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Abstract 
 

This Standard  specifies methods to assess environmental  sounds and  to predict the annoyance 
response of communities to long-term noise from any and al l  types of environmental  sounds produced 
by one or more distinct or distributed  sound sources.   The sound  sources may be separate or in  
various combinations.   Application  of the method  of the Standard  is l imited  to areas where people 
reside and  related  long-term land  uses.   This Standard  does not address the effects of intrusive sound 
on  people in  areas of short-term use such as parks and  wi lderness areas,  nor does it address other 
effects of noise such as sleep disturbance or health  effects.   This Standard  does not provide a method 
to predict the community response to short-term,  infrequent,  non-repetitive sources of sound.    
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Noise.   These committees have wide representation from the technical  community (manufacturers,  
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National  Standards after approval  by their respective Standards Committees and  the American 
National  Standards Institute.  

These standards are developed and  published as a publ ic service to provide standards useful  to the 
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Foreword 

[This Foreword is for information only,  and is not a part of the American National Standard ANSI S12.9 - 

2005/Part 4 American National Standard Quantities and Procedures for Description and Measurement of 

Environmental Sound - Part 4: Noise Assessment and Prediction of Long-Term Community Response. ]  

This standard comprises a part of a group of definitions,  standards,  and  specifications for use in  noise.   
I t was developed and  approved by Accredited  Standards Committee S1 2 Noise,  under its approved 
operating procedures.   Those procedures have been accredited  by the American National  Standards 
Institute (ANSI).   The Scope of Accredited  Standards Committee S1 2 is as fol lows:   

Standards,  specifications,  and terminology in the field of acoustical noise pertaining to methods of 

measurement,  evaluation,  and control; including biological safety,  tolerance,  and comfort,  and physical 

acoustics as related to environmental and occupational noise.  

This standard  is a revision  of ANSI  S1 2.9-1 996/Part 4,  which  has been technically revised.   The 
changes in  this edition  harmonize with  the new material  added to ISO 1 996-1 :2003.   This includes a 
minor change to high-energy impulse noise assessment (less than 1  dB) so that i t is total ly in  sync 
with  ISO.   Second,  as appropriate,  ISO assessment adjustments have been included.   Also,  some 
new cautionary notes from ISO are added to the estimation  of "highly annoyed" as notes to the 
informative annex.   A new Annex G addresses complaints in  the l imited  situation  of high-energy 
impulsive noise.  

The current edition  of ISO 1 996-1 :2003 actually began as the text of ANSI  S1 2.9 - 1 996/Part 4.   
However,  the ISO standard  was substantial ly revised during the WG and  committee del iberations.   For 
example,  ISO recognizes the more general  Day-Evening-Night Sound  Level  in  contrast to S1 2's Day-
Night Sound Level.   N ighttime hours are not given in  ISO because they vary from country to country.   
The terms "background" sound and  "ambient"  sound  are NOT used in  ISO because they have 
diametrical ly opposed meanings in  different countries and  regions.   There are many other differences 
of this nature.   ISO uses "rating" sound level;  ANSI  uses "adjusted" sound level,  etc.  

At the time this Standard  was submitted  to Accredited  Standards Committee S1 2,  Noise for approval,  
the membership was as fol lows:  

R.D.  Hel lweg,  Chair 

R.D.  Godfrey,  Vice-Chair 
S.B.  Blaeser,  Secretary 
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Introduction 

0.1  Part 1  of ANSI  S1 2.9 defines day-night average sound level  and  other descriptors of community 
noise.   Part 2  of ANSI  S1 2.9 describes measurement procedures.   ANSI  S1 2.9/Part 5 provides a 
recommended relation  between long-term usages of land and  day-night average sound level  for 
purposes of long-term land-use planning.  Since the early 1 970s,  many agencies within  the United 
States of America have used  day-night average sound  level  as the fundamental  descriptor to predict 
the community response to environmental  sounds.  

0.2  The 1 978 seminal  paper by T.J.  Schultz demonstrated  the efficacy of day-night average sound 
level  for predicting  the annoyance response of a community as a result of noise from highway traffic,  
rai lroad,  aircraft,  and  some industrial  sites.   Implementation  of the concept of day-night average sound 
level  for prediction  of community response often  combined the sound exposures from such  sources.  

