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1 . 0  SUMMARY 

I n  t h i s  r e p o r t ,  Noise P o l l u t i o n  Leve l  (LNp) i s  e v a l u a t e d  

a s  a  measure o f  human r e sponse  t o  a i r c r a f t  n o i s e .  Comparison 

w i t h  t h e  fo rmu la t i ons  o f  t r a d i t i o n a l  exposure  measures (CNR, 

NEF, and NNI) and w i t h  t h e  T r a f f i c  Noise Index (TNI) i n d i c a t e s  

t h a t  f o r  a i r c r a f t  n o i s e ,  i t  i s  easier t o  e s t i m a t e  CNR, NEF 

and N N I  a c c u r a t e l y ,  bu t  e a s i e r  t o  a c t u a l l y  measure L  and T N I .  NP 

L~~ 
v a l u e s  f o r  day t ime ,  n i g h t t i m e ,  and 24-hour p e r i o d s  

were c a l c u l a t e d  f o r  t h e  2912 r e sponden t s  of  a p r e v i o u s l y  conducted 

su rvey .  Comparison of  CNR and LNp a s  l i n e a r  p r e d i c t o r s  of 

i n d i v i d u a l  r e sponse  t o  a i r c r a f t  n o i s e  shows t h a t  CNR i s  s l i g h t l y  

s u p e r i o r  t o  any combinat ion o f  L  (Day) and LNp(Night)  and t o  NP 
LNp(Tota l )  when o n l y  a c o u s t i c a l  v a r i a b l e s  are used a s  p r e d i c t o r s .  

When s o c i a l  p sycho log i ca l  v a r i a b l e s  a r e  added t o  t h e  l i n e a r  

p r e d i c t i o n  models t h e  same r e s u l t  h o l d s ,  b u t  t h e  d i f f e r e n c e s  

a r e  g e n e r a l l y  s m a l l e r .  Using a  n o n l i n e a r  r e g r e s s i o n  model,  

LNp(Day), LNp(Nigh t ) ,  and s o c i a l  v a r i a b l e s  p r e d i c t  i n d i v i d u a l  

annoyance s l i g h t l y  b e t t e r  t han  CNR w i t h  t h e  same s o c i a l  v a r i a b l e s .  

L~~ 
i s  t h e  energy-mean sound l e v e l  and u i s  t h e  s t anda rd  

d e v i a t i o n  i n - l e v e l ,  bo th  be ing  components o f  L N p  The s e t  of  

v a r i a b l e s  { ~ ~ ~ ( ~ a y ) ,   day), L  ( N i g h t ) ,  a (Nigh t ) )  a f f o r d s  b e t t e r  
EQ 

p r e d i c t i o n  t h a n  CNR, LNp(Day), LNp(Night)  , o r  LNp(Tota l )  i n  eve ry  

c a s e ,  b u t  t h e  c o e f f i c i e n t s  d e r i v e d  from t h e  d a t a  f o r  t h e s e  terms 

a r e  c o n t r a d i c t o r y  t o  t h e  L  formula and may be q u e s t i o n a b l e  because NP 
of  t h e  h i g h  deg ree  o f  c o r r e l a t i o n  between t h e s e  v a r i a b l e s .  

A s  p r e d i c t o r s  o f  mean o r  median annoyance o f  a 
popu l a t i on  exposed t o  known r anges  o f  n o i s e  exposure ,  CNR, LNp(Day), 

L~~ (Night)  , and LNp ( T o t a l )  are a l l  e x c e l l e n t .  
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2 .O INTRODUCTION 

This  r e p o r t  p r e s e n t s  t h e  r e s u l t s  and procedures from 

an e v a l u a t i o n  of Noise P o l l u t i o n  Level  a s  a  p r e d i c t o r  of annoy- 

ance,  based upon a i r c r a f t  n o i s e  exposure and community response 

d a t a ,  under Cont rac t  NASW-2304. The per iod  of performance i s  

7 September 1971 t o  30 A p r i l  1972. 

I n  1970 TRACOR completed a th ree -yea r  s tudy  of community 

r e a c t i o n  around seven major U.S. a i r p o r t s  (Contract  NASW-1549). 

This  s tudy  i s  g e n e r a l l y  r e f e r r e d  t o  a s  " the  s even -c i ty  s tudy .  11 

I n  t h i s  r e s e a r c h  cons ide rab le  i n s i g h t  was gained i n t o  t h e  i n t e r r e l a -  

t i o n s h i p s  of  n o i s e  exposure ,  annoyance, complaint ,  and i n d i v i d u a l  

a t t i t u d e s  and c h a r a c t e r i s t i c s .  Add i t i ona l  in format ion  was ob ta ined  

concerning n o i s e  moni tor ing t echn iques ,  t h e  r e l a t i o n s h i p s  between 

d i f f e r e n t  measures of  community n o i s e  exposure ,  and t h e  e f f e c t  

o f  house a t t e n u a t i o n .  Phase I of t h i s  program inc luded  c o l l e c t i o n  

of d a t a  from D a l l a s ,  Chicago, Denver, and Los Angeles,  wh i l e  Phase 

11 involved t h e  c i t i e s  of New York, Boston, and M i a m i .  A m u l t i -  

v a r i a n t  equa t ion  f o r  p r e d i c t i n g  i n d i v i d u a l  annoyance was de r ived  

i n  t he  f i r s t  phase of  work and t e s t e d  i n  t h e  second phase .  

The seven -c i ty  r e p o r t  analyzed s e v e r a l  measures of n o i s e  

exposure,  i nc lud ing  Composite Noise Rat ing (CNR) (Bo l t ,  Beranek 

and Newman, 1964) ,  Noise Exposure Fo recas t  (NEF) (Bishop e t  a l ,  

1967) ,  and t h e  Noise and Number Index (NNI) (Wilson, 1963) .  

While Phase I1 of  t h i s  s tudy  was i n  p rog res s ,  D .  W .  Robinson 

proposed Noise P o l l u t i o n  Level  (LNp) as a  new measure of  composite 

n o i s e  exposure (Robinson, 1969).  This new measure i s  proposed as 
11 a  un ive r sa l "  n o i s e  exposure measure, and Robinson I s  paper 

i n d i c a t e s  f a v o r a b l e  r e s u l t s  from t h e  use  of  LNp w i t h  d a t a  from 

s e v e r a l  human response s t u d i e s  p rev ious ly  performed. A r e c e n t  

DOT s tudy  (Se rend ip i ty ,  1971) found s i m i l a r  r e s u l t s .  
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The r e l a t i v e s i m p l i c i t y  of LNp, when used f o r  measurement 

of a c t u a l  exposure ,  makes i t  a v e r y  a t t r a c t i v e  index .  The 

Department of T r a n s p o r t a t i o n  i n  p a r t i c u l a r  ha s  expressed  i n t e r e s t  

i n  t h e  v a l i d a t i o n  of t h e  LNp concep t .  I n  o r d e r  t o  i n v e s t i g a t e  t h e  

v a l i d i t y  o f  LNp a s  a measure o f  a i r c r a f t  n o i s e  exposure ,  TRACOR 

proposed t o  t h e  Na t iona l  Aeronau t ics  and Space Admin i s t r a t i on  t o  

c a l c u l a t e  LNp v a l u e s  f o r  each  o f  t h e  r e sponden t s  i n  Phase I1 of  

t h e  s even -c i t y  program and t o  e v a l u a t e  L a s  a p r e d i c t o r  of  human NP 
response .  Th is  r e p o r t  documents t h e  r e s u l t i n g  s t u d y .  
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3.0 COMPUTATIONAL SIMPLICITY OF NOISE EXPOSURE MEASURES 

There e x i s t  many d i f f e r e n t  techniques  f o r  e v a l u a t i n g  i 

composite n o i s e  exposure .  Each of  t h e s e  measures has  advantages  

and d i sadvantages .  Noise P o l l u t i o n  Level  (LNp) , t h e  s u b j e c t  of 

t h i s  r e p o r t ,  has  been proposed as a u n i v e r s a l  measure, whereas 

h i s t o r i c a l l y  n o i s e  exposure measures have been developed t o  

p r e d i c t  human response t o  n o i s e  from a p a r t i c u l a r  source .  I n  

t h i s  coun t ry ,  t h e  Composite Noise Rat ing  (CNR) and t h e  Noise 

Exposure Fo recas t  (NEF) were developed t o  a s s e s s  human response 

t o  t h e  composite n o i s e  exposure exper ienced nea r  an a i r p o r t .  I n  

t h e  United Kingdom, a s i m i l a r  measure c a l l e d  t h e  Noise and 

Number Index (NNI) was developed f o r  t h e  same purpose. The T r a f f i c  

Noise Index (TNI), a l s o  developed i n  t h e  United Kingdom, i s  used 

t o  p r e d i c t  human response t o  road  t r a f f i c  n o i s e .  

I n  o r d e r  t o  compare t h e  computational  s i m p l i c i t y  of 

t he se  measures,  i t  i s  neces sa ry  t o  p o i n t  ou t  fundamental d i f f e r e n c e s  

between them and t o  examine t h e  way i n  which such measures a r e  

g e n e r a l l y  used.  The fundamental d i f f e r e n c e s  i nc lude  t h e  

weight ing f u n c t i o n s  used t o  approximate human s u b j e c t i v e  response 

and t h e  p o r t i o n  of  t h e  t o t a l '  a c o u s t i c  s i g n a l  used f o r  c a l c u l a t i o n  

of  t h e  exposure measure. The two primary uses  o f  t h e s e  measures 

a r e  p r e d i c t i o n  of exposure and measurement of a c t u a l  exposure .  
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3 . 1  F i l t e r  Funct ions  and "On" Time 

CNR and NEF a r e  bo th  h i s t o r i c a l l y  der ived  from e x t e n s i v e  

psychophysical  i n v e s t i g a t i o n s  i n t o  judged human responses  of  t he  

n o i s i n e s s  of complex sounds.  I n  t h e i r  s t r i c t e s t  forms, they r e q u i r e  

oc tave  band and o n e - t h i r d  oc t ave  band ( r e s p e c t i v e l y )  s p e c t r a l  

ana lyses  t o  be performed on t h e  a c o u s t i c a l  s t imu lus .  CNR can 

be c a l c u l a t e d  from a s i n g l e  spectrum, but  NEF r e q u i r e s  a  t ime 

s e r i e s  of s p e c t r a  and d i s c r e t e  frequency and d u r a t i o n  c o r r e c t i o n s .  

Recent r e s u l t s ,  however, i n d i c a t e  t h a t  a  s u i t a b l e  analog f i l t e r  

s i m i l a r  t o  an A -  o r  N-weighting network may provide a s  a c c u r a t e  

p r e d i c t i o n s  of  human judgments a s  t h e  e l a b o r a t e  s p e c t r a l  a n a l y s i s  

s p e c i f i e d  o r i g i n a l l y .  I n  any c a s e ,  t h e  a c o u s t i c  i n p u t  f o r  t h e s e  

measures i s  analyzed du r ing  f l y o v e r s  on ly .  Both CNR and NEF 

t r e a t  n i g h t  o p e r a t i o n s  by a d d i t i o n  of a cons t an t  t o  t h e  f l y o v e r  

Perceived Noise Level  (PNL) ,  and both combine m u l t i p l e  f l y o v e r s  

on t h e  b a s i s  of energy a d d i t i o n .  N N I ,  a s  o r i g i n a l l y  d e f i n e d ,  

t r e a t s  i n d i v i d u a l  daytime f l y o v e r s  e x a c t l y  a s  CNR does ,  b u t ,  

i n  p r a c t i c e ,  t h e  perceived n o i s e  l e v e l  was c a l c u l a t e d  us ing  an 

N-weighting network,  r a t h e r  t han  from oc tave  band a n a l y s i s .  Day 

and n i g h t  o p e r a t i o n s  a r e  kep t  s e p a r a t e ,  y i e l d i n g  N N I D  and N N I N ,  

and m u l t i p l e  o p e r a t i o n s  a r e  summed on t h e  b a s i s  of 1 5  loglO n .  

T N I  i s  ob ta ined  from t h e  s t a t i s t i c a l  d i s t r i b u t i o n  of A-weighted 

sound l e v e l s ,  t h e  impor tan t  parameters  being t h e  l e v e l s  exceeded 

90 percen t  of  t h e  t i m e  (L ) and 10 percen t  (LI0). The l e v e l  90 
d i s t r i b u t i o n  analyzed i s  f o r  a complete 24-hour sample p e r i o d ,  

r e g a r d l e s s  of  whether a p a r t i c u l a r  type  of  n o i s e  source  was 

p re sen t  o r  n o t .  L~~ may be measured us ing  any accep ted  f i l t e r  

f u n c t i o n ,  as long  as i t  i s  s p e c i f i e d .  The c a l c u l a t i o n  of LNp 

i s  s i m i l a r  t o  t h a t  o f  TNI i n  t h a t  i t  a l s o  u ses  t h e  complete 

s t a t i s t i c a l  d i s t r i b u t i o n  of  l e v e l s ,  bu t  t h e  r e l e v a n t  s t a t i s t i c s  

i n  t h i s  ca se  are t h e  energy mean l e v e l  (L ) and t h e  s t anda rd  
EQ 

d e v i a t i o n  o f  t h e s e  l e v e l s  ( o  o r  ST DEV). Day and n i g h t  pe r iods  

a r e  t o  be t r e a t e d  s e p a r a t e l y .  
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P r e d i c t i o n  of Exposure 

A s  a  r e s u l t  of t h e i r  h i s t o r i c a l  development, t he  exposure 

measures CNR and NEE' have been used p r imar i ly  f o r  p r e d i c t i o n  of 

exposure r e s u l t i n g  from a i r c r a f t  f l y o v e r s  i n  a r e a s  nea r  a i r p o r t s .  

N N I ,  which was o r i g i n a l l y  developed from empi r i ca l  phys i ca l  d a t a ,  

i s  e a s i l y  c a l c u l a b l e  from t h e  same d a t a . r e q u i r e d  f o r  t h e  c a l c u l a -  

t i o n  of CNR. The b a s i c  requirement f o r  t h e  c a l c u l a t i o n  of any 

of t h e s e  t h r e e  measures i s  a  knowledge of t h e  d i s t r i b u t i o n  of 

PNL va lues  f o r  daytime and n igh t t ime  ope ra t ions  a t  a  given l o c a -  

t i o n ,  where i t  i s  assumed t h a t  each d a t a  po in t  r e p r e s e n t s  a  

complete f l y o v e r ,  and t h a t  t h e  t o t a l  number of f l y o v e r s  i s  i m p l i c i t  

i n  t h e  d i s t r i b u t i o n  of l e v e l s .  Both TNI and LNp r e q u i r e  cons iderab ly  

more knowledge of t h e  a c o u s t i c a l  environment t han  t h e  previous  

measures. ' I n  t h e  case  of TNI, i t  i s  necessary  t o  be a b l e  t o  

e s t ima te  L10 and Lgo f o r  a  complete "average" day. Considerable ' 

progress  has been made i n  e s t ima t ing  t h e s e  parameters when t h e  

major n o i s e  source i s  highway n o i s e  (Se rend ip i ty ,  1971) ,  but  t h e  

corresponding t reatment  f o r  a i r c r a f t  n o i s e  has n o t  y e t  been 

developed. The same problems e x i s t  i n  t h e  p r e d i c t i o n  of L i n  NP 
the  case  of a i r c r a f t  n o i s e .  Appendix A d e s c r i b e s  t h e  method 

used f o r  c a l c u l a t i n g  LNp v a l u e s  f o r  t h i s  r e p o r t .  The assumptions 

and procedures descr ibed  t h e r e  could be modified t o  c a l c u l a t e  T N I .  

