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B.1 SOUND, NOISE, AND POTENTIAL EFFECTS 
 
B.1.1 Introduction  
 
This appendix discusses sound and noise and their potential effects on the human and natural environment. 
Section B.1.2 provides an overview of the basics of sound and noise. Section B.1.3 defines and describes 
the different metrics used to describe noise. The largest section, Section B.1.4, reviews the potential effects 
of noise, focusing on effects on humans but also addressing effects on property values, terrain, structures, 
and animals. Section B.1.5 contains the list of references cited. Appendix B-2 contains data used in the 
noise modeling process. A number of noise metrics are defined and described in this appendix. Some 
metrics are included for the sake of completeness when discussing each metric and to provide a 
comparison of cumulative noise metrics. 
 
B.1.2 Basics of Sound 
 
B.1.2.1 Sound Waves and Decibels 
 
Sound consists of minute vibrations in the air that travel through the air and are sensed by the human ear. 
Figure B-1 is a sketch of sound waves from a tuning fork. The waves move outward as a series of crests 
where the air is compressed and troughs where the air is expanded. The height of the crests and the depth 
of the troughs are the amplitude or sound pressure of the wave. The pressure determines its energy or 
intensity. The number of crests or troughs that pass a given point each second is called the frequency of 
the sound wave. 
 
 

 
Figure B-1. Sound Waves from a Vibrating Tuning Fork. 

 
 
The measurement and human perception of sound involves three basic physical characteristics: intensity, 
frequency, and duration. 

 Intensity is a measure of the acoustic energy of the sound and related to sound pressure. The 
greater the sound pressure, the more energy carried by the sound and the louder the perception 
of that sound. 

 Frequency determines how the pitch of the sound is perceived. Low-frequency sounds are 
characterized as rumbles or roars, while high-frequency sounds are typified by sirens or 
screeches. 

 Duration or the length of time the sound can be detected. 
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The loudest sounds that can be comfortably heard by the human ear have intensities a trillion times higher 
than those of sounds barely heard. Because of this vast range, it is unwieldy to use a linear scale to 
represent the intensity of sound. As a result, a logarithmic unit known as the decibel (abbreviated dB) is 
used to represent the intensity of a sound. Such a representation is called a sound level. A sound level of 
0 dB is approximately the threshold of human hearing and barely audible under extremely quiet listening 
conditions. Normal speech has a sound level of approximately 60 dB. Sound levels above 120 dB begin to 
be felt inside the human ear as discomfort. Sound levels between 130 and 140 dB are felt as pain (Berglund 
and Lindvall, 1995). 
 
As shown on Figure B-1, the sound from a tuning fork spreads out uniformly as it travels from the source. 
The spreading causes the sound’s intensity to decrease with increasing distance from the source. For a 
source such as an aircraft in flight, the sound level will decrease by about 6 dB for every doubling of the 
distance. For a busy highway, the sound level will decrease by 3 to 4.5 dB for every doubling of distance. 
 
As sound travels from the source, it also is absorbed by the air. The amount of absorption depends on the 
frequency composition of the sound, temperature, and humidity conditions. Sound with high frequency 
content gets absorbed by the air more than sound with low frequency content. More sound is absorbed in 
colder and drier conditions than in hot and wet conditions. Sound is also affected by wind and temperature 
gradients, terrain (elevation and ground cover), and structures. 
 
Because of the logarithmic nature of the decibel unit, sound levels cannot simply be added or subtracted 
and are somewhat cumbersome to handle mathematically; however, some simple rules are useful in 
dealing with sound levels. First, if a sound’s intensity is doubled, the sound level increases by 3 dB, 
regardless of the initial sound level. For example: 

60 dB + 60 dB = 63 dB, and 
80 dB + 80 dB = 83 dB. 

 
Second, the total sound level produced by two sounds of different levels is usually only slightly more than 
the higher of the two. For example: 

60.0 dB + 70.0 dB = 70.4 dB. 
 
Because the addition of sound levels is different than that of ordinary numbers, this process is often referred 
to as “decibel addition.” 
 
The minimum change in the sound level of individual events that an average human ear can detect is about 
3 dB. On average, a person perceives a change in sound level of about 10 dB as a doubling (or halving) of 
the sound’s loudness. This relation holds true for loud and quiet sounds. A decrease in sound level of 10 dB 
actually represents a 90 percent decrease in sound intensity but only a 50 percent decrease in perceived 
loudness because the human ear does not respond linearly. 
 
Sound frequency is measured in terms of cycles per second or hertz (Hz). The normal ear of a young 
person can detect sounds that range in frequency from about 20 to 20,000 Hz. As we get older, we lose 
the ability to hear high frequency sounds. Not all sounds in this wide range of frequencies are heard equally. 
Human hearing is most sensitive to frequencies in the 1,000 to 4,000 Hz range. The notes on a piano range 
from just over 27 to 4,186 Hz, with middle C equal to 261.6 Hz. Most sounds (including a single note on a 
piano) are not simple pure tones like the tuning fork on Figure B-1 but contain a mix, or spectrum, of many 
frequencies. 
 
Sounds with different spectra are perceived differently even if the sound levels are the same. Weighting 
curves have been developed to correspond to the sensitivity and perception of different types of sound. 
A-weighting and C-weighting are the two most common weightings. These two curves, shown on Figure 
B-2, are adequate to quantify most environmental noises. A-weighting puts emphasis on the 1,000- to 
4,000-Hz range where human hearing is most sensitive.  
 
Very loud or impulsive sounds, such as explosions or sonic booms, can sometimes be felt and cause 
secondary effects, such as shaking of a structure or rattling of windows. These types of sounds can add to 
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annoyance and are best measured by C-weighted sound levels, denoted dBC. C-weighting is nearly flat 
throughout the audible frequency range and includes low frequencies that may not be heard but cause 
shaking or rattling. C-weighting approximates the human ear’s sensitivity to higher intensity sounds. 

  

Source: ANSI S1.4A -1985 “Specification of Sound Level Meters” 
 

Figure B-2. Frequency Characteristics of A- and C-Weighting. 

B.1.2.2 Sound Levels and Types of Sounds 

Most environmental sounds are measured using A-weighting. They are called A-weighted sound levels and 
sometimes use the unit dBA or dB(A) rather than dB. When the use of A-weighting is understood, the term 
“A-weighted” is often omitted and the unit dB is used. Unless otherwise stated, dB units refer to A-weighted 
sound levels. 

Sound becomes noise when it is unwelcome and interferes with normal activities, such as sleep or 
conversation. Noise is unwanted sound. Noise can become an issue when its level exceeds the ambient or 
background sound level. Ambient noise in urban areas typically varies from 60 to 70 dB but can be as high 
as 80 dB in the center of a large city. Quiet suburban neighborhoods experience ambient noise levels 
around 45 to 50 dB (United States Environmental Protection Agency [USEPA], 1978). 

Figure B-3 shows A-weighted sound levels from common sources. Some sources, like the air conditioner 
and vacuum cleaner, are continuous sounds whose levels are constant for some time. Some sources, like 
the automobile and heavy truck, are the maximum sound during an intermittent event like a vehicle pass-
by. Some sources like “urban daytime” and “urban nighttime” are averages over extended periods. A variety 
of noise metrics have been developed to describe noise over different time periods. These are discussed 
in detail in Section B.1.3. 

Aircraft noise consists of two major types of sound events: flight (including takeoffs, landings, and flyovers) 
and stationary, such as engine maintenance run-ups. The former is intermittent and the latter primarily 
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continuous. Noise from aircraft overflights typically occurs beneath main approach and departure paths, in 
local air traffic patterns around the airfield, and in areas near aircraft parking ramps and staging areas. As 
aircraft climb, the noise received on the ground drops to lower levels, eventually fading into the background 
or ambient levels. 
 
