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Memorandum
To:

Park Managers

From:

Overflights and Noise Program Coordinator, Intermountain Support Office - Denver

Subject:

"Nature of Sound" Interpretive/Educational Media Package

Enclosed is the 1999 edition of The Nature of Sound media package, a three-ring binder containing original
interpretive and educational tools related to sound issues in the National Park System. This package updates and
replaces a similar set of materials distributed in 1998. Responses from the parks to an evaluation of the original
product assisted in the revision of this final product.
The purpose of this informational binder is to assist park managers' efforts to educate the public and constituent
groups about the importance of natural quiet and sound-related issues. These materials will also help achieve
practical measures to protect or restore the natural sound environment in parks. The Nature of Sound package is a
particularly important tool in implementing Director's Order No. 47 and Reference Manual No. 47 concerning
soundscape preservation and noise management.
This package was developed and updated by a National Park Service educational task force comprised of
representatives from NPS management, interpretation, natural resources, and education. Additional contributions
are included from experts in the field of acoustic ecology. Please share these specially produced educational
materials with other members of your park staff involved in resource management, interpretation, education, and
public affairs. The contents (text documents, briefing statements, CD-ROM, audiocassette, video, 35-mm slides and
more) have been reviewed and approved for Servicewide distribution and use.
We hope that this media package proves to be very helpful to you in your ongoing educational and interpretive
activities to fulfill the mandates of your park. We would greatly appreciate feedback about components in the
package and additional items you may require - especially if there are any modifications you feel should be made.
Please contact me with any comments or questions, at (303) 969-2274.
Thank you!

Rick Emen'wein

United States Department of the Interior
NATIONAL PARK SERVICE
1849 C St, N.W.
Washington, D.C. 20240
IN REPLY REFER TO!

S5815(2460)
July 24, 1998

Memorandum
To:

National Park Service Superintendents

From:

Robert Stanton, Director

Subject:

Protecting Our 'Sound' Heritage through Education
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As you know, on April 22, 1996, President Clinton signed an Executive Memorandum that, among other things,
directed the FAA and the National Park Service to "Develop appropriate educational and other materials for
the public at large and all aviation interests that describe the importance of natural quiet to park visitors and
the need for cooperation from the aviation community. "
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The mission of the National Park Service is to preserve our natural and cultural heritage and the associated
values and resources, unimpaired in trust for use by all the people, both now and in the future. Preserving the
natural sounds associated with this nation's natural and cultural treasures is part of this mission. Yet, we find
increasingly that parks, which appear as they did in historical context, do not sound like they once did.
Natural sounds—an important resource and component of the visitor experience—are slowly and incrementally disappearing.
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Educating the American public is one of the NPS's fundamental responsibilities and is central to our preservation efforts. Accordingly, an NPS Interpretive Task Force has developed the attached materials for use in
your education efforts this year. As stewards of a resource such as the natural sound environment, you must
step out imaginatively in your complementary roles as guides and teachers to help people to experience,
value, and respect the meanings of this heritage. The basic message is simple and familiar: national parks
are special places. They are special places today because so many Americans have been committed to
keeping them this way. And natural sounds are an important part of what we seek to preserve.
Over the next several years, additional materials will be developed to assist you in this important educational
effort. Other aviation-related messages will also be developed: aviation as a park management tool, aviation
as a visitor service, and aviation as a heritage value in park units that preserve and interpret important parts
of the story of aviation. Feedback on this interpretive package is welcome, together with ideas on additional
materials that would be useful in your efforts.
In addition to this educational effort, I want you to look critically at internal activities, actions, and plans to
ensure that the National Park Service is doing all that it can to preserve the natural soundscape of national
parks. This includes looking for ways you can improve or modify your activities, actions, and plans to aid
the preservation or restoration of the natural soundscape in your park, amending your park's Statement for
Management, and planning to address this as an issue in your next General Management Plan.
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National Park Service S o u n d E d u c a t i o n Plan

I. INTRODUCTION
A. BACKGROUND

On April 22, 1996, President Clinton sent a memorandum to the heads of executive agencies mandating
additional transportation planning for addressing the impacts of transportation on national parks. The
President's memorandum said:
"Aircraft flying at low altitudes over national parks can, if not properly managed, mar
the natural beauty of the parks and create significant noise problems as well. The intrusion
of such aircraft can interfere with . . . visitors' enjoyment of parks, including the ability to
experience natural sounds without interruption from mechanical noise.... It is important to
the future of parks to address these problems quickly and in a fair and reasonable
manner. . . ."
The President asked the agencies, including the National Park Service, to develop educational and other
materials for the public and aviation interests that describe the importance of natural quiet to visitors and
the need for cooperation from the aviation community. This educational plan has been developed in
recognition of National Park Service preservation responsibilities and the President's request.
B. EDUCATIONAL CHALLENGE

Aircraft are only one source of sound impacts on the environment of parks and the quality of visitor
experiences. Automobiles, buses, generators, audio devices, motorized watercraft, snowmobiles, and even
loud human voices are among other sources that may impair a park's sound environment. National Park
Service operational activities also can be a source of park noise impacts.
Although there may be several ways to mitigate the impacts of a noise source, it is critical from an
educational perspective to understand that the main issue is not the noise source, but the protection of the
sound environment. "Natural quiet" may not be very quiet, as it may include all the sounds of nature from
absolute silence to loud waterfalls. The sound environment may be important in a specific park primarily
for its natural component (the sounds of nature unimpaired by human sources) or its cultural component
(contributing to a sense of a specific historical setting or a sacred or spiritual significance).
Because the protection of natural quiet is frequently complex and difficult, it will be essential to educate
the public on the nature of "natural quiet" and help them to understand why it is often an important part
of a park's resources as well as a valued part of the visitor experience. The term and its importance has
also been discussed in National Park Service Management Policies and other agency documents. The
educational challenge is to deal with misunderstanding, misinformation, and confusion surrounding the
resource and its importance to national park preservation. Much of the problem could stem from visitors
who may think the primary purpose of the NPS mandate is to provide recreational opportunities, rather
than the agency's stated mission to preserve the parks and their resources unimpaired now and for the
future. In that context, they often have difficulty understanding how noise that is only temporarily audible
can "impair" park resources or visitor experiences.
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N a t i o n a l Park Service S o u n d E d u c a t i o n Plan

This educational effort must focus on National Park Service resource management stewardship responsibilities. Since the FAA manages the national airspace, this education plan must blend with and aid FAA
efforts to help the National Park Service prevent or mitigate aviation noise impacts on national parks. Any
misperceptions about the role of the National Park Service or that the agency opposes the use of air
transportation require a thoughtful response.
This effort is linked with the National Park System Strategic Plan Vision as it directs the agency to play
three key roles. The National Park Service cannot be an effective steward without also "acting as a guide
and teacher" and "as an advocate and partner." Guided by that vision, we need to implement the following
"Sound Education Plan" to clarify these concerns as they bear on the preservation of our national parks
unimpaired for current and future generations.
C. PURPOSE OF EDUCATION PLAN

The purpose of this Sound Education Plan is:
1. To reaffirm that the core of the NPS educational effort is to recognize that national parks are special
places with a special mission.
2. To clearly articulate NPS messages about sound environments in parks to target audiences.
3. To describe the importance of natural sounds in parks and foster public appreciation of natural sounds,
tranquility, and solitude and contribute to the understanding that these are diminishing resources that
need protection.
4. To build cooperation and partnerships with aviation interests.
5. To reach out to the air tour industry so the "flight-seeing" opportunities they offer the public are compatible with NPS and park missions.
D. SCOPE OF EDUCATION PLAN

The scope of this educational plan is broad. Its many components give NPS leadership ample opportunity
to direct far-reaching and continuous education actions as part of an effort to restore and maintain the
natural sound environments of national park areas and sites. This plan calls for several short-term actions
to meet immediate needs for high-priority audiences.
1. Parameters: How Big Is This Job?
a. Educational messages are universal so as to serve the needs of parks and agencies nationwide and
specific enough to be customized for local use.
b. Audiences include employees of the National Park Service, the general public, visitors to national
parks, aviation interests, the air tour industry, park interest groups, educators, gateway communities,
the tourism industry, and other government entities.
c. Short-term, mid-term, and long-term actions will provide a balanced effort that will, over time,
accomplish the purpose and goals.
d. Accomplishments and outcomes will be evaluated periodically.
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E. DESIRED FUTURE CONDITIONS

Educational efforts will generate in park visitors and the general public, including aviation interests, a
greater understanding of the National Park Service mission to preserve resources and values in national
parks, including natural sounds, solitude, and tranquility. All parties will also appreciate the connection
between natural sounds, solitude, and tranquility, and quality national park experiences. They will also
recognize that aviation can be an important tool for visitor management, visitor service, and resource
protection when used in a manner compatible with park purposes and the National Park Service mission.
1. Specific outcomes expected are:
a. The general public can and does articulate the value of natural sound environments in national parks;
they recognize that natural sounds are diminishing resources; and they affirm that we all must take
specific actions to restore and maintain natural sound conditions.
b. The National Park Service recognizes the importance of natural sound environments, and reshapes
its management policies and actions so that park operations foster the restoration and preservation of
natural sound environments.
c. Public and private entities whose activities affect natural sound environments will take measures to
reduce and/or prevent inappropriate intrusions on the natural sound environment.
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II. EDUCATIONAL MEDIA PLAN

c

A. EDUCATIONAL MESSAGES

1. National Park Service units are special places. One responsibility of the National Park Service is to
protect natural sound environments and the diminishing opportunity to experience tranquility and solitude
in genuine heritage settings. Future generations must be ensured the opportunity to experience such
natural sound environments preserved within the National Park System.
2. The National Park Service mission obligates the agency to provide opportunities for visitors to hear
sounds of nature or sounds inherent in cultural settings with a minimum of other intrusions.
3. Natural sound environments include elements ranging from the chirping of birds and rushing of streams
to the stillness of relative silence where historic events have long since passed. Such elements add
depth and dimension to National Park System landscapes and enhance visitor experiences.
4. The National Park Service uses aviation where essential for rescue, safety, and maintenance operations. Aviation can be an effective tool in resource management activities as well. These operations and
activities follow agency guidelines designed to minimize adverse impacts on visitor experiences and
park resources. The National Park Service seeks alternatives to its own use of aircraft and works to
incorporate internal control measures such as quiet technology into its aviation program.
5. Air tours can provide access or vantage points to certain areas of some National Park System units for
visitors. The National Park Service communicates with commercial air tour operators so that these air
services may be sensitive to the experiences of other visitors and to the National Park Service mission
to preserve the natural conditions of parks unimpaired.
6. The history and heritage of American aviation are preserved, protected, and promoted by the National
Park Service at a variety of sites including Wright Brothers NHP, Indiana Dunes NL, Dayton Aviation
Heritage NHS, and Tuskegee Institute NHS. Such NPS sites offer valuable opportunities to celebrate
aviation while educating the public about the value of natural sounds, tranquility, and solitude.
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B. AUDIENCES AND EDUCATIONAL PRODUCTS & MEDIA

(* An asterisk denotes products and media that are completed or ongoing.)
Audiences are varied and broad. The first six groups listed below are primary audiences. A list of ranked
educational products or media is included for each audience. The last grouping of audiences is secondary,
and it is thought that as the primary audiences are reached, many of the secondary audiences will be also.
While implementing this education plan, attention must be made to deliver messages and products to the
secondary audiences as well as the primary ones.
1. National Park Service Audience
The internal audience of the National Park Service is critical for successful implementation of this education plan. This audience consists of the National Leadership Council, park superintendents, all park staff,
WASO and Regional staffs, and NPS pilots.
Educational Products and Media
a. Superintendent's Package *
b. Message from Director *
c. Listen Up! Newsletter *
d. Briefing Statement (Background Material) for all parks *
e. PowerPoint Program for selected spokespersons to present the Education Plan *
f. Noise Prevention and Mitigation Considerations for Superintendents *
g. Web Page: Intranet - (http://im.den.nps.gov/workgroup/suptoff/overflight) *
h. Long-term: develop training modules, incorporate sound practices in appropriate Director's Orders
format *, link ongoing science and research to education efforts, and develop a proactive public
affairs program
2. General Public Audience
The general public is defined as virtually anyone, including people who may or may not ever visit a
national park, either on the ground or in the air. The following educational and public relations efforts will
appeal to the general public through a variety of market points.
Educational Products and Media
a. Public version of PowerPoint Program to be presented to target groups by NPS managers (e.g.
service clubs, community and government entities) *
b. Media Kit (press release, sample article w/visuals/audios, outline of feature article, slides, etc.) for
use in local media markets * (same as superintendent's package described above)
c. "SoundScape" newsletter (bulletin) for use as take-home message after PowerPoint presentations *
d. Series of customized feature articles using different angles and "hooks" to capture a broad market of
readers (e.g. health benefits, spiritual benefits, of natural sound environments)
e. Internet Web Page attached to www.parknet
f. "Wild Minutes" news spots (video) for use in local or national TV markets *
g. Public Service Announcements (TV, radio, theaters, etc.)
h. Traveling Exhibit (e.g. Discovery Station)
j . Long-term: create strategy for travel writers to develop feature articles of parks as special places and
help target their writing to messages noted here
1A-4

National Park Service S o u n d E d u c a t i o n Plan

3. General Aviation Audience
This audience is the broad general aviation community; not the sector devoted to air tours. In order to be
effective in reaching this audience, the NPS must work with aviation interests to develop effective
products that will convey NPS concerns, along with the messages of aviation as a management tool, as a
heritage resource, and as a visitor service.
Educational Products and Media
a. Presentation/Traveling Exhibit at major aviation events by NPS pilots, managers and staff
b. NPS Leadership presentations at major aviation meetings (e.g. Oshkosh Fly-In, Aircraft Owners and
Pilots Association (AOPA) and Helicopters Association International (HAI) conventions, etc.) *
c. Trade Journal Articles and FAA publications
d. Video Production: "Protecting the Parks" - targeted message to aviation interests
e. Pilot training materials
f. In partnership with AOPA develop a video "Visiting the National Parks"
4. In-Park Visitor Audience
This audience represents the traditional in-park visitor. These visitors will have contact with park rangers,
printed park-specific information and orientation materials, and audio/visual programs produced by the
NPS for presentation in park settings.
Educational Products and Media
a. Interpretive Package - (for park implementation) *
(1) 35 mm message slides
(2) Individual Service Plan interpretive program sample
(3) Audio tape
(4) Newspaper articles for customization
(5) News release (with disc template)
b. Site Bulletin that can be customized for each park *
c. Public Service announcements
d. Traveler Information System (TIS) message
d. Exhibit concepts for individual park development
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5. Air Tour Industry Audience
The air tour industry provides air tours over units of the National Park System. This group relies on the
resources the NPS protects as the selling point for their service.
Educational Products and Media
a. NPS cooperates with local air tour operators to provide park information and develop interpretive
messages for customers.
b. Personal contacts at trade meetings (HAI, U.S. Air Tour Association (USATA) and with individual
operators. *
c. NPS and FAA develop a "road show" after the national rule making occurs, to present to air tour
operators in sensitive areas.
d. Develop Internet links with air tour industry web pages.
1A-5
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6, Special Park Interest Groups
This audience represents citizen groups who have a strong connection to national parks and their preservation. They include groups formally organized such as the National Parks and Conservation Association
(NPCA) and local groups such as the League of Women Voters, local environmental groups and/or
individual citizens.
Educational Products and Media
a. Establish national and local contact list and maintain one-on-one contacts.
b. Present PowerPoint Program to appropriate meetings/contacts. *
c. Develop a delivery system to interest groups (feature articles to trade publications), using products
developed for other audiences described above.
7. Secondary Audiences
These audiences will be indirectly reached through efforts above, and many of the products are suitable
for distribution to the following audiences:
Gateway Communities
Tourism Industry
Other government agencies
Educators
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The Niche Hypothesis: H o w Animals Taught U s to Dance and Sing

BY BERNIE KRAUSE. THIS ARTICLE FIRST APPEARED AS "BIO-ACOUSTICS, HABITAT AMBIENCE IN
ECOLOGICAL BALANCH,"WHOLE EARTH REVIEW, N O . 57, WINTER, 1997.