These c a l c u l a t i o n s  r e q u i r e  (1) a l l  t h e  in format ion  necessary  t o  

c a l c u l a t e  CNR; (2) in format ion  on t h e  t i m e  d u r a t i o n  of f l y o v e r s  

f o r  each type  of a i r c r a f t  and f o r  each f l i g h t  pa th ;  and (3)  e s t i m a t e s  

of t h e  median background n o i s e  l e v e l  i n  t h e  absence of a i r c r a f t  

o v e r f l i g h t .  For t h e  p re sen t  s tudy ,  t h e s e  d a t a  were suppl ied  by 

t h e  a c o u s t i c a l  survey conducted i n  conjunc t ion  w i t h  t h e  s o c i a l  

survey.  

I n  summary, a l l  of t h e  necessary  t o o l s  e x i s t  and a r e  

w e l l  documented f o r  t h e  c a l c u l a t i o n  of CNR, NEF, o r  N N I  i n  t h e  
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v i c i n i t y  of  an  a i r p o r t .  I n  o r d e r  t o  p r e d i c t  TNI  o r  LNp n e a r  

an  a i r p o r t ,  d a t a  a r e  r e q u i r e d  i n  a d d i t i o n  t o  t h o s e  r e q u i r e d  f o r  

the f i r s t  t h r e e  measures .  
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3 . 3  Measurement of Exposure 

The requirements  f o r  measurement of composite no i se  

exposure a r e  ve ry  d i f f e r e n t  from t h e  requirements f o r  p r e d i c t i o n  

of exposure.  I n  t h e  measurement c a s e ,  t h e  measures T N I  and LNp 

a r e  much s impler  than  CNR, NEF, o r  N N I .  The f i r s t  two measures 

can be c a l c u l a t e d  from d a t a  ga thered  by simple moni tor ing equip-  

ment and analyzed by s t a t i s t i c a l  d i s t r i b u t i o n  a n a l y z e r s ,  o r  i n  

equ iva len t  f a sh ion .  The moni tor ing equipment i s  r e l a t i v e l y  

inexpensive and ve ry  simple t o  automate.  To correspond t o  t h e  

o r i g i n a l  d e f i n i t i o n  of  t h e  l a t t e r  t h r e e  a i r c r a f t  n o i s e  measures,  

however, i t  i s  necessary  f o r  t h e  monitoring equipment t o  

d i s c r i m i n a t e  a i r c r a f t  n o i s e  from t h a t  of o t h e r  sources  a s  w e l l  

a s  t o  perform t h e  c a l c u l a t i o n s  necessary  f o r  t h e  p a r t i c u l a r  

measure being used.  U s e  of frequency weight ing networks f o r  t h e s e  

measures can circumvent t h e  spectrum a n a l y s i s  problem, bu t  

s e p a r a t i o n  of  a i r c r a f t  n o i s e  from t h a t  of  o t h e r  no i se  sources  such 

as motor v e h i c l e s  o r  c h i l d r e n  p lay ing  i s  p r e s e n t l y  n o t  p o s s i b l e  

w i th  an  unat tended moni tor .  NEF o r  CNR may be gene ra l i zed  t o  

al low a device  which i n t e g r a t e s  a l l  n o i s e  samples du r ing  t h e  

daytime and t h e  n igh t t ime  pe r iods .  It i s  c l e a r ,  however, t h a t  

such a procedure would y i e l d  v a l u e s  numer ica l ly  g r e a t e r  than  those  

produced by t h e  s tandard  a lgor i thms  i n  a r e a s  w i t h  low a i r c r a f t  

o v e r f l i g h t  exposure l e v e l s .  

The d i s c u s s i o n  of measurement techniques  above i s  based 

e n t i r e l y  upon c o n s i d e r a t i o n  of a i r c r a f t  n o i s e  exposure.  Discussion 

of t h e  use  of t h e  v a r i o u s  measures a s  i n d i c e s  of g e n e r a l  n o i s e  

exposure i s  beyond t h e  scope of  t h i s  r e p o r t .  It i s  c l e a r  on casua l  

examination of t h e  h i s t o r y  of t h e  va r ious  measures, however, t h a t  

t h e  a i r c r a f t  n o i s e  exposure measures CNR, NEF, and N N I  w e r e  developed 

a s  d e s c r i p t o r s  of  d i s c r e t e  event  n o i s e  exposure.  U s e  o f  t h e s e  

measures a s  d e s c r i p t o r s  o f  n o i s e  which i s  by n a t u r e  non-d i sc re t e  

( i . e . ,  where no s i n g l e  source  dominates t h e  l e v e l  f o r  an e a s i l y  
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def inab le  period of time) i s  no t  cons i s t en t  wi th  t h e i r  o r i g i n a l  

purpose and has not  been v a l i d a t e d .  
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3.4 Selection of an Exposure Measure 

From purely practical considerations, the discussion 

of the preceding sections indicates that 

(1) For prediction of exposure from aircraft 

where actual measurements are impractical, 

one of the existing aircraft noise measures 

CNR, NEF, or NNI should be used'. 

(2) For large-scale measurement programs where 

monitors must be unattended LNp or TNI 

should be used. 

As more is learned about TNI and LNp it may become 

practical to use these measures for both prediction and measure- 

ment. From the discussion in Appendix A it can be seen that L NP 
is very sensitive to assumptions made regarding the distribution 

of background levels. The accuracy of current estimating procedures 

for LlO, L5O2 and Lgo must be evaluated in more detail, and 

sensitivity analyses should be performed to determine the effects 

on LNP of the uncertainties in estimation procedures. 

In connection with the next section of this report, it 

should be mentioned that for prediction of reaction to aircraft 

noise the measureL performed about as well as CNR or LNp 
EQ 

Since L is easier to measure or to predict than any of the 
EQ 

five measures discussed above, further investigation into its 

use seems warranted. 
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4.0 ANALYSIS 

The fundamental o b j e c t i v e  of  t h i s  s tudy  i s  t o  a s s e s s  

t he  a b i l i t y  of  LNp t o  p r e d i c t  an  i n d i v i d u a l ' s  annoyance due t o  

t he  n o i s e  of  a i r c r a f t  o p e r a t i o n s .  This  s e c t i o n  d e s c r i b e s  t h e  

d a t a  base  a v a i l a b l e  f o r  u se  i n  t h i s  s tudy ,  t h e  dependent and 

independent v a r i a b l e s  developed from t h a t  d a t a  base ,  t h e  use  of 

t h e s e  v a r i a b l e s  t o  p r e d i c t  i n d i v i d u a l  annoyance, and f i n a l l y ,  

t h e  a b i l i t y  of t h e  a c o u s t i c a l  v a r i a b l e s  t o  p r e d i c t  average 
annoyance. 
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4 . 1  Data Base 

Data ga thered  from e x t e n s i v e  random sample i n t e rv i ewing  

i n  Boston, Miami, and New York i n  t h e  summer o f  1969 were used as 
t h e  b a s i s  f o r  t h e  LNp e v a l u a t i o n .  There was a t o t a l  of 2912 

respondents ,  w i t h  1166 i n  Boston, 676 i n  M i a m i ,  and 1070 i n  New York. 

The d a t a  were i n  t h e  form of  seven-card decks of soc iomet r ic  and 

a c o u s t i c a l  measurements. More d e t a i l e d  in format ion  about conten t  

i s  con ta ined  i n  a previous  r e p o r t  (TRACOR, 1970) .  

The a c o u s t i c a l  d a t a  used t o  compute LNp were measurements 

of ambient l e v e l ,  number of  f l y o v e r s ,  d u r a t i o n  of  f l y o v e r s ,  and 

d i s t r i b u t i o n s  of  maximum Perceived Noise Leve l s .  Boston had 

1 6  census t r a c t s  o u t  of 66 w i t h  o n - s i t e  d i r e c t  measurements; Miami, 

15  ou t  of 40;  and New York, 22 o u t  of 71. The remaining census 

t r a c t s  were ass igned  e x t r a p o l a t e d  v a l u e s .  A t o t a l  of  5765 f l y o v e r s  

were measured f o r  t h e  e n t i r e  sample, w i t h  1911 i n  Miami, 1697 i n  

Boston, and 2157 i n  New York. 
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4.2 Dependent and Independent Variables 

The following social variables, derived from answers 

to the questionnaire duplicated in Appendix B y  were found in 

the earlier TRACOR study to be the best measures or predictors 

of annoyance (TRACOR, 1970). Appendix C explains the detailed 

construction of these variables. 

Annoyance G, the dependent variable, is a 

measure of disturbance of everyday activities, 

and the annoyance caused by that disturbance. 

Noise Susceptibility is a measure of the number 

of common noise sources the respondent hears, 

and the degree to which each annoys him. 

Fear is a measure of the respondent's fear 

of aircraft crashing in his neighborhood. 

Adaptability is a measure of the respondent's 

willingness to tolerate more noise exposure 

from aircraft than he is now receiving. 

Misfeasance measures the respondent's belief 

that those officials and authorities who are 

in a position to do something about the noise 

problem are not doing their job. 

Importance is a measure of the respondent's 

attitude toward the airport and toward aviation 

in general. A high score indicates that the respondent 
does not feel aviation services are important 

to his community or the nation. 
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Dis tance  i s  a measure of t h e  s t r a i g h t - l i n e  

d i s t a n c e  from t h e  r e sponden t ' s  home t o  t h e  

end of  t h e  n e a r e s t  runway. 

The fo l lowing  a c o u s t i c a l  v a r i a b l e s  a r e  used independent ly  

o r  i n  combination a s  p r e d i c t o r s  of annoyance. 

CNR i s  t h e  Composite Noise Rat ing descr ibed  

i n  "Land Use planning" ( B o l t ,  Beranek and 

Newman, I n c . ,  1964) ,  but  cons t ruc t ed  a s  a  

cont inuous v a r i a b l e  r a t h e r  than  i n  5 -un i t  s t e p s .  

L~~ i s  t h e  Noise P o l l u t i o n  Level  a s  de f ined  - 
by Robinson (1969).  LNp i s  expressed as 

L  i s  t h e  energy mean l e v e l  of  a d i s t r i b u t i o n  
EQ 
of  l e v e l s  f o r  a g iven  time pe r iod .  

0 i s  t h e  s t anda rd  d e v i a t i o n  (ST DEV) of t h i s  - 
same d i s t r i b u t i o n  of  l e v e l s ,  def ined  i n  t h e  

normal s t a t i s t i c a l  sense .  

Robinson d e f i n e s  LNp f o r  p a r t i c u l a r  pe r iods  of t h e  day. Therefore  

i n  t h i s  r e p o r t  each  of  t h e  l a s t  t h r e e  measures i s  s u f f i x e d  w i t h  

one of t h e  terms:  Day, Night ,  o r  T o t a l .  The s u f f i x  I1~ay1 '  

means t h a t  t h e  d i s t r i b u t i o n  of  l e v e l s  observed between 7 :00 a . m .  

and 10:OO p.m. l o c a l  t i m e  w a s  used t o  compute t h e  measure. The 

s u f f i x  "Night" r e f e r s  t o  t h e  d i s t r i b u t i o n  f o r  t h e  t i m e  per iod  from 

10:OO p.m. and 7 :00 a . m .  The s u f f i x  " ~ o t a l "  r e f e r s  t o  t h e  e n t i r e  

24-hour day: Appendix A d e s c r i b e s  t h e  computation of LNp, L 

and 0 from t h e  a v a i l a b l e  d a t a  base .  
EQ ' 
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4 . 3  P r e d i c t i o n  of  I n d i v i d u a l  Annoyance 

One m e t r i c  wide ly  accepted f o r  use  i n  e v a l u a t i n g  n o i s e  

exposure measures i s  t h e  a b i l i t y  of  a  g iven measure t o  p r e d i c t  

i n d i v i d u a l  annoyance (where i t  i s  i m p l i c i t l y  assumed t h a t  annoyance 

imp l i e s  an unfavorable  a t t i t u d e  toward n o i s e ) .  Two mathematical  

p r e d i c t i o n  models which have been u t i l i z e d  a r e  l i n e a r  r e g r e s s i o n  

a n a l y s i s  and m u l t i p l e  c l a s s i f i c a t i o n  a n a l y s i s .  

Because Robinson does n o t  g i v e  a procedure f o r  combining 

day and n i g h t  n o i s e  exposure i n t o  a s i n g l e  measure, i t  was 
necessary  t o  t r e a t  LNp(Day), LNp(Night) ,  and LNp(Total )  a s  independent 

v a r i a b l e s .  I n  a d d i t i o n ,  each of t h e  components of  LNp (LEq and 

f o r  Day, Night ,  and T o t a l  pe r iods )  was t r e a t e d  i n  t h e  a n a l y s i s  

procedure .  CNR was analyzed f o r  comparison w i t h  t h e  LNp 

measures and t o  provide means f o r  comparison of LNp and o t h e r  

a c o u s t i c a l  measures which have been r e l a t e d  t o  CNR i n  previous  

ana lyses  (TRACOR, 1970) .  Table 1 shows t h e  c o r r e l a t i o n  c o e f f i c i e n t s  

between i n d i v i d u a l  annoyance and v a r i o u s  n o i s e  exposure  parameters .  

It can be seen t h a t  t h e  c o r r e l a t i o n  between any n o i s e  exposure 

measure and annoyance i s  i n  t h e  range of 0.36 t o  0 .43 ,  wh i l e  t h e  

n o i s e  exposure parameters  c o r r e l a t e  among themselves i n  t h e  range 

of 0.87 t o  1 . 0  (excluding ST DEV measures i n  bo th  i n s t a n c e s ) .  

It i s  w e l l  known t h a t  t h e  i n c l u s i o n  of  s o c i a l  and 

a t t i t u d i n a l  v a r i a b l e s  improves t h e  a b i l i t y  of a r e g r e s s i o n  model 

t o  p r e d i c t  i n d i v i d u a l  annoyance. For t h i s  r ea son ,  t h e  r e g r e s s i o n  

models were run  bo th  w i t h  and wi thou t  s o c i a l  v a r i a b l e s .  Table 2 

g i v e s  t h e  c o r r e l a t i o n s  between annoyance, s o c i a l  v a r i a b l e s ,  and 

b a s i c  n o i s e  exposure measures.  



TABLE 1 

CORRELATIONS BETWEEN I N D I V I D U A L  ANNOYANCE AND 
VARIOUS N O I S E  EXPOSURE PARAMETERS 

L 
EQ 

L 
EQ 

L 
ANNOYANCE CNR EQ L~~ L~~ L~~ ST DEV ST DEV ST DEV 

( D a y )  ( N i g h t )  ( T o t a l )  ( D a y )  ( N i g h t )  ( T o t a l )  ( D a y )  ( N i g h t )  (To ta l )  

ANNOYANCE 

CNR 

LEQ (DAY) 

L (NIGHT)  
EQ 

L (TOTAL) 
EQ 

LNP (DAY) 
P 
0\ 

LNP ( N I G H T )  

S T  DEV(DAY) 

S T  DEV (NIGHT)  

S T  DEV (TOTAL)  



TABLE 2 

CORRELATIONS BETWEEN ANNOYANCE - RELATED VARIABLES AND BASIC NOISE EXPOSURE MEASURES 

ANNOYANCE 

FEAR 

P ADAPTABILITY 
w S U S C E P T I B I L I T Y  

MISFEASANCE 

IMPORTANCE 

DISTANCE 

CNR . 