Impulsive noises are generally short, loud events. Their single-event duration is usually less than 1 second. 
Examples of impulsive noises are small-arms gunfire, hammering, pile driving, metal impacts during rail-
yard shunting operations, and riveting. Examples of high-energy impulsive sounds are quarry/mining 
explosions, sonic booms, demolition, and industrial processes that use high explosives, military ordnance 
(e.g., armor, artillery and mortar fire, and bombs), explosive ignition of rockets and missiles, and any other 
explosive source where the equivalent mass of dynamite exceeds 25 grams (American National Standards 
Institute [ANSI], 1996). 
 
 

 
Source: Harris, 1979 

Figure B-3. Typical A-weighted Sound Levels of Common Sounds. 
 
 
B.1.3 Noise Metrics 
 
Noise metrics quantify sounds so they can be compared with each other and. with their effects, in a standard 
way. There are a number of metrics that can be used to describe a range of situations, from a particular 
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individual event to the cumulative effect of all noise events over a long time. This section describes the 
metrics relevant to environmental noise analysis. 
 
B.1.3.1 Single Events 
 
Maximum Sound Level 
 
The highest A-weighted sound level measured during a single event in which the sound changes with time 
is called the maximum A-weighted sound level or Maximum Sound Level and is abbreviated Lmax. The Lmax 
is depicted for a sample event in Figure B-4. 
 
Lmax is the maximum level that occurs over a fraction of a second. For aircraft noise, the “fraction of a 
second” is one-eighth of a second, denoted as “fast” response on a sound level measuring meter (ANSI, 
1988). Slowly varying or steady sounds are generally measured over 1 second, denoted as “slow” 
response. Lmax is important in judging if a noise event will interfere with conversation, television or radio 
listening, or other common activities. Although it provides some measure of the event, it does not fully 
describe the noise because it does not account for how long the sound is heard. 
 
Peak Sound Pressure Level  
 
The Peak Sound Pressure Level (Lpk) is the highest instantaneous level measured by a sound level 
measurement meter. Lpk is typically measured every 20 microseconds and usually based on unweighted or 
linear response of the meter. It is used to describe individual impulsive events such as blast noise. Because 
blast noise varies from shot to shot and varies with meteorological (weather) conditions, the US Department 
of Defense (DOD) usually characterizes Lpk by the metric PK 15(met), which is the Lpk exceeded 15 percent 
of the time. The “met” notation refers to the metric accounting for varied meteorological or weather 
conditions. 
 
Sound Exposure Level 
 
Sound Exposure Level (SEL) combines both the intensity of a sound and its duration. For an aircraft flyover, 
SEL includes the maximum and all lower noise levels produced as part of the overflight, together with how 
long each part lasts. It represents the total sound energy in the event. Figure B-4 indicates the SEL for an 
example event, representing it as if all the sound energy were contained within 1 second. 
 
 

 
Figure B-4. Example Time History of Aircraft Noise Flyover. 
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Aircraft noise varies with time. During an aircraft overflight, noise starts at the background level, rises to a 
maximum level as the aircraft flies close to the observer, then returns to the background as the aircraft 
recedes into the distance. This is sketched on Figure B-4, which also indicates two metrics (Lmax and SEL) 
that are described above. Over time there can be a number of events, not all the same. Because aircraft 
noise events last more than a few seconds, the SEL value is larger than Lmax. It does not directly represent 
the sound level heard at any given time but rather the entire event. SEL provides a much better measure 
of aircraft flyover noise exposure than Lmax alone. 
 
Overpressure  
 
The single event metrics commonly used to assess supersonic noise are overpressure in pounds per 
square foot and C-Weighted Sound Exposure Level (CSEL). Overpressure is the peak pressure at any 
location within the sonic boom footprint.  
 
C-Weighted Sound Exposure Level  
 
CSEL is SEL computed with C frequency weighting, which is similar to A-Weighting (discussed in Section 
B.1.2.2) except that C weighting places more emphasis on low frequencies below 1,000 hertz.  
 
B.1.3.2 Cumulative Events 
 
Equivalent Sound Level  
 
Equivalent Sound Level (Leq) is a “cumulative” metric that combines a series of noise events over a period 
of time. Leq is the sound level that represents the decibel average SEL of all sounds in the time period. Just 
as SEL has proven to be a good measure of a single event, Leq has proven to be a good measure of series 
of events during a given time period. 
 
The time period of an Leq measurement is usually related to some activity and is given along with the value. 
The time period is often shown in parenthesis (e.g., Leq[24] for 24 hours). The Leq from 7:00 a.m. to 3:00 
p.m. may give exposure of noise for a school day.  
 
Figure B-5 gives an example of Leq(24) using notional hourly average noise levels (Leq[h]) for each hour of 
the day as an example. The Leq(24) for this example is 61 dB. 
 
Day-Night Average Sound Level and Community Noise Equivalent Level  
 
Day-Night Average Sound Level (DNL or Ldn) is a cumulative metric that accounts for all noise events in a 
24-hour period. However, unlike Leq(24), DNL contains a nighttime noise penalty. To account for our 
increased sensitivity to noise at night, DNL applies a 10-dB penalty to events during the nighttime period, 
defined as 10:00 p.m. to 7:00 a.m. The notations DNL and Ldn are both used for Day-Night Average Sound 
Level and are equivalent. 
 
Community Noise Equivalent Level (CNEL) is a variation of DNL specified by law in California (California 
Code of Regulations Title 21, Public Works) (Wyle Laboratories, 1970). CNEL has the 10-dB nighttime 
penalty for events between 10:00 p.m. and 7:00 a.m. but also includes a 4.8-dB penalty for events during 
the evening period of 7:00 p.m. to 10:00 p.m. The evening penalty in CNEL accounts for the added 
intrusiveness of sounds during that period. For airports and military airfields, DNL and CNEL represent the 
average sound level for annual average daily aircraft events. 
 
Figure B-5 gives an example of DNL and CNEL using notional hourly average noise levels (Leq[h]) for each 
hour of the day as an example. Note the Leq(h) for the hours between 10:00 p.m. and 7:00 a.m. have a 10-
dB penalty assigned. For CNEL, the hours between 7:00 p.m. and 10:00 p.m. have a 4.8-dB penalty 
assigned. The DNL for this example is 65 dB. The CNEL for this example is 66 dB. 
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Source: Wyle Laboratories 

Figure B-5. Example of Leq(24), DNL and CNEL Computed from Hourly Equivalent Sound Levels. 

Figure B-6 shows the ranges of DNL or CNEL that occur in various types of communities. Under a flight 
path at a major airport the DNL may exceed 80 dB while rural areas may experience DNL less than 45 dB. 
The decibel summation nature of these metrics causes the noise levels of the loudest events to control the 
24-hour average. As a simple example, consider a case in which only one aircraft overflight occurs during 
the daytime over a 24-hour period, creating a sound level of 100 dB for 30 seconds. During the remaining 
23 hours, 59 minutes, and 30 seconds of the day, the ambient sound level is 50 dB. The DNL for this 24-
hour period is 65.9 dB. Assume, as a second example that 10 such 30-second overflights occur during 
daytime hours during the next 24-hour period, with the same ambient sound level of 50 dB during the 
remaining 23 hours and 55 minutes of the day. The DNL for this 24-hour period is 75.5 dB. Clearly, the 
averaging of noise over a 24-hour period does not ignore the louder single events and tends to emphasize 
both the sound levels and number of those events. 

A feature of the DNL metric is that a given DNL value could result from a very few noisy events or a large 
number of quieter events. For example, one overflight at 90 dB creates the same DNL as 10 overflights at 
80 dB. 

DNL or CNEL does not represent a level heard at any given time but represent long-term exposure. 
Scientific studies have found good correlation between the percentages of groups of people highly annoyed 
and the level of average noise exposure measured in DNL (Schultz, 1978; USEPA, 1978). 
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Figure B-6. Typical DNL or CNEL Ranges in Various Types of Communities. 
 