Bernie Krause holds a P h . D. with an Internship in
Bioacoustics h o r n U n i o n Institute in Cincinnati. Krause
began recording environments throughout the world in
the late 1960s. In 1 9 7 0 his alhum, In a Wild Sanctuary,
became the lirst recording to use environmental sounds as
hoth a central component or orchestration and as a
statement about the environment.

Krause records natural
sounds worldwide.

U n d e r the company name Wild Sanctuary, Inc. Krause
shares his iield experiences t h r o u g h musical albums and
sound installations in museums, zoos, and other public
spaces. In 1 9 9 8 , Krause published his autobiography, Into
A Wild Sanctuary, A Life in Music and Natural Sound,
available Irom Heyday Boohs, Berkeley, Calilornia.

Before the European migration to North America,
Native Americans partially experienced natural
sound as an outdoor symphony where all the
creature voices performed as an integral part of
an animal orchestra. As their habitats became
radically transformed by deforestation, agriculture,
and urbanization, and with many tribes decimated
by war and disease, numerous families lost their
direct source of sonic natural textures in a relatively short period of time. This produced a gap
between a direct association of their music to the
natural world and the subsequent breach created
as the wild natural became so profoundly transformed. In some isolated areas of the planet,
however, this fragile natural link still exists. Older
forest-dwelling humans are keenly aware of the
impact of natural sound on the totality of their lives
and integrate their knowledge into nearly every
spiritual and non-spiritual aspect of their existence.
As an artist and naturalist, I have long been
intrigued by the ways in which nighttime hunters
from non-industrial societies use sound to determine the types, numbers, and condition of game
(and other creatures) that are hundreds of meters
away through dark undergrowth where nothing
appears to the Western eye or our untrained ear to

be especially distinct. It is astounding how closely
their music reflects the complex rhythms,
polyphonies, and sonic textures of the habitats
where they live and hunt. Unlike these highly
sophisticated groups, we are primarily a visual
culture; no longer connected spiritually or aesthetically to what the wild natural can tell us through
sound. As a consequence, we've lost a certain
aural acuity once central to the dynamic of our
lives. This, of course, has had a profound impact
on our view of the natural world, which we now
experience as abstract and distorted. For me,
some insight into our ancient aural past began to
unfold about thirty years ago.
LAKE WALLOWA. NORTHEAST OREGON

I worked with the Nez Perce in Idaho and central
Washington in the late sixties and early seventies,
recording oral histories, music, and natural sound.
Many of the Elders, wishing to have their traditions preserved, generously permitted us to record
their stories. These exchanges of family histories
played an important role, establishing a mutual
trust over a period of many months. One member
we interviewed, tribal Elder Angus Wilson,
suddenly became very pensive and quiet one
2A-1
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The N i c h e H y p o t h e s i s : H o w A n i m a l s Taught U s to Dance and S i n g
(continued)
afternoon when I told him, among other familial
and personal revelations, that I was a musician.
"You white folks know nothing about music," he
said, half-serious, half-teasing with a confrontation
unusual in his culture. "But I'll teach you something about it if you want."
Early the next morning, we drove from Lewiston
to Lake Wallowa, one of the many campsites in
northeastern Oregon where Chief Joseph had
lived and where the Nez Perce had lived and
hunted for many centuries. Wilson led my colleague and me to the bank of a small stream, the
east fork of the Wallowa River, and motioned for
us to sit quietly on the ground. In the chilly October mountain air, we sat huddled in fetal positions
trying to keep ourselves warm for the better part
of an hour. Every now and then, we glanced in the
direction of Angus, who sat stoically and motionless upstream about fifty feet upstream. For a long
while, except for the calls of a few jays and
ravens, we heard nothing. After what seemed like
a long time, a slight breeze came up from the
valley and began to stir the branches of the aspen
and fir trees. Suddenly, the whole forest burst into
a cathedral of sound! Like a huge pipe organ with
all the stops out, a giant cacophonous chord
echoed from everywhere throughout the valley.
Angus, seeing the startled looks on our faces,
walked slowly in our direction and said, "Do you
know yet what makes the sound?"
"No," I said, shivering and irritated. "I haven't the
slightest idea."
Without another word, he walked over to the bank
of the stream and, kneeling low to the water's
edge, pointed to the reeds that had been broken
different lengths by the wind and the ice. Slipping
a hunting knife from the leather sheath hanging at
his belt, Angus cut one of the reeds at the waterline, whittled some holes, and, without tuning the
instrument, brought the transformed reed to his
lips and played a melody. After a long while he
stopped and said quietly, "This is how we learned
our music."

2A-2

The author records
freshwater pond
sounds including
frogs, insects, and
tadpoles. For
underwater recording of species such
as sperm whales,
Krause uses a U.S.
Navy-designed
hydrophone.

KENYA

Ten years later, that chilly morning at lake
Wallowa with Angus Wilson came to mind again. I
had been recording sounds in the forests, working
long hours over many evenings around Governor's
Camp, waiting for some grazing elephants to stop
pulling up the trees around our tent and render
some vocalizations. Exhausted, I experienced the
early morning insect sounds and distant hyenas as
a kind of dream where they performed as an
animal symphony. As this occurred, many
thoughts came to me all at once. Through the haze
of weariness, I gradually became conscious of the
possibility that this wasn't a dream and recorded
the ambience to see if I would feel the same way
later when I revisited the moment on tape.

Since the end of the nineteenth century, researchers in the natural sciences have focused their
work largely on the study of single creatures in
order to understand an organism's connection to
the whole environment. This is based on the
assumption that isolated studies are always easier
to observe and measure within the canons of pure
and carefully considered academic terms—that
once each part is understood, the whole can
somehow be extrapolated. It is easier to impose
controls on the study—the quantified results offer
models that fit common expectations—at the
expense of comprehensive knowledge. Indeed,
even in the relatively new field of bio-acoustics

T h e N i c h e H y p o t h e s i s : H o w A n i m a l s Taught U s to Dance and S i n g
(continued)
(bio = life, acoustics = sound), where portable
and professional quality tape recorders and
microphones that could be used outdoors first
emerged in the late sixties, field researchers
enthusiastically taped single creature sounds and
isolated individual animal vocalizations only to find
that significant parts of the messages eluded them
altogether. It is what Stephen Jay Gould calls
"the invisibility of larger contexts caused by too
much focus upon single items, otherwise known as
missing the forest through the trees." ("Abolish
the Recent," Natural History, May, 1991, pages
16-21.) Bearing this in mind, we are just now
beginning to explore the important role ambient
sound plays in our environment. Hearing the
sounds in context with each other tells the creature story in a very different way. From my
perspective, taking the voice of a single animal

Figure 1

Figure 2

from a habitat and trying to understand it out of
context is a little like trying to comprehend an
elephant by examining only a single hair at the tip
of its tail (before cloning, of course).
Our ancestors had intimate knowledge of what
successfully drives many forest inhabitants today.
It is the knowledge that in every biome of the wild
natural, where the environment is still intact, a
unique voice made up of the complex relationships
between all vocal creatures is quite unequaled. All
sound-producing organisms generate utterances
that fit solely into their environment relative to
other vocal or sound-creating organisms in that
territory. These organisms, when vocalizing,
produce niches measurable by time (rhythm) and
frequency (pitch). Furthermore, they have evolved
sound-generating communication mechanisms that
create audio output complementary and relative to
other noise-producing creatures and the particular
acoustical properties of their respective habitats.
From what I can tell, this phenomenon occurs in
every type of habitat on the planet, marine and
terrestrial. What is especially noteworthy is the
way in which the acoustic niche changes as one
moves short distances throughout a forest—even
where vegetation and the geological features
appear constant. While there are general or
regional similarities, any subtle change in the mix
of creatures changes the manner in which the
niche articulates itself, thus defining territorial
grids of many shapes and sized that are often in a
state of flux. These are vastly different parameters than the usual scientific grids of 100 square
meters we were originally taught to use.
Figure 1 and Figure 2 show simple and complex
habitat ambient niches where consistent dark lines
running horizontally across the chart represent a
unique mixture of insect voices shown occupying
several "bands" of a 20-10,000 Hertz frequency
spectrum in Figure 1, and a 20-20kHz. spectrum in
Figure 2. The darker the line, the greater the
amplitude in that particular range. The short lines
toward the bottom of the chart in Figure 1 represent the low voice of a Zenaida dove (Zenaida
macroura), a species of bird living in the Virgin
2A-3
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The Niche Hypothesis: H o w Animals Taught U s to Dance and Sing
(continued)
Islands on St. Martin. This sample was taken on
Pic Paradis, a 400m mountain on the French side.
The Figure 2 sample was recorded recently in
Borneo. Again, the consistent horizontal lines
running across the middle of the chart represent
insect voices. Notice the Asian Paradise flycatcher {Terpsiphone paradisi) vocalizations at
both the left and right sides of the chart. Its voice
is made up of three harmonic components called
formants, and they fit uniquely and exactly into
several niches where there is little or no vocal
energy represented by the light or white spaces. It
turns out that in every unaltered habitat we have
recorded, many birds, mammals, and amphibians
find and learn to vocalize in acoustical niches
unimpeded by the voices of less mobile creatures
such as near-ranging insects.
When examined from this perspective, territory is
now defined in dimensions well beyond the 3-D
topographical chartings on a traditional map.
Furthermore, examining habitats from an aural
perspective may allow us to actually date them in
time. For instance, in younger environments, birds
and mammals seem to occupy only one niche at a
given moment. However, in older environments,
some tropical rainforest animal vocalizations, like
the Asian paradise flycatcher in Figure 2, are so
highly specialized that their voices occupy several
niches of the audio bio-spectrum at the same time,
thus laying territorial claim to several channels at
once—a trait that must have taken a particularly
long time to develop.
These types of observations may be able to reveal
a great deal more about the ways in which birds
respond to the sounds of their environment. For
example, not a few migrating eastern American
warblers, able to learn only one song and call in
their lifetime, find themselves unable to adjust to
the changes in ambient sound when they fly to
their disappearing Caribbean and Latin American
winter nesting grounds. Where these environments have been deforested, and when birds try to
move to nearby and ostensibly similar or secondary growth habitats, they sometimes discover that
they are unable to be heard. Our recordings are
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beginning to show a strong likelihood that survival
might be impaired because territorial and/or
gender-related communications are masked.
To obtain these recordings, we typically spend 500
hours on site to get fifteen minutes of usable
material—a ratio of 2,000-to-1. The long wait is
due primarily to human-induced mechanical noise
such as chain saws (heard from twenty miles
away), aircraft, motorized riverboats. Mechanical
noise is endemic and nearly universal. It has
become so virulent that we are now beginning to
include it as a component of niche studies to see
how it affects creature voices.
After my experience in Kenya, the recording of
ambient sound as a field endeavor became more
prevalent. Partially out of boredom while waiting
for creature events to occur, we recorded pure
ambient sounds to give ourselves something to do.
However, little by little, I began to realize that
what is represented is indeed an animal orchestra with each creature vocalizing in its own niche.
I noticed that when a bird sang or a mammal or
amphibian vocalized, the voices appeared to fit in
relation to all of the natural sounds of the immediate environment in terms of frequency and the
rhythm patterns in which sound is delivered. Over
a number of years, I would return to the same
sites only to find, when the recordings were
analyzed, that each place showed incredible bioacoustic continuity—much like we would expect
to find from fingerprint matching. The bird,
mammal, and frog vocalizations we recorded all
seemed to fit neatly into their respective niches.
And the unique sound groupings from each of
these locations all remained the same (given time
of year, day, and weather patterns) no matter
where we worked. I refer to this combination of
creature voices as a biophony, the combined
sound that whole groups of living organisms
produce in any given biome. Furthermore, the
sounds of each of these zones are so singular and
important to creature life in a given location that if
one creature stops vocalizing, another immediately
joins the chorus to keep the acoustical integrity of
the habitats intact.

The Niche Hypothesis: H o w Animals Taught U s to Dance and Sing
(continued)
It appears that ancient human beings learned well
the lessons imparted by natural sounds. Their lives
depended as much (if not more) on their ability to
hear and understand the biophonies imparted by
their surroundings as on visual cues. Small enclaves of indigenous people—such as the Jivaro
and other tribes of the Amazon Basin, and the
Bayaka of the Central African Republic—survive
using this information today. Not only can these
extraordinary forest-dwellers distinguish one
creature sound from another within a din of noise,
but they can recognize the subtle differences in
sound between the various mini-habitats as small
as twenty square meters in a forest, even when
these areas appear to have visually identical
biological and geological components. Even when
traveling in total darkness, these people seem able
to determine their exact location simply by listening. Moreover, after closely observing chimpanzees, mountain gorillas, and orang-utans pounding
out complex rhythms on the buttresses of rainforest trees, I cannot help but be struck by the
articulation of their message, its effect on other
primates within hearing range, and the natural
origins of the human art of drumming and making
music—particularly when combined with the rest
of the forest sounds.
Experienced music composers know that in order
to achieve an unimpeded resonance, the sound of
each instrument must have its own unique voice
and place in the spectrum of events being orchestrated. Too little attention has been paid to the
possibility that insects, birds, and mammals in any
given environment have been finding their aural
niche since the beginning of time—and much
more successfully than we might have imagined.
Indeed, a graphic printout of the diversity and
structure of natural sounds from a rainforest
graphically demonstrates very special relationships
of many insects, birds, mammals, and amphibians
to each other. A complex vital beauty emerges
that the best of sonic artists in Western culture
have yet to achieve. It is my hunch that the early
human development of sound arts owes a great
deal to the "noise" of our natural environments.

Krause takes audio technology into the field.
I believe that this newly discovered evidence
points to the roots of ancient musical composition.
One needs only to hear the compelling music of
the Bayaka (Bayaka: The Extraordinary Music
of the Babenzele Pygmies, by Louis Sarno,
Ellipsis Arts, 1996, a book and compact disc), to
hear the connection.
If, as we are suggesting, the ambient sound of
primary growth habitats functions much as a
modern day orchestra, with each creature voice
occupying its own place on the environmental
music staff relative to frequency, amplitude,
timbre, and duration of sound, then there may also
be a clear acoustical message being sent about the
biological integrity of these sites.
Research continues on the issues suggested by
this hypothesis. The study of acoustic ecology,
begun in the late seventies with R. Murray
Schafer and Barry Truax and is currently being
considered a valuable tool for defining the health
of both marine and terrestrial habitats around the
world. Adding this information to the body of
knowledge is important for many reasons, not the
least of which is rediscovery of a direct cultural
link to our natural surroundings before they all
disappear. For the past several centuries, Western
academics, writers, and artists have labored at
some length to keep themselves and their work
separated from the wild natural. The use of the
very word "nature" makes these habitats seem
abstract, as if it has no particular connection to our
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The N i c h e H y p o t h e s i s : H o w A n i m a l s Taught U s to Dance and S i n g
(continued)
lives. By learning to listen, unafraid and
unthreatened to wildness and the incredible beauty
it represents, we may yet be able to mitigate this
deafness to our lovely world.
Natural orchestrations—the sounds of our unaltered temperate, tropical, arctic, desert, and
marine habitats—are becoming exceedingly rare
and difficult to find. The keys to our musical past
and the origins of complex intra-species connection may be better understood from the acoustic
output of these wonderful places, as the late
Angus Wilson once demonstrated in a remote part
of the Oregon wilderness.
As we lose the core of our own spiritual voice, we
are beginning to learn that the isolated voice of a
songbird cannot give us very much useful information. It is the acoustic fabric into which that song
is woven that offers up an elixir of formidable
intelligence that can enlighten us about our lives,
our past, and the wild depths of ourselves that we
long to know. ^
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Bernie Krause is the author of
Into a Wild Sanctuary, A Life
in Music & Natural Sound,
Heyday Books, Berkeley,
California, 1998. He is also the
author of Notes from the Wild,
Ellipsis Arts, 1996.
A sample of recordings by Bemie Krause is
included on the CD Rom in this package. Recordings by Krause are available directly from Wild
Sanctuary at www.wildsanctuary.com
E-mail: chirp@wildsanctuary.com

W h y S h o u l d People Listen?