L ( T o t a l )  
EQ 

LNp ( T o t a l )  

- - 

ANNOYANCE FEAR ADAPTABILITY S U S C E P T I B I L I T Y  MISFEASANCE IMPORTANCE DISTANCE CNR L ( T o t a l )  L N p ( T o t a l )  
EQ 
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4.3 .1  Linear  Regression wi th  Acoust ical  Variables  - Linear  

r eg ress ion  a n a l y s i s  f i t s  t h e  b e s t  N-dimensional s t r a i g h t  l i n e  

through t h e  d a t a  such t h a t  t h e  fol lowing equat ions bes t  p r e d i c t  

Annoyance G i n  a  l e a s t  squares  sense :  

where A = predic ted  va lue  of Annoyance G 

Xi = raw score  va lue  of v a r i a b l e  i 

bi = raw score  weight f o r  v a r i a b l e  i 

K = r eg ress ion  cons tant  

a  = predic ted  s tandard score  f o r  Annoyance G 

x = standard (2) score  f o r  Xi i 

P i  = standard score  weight (be ta  weight) f o r  v a r i a b l e  i 

N = number of p red ic to r  v a r i a b l e s  

To examine t h e  a b i l i t y  of LNp t o  p r e d i c t  annoyance 

without s o c i a l  v a r i a b l e s ,  a l i n e a r  r eg ress ion  a n a l y s i s  was 

performed. This procedure determines t h e  bes t  va lues  of t h e  

bi, K ,  and B~ of t h e  previous equat ions i n  t h e  sense descr ibed .  

Table 3 shows t h e  be ta  weights of each of t h e  s i x t e e n  s e t s  of 

v a r i a b l e s  used f o r  l i n e a r  r eg ress ion  a n a l y s i s .  The f i r s t  t e n  

columns a r e  f o r  s ing le -va r i ab le  p r e d i c t o r s ,  and t h e  l a s t  s i x  

columns a r e  f o r  var ious  reasonable combinations of a c o u s t i c a l  

v a r i a b l e s .  The be ta  va lues  a r e  equiva lent  t o  t h e  c o r r e l a t i o n  

c o e f f i c i e n t s  between t h e  a c o u s t i c a l  v a r i a b l e s  and annoyance. The 
n e x t - t o - l a s t  e n t r y  i n  each column i s  t h e  square of t h e  m u l t i p l e  

r eg ress ion  c o r r e l a t i o n  c o e f f i c i e n t ,  and i s  a measure of t h e  amount 



TABLE 3 
L I N E A R  R E G R E S S I O N  O F  ANNOYANCE G ON ACOUSTICAL V A R I A B L E S  
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of variability in the data which is explained by the associated 

regression equation. This explained variance ranges from a low 
of 3.7% for Column 10 to a high of 20.9% for Column 12. The last 

entry in each column is the rank of R~ for that column among the 
sixteen columns. 

The standard score weights in Table 3 indicate the 

contribution of each acoustical variable toward the prediction 
of Annoyance G. Table 4 presents the raw score weights and 
regression constants necessary for the calculation of Annoyance G 
directly from raw score data. The last two entries in each 
column are repeated from Table 3. 



TABLE 4 

LINEAR REGRESSION OF ANNOYANCE G ON ACOUSTICAL VARIABLES 

PREDICTORS 
(Xi) 

CNR 

LNp (Day) 

LNp (Night) 

LNp(Total)  

LEQ(Day) 

LEQ (Night 

L (To ta l )  
EQ 

ST DEV (Day) 

ST DEV (Night)  

ST DEV (Tota l  ) 

Regression Constant 

Mul t i p l e  R 
2 

R~ Rank 

R A W  S C O R E  1 E I G T s (bi) 

13  

I 

10 
I 

8 9 14  1 15 7 16 11 

- i - I - - 
I I 

5 1 6  

- 
- 
- 

12 

- 
- 
- 

1 

- 
- 
- 

- 
- 
- 

0.779 

- 
- 

-0.335 

-36.2 

0.161 

7 

- - 
- 
- - 

2 3 

- 
- 
- 

0.577 
- 
- 

4 

- 
- 
- 

0.734 

- 
- 

-36.2 

0.160 

8.5 

- 
0.457 

- 

- 
- 

0.410 

- 
- 
- 
- 
- 

- 
- 
- 

- 
- , 

0.747 

- 
- 

-0.581 
- 

-29.4 

0.189 

3 

- I - / - l -  - 1  - 1  - 1  - 
- 
- 
- 
- 

- 
- 
- 
- 
- 

1 
0.4611 - 

- 1 0 . 7 4 7  
I 

- 1  - 
1 

- 1  - 
- 1  _ 
- - 

-1.3531-0.89210.783 

0.188 1 0.129 

4 ' 13  

- 
- 

0.652 

- 
- 
- 

- 
- 
- 
- 
- 
- 

-11.8 

0.163 

6 

1.868 

- 
1 . I46  

-1.862 
- 

-4.6 

0.209 

1 

- 8 -  

- 

0.160 

8 . 5  

- 

-27.2 

0.185 

5 

- 1  _ 

1.343 

- 
- 
- 

-7.98 

0.197 

2 

- 
- 

1.456 

4 .6  

0.037 

16 

1.593 - 

-27.4 

0.130 

12 

- 
- 

-0.235 - 
- 

-38.98 

0.155 

10.5 

- 

6.3  

0.046 

15  

-38.1 

0.155 

10.5 

1.854 
- 

4.5 

0.076 

14 
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4.3.2 Linear Regression with Social and Acoustical Variables - 
Linear regression analyses were performed using acoustical 
variables in conjunction with the social variables described in 
Section 3.2. In addition, one analysis was performed with social 

variables only. The results of these analyses are presented in 

Tables 5 and 6, giving standard and raw score weights respectively. 
2 Examination of the multiple R values for each column shows that 

the social variables by themselves explain almost 50% of the 

variability of annoyance, while addition of any set of acoustical 

variables adds no more than 4% to this figure. 



TABLE 5 
LINEAR REGRESSION OF ANNOYANCE G Oh' SOCIAL AND ACOUSTICAL VARIABLES 

PREDICTORS 
(xi) 

Noise 
S u s c e p t i b i l i t y  

Fear  
Adap tab i l i t y  

Misfeasance 

- 
1 

0.172 

0.407 

S T A N D A R D  S C O R E  u E I G H T S  ( 9 i )  

Importance 0.105. 0.085, I 0.087 

2 

0.185 

0.354 

Distance -0.025! 0.059 

CNR - ' 0.223 

L N p ( D a ~ )  - - 
LNp (Night)  _ I  _ 

- - LNp (Tota l )  

LEq(Day) , - :  - 
L (Night)  - - 
EQ 

- - L (To ta l )  : 
EQ 

ST DEV (Day) ! - - 
STDEV (Night ) ,  - , - 

3 

0.183 

0.372 

-0.197 I -0.172 

0 . 1 2 6  0.115 

4 

0.185 

0.365 
-0.178 

0.116 

0.085 

0.041 
- 
- 

0.199 

- 
- 

0.052 
- 

0.177 

- 
- 
- 
- 
- 
- 
- 

6 1  7 8 
I I 

-0.184 

0.124 

5 

0.183 

0.372 
-0.184 

0.123 

0.0871 

0.051 
- 
- 
- 

0.178 

- 
j 

- 

0.732i  0 . 7 2 3  0.729 

0.536 0.523 0.532 
I 

2 ( 10.5  1 I 

9 

- 

0.724 

0.524 

8 . 5 ,  

- 

0.729 

0.531 

4.5 

0.084 

0.053 

ST DEV ( T o t a l ) '  - - 
I 

t - fu l t ip le  R 0.7051 0.729 

Mul t ip le  R 0.497 / 0.531 

R~ Rank 

0.006 

0.724 

0.524 

8 . 5  

0.085 

0.055 

0.087 

0.055 

0.084 

0.056 

i - .  - 
- ,  - .  - 
- ,  - - 
- .  - - 

- I - ; - : -  0.721 0 . 7 2 1  0.723 

0.519 0.520 0.523 

I 0.450, - 0.133 

- 1 - - 
I - i 0.014: - 

- , - 1-0.018 

- 
- 

0.085 

0.035 

0.096 

0.007 

i 

0.099 

0.010 

- 
0.197 

- 
- 

0.222 

- 
- 
- 

, 17 j 4 . 5 !  1 3  / 7 , 12 10.5 

- 

q.192 

- 
- 

- 

0.710 

0.505 

15  

-0.062 

0.101 

0.000 

13 12 

- 

10  

0.1851 0 . 1 8 5  

0 . 3 6 3  0.353 
-0.183: -0.176 

_ ,  _ 
i 

- ! - 0.627 
! 

- 0.086;  - 1 - 
I 

0.185 

0.347 
-0.173 

0.115 

0.186 
0.365 

-0.179 

0.116 

11 

0.180 

0.389 
-0.189 

0.120 

0.1821 0.177 

-0.121' 

- 
- 

- 
0.099 

- 

0 .714 ,  0.709 

0 .510 .  0.503 

14 16 

14 ! 15 

0.2531 - 
I 

0.177 

0.399 
-0.197 

0.128 

0.3611 
-0.184 

0.117 

- 
- 

0.115 

- 
- 

i _ 
I 

I - :  
i -  

-0.242 I 0 .184;  - 

- 1  - !  - 
I 

- - I - 1 0 . 0 9 9  

0 .129 :  - 1 - 1-0.137 

0.184i 0.180 

- 

0.396 
-0.197 

0.128 

- !  
, - 

- - 
I - 

- 
- 

0.7261 0.734 

16 

- 

0.527 

6 

17 

0.186 

- - 
- 

0.191 

0.539 

1 

0.182 
0.3561 0 . 3 6 4 ! 0 . 3 5 5  

- !  - 
I - - 

- 

0.362 

- I  - - I  - 
1 

- - , -0.371 - * . -  I 

-0.172 



TABLE 6 

L I N E A R  REGRESSION OF ANNOYANCE G ON SOCIAL AND ACOUSTICAL VARIABLES 
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4.3.3 Multiple Classification Analysis - As another model. 
for prediction of annoyance, multiple classification analysis 
(MCA) was used. This technique affords better prediction 

in cases where extreme nonlinear dependencies exist. Each 

predictor variable is categorized, and annoyance is predicted 
by the sum of the category weights for the categories selected: 

where A = Annoyance G 

N = number of predictor variables 

Mi = number of categories for predictor variable i 

ai j = weight for category j of variable i 

= raw score of variable i 

h(j, X.) = 1, if X. is in category j 
1 1 

= 0, otherwise 

K = Mean Annoyance G for total sample 

Although MCA is essentially a nonlinear technique, 
the algorithm computes a pseudo-standard score weight B~ 

using the following algorithm (Andrews, et al, 1967): . 

where n = total number of respondents 

n = number of respondents in category j of variable i ij 

0 = standard deviation of Annoyance G 
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For t h i s  s tudy ,  MCA was used o n l y  as an  a n a l y t i c a l  

t o o l .  The b e t a  v a l u e s  p re sen ted  i n  Table  7 a r e  d i r e c t l y  comparable 

t o  t h e  a b s o l u t e  v a l u e s  o f  t h e  b e t a s  p re sen ted  i n  Table 5 .  I n  

g e n e r a l ,  t h e  r e s u l t s  of  t h i s  a n a l y s i s  a r e  c o n s i s t e n t  w i t h  t h e  

r e s u l t s  of t h e  l i n e a r  r e g r e s s i o n  a n a l y s i s .  Some i n d i c a t i o n  was 

ob ta ined  t h a t  t h e  p a r t i a l  f u n c t i o n  of annoyance w i t h  r e s p e c t  t o  

s tandard  d e v i a t i o n  r eaches  a peak i n  t h e  mid-range of  observed 

va lues  of s t anda rd  d e v i a t i o n ,  and then  d e c r e a s e s  as s tandard  

d e v i a t i o n  i n c r e a s e s .  This  behavior would e x p l a i n  t h e  low b e t a  

weights  of  s t anda rd  d e v i a t i o n  v a r i a b l e s  when used i n  l i n e a r  

r e g r e s s i o n  models. 



TABLE 7 
M U L T I P L E  C L A S S I F I C A T I O N  R E G R E S S I O N  O F  ANNGYANCE G ON S O C I A L  AND ACOUSTICAL VARIABLES 

PREDICTORS 

Noise 
Susceptibility 

Fear 

Adaptability 

Misfeasance 

Importance 

Distance 

CNR 

Nl LNp 

LNp (Night) 

LNp (Total) 

LEQ (Day 

L (Night) 
EQ 

L (Total) 
EQ 
ST DEV (Day) 

ST DEV (Night) 

ST DEV (Total 

Multiple. R 

Multiple R 2 

2 R Rank 

1 B E T A  V A L U E S  
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4 .3 .4  Summary of  P r e d i c t i o n  Models - Table  8 summarizes t h e  

Mul t ip l e  R~ rankings  of  Tables  3-7.  The e n t r i e s  i n  t h i s  t a b l e  

have been ordered  by mean r ank ,  but  c a u t i o n  should be used i n  

a s s ign ing  s i g n i f i c a n c e  t o  t h i s  o r d e r i n g .  The p r e d i c t i o n  accuracy 

of any a c o u s t i c a l  v a r i a b l e  o r  combination o f  v a r i a b l e s  d i f f e r s  

ve ry  l i t t l e  from any o t h e r  a c o u s t i c a l  v a r i a b l e .  With t h i s  r e s e r v a -  

t i o n ,  i t  can be seen t h a t  t h e  two v a r i a b l e s  LNp(Day) and LNp(Night) 

c o r r e l a t e  w i t h  annoyance about  as w e l l  as CNR i n  each  of  t h e  

t h r e e  p r e d i c t i o n  models. The v a r i a b l e  LNp(Total )  w a s  a poorer  

p r e d i c t o r ,  wh i l e  t h e  f o u r  v a r i a b l e  set { LEQ(Day) , ST DEV (Day), 

L  (N igh t ) ,  ST D E V ,  (Night)  , fol lowed c l o s e l y  by { L ~ ~ ( D ~ ~ ) ,  
EQ 

EQ 
~ ~ ~ ( N i ~ h t ) )  and by L (Night)  are g e n e r a l l y  t h e  b e s t  a c o u s t i c a l  
p r e d i c t o r s .  



TABLE 8 

M U L T I P L E  R~ RANKING OF ACOUSTICAL MEASURES 

COLUMN REFERENCE 
ACOUSTICAL P R E D I C T O R  

T a b l e s  T a b l e s  V A R I A B L E S  INCLUDED 

LEQ ( D a y )  , LEQ ( N i g h t  
S T  DEV ( D a y ) ,  S T  DEV ( N i g h t )  

L ( D a y )  LEQ ( N i g h t )  EQ 
L ( N i g h t ) ,  S T  DEV ( N i g h t )  

EQ 

LNp , LNp (Night) 

CNR 

L ( N i g h t )  
EQ 

LNP (Night) 

L ( T o t a l ) ,  S T  DEV ( T o t a l )  
EQ 

L ( D a y ) ,  S T  DEV ( D a y )  
EQ 

L ( T o t a l )  
EQ 

LNp ( T o t a l )  

LEQ ( D a y  ) 

LNp 

S T  DEV ( D a y )  

ST DEV ( N i g h t )  

S T  DEV ( T o t a l )  

N o n e  

C L A S S I F I C A T I O N  
R E G R E S S I O N  MODEL 
(ACOUSTICAL AND 
S O C I A L  VARIABLES)  
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4.3.5  Optimum C o e f f i c i e n t s  - Robinson's o r i g i n a l  d e f i n i t i o n  
of LNP i s  

where k i s  t o  be determined.  He then proposes t h e  va lue  k = 2.56 

as reasonable  i n  view of h i s  a n a l y s e s .  He a l s o  proposes t o  

cons ider  day and n i g h t  exposures s e p a r a t e l y .  