 
Onset-Rate Adjusted Monthly Day-Night Average Sound Level and Onset-Rate Adjusted 
Monthly Community Noise Equivalent Level 
  
Military aircraft utilizing special use airspace such as Military Training Routes, Military Operations Areas, 
and restricted areas generate a noise environment that is somewhat different from that around airfields. 
Rather than regularly occurring operations like at airfields, activity in special use airspace is highly sporadic. 
It is often seasonal, ranging from 10 per hour to less than 1 per week. Individual military overflight events 
also differ from typical community noise events in that noise from a low-altitude, high-airspeed flyover can 
have a rather sudden onset, with rates of up to 150 dB per second. 
 
The cumulative daily noise metric devised to account for the “surprise” effect of the sudden onset of aircraft 
noise events on humans and the sporadic nature of special use airspace activity is the Onset-Rate Adjusted 
Monthly Day-Night Average Sound Level (Ldnmr). Onset rates between 15 and 150 dB per second require 
an adjustment of 0 to 11 dB to the event’s SEL while onset rates below 15 dB per second require no 
adjustment to the event’s SEL (Stusnick et al., 1992). The term ‘monthly’ in Ldnmr refers to the noise 
assessment being conducted for the month with the most operations or sorties -- the so-called busiest 
month.  
 
In California, a variant of the Ldnmr includes a penalty for evening operations (7:00 p.m. to 10:00 p.m.) and 
is denoted Onset-Rate Adjusted Monthly Community Noise Equivalent Level (CNELmr). 
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B.1.3.3 Supplemental Metrics 
 
Number-of-Events Above a Threshold Level 
 
The Number-of-Events Above (NA) metric gives the total number of events that exceed a noise level 
threshold (L) during a specified period of time. Combined with the selected threshold, the metric is denoted 
NAL. The threshold can be either SEL or Lmax, and it is important that this selection is shown in the 
nomenclature. When labeling a contour line or point of interest, NAL is followed by the number of events in 
parentheses. For example, where 10 events exceed an SEL of 90 dB over a given period of time, the 
nomenclature would be NA90SEL(10). Similarly, for Lmax it would be NA90Lmax(10). The period of time can 
be an average 24-hour day, daytime, nighttime, school day, or any other time period appropriate to the 
nature and application of the analysis.  
 
NA is a supplemental metric. It is not supported by the amount of science behind DNL/CNEL, but it is 
valuable in helping to describe noise to the community. A threshold level and metric are selected that best 
meet the need for each situation. An Lmax threshold is normally selected to analyze speech interference, 
while an SEL threshold is normally selected for analysis of sleep disturbance. 
 
The NA metric is the only supplemental metric that combines single-event noise levels with the number of 
aircraft operations. In essence, it answers the question of how many aircraft (or range of aircraft) fly over a 
given location or area at or above a selected threshold noise level. 
 
Time Above a Specified Level 
 
The Time Above (TA) metric is the total time, in minutes, that the A-weighted noise level is at or above a 
threshold. Combined with the threshold level (L), it is denoted TAL. TA can be calculated over a full 24-
hour annual average day, the 15-hour daytime and 9-hour nighttime periods, a school day, or any other 
time period of interest, provided there is operational data for that time. 
 
TA is a supplemental metric, used to help understand noise exposure. It is useful for describing the noise 
environment in schools, particularly when assessing classroom or other noise sensitive areas for various 
scenarios. TA can be shown as contours on a map similar to the way DNL contours are drawn. 
 
TA helps describe the noise exposure of an individual event or many events occurring over a given time 
period. When computed for a full day, the TA can be compared alongside the DNL in order to determine 
the sound levels and total duration of events that contribute to the DNL. TA analysis is usually conducted 
along with NA analysis, so the results show not only how many events occur, but also the total duration of 
those events above the threshold. 
 
B.1.4 Noise Effects 
 
Noise is of concern because of potential adverse effects. The following subsections describe how noise 
can affect communities and the environment and how those effects are quantified. The specific topics 
discussed are 

 annoyance; 
 speech interference; 
 sleep disturbance; 
 noise effects on children; and 
 noise effects on domestic animals and wildlife. 

 
B.1.4.1 Annoyance 
 
With the introduction of jet aircraft in the 1950s, it became clear that aircraft noise annoyed people and was 
a significant problem around airports. Early studies, such as those of Rosenblith et al. (1953) and Stevens 
et al. (1953) showed that effects depended on the quality of the sound, its level, and the number of flights. 
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Over the next 20 years considerable research was performed refining this understanding and setting 
guidelines for noise exposure. In the early 1970s, the USEPA published its “Levels Document” (USEPA, 
1974) that reviewed the factors that affected communities. DNL (still known as Ldn at the time) was identified 
as an appropriate noise metric, and threshold criteria were recommended. 
 
Threshold criteria for annoyance were identified from social surveys, where people exposed to noise were 
asked how noise affects them. Surveys provide direct real-world data on how noise affects actual residents. 
 
Surveys in the early years had a range of designs and formats and needed some interpretation to find 
common ground. In 1978, Schultz showed that the common ground was the number of people “highly 
annoyed,” defined as the upper 28 percent range of whatever response scale a survey used (Schultz, 
1978). With that definition, he was able to show a remarkable consistency among the majority of the surveys 
for which data were available. Figure B-7 shows the result of his study relating DNL to individual annoyance 
measured by percent highly annoyed (%HA). 
 
Schultz’s original synthesis included 161 data points. Figure B-8 shows a comparison of the predicted 
response of the Schultz data set with an expanded set of 400 data points collected through 1989 (Finegold 
et al., 1994). The new form is the preferred form in the United States, endorsed by the Federal Interagency 
Committee on Aviation Noise (FICAN, 1997). Other forms have been proposed, such as that of Fidell and 
Silvati (2004) but have not gained widespread acceptance. 
 
When the goodness of fit of the Schultz curve is examined, the correlation between groups of people is 
high, in the range of 85 to 90 percent; however, the correlation between individuals is much lower, at 50 
percent or less. This is not surprising, given the personal differences between individuals. The surveys 
underlying the Schultz curve include results that show that annoyance to noise is also affected by 
nonacoustical factors. Newman and Beattie (1985) divided the nonacoustic factors into the emotional and 
physical variables shown in Table B-1. 
 
 

 
 

Figure B-7. Schultz Curve Relating Noise Annoyance to DNL (Schultz, 1978). 
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Figure B-8. Response of Communities to Noise; Comparison of Original Schultz (1978) with 
Finegold et al. (1994). 

 
 

Table B-1 
Nonacoustic Variables Influencing Aircraft Noise Annoyance 

 

Emotional Variables   Physical Variables 
Feeling about the necessity or preventability of the 
noise 

 Type of neighborhood 
Time of day 

Judgement of the importance and value of the 
activity that is producing the noise 

 Season  
Predicitabiltiy of the noise 

Activity at the time an individual hears the noise  Control over the noise source 
Attitude about the environment  Length of time individual is exposed to a noise. 
General sensitivity to noise   
Belief about the effect of noise on health   
Feeling of fear associated with the noise    

 
 
Schreckenberg and Schuemer (2010) examined the importance of some of these factors on short term 
annoyance. Attitudinal factors were identified as having an effect on annoyance. In formal regression 
analysis, however, sound level (Leq) was found to be more important than attitude. A series of studies at 
three European airports showed that less than 20 percent of the variance in annoyance can be explained 
by noise alone (Márki, 2013). 
 
A study by Plotkin et al. (2011) examined updating DNL to account for these factors. It was concluded that 
the data requirements for a general analysis were much greater than are available from most existing 
studies. It was noted that the most significant issue with DNL is that it is not readily understood by the public 
and that supplemental metrics such as TA and NA were valuable in addressing attitude when 
communicating noise analysis to communities (DOD, 2009a). 
 
A factor that is partially nonacoustical is the source of the noise. Miedema and Vos (1998) presented 
synthesis curves for the relationship between DNL and percentage “Annoyed” and percentage “Highly 
Annoyed” for three transportation noise sources. Different curves were found for aircraft, road traffic, and 
railway noise. Table B-2 summarizes their results. Comparing the updated Schultz curve suggests that the 
percentage of people highly annoyed by aircraft noise may be higher than previously thought. Miedema 



EA for Kingsley Field ANGB Combat Air Forces Adversary Air 
Final 

FEBRUARY 2020 B-16 

and Oudshoorn (2001) authors supplemented that investigation with further derivation of percent of 
population highly annoyed as a function of either DNL or DENL along with the corresponding 95 percent 
confidence intervals with similar results. 
 