In Western culture, we have become deaf to the wonders of the natural world. Once, our ancestors were able to know the place in which they lived as much by sound as by sight and smell.
They could walk the forests and deserts of their respective worlds and know their location not by
GPS, but by the delicate fabric of creature, liquid and airborne audible cues received by ear. In
genuine response, humans, in turn, learned to sing and dance using the sounds of their surroundings as a natural karaoke orchestra—to which they performed and dedicated their spiritual life giving back in kind what they received. This connection, the one that used to make us
spiritually and physically healthy, hasn 't been valued for a time longer than modern history.
Now, we travel to the ocean or lake shores and forests of the world, bringing with us cell phones,
boom boxes, and all kinds of noisy craft whisking us through the very places that could otherwise provide us with moments of peace and solitude, thus obliterating instances we can never
regain in our lifetimes with "culture" at the expense of sanity, hubris at the expense of a certain
maturity, and an adversarial relationship with the only resource that truly sustains life.
We forget that before there was light there was the Word . . . " . . . and God said, let there be light
. . . " He saw that it was good second, R. Murray Schafer reminded us. Listening is primal,
physical, sensual, and most of all mysterious because it can't be seen. It is precisely because it
cannot be grasped in the hand, because it is illusive, because it compels us to come face to face
with Truth in its many forms, that the medium of sound and, in particular, the voices of the
natural world, come much closer to linking us with the divine more than anything else we can
imagine.
That is why it is important to be quiet and to find places that allow us to become a species of
fewer words, less noise, and to pay more attention to the subtle, gentle voice of God we seem
driven to extinguish with more determination as each day passes and our habitats disappear or
are overtaken by machinery that seems to be our prime obsession. The natural world speaks from
the heart and nurtures us. It is also the source of true love of life and that which sustains it. If
this is something we wish to preserve, then we must learn to listen once again. For it is through
our ears that we will rediscover wonder.

Bernie Krause
Wild Sanctuary
Glen Ellen, California
2 June 1999
707-996-6677
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S o u n d Is M o r e T h a n M e e t s t h e E y e
B Y G O R D O N HEMPTON, T H E SOUND TRACKER, FOR THE NATIONAL PARK SERVICE, MAY, 1 9 9 9 .

G o r d o n H e m p t o n is an acoustic ecolog/ist
and E m m y Award-winning/ sound designer.
H e has provided professional audio services
to musicians, galleries, museums, and
media producers lor more t h a n 18 years.
H e m p t o n also teaches nature sound
portraiture at Olympic Park Institute and
personally campaigns lor quiet places.

H
X

Hempton records sounds with a head-shaped
stereo-separated microphone named "Fritz. "
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A WORLD OF SOUND

It was completely dark as I walked into Sri Lanka's
Sinharaja Forest to record the sounds of dawn.
Occasionally a burst of stars would appear overhead
through the forest canopy, and the air was warm and
humid, ideal for listening. The surrounding tree frogs
and insects wove rich textures, unlike any that I've
heard in temperate latitudes. This extra treat made
my prospects for a valuable recording good.

and I was eager to listen to the bird calls that I had
not heard. Then something odd occurred, almost an
imperceptible eclipse of direct sound—as if a
shadow of a massive object had suddenly appeared.
I rewound a little and listened again. Yes, something
was clearly blocking the sound. Then I heard the
sounds of my departing footsteps—and then the
guttural growl of a leopard as it left the bushes!

I found my position next to a
little clearing at the crest of the
hill where the first rays of
sunlight would descend, and I set
up to record. Suddenly I was
overcome with panic! I wanted
to run but for no apparent reason. As I tried to get a
grip, I told myself, "You are half of the way around
the entire planet, you fool, and if you don't stay and
record you may never be back again! I don't care
what you're feeling—just stay put!" Then I realized,
"You don't need to be here, not now! Just leave the
equipment running, and in two hours you can come
back and pick it up." And so I did just that.

This story always reminds me of what it means to
become a nature listener. We are already perfectly
prepared to listen—by instinct—to the world around
us. Hearing nature is actually a question of how to
reduce the distractions of the modern world more
than it is a question of how to listen.

Four months later, I was back in my Seattle studio
comfortably listening to that beautiful morning. Yes,
the sounds were wonderful, clear yet complicated,

ACOUSTIC ECOLOGY

I am a collector of natural sounds. I travel the world
and collect sounds for my library and apply them to
everything from computer games, radio programs,
movie soundtracks, and music CDs to museum
exhibits, art galleries, and environmental education
programs. I specialize in vanishing sounds, so most of
my work takes place in the United States, where
noise pollution has produced unprecedented levels of
sound extinction. Sound extinction—more precarious
2B-1
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than species extinction—is a very real phenomenon.
Given that the United States uses 25 percent of the
world's fossil fuels (doubling every 20 years), and
that nearly all fossil fuel consumption translates into
some kind of noise pollution, recording natural sounds
from the U.S. alone has become a multimillion dollar
business.
I am more likely to be
called an acoustic
ecologist than a sound
collector because
sound—production,
transmission, and
perception—has
everything to do with
how ecological communities work.
Natural sounds easily
carry the "news"
about weather, food,
danger, or a possible
mate or challenger for miles in any direction under
calm atmospheric conditions. In addition, sound is
biologically cheap to produce.
Sound is not only a driving force of evolution; it's the
driving force of my business. If I can't make sense
of a place's ambient sound, then I won't be as
successful at my work, and that means lost time and
money. But business is not the real reason I like to
listen. I'm just plain fascinated by sound!
SIGHTS OR SOUNDS

Most of the world's natural sounds are literally
unheard by human ears. Consider for a moment that
if someone (other than myself) asked you which of
our five senses is the most important, you would
probably say sight. Why not? Just look at the way
that we speak! So much of our culture and commerce is totally dominated by visual impressions.
After all, "Seeing is believing." Yet from our perspective as members of the animal kingdom, we find
that evolution provides a different answer.

2B-2

Fact: All advanced vertebrate species have the
ability to hear even though some species are
blind. (The Acoustic Sense of Animals, by William
C. Stebbins, Harvard University Press, Cambridge,
Mass., 1983.)
Ear-lids did not evolve, but eyelids did. Apparently it
is acceptable to temporarily disconnect our vision but
deadly if we disconnect our sense of sound. Even
when we think we are not paying attention to sound,
our brain is continually making decisions based on
what is heard.
Ears are the watchdogs of our existence. The
slightest news—a snap of a twig, the thud of falling
fruit, the rush of distant water, the song of a potential
mate—makes us become alert and look in the
direction from which it came. In this way, sound
provides a "preview" of coming events, acting as an
early warning system. If a sound reaches us suddenly from the rear, the startle response is initiated,
bypassing the brain, and causing us to fight, flee,
scream, or all of these.
Sound, unlike light, travels through
blinding vegetation and total
darkness, over long distances, off
walls, and around corners. The
presence of one sound rarely
obscures another. We hear many sounds simultaneously and are able to know the position and track
very subtle changes in pattern. Compare this with
vision where one object commonly blocks the view
behind it, and we see in only one direction at a time.
It is a small wonder that sound is a primary means by
which all advanced animals experience the world
around them.
Yet hearing is more than meets the eye. It also
involves body hair, our internal organs, soles, and
palms. Together, these parts of our bodies make
sense of vibrations caused by mechanical events.
Most events produce sounds and vibrations that are
beyond what the ear can hear. If a vibration occurs
between 20 times and 20,000 times per second, our
ears may hear it, but inside and outside this range,
we can still feel vibration and call it sound. For
example, deaf and hearing impaired persons can feel
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the sounds of waterfalls and ocean shores (places
where large amounts of low frequencies are present)
by the vibrations sent to non-auditory organs. Since
deaf persons lack the ability to sense some vibrations, they may hear things others with normal
hearing cannot because of distractions from other
sounds.
To better understand how sound is perceived through
non-auditory pathways, I recommend that everyone
try out a pair of properly fitted earplugs. With 28
million Americans suffering from hearing impairments (one third of these by caused by noise pollution), and with rapid increases in hearing loss expected, it is important to be familiar with nature
listening opportunities through non-auditory pathways. ("What'd You Say?" U.S. News & World
Report, April 26, 1999, pages 66-74.)

humans with the genetic memory of our ancestors—
namely that songbirds will lead you towards prosperity. Why is it that the best-selling nature CDs are
from habitats where we would survive very nicely if
suddenly stranded?
We may never know the answers to half of our
questions, but appreciating sound can encourage
understanding of our natural and cultural environments. Sound is important to our music, our religions,
and in the anthems that unite a nation during times of
war. Sound is no less important for committing our
society towards ecological solutions.
MY VIEW OH THE EARTH
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Healthy human ears
have a maximum
sensitivity to frequencies between 2,000
and 4,000 cycles per
second, well above
what would be
considered normal
speech. This corresponds with the
resonant properties of
the auditory channel.
Such an area of
maximum sensitivity likely would be of critical
importance for species survival. So what acoustic
event occurred in lives of our distant human ancestors that required peak sensitivity in this range? Was
it the faint trill of a bird that gave a clue to food and
water hidden from sight, thereby substantially
reducing aimless wandering? Was it the slight whine
of a winged insect that carried a deadly disease,
thereby allowing it to be swatted? Or was it possibly
the whisper of an arrow, thereby triggering a reflex?
The fact that humans are animals elicits challenging
questions that audiologists have yet to answer. For
example: Why do songbirds sound musical? What
direct relationship might humans have to birds? Or
have we co-evolved, both in time and habitat, leaving
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The author records the sound of silence in the
Kalahari Desert, South Africa.
During my travels around the globe, I've come to see
the earth differently. For me it is clearly a solarpowered j ukebox.
The more sunlight that is available for plants to grow,
the more energy that is also available to power the
bio-acoustic system. Sunny places such as tropical
rain forests are generally louder places. Darker
places are quieter places. In short, go towards the
equator and the earth gets louder; go towards the
poles and the earth gets quieter. (This effect is also
enhanced by the fact that sound travels faster in
warm air compared to cold air and farther in humid
air compared to dry air.)
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Jukebox Earth also plays different tunes. Select any
given set of latitude and longitude and you will hear a
different tune. The more time that any location has
had to evolve to form more complex, intertwined
ecological relationships, the more symphonic the
music is. Glaciation, logging, and other alterations
reduce the composition back to elemental forms from
which the composition begins to build again in
rhythm, diversity, and complexity. I've met people
who can correctly identify a place, the season, and
time of day based on characteristic sounds alone.
There are numerous global musical themes that
continue to affect and unite many locations across
the surface of the earth. One is the wave of dawn
that circles the globe, composed largely (but not
entirely) of bird vocalizations. Another is the wave of
dusk, often a reverse roll call of dawn. Yet another is
the northward and southward undulation of the
seasons, as well as the changing sounds of leaves
(silent spring leaves to firm, crisp autumn leaves), the
emergence of insects, and the presence of frogs or
migratory birds.
Plant life is a key to understanding
the distribution of natural sounds
and how sounds behave in environments. In fact, wildlife is so
dependent upon plants for survival,
that vegetation can be interpreted as a musical score
for animal symphonies. From vegetation alone (its
structure and composition), it is possible to predict
the kinds of animal sounds and other events that are
likely to occur at particular times of the day or year.
I like to imagine that plants themselves have voices.
This illusion is helpful to me as a sound designer
when I am given only a photograph and must correctly apply the sounds.

HABITATS IN HARMONY
MOUNTAIN LISTENING

Mountains are magnets for weather and the everchanging atmospheric conditions that drastically
affect the distance, speed, and rate of attenuation of
sound.
For this reason, when you visit the mountains, you
would benefit by having furry ears, like a dog, to
remove much of the unwanted noise created by the
wind against your ears. Failing this, examine the
blades of grass or the flight path of insects to guide
you to the calmest spots for mountain listening.
Flatter rocks where insects sun themselves exhibit
boundary effects that increase sound perception.
Listen too to how animals such as marmots relay
messages about intruders up the valleys. In some
mountain habitats, it seems the whole world is
making sound and listening.
My favorite mountain listening experience occurs
when I bend a calm ear towards melting snow. Far
from random drips or a virtual metronome, droplet
sounds take on elaborate rhythms and seem to
weave patterns as deep as your emotions. I have
listened to my favorite snowfields at Obstruction
Point in Olympic Park for nearly five years now, and
on each visit they are different because of the
differences in seasons and snow depths.
The best time to listen is near the end of the summer
when snowfields separate from talus, allowing a
space large enough to insert your head. As night
approaches, the liquid slows with falling temperatures, and the band plays single file.
FOREST LISTENING

Ancient hardwood forests seem to be the original
architecture from which cathedrals are modeled.
Forest acoustics here resonate like hymns in a grand
old church.
My favorite time to listen is a spring morning when
the winged choir sings to the rising sun and the winds
have not yet stirred. Fortunately, spring leaves are
2B-4

T h e S o u n d Tracker ( c o n t i n u e d )
nearly silent and do not rustle until summer or during
the harsher clatter of autumn. When abundant new
leaves fill up the forest's open spaces and contribute
to reverberations, a special intimacy is created. A
fresh bit of rain or heavy dew increases the sound
reflections, maintaining ambience, but making it
brighter pitched and more reverberant. In any case,
an ancient hardwood forest in spring is never to be
left unheard for more than a week. Time your visit
for Sunday because the sky overhead will contain
fewer jetliners than on Monday through Saturday.
Coniferous forests are distinctly different from
deciduous forests. Notice how uniform the plant
structures are for each species of conifers. The
importance of this to the listener is understood when
you consider that great effort is necessary to build a
recording studio where physical shapes and patterns
do not repeat themselves. Repetitious structures add
"coloration" to any musical performance. Similarly, in
the coniferous forest, the spacing of trees, branches,
and needles is so uniform that the entire forest
creates a wonderfully colored sound portrait. With
wind or flowing water, the entire forest begins to
hum. John Muir claimed that he could navigate up
Yosemite Valley by the sounds of the trees alone!
RIVER LISTENING

In 1994,1 followed the Merced River to Yosemite
and then up the side of Mt. Lyle and recorded the life
of a river as it emerges from its babbling youth and
passes on to the silence of its meandering old age.
In a river, each stone is a note, arranged along a path
of least resistance by flowing water. It is possible to
listen to a river recording and correctly judge in
which stage of hydrological development it flows.
Comparing two rivers at the same stage, you can
even discern which is the least disturbed by hydrologic engineering. Test this principal where a stream
tunes itself easily. Simply find a stream with stones
and listen closely and carefully. Pick up one of the
stones from the stream. Listen to how the stream
sound changes. Try to put the rock back and restore
the original sound. This is much more difficult than
you might imagine.

