,   t h e  s ta te  of   Cal i fornia  w a s  evolving i t s  airport  noise   s tandards,  
so a number of different   approaches were being  considered.  California  adopted 
community noise   equiva len t   l eve l  (CNEL) which uses   the  same nighttime  adjust-  
ment as one  of the   p roposa ls   wi th in  ICAO f o r  a three-period  day.  That is, a 
daytime  period  running t o  7 : O O  p.m., an evening  period  in which some penal ty  
w a s  a t t a c h e d   ( t h i s  w a s  from 7 : O O  p . m .  t o  1O:OO p.m.),  and  then  basically  the 
1O:OO p.m. t o  7 : O O  a . m .  n ight   per iod.   Typical   proposals  w e r e  that   the   evening 
per iods be pena l ized   the   equiva len t  of 5 decibels ,   whi le   addi t ional   night t ime 
adjustments or p e n a l t i e s  would a l s o  be  used. The Ca l i fo rn ia  method appl ied  the 
10 dec ibe l   n ight   pena l ty   aga ins t   l eve l ,   no t   exposure ,  so ins tead  of a 16.7  type 
m u l t i p l i e r  on o p e r a t i o n s   t o  come out   equivalent   to   dayt ime,  a 10-times  multi- 
p l i e r   a p p l i e s .  

You w i l l  s e e   l a t e r   t h a t   t h e s e   w r i g g l i n g s  around may have an important 
impact on numbers  of a i r p l a n e   o p e r a t i o n s ,   b u t   t h e y   r e a l l y   d o n ' t  make  much 
d i f f e r e n c e   i n  t e r m s  o f   t h e i r   e v e n t u a l   e f f e c t  on the  sound l e v e l s .  I'll give 
you some examples  here i n  a minute. 

Other  methods t o  weight  nighttime  operations  have  been  used i n  Europe. 
I ' l l  only  mention two of them. In   t a lk ing   w i th  M r .  Van O s  t h i s  morning, we 
r eca l l ed   t he  Dutch proposals  of the  mid-60's. They d i d n ' t   l i k e   t h e   s t e p  
funct ion a t  1O:OO p.m., so they  have a s l i d i n g   s c a l e  which starts a t  6:OO p.m. 
with a 2 dec ibe l   pena l ty ,   then   in   the   next   hour  3 dec ibe l s ,  and so on through 
t h e   t r a n s i t i o n a l   p e r i o d  of fu l l   n ight t ime.   This   p roposa l  w a s  d iscussed,   as  a 
matter of f a c t ,   i n   t h e  IS0 c i r c l e s .  For reasons John Wesler   re fe r red   to  
e a r l i e r ,   t h a t  i s ,  i t ' s  h a r d   t o   p r e d i c t  which  numbers of '   opera t ions  and  which 
kinds of a i r p l a n e s   a r e   g o i n g   t o   e x i s t  hour by hour when planning 1 0  t o  15  years  
i n  advance, the  proposal  was not  adopted by  ISO. People who do th i s   k ind  of 
projection  have enough t roub le   f i gu r ing   ou t  what  can  be  expected i n  24 hours,  
l e t  a lone  breaking  the  f igures  down in to   t hese   o the r   hour s .  With t h i s  and 
s imi l a r   p roposa l s ,   t he   i n t e re s t ing   t h ing  is tha t   bas ica l ly   these   ad jus tments  
were judgmental  decisions made without a tremendous amount  of background t o  
ju s t i fy   t he   cho ices .  Case h i s t o r i e s ,   p e o p l e ' s   c o m p l a i n t s ,   i n t u i t i o n ,   t h e  whole 
b i t  were r e f l e c t e d   i n   t h e s e  judgments. Much of t h e   j u s t i f i c a t i o n   f o r   n i g h t  
penalt ies  depends on t h e  change of background l e v e l s  - p r e t t y  much a concession 
tha t ,   yes   indeed ,   the   o ther  sound l e v e l s   i n   t h e  community do go down somewhat 
a t  n igh t  compared t o  daytime  operations. A l l  t h r u  t h i s   h i s t o r y   t h e   c h o i c e  of 
n ight t ime  pena l t ies  i s  b a s i c a l l y  a judgment made by a group of people  or by a 
group  of  committees,  not  decisions made from a l o t  of hard   soc ia l   da ta .  