 

Table B-2 
Percent Highly Annoyed for Different Transportation Noise Sources 

 

Day-Night 
Average Sound 
Level (decibels) 

Percent Highly Annoyed (%HA) 
Miedema and Vos 

Schultz Combined 
Air Road Rail 

55 12 7 4 3 
60 19 12 7 6 
65 28 18 11 12 
70 37 29 16 22 
75 48 40 22 36 

Source: Miedema and Vos, 1998 
 
 
As noted by the World Health Organization (WHO), however, even though aircraft noise seems to produce 
a stronger annoyance response than road traffic, caution should be exercised when interpreting 
synthesized data from different studies (WHO, 1999). 
 
Consistent with WHO’s recommendations, the Federal Interagency Committee on Noise (FICON, 1992) 
considered the Schultz curve to be the best source of dose information to predict community response to 
noise but recommended further research to investigate the differences in perception of noise from different 
sources. 
 
The International Standard (ISO 1996:1-2016) update introduced the concept of Community Tolerance 
Level (Lct) as the day-night sound level at which 50 percent of the people in a particular community are 
predicted to be highly annoyed by noise exposure. Lct accounts for differences between sources and/or 
communities when predicting the percentage highly annoyed by noise exposure. ISO also recommended 
a change to the adjustment range used when comparing aircraft noise to road noise. The previous edition 
suggested +3 to +6 dB for aircraft noise relative to road noise while the latest editions recommends an 
adjustment range of +5 to +8 dB. This adjustment range allows DNL to be correlated to consistent 
annoyance rates when originating from different noise sources (i.e., road traffic, aircraft, or railroad). This 
change to the adjustment range would increase the calculated percent highly annoyed at the 65-dBA DNL 
by approximately 2 to 5 percent greater than the previous ISO definition. Figure B-9 depicts the estimated 
percentage of people highly annoyed for a given DNL using both the ISO 1996-1 estimation and the older 
FICON 1992 method. The results suggest that the percentage of people highly annoyed may be greater 
than previous thought and reliance solely on DNL for impact analysis may be insufficient if utilizing the 
FICON 1992 method. 
 
The US Federal Aviation Administration (FAA) is currently conducting a major airport community noise 
survey at approximately 20 US airports in order to update the relationship between aircraft noise and 
annoyance. Results from this study are expected to be released in 2018. 
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Figure B-9. Percent Highly Annoyed Comparison of ISO 1996-1 to FICON (1992). 

 
 
B.1.4.2 Speech Interference 
 
Speech interference from noise is a primary cause of annoyance for communities. Disruption of routine 
activities such as radio or television listening, telephone use, or conversation leads to frustration and 
annoyance. The quality of speech communication is important in classrooms and offices. In the workplace, 
speech interference from noise can cause fatigue and vocal strain in those who attempt to talk over the 
noise. In schools it can impair learning. 
 
There are two measures of speech comprehension: 

1. Word Intelligibility - the percent of words spoken and understood. This might be important for 
students in the lower grades who are learning the English language and particularly for students 
who have English as a Second Language. 

2. Sentence Intelligibility – the percent of sentences spoken and understood. This might be important 
for high-school students and adults who are familiar with the language and who do not 
necessarily have to understand each word in order to understand sentences. 

 
United States Federal Criteria for Interior Noise 
 
In 1974, the USEPA identified a goal of an indoor Leq(24) of 45 dB to minimize speech interference based 
on sentence intelligibility and the presence of steady noise (USEPA, 1974). Figure B-10 shows the effect 
of steady indoor background sound levels on sentence intelligibility. For an average adult with normal 
hearing and fluency in the language, steady background indoor sound levels of less than the 45-dB Leq are 
expected to allow 100 percent sentence intelligibility. 
 
The curve on Figure B-10 shows 99 percent intelligibility at Leq below 54 dB and less than 10 percent above 
73 dB. Recalling that Leq is dominated by louder noise events, the USEPA Leq(24) goal of 45 dB generally 
ensures that sentence intelligibility will be high most of the time. 
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Figure B-10. Speech Intelligibility Curve (digitized from USEPA, 1974). 
 
 
Classroom Criteria 
 
For teachers to be understood, their regular voice must be clear and uninterrupted. Background noise has 
to be below the teacher’s voice level. Intermittent noise events that momentarily drown out the teacher’s 
voice need to be kept to a minimum. It is therefore important to evaluate the steady background level, level 
of voice communication, and single-event level due to aircraft overflights that might interfere with speech. 
 
Lazarus (1990) found that for listeners with normal hearing and fluency in the language, complete sentence 
intelligibility can be achieved when the signal-to-noise ratio (i.e., a comparison of the level of the sound to 
the level of background noise) is in the range of 15 to 18 dB. The initial ANSI (2002) classroom noise 
standard and American Speech-Language-Hearing Association (2005) guidelines concur, recommending 
at least a 15-dB signal-to-noise ratio in classrooms. If the teacher’s voice level is at least 50 dB, the 
background noise level must not exceed an average of 35 dB. The National Research Council of Canada 
(Bradley, 1993) and WHO (1999) agree with this criterion for background noise. 
 
For eligibility for noise insulation funding, the FAA guidelines state that the design objective for a classroom 
environment is the 45-dB Leq during normal school hours (FAA, 1985). 
 
Most aircraft noise is not continuous. It consists of individual events like the one sketched on Figure B-4. 
Since speech interference in the presence of aircraft noise is caused by individual aircraft flyover events, a 
time-averaged metric alone, such as Leq, is not necessarily appropriate. In addition to the background level 
criteria described above, single-event criteria that account for those noisy events are also needed. 
 
A 1984 study by Wyle for the Port Authority of New York and New Jersey recommended using Speech 
Interference Level (SIL) for classroom noise criteria (Sharp and Plotkin, 1984). SIL is based on the 
maximum sound levels in the frequency range that most affects speech communication (500 to 2,000 Hz). 
The study identified an SIL of 45 dB as the goal. This would provide 90 percent word intelligibility for the 
short time periods during aircraft overflights. While SIL is technically the best metric for speech interference, 
it can be approximated by an Lmax value. An SIL of 45 dB is equivalent to an A-weighted Lmax of 50 dB for 
aircraft noise (Wesler, 1986). 
 
Lind et al. (1998) also concluded that an Lmax criterion of 50 dB would result in 90 percent word intelligibility. 
Bradley (1985) recommends SEL as a better indicator. His work indicates that 95 percent word intelligibility 
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would be achieved when indoor SEL did not exceed 60 dB. For typical flyover noise, this corresponds to 
an Lmax of 50 dB. While WHO (1999) only specifies a background Lmax criterion, they also note the SIL 
frequencies and that interference can begin at around 50 dB.  
 
The United Kingdom Department for Education and Skills (UKDfES) established in its classroom acoustics 
guide a 30-minute time-averaged metric of Leq(30min) for background levels and the metric of LA1,30min 
for intermittent noises, at thresholds of 30 to 35 dB and 55 dB, respectively. LA1,30min represents the 
A-weighted sound level that is exceeded 1 percent of the time (in this case, during a 30-minute teaching 
session) and is generally equivalent to the Lmax metric (UKDfES, 2003). 
 
Table B-3 summarizes the criteria discussed. Other than the FAA (1985) 45 dB Lmax criterion, they are 
consistent with a limit on indoor background noise of 35 to 40 dB Leq and a single event limit of 50 dB Lmax. 
It should be noted that these limits were set based on students with normal hearing and no special needs. 
At-risk students may be adversely affected at lower sound levels. 
 
 

Table B-3 
Indoor Noise Level Criteria Based on Speech Intelligibility 

 

Source Metric/Level (dB) Effects and Notes 

Federal Aviation 
Administration (1985) Leq(during school hours) = 45 dB  

Federal assistance criteria for school sound 
insulation; supplemental single-event criteria 
may be used. 