Many kinds of wildlife may visit river areas to drink
but generally do not linger. Water sounds mask other
sounds and interfere with the ability of wildlife to
hear possible threats to security. For example, deer
will drink quickly, pausing often to look around, and
then leave without delay.
SHORELINE LISTENING
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Driftwood logs feature unusual sound properties.
Ponds, lakes, and ocean shores offer a broad range
of listening situations with three common features:
First, the water is contained. Second, the water
affects sound transmission. Third, you are usually
listening from a shore.
For a number of reasons, shoreline listening offers
the most productive diversity of sounds and interesting acoustic behavior. Besides attracting animals
(including humans), water attracts sounds by capturing and transporting them through thermal layers to
the shoreline. This is because sound travels faster in
warm air compared to cold air and because calm
atmospheres are often organized into thermal layers.
The sound bends as it passes from one layer to the
next. This effect is further enhanced by the fact that
many ponds and lakes occupy the lowest position in
the surrounding landscape, creating excellent wilderness amphitheaters.
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PRAIRIE LISTENING

NATIONAL PARKS IN CONCERT

I avoided prairies until last year when I traveled
12,000 miles from Mexico to Canada in search of
native grasslands. There are many problems associated with prairie listening, not the least of which is
the extreme wind that is frequently present. However, the principal problem is that little native prairie
now exists because of the effects of agriculture. The
remaining prairie is so small that it is merely a
museum—not a functioning ecosystem.
Today, prairies remain one of the most difficult
habitats to hear, and so I speak from my limited
perspective drawn almost entirely from several
months during the spring of 1998.
Prairie songbirds are some of the
most beautiful anywhere, including
both eastern and western meadowlarks and their hybrids near the
Mississippi Valley. Both amplitude
and frequency modulations of
signal are important for these birds to overcome
message-scrambling problems posed by wind. As a
result, their songs are various and melodious, seducing easily.
Other songs are less harmonious yet compelling. The
low frequency drumming by prairie chickens
(greater and lesser), sharp-tailed grouse, and sage
grouse on the lek offer spectacular detail from a
distance of only a few feet. But to hear these birds
as they hear themselves, complete with unimaginable
boasts of power, you must set up recording equipment from a blind, or they will flee at first sight of
you. Set up everything an hour before dawn and
retreat to the end of a long cable. Prairie chickens
and grouse are worth the extra effort. These birds
truly perform for no price, only from the heart.
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Cliff dwellings serve as natural parabolas where
sound collects and focuses at one point.
Concert halls are among the most expensive architectural structures built in the world. Music performed in these places features a pleasant echo that
conveys a feeling that the space around you is fully
explored; all the information is in, and now you can
relax.
Imagine your concert hall experience interrupted by
a vacuum cleaner in the lobby or a leaf blower or a
jet flying overhead. Your experience would be
compromised. Such distractions are never acceptable
in studio engineering and avoided at all costs. Why
are we not so careful in our national parks? The
sounds of nature vastly exceed our music in dynamic
range, frequency, and amplitude modulations. Natural
sound environments are complex and valuable. They
are important beyond any entertainment value. Such
sounds are essential to ecological understandings.
HAWAII VOLCANOES NATIONAL PARK

A properly timed visit proves that Hawaii Volcanoes
National Park is an absolutely first class listener's
destination. This low latitude location with abundant
moisture features significant carbon fixation to drive
bio-acoustic systems to peak levels, warm atmosphere for speed, and humidity for clarity. The effect
is that everything sounds so much closer and more
alive than in temperate latitudes. Of specific interest
in this island environment are endemic bird species
with vocalizations heard nowhere else. In addition,

T h e S o u n d Tracker ( c o n t i n u e d )

the native culture has a long history of sound awareness indicated by the fact that their language still
contains separate words for the sounds of first
breeze and second breeze after sunrise as well as
other singular descriptions.
At Hawaii Volcanoes, periodic lava flows have
created different vegetation types of different ages.
The oldest lava flow is buried underneath the oldest
and most mature forest. One such isolated stand is
located at Bird Island.
When you visit Bird Island at midday, this tall forest
is impressive and also interesting acoustically, but
there is little to suggest the magnitude of the encounter you may experience at dawn. Nowhere else in
the world have I heard so many voices raised to one
event—the rising sun. The experience far exceeds
what I would expect from such a small plant community—many bird species simply overnight there and
go elsewhere during the day. If you plan a visit,
remember that cloudy days are better than sunny
days at Bird Island because there is less noise from
air tours. Arrive early (in the dark) because the
dawn chorus phenomenon is brief, lasting at peak
values for less than five minutes. By 8 a.m., traffic
on the nearby highway intrudes substantially and the
second breeze will likely reduce the listening area to
only a fraction of predawn conditions.
GREAT SMOKY MOUNTAINS NATIONAL PARK

Great Smoky at Cades Cove is
another favorite place of mine. This
small natural amphitheater is closed
to vehicular traffic during the night
and early mornings, so if you hike
with the moon there is ample opportunity to listen
undisturbed. The best time to visit, in my opinion, is in
spring before the time change to daylight savings.
This will allow an extra hour of listening at dawn
before the regularly scheduled commercial overflights begin to etch the skies.

voice becomes even sweeter after it has echoed
through the woods. To enjoy the wren's serenade,
look for hemlock branches that offer the bird its
favorite perch.
For late risers, a night walk may be
preferred. In this case, listen for the
American toad singing from the
wetter hillsides. Its love song
possesses the unusual ability to form
phantom voices. (Where two toads are singing
together they often tune their voices to each other,
causing a third voice to appear directly in the center.)
It is as if by magic: two toads and three voices!
Modern Listening

Modem listeners can equip themselves with recording devices to experiment with such sounds. Sound
recordings can be loaded onto most multimedia
computers and manipulated digitally for closer study.
For example, you can take a recording of the American toad's habitat at Cades Cove and alter it so that
you hear it as the toad hears it. (This is done by an
equalization curve that matches the toad's range of
hearing.) You will quickly learn that the toad's ear is
tuned to the sound of its own voice, and its song
sounds almost the same as what humans hear. But
you also will hear something different than a human
impression—the lower frequency sounds of the
toad's predators are more easily heard by the toad's
large external ear membrane and lack of high
frequency perception.
For another example of computer assisted listening,
take the recorded song of the western winter wren
and try to slow it down so that one breath of its voice
(estimated at 2 seconds) is equal to one human
breath (estimated at 12 seconds). What does it sound
like then? It is filled with vocal complexities that our
human rate of perception misses. It seems unlikely
that a species would invest energy towards such
precision unless it could serve some purpose, but that
purpose remains unknown.

Nowhere else in the world are birdsongs as musical!
With all due respect to the western winter wren, my
favorite sound is that of the eastern winter wren
because it sings a better opera. The sound of its
2B-7
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YOSEMITE NATIONAL PARK

OLYMPIC NATIONAL PARK

Yosemite is certainly among the greatest parks for
listening, if for no other reason than the wonderful
heritage of sound recordings left in the journals of
John Muir. Through Muir's writings you can quickly
navigate to places and sounds that will delight all of
your senses.
For example: The water ouzel (Cinclus mexicanus).
He is the mountain streams' own darling, the
hummingbird of blooming waters, loving rocky
ripple-slopes and sheets of foam as a bee loves
flowers, as a lark loves sunshine and meadows . .
. What may be regarded as the separate songs of
the ouzel are exceedingly difficult of description,
because they are so variable and at the same time
so confluent. Though I have been acquainted
with my favourite ten years, and during most of
this time have heard him sing nearly every day . .
. The more striking strains are perfect
arabesques of melody, composed of a few full,
round notes, embroidered with delicate trills
which fade and melt in long slender cadences. In
a general way his music is that of the streams
refined and spiritualized. The deep booming
notes of the falls are in it, the trills of rapids, the
gurgling of margin eddies, the low whispering of
level reaches, and the sweet tinkle of separate
drops oozing from the ends of mosses and falling
into tranquil pools.
If you read only one book on nature listening, it
should be John Muir: The Eight Wilderness
Discovery Books, Mountaineers, Seattle. Each
page contains wonderful recordings at a time that
the world was perhaps its most musical. Muir was
an early champion of national parks, and his work
carries convincing evidence that the parks were
perceived not just as scenic preserves but as places
to conserve sounds of nature as well.

Rialto Beach, Olympic National Park.
Olympic National Park is close to Port Angeles,
Washington. I moved there in 1994, just to be close
to the park's natural music. No matter where else I
go in the world to listen, I know that I will be walking
and hiking Olympic's mountains and visiting its
shores once again. It is so musical, so primal, and so
unpredictable. Out of the hundreds of times that I've
visited Olympic Park, it has never been the same.
The acoustic wonders of Olympic's Rialto Beach are
better experienced than described. The interior rain
forests of the Olympic Peninsula provide huge
driftwood logs—uncarved violins—that vibrate in
deep tones, infinitely complex, felt as much as heard
because the frequencies are so low. In addition, the
shore itself is constantly changing shape; steep
winter and gentle summer slopes produce single or
multiple breaks and move the hushing sand out or in.
Rivers and streams bounce beach pebbles along
during spring runoff at Rialto Beach, adding varied
accents to the waves and telling of tidal stage. At
any time, the Pacific acts like a large drum beat upon
by changes in barometric pressure sending huge
vibrations out in all directions. Tides then tilt the
drum's edge from the soft, hushing sounds of sand at
low tide to the bone rattling cobblestones of high tide.
Rialto Beach is where I teach wilderness listening
through Olympic Park Institute. Here I find that my
students help me as much as I help them in reclaiming the importance of natural sound.
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FIELD T I P S : LISTENING AIDS

The best type of hearing aid that I can imagine is a
field tape recorder—because you are only a button
push away from preserving memories for a lifetime
or more. As an alternative to photography, the startup cost is about the same, and the "film" is reusable.
FIELD T I P S : INSTRUCTING GROUPS ABOUT
LISTENING TO NATURE

The ocean is a drum.
During my first year of teaching, I instructed an
elderly woman who didn't like the fact that she was
losing her hearing. So, she decided that she would
learn how to amplify her hearing and become a
better listener. After just two days, she confessed to
me that her loss of hearing was not the problem. She
discovered that she had never listened completely
even when she had perfect hearing. She was greatly
encouraged by the fact that there was so much new
sound to hear even with her hearing impairment.
If hearing aids work for people with hearing impairments, imagine what they will accomplish for people
who hear normally! The hearing aid I am referring to
can be any one of a number of devices that amplify
the sounds around you and present them to your ears
through a pair of headphones. These are available
from retail stores that supply stereo equipment or
hunting electronics.
While one is wearing a hearing aid, subtle sounds are
no longer subtle—a bird singing down the valley is
now a one-man marching band! A trickle of water
melting off a snowfield is now water torture! These
cheap thrills demand attention, AND they give each
person a heightened sense of control over the
experience. It is possible to adjust the volume
control. It is also possible to turn your attention to
one direction or another. Once subliminal sounds are
now heard at clearly conscious levels.

Limit the group size to less than 10 persons. Encourage people to forget about all the brightly colored
outdoor clothes that make colorful snapshots. Most
synthetic fabrics do not perform well for listeners—
entirely too noisy. If someone wants to know what to
buy, tell them to go to an army (where quiet and
noise is a matter of life and death) surplus store.
Remove any Velcro and snaps and replace these
with ties and buttons. Zippers are acceptable if the
interlocking teeth are small and well lubricated. You
should dress more warmly than you would otherwise
(because you'll be hiking slowly). Don't use a rain
coat; instead carry an umbrella (you can hold it away
from your ears and also use it as a parabola to
collect sounds and send them to your ears). Turn off
your wristwatch alarms. If someone says that they
don't know how, then have them leave their watch
behind in a safe place.
If possible, go to a place with calm
water, such as a swamp or pond or
even a small lake. If it is early spring,
when the water is cold and the air
warm, the sound will travel incredible
distances (because sound bends
passing through thermal layers). You can even talk to
your class from across the lake under many conditions—even if the lake is a mile or more wide! Dawn
and dusk are the best times of day because the wind
is less likely to cause a problem. Any wind that can
ripple calm water will affect sound transmission.
Walk slowly and smoothly. Wildlife may interpret
jerky actions or sneaky movements as predatory
behavior. If you find yourself suddenly close to
wildlife, avoid eye contact. For most practical
applications, you will be invisible to wildlife when you
remain motionless, particularly if you make an effort
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to blend into your environment (for example, by
sitting at the base of a tree with one knee bent).

always been noisy, until now. Let it be difficult.
Don't rescue them.

Look for objects that resemble the
shapes of ears and musical instruments. Go to them and listen to
how the sound quality changes as
you approach the surface of these
objects. Go all the way until your head is touching it.
Hollow tree trunks, cliff bases, and forest clearings
are all examples of places that impart hearing
advantages by extending the shape of your outer ear
and increasing hearing abilities.

It is increasingly common that someone in the
class will suffer from a ringing of the ears,
particularly if they have flown recently or taken
aspirin. It is also likely that everyone who has
been in a car in the last week will have a temporary hearing threshold shift (THTS). They will be
unable to hear some delicate sounds that will
become audible in three days. Some sounds, such
as the humming of trees that reflect Whitewater
sounds, can only be heard after several days on
the trail. It is very likely that someone in the
group will have a permanent hearing threshold
shift (PHTS) or noise-induced hearing loss
(NIHL). Each participant hears differently no
matter what range of hearing sensitivity he or she
possesses.

If possible, follow game trails such as deer paths.
Wildlife depend on their ears to survive, and you can
learn a lot by walking in their footsteps. When you
encounter a matted area, reach down and touch it
with your hand. If it is warm, the deer or other large
mammal probably departed because it heard you
approaching. Then lie down yourself and hear how
large the area is. What sounds can you hear? What
is the most distant sound you can hear?
Discourage people from naming sounds, particularly
by applying species names. Just listen.
Before any discussions, either on the trail or back at
a meeting place, it is worthwhile to make each
person aware that everyone in the group hears
differently, not better or worse. A dramatic demonstration of this is to pick up a flute. I use a Japanese
bamboo flute for my demonstrations.
Place the flute against your ear and listen to where
you are. Then finger the holes one at a time and
listen to the change in sound quality. Put down the
flute.

TRACKING TWAIN

Occasionally, someone in the
group does not "get it" and
feels left out. This is often
because they have specific
expectations about what the
experience will be like,
maybe even about specific sounds that they are
trying to hear (but cannot). I experienced this
situation one year when a young a man was
becoming more and more alienated from the
group. He looked serious most of the time instead
of childish and playful. At the point of concealed
tears, he confessed to me that he was doomed
because it simply wasn't happening and "never
would!"

Next look at the wide variety of ear shapes in the
group. Bend one ear slightly (not both). Note how
the sound quality changes, too. There is no doubt that
everyone in the group hears differently, even though
we talk about the sounds we hear in much the same
way.

I told him that I always cry before making a great
sound recording. It seems that I always have
expectations that have drawn me to a location,
and I have to let go of them. I must accept where
I am for what it is, not what I want it to be.
Listening means accepting change and letting go
of control over the outcome.

Increasingly, I find that someone in my class has
never been in a quiet situation—their world has

Since we were already at a creek, I removed
from my field bag a large limestone rock that I
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carried for a later demonstration. It was about the
size of grapefruit, with pits of all sizes. "This is a
note," I said. I then placed it in the stream. The
discouraged listener became a great, original listener,
fully confident in his ability to hear what only he
could hear!
The rock was from the swimming hole at Uncle
Quarrel's place where Mark Twain spent his childhood summers.
Down a piece, abreast the house, stood a little
log cabin against the rail fence; and there the
wood hill fell sharply away, past the barns, the
corn-crib, the stables and the tobacco-curing
house, to a limpid brook which sang over its
gravelly bed and yonder in the deep shade of
overhanging foliage and vines—a divine place
for wading, and it had swimming pools, too,
which were forbidden to use. For we were little
Christian children and had early been taught the
value of forbidden fruit. (The Autobiography of
Mark Twain.)

Find out more about Gordon Hempton, the Sound
Tracker, at http://www.soundtracker.com.
Digital images and
audio samples that
complement this text
are included in a brief
PowerPoint presentation on the CD Rom in
this package. Details
are available in the
Interpretive Tools
section of this binder.

All copyrights are reserved by Gordon Hempton,
Sound Tracker, Port Angeles, Washington. These
materials are provided to the National Park
Service for a single, onetime use directly involving the participation of Gordon Hempton on the
subject of sound. No other use is allowed.

I located Twain's site in 1992 after a good deal of
research in Marion County. History had forgotten it
and only the hogs remembered it. There was no
shade, no overhanging foliage or vines, or even
water. But the stones were there, not far from the
building foundation, neatly laid in a dry natural
spillway that led to an empty pool.
Much of our sonic world remains unheard or forgotten. And of all the questions that we ask, there is
only one for which I don't seem to have any answer:
"How did we ever stop listening to the land?" ^

2B-11

2B-12

the ^

-j-

^

±\ature

of Sound

r
n
o

United States Department of the Interior
NATIONAL PARK SERVICE
1849 C Street, N.W.
Washington, D.C. 20240
IN REPLY REFER TO:

JAN J 3 !999

N2217(2300)
Memorandum
To:

Associate Directors
Regional Directors
Superintendents

Through:

Jackie Lowey, Deputy D i r e c t o t y j ^ ^ y
Maureen Finnerty, Associate Director for Operations and Education

From:

Associate Director Natural Resource Stewardship and Science

\/^

Subject:
Social Science Research Reviews
The National Park Service Social Science Program is initiating a series of Social Science
Research Reviews. Each paper in the series will focus on a specific issue critical to the
management of the National Park System. The purpose of the series is to provide a basis for
scientific understanding of these important issues from a social science perspective. Each paper
presents a conceptual framework for understanding the issue, reviews methodologies used in
relevant studies, and presents key findings from the published scientific literature, technical
reports, and other documents. Each paper has been extensively peer-reviewed and reviewed by
National Park Service managers.
The papers in this series are not intended to provide specific policy guidelines or management
recommendations. Rather, they provide managers with an assessment of the scientific "state-ofthe-art," and should assist in decision making by NPS managers.
Attached is the first paper of the series. It was prepared by Dr. James Gramann at Texas A & M
University, and is entitled: "The Effect of Mechanical Noise and Natural Sound on Visitor
Experiences in Units of the National Park System." The NPS commissioned this paper from Dr.
Gramann to contribute to the planning and development of strategies for preserving the natural
and cultural soundscapes in the parks. As part of our efforts to deal with this issue, we need to
understand how visitors value the resource and experience of sound, and evaluate the utility of
techniques for measuring visitor responses in the parks. This is especially timely as the NPS
begins to address a range of noise issues related to commercial air tour overflights and airports, a
variety of mechanical recreational equipment, transportation systems, and construction and
maintenance projects. Director's Order 47, currently under development, will provide guidance
on noise management.