I n  t he   ea r ly  ~ O ' S ,  i n   t h e   T i t l e  4 r epor t  of the  Clean A i r  Act f o r  EPA, 
Ken Eldred  took  another  look  at  a number of c a s e   h i s t o r i e s .  His po in t  w a s  
t h a t   w i t h   b e t t e r   p h y s i c a l  measurements available,   he  could  explain some of 
t h e   c a s e   h i s t o r i e s   t h a t  were ava i l ab le  t o  him. H e  had about 50 c a s e   h i s t o r i e s  
t o  look a t  f o r  which  he t r i e d  t o  make c o r r e l a t i o n s  of community response  with 
and without making nighttime  adjustments.  Without  applying any nighttime 
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penal t ies ,   he   got   something  l ike a 4 decibel   s tandard error i n   h i s   p r e d i c t i o n s  
of  response  versus  sound  level  measurements. When he  appl ied  the  night t ime 
adjustment,   the  standard error was reduced t o  something  on the   o rde r  of 
3 decibe ls .  Now t h a t   d o e s n ' t  sound l i k e  a b ig   d i f f e rence ,   bu t  a t  l e a s t  it was 
i n   t h e   d i r e c t i o n   t h a t  it w a s  b e t t e r  t o  have a nighttime  adjustment  than  not. 

There i s  one  example I want t o  show you later. It is a French  nighttime 
adjustment  which  absolutely  baffles most  of the   people   tha t  I know. I t  amuses 
m e  because it is so complicated - t h e r e   i s n ' t  much b a s i s   f o r  it - b u t   i f  you 
think  our methods are bad, w a i t  and s e e  how  much worse  they  could  be. 

In  1973, EPA i n  i ts  r e p o r t   t o  Congress as p a r t  of the  Noise  Control Act 
had to   adopt  a measure for  cumulative  noise  €or use  around a i r p o r t s ,  and t h i s  
i s  of  course where day/night  average sound l e v e l  was brought   in to   the   p ic ture .  
I wouldn ' t   say  that  it w a s  a unanimous  agreement, by  any means, bu t   ce r t a in ly  
agreement w a s  reached  that ,  a t  l e a s t   f o r  community measures, A-weighted  sound 
l e v e l  was the   p re fe r r ed  measure.  With a l l  of i t s  o ther   p roblems,   the   fac t   tha t  
it had been  used f o r  a number of d i f f e r e n t  sound sources and t h a t  it was r e l a -  
t ively  easi ly   measurable  were t o  i t s  c r e d i t .  The f a c t  is t h a t  it doesn ' t  do 
t h a t  bad a job ,   subjec t ive ly ,  compared with any o the r  measure when one takes  
weighted  sound l e v e l s  and compares them with judgments  of noise   events .  I t  was 
pre t ty   wel l   agreed   tha t ,   €or  a cumulative  noise  measure, .an  integral  of A- 
weighted  sound level  over  time  should be  used.  There was a l o t  of d i scuss ion  
about what  one does  about  day  versus  night, a l o t  of d i scuss ion   bu t   no t  a l o t  
of new input .  What w a s  ava i l ab le  were a number of  measurements  of  average 
sound level  over  daytime  versus  nighttime  periods,   plus  the  previous  history.  