Lind et al. (1998), 
Sharp and Plotkin (1984), 
Wesler (1986) 

Lmax = 50 dB / Speech 
Interference Level 45 

Single event level permissible in the 
classroom. 

World Health 
Organization (1999)  

Leq = 35 dB 
Lmax = 50 dB  

Assumes average speech level of 50 dB 
and recommends signal to noise ratio of 
15 dB. 

American National 
Standards Institute 
(2010)  

Leq = 35 dB, based on 
Room Volume (e.g., cubic 
feet) 

Acceptable background level for continuous 
and intermittent noise. 

United Kingdom 
Department for Education 
and Skills (2003) 

Leq(30min) = 30-35 dB 
Lmax = 55 dB  

Minimum acceptable in classroom and most 
other learning environs. 

Notes:  
dB = decibel(s); Leq = Equivalent Sound Level; Lmax = Maximum Sound Level 
 
 
B.1.4.3 Sleep Disturbance 
 
Sleep disturbance is a major concern for communities exposed to aircraft noise at night. A number of studies 
have attempted to quantify the effects of noise on sleep. This section provides an overview of the major 
noise-induced sleep disturbance studies. Emphasis is on studies that have influenced US federal noise 
policy. The studies have been separated into two groups: 

1. Initial studies performed in the 1960s and 1970s, where the research was focused on sleep 
observations performed under laboratory conditions. 

2. Later studies performed in the 1990s up to the present, where the research was focused on field 
observations. 

 
Initial Studies 
 
The relation between noise and sleep disturbance is complex and not fully understood. The disturbance 
depends not only on the depth of sleep and the noise level but also on the nonacoustic factors cited for 
annoyance. The easiest effect to measure is the number of arousals or awakenings from noise events. 



EA for Kingsley Field ANGB Combat Air Forces Adversary Air 
Final 

FEBRUARY 2020 B-20 

Much of the literature has therefore focused on predicting the percentage of the population that will be 
awakened at various noise levels. 
 
FICON’s 1992 review of airport noise issues (FICON, 1992) included an overview of relevant research 
conducted through the 1970s. Literature reviews and analyses were conducted from 1978 through 1989 
using existing data (Griefahn, 1978; Lukas, 1978; Pearsons et. al., 1989). Because of large variability in the 
data, FICON did not endorse the reliability of those results. 
 
FICON did, however, recommend an interim dose-response curve, awaiting future research. That curve 
predicted the percent of the population expected to be awakened as a function of the exposure to SEL. 
This curve was based on research conducted for the US Air Force (Finegold, 1994). The data included 
most of the research performed up to that point and predicted a 10 percent probability of awakening when 
exposed to an interior SEL of 58 dB. The data used to derive this curve were primarily from controlled 
laboratory studies. 
 
Recent Sleep Disturbance Research – Field and Laboratory Studies 
 
It was noted that early sleep laboratory studies did not account for some important factors. These included 
habituation to the laboratory, previous exposure to noise, and awakenings from noise other than aircraft. In 
the early 1990s, field studies in people’s homes were conducted to validate the earlier laboratory work 
conducted in the 1960s and 1970s. The field studies of the 1990s (e.g., Horne, 1994) found that 80 to 90 
percent of sleep disturbances were not related to outdoor noise events but rather to indoor noises and 
nonnoise factors. The results showed that, in real life conditions, there was less of an effect of noise on 
sleep than had been previously reported from laboratory studies. Laboratory sleep studies tend to show 
more sleep disturbance than field studies because people who sleep in their own homes are used to their 
environment and, therefore, do not wake up as easily (FICAN, 1997). 
 
FICAN 
 
Based on this new information, in 1997 FICAN recommended a dose-response curve to use instead of the 
earlier 1992 FICON curve (FICAN, 1997). Figure B-11 shows FICAN’s curve, the red line, which is based 
on the results of three field studies shown in the figure (Ollerhead et al., 1992; Fidell et al., 1994, 1995a, 
1995b), along with the data from six previous field studies. 
 
The 1997 FICAN curve represents the upper envelope of the latest field data. It predicts the maximum 
percent awakened for a given residential population. According to this curve, a maximum of 3 percent of 
people would be awakened at an indoor SEL of 58 dB. An indoor SEL of 58 dB is equivalent to an outdoor 
SEL of about 83 dB, with the windows closed (73 dB with windows open). 
 
Number of Events and Awakenings 
 
It is reasonable to expect that sleep disturbance is affected by the number of events. The German 
Aerospace Center (DLR Laboratory) conducted an extensive study focused on the effects of nighttime 
aircraft noise on sleep and related factors (Basner, 2004). The DLR Laboratory study was one of the largest 
studies to examine the link between aircraft noise and sleep disturbance. It involved both laboratory and in-
home field research phases. The DLR Laboratory investigators developed a dose-response curve that 
predicts the number of aircraft events at various values of Lmax expected to produce one additional 
awakening over the course of a night. The dose-effect curve was based on the relationships found in the 
field studies. 
 
Later studies by DLR Laboratory conducted in the laboratory comparing the probability of awakenings from 
different modes of transportation showed that aircraft noise lead to significantly lower awakening 
probabilities than either road or rail noise (Basner et al., 2011). Furthermore, it was noted that the probability 
of awakening, per noise event, decreased as the number of noise events increased. The authors concluded 
that by far the majority of awakenings from noise events merely replaced awakenings that would have 
occurred spontaneously anyway. 
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Figure B-11. FICAN (1997) Recommended Sleep Disturbance Dose-Response Relationship. 
 
 
A different approach was taken by an ANSI standards committee (ANSI, 2008). The committee used the 
average of the data shown on Figure B-10 rather than the upper envelope, to predict average awakening 
from one event. Probability theory is then used to project the awakening from multiple noise events. 
 
Currently, there are no established criteria for evaluating sleep disturbance from aircraft noise although 
recent studies have suggested a benchmark of an outdoor SEL of 90 dB as an appropriate tentative criterion 
when comparing the effects of different operational alternatives. The corresponding indoor SEL would be 
approximately 25 dB lower (at 65 dB) with doors and windows closed, and approximately 15 dB lower (at 
75 dB) with doors or windows open. According to the ANSI (2008) standard, the probability of awakening 
from a single aircraft event at this level is between 1 and 2 percent for people habituated to the noise 
sleeping in bedrooms with windows closed, and between 2 to 3 percent with windows open. The probability 
of the exposed population awakening at least once from multiple aircraft events at the 90-dB SEL is shown 
in Table B-4. 
 
 

Table B-4 
Probability of Awakening from NA90SEL 

Number of Aircraft Events at 
the 90-Decibel Sound Exposure 
Level for Average 9-Hour Night 

Minimum Probability of Awakening 
at Least Once 

Windows Closed Windows Open 

1 1% 2% 
3 4% 6% 
5 7% 10% 

9 (1 per hour) 12% 18% 
18 (2 per hour) 22% 33% 
27 (3 per hour) 32% 45% 

Source: DOD, 2009b 
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In December 2008, FICAN recommended the use of this new standard. FICAN also recognized that more 
research is underway by various organizations, and that work may result in changes to FICAN’s position. 
Until that time, FICAN recommends the use of the ANSI (2008) standard (FICAN, 2008). 
 
Summary 
 
Sleep disturbance research still lacks the details to accurately estimate the population awakened for a given 
noise exposure. The procedure described in the ANSI (2008) Standard and endorsed by FICAN is based 
on probability calculations that have not yet been scientifically validated. While this procedure certainly 
provides a much better method for evaluating sleep awakenings from multiple aircraft noise events, the 
estimated probability of awakenings can only be considered approximate.  
 
B.1.4.4 Noise Effects on Children 
 
Recent studies on school children indicate a potential link between aircraft noise and both reading 
comprehension and learning motivation. The effects may be small but may be of particular concern for 
children who are already scholastically challenged.  
 