0.3  Day-night average sound level  has been  used  to predict the annoyance response of 
communities to types of noises that were not included in  the Schultz database for the relation between 
the percentage of a population  expressing high annoyance and the corresponding  day-night average 
sound level.   These additional  types of noises include sounds with  special  characteristics,  such  as 
impulsiveness,  dominant pure tones,  rapid  onset,  and  strong low-frequency content.    

0.4  Technical  reports and  articles publ ished in  refereed engineering  and  scientific journals 
demonstrated  that the community response to these sounds may be predicted,  provided suitable 
adjustments are applied.   A practical  procedure to apply these adjustments is provided by this 
Standard.  

0.5  For situations where activity interference is the major concern,  use of adjusted  day-night 
average sound level  or adjusted  total  day-night sound exposure may not be appropriate.   For 
example,  day-night average sound level  without adjustments may be a better predictor of speech 
interference than adjusted day-night average sound level.   Descriptors such as maximum A-weighted 
sound  level,  time-above,  or speech interference level  may be even more appropriate for predicting 
speech interference.    
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American National  Standard 

QUANTITIES AND PROCEDURES FOR 
DESCRIPTION AND MEASUREMENT OF 
ENVIRONMENTAL SOUND — PART 4:  NOISE 
ASSESSMENT AND PREDICTION OF LONG-TERM 
COMMUNITY RESPONSE  

1  Scope  

1 .1  This Standard  specifies methods to assess environmental  sounds and to predict the potential  
annoyance response of a community to outdoor long-term noise from any and  al l  types of 
environmental  sounds from one or more discrete or d istributed  sound sources.   The sound sources 
may be separate or in  various combinations.  Appl ication  of the prediction  method is l imited  to areas 
where people reside and  to related  long-term land  uses.   

NOTE The long-term period is typical ly one year.   However,  the user of this Standard  can employ these 

methods for shorter periods of time,  but they should  report this change and  not attempt to predict percent highly 

annoyed using Clause 8.3 or Annex F,  since the Annex F data al l  represent long-term situations.  

1 .2  This Standard  describes adjustments for sounds that have special  characteristics so that the 
long-term community response to such sounds can be predicted  by a method that is based on  day-
night average sound level  or total  day-night sound exposure.   Sounds,  such  as from highway traffic,  
are evaluated directly by sound exposure or sound level  without adjustment.  The prediction  method is 
d irectly analogous to the use of day-night average sound level  to predict the response of a community 
to general  environmental  sounds.  

1 .3  This Standard  does not address the effects of short-term exposure of people to intrusive sounds 
in  locations such as parks and  wilderness areas.  The Standard  also does not address other effects of 
noise such as sleep disturbance or health  effects.   This Standard does not provide a method to predict 
the response of a community to short-term,  infrequent,  non-repetitive sources of sound.  

1 .4  This Standard  introduces the appl ication  of new descriptors:  adjusted  sound exposure and 
adjusted  sound  exposure level.   The new descriptors are closely related  to sound exposure and  sound 
exposure level,  respectively.   The new descriptors are introduced to facil itate the prediction  of the 
response of communities to the wide range of outdoor sounds covered by the scope of the Standard.  

1 .5  The sounds are assessed either singly or in  combination,  al lowing  for consideration,  when 
necessary,  of the special  characteristics of impulsiveness,  tonality,  onset rate,  and  low-frequency 
content.   In  the same manner as sound exposure and  sound  exposure level  are used  to generate total  
day-night sound exposure or total  day-night average sound  level,  adjusted  sound exposure or 
adjusted  sound exposure level  are used  to generate adjusted  total  day-night sound  exposure or 
adjusted  day-night average sound level.  

1 .6  Annoyance is not the only possible measure of community response.   One frequently cited  
measure is numbers of complaints,  sometimes normalized  to numbers of inhabitants.   Complaints can 
be particularly relevant near factories and  plants,  by airports and  mil i tary instal lations,  etc.    
Complaints do not correlate well  with  long-term average metrics such as DNL (see Refs.  7 and  8 for 
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example).   Unfortunately,  in  general,  metrics to predict the l ikel ihood and  prevalence of complaints do 
not yet exist with  sufficient accuracy.   One notable exception  is the high-energy impulse sound 
generated  by mil itary activities and similar civi l ian  noise sources,  and  informative Annex G provides 
procedures for assessing  the risk of noise complaints from such  sources.  