There was speculat ion as t o  whether t o   u s e  8 dec ibe l s ,  1 0  d e c i b e l s ,  1 2  deci-  
b e l s ,   o r  some o ther   va lue   for  a nighttime  penalty.  I t  tu rned   ou t   t ha t   fo r  most 
s i t u a t i o n s   t h e r e  was l i t t l e  numerical   difference which  one you used. I n  
essence,  a 1 0  dec ibe l   pena l ty  on l e v e l  was selected  as   being a s o r t  of compro- 
mise  posit ion.   Again,   no  extensive  social   response  data  existed;  only  the 
informat ion   tha t  had h i s t o r i c a l l y  been ava i l ab le  was used i n   t h i s   d e c i s i o n .  

So where a r e  we? We have 20  years  between  about  1953 t o  1973 i n  which 
s e v e r a l   d i f f e r e n t  community noise  measures  have  been  used.  Everyone  of them 
incorporates  a night t ime  adjustment ,   largely on t h e   b a s i s  of i n t u i t i o n  and case 
h i s to ry   i npu t ,  and t h i s  is  about it. Now what does t h i s  imply,  in  terms  of 
both  operat ions and l eve l s?   Le t  me show you a few f igu res .  I t o l d  J i m  F i e lds  
I would give him most  of t h e  t i m e ,  so it w i l l  take  about 5 minutes   to   run  thru 
these   f i gu res  

J u s t  t o   g i v e  you an idea  of what can happen  between the  day and n ight  
sound l e v e l s  a t  an a i r p o r t   ( j u s t   t o   e n l i v e n   t h i n g s  a little b i t ) ,   l e t  me show 
you a graph  of  the  hourly  average sound leve ls ,   wi th  and without   operat ions a t  
n igh t ,  measured a t  a po in t  on the   o rder  of 2 miles from the  approach t o  
runway 25 a t  Los Angeles  airport .  The t o p   l i n e  i n  f i g u r e  1 w a s  taken  before  
the   swi tch   in   opera t ions  a t  t h e  airport;  t he  bottom l i n e  shows the  change i n  
levels ,   obvious when w e  knock out  50 t o  60 f l i g h t s   a t   n i g h t .  Now you no t i ce  
t h a t   t h e r e  is  a pret ty   high  hourly  average  level   varying from  75 t o  80 dec ibe l s  
most  of the  t ime. A t  n igh t t ime   i f   t he   ope ra t ions   a r e  removed,  you drop from 
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75 o r  so down below 50 - about 25 t o  30 dec ibe l s  knocked out   o f   the   n ight  
operat ions.   Clear ly   here  is a case where removal of   n ight t ime  leve ls  rea l ly  
makes a d i f f e rence .  

The nex t   f i gu re   ( f igu re  2)  is  a c o l l e c t i o n  of a v a r i e t y   o f   s i t u a t i o n s .  
The o rd ina te  is the  difference  in   the  dayt ime  average sound l e v e l  and the  night-  
time equivalent  sound  level  using  the 1O:OO p.m. t o  7:OO a.m.  n ight t ime  per iod,  
while   the  abscissa  i s  day-night  average  sound  level  with  the 1 0  dec ibe l   n ight -  
time penalty.  There  obviously i s  a g rea t   dea l   o f   s ca t t e r .   Bas i ca l ly   t he   t r end  
seems t o  be t h a t   i f  you have f a i r l y  low l eve l s   t o   beg in   w i th ,   t he   n igh t t ime  
l e v e l s  are much lower  than  the  daytime  levels. A t  t he   h ighe r   l eve l s ,   t he   d i f -  
ference between  day  and n igh t   doesn ' t  change too  much. There i s  a tendency a t  
a l l  t imes,  however, for   the  average sound l e v e l s  a t  n ight   to   be   lower   than   they  
are during  the  daytime,  which i s  no t   t oo   su rp r i s ing .  