The next paper in the Social Science Research Review series will be distributed Spring 1999 and
will focus on minority use of national parks.
I hope that you will read the attached paper, and that you find this series useful. Please share the
paper with your staff and others as appropriate. If you would like additional copies, please
contact Gary Machlis, Visiting Chief Social Scientist, at (208) 885-7129 or
2machlis@uidaho.edu.
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The Effect of Mechanical Noise and Natural Sound on
Visitor Experiences in Units of the National Park System
Dr. James Gramann
Texas A&M University

Abstract
This paper reviews research on the effects
of mechanical noise and natural sound on visitor experiences in national parks. Three approaches to studying noise impacts are described. Most noise research to date has addressed the impact of air-tour overflights on
visitor experiences. These impacts are localized,
with significant percentages of visitors in some
parks reporting interference with natural sounds
from aircraft noise. Research also shows that
unthreatening natural environments can have
significant stress-reducing effects for many
people. However, it is unclear if these effects
are due to hearing the sounds of nature or to a
combination of hearing and seeing nature.

Introduction and Scope
Although the National Park Service (NPS) describes
it as intangible (NPS 1988), “natural quiet” is an important resource in many units of the National Park
System. It is considered in the same category of aesthetic, yet manageable, values as solitude, space, clear
night skies, and a sense of history. Both federal legislation and NPS policy identify natural sound as a park
resource and value worthy of protection. Important references to natural quiet are found in the NPS Management Policies (NPS 1988, chapters 1 and 4), the Grand

Canyon National Park Enlargement Act (P.L. 93-620),
and the National Parks Overflights Act (P.L. 100-91).
This paper is an overview for non-scientists. It critically reviews social science research on the effects of
natural sound and mechanical noise on visitor experiences in national parks. Strengths and weaknesses of
different ways to study noise, natural sound, and their
impacts on visitor experiences are discussed. In addition, research findings are examined, and major gaps
in social science knowledge relevant to policy formulation are identified.
It is important to keep in mind that the focus of this
review is on visitor experiences. Conceivably, natural
sound in parks could be protected without any consideration of the effect of noise on visitors. However, if the
justification for preserving natural sound is to minimize
the impacts of noise on visitor enjoyment, then information is needed on how different types of visitors react to unnatural, as well as natural, sounds in parks.
The principle in this case is that at least some public
input from park visitors should be considered in developing policies to manage natural sounds in parks.
Because most noise-impact studies in parks have
dealt with visitors’ reactions to commercial air-tour overflights, this is a major focus of the review. The effect of
other types of aircraft noise on visitor experiences, including military operations, commercial aviation, and
administrative overflights, has received little research
attention. In addition, only a small amount of research
addresses noise in parks other than that caused by aircraft. This includes the noise of highway traffic, offroad vehicles, and audio equipment. To the extent it is
available, this research is also described.
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The first section of this paper defines key terms
used in the review. (Other terms that may be unfamiliar to the reader are highlighted in bold face and defined in a glossary at the end of the paper.) This is
followed by a description of three approaches to studying the effects of mechanical noise on park visitors.
The next section reviews research that has applied these
approaches to investigate noise impacts on visitor experiences in national parks. Following this, theory and
research describing how people are affected by natural
sounds is described. Significant knowledge gaps are then
identified, followed by conclusions to be drawn from
research to date.

Definitions
Understanding the difference between sound, noise,
and natural quiet is important. In psychology, sound
is usually defined as a physical concept referring to the
fluctuation in atmospheric pressure that is capable of
producing an audible sensation in the ear. In this paper, sound also alludes to the natural sonic environment of parks. This is called natural ambient sound
and includes the intermittent sounds of wind, water,
and animals. In contrast, noise is a psychological evaluation of sound. Another definition of noise is “unwanted
sound.” As employed in this review, noise refers specifically to sounds of mechanical origin, including those
produced by aircraft engines or other man-made devices.
The most complete definition of natural quiet is given
in the NPS report to Congress on aircraft overflights
(NPS 1995). Natural quiet is defined for Grand Canyon
as natural ambient sound, plus the self-noise generated by visitors in non-mechanized activities. The term
natural quiet probably should not be applied Systemwide, since it is not used in either the social science or
acoustical literature. In this paper, natural ambient
sound is used instead. The definition of natural ambient sound does not include self-noise.
NPS policy considers natural sound to be an integral part of the visitor experience in backcountry and
wilderness areas of the National Park System. (Approximately 80% of the area in the National Park System is
either designated as wilderness or is managed as wilderness.) It may also be an important part of visitor
experiences in many caves, as well as at cultural sites
having strong memorial values.

2
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Distinguishing between noise and natural sound is
not hair-splitting. The difference is relevant to policy
intended to preserve natural soundscapes in the National Park System. If policy protects natural ambient
sound as a physical concept, this implies that
soundscapes can be managed in physical terms, for
example, by restricting the intrusion of mechanical
noises above a certain loudness or duration into protected areas. In contrast, because noise is a psychological concept, presumably it would be defined in terms
of visitors’ evaluations of sounds. With a focus on noise,
the protection of natural quiet would be directed at reducing visitors’ reports of displeasure with different
noise sources.

Theoretical Approaches for
Understanding Effects of
Mechanical Noise
Research on the effects of mechanical noise on people
has been guided by three theoretical approaches. These
are summarized in Table 1. More detailed descriptions
of the approaches follow.

Psychological Approach
The psychological approach to studying noise impacts investigates people’s evaluations of sound. Its
basic assumption is that people differ in how they perceive their environment, and that this difference affects
the way people judge the desirability of sound. The psychological approach treats actual sound as only one
factor affecting noise evaluations. Another key factor is
the expectations that people have for noise in various
settings (Anderson et al. 1983; Kariel 1990; Wilshire
and Powell 1981). For example, in one of the first discussions of noise impacts in recreation areas, Clark and
Stankey (1979) reasoned that people’s expectations for
mechanical noise would depend on the area’s development level. In undeveloped areas, mechanical noises
would be evaluated negatively, presumably because
visitors would not expect to hear this type of noise in
primitive settings. But in developed areas, visitors might
expect a mix of mechanical noises and non-mechanical
sounds similar to the sonic environment of residential
neighborhoods. Because of this, it was thought that they
would be more tolerant of mechanical noises in developed areas.

Table 1. Summary of theoretical approaches employed in noise-effect studies
Theoretical
approach
Psychological
research

Key
assumptions
Noise exposure affects
people’ s well-being

Data collection
methods

Strengths

Weaknesses

Surveys, diaries

Allows input from
affected publics, such as
park visitors

Lacks measures of noise
exposure, or uses
subjective self-reports of
exposure

Sound-measuring
instruments, trained
observers

Collects objective
measures of noise
exposures at specific
locations

Relies on standards to
evaluate noise exposure;
no direct measures of
human response

Evaluations of noise
depend on noise type
and on people’ s
psychological and social
characteristics

Acoustical research

Properties of noise
(loudness, frequency,
duration, etc.) affect
people’ s well-being

Acoustical standards
lacking for NPS areas,
but being developed

Psychoacoustical
research

There is a systematic
relationship between
objective noise exposure
and people’ s
evaluations of noise

Sound-measuring
instruments, trained
observers, surveys

Besides visitors’ expectations for noise, the psychological approach is concerned with other factors that
may affect people’s reactions to sound. These include
involvement in foreground tasks that divert attention
away from sounds, thus reducing their noticeability
(Fidell and Teffeteller 1981) and whether a sound is
thought to be necessary or preventable (Kariel 1990).
For example, the noticeability of aircraft noise at the
threshold of hearing may be low if visitors are engrossed
in taking photographs (a foreground task) or if the noise
does not exceed non-aircraft sounds by more than ten
decibels (Miller 1995). Also, wilderness hikers may tolerate the noise of a helicopter flying a fire suppression
operation more than they would aircraft noise that was
thought to be less necessary. Finally, if a sound is regarded as threatening or beyond the control of listeners, this may also influence people’s reactions to it
(Staples 1997). An example of a threatening noise to a
swimmer or angler might be the engine roar of an approaching motorboat or personal water craft.
Psychological research on noise impacts in national parks and other recreation areas was uncommon until passage of Public Law 100-91, the National
Parks Overflights Act of 1987. Since then, studies of

Combines strengths of
acoustical and
psychological
approaches

Dose-response functions
are highly place-specific
Expensive to conduct in
many NPS areas

noise impacts, especially from air tours, have been
done in many NPS units and in wilderness areas
managed by the U.S. Forest Service (HBRS/HMMH
1993; NPS 1995; USDA Forest Service 1992).
One benefit of the psychological approach is that
visitor surveys provide systematic public input on the
acceptability of different kinds of sounds and noises.
This is critical in many public participation contexts
important to the NPS, including the preparation of general management plans, environmental assessments,
and environmental impact statements. One drawback
of the psychological approach is the way in which the
impacts of noise on visitors is determined. The problem is that some measures used to explain visitors’ psychological reactions to noise are themselves defined in
psychological terms. For example, a typical survey might
ask visitors how much they were annoyed by aircraft
noise, as well as how often they heard a noise, or how
loud they thought the noise was. But in the minds of
many persons, an annoying noise may be defined as
one that is too frequent or too loud. Therefore, asking
visitors how annoyed they were by aircraft noise could
be the same as asking them if an annoying noise made
them feel annoyed. Contrast this with an approach in
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which visitors report their annoyance levels, but the
noise they were exposed to is measured independently,
either by trained observers or by sound-recording instruments. In principle, this approach would give a more
accurate picture of how visitors are affected by noise.
Furthermore, it could be more useful to managers because the approach provides information on something
that can be regulated directly, i.e., objective noise levels. Although the psychological approach has many uses,
including providing public input into noise management
planning, it provides no direct information on visitors’
actual exposure to noise. Instead, it relies on self-reports of the amount of noise visitors think they were
exposed to explain how they reacted to that noise.

Acoustical Approach
The second approach used in noise-impact research
is based on sound or loudness metrics that are independent of human perception. A basic assumption of
this acoustical approach is that prolonged exposure to
loud noise has important consequences for personal
well-being. These include psychological annoyance, interference with speech, sleep interruption, disruption
of cognitive processes, temporary or permanent hearing disorders, and negative impacts upon the cardiovascular and endocrine systems (Staples 1996, 1997).
More than the psychological framework, the acoustical
approach considers the effects of physical properties of
noise. Among these are loudness, duration, tone, frequency, pitch, and rhythmic qualities.
In contrast to the psychological approach, the acoustical method does not use surveys to measure people’s
reaction to sound. Instead, sound recording instruments
or trained observers measure such physical qualities as
a sound’s audibility in terms of decibel (dB) level. One
or more of these measures is then compared with a
standard of acceptability to determine if the sound falls
within a tolerable range. The standard of what is acceptable can come from any number of sources (Fidell
1979), including previous research on people’s evaluations of noise, existing standards at other areas, from
public comment on environmental assessments, environmental impact statements, and new regulations, or
from existing laws, policies, regulations, and management plans.
The acoustical approach is not widely used in the
National Park System. One reason for this is that noise-
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exposure standards for areas such as national parks do
not exist (Miller 1995). Recently, however, a citizens
advisory group, the National Parks Overflights Working Group, composed of representatives from the environmental and aviation communities, recommended to
the Federal Aviation Administration and the NPS that a
Federal Aviation Regulation to manage commercial air
tourism over national parks be developed on a parkby-park basis. The park-by-park approach recognizes
that the importance of natural ambient sound varies
between NPS units. For example, an urban historic site
may not be managed for natural sound conditions, but
a park with extensive wilderness probably would. These
standards would enable the NPS to preserve natural
soundscapes as a physical resource because this protection could be based solely on acoustics (for example,
protecting specific sound levels), without directly incorporating people’s evaluations of noise, except as these
are used in public involvement to develop the acoustic
standards in the first place.

Psychoacoustical Approach
The third theoretical framework for understanding
noise effects on visitors is the psychoacoustical approach. This approach combines elements of both the
psychological and acoustical methods. It is based on
the theory of psychophysics, which investigates the
correlation between physical energies, such as light
energy or sound energy, and psychological evaluations
of these energies. In acoustical research, this correlation is called a dose-response function, the dose (or
physical energy) usually being the loudness of a sound
and the response being the reaction of people to it, typically measured as annoyance. The psychoacoustical approach has been used mostly in studies of aircraft noise
impacts on communities near airports (Fidell et al. 1988;
Wu et al. 1995).
Psychoacoustical studies record both human reactions to noise (usually through surveys), as well as respondents’ exposure to independently measured noise
levels. With these data, it is frequently possible to construct a statistical dose-response function that describes
the likelihood that a certain percentage of a population
(for example, visitors at a scenic overlook) will be annoyed at any noise level included within the observed
or simulated range of the noise dose. Dose-response
functions based on exposure to aircraft noise have been

developed for sites in Haleakala, Hawaii Volcanoes, and
Grand Canyon national parks to predict the proportion
of visitors who would be moderately to extremely annoyed by progressively louder aircraft noise (Anderson
et al. 1993; NPS 1995). Similar dose-response functions
have been developed at three U.S. Forest Service wilderness areas (Fidell et al. 1996).
A major advantage of the psychoacoustical approach
over the psychological method is that it collects measures of noise exposure that are independent of visitors’ self-reports of exposure. Moreover, this exposure
can be managed by regulating the source of the noise.
Conceivably, this is information that could prove useful if NPS policy were aimed solely at preventing negative impacts on visitor experiences from noise.
Despite this, the application of the psychoacoustical
approach in national parks has been limited by cost
and logistical difficulties. As mentioned, the dose-response method was developed for studies of noise impacts in neighborhoods near airports. A major assumption of the method is that the noise exposure at dwellings in these areas is meaningful for policy, even though
residents do not spend all of their time at home. And
because dwellings are immobile, it is relatively easy to
predict how much noise they will be exposed to, given
fixed flight patterns. This is not the case for people in
national parks. Visitors move, so their noise exposure
is hard to measure with stationary instruments. Therefore, obtaining accurate noise doses for visitors over an
extended stay is virtually impossible, given current technology. Furthermore, dose-response functions developed
for one park cannot be applied uncritically to other units
(Anderson et al. 1993). This is because the relationship
between noise doses and visitor reactions depends
heavily on contextual factors that differ from place to
place. These include terrain and ambient sound differences that affect audibility, differences in noise
sources (helicopters, fixed-winged aircraft, military
jets, high-altitude flights), differences in the distance
from aircraft to observers, variations in flight characteristics (level flights vs. take-offs and landings),
and differences among visitors in their sensitivity to
aircraft noise. Even within a park, a dose-response
function that describes the effect of noise at one site
may not be validly extended to other locations in the
same park. One reason for this is that contextual features and visitors’ expectations shift significantly from

area to area. An example is the changes in expectations that a visitor arriving at a frontcountry site has
upon entering a backcountry area.
Finally, in calculating dose-response functions there
should be enough variation in noise to obtain an accurate and representative picture of the relationship between noise exposure and visitors’ reactions. If the distribution of data points is restricted to one region of a
dose-response curve (the low-exposure end), then responses in the remaining regions of interest (the midor high-dose regions) are mostly simulated, rather than
based on actual field observations. These simulated responses may not reasonably reflect actual responses by
visitors. For all of these reasons, the use of the
psychoacoustical approach in national parks is challenging. It has been applied most successfully at scenic
overlooks and short frontcountry trails. However, these
may not be the types of places where protecting the
experience of natural sound is a major concern.