1 .7  The addition of adjustments el iminates the possibil i ty to measure the total  adjusted  sound 
exposure or sound exposure level  in  a general  situation  that comprises a variety of sound sources 
(e.g. ,  the combination  of a highway leading  to an airport and  the airport i tself).   As a possible 
measurable alternative,  this Standard introduces a new metric based  on  the equal-loudness level  
contours that were contained  in  ISO 226:1 987.   This new method uses the equal-loudness level  
contours as a set of dynamic fi l ters that vary both  with  amplitude and  frequency.   This method is 
described  in  informative Annex H.  

2 Normative references 

The fol lowing referenced documents are indispensable for the application  of this standard.   For dated  
references,  only the edition  cited  appl ies.   For undated  references,  the latest edition  of the referenced 
document (including any amendments) applies.  

[1 ]  ANSI  S1 .1 -1 994 (R 2004) American National Standard Acoustical Terminology.  

[2]  ANSI  S1 2.9-1 988/Part 1  (R 2003)  American National Standard Quantities and Procedures for 
Description and Measurement of Environmental Sound - Part 1.  

[3]  ANSI  S1 2.9-1 992/Part 2  (R 2003)  American National Standard Quantities and Procedures for 
Description and Measurement of Environmental Sound - Part 2: Measurement of Long-Term Wide-
Area Sound.  

[4]  ANSI  S1 2.9-1 993/Part 3 (R 2003)  American National Standard Quantities and Procedures for 
Description and Measurement of Environmental Sound - Part 3: Short-term Measurements with an 
Observer Present.  

[5]  ANSI  S1 2.9-1 998/Part 5 (R 2003)  American National Standard Quantities and Procedures for 
Description and Measurement of Environmental Sound - Part 5: Sound Level Descriptors for 
Determination of Compatible Land Use.  

[6]  ANSI  S1 .1 3-2005  American National Standard Methods for the Measurement of Sound Pressure 
Levels in Air.  

3 Terms and definitions 

For the purposes of this standard,  the terms and definitions given in  ANSI  S1 .1 -1 994 and  the fol lowing 
apply:  

3.1 (a) adjusted sound exposure.   Frequency-weighted  sound exposure adjusted  for the change in  
annoyance caused by certain  impulsive sounds,  the presence of prominent discrete-frequency tones,  
sounds that startle because of their rapid  onset rate,  sounds with  strong low-frequency content,  and 
the presence of masking background sound.   Unit,  pascal-squared second (Pa

2
s);  symbol,  N.  

NOTE 1  Adjustments and  frequency weightings for various types of sounds are given in  Clause 7.  

NOTE 2 The unit of pascal-squared second for adjusted  sound exposure has been abbreviated  as “pasque.” 
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3.1 (b) reference sound exposure.  The product of the square of the reference sound pressure of 20 

µPa and  the reference time of 1  s.   Unit,  pascal-squared second (Pa
2
s);  symbol,  E0.  

3.1 (c) adjusted sound exposure level.  Ten  times the base-1 0 logarithm of the ratio of the adjusted 
sound  exposure to the reference sound exposure E0.   Unit,  decibel  (dB);  symbol,  LNE.   

3.2  adjusted total  day-night sound exposure.   Frequency-weighted  sound exposure for a 24-
hour day calculated  by adding adjusted  sound exposure obtained during the daytime (0700-2200 
hours) to ten  times adjusted  sound  exposure obtained during  the nighttime (0000-0700 and  2200-2400 
hours).   Unit,  pascal-squared  second  (Pa

2
s);  symbol,  Ndn.  

3.3(a)  adjusted day-night average sound pressure.   Square root of ratio of adjusted  total  day-
night sound  exposure to 86,400 s.   Unit,  pascals (Pa).  

3.3(b) adjusted day-night average sound level.   Ten  times the base-1 0 logarithm of the ratio of the 
square of the adjusted  day-night average sound  pressure to the square of the reference sound 

pressure of 20 µPa.   Unit,  decibel  (dB);  symbol,  LNdn.  

3.4 impulsive sound.   Sound characterized  by brief excursions of sound pressure (acoustic 
impulses) that significantly exceed the ambient environmental  sound  pressure.   The duration  of a 
single impulsive sound is usual ly less than  one second.    