Effects on Learning and Cognitive Abilities 
 
Early studies in several countries (Cohen et al., 1973, 1980, 1981; Bronzaft and McCarthy, 1975; Green et 
al., 1982; Evans et al., 1998; Haines et al., 2002; Lercher et al., 2003) showed lower reading scores for 
children living or attending school in noisy areas than for children away from those areas. In some studies 
noise exposed children were less likely to solve difficult puzzles or more likely to give up. 
 
A longitudinal study reported by Evans et al. (1998), conducted prior to relocation of the old Munich airport 
in 1992, reported that high noise exposure was associated with deficits in long-term memory and reading 
comprehension in children with a mean age of 10.8 years. Two years after the closure of the airport, these 
deficits disappeared, indicating that noise effects on cognition may be reversible if exposure to the noise 
ceases. Most convincing was the finding that deficits in memory and reading comprehension developed 
over the 2-year follow-up for children who became newly noise exposed near the new airport; deficits were 
also observed in speech perception for the newly noise-exposed children. 
 
More recently, the Road Traffic and Aircraft Noise Exposure and Children’s Cognition and Health (RANCH) 
study (Stansfeld et al., 2005; Clark et al., 2005) compared the effect of aircraft and road traffic noise on 
over 2,000 children in three countries. This was the first study to derive exposure-effect associations for a 
range of cognitive and health effects and was the first to compare effects across countries. 
 
The study found a linear relation between chronic aircraft noise exposure and impaired reading 
comprehension and recognition memory. No associations were found between chronic road traffic noise 
exposure and cognition. Conceptual recall and information recall surprisingly showed better performance 
in high road traffic noise areas. Neither aircraft noise nor road traffic noise affected attention or working 
memory (Stansfeld et al., 2005; Clark et al., 2006). 
 
Figure B-12 shows RANCH’s result relating noise to reading comprehension. It shows that reading falls 
below average (a z-score of 0) at Leq greater than 55 dB. Because the relationship is linear, reducing 
exposure at any level should lead to improvements in reading comprehension. 
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Sources: Stansfeld et al. 2005; Clark et al. 2006 

 
Figure B-12. RANCH Study Reading Scores Varying with Leq. 

 
 
An observation of the RANCH study was that children may be exposed to aircraft noise for many of their 
childhood years and the consequences of long-term noise exposure were unknown. A follow-up study of 
the children in the RANCH project is being analyzed to examine the long-term effects on children’s reading 
comprehension (Clark et al., 2009). Preliminary analysis indicated a trend for reading comprehension to be 
poorer at 15 to 16 years of age for children who attended noise-exposed primary schools. An additional 
study utilizing the same data set (Clark et al., 2012) investigated the effects of traffic-related air pollution 
and found little evidence that air pollution moderated the association of noise exposure on children’s 
cognition.  
 
There was also a trend for reading comprehension to be poorer in aircraft noise exposed secondary 
schools. Significant differences in reading scores were found between primary school children in the two 
different classrooms at the same school (Bronzaft and McCarthy, 1975). One classroom was exposed to 
high levels of railway noise while the other classroom was quiet. The mean reading age of the noise-
exposed children was 3 to 4 months behind that of the control children. Studies suggest that the evidence 
of the effects of noise on children’s cognition has grown stronger over recent years (Stansfeld and Clark, 
2015), but further analysis adjusting for confounding factors is ongoing and needed to confirm these initial 
conclusions.  
 
Studies identified a range of linguistic and cognitive factors to be responsible for children´s unique 
difficulties with speech perception in noise. Children have lower stored phonological knowledge to 
reconstruct degraded speech reducing the probability of successfully matching incomplete speech input 
when compared with adults. Additionally, young children are less able than older children and adults to 
make use of contextual cues to reconstruct noise-masked words presented in sentential context (Klatte et 
al., 2013). 
 
FICAN funded a pilot study to assess the relationship between aircraft noise reduction and standardized 
test scores (Eagan et al., 2004; FICAN, 2007). The study evaluated whether abrupt aircraft noise reduction 
within classrooms, from either airport closure or sound insulation, was associated with improvements in 
test scores. Data were collected in 35 public schools near three airports in Illinois and Texas. The study 
used several noise metrics. These were, however, all computed indoor levels, which makes it hard to 
compare with the outdoor levels used in most other studies. 
 
The FICAN study found a significant association between noise reduction and a decrease in failure rates 
for high school students but not middle or elementary school students. There were some weaker 
associations between noise reduction and an increase in failure rates for middle and elementary schools. 
Overall, the study found that the associations observed were similar for children with or without learning 
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difficulties, and between verbal and math/science tests. As a pilot study, it was not expected to obtain final 
answers but provided useful indications (FICAN, 2007). 
 
A recent study of the effect of aircraft noise on student learning (Sharp et al., 2013) examined student test 
scores at a total of 6,198 US elementary schools, 917 of which were exposed to aircraft noise at 46 airports 
with noise exposures exceeding the 55-dBA DNL. The study found small but statistically significant 
associations between airport noise and student mathematics and reading test scores, after taking 
demographic and school factors into account. Associations were also observed for ambient noise and total 
noise on student mathematics and reading test scores, suggesting that noise levels per se, as well as from 
aircraft, might play a role in student achievement. 
 
As part of the Noise-Related Annoyance, Cognition and Health study conducted at Frankfurt airport, reading 
tests were conducted on 1,209 school children at 29 primary schools. It was found that there was a small 
decrease in reading performance that corresponded to a 1-month reading delay; however, a recent study 
observing children at 11 schools surrounding Los Angeles International Airport found that the majority of 
distractions to elementary age students were other students followed by themselves, which includes playing 
with various items and daydreaming. Less than 1 percent of distractions were caused by traffic noise.  
 
While there are many factors that can contribute to learning deficits in school-aged children, there is 
increasing awareness that chronic exposure to high aircraft noise levels may impair learning. This 
awareness has led WHO and a North Atlantic Treaty Organization (NATO) working group to conclude that 
daycare centers and schools should not be located near major sources of noise, such as highways, airports, 
and industrial sites (NATO, 2000; WHO, 1999). The awareness has also led to the classroom noise 
standard discussed earlier (ANSI, 2002). 
 
B.1.4.5 Noise Effects on Animals and Wildlife 
 
Hearing is critical to an animal’s ability to react, compete, reproduce, hunt, forage, and survive in its 
environment. While the existing literature does include studies on possible effects of jet aircraft noise and 
sonic booms on wildlife, there appears to have been little concerted effort in developing quantitative 
comparisons of aircraft noise effects on normal auditory characteristics. Behavioral effects have been 
relatively well described, but the larger ecological context issues, and the potential for drawing conclusions 
regarding effects on populations, have not been well developed. 
 
The relationships between potential auditory/physiological effects and species interactions with their 
environments are not well understood. Manci et al. (1988) assert that the consequences that physiological 
effects may have on behavioral patterns are vital to understanding the long-term effects of noise on wildlife. 
Questions regarding the effects (if any) on predator-prey interactions, reproductive success, and 
intraspecific behavior patterns remain. 
 
The following discussion provides an overview of the existing literature on noise effects (particularly jet 
aircraft noise) on animal species. The literature reviewed here involves those studies that have focused on 
the observations of the behavioral effects that jet aircraft and sonic booms have on animals. 
 
A great deal of research was conducted in the 1960s and 1970s on the effects of aircraft noise on the public 
and the potential for adverse ecological impacts. These studies were largely completed in response to the 
increase in air travel and as a result of the introduction of supersonic jet aircraft. According to Manci et al. 
(1988), the foundation of information created from that focus does not necessarily correlate or provide 
information specific to the impacts to wildlife in areas overflown by aircraft at supersonic speed or at low 
altitudes. 
 