Research on Effects of
Mechanical Noise
Psychological Research
Conceivably, loud mechanical noise can affect visitors in severe ways, for example, by startling horses
and causing them to throw their riders. However, these
kinds of impacts are rare in parks (HMMH/HBRS 1994).
A 1992 survey of visitors to 39 NPS units (selected to
represent all non-Alaskan parks) found that the most
common effects of aircraft encounters were psychological (NPS 1995). System-wide, about one-fifth of park
visitors reported hearing or seeing aircraft during their
visit (see Appendix). Two to three percent reported
impacts from overflights. These included annoyance
(reported by 1.6% of visitors), interference with enjoyment (cited by 1.9%), and interference with natural
quiet and the sounds of nature (reported by 2.8%).
These System-wide figures mask the presence of NPS
units where noise effects were more prevalent. Among
the 39 parks studied, those in which more than 10% of
visitors reported interference with natural quiet due to
aircraft included Cumberland Island NS, Everglades NP,
Yosemite NP, Mount Rushmore NMEM, Hawaii Volcanoes NP, Olympic NP, Haleakala NP, Fredericksburg and
Spotsylvania County Battlefields Memorial, and Grand
Canyon NP.
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Within parks there are locations where noise impacts from aircraft are much greater than the park-wide
average. Studies at Grand Canyon, Hawaii Volcanoes,
and Haleakala national parks pinpointed places where
annoyance levels due to aircraft overflights were much
higher than for each park as a whole (NPS 1995). In
some cases, within-park variation may be caused by
differences in aircraft noise levels, in other instances
by variation in natural ambient sound levels, and in
still other cases by the co-occurrence of relatively loud
aircraft noise with very quiet ambient sound conditions.
For example, of 27 locations measured in Grand Canyon, Hawaii Volcanoes, and Haleakala national parks
where aircraft were audible, 17 recorded occasional nonaircraft background sound at an A-weighted decibel
level of 10 to 20 dBA (NPS 1995). This compares with
an average day-night decibel level of 35-40 in many
residential areas (Miller 1995).
Psychological research also shows that visitors’ characteristics influence their likelihood of reporting annoyance and interference with natural quiet. Much of this
is caused by differences in expectations, as well by differences in group size (people in large groups are less
likely to report interference than people in small groups).
It is also influenced by the recreation activities of visitors, since some activities (motorized rafting) produce
more noise than others (standing at an overlook). In
some cases, season of the year also affects the
noticeability of noise and the perception of impacts by
affecting background sound levels. For example, the
masking sound of flowing water varies considerably by
season as the volume of flow changes.
Psychological studies have identified still other visitor characteristics that affect responses to air-tour overflights. Exit interviews at 23 NPS units found that a
higher percentage of backcountry than frontcountry
users recalled hearing aircraft and were more likely to
experience interference with enjoyment and natural
quiet (NPS 1995). This may be because backcountry
and frontcountry visitors generally seek different experiences in national parks. In addition, backcountry users usually spend more time in a park than frontcountry
visitors, so their overall exposure to aircraft noise could
be greater.
Another survey at Grand Canyon NP found that
backcountry and river corridor users were more sensitive to aircraft noise than people in developed areas
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(HBRS/HMMH 1993). In addition, more fall visitors reported interference with natural quiet from aircraft than
summer visitors. Whether this was due to differences
in noise levels between seasons, to seasonally related
changes in the expectations of visitors, or a combination of these factors is not clear. In addition, visitors on
motorized trips on the Colorado River were less likely
to be affected by aircraft noise than those in non-motorized craft, probably because the noise made by motorized craft totally or partially masked the noise from
overflights.
The Grand Canyon survey also found that the number of reported aircraft encounters by river corridor and
backcountry users was below expected levels based on
overflight data collected by trained observers. One explanation is that visitors’ concentration on foreground
tasks, such as sightseeing and photography, plus the
greater self-noise made by people in motion compared
to stationary monitors, either drowned out aircraft noise
or diverted attention from overflights. In other words,
the loudness required for visitors to notice aircraft under these circumstances may have been higher than
the level that was audible to an attentive listener.
In another study at Grand Canyon NP, overnight hikers filled out diaries evaluating their experiences at the
end of each day. The hikers’ self-reported exposure to
aircraft did not correlate significantly with evaluations
of crowding, satisfaction, or solitude (Stewart 1997).
The reasons for this are unclear, but it could be due to
differences in method (post-trip vs. during-trip surveys)
or to differences in metrics (the diary had no measures
of experience quality with known relationships to noise
exposure).
Although most psychological research in NPS areas
has focused on air-tour overflights, U.S. Forest Service
surveys of hikers in the Superstition, Golden Trout, and
Cohutta wilderness areas found that large percentages
of visitors also noticed high-altitude overflights and lowflying military jets (Fidell et al. 1992). The Superstition
is a desert wilderness near Phoenix, the Golden Trout
is in California, and the Cohutta is in Georgia. These
areas were chosen for study because of their exposure
to military and civil aviation. For example, the Golden
Trout is overflown by helicopters and low-flying jets
from Edwards Air Force Base and the China Lake Naval
Air Station, while the Cohutta is overflown by highaltitude commercial traffic en route to and from

Hartsfield International Airport in Atlanta. In general,
annoyance due to aircraft was higher among these wilderness hikers than in the NPS studies. Among those
who actually noticed aircraft, 13.1% reported at least
moderate annoyance levels. However, only 0.2% of hikers in all three wildernesses said that aircraft noise was
the least liked aspect of their visit. Crowding, inadequate
trail maintenance, weather, insects, and other non-aircraft factors were more important sources of dissatisfaction than aircraft noise.
In contrast to air-tour studies, there has been little
research in NPS areas investigating other noise sources.
A survey of 90 NPS managers (HMMH/HBRS 1994) reported that 41% felt noise from road traffic was at least
a moderate problem in their park, while 16% cited
power generators, and lesser numbers listed audio
equipment and domestic animals, including horses,
mules, and pets, as causing moderate to serious noise
problems.
Mountain climbers and auto-access campers surveyed at three national parks in the Canadian Rockies
considered mechanical noises to be more annoying than
natural sounds, while noises made by people, such as
talking, received neutral evaluations (Kariel 1980). The
most annoying noises were those from motorbikes,
snowmobiles, motorboats, and cars. Dosages were not
measured in this study.
Experiments conducted by Anderson et al. (1983)
examined how different sounds enhanced or detracted
from urban vs. wooded environments. Natural sounds,
including those from songbirds, crickets, and wind, were
rated by college students as strongly enhancing wooded
sites, while mechanical noises, including downtown
traffic, jet aircraft, and power lawnmowers, were rated
as strongly detracting from these areas. Conversely, in
downtown locations all sounds received relatively neutral ratings, although traffic sounds were rated as most
enhancing. An experiment in Boston (Southworth 1969)
also found that traffic noise enhanced many people’s
appreciation of a downtown area, but only if the noise
level was not too loud. This suggests that the type of
sound is not the only factor people consider when evaluating a soundscape. Whether or not sounds are consistent with the visual settings in which they are heard
appears to be important as well.

Visitors to Padre Island National Seashore reported
several noise sources as potential causes of interference with their recreation experiences (Ruddell and
Gramann 1994). These included rowdiness, drunkenness, and loud radios. Visitors who were seeking peace
and quiet were most likely to rate loud radios as a potential source of interference. The majority of visitors
indicated that radios which were loud enough to be
heard more than 25 feet away would interfere very much
with their recreation experience. However, when asked
about actual, as opposed to potential, interference from
radios, only 13% of winter visitors and 18% of summer visitors reported problems (Gramann and Ruddell
1989). This may be due to low levels of actual noise
exposure (dosages were not measured), to involvement
in foreground tasks, or to other natural and human
sounds that masked radio noise.
Focus groups discussing the Valley Implementation
Plan at Yosemite NP were asked about impacts on experience quality in Yosemite Valley (Manning 1998).
Although focus groups are not representative of all visitors, they can indicate the diversity of opinions on an
issue. At Yosemite, focus groups listed several noiserelated items that they believed reduced the quality of
visitor experiences in the Valley. These included noise
from tour buses, automobiles, RV generators, jet overflights, machinery, construction, and radios. In addition, opportunities for quiet moments and hearing natural sounds were mentioned by many focus group
members as important indicators of experience quality in Yosemite Valley.

Psychoacoustical Research
Dose-response studies at Haleakala, Hawaii Volcanoes, and Grand Canyon national parks showed that
relatively high percentages of visitors were moderately
to seriously annoyed by aircraft noise at specific locations within those parks. Furthermore, the percentage
of visitors reporting negative evaluations increased as
the loudness and frequency of aircraft noise increased
(Anderson et al. 1993; NPS 1995). Dose-response studies in the three U.S. Forest Service wilderness areas reported similar results (Fidell et al. 1996), even though
the research methods were somewhat different.
Besides the finding that the percentage of annoyed
visitors increased with aircraft loudness and frequency,
NPS dose-response studies also reinforced the conclu-
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sion from psychological research that perceptions of interference depend on visitor characteristics. In general,
first-time visitors were less sensitive to aircraft noise
than repeat visitors, possibly because new visitors were
more apt to believe that what they encountered during
a visit was normal and appropriate (Knopf 1983). Also,
groups of one or two people were more sensitive than
larger groups, probably because large groups generate
more self-noise. Finally, visitors who rated enjoying
natural sounds as important reasons for their trip were
more affected by aircraft noise than were other visitors
(NPS 1995), showing once again that expectations have
important influences on reactions to noise.
Another finding of the dose-response studies was
that the proportion of visitors annoyed by aircraft at a
given dosage differed considerably between parks. At
40 dBA, less than 10% of visitors at Lipan Point, a
frontcountry overlook in Grand Canyon NP, reported
moderate to extreme annoyance. In contrast, almost
40% of hikers on the Sliding Sands Trail (a short-hike
frontcountry trail) at Haleakala NP were moderately to
extremely annoyed at the same dosage (NPS 1995). The
factors responsible for this may include variation in visitor characteristics, in overflight characteristics, and in
non-aircraft noise levels between the two areas.

Theoretical Approaches for
Understanding Effects of
Natural Sound
There is a flip side to research on noise in national
parks. Instead of concentrating on the impacts of mechanical noise, the effects of hearing natural sounds
can be investigated. Even so, research in this area has
been limited. Nevertheless, scientists are beginning to
investigate the sonic component of natural settings.
Some laboratories are archiving high-quality recordings
of natural sounds, such as bird calls (see Additional
Resources). Other scientists are conducting experiments
to improve the understanding of how exposure to natural soundscapes affects humans. Eventually, these efforts may expand the definition of “environment” to
include the acoustical characteristics of a place, in addition to its biological, physical, and social characteristics.
At least one theoretical approach may shed light on
how natural sounds affect visitors in national parks.
8
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This psychophysiological framework focuses on the
restorative benefits of unthreatening nature in reducing stress in human beings. Although this research has
yet to isolate sound as a distinct environmental component, the extension of its theory is straightforward. One
consistent finding stands out: when asked to rate their
preference for natural vs. built environments, people
almost invariably choose natural settings (Ulrich 1993).
Within the psychophysiological framework, several
theoretical approaches have been taken to explain the
preference that people show for natural settings. Arousal
theories propose that recovery from psychological and
physical stress occurs more rapidly in natural than built
environments because natural areas contain fewer
arousal-producing properties, such as complexity, intensity, and movement (Ulrich 1993). Similarly, stimulus overload theories (Milgram 1970) argue that the built
environment contains higher levels of complexity and
other stimulation that overtaxes human’s information
processing ability, thus slowing recovery from stress.
A different accounting is found in evolutionary theories (Orians and Heerwagen 1992). This perspective
holds that, because humans evolved in natural habitats, people are to some extent adapted to natural, as
opposed to urban, settings. Although this adaptation
can be suppressed by cultural factors (people can learn
to prefer built environments), it appears that there are
several benefits—or biophilic responses—that people
can gain from interactions with nature (Kaplan and
Kaplan 1989; Wilson 1984). These range from simple
liking/approach reactions, to stress recovery, to improved performance on creative tasks (Ulrich 1993).
Among the arousal-producing properties of a setting that influence stress, complexity is of special interest. Visually, complexity refers to the number of independently recognized elements in a setting, as well as
to their diversity, novelty, incongruity, and irregularity
(Berlyne 1973). In general, people prefer moderately
complex settings (for example, a forest with several
species of trees) to simple settings (such as a bare, open
field) and very complex urban settings (Brunson 1996;
Kaplan 1987).
It is interesting to speculate on how complexity contributes to preference for natural soundscapes. On one
hand, the novelty of the sonic experience in a national
park compared to most urban settings could enhance

complexity, causing visitors to prefer such soundscapes.
Even so, people who are strongly conditioned to the
noise of urban areas may find natural ambient sound
too novel and feel uncomfortable in these settings.

Research on Effects of
Natural Sound
Many surveys show that quiet, solitude, and natural
sounds play important roles in recreation experiences.
Although these studies have not measured physiological restoration directly, recreation area users consistently
state that escaping noise and enjoying the sounds of
nature are among the most important reasons they visit
natural areas (Driver et al. 1991). In the survey at three
Canadian national parks described earlier (Kariel 1980),
natural sounds were rated as significantly more pleasing than mechanical noises. Among the most preferred
sounds were wind, water, and sounds made by birds,
insects, and other animals. Similarly, Anderson et al.
(1983) found that natural sounds, including those of
songbirds, crickets, and wind, were rated most positively by college students, while engine noises were rated
as most negative. Noises made by people (children yelling and laughing) and domestic animals (dogs, horses,
cows, and chickens) received neutral evaluations.
Although these studies provide indirect evidence of
the restorative effects of nature, they fail to separate
this influence from other sources of stress reduction
during recreational outings, such as physical exercise.
Moreover, samples of visitors to parks are self-selected
in that they consist mostly of people who choose to be
in such areas. These samples may reveal little about
persons who do not visit parks. Perhaps non-visitors
receive no benefits at all from being in natural settings.
If true, this would challenge the validity of theories about
the restorative benefits of nature.
One of the few experiments to directly investigate
the restorative properties of unthreatening nature, and
to control for self-selection, was reported by Hartig et
al. (1991). College students carried out 40 minutes of
tasks designed to induce cognitive fatigue. The students
were then randomly assigned to one of three experimental conditions: a 40-minute walk in a regional park
with a stream and riparian habitat, a 40-minute walk in
a well-kept urban area, or a 40-minute session in a comfortable well-lit room where they read magazines and

listened to music. Psychological and physiological stress
levels were measured before and after the experimental treatments. Persons who walked in the park reported
significantly more positive emotional states after the
walk than those in the other two conditions. They also
performed better on a proofreading task. Although the
groups did not differ in their physiological stress levels,
this may be because the lack of mobile monitoring
equipment resulted in physiological measures not being taken until almost an hour after the walks were
over. Other research (Ulrich et al. 1991) reports that
people exposed to nature often recover from stressful
conditions in as little as four minutes. Nevertheless,
the study is one of the few to incorporate (although not
isolate) the effects of natural sound in its experimental
procedures, and to show that psychologically restorative effects can occur in non-self-selected individuals
who visit natural areas.
The remaining research on the restorative effects of
nature has been conducted mostly in laboratory and
institutional settings (Tarrant et al. 1994). Although
these studies rely on exposure to simulated nature, they
are able to monitor physiological stress and restoration
much more comprehensively than is feasible in many
outdoor settings.
In an experiment that exemplifies the laboratory approach, 120 persons were shown a 10-minute stressproducing video about industrial accidents (Ulrich et
al. 1991). Compared to baseline levels before seeing
the video, physiological measures during the presentation were much higher for such stress indicators as
muscle tension and pulse rate. Self-reports immediately
after the video also indicated that viewers had more
negative emotional states compared to baseline measures. Subjects were then assigned randomly to treatments in which they viewed one of six videotapes. Two
of the tapes portrayed natural scenes. In the first, the
setting was dominated by trees and other vegetation.
Birds and wind sounds in the range of 42-64 dB could
be heard. The second video showed a setting dominated by trees and a fast-moving stream. The sound of
rushing water was at a constant range of 63-64 dB. The
remaining tapes depicted urban scenes dominated by
vehicular and pedestrian traffic with noise levels in the
range of 64-93 dB. Physiological stress was monitored
during the video viewing, and self-reported measures
of psychological stress were taken immediately after-
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ward. For persons seeing the nature videos, physiological indicators returned to states at or near normal levels within four to seven minutes after the start of the
tapes. In contrast, people viewing the urban scenes had
less sharp declines, or even elevated levels of physical
stress, compared to those measured during the industrial accident video. Similar patterns were found for
reports of emotional states, including fear, anger, aggression, and happiness. Emotions were more positive
after viewing the nature videos than after viewing the
urban videos.
In summary, although field and laboratory studies
in psychophysiology have not isolated the influence of
natural sound, they do show that the combined effect
of unthreatening natural landscapes and soundscapes
on non-self-selected groups can reduce both physiological and psychological stress.

