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EXECUTIVE SUMMARY

Purpose. Aircraft overflights affecting park visitors and resources have been
identified as a significant problem at a number of National Parks and Wilderness Areas
throughout the United States. In recognition of these concerns, Congress passed the
National Park Overflights Act of 1987 (Public Law 100-91). This law requires the
National Park Service and the United States Forest Service to determine any adverse
effects of these overflights on park/wilderness visitor safety and enjoyment. The effects
of these overflights on the natural, cultural, and historical resources of the
park/wilderness are to be studied. The benefits of the aircraft overflights, in terms of
visitor enjoyment, protection, and search and rescue, are also to be considered.

‘The types of aircraft overflights identified in the legislation for review include
nearly all sectors of aviation, such as "...sightseeing aircraft, military aircraft,
commercial aviation, general aviation, and other forms of aircraft which affect such
units." The law specifically excludes aircraft operations associated with landing fields
within, or adjacent to, such park units.

This report contains the results of an initial study with the National Park Service
to address various technical issues relating to the assessment of sound from aircraft
overflights within parks. These technical issues include techniques for measuring
aircraft sounds within park/wilderness settings and determining the acoustic
parameters that are important in describing aircraft sound within these settings. As
part of future studies, sociological surveys of park/wilderness users will be used to
quantify the visitor response from these aircraft operations. A goal of these studies is to
develop policies to manage aircraft noise within various park/wilderness areas.

The first element of the research was a review of current or potential methods for
assessing aircraft overflight sounds in wilderness settings. Noise measurements were
then completed at two park units and at a remote location of an air force base. The
purpose of these initial measurements was to develop and test methodologies for
conducting ambient and aircraft measurements in a park/wilderness environment.

Literature Review. A detailed literature review was completed on the subject of
quantifying aircraft sound in a park/wilderness setting. While extensive research has
been completed on the effects of aircraft overflights on urban populations in the vicinity
of airports, this search revealed a shortage of information on the subjects of en route
aircraft sound, aircraft sound in wilderness settings, or the acoustic effects on a park
visitor population. However, there are a number of studies that address issues important
to the park service study. These studies include research into signal detection of low-level
sounds and an assessment of sounds from Military Training Route (MTR) operations.

Most aircraft operations affecting parks are characterized by low-level sounds in
quiet background settings. Studies demonstrate that the detection of low-level sounds
may be predicted by a descriptor known as detectability. This concept of signal detection
and nondetection has evolved into an analytical tool through interest in military,
industrial and environmental concerns for detecting sounds in the environment. In



addition to these low-level signal detection applications, research suggests that
detectability can also be used to rate different levels of intrusiveness of a sound.

The concept of detectability and its relation to annoyance appears to be applicable
to low-level sound situations within the park. However, it should be noted that the
research on detectability has been completed primarily under constrained laboratory
conditions. Detectability has not been tested to predict annoyance in an outdoor setting
where both the background and source vary with respect to amplitude, frequency, and
temporal domains. More evidence should be collected and analyzed before using it for
quantifying effects from aircraft flyovers in the park/wilderness setting.

Currently, the Air Force is conducting a major study to analyze the acoustic effects
of low-altitude MTR {lights. The metric evolving from the Air Force study is based on the
Day Night Noise Level (DNL), with an integration period used equal to the average day of
the peak month of aircraft activity. The metric is further adjusted by an onset rate factor
to account for the surprise or startle element from high-speed aircraft operations.

‘While many aspects of the Air Force study have applications to the
park/wilderness setting, there are some significant differences. The first important
distinction is that the Air Force study addresses a permanent rural residential
population that has prior experience with MTR operations. In the park setting, the
population changes daily. Therefore, the startle effect of high onset rates may be
different for a visitor population than for a population with prior experience. While
research shows that onset rates are an important element in describing noise from MTR
operations, it is not clear what weighting factor appropriately represents this
disturbance to a park visitor population.

The use of a metric averaged over some time period to describe MTR operations
also has limited applications in the park setting. A visitor population changes daily and
the noise from MTR operations show significant daily variation. In addition, visitors
~ are not fixed at one location, but move throughout the park during the course of their
stay. Visitors are never exposed to the average level, only to the aircraft sound levels that
occur at each individual's particular location on that visitor's day in the park. This
means that the probability of a park visitor being acoustically affected by MTR
operations is very slight. However, when a visitor is impacted, the level is very high. It
will be very difficult to know precisely the sound exposure that each individual surveyed
has experienced. The MTR type of noise presents a difficult sampling problem for both
the acoustic and sociological portions of the study.

Measurement Results. The first noise survey was conducted at Grand Canyon
National Park. The operations at Grand Canyon are predominantly tour helicopters or
fixed-wing aircraft with some en route high-altitude jets and sightseeing general aviation
aircraft. The survey showed that there are a large number of aircraft operating over the
park, with each site averaging 145 aircraft overflights per twenty-four hour period. The
ambient sound levels in Grand Canyon can be extremely quiet (below 20 dBA).