I mentioned  previously  that   there  w a s  a ques t ion   about   the   d i f fe rence   in  
weighting  level  versus  exposure. Ldn and CNEL weight   level  a t  n igh t  by 
10 decibe ls .  NEF weights  nighttime by 1 0  decibels   for   exposure and e f f e c t i v e l y  
16.7 times ope ra t ions ,   o r  1 2  d e c i b e l s ,   f o r   l e v e l .  What t hese   d i f f e rences  mean 
can  be  seen i n   f i g u r e  3 .  I want t o   i n t roduce  and g e t  you th ink ing   i n  terms of 
f rac t ions   o f   n ight t ime  opera t ions ,  which makes th ings   eas ie r   to   manipula te .  
This   f igure shows the  night t ime  penal ty   introduced  as   the  increment   that   the  
night  adjustment  provides  over an unweighted  24-hour  average  sound l e v e l   i f  one 
appl ies   the   n ight   pena l ty  on leve l   o r   exposure   as  a func t ion   of   the   f rac t ion  of 
night t ime  operat ions.  The t y p i c a l   a i r p o r t  is  not   the  major   t ransoceanic   type 
w i t h   l o t s  of night t ime  operat ions.  A typical  middle-sized  airport   has  probably 
something in  the  neighborhood  of more than 80 percent  of opera t ions   dur ing  day- 
time. For such  operations NEF, which  weights  exposure,  has on the  order  of 
2% dec ibe l s  of n ight   pena l ty  more than a measure l ike  day-night  average sound 
l e v e l ,  which  weights  night  sound  levels. 

To pu t   t h ings   i n  a s impl i f ied- form so t h a t  you can compare some of t he  
m e t r i c s ,   r e f e r   t o   f i g u r e  4 .  Whatever kind  of  measure - Ldn, NEF, CNR, o r  
anything  that   accumulates  levels on a bas i s   o f  a mean square  or  energy  level - 
can  be  expressed as La as shown i n   t h e   f i g u r e  by using  the  appropriate   indi-  
vidual  event  measure LB. A l l  the  measures  can  then  simply  be  written as the  
sum of three  terms:  the  energy  average of t h e   l e v e l s  of   individual   events ,  an 
e f f e c t i v e  number of   operat ions,   p lus  a constant .  For example,   the  constant is 
49.4 f o r  Ldn,  which i s  10  t imes  the number of  seconds i n  24 hours,   while an 
a rb i t r a ry   cons t an t  of 88 is  used i n  NEF. The khy i s  t o  m a k e  the  assumption 
t h a t  day  operations and n igh t   ope ra t ions   i n  terms of t h e   a i r c r a f t  mix a r e  homo- 
geneous. If no t ,  you have t o   w r i g g l e  them around,  but l e t ' s  make t h a t  assump- 
t i o n   f o r   t h e  moment. Then you can  express   the  differences  in   night t ime  penal-  
t i e s   i n  terms of the   formulas   for   the   e f fec t ive  number of ope ra t ions ,   e f f ec t ive  
number meaning how you apply a weight ing  funct ion  to   night   operat ions.   For  
example, as shown i n   f i g u r e  4 ,  f o r  NEF t h e   e f f e c t i v e  number of operat ions is  
s imply   t he   t o t a l   i n  24 hours  times a mul t ip l i e r   fo r   ope ra t ions   t ha t   occu r   du r ing  
the   n ight .  NEF bas i ca l ly   has  a m u l t i p l i e r   t h a t  i s  one plus  15.7 times the  
f r a c t i o n  of opera t ions   tha t   occur  a t  night.   Ldn,  or any other   weighted  level  
measure with a 10 dec ibe l   n igh t   pena l ty ,   u ses  a m u l t i p l i e r  of  one p lus  9 t imes 
t h e   f r a c t i o n  of operat ions  during  night t ime.   I f  you p u t   i n  an  evening 
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adjustment  of 5 dec ibe ls   wi th  a 10 decibel   n ight   adjustment ,  you have the  mult i -  
p l i e r  shown f o r  CNEL i n  the   f i gu re .  