Examination of t he  raw sco re  weights i n  Tables  4  and 6  
r e v e a l s  t h a t ,  f o r  t h e  d a t a  used,  l i n e a r  r e g r e s s i o n  g e n e r a l l y  

y i e l d s  : 

(1) t h e  r a t i o  of the  weight of  t o  

t h e  weight ,  of  L i s  n e g a t i v e ,  w i t h  
EQ 

va lues  n e a r  -1 .0 ,  when t h e s e  v a r i a b l e s  

appear  t o g e t h e r .  

(2) t h e  r a t i o  of  t h e  weights  of LEQ(Night) 

and L (Day) i s  a l s o  nega t ive ,  w i t h  
EQ 

v a l u e s  n e a r  -1.4, when t h e s e  v a r i a b l e s  

appear t oge the r .  

Thus i t  appears  t h a t  f o r  t h e s e  d a t a  t h e  fol lowing equa t ion  provides  

a  more a c c u r a t e  annoyance p r e d i c t o r  than  t h e  e x i s t i n g  L NP 
formulat ion : 

(Day) - o ( ~ a y ) ]  + 1 . 4  [L EQ (Night)  - o ( ~ i ~ h t ) ]  

When t e s t e d  i n  t h e  r e g r e s s i o n  models, t h i s  measure d i d  i n  f a c t  

perform b e t t e r  than  any of  t h e  o t h e r  a c o u s t i c a l  p r e d i c t o r  v a r i a b l e s  

o r  s e t s  of v a r i a b l e s .  This  r a t h e r  p e c u l i a r  r e s u l t  seems t o  have 

o r i g i n a t e d  from t h e  fo l lowing  p r o p e r t i e s  of t h e  d a t a  base :  
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(1) L (Day) and L  (Night)  a r e  ve ry  h i g h l y  
EQ 

c o r r e l a t e d .  
EQ 

( 2 )  There i s  a  l i m i t e d  range of exposure 

r ep re sen ted  i n  t h e  d a t a .  

( 3 )  LEQ and o  are f u n c t i o n a l l y  r e l a t e d  (bu t  

n o t  l i n e a r l y )  under t h e  assumptions 

desc r ibed  i n  Appendix A .  

I t  i s  necessary  t o  conclude t h a t  t h e  d a t a  base used 

does no t  c o n t a i n  s u f f i c i e n t  d a t a  t o  v a l i d a t e  t h e  0 - c o e f f i c i e n t  

of 2 .56  o r  t o  e s t a b l i s h  a proper  day-night  weigh t ing .  I n  a l l  
p r o b a b i l i t y  t h e s e  c o n s t a n t s  must be determined i n  s t u d i e s  

cover ing a  wider  range of exposures  and sou rces ,  and i n  which 
L and G a r e  a v a i l a b l e  d i r e c t l y  from t h e  a c o u s t i c a l  d a t a .  

EQ 
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4.3.6 Comparison w i t h  Other Noise Measures - Mul t ip l e  

c l a s s i f i c a t i o n  a n a l y s e s  were performed on d a t a  from f o u r  survey 

c i t i e s  f o r  CNR, NEF, N N I ' ,  and s e v e r a l  o t h e r  a c o u s t i c a l  exposure 

measures used a s  p r e d i c t o r s  of annoyance (TRACOR, 1970) .  These 

measures were c a l c u l a t e d  f o r  each  respondent  i n  each of t h e  f i r s t  

f ou r  c i t i e s .  Noise Exposure Fo recas t  v a l u e s  were c a l c u l a t e d  from 

one-second sampling of o n e - t h i r d  oc t ave  band s p e c t r a ,  w i t h  d i s c r e t e  

frequency and d u r a t i o n  c o r r e c t i o n s  (Bishop, 1967) .  The Noise and 

Number Index (Wilson, 1963) was c a l c u l a t e d  from t h e  energy average 

of t h e  maximum f l y o v e r  PNL v a l u e s  (APNL) by:  

N N I  = APNL + 1 5  l o g  N - 80 

where N i s  t h e  t o t a l  number of a i r c r a f t  f l y o v e r s .  To combine 

day and n i g h t  v a l u e s  o f  N N I ,  a t ime c o r r e c t i o n  of  17 N N I  u n i t s  

was in t roduced  f o r  n i g h t  exposure t o  form: 

N N I D  N N I N  + 17 
N N I '  = 1 0  log (an t i1og  - 1 0  + a n t i l o g  ) 

A s  exp la ined  i n  t h e  TRACOR r e p o r t ,  t h e  above ana lyses  

were performed w i t h  a s l i g h t l y  d i f f e r e n t  annoyance m e t r i c ,  

Annoyance V .  I n  t h e s e  a n a l y s e s ,  an  e x t r a  s o c i a l  p r e d i c t o r   it^") 
provided i n c r e a s e d  p r e d i c t i v e  power. 

Table  9 shows t h e  r e s u l t s  o f  m u l t i p l e  c l a s s i f i c a t i o n  

ana lyses  performed i n  t h e  e a r l i e r  s tudy .  It can be seen from 

t h e  b e t a  v a l u e s  t h a t  CNR w a s  a s l i g h t l y  " b e t t e r "  a c o u s t i c a l  

exposure measure f o r  t h e s e  d a t a  than  w a s  NEF o r  N N I ' .  The 

a d d i t i o n a l  s o c i a l  v a r i a b l e  " ~ i t y "  was a p r e d i c t o r  v a r i a b l e  f o r  

Annoyance V ,  bu t  i s  n o t  f o r  Annoyance G .  This e x t r a  v a r i a b l e  

and t h e  somewhat d i f f e r e n t  d e f i n i t i o n s  of Annoyance makes d i r e c t  

comparison of  Tables  7 and 9  imposs ib le .  These two t a b l e s  can 

be r e l a t e d ,  however, through t h e  v a r i a b l e  CNR inc luded  i n  t h e  
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TABLE 9  
M U L T I P L E  C L A S S I F I C A T I O N  OF ANNOYANCE V ON 
P R E D I C T O R  VARIABLES (AFTER TRACOR, 1970) 

B E T A  V A L U E S  

N o i s e  
S u s c e p t i b i l i t y  1 0.27 0.27 0.27 0 .28 

P R E D I C T O R S  

Fear 

A d a p t a b i l i t y  

M i s f e a s a n c e  

I m p o r t a n c e  

D i s t a n c e  

C i t y  

CNR 

N N I  ' 
NEF 

1 2 3 4 

M u l t i p l e  R 1 0.78 0.79 0.79 0.79 

M u l t i p l e  ,X2 . . 1 .  0.61 . . 0.63 . . 0 . 6 2  . . . 0 . 6 2  
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p r e s e n t  ana lyses .  While n e i t h e r  t h e  b e t a  v a l u e s  nor  t h e  Mul t ip l e  

R v a l u e s  a r e  d i r e c t l y  comparable, t h e r e  i s  no reason  t o  b e l i e v e  

t h a t  t h e  o rde r ing  of p r e d i c t o r s  would change s i g n i f i c a n t l y ,  i n  

view of t h e  r e l a t i v e l y  h i g h  c o r r e l a t i o n s  between t h e  n o i s e  exposure 

v a r i a b l e s  and t h e  r e l a t i v e l y  moderate c o n t r i b u t i o n  of such 

v a r i a b l e s  t o  t h e  p r e d i c t i o n  of annoyance i n  t h i s  model. S ince  t h e  

v a r i a b l e  set { L ~ ~ ( D ~ ~ )  , LNp (Night)} i s  as good as ,  o r  b e t t e r  t han ,  

t h e  v a r i a b l e  CNR, and CNR was s l i g h t l y  b e t t e r  than  NEF o r  N N I ' ,  

t h e  LNp s e t  should be s u p e r i o r  t o  e i t h e r  NEF o r  NNI '  f o r  t h e  d a t a  

base  used i n  t h i s  s tudy .  
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4.4 Prediction of Central Tendency 

Either CNR or LNp appears to be an adequate predictor 

of mean and/or median annoyance in a group of individuals. Figure 

1 shows the mean and median annoyance of respondents by CNR classes. 

(Classes with fewer than 30 respondents, or 1% of the sample, 

have been deleted.) The least squares regression lines through 
these points are also shown. Figures 2, 3, and 4 are the corres- 
ponding graphs for Annoyance G versus LNp(Day), LNp(Night), and 

L~~ (Total), respectively. Table 10 gives the regression formulae, 

the correlation coefficients between the sample points and the 

regression lines, and the standard error of the estimate. To 

the extent that the samples in the class intervals of the 

acoustical variables represent the responses of the population 

living in that exposure class, it is possible to estimate mean 

or median annoyance in an area quite accurately with any of these 

four measures. 



A n n o y a n c e  .G R e g r e s s  ion  
M e a s u r e  S a m p l e  Line  

M e a n  4- 

M e d i a n  A --A+- 

C N R  C L A S S  I N T E R V A L  

F I G U R E  1 - MEAN AND MEDIAN ANNOYANCE G V E R S U S  CNR 
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M e d i a n  

LNP (DAY) C L A S S  I N T E R V A L  

FIGURE 2 - MEAN AND M E D I A N  ANNOYANCE G V E R S U S  L N p ( D A Y )  



A n n o y a n c e  G R e g r e s s i o n  
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F I G U R E  3 - MEAN AND MELiIAN ANNOYANCE G V E R S U S  L N P ( N I G H T )  
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TABLE 10  

PREDICTION OF MEAN AND MEDIAN ANNOYANCE G BY CNR AND LNp 

Acoust ical  
Measure 

(X) 

CNR 

LNp (Day) 

Number of 
dB 'lass 

I n t e r v a l s  

9 

9 

I 
Pred ic t ion  of Mean Annoyance (r) 1 Pred ic t ion  of Median Annoyance (Aso) 

LNp (Night) 

LNp (Tota l )  

. - 

'= a +  bX 

b a 

-44.8 0.580 

12 

-37.2 0.577 

Cor re la t ion  
( r )  

0.981: 

A50 = c + d X  

-18.2 0.407 

Std .  E r r o r ,  
( s y 0 x )  

1.66 

0.939 

0.972 

- Corre la t ion  
(r) 

0.992 

c 

-64.0 

I 
0*554 

0.983 

Std.  Error  
(Sy*x) 

1.38 

d 

0.747 

2.82 1 -26.410.485 0.941 

0.973 

1.57 ' -54.5 

1 .95  -54.3 i 

3.31 

2.47 

0.985 0.748 

0.713 

1.89 
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5.0 SALIENT RESULTS 

The fol lowing r e s u l t s  a r e  based upon t h e  a n a l y s i s  of 

response t o  a i r c r a f t  no i se  descr ibed i n  t h e  previous s e c t i o n s .  

There i s  no i n t e n t i o n  t o  imply t h a t  these  r e s u l t s  might ob ta in  

f o r  o the r  no i se  sources o r  f o r  o the r  measures of response than 

Annoyance G .  

(1) It i s  e a s i e r  t o  compute CNR, NEE, o r  N N I  

f o r  communities surrounding an a i r p o r t  

than t o  compute LNp o r  T N I ,  us ing a i r c r a f t -  

r e l a t e d  d a t a .  

(2) It i s  e a s i e r  t o  d i r e c t l y  measure LNp than 

t o  measure CNR, NEF, o r  N N I ;  i t  i s  a l s o  

e a s i e r  t o  measure L than LNp. 
EQ 

( 3 )  Whether used a lone  o r  wi th  s o c i a l  v a r i a b l e s ,  

t h e  f o u r  b e s t  s i n g l e  a c o u s t i c a l  p r e d i c t o r s  ' 

of annoyance i n  l i n e a r  r eg ress ion  models 

are : CNR, L (Night) ,  LNp(Night) , and L (Total)  
EQ 

( i n  descending o r d e r ) .  
EQ 

(4) Whether used a lone  o r  wi th  s o c i a l  v a r i a b l e s  

i n  l i n e a r  models, o r  wi th  s o c i a l  v a r i a b l e s  i n  

a  nonl inear  model, t h e  fol lowing combinations 

of a c o u s t i c a l  v a r i a b l e s  were b e t t e r  p r e d i c t o r s  

of annoyance than CNR ( i n  descending o r d e r ) :  

{ L , ~  ( ~ a y )  , 0 ( D ~ Y  , L~~ ( ~ i g h t  ) y 0 ( ~ i g h t ) )  

{LEQ L~~ 1) 

{ L ~ ~  ( ~ i g h t  , a ( ~ i g h t  1) 
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(5) Use of a c o u s t i c a l  and s o c i a l  v a r i a b l e s  i n  

a  n o n l i n e a r  model s l i g h t l y  improved t h e  

r e l a t i v e  performance of LNp, so  t h a t  

{ L ~ ~  (Ilay) , L~~ (Night))  and LNp (Night)  a r e  a l s o  

s u p e r i o r  t o  CNR a s  annoyance p r e d i c t o r s .  

( 6 )  Resu l t s  ( 3 ) ,  ( 4 ) ,  and (5) above a r e  a l l  

o f  s t a t i s t i c a l  s i g n i f i c a n c e  because of t h e  

l a r g e  sample s i z e ,  bu t  f o r  p r a c t i c a l  

purposes a l l  of t h e  measures mentioned 

a r e  of equ iva len t  p r e d i c t i v e  a b i l i t y .  

(7)  CNR and LNp(Any) a r e  e q u a l l y  good 

p r e d i c t o r s  of  mean and median annoyance 

. o f  a  sample popula t ion .  
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6.0 CONCLUSIONS 

(1) There is no practical difference between 

CNR, LNp (Night) , and L (Night) in the 
EQ 

predict ion of individual or average 

annoyance from aircraft noise. 

(2) For calculation or estimation of aircraft 

noise exposure CNR is the most practical 

measure. 

(3) For measurement of noise exposure 

using automated equipment L NP Or L~~ are 
the most practical measures, presuming it 

is possible to determine LNp(Night) or 

L (Night). 
EQ 
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APPENDIX A 

Calculation of LNp 



A 1 . O  CALCULATION OF LNp 

I n  order  t o  c a l c u l a t e  LNp f o r  communities which 

experience a  s i g n i f i c a n t  number of a i r c r a f t  o v e r f l i g h t s  the  

following assumptions a r e  made i n  t h i s  r e p o r t :  

(1) The time s igna tu re  of t h e  a i r c r a f t  o v e r f l i g h t  
i s  t r i a n g u l a r  i n  shape wi th  a  maximum 

Perceived Noise Level of P,  has a  dura t ion  

wi th in  10 PNdB of P  of d  seconds, and terminates  

a t  t h e  median ambient l e v e l  of A PNdB a f t e r  a  

t o t a l  of T seconds. 

( 2 )  Each a i r c r a f t  type ,  opera t ion  type,  and 

f l i g h t  path may produce d i f f e r i n g  

va lues  of P  and d  a t  a  given l o c a t i o n .  

( 3 )  The ambient l e v e l  A i s  t h e  median background 

l e v e l .  The d i s t r i b u t i o n  of background l e v e l s  

i s  assumed t o  be Gaussian wi th  s tandard 

dev ia t ion  oA. 

A schematic r ep resen ta t ion  of these  assumptions i s  

shown i n  Figure A . l  f o r  two a i r c r a f t  o v e r f l i g h t s .  

The proposed formulat ion f o r  LNp i s  

where L  = energy mean l e v e l  
EQ 

0 = standard dev ia t ion  of l e v e l s  

k  = a cons tant  (p rov i s iona l ly  k  = 2 .56)  



- 

TIME 

FIGURE A.l - SCHEMATIC REPRESENTATION OF TIME HISTORY OF 
GAUSSIAN-DISTRIBUTED BACKGROUND NOISE AND 
TWO AIRCRAFT OVERFLIGHTS 
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I n  c a l c u l a t i o n  of LNp, t h e  provis ional  va lue  k = 2 . 5 6  

has been used throughout. A l l  l e v e l s  used f o r  t h i s  s tudy a r e  

expressed i n  PNdB, o r  dB(PN) i n  ~ o b i n s o n ' s  n o t a t i o n .  