The maximum sound levels from the aircraft flyovers were generally less than 50
dBA. However, with the low background levels, these events were 10 to 40 dBA above the
background. Because of these low background levels, the aircraft events were
characterized by long durations and very slow onset rates. A typical overflight would be



audible to the field engineer for 2 to 6 minutes. Aircraft were audible for an average of
more than 4-1/2 hours per day, with 90% of these operations during an 8-hour time
period. (And this survey was taken during the off-peak tourist season.)

On the basis of the results from the Grand Canyon survey, the measurement
program was refined and updated for subsequent tests at Hawaii Volcanoes National
Park. Aircraft operations at this park unit are primarily tour helicopters viewing the
volcano craters and lava flows. Occasional fixed-wing tour aircraft and transient
military aircraft also overfly the park. The ambient sound levels at Hawaii Volcanos
were not as quiet as Grand Canyon. The prevailing tradewinds, the surf and the
vegetation noise were important contributors to the ambient environment. However, the
number of aircraft operatiogns at this park were less. The park does have a number of
unique "points of interest" that attract tour aircraft for extended passes, with some
aircraft audible for up to 20 minutes.

‘The purpose of the Edwards Air Force Base noise measurements was to test the
methodology for measurements of low-altitude military jet training operations. These
measurements were also used as a final test of the proposed measurement methodologyv
using the digital audio tape (DAT) recording system. Edwards Air Force Base was selected
for these tests because the large number of low-altitude operations that occur over the
expansive base allowed for the measurement of a large sample of aircraft events in a
relatively short period of time.

Conclusions and Recommendations. Many factors influence how a sound is
perceived and whether or not it is considered annoying to a listener. These include not
only physical characteristics of the sound but also nonacoustic factors. Important
acoustic factors in describing these aircraft sounds in park/wilderness settings were
found to include:

Background Sound Level

Aircraft Sound Level (Relative to Background and Absolute Level)
Spectral Characteristics of the Sound

Duration of the Aircraft Sound

Onset Rate of the Aircraft Sound

A number of observations and conclusions concerning the measurement and
description of the ambient and aircraft sound in park/wilderness settings are discussed
in the following paragraphs. These are presented relative to these acoustic factors.
Predictors used to describe the aircraft sound in these settings should include the effects
from these acoustic factors.

Background Sound Level. The measurements showed that background sound
played a significant role in determining the relative loudness of an aircraft event and the
duration for which the aircraft signal was audible. In these quiet park/wilderness
settings, even low-levels of aircraft sound were clearly audible for extended durations.

Often the background sound levels were below the level commonly considered the
threshold of hearing. The measurement instrumentation used for wilderness
measurements must be capable of measuring sound levels as low as the Minimum Audible
Field (MAF) curve.



Accurate information relative to the background sound levels is the most critical
and variable element in quantifying the detection of the aircraft events. The background
level is the level above which the aircraft event becomes intrusive. The influence of
temporal variations in the ambient sound levels are minimized by using the L90
descriptor to represent the background sound level. This study recommends that L90 in
each 1/3 octave band and the A-weighted L90 be used to define the background sound
level. To minimize the longer-tern temporal variations, the background sound is to
measured in close proximity to the time of each aircraft overflight.

The most important variable that effects the background sound level is wind
speed. Determining the contribution of the wind noise to the ambient sound
environment and the role of this noise in the masking of aircraft events is an important
element of the ambient sound level analysis. The noise measurements should include
simultaneous wind speed measurements as well as the sampling of other traditional
meteorological information. The study recommends that long-termn meteorological data
be determined for each study area.

Alircraft Sound Level and Spectral Characteristics. Various rating scales have
been devised to approximate the human subjective assessment to the loudness or
noisiness of a sound. Potential noise predictors were examined for use in describing both
the absolute sound level and the level relative to the background sound. Among the
predictors reviewed were: A-weighted Maximum level, C-weighted, SEL, calculated
Loudness Levels, PNLT, EPNL, and Detectability.

It is necessary to determine the absolute sound levels of the aircraft, and the sound
level relative to the background. This is especially important when the aircraft seund
levels are significantly greater than the background. Sound with the same relative
loudness can be perceived differently in different background sounds. The primary
acoustic effect of the low background sound levels is not that otherwise quiet sounds
appear loud, but that sounds that would normally not be audible are now clearly audible,
and are audible for extended durations. Detectability is favored for describing relative
sound level of the aircraft overflights. Given the temporal variations in the aircraft
sound, detectability is best expressed in terms of time durations above different levels of
intrusiveness. (The use of detectability to define the time duration of the sound is
presented later in this summary.)

Once the sociological surveys are completed, the aircraft sound level predictor
that best correlates with park visitor response can be selected. However, until these
surveys are completed, no one predictor is recommended. The proposed methodology is
designed to measure the acoustic data necessary to calculate any of these potential
metrics. This requires the measurement of 1/3 octave band sound levels for both ambient
and aircraft environments. The sound data can be transferred to a computer, and any or
all of these metrics can be calculated without additional analysis time.