Knowledge Gaps
Significant gaps exist in the knowledge of noise impacts on visitor experiences in national parks. Noise
interference from sources other than air tours has hardly
been studied. These include noise from other types of
overflights, as well as from other noise sources. Nor is
it clear that annoyance or interference with the sounds
of nature are the most useful indices of experience quality. For example, it’s very possible that a visitor could
report interference with natural sound without evaluating this interference negatively, especially if the noise
was only moderately noticeable, infrequent in occurrence, or of short duration. Finally, we know very little
about how the perceived need for mechanical noise may
affect visitors’ evaluations. This is an important issue
in the case of administrative overflights. There are reasons for believing that perceived need would influence
noise evaluations, but little research has been done on
this topic.
Some NPS units are affected by their nearness to
Military Training Routes or bases where low-flying military jets operate. Other units are located near airports
with heavy civil and general aviation traffic that is either taking off or landing. The acoustical characteristics of steeply ascending or descending flights are quite
different from those of level flights. Very little is known
about how these kinds of noises affect park visitors.
No experiments have examined the restorative effects of natural sound independently of the visual quali-
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ties of a setting. Many studies demonstrate that the visual experience of unthreatening nature without sound
(determined by people evaluating color slides or photographs) has stress-reducing powers (Kaplan and
Kaplan 1989). This raises the possibility that, in experiments that combine exposure to visual and acoustical
stimuli, the restorative effects observed are due to the
visual experience alone and not to the sonic experience. True, landscapes and soundscapes are rarely experienced separately; however, it has not been shown
that, in combination with a natural landscape, natural
sound contributes any more to psychological or physical restoration than natural landscapes dominated by
mechanical noise.
In psychophysiological experiments, people are isolated from others, or they are placed in small groups.
Yet, this is not how most visitors experience national
parks. There is a lack of field research in natural settings, using portable monitoring technology, that examines the restorative effects of nature when it is experienced in the presence of hundreds of other visitors. If
natural sounds lower stress, are these effects reduced
when the sounds are partially masked by noise from
other people? No research to answer this question
exists.

Summary and Discussion
Natural sound in NPS units is highly valued by many
visitors. Part of this value may come from its novelty or
the sheer aesthetic quality of extreme quiet that stands
in marked contrast to most people’s everyday experience. But it is also possible that natural soundscapes
have restorative effects. Although studies have not addressed the issue directly, it may be that those persons
most annoyed by mechanical noises in parks are among
those who value natural sound for its stress-reducing
properties. Certainly, in psychological surveys, many
visitors mention stress reduction as a major benefit of
visits to natural areas.
Air-tour overflights are the most studied source of
interference with visitor experiences, but other sources
could be causing impacts as well. Even so, in most NPS
units studied, less than 5% of visitors reported moderate to serious interference with their enjoyment of the
sounds of nature because of aircraft. Percentages of
annoyed visitors were greater in selected U.S. Forest

Service wilderness areas where exposure to overflights
was relatively high.
Despite this, in some national parks, greater numbers of visitors have reported effects on their experiences. This is especially true in such locations as the
Grand Canyon backcountry, where noise exposure is
relatively high and ambient sound conditions are often
very quiet.
If large numbers of people visit natural areas to hear
the sounds of nature, why is it that only a small percentage of park visitors in many areas reported that
aircraft noise was annoying, or that it interfered with
their appreciation of natural sounds? Several answers
are possible. It may be that many visitors did not notice
aircraft noise, either because of natural ambient sound
conditions, their own self-noise, or because they were
concentrating on foreground tasks. Among those who
did notice noise, but reported little or no interference,
exposure may have been too short to trigger a reaction,
or experience expectations may not have ruled out aircraft noise as an acceptable part of a park visit. However, social science theory suggests an additional reason: in psychological terms, parks may be secondary
rather than primary environments (Stokols 1976). Primary environments are those in which people spend
much of their time, relate to others on a personal basis,
and engage in a wide range of personally important
activities. Examples include residential, classroom, and
work areas. In contrast, secondary environments are
those in which encounters with others are relatively
short, anonymous, and unimportant. Examples of these
are many transportation, recreation, and commercial
settings.
Psychological theory predicts that people will react
more strongly to interference with desired conditions,
such as quiet, in primary environments than in secondary environments. This is because the consequences
of that interference are more personally meaningful or
more threatening to people’s well-being (Schmidt and
Keating 1979; Stokols 1976). This does not mean that
extreme interference in secondary settings will not be
disliked. But interference with desired experiences in
parks, especially in those where the typical stay is short,
may not have the significant repercussions that it has
in residential or work settings.
On the other hand, people visiting wilderness or
backcountry areas to experience natural soundscapes

might well regard those environments as primary, precisely because natural sound is important to them, and
they are going to great effort to obtain it. In this case,
interference could have significant personal consequences. Finally, even for visitors who are not motivated by the desire to experience natural soundscapes,
it’s conceivable that interpretive information about its
rarity in urban society, as well as its possible restorative benefits, could lead to support for its protection.
Other research has shown that, especially in rural parks,
communicating information to visitors about the reasons for policies can change people’s attitudes and behaviors while in parks and increase public support for
those policies (Bright et al. 1993; Gramann and Vander
Stoep 1987; Martin 1992; Oliver et al. 1985; Reiling et
al. 1988; Vander Stoep and Gramann 1987).

Conclusion
Returning to the point made at the beginning of this
review, whether natural quiet is managed by protecting the physical condition of the natural ambient
soundscape or the psychological experience of visitors
is a consequential decision. Management actions will
go in very different directions, depending upon this
decision. Table 1 presented some of the strengths and
weaknesses of the three approaches to conducting research on noise impacts. Although the psychological
approach has been used most commonly in national
parks, no single technique should be regarded as the
best method for the entire National Park System. Each
approach has characteristics that make it worthwhile
for limited, well-targeted applications. The visitor surveys employed in the psychological approach are useful in situations where little is known about how visitors evaluate noise sources, or how various types of
visitors differ in their evaluations. Surveys could also
play a useful role in public involvement processes that
establish acoustical standards on a park-by-park basis.
This is because they provide representative input from
an important constituent group that often is not heard
from or is under-represented in other forums. Finally,
the dose-response studies employed in the
psychoacoustical approach have potential value in specific locations where it is desirable and practical to manage noise below a threshold of tolerance defined by the
percentage of visitors who are likely to be impacted by
noise exposure.
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In all of this, sight should not be lost of the potential
benefits to park visitors of hearing natural soundscapes.
Although knowledge of the effects of natural sound is
sparse, available research suggests that its restorative
properties may be significant. This does not mean that
preserving natural sound in the National Park System
should hinge on demonstrating these benefits. But
among the many values and resources of national parks
that are considered in policy formulation, restorative
effects may turn out to be an important contribution to
the quality of visitor experiences.
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Appendix
Reported Exposure and Impact from Hearing Aircraft at Visitor Survey Parks (NPS 1995).
National park unit surveyed

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

14

Assateague Island NS
Bandelier NM
Buffalo NR
Canaveral NS
Cape Cod NS
Cape Hatteras NS
Casa Grande Ruins NM
Cumberland Island NS
Delaware Water Gap NRA
Dinosaur NM
Everglades NP
Fort Sumter NM
Fredericksburg & Spotsylvania
Gettysburg NMP
Glacier NP
Glen Canyon NRA
Grand Canyon NP
Great Smoky Mountains NP
Gulf Islands NS
Haleakala NP
Hawaii Volcanoes NP
Hot Springs NP
Kings Canyon & Sequoia NP
Lake Mead NRA
Lake Meredith NRA
Lassen Volcanic NP
Mount Rainier NP
Mount Rushmore NMEM
North Cascades NP
Olympic NP
Perry’s Victory
Rocky Mountain NP
Saguaro NM
Shenandoah NP
Sleeping Bear Dunes NL
Walnut Canyon NM
Wilson’s Creek NB
Yellowstone NP
Yosemite NP

Number of
visitors
interviewed
516
424
171
252
290
280
490
703
277
598
268
474
230
356
404
285
536
266
356
533
550
623
304
199
188
384
390
530
437
203
500
501
270
458
372
542
453
394
337
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Hearing
aircraft
29
34
40
32
44
37
5
82
22
8
49
17
36
16
29
52
34
12
64
47
48
13
13
32
10
19
23
61
17
33
29
11
21
13
16
11
19
18
55

Percent of visitors reporting
Annoyance
Interference with
Enjoyment Natural quiet
1
<1
3
3
1
1
4
4
5
<1
2
4
2
4
4
<1
1
2
1
1
1
19
15
26
1
1
2
1
1
2
17
17
21
1
<1
2
11
6
12
1
1
2
2
3
5
4
4
8
5
5
10
1
1
3
3
5
8
6
6
12
7
7
12
1
1
1
3
3
5
1
2
3
<1
1
1
4
2
5
5
4
6
9
10
17
2
3
5
8
5
12
1
3
4
1
1
2
3
5
7
4
4
5
1
2
3
1
2
4
1
2
3
1
1
1
15
14
19

Glossary
A-weighted decibel: A unit of loudness that adds
together the sound energy at all frequencies in a way
that corresponds to how the human ear hears sounds,
de-emphasizing low-frequency and high-frequency
sound energy, while emphasizing sound in the frequency range important for understanding human
speech. Abbreviated dBA.
acoustics: The science of sound, including the investigation of the causes of sound and the properties
that affect its audibility and fidelity.
audibility: A sound’s capability of being detected
by a person with normal hearing, even in the presence
of other background sounds. Laboratory research (Fidell
and Teffeteller 1981) has shown that the minimal sound
level audible to an attentive listener may not be noticed by an inattentive observer. See noticeability.
decibel: In acoustics, a measure of the relative loudness of a sound (i.e., the intensity of a sound wave).
Abbreviated dB.
foreground task: Any mentally involving activity
other than listening for intrusive sounds. Research indicates that one factor affecting the noticeability of intrusive sounds is a person’s degree of involvement in a
foreground task (Fidell and Teffeteller 1981).
natural ambient sound: The sound created by ongoing and more or less continuous processes in the natural environment that is being measured; distinguished
from sounds that are produced by specifiable sources
of interest, such as aircraft. In a park setting, ambient
sound may include the sound created by wind, flowing
water, crashing waves, mammals, birds, and insects.
natural quiet: In general, the natural ambient sound
conditions of an area. The definition of natural quiet at
Grand Canyon NP includes the self-noise generated by
visitors participating in non-mechanized activities. This
term is not widely used in either the social science or
the acoustics literature. See natural ambient sound and
self-noise.

noise: A psychological concept: unwanted sound,
sound that is bothersome or even physiologically harmful. In this paper, noise refers to mechanical sound that
may be negatively evaluated by listeners. Contrasted
with sound, which is a physical concept.
noticeability: A level of sound above the average
ambient level at which even an inattentive listener with
normal hearing will hear a specified signal, such as
engine noise. A sound can be audible, yet not noticeable to an observer (Miller 1995). See audibility.
psychophysiological: Referring to the psychological and physiological reactions of humans to any external stimulus, such as sound. Describing the branch of
psychology that studies these reactions.
restorative: Of or referring to any stimulus or environment, such as a sound or a view, that reduces psychological or physiological stress levels in human beings.
self-noise: Any non-mechanical sound produced by
park visitors. Examples are the sounds generated by
hiking, running, talking, laughing, and swimming that
may completely or partially mask other sounds.
sonic: Pertaining to sound, as in “sonic environment”
or “sonic experience.”
sound: A physical fluctuation in atmospheric pressure that is capable of producing an audible sensation
in the ear. Contrasted with noise, which is a negative
psychological evaluation of sound.
soundscape: The surrounding sonic environment
that is experienced by hearing, rather than by seeing.
Soundscapes may include both mechanical and natural sounds, and may vary in their character from day to
night and from season to season.
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Additional Resources
Acoustical Society of America
500 Sunnyside Boulevard, Woodbury,
New York 11797-2999
Phone: (516) 576-2360, FAX: (516) 576-2377
e-mail: asa@aip.org
This organization publishes the Journal of the Acoustical Society of America. It also maintains an online roster of engineers and scientists, categorized by interest
areas.
Cornell Laboratory of Ornithology
159 Sapsucker Woods Road, Ithaca, New York 14850
Phone: (607) 266-7425, FAX: (607) 266-7423
e-mail: wbuny@ix.netcom.com
This lab operates the Bioacoustics Research Program,
a leading facility for the study of animal communication and for censusing and tracking wildlife with arrays
of microphones placed in natural environments. The
Bioacoustics Research Program also maintains the
world’s largest library of wildlife recordings, the Library
of Natural Sounds.
California Library of Natural Sounds
Oakland Museum of California, 1000 Oak Street,
Oakland, CA 94607
Phone: (510) 238-7482, FAX: (510) 238-3393.
e-mail: (not listed)
The California Library of Natural Sounds is part of
the Natural Science Department of the Oakland Museum of California. It archives an extensive recording
of wildlife and other natural sounds.
Environmental Psychophysiology Laboratory
College of Architecture, Texas A&M University,
College Station, TX 77843-3137
Phone: (409) 847-9351, FAX: (409) 845-4491
e-mail: 1-tassinary@tamu.edu
Measuring human physiological responses to computer-simulated stimuli, researchers in the Environmental Psychophysiology Laboratory are determining the
effects of the natural and built environments on perception, cognition, emotion, and behavior, and the linkage to health and well-being.
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EDITORIAL
Silence in the Parks
Dennis Huffman, Superintendent, Dinosaur National
Monument
John Lancaster, Superintendent,
Glen Canyon National Recreation