The procedure used f o r  c a l c u l a t i o n  of LNp i s  a s  

follows : 

(1) Separate  t h e  measurement period i n t o  the  

period during which f lyovers  occur and t h e  

period during which the  background p r e v a i l s .  

( 2 )  Calcula te  L and t o t a l  dura t ion  f o r  each per iod .  
EQ 

( 3 )  Calcula te  t h e  components of a f o r  each 

period.  

(4) Combine t h e  per iods t o  o b t a i n  a  composite L  and 
EQ 

a  composite 0 from which LNp i s  d i r e c t l y  obta ined .  

For d i s c r e t e  sample d a t a  the  d e f i n i t i o n s  of L  and 
EQ 

c a r e :  

where xi = - i t h  l e v e l  sample i n  PNdB 

N = t o t a l  number of samples 
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If the xi levels above are samples of a known function 

of time, x(t), these quantities can be solved analytically 

using the continuous function equivalent equations : 

In practice, for computational convenience. three 

quantities are accumulated for the period of interest: 

E = dt (total energy) 

I =Jx dt (sum of x) 

2 (sum of x ) 

Al.l Aircraft Flyovers 

For the triangular signatures of Figure A.1, x is 
a known function of t. The quantities of interest for a single 
flyover with max PNL of P, duration d, total time T, and 
ambient A are: 
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= 0.434 d(10 

An equiva lent  and sometimes more convenient form i s  

El = 0.434 d(10 (10~/10 - 1 )  

where A = P - A ,  t h e  d i f f e r e n c e  i n  maximum PNL and ambient l e v e l s .  

Equivalent forms f o r  El, 11, atrd Jl using t h e  maximum 
PNL P and ambient l e v e l  A a r e  
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When there are multiple flyovers with the same maximum 

PNL, duration, and ambient, each of these quantities is multiplied 
by the number of aircraft movements (which may in practice be 

non-integer for average numbers of movements.) Differing peak 

levels, durations, or ambients require a separate calculation 

of El, 11, and Jl, and these quantities are 
classes of overflight: 

where m = number of distinct classes of operation, 

n = number of aircraft overflights in class j, and 
j 
T1 = total elapsed time of overflight (in seconds) 

Background Levels 

In the absence of aircraft overflight it is assumed 
that there exists a distribution of background levels with 

median A and standard deviation oA. This distribution is assumed 
to be Gaussian. For this case it is not possible to define 

x as a known function of time, but from the properties of Gaussian 
distributions it is possible to determine E2, 12, and J2: 
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where T2 = t o t a l  d u r a t i o n  o f  background l e v e l s  

p (x )  = p r o b a b i l i t y  of  occu r r ence  of  l e v e l  x 
- 
x = A ,  t h e  median background l e v e l  

- 
z = (x - i ( ) / oA ,  t h e  s t a n d a r d  s c o r e  f o r  x 

2 
f  ( z )  = e - , t h e  Gauss ian  d i s t r i b u t i o n  f u n c t i o n  

S o l u t i o n  o f  t h i s  i n t e g r a l  i n  terms o f  T 2 ,  A ,  and nA 

y i e l d s  

S i m i l a r l y ,  

J2 = T2 / z 2  f ( z )  dz 
-0) 
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A 1 . 3  Computation of  LNp 

I f  E l ,  11, J1, E 2 ,  Ip ,  and J2 a r e  de f ined  as above, 

l e t  

The mean v a l u e s  of energy ,  l e v e l ,  and l e v e l  squared 

a r e  t h e n :  

- 
I = I ~ / T ~  

- 
J = J ~ / T ~  

Using t h e s e  d e f i n i t i o n s  LNp i s  computed as fo l lows :  
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A2.0 COMPUTATION OF LNp FOR BASE DATA 

Examination of t h e  equa t ions  i n  t h e  previous  s e c t i o n  ' 

i n d i c a t e s  t h a t  f o r  t h e  assumptions made ( t r i a n g u l a r  a i r c r a f t  

s i g n a t u r e  r i s i n g  out  of t h e  median ambient followed by background 

l e v e l s  w i t h  a  Gaussian d i s t r i b u t i o n )  t h e  fol lowing f o u r  q u a n t i t i e s  

must be determined : 

(1) Max PNL of each f l y o v e r ,  and number of 

f l y o v e r s  

(2)  Dura t ion  of  each f l y o v e r  

(3) Median background l e v e l  

( 4 )  Standard d e v i a t i o n  of background l e v e l s  

Of these  f o u r  q u a n t i t i e s  on ly  t h e  f i r s t  i s  necessary  

f o r  t he  c a l c u l a t i o n  of  CNR. LNp was c a l c u l a t e d  f o r  day ope ra t ions  

(7 :00 a.m. t o  10:OO p.m. l o c a l  t ime) ,  f o r  n i g h t  ope ra t ions  (10:OO p.m. 

t o  7:00 a.m.), and f o r  t h e  24-hour day f o r  each of t h e  2912 survey 
respondents .  I n  p r a c t i c e  t h i s  w a s  accomplished by c a l c u l a t i n g  L 

NP 
va lues  f o r  each of t h e  177 census t r a c t s  surveyed.  Normally, 

census t r a c t s  were geograph ica l ly  l a r g e  enough t h a t  they  were 

f u r t h e r  subdivided i n t o  s e v e r a l  sample blocks f o r  more a c c u r a t e  

e s t ima t ion  of t h e  maximum PNL of  each a i r c r a f t  ca tegory .  

A2.1 Acous t i ca l  Survey Data 

For each sample b lock  t h e  peak PNL of a r r i v a l s  and 

of depa r tu re s  f o r  s e v e r a l  a i r c r a f t  types  w a s  a v a i l a b l e .  These 

l e v e l s  were ob ta ined  by combining a v a i l a b l e  PNL contours  

w i t h  f i e l d  measurements. Approximately 30% of t h e  census 
t r a c t s  surveyed were monitored f o r  n o i s e  exposure ,  w i t h  
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approximately 100 a i r c r a f t  s igna tu res  per sample. As descr ibed 

by Connor (1968), these  d a t a  were analyzed i n  ,one second 

t h i r d  octave band . spec t ra  together  wi th  dBA and dBN l e v e l s .  These 

spec t ra  were then used t o  compute t h e  following measures f o r  each 

o v e r f l i g h t  : 

Max dB(A) and dura t ion  dB(A) 

Max dB (N) and dura t ion  dB(N) 

Max PNdB and dura t ion  PNdB (113 octave band) 

Max PNdBt and dura t ion  PNdBt (PNdB wi th  d i s c r e t e  

frequency cor rec t ion)  

Max Phons (Stevens Mark VI) 

Max SIL 'S  ( t h r e e  v a r i e t i e s  of Speech I n t e r f e r e n c e  

Level) 

Peak PNdB (from nonsimultaneous 113 octave 

band peaks) 

In  addi t ion  t o  above measures t h e  instantaneous (one second) 

values of each were recorded. 

Estimation of t h e  Maximum PNL Values 

I n  t h e  previous TRACOR study based on t h e  d a t a  used here,  

CNR values were computed f o r  every sample block of t h e  s o c i a l  survey. 

A s  a  r e s u l t  of t h a t  computation t h e  Peak PNL values  f o r  each type 

of a i r c r a f t  and each f l i g h t  path were a v a i l a b l e  i n  computer-readable 

form, a s  were t h e  average number of daytime and n ight t ime opera t ions  

f o r  each f l i g h t  path.  These Peak PNL d a t a  were used t o  e s t ima te  
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maximum PNL values  by s u b t r a c t i o n  of 1 .4  PNdB. (This c o r r e c t i o n  

f i g u r e  i s  t h e  mean d i f f e r e n c e  between these  two measures found 

i n  the a n a l y s i s  of 4730 f lyovers  i n  the  e a r l i e r  study (Connor, 1968) .) 

A 2 . 3  Estimation of Flyover Durations 

For computation of LNp i t  was necessary t o  e s t ima te  

t h e  dura t ion  of each f lyover .  Durations were a v a i l a b l e  f o r  the 

acous t i ca l  survey a r e a s .  For these  a reas  sepa ra te  dura t ions  were 

measured f o r  a r r i v a l s  and f o r  depar tures .  Where poss ib le ,  va lues  

f o r  nearby census t r a c t s  were i n t e r p o l a t e d  from a v a i l a b l e  measure- 

ments. For census t r a c t s  which were too f a r  removed from a c t u a l  

samples f o r  i n t e r p o l a t i o n ,  a  r eg ress ion  a n a l y s i s  was performed. 

From t h i s  a n a l y s i s  dura t ions  were est imated by t h e  following 

equations : 

where da = a r r i v a l  dura t ion  

d d  = depar ture  dura t ion  

P  = rnax PNL of t h e  f lyover  

r = c o r r e l a t i o n  c o e f f i c i e n t  between dura t ion  and 

max PNdB. 

For t h e  r e g r e s s i o n  d a t a  these  equat ions p r e d i c t  t h e  

a r r i v a l  dura t ions  w i t h  a s tandard e r r o r  of  3 . 8  seconds. For 

departures  t h e  s tandard e r r o r  i s  4.2 seconds. These equat ions 

compare favorably wi th  s i m i l a r  equat ions developed by Serendip i ty  

(1970, Vol. VI) . 
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A2.4 Median Background Levels 

Est imation of t h e  median daytime background l e v e l  A 

was performed by re fe rence  t o  the  o r i g i n a l  f i e l d  logs  used i n  t h e  

a c o u s t i c a l  surveys.  A-weighted ambient sound l e v e l s  a s  we l l  a s  

some octave band l e v e l s  were recorded by t h e  f i e l d  crews. Their  

i n s t r u c t i o n s  were t o  e s t ima te  t h e  median background l e v e l  i n  

t h e  absence of a i r c r a f t  a f t e r  observing t h e  sound analyzer  reading 

f o r  approximately 20 seconds. These l e v e l s  were recorded approxi- 

mately once every 25 o v e r f l i g h t s .  While t h e r e  was no i n t e n t  t o  

use these  d a t a  i n  t h e  o r i g i n a l  sample design,  i t  i s  bel ieved t h a t  

the mean of these  ambient l e v e l s  i s  a  reasonable e s t ima te  of t h e  

median daytime background l e v e l .  The range of l e v e l s  observed was 

37 dBA t o  63 dBA, corresponding f a i r l y  we l l  t o  t h e  range of L 
50 

l e v e l s  observed i n  o t h e r  r e s i d e n t i a l  a reas  (Serendip i ty ,  Vol. V I ,  

1970; Serendip i ty ,  1971).  Areas which were not  included i n  the  

a c o u s t i c a l  survey were assigned t h e  median background l e v e l  of 

t h e  n e a r e s t  s i m i l a r  survey a r e a .  

Very few ambient l e v e l  d a t a  were taken during the  

night t ime period.  For t h i s  reason t h e  median night t ime background 

l e v e l  was est imated from the  corresponding daytime l e v e l .  

Serendip i ty  d a t a  (Vo~l. V I ,  1970) indica ted  t h a t  n i g h t  r e s i d e n t i a l  
medians d i f f e r e d  from day medians by 10 dBA t o  18 dBA, depending 

upon t r a f f i c  dens i ty  a t  var ious  hours.  For t h e  purpose of 

computation of LNp(Night) i t  was assumed t h a t  t h e  median background 

l e v e l  between 10:OO p.m. and 7  :00 a.m. was 12 dBA lower than the  

daytime median. 

For cons is tency with t h e  f lyover  l e v e l s ,  a constant  

of 12.6 was added t o  the  median background dBA l e v e l s  t o  approximate 

median Perceived Noise Levels (Kryter,  1968). 
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A2.5 Standard Devia t ion  of Background Leve ls  

The s tandard  d e v i a t i o n  of  background l e v e l s  w a s  
assumed t o  be 10% of  t h e  median background l e v e l  i n  PNdB. For 

more a c c u r a t e  e s t i m a t i o n  t h e  fo l lowing  equa t ions  from t h e  Medford 

Study (Se rend ip i ty ,  1971) could be used :  

Llo = 27.63 + 0.64 L50, o r  

L1o - Lgo = 28.73 - 0.31  L50 

The assumption of Gaussian d i s t r i b u t i o n  imp l i e s  t h a t  

L1o - L90 = 2.56aA, o r  

where LLO = dBA l e v e l  exceeded 10% of  t h e  t ime 

Lgo = dBA l e v e l  exceeded 90% of  t h e  t ime 

L50 = dBA l e v e l  exceeded 50% of  t h e  t i m e  

OA 
= s t anda rd  d e v i a t i o n  o f  background l e v e l  

Sec t ion  A3.3 shows t h a t  LNp i s  h i g h l y  dependent upon oA 

f o r  small numbers of a i r c r a f t  o v e r f l i g h t s ,  bu t  t h a t  t h e  approxima- 

t i o n  used i s  reasonably  a c c u r a t e .  
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A3.0 COMPARISON WITH ORIGINAL NOISE POLLUTION LEVEL 
DOCUMENT 

In his original report setting forth the LNp concept 
(1969), Robinson presented some example computations. His 

assumptions were not identical to those in Section A1.O of this 

report, but were quite similar. In particular, he used a slightly 

more complex aircraft flyover noise signature and assumed a 

non-fluctuating background level (uA = 0). Figure A.2 shows 

~obinson's assumed signature compared with triangular signatures, 

used in this report, of 24 and 32 seconds duration. 

Robinson used three example situations for his 

calculations. Figure A.3 (reproduced from his paper) illustrates 

his Cases A, B, and C in terms of the distribution of flyover 
peak levels. For each case he also considered the effect of 

background levels ranging from 70 to 85 PNdB (dB(PN) in ~obinson's 

notation). 



1 0  20 30 40 50 60 70 80 90 100 110 120  130 140 150 160 

T I P I E  ( S E C O N D S )  

F I G U R E  A . 2  - COMPARISON O F  ASSUMED A I R C R A F T  FLYOVER N O I S E  S I G N A T U R E S  
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' lor 

CASE A 

CASE B 

CASE. C 

- Time 

FLY OVER PATTERNS - SCHEMATIC 

FIGURE A.3 - ROBINSON'S TEST CASES (FROM ROBINSON, 1969) 

A-16 
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Effect of Differing Signatures 

Figure A.4 compares ~obinson's Case A results for a 

given number of overflights with results computed as in Section 

A1.0 for 24-second and 32-second durations. In each case the 

curve is the average for background levels of 70, 75, 80, and 

85 PNdB, with the given number of overflights having maximum 
levels of 100 PNdB. LNp is calculated for an assumed 15-hour 

period. The curve representing Robinson's results is taken 

from Figure 5 of his report. The three curves are quite close 

until the number of overflights becomes large. The small 

differences seen for large numbers of operations can be explained 

by the differences in signatures. 

Figure A.5 compares Case A and Case C averages (over 

differing backgrounds) for 24-second triangular signatures 

and ~obinson's signatures. There is again some difference in 

the curves for large numbers of operations. There are also 

differences for small numbers of operations which cannot be 

explained by the shape of the aircraft signature. These latter 

differences are most likely due to computational error. As 

the number of overflights approaches zero, it is clear that 

Case A and Case C must approach the same LNp values, so that the 
TFUCOR curves seem more plausible than the others. 



r ~ I ~ I I I ~ ~ I I U ~ I I I  Triangular  S igna ture  , 24 -Second Duration 

125 C - Triangular  S igna tu re ,  32-Second Duration 

I ~ o b i n s o n ' s  S igna ture  

FIGURE A . 4  - EFFECT OF AIRCRAFT SIGNATURE ON LNp 

(Case A; 70-85 PNdB Ambients) 
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~ I ~ ~ I I I B I I I I I I  24-Second Triangular Signature 
Case A - - Robinson's Signature 

24-Second Triangular Signature 
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FIGURE A.  5 - EFFECT OF PEAK LEVEL CONFIGURATION ON LNp 
(Case A and Case C; 70-85 PNdB Ambients) 
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A3.2 Ef fec t  of Background Levels 

Figure A .  6 shows t h e  e f f e c t  of background l e v e l s  f o r  
24-second t r i a n g u l a r  s igna tu res  and f o r  ~ o b i n s o n ' s  s igna tu re .  