With respect to low-level aircraft sounds (operations other than MTRs),
preliminary measurements did not favor any one rating scale in terms of describing the
relative loudness of aircraft in the wilderness setting. In these low sound level settings,
the loudness of the sound may play a less prominent role in predicting annoyance. In
low-level sound applications, signal detection or audibility appears to be the most
important factor in predicting annoyance.
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The noise from MTR operations is very different than that of other types of
aircraft operations affecting parks. Research into determining which rating scale most
accurately reflects annoyance from MTR operations is probably beyond the scope of the
park service study and does not appear to be as important as the onset rate or the time
average. Measuring A-weighted sound levels, as recommended by the Air Force
methodology (with potentially different onset rate penalties and time averages), is
recommended.

Durgtion of the Aircraft Sound. The following discussion pertains to en route
aircraft operations other than low-altitude MTR operations. The audible duration of the

aircraft events is very important in the park setting. The total time that aircraft were
audible in the Grand Canyon measurements (more than 4 hours per day) is higher than
found around most major airports. This is not to say that the aircraft sound levels at
Grand Canyon are more severe than at major airports, but it illustrates that the audible
duration is a very important” acoustic factor in describing aircraft sound in the
park/wilderness setting.

Detectability may be useful in quantitatively describing when a signal is
detectable in various background settings. It can also be used to describe different levels
of intrusiveness of a sound. Research with detectability has shown that detection can
occur with very low detectability values for individuals specifically listening -for a
signal. However, this is most likely below the detection level which will disturb or be
noticeable to a casual park visitor and is very difficult to measure in the field. The use of
higher detection values, while not necessarily accounting for the total time an aircraft
event may be audible, reflect practical detection in the wilderness setting where users are
-hiking, viewing points of interest, or doing something other than looking for aircraft.
The sociological surveys may determine the detectability levels that most accurately
reflect visitor response. Preliminary findings do indicate that the detectability metric is
a good indicator for defining the time duration of low-level sound events at various levels
of intrusiveness.

Onset Rate of the Aircraft Sound. The onset rate is an important acoustic factor
for aircraft operations-within park/wilderness areas. Many of the operations affecting
parks are characterized by either very slow or very fast onset rates. The onset rate, or rise
time, is the rate of change of the sound until it reaches its maximum. Very fast onset rates .
are often a characteristic of low-altitude MTR operations. Sounds with very fast onset
rates have been found to be more disturbing because of the surprise or startle element of
the sound.

In the same manner, sounds with very slow onset rates have also been found to be
disturbing, but to a much lower degree. This is a characteristic of most other operations
in parks. In quiet backgrounds the aircraft are audible over large distances. For these
far-off aircraft, the rate of change of the distance between source and receiver is slow,
resulting in slow changes in the sound level. Research has shown that sounds with very
slow onset rates are more disturbing as a result of uncertainty as to the eventual
maximum.

This study recommends that the onset rate be determined for all types of aircraft

operations within the parks. Penalty factors associated for aircraft overflights with very
slow and very fast onset rates should be investigated.
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Summary. The proposed sound-monitoring program must take into
consideration the many unique and difficult problems associated with measurements
within National Parks and Wilderness Areas. The program requires the use of
specialized measurement instrumentation and a specific methodology for data
collection. This is intended to ensure the highest level of accuracy and standardization of
the measurement results. Elements of the sound monitoring program are: specific
instrumentation requirements; site selection methodology; measurement procedures;
acoustic data analysis; meteorological and aircraft data collection; and statistical
sampling requirements.

This study recommends the use of DAT recorders to continuously record the sound
data in the field. Continuous measurement is necessary in order to determine the time
duration of an event and the background sound levels both before and after the event. The
DAT's acoustic performance, light weight, and portability make it ideal for use in all
types of park/wilderness settings. Field measurement of detectability requires attended
measurements with the field engineer taking detailed notes of aircraft and ambient
conditions.

An important element of the study is an accurate assessment of the number and
type of aircraft operating over the parks. Although the number of overflight incidents
over some park units are thought to be extensive, the actual number has not been
documented. A standardized methodology for determining the number of aircraft
operations within each park has been developed.

Given a fixed measurement resource, the sampling program should represent a
balance between statistical confidence at any site and spatial coverage of the park. In
general, more measurements at fewer sites will provide more meaningful information
than less measurement time at more sites. This study recommends that measurements be
conducted for four separate trips per year at three to eight sites per park. The duration of
each trip depends upon the level of operations and the desired confidence interval. It is
estimated that each site will need to be monitored for one to two weeks per trip. MTR
operations may need to be measured even longer.

The sound-monitoring portion of the overall study must be well coordinated with
the sociological surveys of park visitors. One of the most difficult tasks of the study will
be to determine the actual sound exposure level for €ach visitor that is surveyed. The
sociological survey must provide information concerning each visitor’'s itinerary. The
sound measurement site selections and visitor survey locations must be developed with
knowledge of park visitor use patterns. It is necessary to have knowledge of the aircraft
sound exposure levels for each day of the visitor surveys. The survey can not be correlated
with averaged sound level data because that may not be that particular individuals
exposure. The sociological survey must be completed simultaneously with the sound level
measurements.