The abilities to hear sounds and noise and to communicate assist wildlife in maintaining group 
cohesiveness and survivorship. Social species communicate by transmitting calls of warning, introduction, 
and other types that are subsequently related to an individual’s or group’s responsiveness. 
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Animal species differ greatly in their responses to noise. Noise effects on domestic animals and wildlife are 
classified as primary, secondary, and tertiary. Primary effects are direct, physiological changes to the 
auditory system and most likely include the masking of auditory signals. Masking is defined as the inability 
of an individual to hear important environmental signals that may arise from mates, predators, or prey. 
There is some potential that noise could disrupt a species’ ability to communicate or could interfere with 
behavioral patterns (Manci et al., 1988). Although the effects are likely temporal, aircraft noise may cause 
masking of auditory signals within exposed faunal communities. Animals rely on hearing to avoid predators, 
obtain food, and communicate with, and attract, other members of their species. Aircraft noise may mask 
or interfere with these functions. Other primary effects, such as ear drum rupture or temporary and 
permanent hearing threshold shifts, are not as likely given the subsonic noise levels produced by aircraft 
overflights.  
 
Secondary effects may include nonauditory effects such as stress and hypertension; behavioral 
modifications; interference with mating or reproduction; and impaired ability to obtain adequate food, cover, 
or water. Tertiary effects are the direct result of primary and secondary effects and include population 
decline and habitat loss. Most of the effects of noise are mild enough that they may never be detectable as 
variables of change in population size or population growth against the background of normal variation 
(Bowles, 1995). Other environmental variables (e.g., predators, weather, changing prey base, ground-
based disturbance) also influence secondary and tertiary effects and confound the ability to identify the 
ultimate factor in limiting productivity of a certain nest, area, or region (Smith et al., 1988). Overall, the 
literature suggests that species differ in their response to various types, durations, and sources of noise 
(Manci et al., 1988). 
 
Many scientific studies have investigated the effects of aircraft noise on wildlife, and some have focused 
on wildlife “flight” due to noise. Animal responses to aircraft are influenced by many variables, including 
size, speed, proximity (both height above the ground and lateral distance), engine noise, color, flight profile, 
and radiated noise. The type of aircraft (e.g., fixed wing versus rotor-wing [helicopter]) and type of flight 
mission may also produce different levels of disturbance, with varying animal responses (Smith et al., 1988). 
Consequently, it is difficult to generalize animal responses to noise disturbances across species. 
 
One result of the Manci et al. (1988) literature review was the conclusion that, while behavioral observation 
studies were relatively limited, a general behavioral reaction in animals from exposure to aircraft noise is 
the startle response. The intensity and duration of the startle response appears to be dependent on which 
species is exposed, whether there is a group or an individual, and whether there have been some previous 
exposures. Responses range from flight, trampling, stampeding, jumping, or running, to movement of the 
head in the apparent direction of the noise source. Manci et al. (1988) reported that the literature indicated 
that avian species may be more sensitive to aircraft noise than mammals. 
 
Domestic Animals 
 
Although some studies report that the effects of aircraft noise on domestic animals is inconclusive, a 
majority of the literature reviewed indicates that domestic animals exhibit some behavioral responses to 
military overflights but generally seem to habituate to the disturbances over a period of time. Mammals in 
particular appear to react to noise at sound levels higher than 90 dB, with responses including the startle 
response, freezing (i.e., becoming temporarily stationary), and fleeing from the sound source. Many studies 
on domestic animals suggest that some species appear to acclimate to some forms of sound disturbance 
(Manci et al., 1988). Some studies have reported such primary and secondary effects as reduced milk 
production and rate of milk release, increased glucose concentrations, decreased levels of hemoglobin, 
increased heart rate, and a reduction in thyroid activity. These latter effects appear to represent a small 
percentage of the findings occurring in the existing literature. 
 
Some reviewers have indicated that earlier studies, and claims by farmers linking adverse effects of aircraft 
noise on livestock, did not necessarily provide clear-cut evidence of cause and effect (Cottereau, 1978). In 
contrast, many studies conclude that there is no evidence that aircraft overflights affect feed intake, growth, 
or production rates in domestic animals. 
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Wildlife 
 
Studies on the effects of overflights and sonic booms on wildlife have been focused mostly on avian species 
and ungulates such as caribou and bighorn sheep. Few studies have been conducted on marine mammals, 
small terrestrial mammals, reptiles, amphibians, and carnivorous mammals. Generally, species that live 
entirely below the surface of the water have also been ignored due to the fact they do not experience the 
same level of sound as terrestrial species (National Park Service, 1994). Wild ungulates appear to be much 
more sensitive to noise disturbance than domestic livestock. This may be due to previous exposure to 
disturbances. One common factor appears to be that low-altitude flyovers seem to be more disruptive in 
terrain where there is little cover (Manci et al., 1988). 
 
Some physiological/behavioral responses such as increased hormonal production, increased heart rate, 
and reduction in milk production have been described in a small percentage of studies. A majority of the 
studies focusing on these types of effects have reported short-term or no effects. 
 
The relationships between physiological effects and how species interact with their environments have not 
been thoroughly studied; therefore, the larger ecological context issues regarding physiological effects of 
jet aircraft noise (if any) and resulting behavioral pattern changes are not well understood. 
 
Animal species exhibit a wide variety of responses to noise. It is therefore difficult to generalize animal 
responses to noise disturbances or to draw inferences across species, as reactions to jet aircraft noise 
appear to be species-specific. Consequently, some animal species may be more sensitive than other 
species and/or may exhibit different forms or intensities of behavioral responses. For instance, wood ducks 
appear to be more sensitive and more resistant to acclimation to jet aircraft noise than Canada geese in 
one study. Similarly, wild ungulates seem to be more easily disturbed than domestic animals. 
 
The literature does suggest that common responses include the “startle” or “fright” response and, ultimately, 
habituation. It has been reported that the intensities and durations of the startle response decrease with the 
numbers and frequencies of exposures, suggesting no long-term adverse effects. The majority of the 
literature suggests that domestic animal species (e.g., cows, horses, chickens) and wildlife species exhibit 
adaptation, acclimation, and habituation after repeated exposure to jet aircraft noise and sonic booms. 
 
Animal responses to aircraft noise appear to be somewhat dependent on, or influenced by, the size, shape, 
speed, proximity (vertical and horizontal), engine noise, color, and flight profile of planes. Helicopters also 
appear to induce greater intensities and durations of disturbance behavior as compared to fixed-wing 
aircraft. Some studies showed that animals that had been previously exposed to jet aircraft noise exhibited 
greater degrees of alarm and disturbance to other objects creating noise, such as boats, people, and 
objects blowing across the landscape. Other factors influencing response to jet aircraft noise may include 
wind direction, speed, and local air turbulence; landscape structures (i.e., amount and type of vegetative 
cover); and, in the case of bird species, whether the animals are in the incubation/nesting phase. 
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B.2 NOISE MODELING 

The following sections describe input data used in the noise modeling process. This data were  developed 
in coordination with the Air Force Air Combat Command (ACC), Air Force Civil Engineer Center, and 
Kingsley Field Air National Guard Base (ANGB) personnel. 

B.2.1 Airfield Operations 

The first step in estimating the effects of the contract adversary air (ADAIR) contracting action was to 
determine the baseline operations at Kingsley Field ANGB. This was done using information from field 
personnel to scale the 2007 operations to match the operation counts recorded by the tower for 2017. The 
tower counted 49,000 operations in 2017 with a military to civilian ratio of 38 percent military to 62 percent 
civilian. Table B-5 contains the operations that match the tower count. The next step in the process was to 
use the baseline operations estimated for the 114th and 550th Fighter Squadrons and scale the 2017 data 
accordingly. The baseline for the 114th and 550th Fighter 
Squadrons is 4,556 sorties. The contract ADAIR operations are 
meant to follow the operations of the 114th and 550th Fighter 
Squadrons with allowance for proficiency and maintenance 
flights. The closed pattern operations are not the same 
percentage of the sorties done by the training squadron. The 
contract ADAIR operation count of 2,000 includes 48 sorties for 
maintenance and flight proficiency for the contract ADAIR pilots. 
This entails the contract ADAIR aircraft being flown to the 
contractor’s maintenance facility.  

Table B-6 contains the operations to be modeled for the baseline 
as well as the additional contract ADAIR aircraft operations. The 
114th and 550th Fighter Squadrons train together and fly the 
Based F-15 C/D aircraft. 