The TRACOR curves a r e  t h e  average LNpls  f o r  Case A ,  Case B ,  and 

Case C ,  each ca lcu la ted  f o r  t h e  given number of t o t a l  o v e r f l i g h t s  

and the  background l e v e l  ind ica ted .  The curves f o r  Robinson's 

s ignature  a r e  from Figure 7 of h i s  r e p o r t ,  where they a r e  l abe led  

"72.5" and 82.5." ( I t  i s  not  c l e a r  from the  AERO r e p o r t  what 

t h e  "72.5" and "82.5" curves r e a l l y  represent  ; t he  desc r ip t ion  

of t h e i r  formation seems t o  have been omit ted.  The curves poss ib ly  

represent  the  mean of the  t h r e e  cases  f o r  background l e v e l s  of 

70 and 75 PNdB, and f o r  80 and 85 PNdB, r e s p e c t i v e l y .  The TRACOR 

curves a r e  f o r  the  a c t u a l  background l e v e l s  of 72.5 and 82.5 PNdB 

averaged over t h e  t h r e e  cases . )  The two p a i r s  of curves a r e  q u i t e  

s i m i l a r ,  but wi th  d i f f e r e n c e s  f o r  high numbers of o v e r f l i g h t s  

observed previously.  



IIIIIIIIII~III 24-Second Triangular Signature 

f- Robinson's Signature 

2 4 - S e c o n d  Triangular Signature 

120 
Ambient = Robinson ' s Signature 

F I G U R E  A . 6  - EFFECT OF BACKGROUND LEVEL ON LNp 

(Averaged f o r  Cases A ,  B .  and C :  

70-85 PNdB Ambients) 
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A3.3 Effect of Background Fluctuations 

Figure A.7 shows the effect of fluctuatio~ in background 

levels on Case A (with 24-second triangular signatures). The 

levels which occur in the absence of aircraft are assumed to be 

normally distributed with a standard deviation oA. Robinson's 

AERO report examples assumed aA = 0. The effect of increasing 

u~ is dramatic. Assuming fluctuations with uA equal to 10 percent 
of the median background level, LNp increases by as much as 25 

units, while a aA of 5 percent of the median background level 
increases LNp by as much as ten units. 

A realistic estimate of oA may be derived from 

regression equations for L and L10 contained in the Medford 90 
study (Serendipity, 1971). An estimate of the standard deviation 

of levels measures in typical communities is 

If it is assumed that aircraft noise affected these 

results negligibly (a reasonable assumption since the study 

was primarily a surface vehicle noise survey, and most sites 
had few or no aircraft overflights), and that 

then 

OA 
= 12.74 - 0.1211 A 

where A = median background level in PNdB. 



2 5 7 10  20 50 70 100 200 500 700 
T O T A L  NUMBER O F  O V E R F L I G H T S  

F I G U R E  A . 7  - E F F E C T  O F  BACKGROUND L E V E L  F L U C T U A T I O N S  ON L N p  

( C a s e  A ;  70-85 P N d B  A m b i e n t s ;  2 4 - S e c o n d  

T r i a n g u l a r  S igna tu re )  
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The LNp curve generated using t h i s  approximation i s  

a l s o  shown i n  Figure A.7. 

I n  order  t o  e s t ima te  t h e  e f f e c t  of t h e  assumption 

OA 
= 0.10 A which was used f o r  c a l c u l a t i o n  of respondents t  LNp 

values i n  t h e  primary a n a l y s i s  i n  t h i s  r e p o r t ,  t h e  curves of 

Figure A.7 were recomputed using ambient l e v e l s  observed i n  the  

acous t i ca l  survey. Figure A.8 shows the  r e s u l t s  f o r  Case A ,  

where t h e  d a t a  a r e  averaged over median background l e v e l s  of 

50, 55, 60, 65, 70, and 75 PNdB. The curves r ep resen t  t h e  same 

assumptions about aA as those i n  Figure A .7 (oA = 0 ,  oA = 0.05 A ,  

nA = 0.10 A ,  and oA = 12.74 - 0.1211 A). The range of number of 

o v e r f l i g h t s  i n  t h i s  s tudy i s  20 t o  200. In  t h i s  range, the  

d i f fe rence  i n  LNp between the  curves generated by uA = 0.10 A 

and oA = 12.74 - 0.1211 A i s  from t h r e e  t o  two LNp u n i t s .  Thus 

f o r  Case A and f o r  the  range of opera t ions  and t h e  range of 

ambients observed, the  d i f f e r e n c e  between these  two assumptions 

regarding a i s  n e a r l y  cons tant .  This i n d i c a t e s  t h a t  the  
A 

approximation used i s  adequate.  



'I=- oA = 0.10 A 

I 
OA 

= 12.74 = 0.1211 A 

A = Ambient Level 
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FIGURE A.8 - EFFECT OF BACKGROUND LEVEL FLUCTUATIONS ON LNp 

(Case A; 50-75 PNdB Ambients ; 24-Second 

Tr iangular  Signature)  
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OFFICE USE ONLY 

No.  

Rcd. / 

Log 

Val id ity P /R / 

Grade 

PROGRAM 
IN 

COMMUNITY STUDIES 
1970 

FORM D (R) 

h;fiJir; ~n vironmental & Physical Sciences Division 



FORM APPROVED 

BUDGET BUREAU N O .  104-S7OOO2 

Interviewer Name Number 

Ci ty  

Date of Interview 
Mon t h  

/ / 
Day Year 

Time Interview Began Ended T o t a l  Minutes 

Census T r a c t  Census Block 

(NOTE TO INTERVIEWER: YOUR INSTRUCTIONS ARE I N  CAPITAL LETTERS 
AND ENCLOSED I N  PARENTHESES. DO NOT READ THESE INSTRUCTIONS TO -- 
RESPONDENT . ) 

I am a resea rch  in te rv iewer  working on a s tudy of community 

i s s u e s  here  i n  (NAME OF CITY). My job i s  t o  he lp  conduct 

a survey of t h e  a t t i t u d e s  and opinions of t h e  reskdents  of 

t h i s  c i t y  and t h i s  neighborhood regarding  common i s s u e s .  

Any answers you g i v e  m e  w i l l  be c o n f i d e n t i a l ,  and they w i l l  

be used t o  he lp  p lan  f u t u r e  community improvements. 

The two s i d e s  of t h i s  ca rd  have "opinion thermometers" which 

we w i l l  use i n  s e v e r a l  ques t ions  t o  e s t ima te  how you f e e l  

about c e r t a i n  th ings .  For example, tu rn  t o  S i d e  I .  On the  

l e f t  is  a Frequency S c a l e  t o  e s t i m a t e  How Often. For prac- 

t i c e ,  l e t ' s  estimate how of ten  you go t o  t h e  movies. Think 

of how of ten  you go. If  you r a r e l y  go t o  t h e  movies , you 



I I would s a y  zero".  On t h e  o t h e r  hand, i f  you went v e r y  

of t e n ,  you would s a y  "four" o r  perhaps  " three" .  I f  you 
I I sometimes go t o  t h e  movies,  you would s a y  one" o r  "two". 

If you go t o  t h e  movies about  as o f t e n  as your  f r i e n d s  o r  

acqua in tances  you would have a s c o r e  of "two" - t h e  average  

i n  most c a s e s .  

Now, how of t e n  would you s a y  you go t o  t h e  movies? (CIRCLE 

NUMBER) o 1 2 3 4 

The o t h e r  s c a l e s  (How Much and How Good) are used i n  t h e  
I I same way. Remember t h a t  t h r e e "  o r  "four" mean Very Much 

o r  Very Good, "zero" means Very Poor o r  Not a t  A l l ,  and 

"two1' means About Average. 

Now we w i l l  s t a r t .  

1. How long have you l i v e d  i n  (NEIGHBORHOOD).? 
(RECORD-INYEARS) 

2 .  How long have you l i v e d  i n  (CITY)? 
(RECORD I N  YEARS) 



Now, a t  the  p r e s e n t  t ime ,  what a r e  some of t he  t h ings  you l i k e  
o r  d o n ' t  l i k e  about  l i v i n g  i n  t h i s  n e i g h b o r h o ~ d  - t h i n g s  t h a t  
you f e e l  a r e  advantages and make t h i s  a good p l a c e  t o  l i v e ,  o r  
d i sadvantages  - t h ings  t h a t  you f e e l  a r e  unp leasan t?  

3 .  What a r e  t he  advantages ,  i f  any? 

(RECORD ANSWER V E U A T I M  I N  SPACE BELOW) 



Now, 190s t neighborhoods have some t h i n g s  a b o u t  them p e o p l e  
d i s  l i k e .  

4 a .  \?hat a r e  t h e  d i s a d v a n t a g e s  o f  l i v i n g  i n  t h i s  ~ e i g h b o r h o o d ,  
i f  any?  

(XLCORD ASSWER V E R B A T I X ,  R E T A I N I N G  OPXIER O F  MENTION)  

(;\;i'l\iBER ORDER OF >lEiSTION I N  COLUPE 4 A )  

(IF V E i U A T I > l  t-lNS\.JERS DO NOT " F I T "  C A T E G O R I E S ,  RECORD 
AXSI.JERS I X  S P A C E S  BELOW "AIRCRAFT NOISE") 

DISADVANTAGES 

Here i s  a  l i s t  of t h i n g s  some p e o p l e  d i s l i k e  t h e  most a b o u t  
where they  l i v e .  

(INTRODUCE CARD HAND T O  RESPONDENT) 

4 b .  Which one , t h i n g  on t h i s  l i s t  (ADD A h T  MENTIONED I N  4 a )  
do you d i s l i k e  t h e  most a b o u t  where you l i v e ?  

(MARK ONE T H I N G  D I S L I K E D  THE MOST I N  COLUMN 4 B )  



(TAKE BACK CARD 1) 

4c .  Using t h e  Opinion Thermometer, how much do you d i s l i k e  t h i s  
one t h i n g ?  (CIRCLE NUMBER I N  COLUMN 4C) 

(GO TO 4D) 

DK 4A 

(SKIP TO 5A) 

S R  4B 

NOTHING DISLIKED 

INCONVENIENT LOCATION 

EXPENSIVE PLACE TO LIVE 

UNSAFE PLACE TO LIVE 

RUN-DOWN NEIGHEONIOOD 

POOR FACILITIES 

I 

4C 

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

DISLIKE FOR A CERTAIN HOUSE 

NO PRIVACY 

OTHER NOISE 

AIRCRAFT NOISE 

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

I I 0 1 2 3 4 1  1 



4d. In  o rde r  t o  f i n d  out  how important (Most Dis l iked  Thing) i s  

i n  comparison t o  o t h e r  th ings  i n  t h e  neighborhood, we want you 

t o  l o c a t e  seve ra l  'items on a s c a l e .  (HAND R .  CARD 2 .) The idea  

i s  t o  pick a number on t h e  s c a l e  which shows t h e  r e l a t i v e  

importance of (Most Dis l iked  ~ h i n g )  t o  you. 

(IF AIRCRAFT NOISE IS MOST DISLIKED THING): 

Notice t h a t  A i r c r a f t  Noise i s  loca ted  a t  t h e  number "100." What 

number below i t  do you f e e l  b e s t  f i t s  t h e  next  most d i s l i k e d  

th ing  i n  your neighborhood? 

(WRITE I N  LOCATION OF NEXT MOST DISLIKED THING) (TAKE BACK CARD 2 )  
(GO TO 5C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(IF AIRCRAFT NOISE I S  NOTMOST DISLIKED THING): 

For example, A i r c r a f t  Noise i s  loca ted  a t  t h e  number "100." What 

number above i t  do you f e e l  b e s t  f i t s  (Most Dis l iked  Thing) i n  

comparison t o  A i r c r a f t  Noise? 

(WRITE I N  LOCATION OF MOST DISLIKED THING) (TAKE BACK CARD 2 )  
(GO TO 5 C )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

z o o . . . . .  
I- 

l oo . . .  .. A i r c r a f t  Noise 



( I F  N O T H I N G  DISLIKED, ASK: ) 

5a.  I n  t h e  p a s t  w a s  t h e r e  eve r  anyth ing  you d i s l i k e d  about  
l i v i n g  he re?  

Y E S  ; NO ( IF  NO , DK O R  NR GO TO Q U E S T I O N  8) 
DK -' NR 

5b.  ( IF  Y E S ) :  What w a s  t h a t ?  

5 c .  HOW manv times i n  an average week do/did  you d i s c u s s  (MOST 
DISLIKED THING OR ONE THING DISLIKED I N  THE PAST) w i t h  
f r i e n d s ,  ne ighbors ,  o r  r e l a t i v e s ?  

(CIRCLE NUMBER) 0 1 2 3 4 More t h a n 4  DK NR - -  
5 d .  ~ ~ / d i d  you your se l f  e v e r  f e e l  l i k e  doing something t o  improve 

t h i s  s i t u a t i o n ?  For example, do /d id  you f e e l  l i k e :  (READ 
L I S T ,  MARK "YES" O R  "NO") 

D I S C U S S I N G  I T  W I T H  SOMEONE 

T E L E P H O N I N G  O R  W R I T I N G  T O  A N  
O F F I C I A L  

S I G N I N G  A P E T I T I O N  

V I S I T I N G  AN O F F I C I A L  

A T T E N D I N G  A M E E T I N G  ABOUT I T  

H E L P I N G  T O  S E T  U P  A C O M M I T T E E  
TO DO S O M E T H I N G  ABOUT I T  

W R I T I N G  X L E T T E R  T O  T H E  
E D I T O R  

F I L I N G  A S U I T  

O T H E R  
I 

Y E S  D K N R Y E S  

I 

NO h ?  NO DK 



( IF  RESPONDENT ANSWERS "NO" TO ALL ITEMS I N  5D , GO TO 5F) 

5e. ,Did  you ( o r  your fami ly)  a c t u a l l y  do any of t h e s e  t h i n g s ?  

YES ; NO DK NR 

( I F  YES): Which one(.s)? (MARK I N  COLUMN 5E) 

What happened? 

( I F  NO): Why i s  t h a t ?  Tha t  i s ,  why d i d  you d e c i d e  n o t  t o  
do anyth ing?  

5 f .  Has any l o c a l  o r g a n i z a t i o n  e v e r  asked you t o  do any of t h e s e  
t h ings?  

YES ; NO 3 DK ; NR 

5g. What do you t h i n k  a re lwere  t h e  chances of  an  o r g a n i z a t i o n  
improving o r  reduc ing  t h i s  s i t u a t i o n ?  

VERY GOOD ; GOOD -9 FAIR -, NOT VERY GOOD 
- 9  

POOR -; DK pi NR - 

6. ~ o / d i d  you happen t o  know who o r  where t o  c a l l  if you 
wanted t o  complain? 

YES ; NO Y DK ; NR 



7 .  I n  your own opin ion ,  how much are/were your ne ighbor s  
bothered by t h i s  s i t u a t i o n ?  U s e  t h e  Opinion Thermometer. 

(CIRCLENUMBER) o 1 2 3 4 DK- N R  . 

