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E.1 Introduction 
This appendix introduces the acoustic metrics that are the relevant elements comprising the 
Day-Night Average Sound Level (DNL) noise metric, which collectively provide a basis for 
evaluating and understanding a broad range of noise settings. 
Analysis of potential effects to the noise setting from aviation activities is conducted as 
directed in FAA Order 1050.1E, Appendix A, Section 14.  Specifically, the FAA uses DNL to 
measure cumulative noise exposure from aviation activities that occur over the course of an 
Average Annual Day (AAD),  during a given year of interest.  The DNL metric is built upon 
other fundamental concepts and metrics, which all help to analyze airport and airspace 
noise environments.  The following sections provide essential reference material related to 
these technical concepts and metrics, including an introduction to fundamental acoustics 
and noise terminology (Section E.1.1), the effects of noise on human activity (Section 
E.1.2), community annoyance (Section E.1.3), and a discussion of currently accepted 
noise/land use compatibility guidelines (Section E.1.4). 

E.2 Introduction to Acoustics and Noise Terminology 
Noise is a complex physical quantity.  Comprehension of noise exposure and the DNL 
metric used in environmental studies requires comprehension of the basic elements that are 
used to quantitatively analyze sound or noise.  This chapter introduces the following 
acoustic metrics, all related to DNL: 

 Decibel (dB) 
 A-Weighted Decibel 
 Maximum Sound Level (Lmax) 
 Sound Exposure Level (SEL) 
 Equivalent Sound Level (Leq) 
 Day-Night Average Sound Level (DNL) 

E.3 The Decibel (dB) 
All sounds come from a sound source (e.g., a musical instrument, a voice speaking, or an 
airplane that passes overhead).  It takes energy to produce sound.  The sound energy 
produced by any sound source is transmitted through the air in sound waves – tiny, quick 
oscillations of pressure just above and just below atmospheric pressure.  These oscillations, 
or sound pressures, impinge on the ear, creating the sound we hear. 
 
Our ears are sensitive to a wide range of sound pressures but our ears are incapable of 
detecting small differences among these pressures.  Therefore, the concept of sound 
pressure level (SPL) is employed to better match how humans hear this sound energy, 
compressing the total range of sound pressures to a more meaningful range.  SPL is a 
measurement of the sound pressure from a given noise source, compared to a standard 
reference value (typically the quietest sound that a young person with good hearing can 
detect).   
 
SPL is measured and expressed in terms of decibels (dB).  SPL is a logarithm of the 
squared ratio of two pressures, the numerator being the pressure of the sound source of 
interest, and the denominator being the reference pressure (i.e., the quietest sound we can 
hear).  After logarithmic conversion of sound pressure to SPL, the quietest sounds we can 
hear (i.e., reference pressure) have SPLs of approximately zero (0) decibels, while the 
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loudest sounds we hear without pain have SPLs of about 120 dB.  Most sounds in our daily 
environment have SPLs from 30 to 100 dB. 
 
Decibels are logarithmic quantities and do not compound like common numerical values.  
For example, if two sound sources each produce 100 dB and are operating concurrently, 
they would produce only 103 dB, not 200 dB as we might expect.  Four equal sources at 
100 dB operating simultaneously would result in a total sound pressure level of 106 dB.  In 
fact, as the number of equal sources doubles, SPL rises only three (3) decibels.   
If one source is much louder than another is, the two sources together will produce the 
same SPL (and sound to our ears) as if the louder source were operating alone.  For 
example, a 100 dB source plus an 80 dB source produces 100 dB when operating together.  
The louder source “masks” the quieter one, but if the quieter source gets louder, it will have 
an increasing effect on the total SPL.   
 
People hear SPL changes according to the following rules of thumb:  1) generally, a change 
of 1 dB or less in a given SPL is not readily perceptible, except in a laboratory setting; 2) a 
5-dB change in a sound level is considered to be generally noticeable in a community 
setting; and 3) it takes approximately a 10-dB increase or decrease to be heard as a 
doubling or halving of a sound’s loudness, respectively. 