NOTE At the time of publication,  no mathematical  descriptor existed  to unequivocally define the 
presence of impulsive sound or to separate impulsive sounds into categories.  

3.4.1  highly impulsive sound.   Sound from one of the fol lowing enumerated  categories of sound 
sources:   smal l-arms gunfire,  metal  hammering,  wood hammering,  drop hammering,  pi le driving,  drop 
forging,  pneumatic hammering,  pavement breaking,  metal  impacts during  rai l-yard  shunting  operation,  
and  riveting.  

3.4.2 high-energy impulsive sound.   Sound from one of the fol lowing enumerated  categories of 
sound sources:   quarry and  mining  explosions,  sonic booms,  demolition  and industrial  processes that 
use high  explosives,  mil itary ordnance (e.g. ,  armor,  arti l lery and  mortar fire,  and  bombs),  explosive 
ignition  of rockets and  missiles,  explosive industrial  circuit breakers,  and  any other explosive source 
where the equivalent mass of dynamite exceeds 25 g.   Normally,  for single impulsive sounds of 
concern for this Standard,  the A-weighted  sound exposure level  wil l  exceed 65 dB and the C-weighted  
sound  exposure level  wil l  exceed 85 dB.  

3.4.3 regular impulsive sound.   Impulsive sound that is not highly impulsive sound  or high-energy 
impulsive sound.  

3.5 onset rate.   Nominal ly,  the average rate of change of sound level  during  the onset of a noise 
event.   Mathematical ly,  onset rate is the rate of change of the A-weighted  event sound level  between 
the time the event sound level  first exceeds the ambient sound level  by 1 0 dB,  and  the time the event 
sound level  first exceeds a level  that is 1 0 dB less than the event’s maximum fast-time-weighted  
sound level.   Onset rate is defined  for those event sound levels for which  the maximum A-frequency-
weighted,  fast-time-weighted  sound level  exceeds the ambient sound level  by at least 30 dB.   Unit,  
decibels per second (dB/s).  

NOTE 1  The nominal  1 25-ms time constant of fast time weighting normally is not small  enough to accurately 
determine onset rate.   Onset rate should  be determined from the time variation  of the level  of the squared sound 
pressure.   A digital  system that provides a series of short-time-average sound  levels may be used.   In  this case,  
the averaging time for each sound level  in  the series should  be no greater than 1 /1 0 and  no less than 1 /25 of the 
time span over which  the onset rate is determined.   A digital  or analog system with  exponential  time weighting  
also may be used.   In  this case,  the exponential  time constant should  be no greater than 1 /4 and  no less than 
1 /1 0 of the time span over which  the onset rate is determined.    
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NOTE 2 A determination of onset rate should  not be unduly influenced by anomalous fluctuations in  the sound  
level.  

3.6 time above.   The time per stated  unit time interval  that the sound pressure level  exceeds a 
criterion  level  (e.g. ,  30 s per hour).   The frequency weighting  or fi l tering (e.g. ,  A-weighting),  time 
weighting  or integration  time interval,  and  the unit time interval  al l  must be stated.   Typical  Units:  
seconds (s) or minutes.  

4 Descriptors for environmental  sounds 

4.1  Single-event sounds 

4.1 .1  Descriptors 

Sounds from single events such as the passby of a truck,  the flyby of an  airplane,  or an  explosion  at a 
quarry are al l  examples of single-event sounds.  Each sound can be characterized  by many 
descriptors.   These descriptors include physical  quantities and  the corresponding  levels in  decibels.   
The level  of a descriptor and  its corresponding physical  quantity form a descriptor pair.   Three 
descriptor pairs often  are used  to describe the sound of single events.   For each of these,  frequency-
weighting  A is understood except for high-amplitude impulsive sounds or sounds with  strong  low-
frequency content.   The preferred  three descriptor pairs are:  

peak (frequency-weighted) sound pressure and peak (frequency-weighted) sound pressure 
level;  

maximum exponential-time-weighted sound pressure and maximum sound level;  and  

sound exposure and sound exposure level.  

NOTE 1  For the above descriptor pairs,  the frequency weighting  should  be specified  if frequency-weighting  A 
is not employed,  e.g. ,  as peak C-weighted  sound pressure level,  C-weighted  sound exposure level.  