A SORTIE IS A SINGLE FLIGHT, BY ONE AIRCRAFT, 
FROM TAKEOFF TO LANDING WHILE A SORTIE-
OPERATION IS THE USE OF ONE AIRSPACE UNIT 
(E.G., MILITARY OPERATIONS AREA) BY ONE 
AIRCRAFT. THE NUMBER OF SORTIE-
OPERATIONS IS USED TO QUANTIFY THE NUMBER 
OF USES BY AIRCRAFT AND TO ACCURATELY 
MEASURE POTENTIAL IMPACTS (E.G., NOISE, AIR 
QUALITY, AND SAFETY IMPACTS). A SORTIE-
OPERATION IS NOT A MEASURE OF HOW LONG AN 
AIRCRAFT USES AN AIRSPACE UNIT, NOR DOES IT 
INDICATE THE NUMBER OF AIRCRAFT IN AN 
AIRSPACE UNIT DURING A GIVEN PERIOD; IT IS A 
MEASUREMENT FOR THE NUMBER OF TIMES A 
SINGLE AIRCRAFT USES A PARTICULAR AIRSPACE 
UNIT.
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B.2.2 Runway and Flight Track Use 
 
This section describes the flight tracks used by the aircraft operating out of Kingsley Field as well as the 
runway utilization. Utilization percentages are provided for each runway in Table B-7. Flight track maps for 
all aircraft are presented on Figure B-13 (departures), Figure B-14 (arrivals) and Figure B-15 (closed 
patterns). Closed pattern flight track represent aircraft patterns that depart and arrive on the same runway. 
Example flight profiles that use closed pattern flight tracks are simulated flame out and visual flight rules 
pattern profiles. 
 
 

Table B-7 
Runway Usage for Based Aircraft at Kingsley Field 

Op Type 
Runway 

ID 
Military Civilian 

Day (0700-2200) Night (2200-0700) Day (0700-2200) Night (2200-0700) 

Departure 

14 65% 0% 79% 3% 
32 35% 0% 10% <0.5% 
07 0% 0% 4% 0% 
25 0% 0% 4% 0% 

Arrival 

14 35% 0% 79% 3% 
32 62% 3% 10% <0.5% 
07 0% 0% 4% 0% 
25 0% 0% 4% 0% 

Closed 
Pattern 

14 35% 0% 80% 0% 
32 65% 0% 20% 0% 
07 0% 0% 0% 0% 
25 0% 0% 0% 0% 

Note: USFS operations expected to follow civilian runway usage ratio on Runway 14-32. 
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Figure B-13. Departure Flight Tracks at Kingsley Field. 
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Figure B-14. Arrival Flight Tracks at Kingsley Field. 
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Figure B-15. Closed Pattern Flight Tracks at Kingsley Field. 
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B.2.3 Flight Profiles and Aircraft 
 
The ADAIR program would locate contractor aircraft at Kingsley Field with the appropriate capabilities to 
respond to the needs of the fighters at the bases. The Air Force identified three categories of aircraft with 
differing capabilities (A, B, and C) on the contract. Kingsley Field is designated a category C location. To 
fulfill the requirements of a category a contractor could provide a variety of aircraft with the appropriate 
specifications. Because the type of aircraft for contract ADAIR are not known at this time, representative 
noise surrogates were selected for the lowest through highest potential noise emission scenarios for the 
aircraft that contractors may select to provide for each of the categories. To model a given noise scenario 
for a certain category, all contract ADAIR flight operations were assigned to the surrogate. All three 
scenarios modeled separately in the final analysis for Kingsley Field. The surrogate selected for the different 
categories and scenarios are presented in Table B-8. 
 
 

Table B-8 
Aircraft Scenarios 

Category High Noise Scenario Medium Noise Scenario Low Noise Scenario 
A A-4N 

(A-4C surrogate) 
MiG-21 

(F-104D&G surrogate) 
L-59 

(T-45 surrogate) 

B F-5 
(F-5E surrogate) 

A-4K 
(A-4C surrogate) 

T-59 Hawk 
(T-45 surrogate) 

C Eurofighter Typhoon 
(F-18E/F surrogate) 

Dassault Mirage 
(F-16C surrogate) 

JAS 39 Gripen 
(F-16A surrogate) 

 
 
This section details the representative profiles for each aircraft that is based at Kingsley Field ANGB. This 
includes the F-15 aircraft of the 114th and 550th Fighter Squadrons and the proposed ADAIR aircraft for 
Category C. The Category C aircraft are modeled as the F-16A for the low-noise scenario, the F-16C for 
the medium-noise scenario, and the F-18E/F for the high-noise scenario. Because it is unknown which 
aircraft type or combination thereof that the contractor will bring to Kingsley Field ANGB, each scenario is 
modeled separately as if it were the only aircraft in the contract ADAIR inventory.  
 
Representative profiles provide the speed and power setting of each type of aircraft as a function of distance 
along the flight track for the representative maneuvers. For modeling purposes, the appropriate profile is 
used for all flight tracks that conform to that maneuver type. For example, all overhead break arrival tracks 
utilize the representative profile for modeling that maneuver.   
 
The operations tables (Tables B-5 and B-6) can be used with the runway usage table (Table B-7) to 
understand the distribution of the following representative profiles that will be modeled on tracks associated 
with each runway. One important point to note in looking at flight profiles: the description of the power 
setting indicates the aircraft’s configuration. For modeling noise emissions, there are two different 
configurations. Any description with the words Approach or Parallel indicate that the aircraft is fully 
configured for arrival (landing gear down, flaps set, etc.). All other descriptions in the profile indicate the 
aircraft is not fully configured for arrival. 
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B.2.3.1 Based Aircraft Representative Flight Profiles 
 
Flight Profiles for the 114th and 550th Fighter Squadrons’ F-15s 
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B.2.3.2 Contract ADAIR Aircraft Representative Flight Profiles 
 
Contract ADAIR High Noise Eurofighter Typhoon (F-18E/F Surrogate)  
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Contract ADAIR Medium Noise Dassault Mirage (F-16C F100 PW220 Surrogate) 
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Contract ADAIR Low Noise FAS 39 Gripen (F-16A Surrogate)  
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B.2.4 Ground/Maintenance Run-ups 
 
This section details the number, type, and duration of the ground and maintenance engine run-up 
operations at the airfield. Contract ADAIR aircraft maintenance would include routine inspections and minor 
unscheduled repairs on the flightline. Aircraft requiring major scheduled (depot level maintenance) or 
unscheduled maintenance would be expected to be flown back to the contractor’s home base for repairs. 
The only ground operations expected to increase with the addition of contract ADAIR aircraft would be the 
preflight run-up checks, postflight idling, and trim tests. Figure B-16 shows the location of the hush house 
towards the south end of the field and the location that trim operations are done. Figure B-17 shows the 
location on the apron where aircraft maintenance operations occur. Some maintenance operations occur 
0.5 miles north of the apron at Building 400. Figure B-18 shows the area at and around Building 400. 
Figure B-19 shows two proposed parking locations for ADAIR aircraft. Bravo row parking location is 
coincident with the Apron A parking location shown in Figure B-17. Table B-9 details the number, type, 
and duration of the on-field maintenance operations. 
 
 

 
Figure B-16. Maintenance Locations at Kingsley Field for Trim and Hush House Operations. 
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Figure B-17. Run-up Locations on the Apron at Kingsley Field. 

 
Figure B-18. Run-up Location at Building 400. 



EA for Kingsley Field ANGB Combat Air Forces Adversary Air 
Final 

FEBRUARY 2020 B-70 

 
Figure B-19. Proposed Locations for Contract Adversary Air Operation and Maintenance Facilities. 
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B.2.5 Monitoring  
 
If the Air Force selected the High Noise Scenario, a Mitigation and Monitoring Plan will be developed. The 
plan would describe the monitoring approach, method of execution, and timing for implementation. In 
addition, the plan would establish a process for identifying and making changes, as appropriate, to the 
action or the mitigations to result in beneficial outcomes that avoid or reduce adverse outcomes.