8 .  Here i s  a l i s t  of sounds which sometimes b o t h e r  people .  
>lost people hea r  t h e s e  sounds somewhere, n o t  n e c e s s a r i l y  
i n  t h e i r  own homes. Use t h e  Opinion Thermometer t o  r a t e  
how much each sound b o t h e r s  you when you do hea r  i t .  

(READ LIST AND CIRCLE hW>fBER FOR EACH SOUND) 

SOUhDS 

\JI ' \LKING ON GRITTY FLOORS 

>;US I C A L  INSTRUNENTS I N  PRACTICE 

RLAKGING DOORS 

A I R  ttL'I2-LERS 

D R I P P I N G  WATER 

WIlISTLING 

CI-WLK SCRAPING ON A BLACKBOARD 

NEIGHBOR ' S  R I N G I N G  TELEPEONE 

PEOPLE WALKING ON THE FLOOR ABOVE 

CHAIRS SCRAPING ON THE FLOOR 

NEIGHBORS LAUGHING OR QUARRELING 

TYPEWRITERS 
i 

BITING 

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

DK NR 

I 



9a. I w i l l  now read  a number o f  n o i s e s  heard i n  d i f f e r e n t  
. neighborhoods. Which ones do you h e a r  i n  t h i s  neighbor-  

hood ? 

(READ LIST TO RESPONDENT, CHECKING WHETHER NOISE IS 
HEARD OR NOT) 

(FINISH 9 a  BEFORE ASKING 9 b )  

9b. Of t hose  t h a t  you h e a r ,  how much a r e  you bo thered  o r  
annoyed? Use t h e  Opinion Thermometer. 

(CIRCLE NUMBER I N  COLUMN 9 b  ONLY FOR THOSE NOISES 
I-iEARD ) 

(FINISH 9 b BEFORE ASKING 9 c )  

9 c .  Some people  a r e  more aware of  n o i s e  than o t h e r s .  How much 
i s  each  n o i s e  t h a t  you hea r  n o t i c e a b l e  t o  you; t h a t  i s ,  
how much a t t e n t i o n  do you pay t o  each  one? P l e a s e  u s e  t h e  
Opinion Thermometer. 

(CIRCLE NUMBER I N  COLUMN 9c ) 

(PROBE TO SEE I F  RESPONDENT WOULD NOW LIKE TO INCLUDE 
MORE NOISES AS HEARD) 



1 
YES 

( S K I P  T O  Q U E S T I O N  2 0 a )  

I 

9c 
N O T I C E S  

- 

AUTOS 

NEBH. C H I L D R E N  

A I R C R A F T  

DOGS /PETS 

P E O P L E  

CYCLES /HOT RODS 

T R A I N S  

S I R E N S  

CONSTRUCTION 

LAWN MOWERS 

GARBAGE C O L L E C T I O N  
I 
/SONIC BOOMS 

- 

NR 

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4 1  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

9a 
HEARD 

4 

TRUCKS 

OTHER ( S P E C I F Y )  
- 
NO N O I S E S  HEARD 

DK 

1 

9b 
ANNOYS 

Y E S  

Y E S  

Y E S  

Y E S  

Y E S  

Y E S  

Y E S  

Y E S  

Y E S  

Y E S  

YES 

Y E S  

DK NR 

- 

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NR DK 

0 1 2 3 4  

YES! NO 

Y E S  NO 



10. When you s e e  o r  hear  a i r p l a n e s  overhead, how o f t e n  do you 
f e e l  they a r e  f l y i n g  too  low f o r  t h e  s a f e t y  of r e s i d e n t s  
i n  t h e  a rea?  Use Opinion Thermometer. 

(CIRCLE NUMBER) 

11. When you see  o r  hear  a i r p l a n e s  overhead how o f t e n  do you 
f e e l  t h e r e  i s  some danger t h a t  they might c r a s h  nearby? 
Use Opinion Thermometer. 

12. What times of t h e  day do you p a r t i c u l a r l y  n o t i c e  a i r c r a f t  
noise?  (CHECK WHETHER WEEKDAYS OR WEEKENDS) 

Morning Afternoon Evening Night 

6-9 9-12 12-3 3-6 6-9 9-12 12-3 3-6 

WEEK 
DAYS 
WEEK 
E N D S  

A l l  t h e  time 

No p a r t i c u l a r  time 



13. What days of t h e  week do you p a r t i c u l a r l y  n o t i c e  a i r c r a f t  
no i se?  

Sun. Mon. Tues. Wed. Thur. F r i .  Sa t .  

YES 

NO 

DK 

NR 

Every day 

No p a r t i c u l a r  day 

14. How o f t e n  do y o u , n o t i c e  smoke, fumes, o i l  dropout ,  o r  land- 
ing l i g h t s  from over f ly ing  a i r p l a n e s ?  Use t h e  Opinion 
Thermometer. (MARK I N  COLUMN 14 BELOW) 

r I F  "NONE," (ZERO ON ALL ITEMS) FOR QUESTION 14 

1 

SMOKE 

FUMES 

O I L  DROPOUT 

LANDING LIGHTS 

15. How much does (EACH ITEM I N  QUESTION 14 THAT IS  NOTICED) 
annoy you? Use t h e  Opinion Thermometer. (MARK I N  COLUMN 
15 ABOVE) 

0 1 2 3 4 D K N R O 1 2 3 4 D K N R  

0 1 2 3 4 D K N R O 1 2 3 4 D K N R  

0 1 2 3 4 D K N R O 1 2 3 4 D K N R  

0 1 2 3 4 D K N R O 1 2 3 4 D K N R  

416. Were you f u l l y  aware of t h e  n o i s e  from a i r c r a f t  ope ra t ions  
i n  t h i s  neighborhood before  coming here?  

YES ; NO ; DK ; NR 



17. How much would you say a i r c r a f t  opera t ions  have increased 
i n  t h i s  a r e a  i n  t h e  p a s t  f i v e  years?  Use t h e  Opinion 
Thermometer. 

18. Would 'you say t h a t  you have learned  t o  l i v e  wi th  a i r c r a f t  
no i se  t h e  way i t  i s  now? 

YES ; NO ; UNDECIDED ; NR 

19a. I f  t h i s  a r e a  were t o  r e c e i v e  more n o i s e  from a i r c r a f t ,  how 
much of t h i s  n o i s e  do you t h i n k  you could l e a r n  t o  l i v e  with? 

TWICE AS MUCH ; THREE TIMES AS MUCH , 

FOL. TIMES AS MUCH ; NO MORE AT ALL ; UNDECIDED 

19b. Which could you l e a r n  t o  l i v e  wi th ,  a i r c r a f t  n o i s e  which 
occurs f r equen t ly  bu t  no t  very loud,  o r  a i r c r a f t  n o i s e  
which occurs  i n f r e q u e n t l y  but  loud? 

FREQUENTLY BUT NOT VERY LOUD 

INFREQUENTLY BUT LOUD 

UNDECIDED 

NR 



20a. I w i l l  now read  a number of d a i l y  a c t i v i t i e s .  Which of 
these  a r e  d i s tu rbed  by a i r c r a f t  no i se  i n  your own s i t u a -  
t i o n  here? (READ LIST BELOW AND CHECK "YES , I t  "NO,"  "DK," 
OR IINRII) 

20b. (OF THOSE THAT ARE DISTURBED): How much a r e  you bothered? 
Use t h e  Opinion Thermometer. (CIRCLE NUMBER I N  COLUMN 20b) 

20a 20'0 

1. How o f t e n  do a i r p l a n e s  make t h e  house (bui ld ing)  v i b r a t e  o r  
make t h e  windows r a t t l e ?  Use t h e  Opinion Thermometer. 

22.  Who would you say c o n t r o l s  t h e  f l i g h t  opera t ions  of a i r c r a f t  
around here? 

NR' 

- 

Yes 

DISTUREED 
1 

c 

RELAXING /RESTING INSIDE 

B0THF;llED 
DK ;Ry IDK 

1 1 0 1 2 3 4 1  

i 10 1 2  3 4  
i i0 .1 2 3 4 
I 

I 

~ e s / ~ ' o '  

I 

' 0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

' 0 1 2 3 4  

0 1 2 3 4  

0 1 2 3 4  

NO 

NO 

80 

No 

Nc 

No 

No 

No 

NO 

No 

No 

No 

RELAXING OUTSIDE I Y ~ S  

CHILDREN SLEEPINGINAPPING I yes - 
CONVERSATION / Yes 

TELEPHONE CONVERSATION 

G O I N G  TO SLEEP 

LISTENING TO RECORDS /TAPES 

LISTENING TO RADIO/TV 

WATCHING TV 

, Yes 

% Y e s  

Yes 

Yes 

Yes 

LATE SLEEP / yes 

READING OR CONCENTRATION 

EATING 

OTHER 

Yes 

Yes 

Yes 



23a. Would you s a y  t h e  v a l u e  o f  l a n d  i n  t h i s  a r e a  h a s  gone u p ,  
gone down, o r  n o t  changed i n  t h e  p a s t  f i v e  y e a r s ?  

NOT CHANGED DK - - -  

GONE DOWN NR 
GONE UP 

23b. ( I F  C H A N G E D ) :  Has t h e  a i r p o r t  o r  a i r c r a f t  o p e r a t i o n s  
been r e s p o n s i b l e  f o r  t h i s  change i n  
any way? 

Y E S  ; NO 

b 243. (IF LAND VALUE H A S  GONE DOWN I N  Q U E S T I O N  2%) : I f  a p e r s o n  
f e l t  t h a t  a i r c r a f t  o p e r a t i o n s  were  r e d u c i n g  t h e  v a l u e  o f  
h i s  p r o p e r t y ,  do you t h i n k  h e  would b e  a b l e  t o  r e c o v e r  
damages th rough  a n  a p p e a l  t o  t h e  p r o p e r  a u t h o r i t i e s ?  

I Y E S  ; NO ; DK ; NR 

2 5 .  Do you know of anyone who h a s  moved o u t  o f  t h i s  a r e a  
because  of a i r c r a f t  n o i s e ?  

I YES ; NO ; DK ; NR 

L ( IF  Y E S )  : How many? 



YES NO DK NR 

Now 

Do you t h i n k  t h a t  j e t  engines could 
s a f e l y  be made q u i e t e r  with muff le rs  
o r  o t h e r  devices  l i k e  t h a t ?  

I s  i t  necessary f o r  j e t  planes t o  s i t  
on ~11e ends of runways and r o a r  t h e i r  
engines? 

Do j e t  planes have t o  takeoff  and land 
on c e r t a i n  runways because of weather 
cond i t ions?  

Do a l l  a i r p l a n e s  have t o  c i r c l e  t h e  
a i r p o r t  before  landing? 

Do j e t  planes have t o  f l y  a t  lower 
a l t i t u d e s  depending on weather 
cond i t ions?  

we have a s e r i e s  of True-False ques t ions  : 

TRUE FALSE DK NR 

P o l i t i c s  i n  t h i s  country a r e  c o n t r o l l e d  
by only a handful of persons o r  
f a m i l i e s .  -- 
blos t l o c a l  government o f f i c i a l s  a r e  
honest.  -- 
Most 'people don ' t  c a r e  what happens 
t o  t h e  next  fel low.  - -- 
Nowadays a person has t o  l i v e  p r e t t y  
much f o r  today and l e t  tomorrow take  
c a r e  of i t s e l f .  -- 
Any devices  designed t o  reduce a i r c r a f t  
no i se  w i l l  prove too  c o s t l y  t o  be 
p r a c t i c a l .  ' -- -- 
A i r c r a f t  des igners  a r e  doing a l l  they  
can t o  produce q u i e t e r  engines.  - -- 



TRUE FALSE DK M 

3 7 .  The a i r p o r t  i s  ope ra t ed  i n  such a way as 
t o  s e r v e  t h e  b e s t  i n t e r e s t s  of  t h e  e n t i r e  
c i t y .  

7 -  

38. A person should n o t  have t o  p u t  up w i t h  
a i r c r a f t  n o i s e .  - -- 

39. Community l e a d e r s  a r e  doing a l l  t hey  
can p o s s i b l y  do t o  reduce  a i r c r a f t  
n o i s e  i n  t h i s  c i t y .  - -- 

40 .  Airpor t  a u t h o r i t i e s  a r e  doing a l l  t hey  
can p o s s i b l y  do t o  reduce  a i r c r a f t  n o i s e .  - -- 

4 1 .  A i r c r a f t  n o i s e  i s  r a t h e r  p l e a s a n t  a n d .  
soo th ing .  - -- 

4 2 .  Thi s  c i t y  can be  proud of t h e  s e r v i c e s  
i t s  a i r p o r t  p rov ides  t o  bo th  t h e  
community and t o  i t s  c l i e n t s . '  

4 3 .  The advantages  t o  t h e  community from 
having a l a r g e  a i r p o r t  f a r  outweigh 
,any d i sadvantages .  

4 4 .  A i r p o r t  a u t h o r i t i e s  p robably  a r e  n o t  
very  much concerned w i t h  what t h e  average  
c i t i z e n  t h i n k s  about  them. - -- 

4 5 .  A i r p o r t  a u t h o r i t i e s  t r y  t o  avo id  sending 
many f l i g h t s  over  h e a v i l y  popu la t ed  
a r e a s .  -- 

4 6 .  Most b u s i n e s s  f i r m s  and l e a d e r s  i n  t h i s  
c i t y  a r e  simply pawns of  d i f f e r e n t  
governmental o f f i c i a l s  and agenc ie s .  - -- 

4 7 .  It  i s  no t  l i k e l y  f o r  an  a i r p l a n e  t o  
c r a s h  i n  t h i s  a r e a .  - -- 

4 8 .  The defense  of our  c o u n t r y  i s  n o t  
p o s s i b l e  wi thout  m i l i t a r y  a i r c r a f t .  - -- 

4 9 .  Most i n d i v i d u a l s  and groups t h a t  p r o t e s t  
about a i r p l a n e  n o i s e  do s o  because they  
a r e  genuine ly  i n t e r e s t e d  i n  e l i m i n a t i n g  
t h e  annoyance t o  themselves  and o t h e r s .  - -- 



TRUE FALSE DK NR 

50. People who complain about a i r p l a n e  no i se  
a r e  only  t r y i n g  t o  g a i n  personal  fame 
and advancement. - -- 

51. Most people a r e  sometimes f r igh tened  
by a i r c r a f t  n o i s e .  - -- 

52. Most people a r e  o f t e n  f r igh tened  by 
a i r c r a f t  no i se .  - -- 

5 3 .  Airplane n o i s e  can damage a  person ' s  
hea l th .  -- 

54. A i r l i n e  companies w i l l  do nothing 
about a i r p l a n e  n o i s e  u n l e s s  they a r e  
forced t o .  - -- 

55.  A i r  t r a n s p o r t a t i o n  i s  t h e  only p r a c t i c a l  
way of long-dis tance  t r a v e l .  -- 

5 6 .  Do you th ink  t h a t  a j e t  p lane  could s a f e l y  land  a t  l e s s  
than f u l l  power? 

YES ; NO DK ; NR 

57. Have you flown as a passenger on a  j e t  p lane  once, twice 
or  more, o r  never? 

ONCE ; TWICE OR MORE ; NEVER 

58a. Do you th ink  a i r  t r a v e l  is  as s a f e  as c a r s ?  

4 58b. (IF YES) : Is i t  s a f e r ?  

YES -' - NO -3 DK ; NR 

59. Do you t h i n k  p i l o t s  cons ider  t h e  people below them when they  
t ake  o f f  and l and?  

YES ; NO ; DK ; NR 



60. Do you t h i n k  p i l o t s  t r y  t o  hold down t h e  n o i s e  made by 
t h e i r  p l a n e s ?  

YES ; NO ; DK ; 

61. Do you t h i n k  t h a t  n o i s e  made by p l anes  a t  t h e  te rmina l  and 
whi le  on t h e  ground could  be reduced? 