NOTE 2 For maximum sound pressure (and  maximum sound level),  the exponential-time-weighting  should  be 
specified,  e.g. ,  as fast (F) or slow (S).  

4.1 .2 Event duration 

Event duration  shall  be specified  relative to some characteristic of the sound such as the time of 
occurrence of the maximum sound level  or the time some threshold  was exceeded.   For example,  
duration  may be the total  time that the sound level  is within  1 0 dB of the maximum sound level.  

4.2 Continuous sounds 

Environmental  sounds from sources such as transformers,  fans,  or cooling  towers are examples of 
continuous sounds.   Amplitudes of continuous sounds may be constant or slowly varying.   Each sound 
can be characterized  by many descriptors.   Two descriptor pairs are commonly used to describe a 
continuous sound.   For each of these,  frequency-weighting  A is commonly used.   The two preferred 
descriptor pairs are:  

maximum (exponential-time-weighted) sound and maximum sound level;  and 

time-average sound pressure and time-average (equivalent-continuous) sound level.  

NOTE 1  For both of the above descriptors,  the frequency weighting  should  be specified  if frequency-weighting  
A is not employed.  
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NOTE 2 For maximum (exponential-time-weighted) sound  (and maximum sound  level),  the exponential-time 
weighting should  be specified,  e.g. ,  as fast (F) or slow (S).  

NOTE 3 See Clauses 5.1 .4,  5.1 .5,  and  5.1 .6 in  ANSI  S1 2.9-1 988/Part 1  (R2003) for definitions of these 
quantities.  

4.3 Repetitive single-event sounds 

Repetitive single-event environmental  sounds typically are recurrences of single-event sounds.   For 
example,  during  a day,  the sound from traffic on  a highway is the sum of the sound from multiple 
individual  vehicle passbys.   In  this Standard,  al l  repetitive single-event sounds uti l ize the descriptor for 
the particular single-event sounds and  the corresponding  number of events.   

5 Sound measurement locations 

All  sounds,  except high-energy impulsive sounds,  shal l  be measured or predicted  as if they had  been 
measured by a microphone outdoors,  over acoustical ly absorptive ground (grass),  at a height of 
approximately 1 .2  m and  with  no nearby reflecting  surfaces except the ground.   Alternative 
microphone locations may be used,  but their acoustical  characteristics shal l  be specified.   An example 
of an  alternative location  is outside an  open,  upper-story window in  a high-rise apartment bui lding 
where the purpose is to predict or assess the environmental  sound at that location.   H igh-energy 
impulsive sounds shal l  be measured or predicted  as if they had  been  measured by a microphone 
within  50 mm of a hard  reflecting  surface (e.g. ,  a bui ld ing  wall ,  roof,  or ground plane,  as appropriate).  

NOTE 1  A reflecting  surface is  required  because sonic booms,  which are one form of high-energy impulsive 
sounds,  have traditionally been measured or predicted for a location  on  a reflecting ground plane or structure.  

NOTE 2 To ensure comparable data,  sonic booms should  be measured  on a reflecting  ground plane or other 
equivalent structure.  

6 Adjustments for background sound 

6.1  General  

Annex A discusses a general  method to include adjustments for background sound.   The general  
method is applicable to three cases:  (1 ) the sound  of concern  is very noticeable and  detectable in  the 
background setting  of interest,  (2) the sound of concern is virtual ly unnoticeable and  undetectable in  
the background setting  of interest,  and (3) the sound of concern is in  a range such that i t may be 
noticeable and  detectable only for a portion  of the time.  

6.2 Specific requirements 

When the conditions of 6.1 (2) apply and  the sound is virtual ly unnoticeable and  undetectable in  the 
background setting  of interest,  then its sound  exposure shall  not be included  in  a calculation  of the 
total  sound exposure from multiple sound  sources.   I f some particular sound  is excluded,  then the 
physical  background setting  shall  be specified.   For example,  this setting  may be “urban residential  not 
near an arterial  street,  outdoors,"  or "suburban residential  indoors with  windows partial ly open," or 
"urban residential  near an  arterial  street,  indoors with  windows closed."  

NOTE Direct measurements may be used to determine the background sound level  prevail ing  for the 
environment.   Procedures in  Part 3 of ANSI  S1 2.9 should  be used  to measure the background sound level.   
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