E.4 A-Weighted Decibel 
Frequency (i.e., pitch), another important characteristic of sound, is the rate of repetition of 
the sound pressure oscillations as they reach our ears, expressed in units known as Hertz 
(Hz).  The human ear does not respond equally to identical noise levels at different 
frequencies.  The normal frequency range of hearing for most people extends from a low of 
approximately 20 Hz to a high of 10,000 to 20,000 Hz.  However, people are most sensitive 
to sounds in the voice range, between approximately 500 Hz to 2,000 Hz.  Therefore, to 
correlate the amplitude of a sound with its level as perceived by people, the sound energy 
spectrum is adjusted, or “weighted.”   
 
The weighting system most commonly used to correlate with human response to 
environmental noise is “A-weighting” (i.e., the “A-filter”) and the resultant noise level is 
called the A-weighted sound level.  A-weighting significantly de-emphasizes those parts of 
the frequency spectrum from a noise source that occurs both at lower frequencies (below 
500 Hz) and at very high frequencies (above 10,000 Hz) that people do not hear well.  The 
filter has very little effect, or is nearly “flat,” in the middle range of frequencies, between 500 
and 10,000 Hz.  In addition to representing human hearing sensitivity, A-weighted sound 
levels have been found to correlate better than other weighting networks with human 
perception of “noisiness.”  Due to its correlation with human hearing, the A-weighted level 
has been adopted as the basic measure of environmental noise by the EPA, and by nearly 
every other Federal and state agency concerned with community noise.   

E.5 Maximum A-Weighted Noise Level (Lmax) 
A-weighted sound levels vary with time.  For example, as an aircraft approaches, the sound 
level increases, then falls and blends into the background as the aircraft recedes into the 
distance (though even the background varies as birds chirp or the wind blows or a vehicle 
passes by).  This variation in sound level over time often makes it convenient to describe a 
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7. The measure should lend itself to small, simple monitors, which can be left 
unattended in public areas for long periods. 
 

The FAA and most other Federal agencies have formally adopted DNL when evaluating 
effects (primarily community annoyance) from aircraft operations in or near an airport. 
 
The DNL metric represents noise as it occurs over a 24-hour period, with one important 
exception:  DNL treats noise occurring at night differently from daytime noise.  In 
determining DNL, the metric assumes that the A-weighted levels occurring at night (defined 
as 10 p.m. to 7 a.m.) are 10 dB louder than they actually are.  This 10 dB increase is 
applied to account for the fact that there is a greater sensitivity to nighttime noise, and the 
fact that events at night are often perceived to be more intrusive because nighttime ambient 
noise is less than daytime ambient noise. 
 
The manner by which these metrics build upon each other is illustrated in Figure E.1-3.  A 
single event, peak (Lmax or instantaneous) sound pressure level is transformed into a noise 
exposure metric (SEL) that accounts for and allows comparison of the magnitude and 
duration of the event by describing it in terms of energy over a constant duration (1 second).  
Figure E.1-1 illustrates changes to A-weighted sound level occurring during a single aircraft 
overflight event, repeated in the top frame of Figure E.1-3.  The shaded area reflects the 
noise dose that a listener receives during the one-minute period of the sample.  The center 
frame of Figure E.1-3 includes this one-minute sample within a full hour.  The shaded area 
represents the noise during that hour with sixteen (16) discrete noise events, each 
producing a SEL.  Similarly, the bottom frame includes the one-hour interval within a full 24 
hours.  Here, the shaded area represents the listener’s noise dose over a complete day.  
Note that several overflights occur when the background noise drops some 10 dB, to 
approximately 45 dB.  
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Appendix E:  Basics of Noise 

 
 

June 2013 E-12 
 

DRAFT
 

require special abatement measures and review.  Those at DNL 75 dB and above are 
"unacceptable" except under very limited circumstances. 
 