YES Y 

62. Who i s  r e s p o n s i b l e  f o r  reduc ing  t h e  n o i s e  from a i r p l a n e s ?  
The p i l o t ,  t h e  a i r p o r t  a u t h o r i t i e s ,  t h e  manufac ture rs ,  
o r  who? (CHECK MORE THAN ONE, IF NECESSARY) 

PILOT ; AIRPORT AUTHORITIES ; MANUFACTURER 9 

OTHERS 



63a. What kinds of clubs or organizations do you work with or participate in? 
For example: educational, recreational, political, social, business, 
church, fraternal, or any other such groups. 

r 

ORGANIZATION PURPOSE MEETS ATTENDS OFFI- COMMIT- 
CER 

MEMBER 
TEE ONLY 



( IF  INVOLVED I N  ONE OR MORE O R G A N I Z A T I O N S ) :  

63b. What are these organizations? 
(RECORD* IN COLUMN 63b) 

63c. What is the purpose of these organizations? For example, discussions of 
current events, service to the community, brotherhood, socializing, etc.? 
(RECORD I N  COLUMN 63c) 

63d. How many times did the organization(s) meet in the last year? 
(RECORD I N  COLUMN 63d) 

63e. How many times did you attend meetings in the last year? 
(RECORD I N  COLUMN 63e) 

Fj lo 
w 63f. Were you or are you now an officer or committee member in any of these 

organizations? 
(RECORD IN COLUMN 63f) 



( IF ANY ORGANIZATION INTERESTED I N  AIRCRAFT NOISE, ASK QUESTION 64. ) 

64.  Do you t h i n k  t h e y  cou ld  succeed i f  t hey  t r i e d  t o  do some- 
t h i n k  t o  improve o r  reduce  a i r c r a f t  n o i s e ?  

YES ; NO 9 

65. How many people  i n c l u d i n g  y o u r s e l f ,  any c h i l d r e n ,  and 
r e 6 a t i v e s  l i v e  he re?  DK NR 

66a. Who i s  t h e  head of  t h e  household i n  t h i s  house? 

66b. Is he (she)  employed now, a t  t h e  p r e s e n t  t ime? 

YES ; NO ; DK ; NR 

66c. What s o r t  of  work does  (HEAD OF HOUSEHOLD) do,  t h a t  i s ,  
what does he  (she)  do on t h e  job? 

OCCUPATION 

( IF  RESPONDENT I S  NOT THE HEAD OF THE HOUSEHOLD, ASK 
QUESTION 67, OTHERWISE GO TO QUESTION 68a) 

67a.  Do you have a j o b  away from home? 
1 

I YES ; NO ; DK ; NR 

7 b.  (IF YES) : What s o r t  of  work do you do? 

OCCUPATION 

67c .  ( IF NO, INDICATE STATUS; i . e . ,  HOUSEWIFE, STUDENT, RETIRED, ETC.) 

HOUSEWIFE ; STUDENT ; RETIRED ; DISABLED 9 

OTHER, SPECIFY 



68a. Are you  o r  anyone i n  your fami ly  employed a t  t h i s  t ime  a t  
an a i r p o r t  o r  by an  a i r l i n e  company? 

L 68b. OF YES)  : What t ype  work does he ( she)  do? (MECHANIC, CLERK, 
MANAGER , ETC . ) 

6&. Have you o r  anyone i n  your f ami ly  ever  worked o r  been 
employed a t  an  a i r p o r t  o r  by an  a i r l i n e  company? 

YES ; NO ; DK ; NR 

69. Here i s  a c a r d  w i t h  t y p i c a l  f ami ly  incomes. (HAND RESPON- 
DENT CARD 3 )  Which c a t e g o r y  most n e a r l y  r e p r e s e n t s  your  
t o t a l  fami ly  income -- from a l l  sou rces  and b e f o r e  t a x e s ?  

(CIRCLE NUMBER) 1 2 3 4 5 6 7 8 

REFUSED TO ANSWER DK 

(TAKE BACK CARD 3)  

7(B. What i s  t h e  h i g h e s t  g rade  of s choo l  head of household/you 
has lhave  completed? 
GRADE SCHOOL (1-8) 

H I G H  SCHOOL (9-12) 

1 -3  YEARS COLLEGE 

COLLEGE GRADUATE 

MORE THAN 4 YEARS COLLEGE 

DK 



70b. I n  which age category does/do head of household/you 

belong? 

71a. Do you own your home o r  a r e  you r e n t i n g ?  

I I 
OWN ; RENT ; DK ; NR 

71b. (IF OWN) : How much would a home l i k e  t h i s  r e n t  f o r  i n  t h i s  
neighborhood, not  inc luding  f u r n i t u r e  and 
u t i l i t i e s ?  

I 
UNDER $75 $75-$124 ; $125-$174 9 -3 

; $175-$224 

$425 OR MORE 

4 71c. ( IF  RENT) : Approximately how much do you pay f o r  r e n t ?  

; $75-$124 ; $125-$174 ; $175-$224 UNDER $75 -9 

$425 OR MORE 

72. How many times have you moved wi th in  t h e  p a s t  t e n  yea r s?  

(CIRCLE NUMBER) 0 1 2 3 4 5 6 7 8 9 o r  more DK Mi - - 



7 3 .  How o f t e n  do you v i s i t  o r  drop i n  on r e l a t i v e s  o r  f r i e n d s ?  
Use t h e  Opinion Thermometer. 

(CIRCLE NUMBER) 0 1 2 3 4  DK NR 

7 4 .  Do you have a  f i r e p l a c e ?  

YES ; NO ; DK ; NR 

7 5 .  Do you have c e n t r a l  a i r - c o n d i t i o n i n g ,  window a i r - c o n d i t i o n -  
ing ,  evapora t ive  c o o l e r s ,  o r  f a n s ?  

YES ; NO ; DK ; NR 

76 .  Does t h e  bu i ld ing  have i n s u l a t i o n  i n  t h e  w a l l s  o r  between 
t h e  c e i l i n g  and t h e  r o o f ?  

ROOF 
BOTH 
DK 
NR 

Are your windows 
of g l a s s ?  

made 

SINGLE 

MULTIPLE 

BOTH 

OTHER 

DK 

s i n g l e  o r  m u l t i p l e  th icknesses  



78. Does t h e  bu i ld ing  have storm windows? 

YES ; NO ; DK ; 

79. Does t h e  bu i ld ing  have an a t t i c  o r  a space between t h e  
c e i l i n g  and the  r o o f ?  

YES ; NO ; DK ; N R  

80. What i s  t h e  o u t s i d e  of t h i s  bu i ld ing  made o f ?  

WOOD OR STUCCO 
MASONRY (BRICK, STONE, CEMENT, ETC . ) - 
WOOD AND STUCCO/MASONRY - 
ASBESTOS/SHINGLE - 
OTHER - 
DK 
NR 

81. About how t h i c k  a r e  t h e  e x t e r i o r  w a l l s ?  

LESS THAN SIX INCHES 
SIX TO TWELVE INCHES 
MORE THAN TWELVE INCHES 
DK 
NR 

82. How many windows and g l a s s  doors a r e  t h e r e ?  

8 3  How many o u t s i d e  doors  (excluding l a r g e  g l a s s  doors) do 
you have? 

(RECORD NUMBER) DK NR 

( IF  DWELLING U N I T  IS OTHER THAN A SINGLE-UNIT HOUSE 
I . E . ,  AN APARTMENT, DUPLEX, ETC.,  ASK QUESTION 85) :  

84. How many wa l l s  a r e  exposed t o  t h e  ou t s ide?  

85. (DOES THE RESPONDENT LIVE ON THE TOP FLOOR OF A'MULTI-UNTT 
STRUCTURE?) 

(YES ; NO 1 



86. I n  c a s e  I ' v e  f o r g o t t e n  any th ing  and we need t o  c a l l ,  what 
number should we c a l l ,  and what would be  t h e  b e s t  t ime  of 
day? 

NUMBER : BEST TIME: 

87. May I p l e a s e  have your name? 

88. What i s  your add res s  h e r e ?  

(RECORD NAME AND ADDRESS ON COVER) 

89. (INTERVIEWER : SEX OF R)  

Male - Female - 

90. (INTERVIEWER : ETHNIC GROUP OF R)  

A - N -  s -  0 - 



k-{6SOO TRACDR LANE, AUSTIN, TEXAS 78721 

APPENDIX C 

Construction of S o c i a l  V a r i a b l e s  



W r n i 6 5 0 0  TRACOR LANE, AUSTIN, TEXAS 78721 

1. Var iable :  Adap tab i l i ty  

2 .  Range: 0-1 

3 .  Categories:  none 

4 .  Questionnaire i tems:  

24A .  ( p .  19) I f  t h i s  a r e a  were t o  r ece ive  more no i se  from 

a i r c r a f t ,  how much of t h i s  no i se  do you th ing  

you could l e a r n  t o  l i v e  wi th?  

TWICE AS MUCH-, THREE TIMES AS MUCH-, 

FOUR TIMES AS M U C H ,  NO MORE AT ALL-, 

UNDECIDED - 9  NR - . 
5.  Construct ion:  

I f  t h e  respondent ind ica ted  NO MORE AT ALL, UNDECIDED, o r  

NR, he was given t h e  score  of zero (0) .  I f  t h e  respondent 

indica ted  TWICE AS MUCH, o r  more, t h e  score  of one (1) 

was given.  



I s 7 6 5 0 0  TRACOR LANE. AUSTIN, TEXAS 7'8721 

1. Variable: Annoyance G 

2. Range: 0 -45 

3. Categories: 0-9 (low), 10-21 (medium), 22-45 (high) 

4. Questionnaire items: 
25A. (p. 20) I will now read a number of daily activities. 

Which of these are disturbed by aircraft noise 

in your own situation here? (READ LIST BELOW 

AND CHECK "YES, "NO, " "DK , " OR "NR .I1) 
25B. (p. 20) (OF THOSE THAT ARE DISTURBED) : How much are 

you bothered? Use Opinion Thermometer. 

5. Construction : 

Annoyance-G is a summated-ratings index composed of nine 

everyday activities: relaxinglresting inside, relaxing/ 

resting outside, sleep, conversation, telephone conversation, 

listening to recordsltapes, radio/TV interference, reading 

or concentration, and eating. From the list of items on page 
I I 15, an average of the items children sleepinglnapping ,I1 

1 I going to sleep," and "late sleep" was used for the item 
11 11 sleep. An average of "listening to  radio/^^" and "watching 
TV" was used for the item "radio/~v interference .I1 In order 

to form the total index, each 0-to-4 scale was converted to 

1-to-5, "DK" and "NR" were coded zero (0) , and all scores 
summed. 



)h!!~{ 6500 TRACOR LANE, AUSTIN, TEXAS 78721 

1. Variable: Distance 
2. Range: 0-10 

3. Categories: 1.0-1.9, 2.0-2.9, 3.0-3.9, 4.0-4.9, 5.0-5.9, 

6.0-6.9, 7.0-7.9, 8.0-8.9, 9.0-9.9, 10.0+ 

4. Questionnaire item: 

(Calculated from maps) 

5. Construction: 

Distance was calculated from the end of the runway to the 

block address of the respondent. Measurement was to the 

nearest tenth-mile . 



~Y=;~!HT{ 6500 TRACOR LANE. AUSTIN. TEXAS 78721 

1. Variable: Fear 
2. Range: 0-10 

3. Categories : 0-3 (low), 4-6 (medium), 7-10 (high) 

4. Questionnaire items: 

14. (p. 17) When you see or hear airplanes overhead, how 

often do you feel they are flying too low for 

the safety of residents in the area? Use 

Opinion Thermometer. 0 1 2 3 4 DK - NR - 

15. (p. 17) When you see or hear airplanes overhead how 

often do you feel there is some danger that 

they might crash nearby? Use Opinion Thermometer. 

0 1 2 3 4 D K  NR - - 

5. Construction: 
1 I Fear" is formed by converting 0-to-4 scale to 1-to-5, coding 

"D"" and "NR" zero, and summing for both items. 



)-{ 6500 TRACOR LANE, AUSTIN. TEXAS 78721 

1. Variable: Importance 

2. Range: 0-5 

3. Categories: none 

4 .  Questionnaire items: 
48. (p. 23) This city can be proud of the services its 

airport provides to both the community and to 

to its clients. 

TRUE - FALSE - 
49. (p. 23) The advantages to the community from having 

a large airport far outweigh any disadvantages. 

TRUE- FALSE - 
50. (p. 23) Airport authorities try to avoid sending many 

flights over heavily populated areas. 

TRUE - FALSE - 
54. (p. 23) The defense of our country is not possible 

without military aircraft. 

TRUE - FALSE - 
61. (p. 24) Air transportation is the only practical way 

of long-distance travel. 

TRUE - FALSE - 
5. Construction: 

For each item TRUE is coded zero (0) and FALSE is coded one 

(1). The sum of the five items constitutes the Importance 

index. This index measures the affective attractiveness of 

the airport or the airline industry to the respondent. A 
high'score indicates a lack of importance to the respondent. 



I x T ~ {  6500 TRACOR LANE, AUSTIN. TEXAS 78721 

1. Variable: Noise Susceptibility 

2. Range : 0-65 
3. Categories: 0-9 (low), 10-29 (medium), 30-65 (high) 

4. Questionnaire items: 
13A. (p. 15) I will now read a number of noises heard in 

different neighborhoods. Which ones do you hear 

in this neighborhood? (READ LIST TO RESPONDENT, 

CHECKING WHETHER NOISE IS HEARD OR NOT .) 

13B. (p. 15) Of those that you hear, how much are you bothered 

or annoyed? Use Opinion Thermometer. 

5. Construction: 
The thirteen noise sources are autos, neighborhood children, 

aircraft, d~gs/~ets, people, motorcycles/hot rods, trains, 

sirens, construction, lawn mowers, garbage collection, sonic 

booms, and trucks. Each 0-to-4 scale was converted to 1-to-5, 

''DK'' and "NR" were coded zero (O), and all items summed. 



l*d6500 TRACOR LANE, AUSTIN. TEXAS 78723 

1. Var iable :  Misfeasance 

2 .  Range: 0-4 

3 .  Categories:  none 

4 .  Questionnaire i tems : 
42. (p. 22) A i r c r a f t  des igners  a r e  doing a l l  they can t o  

produce q u i e t e r  engines.  

TRUE FALSE - DK - NR - 
43. (p.  23) The a i r p o r t  i s  operated i n  such a way a s  t o  

serve  t h e  bes t  i n t e r e s t s  of t h e  e n t i r e  c i t y .  

TRUE FALSE- DK - NR - 
45. (p.  23) Community l eader s  a r e  doing a l l  they can possibly 

do t o  reduce a i r c r a f t  no i se  i n  t h i s  c i t y .  

TRUE - FALSE DK - NR - 
46. (p.  23) Airpor t  a u t h o r i t i e s  a r e  doing a l l  they can 

poss ib ly  do t o  reduce a i r c r a f t  n o i s e .  

TRUE - FALSE - DK NR 

5.  Construct ion:  

For each item TRUE i s  coded zero (0) and FALSE i s  coded one (1) .  

The sum of t h e  four  items c o n s t i t u t e s  t h e  Misfeasance index. 

This index measures t h e  respondent 's  b e l i e f  t h a t  those  o f f i c i a l s  

and a u t h o r i t i e s  who a r e  i n  a pos i t ion  t o  do something about the, 

noise  problem simply a r e  not  doing t h e i r  job.  Misfeasance i s  

used r a t h e r  than malfeasance s i n c e  t h e r e  i s  no i n t e n t  t o  break 

t h e  law o r  t o  do something i l l e g a l .  
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