My f a v o r i t e  example is  the  French  isopsophic  index, A ,  which has two 
c h a r a c t e r i s t i c s .  One is t h a t  it i s  complicated.   In  comparison  with  the  other 
measures i n  which there   a re   s imply   mul t ip l ie rs  which a f f e c t   t o t a l   o p e r a t i o n s ,  
11 has a s e r i e s  of e x t r a   m u l t i p l i e r s .  The second c h a r a c t e r i s t i c  is  t h a t   t h e  
mul t ip l i e r   a l so   va r i e s   w i th   t he  number of operations.   That is, t h e  more 
operat ions you get ,   the   bigger   the  night t ime  adjustment  becomes. I f   you ' re   no t  
Sure how w e l l  you understand Ldn, NEF, o r  CNEL, I s u r e   d o n ' t  know  how you ' re  
going to   unde r s t and   t h i s  one. 

The e f f e c t  of the  different   night t ime  adjustments  is shown i n   f i g u r e  5 f o r  
two-example mixes  of opera t ions .  The va lues   l i s ted   a re   the   increments  i n  deci-  
be l s   t ha t   t he   n igh t   pena l t i e s   p roduce  compared with a 24-hour average  level  
without   penal t ies .  One example assures  a constant  number of  events  per  hour.  
I t ' s  not  the  worst   case,   but i t ' s  as bad a s  I can th ink   of .  To put  you more i n  
the   perspec t ive  of a more r e a l i s t i c   a i r p o r t ,   t h e  second  example  has  an  opera- 
t i o n a l  mix of 75 percent  daytime, 1 7  percent  evening, and 8 percent   night .   This  
i s  very  representat ive  of  a f a i r  number of a i r p o r t s .  You w i l l  n o t i c e   t h a t   t h e  
increments  over a 24-hour  average  sound l e v e l  come  down t o  something t h a t  is  
not   near ly  so s t rong .  The fl index, by the  way, was ca l cu la t ed  for  240 opera- 
t i o n s   p e r  day. 

Suppose, s ince  we haven ' t  had  any new night   pena l ty   p roposa ls   for  5 yea r s ,  
we t r y  something  else. One of   the  pr imary  object ions  to   the  current  methods i s  
t h a t   i r r e s p e c t i v e  of  whether it is  10   o r  any o ther   dec ibe l   va lue ,   there  is a 
ve ry   va l id  argument aga ins t   t he   p ropos i t i on   t ha t  no p e n a l t y   e x i s t s  a t  9:59 p.m. 
while a t  1O:Ol p.m. it does. We know t h i s  i s  s i l l y .  I t ' s  useful   in   terms  of  
planning  purposes  to make such a break  simply  because i t ' s  func t iona l   i n   t he  
computations. A s  a l ternat ive  approaches,   consider   the  fol lowing.  Suppose we 
were t o   s a y   t h a t  we w i l l  assume that   the   t ime  weighted  integral  of leve l ,   such  
as  L dn ,  is  held  constant ,   but  w e  want to   a l low some kind  of   t ransi t ion  per iod 
so t h a t   t h e   a b r u p t  change a t  1 O : O O  p.m. doesn ' t   t ake   p lace .  We still may have 
some s t ep   func t ions  a t  e i t h e r  end  of the  var ious  t ime  per iods,   but  maybe w e  can 
ease i n t o  it less   abrupt ly   than  w e  now do. We can c o n s i d e r   t h i s   a s  one a l t , e r -  
na t ive   here .  A s  another,  suppose we s a i d   t h a t  we would allow a t r ans i t i on   pe r iod  
between 9:00 p . m .  and 1 1 : O O  p.m. instead  of   the  abrupt  1 O : O O  p.m. change, if we 
were w i l l i n g   t o   a c c e p t  some modera te   addi t iona l   pena l ty   in   o rder   to   be   ab le   to  
move the  t ime  period l i m i t s  around  but still keep  the  10-decibel  level  penalty 
during  the  remaining  par t  of t he   n igh t .  O r  as ano the r   a l t e rna t ive ,  what  happens 
i f  w e  move the  1 O : O O  p.m. limit t o  1 1 : O O  p.m.? I f  you look a t   a i r l i n e   s c h e d u l e s ,  
you f i n d   o f t e n   t h a t  a l o t  happens r i g h t   a f t e r  1 O : O O  p.m. but  beyond 1 1 : O O  p.m. 
th ings   d i e   o f f  a t  many a i r p o r t s .  Would t h i s   h e l p  on t h e   o p e r a t i o n s   s i d e   i f  one 
were w i l l i n g  t o  take a s l i g h t l y   l a r g e r   n i g h t   p e n a l t y  on the  fewer  operations 
tha t   occu r   l a t e?  These a l t e r n a t i v e s   a r e  summarized i n   f i g u r e  6. 

Consider some numerical  examples shown i n   f i g u r e  7.  I f  you take  my pre- 
vious 75/17/8 mix and  assume tha t   opera t ions   in   the   evening   hours   a re  more o r  
less uni formly   d i s t r ibu ted ,  you  can show f o r   t h e   f i r s t   p r o p o s a l   t h a t   t o  main- 
t a i n   t h e  same e f f e c t i v e  L h  would requi re  a m u l t i p l i e r  of 4 on opera t ions  
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d u r i n g   t h i s   t r a n s i t i o n   p e r i o d .  So changing t o  a t w o  hour   t r ans i t i on   w i th  a one 
hour la ter  start of night  operations  could  be  accomplished  in i t s  i n t e g r a l  
e f f e c t  by  an opera t ions   mul t ip l ie r   o f  4 ,  which is  a 6-decibel   level   correct ion.  

The second  proposal,  changing  the  nighttime limits from 1O:OO p . m .  t o  
7 : O O  a.m. t o  an  hour l a t e r  (11:OO p.m. t o  7 : O O  a . m . ) ,  would requi re  an opera- 
t ions   mul t ip l ie r   dur ing   n ight t ime of  about 15, which i s  n o t   q u i t e  1 2  dec ibe l s  
on l eve l .  

Al though  these   poss ib i l i t i es   a re   no t  meant as   f i rm  proposals ,   they  do show 
a way i n  which  one  could  ameliorate  the  operational  problems  to some degree   ye t  
still r e t a i n  a weighted  sound  exposure  equal t o   t h e   c u r r e n t  Ldn method. 1'11 
throw them o u t   t o  you f o r  your  consideration. 
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Figure 1.- Hourly  noise   levels   for  a 24-hour pe r iod   i n  
the  high  noise  exposure area. 

0 
e 

2 

A Rural  /Wilderness 
0 Residential, Light Traffic 
0 Residential,  Heavy  Traffic' 

Dense  Residential 
City,  Commercial 

V Airport 
b Railroad 

T Freeway 

0 

0 L" ~~ I -1 ."" ~ J"1-J- I 1 1 
A0 45 50 55 60 65 70 75 80 85 90 

Day-Night Average Sound Level, Ldn-dB 

Figure 2.- Comparison o f   t he   d i f f e rence  between  day  and n ight   va lues   o f   the  
equivalent  sound level   with  the  day-night   average sound l e v e l  Ldn. 
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Figure 3.- Inc rease   i n   l eve l  due t o   a p p l i c a t i o n   o f  a nighttime  weight  in  deci-  
bels for  day-night  average sound l e v e l  and noise   exposure  forecast .  
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Figure 4.- Cumulative  noise  measures. 
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Figure 5.- Increment   in   decibles  between n igh t   pena l t i e s  
and  24-hour average  sound  level. 

1 ) a .  Use 2100-2300 a s   t r ans i t i on   t ime .  

b .  Have moderate   t ransi t ion time penalty.  

c .  Use 10 decibel   penal ty  from 2300-0700. 

2 )  a .  Use 2300-0700 as   n ight   per iod .  

b .  Have l a r g e r  n i g h t  pena l ty .  

Figure 6.- Al ternate   night-penal ty  prOpOSalS. 
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Figure 7.- Examples  from al ternate   night-penal ty   proposals .  
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