T

he National Park Service (NPS) celebrated its 75th Anniversary in
August of last year. This anniversary is
significant not only for the myriad of
things that the Service has accomplished
over the past seventy-five years, but for
the opportunity it provides to stop for a
moment, and consider the condition of
the parks seventy-five years from now.
What will park visitors encounter?
It is our hope that people returning
home after visiting the parks in the year
2066 will marvel to others about the
beauty they encountered. Chances are
they won't even mention the pristine air
and water, the silence, and the colorful
soils - those most basic of resources that
are taken for granted in the pristine environments of the parks. But over time they
will come to remember. Pictures and post
cards will provide memories of geysers
and bears and mountain peaks, but their
senses will remind them of the clear
clean air and water, the peace and quiet,
and the earthy smell of the soils that they
accepted so matter-of-factly.
Occasionally, in the fall of the year,
they will be reminded of the crisp morning air in the parks that bites your face,
sharpens your senses, and leaves you
feeling alert and fresh. Eyes water and
squint at the brilliance of ice crystals
floating in the air. As lungs inhale that
thin frosty mixture, they come up short
unaccustomed to what at the same time
seems too much and yet not enough air
to do the job.
Vistas are big. Big! The air is so clear,
the colors so vivid, and the detail so distinct, the mind struggles to adjust. It
seems you can see fifty miles. Actually
it's more like 100! The night skies are
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brilliant! The Milky Way seems so close
that you can actually touch it.
At times it is so quiet and still that the
sound of your heartbeat seems to be an
interruption, and the silence is so
intense it feels like pressure on your
ears. If you talk at all, it's in a whisper. At
other times, cool breezes with just
enough edge to warn that winter is never
very far off, carry reminders of hot
springs, the clean fragrance of pine trees
or wild flowers, or the sound of a bull elk
or soaring red tail hawk.
All of these impressions, plus many
more, together create what the public
remembers from their visit to national
parks. The quietness of the parks is as
important to enjoyment of the parks as is
clear, clean air. Both are intrinsic values
- not those you can easily hold, or even
define, and yet essential.
As park superintendents, we are proud
of the steps the National Park Service
(NPS) has taken to measure and protect
the acoustical resources of the parks.
Although our sound monitoring efforts
have been limited, we have nonetheless
begun to measure and record the levels
of ambient sound in the parks along the
Colorado Plateau. We strongly believe
that the only hope of protecting the quiet
in the parks for tomorrow's visitors is to
document sound levels found in the
parks today.
We are aware that there are numerous
questions that must be answered with
respect to protecting the quiet of the
parks. We know intuitively that there are
some sounds which are "acceptable" to
visitors in parks, and some that are
foreign. We know that each of us has
their own thoughts on how quiet is quiet

enough, or how much noise is too much.
We know that there are multiple opinions on the "right" way to make sound
measurements, the frequency and duration of those measurements, and which
parameters are important to measure.
We understand that there is disagreement among professionals about whether various noise intrusions can or should
be controlled, or by whom.
Those technical questions, and many
more, will be debated for years to come.
Technological advancements will occur
that will provide answers, as well as
generate more questions. Our understanding of the interrelationships of
meteorology to the propagation of sound
will improve, as will our ability to model
"footprints" from specific noise sources.
All of this is good, and as it should be.
What cannot be debated, however, and
what must not be lost in all the technical
discussions, is the intrinsic value of
quiet in the parks. We have a saying in
the National Park Service that the parks
provide for people's physical recreation
needs, as well as their spiritual recreation needs. People need a place to go
where they can escape their every day
lives and regain a sense of inner peace. A
place where they can simply enjoy the
beauty, the clean air, and the quiet. Parks
are that place.
We appreciate the opportunity to share
these thoughts with you, and encourage
each of you to visit the parks, and take
time to experience how quiet natural
quiet can be. We look forward to working
with you to protect the quietness of the
national parks so that future generations
will have the opportunity to cherish the
sounds of silence.
S3
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Long-Term Ambient Sound Monitoring
in National Parks
Arno S. Bommer and Robert D. Bruce, Collaboration in Science and Technology Inc., Houston, Texas
The special technical challenges encountered in documenting ambient sound levels for the National Park Service
are reviewed. The measurement sites were located in two
parks: Dinosaur National Monument (DINO); and Glen
Canyon National Recreation Area (GLCA) which includes
Rainbow Bridge National Monument.
One aspect of the solitude of National Parks is the absence of
most man-made sounds. Indeed, the lack of these sounds
results in extremely low levels of ambient sound. The establishment of "baseline" ambient data is essential in order to
determine the acoustical impact of any proposed developments either within or adjacent to parks which could violate
the solitude.
Ambient sound levels vary significantly depending on
nearby activities, season, weather conditions, ground cover,
stream flows, local flora and fauna, etc. Sound measurements
made during short visits to a site will be highly dependent on
the particular conditions during the visits. Even if short visits
are made during each season, they can only illustrate the limited set of conditions occurring during the visits. In order to
understand the full range of sound levels that will occur at a
site, sound monitoring was conducted throughout a full year.
The monitors used in the project documented the variation in
A-weighted sound levels. In addition, 24-hour octave band
sound monitoring was conducted during periodic visits to the
monitoring sites.

Measurement Formats
Since ambient sound pressure levels vary both in amplitude
and frequency content as a function of time, it is necessary to
consider both of these aspects of the sound when one is documenting the "ambient." Obviously, documenting the complete
range of the ambient sounds over a full year is challenging.
Ideally, it would be appropriate to measure the one-third
octave band sound pressure levels and to be able to characterize temporal dependence in any manner needed. For example,
in order to assess the intrusion of steady-state 24-hour per day
sounds, it might be sufficient to have the temporal data presented in an hourly format as a percentage of the time that certain sound levels were exceeded (L90 levels for example).
However, for a short-term event lasting a few seconds, it might
be of interest to have representative sound levels for a smaller

Figure 1. Average sound levels for the month of March 1990, Escalante,
Glen Canyon National Recreation Area.
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time period.
Due to the need for compactness of instrumentation, the
requirement that the systems be battery powered and supplemented with solar cells, and the availability of a number of
monitors, we elected to collect the following data:
D Hourly A-weighted sound levels, (Lmin, L99, L90, L50, L10, Lraax
and Leq) for the entire year.
• Octave band sound pressure levels (Lmin, L99, L90, L50, L,0,
Lmas and Lcq) for 24-hour periods during quarterly visits.
D Sound and video recordings during one visit to each site.
Figure 1 presents a comparison of the Lmin, L90 and Leq values
for a site at Glen Canyon National Recreation Area. The Lmin
values are at the instrument noise floor. The actual minimum
sound level is obviously less than the instrument noise floor
during at least part of the day. The L90 levels increase during
the daylight hours due primarily to increases in wind speeds
and the Leq shows the same pattern as the L90 but with higher
values.

Monitoring Sites
There are many logistical challenges involved in long-term
monitoring at remote locations. First, all equipment must be
sufficiently portable and durable to survive the trip to the
remote monitoring site. A system must then be devised which
secures the equipment without the use of a foundation or any
other support that permanently affects the area. We used guywires to stabilize the microphone support poles against strong
winds and enclosed the monitors in large weatherproof boxes.
At one location, a barbed wire fence was used to keep animals
away from the equipment. Desiccant was used to reduce
humidity at the microphones and in the monitoring cases. A10
foot tall pole was used on each system to keep the microphone
above the winter snow and each microphone was protected
with a rain hat and wind screen. All equipment was thoroughly
grounded.
Solar panels with battery chargers were used since the batteries would last only a maximum of one week without charging. Care was taken when selecting the monitoring sites to
assure that the solar panels would get good sun exposure.
Because of the high canyon walls at one site, however, there
was not sufficient sunlight to recharge the monitor during the
winter months when the sun was low on the horizon.
Digital Acoustics Model 607P monitors were used at three
sites. This monitor is a Type 1 sound level meter and statistical
noise analyzer. It has a dynamic range of over 120 dB and prints
out all data with a built-in thermal printer. Data had to be read
from the printout and then entered into a Lotus spreadsheet
for analysis. This was extremely time-intensive and tedious
work, especially considering the low quality of the printouts.
The paper take-up spool could only hold about 15 days of data
necessitating changes of the spools by Park Service personnel
every two weeks. Figure 2 shows a DA 607P monitoring setup.
At one site, a meteorological station was set up next to the
sound monitor to document weather data for correlation with
the sound data.
A Larson-Davis Model 870 monitor was used at one site. This
monitor is a Type 1 sound level meter with the capacity to measure and store acoustical data along with data from four other
inputs. The National Park Service used these four additional
channels for storing data on wind speed, wind direction,
humidity and temperature. The Model 870 stores acoustic and
meteorological data in its internal memory and the data can be
retrieved by a computer with an RS-232 interface. Figure 3
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Figure 4. Harpers Corner sound monitoring site, L30 hourly octave band
sound pressure levels.

Figure 2. Digital Acoustics DA 607P sound monitoring system being set
up.

the particular project. Phone lines and even satellite transmission can be used to download data from remote sites.
In selecting a site, care must be taken to determine a location that documents sound levels under the desired conditions. For example, nearby trees may become sources of noise
when the wind blows, nearby streams may create steady high
ambient sound levels, and canyon walls can reflect sound or
serve as a barrier. Local topography can also significantly
affect local climatic conditions making monitored meteorological data from nearby stations inappropriate.
A final consideration is protecting the monitor from people.
Although few backcountry hikers are prone to commit vandalism, remote equipment can be damaged and, with no one
standing guard, there is always plenty of time to break into any
box housing monitoring equipment. A sturdy setup is always
advisable and we also tried to use the element of stealth in the
siting and painting of the monitoring equipment believing that
what couldn't be seen, wouldn't be vandalized.

Low Ambient Sound Pressure Levels

Figure 3. Larson Davis Laboratories LD 870 sound monitoring system.

shows the LD 870 monitoring setup.
The octave band statistical analysis system consisted of a
Larson-Davis Model 800B sound level meter with a high sensitivity, microphone connected to a Hewlett-Packard HP-75C
laptop computer and an HP 9114B disk drive. The system was
battery powered and housed in a portable weatherproof container. The HP-75C computer ran the sound level meter, calculated hourly statistics on the acoustic data, and then stored the
statistics on the disk drive.
Other options for sound monitoring equipment and data
storage are also available depending on the requirements of
SOUND AND VIBRATION/FEBRUARY 1992

Due to the very low ambient sound levels in parks, the noise
floor of the sound monitor is an important factor. The DA 607P
instruments used in our monitoring program had a noise floor
of about 19 dBA and the LD 870 had a noise floor of about 18
dBA. The LD 800B octave band system had an A-weighted noise
floor of 16 dBA with octave band noise floors as low as 5 dB in
some octave bands.
Figure 4 presents two hourly L90 octave band spectra measured at the Harpers Corner site in Dinosaur National Monument. These spectra are from the hours in a single 24-hour
period with the lowest L90 A-weighted sound level (16 dBA from
11 -12 PM) and the highest L90 A-weighted sound level (18 dBA
from 5-6 PM). There was no significant wind and the daily high
temperature was about 30 °F. Both spectra are very close to the
noise floor of the equipment for the 1000 to 8000 Hz octave
bands. As illustrated by this figure, because of the lack of manmade sounds, natural ambient sound levels can be extremely
low when the wind is calm.
The noise floor of the equipment is a critical consideration
when determining the noise impact of an intruding sound. If
the instrument noise floor is 35 dBA and the ambient is recorded as being 35 dBA, then the only conclusion that can be drawn
regarding intruding sounds is that sound levels above 35 dBA
will exceed the ambient. An intruding sound below 35 dBA may
be above or below the ambient. The same principle applies to
lower noise floors until they reach the threshold of hearing.
Whenever both the ambient and the expected intruding sound
are below the instrument noise floor in the frequency range of
interest, there can be no accurate analysis of the noise impact.

Natural Sound Sources
Although there is normally a strong diurnal variation of
17

Figure 5. Lao levels and average wind speeds, Escalante, Glen Canyon
National Recreation Area, September 1989.
Figure 7. Average L30 sound levels for the second quarter of 1989, Rainbow Bridge, Glen Canyon National Recreation Area.

shown in Figure 6, the increased sound levels may occur only
at certain times of the day during certain times of the year.

Man-made Sound Sources

Figure 6. Rainboiv Bridge sound monitoring site, Lso hourly octave band
sound pressure levels.

sound levels caused by the diurnal variation of wind speed,
there is also a strong long-term effect from weather fronts
passing through an area. The accompanying increased winds
cause increased sound levels. Figure 5 is a plot comparing the
variations of hourly average wind speeds for each day in September 1989 with the variations of hourly L90 sound levels for
each day of the same month at a site in Glen Canyon National
Recreation Area. As shown, the peaks in the plot coincide.
Since there was little vegetation in the area, the increased
noise levels may have been caused by wind blowing against the
microphone wind screen but a similar and probably stronger
relationship would be expected in areas with trees due to the
wind blowing through the leaves.
Animals can be another source of natural sound. Figure 6
presents three octave band spectra measured near Rainbow
Bridge National Monument. The data for 6-7 PM are just above
the noise floor of the equipment for most octave band sound
pressure levels. The 8000 Hz octave band sound pressure level
is at the instrument noise floor so the actual sound pressure
level in that octave band may have been even lower. The loudest spectrum (8-9 PM) is dominated by high sound pressure
levels in the 2000 to 8000 Hz octave bands and especially the
4000 Hz octave band. This was probably the result of insect
noise at dusk. The octave band sound pressure levels for the
middle and low frequencies, however, are even lower than the
6-7 PM spectrum due to the lower winds and no boat traffic.
The spectrum from 11-12 AM includes some boat and visitor
noise (the boat engines create the relatively high levels of low
frequency noise). Although the A-weighted sound level is 12 dB
lower than the A-weighted sound level for the sample with the
insect noise, most of the octave band sound pressure levels are
substantially higher than those from that hour.
Other animals, especially birds and frogs, can also be significant sources of ambient noise at remote sites. As in the case
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Although the primary purpose of our measurement program
was to document ambient natural sounds, the monitoring site
by Rainbow Bridge had significant man-made noise sources as
well. The primary access to Rainbow Bridge is via tour boats
and smaller private boats. Since the site is about 40 miles from
the primary boat launch area and marina, most visitors arrive
in the late morning and early afternoon. No visiting is allowed
at night so sound levels decrease back to the natural ambient
from dusk until dawn. During the day, the ambient sound is
affected somewhat by natural sounds but primarily from visitors and their boats.
Figure 7 presents sound levels during average days within
the months of April, May and June 1989. Each point represents
an arithmetic average of all of the L90 sound levels for that particular hour measured on different days of that month. The
figure shows that as visitor traffic increases in the late spring,
so do the average sound levels. Although the shape of the curve
is similar to the curve for daily-wind speeds at the site, the
sound levels begin increasing each day before the wind begins
to increase.

Summary
The ambient sound levels in National Parks are impressively
low - frequently at the noise floor of the instrumentation. In
the absence of wind, animals and hikers, hourly L90 octave
band sound pressure levels can be below 10 dB. Ambient
sound levels vary as a function of weather conditions, animal
sounds and visitor activity. These variations occur daily and on
a seasonal basis as well.
The ultimate purpose of the ambient monitoring program is
to help determine the noise impact of any proposed developments within or near the parks. Additional spectral information such as 1/3 octave band data will be necessary for calculating detectability but the long-term monitoring data will be
necessary in any analysis considering annual variations in
ambient sound levels.
The final analysis of the noise impact will be a judgment of
what sounds are acceptable for how much of the time.
Obviously, a simple rating scale is not the answer. Waterfalls
and aircraft are both loud but have different meanings to park
visitors. Chainsaws and crickets are both tonal and highly
detectable but are not equally acceptable. Even hikers themselves can be noisy but they also stop and appreciate the natural silence. A comprehensive judgment of acceptability will
require information on ambient sound levels, intruding sound
levels, psychoacoustics, and recreation psychology. Contributions from all of these fields will be necessary to safeguard the
solitude of our National Parks.
S!
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Bryce Canyon National Park and the
Protection of Natural Quiet
James D. Foch, Danville, California

The difference between protecting natural quiet in pristine
places and protecting the health and welfare of people is
discussed relative to a series of potential noise impacts.
Bryce Canyon National Park is probably safe now for a while
from the threat of an open pit coal mine on its borders, but a
decade ago the threat of noise from blasting, heavy trucks, and
other equipment was very real. Quite by chance I played a role
in the analysis of the noise threat,1 and I welcome this opportunity to share some of the experience with other readers of
this magazine. I hope in doing so to promote a wider appreciation of the difference between protecting natural quiet in pristine places, such as Bryce Canyon National Park, and protecting the health and welfare of people.
Thirteen years ago, while I was a faculty member at the University of Colorado in Boulder, I spent a sabbatical year as a
visiting scientist at the U.S. Environmental Protection Agency
(EPA) regional offices in Denver. During that time I helped
review the noise portions of quite a few Environmental Impact
Statements (EISs), including one for jet service to the Jackson
Hole Airport in Grand Teton National Park. As part of the Jackson Hole EIS review process, I accompanied EPA officials to
meetings with their counterparts in other Federal agencies,
such as the National Park Service (NPS) and the Federal Aviation Administration (FAA).
The Jackson Hole EIS experience was deeply disturbing.
While it was intuitively obvious that the proposed action of
replacing Convair 580s with Boeing 737s would significantly
increase the noise impact of the airport. EPA's own analysis
showed only a modest increase in the day-night average sound
level Ld„. Furthermore, FAA officials stated that to them the
impact would be " . . . less than minimal."
The problem with the Jackson Hole EIS experience was that
Ldn is designed to measure A-weighted doses of acoustic
energy, and Ldn criteria are based on health and welfare considerations for people. 2,3 As every reader can easily verify, Ldn
heavily weights brief, high sound levels at the expense of long
intervals of low sound levels. Thus, because Ld„ discounts the
natural quiet which has been so closely associated with our
national experience of wilderness and the national park ideal,'1
the EPA could rightly find only a modest increase, and the FAA
could rightly find only a negligible impact based on health and
welfare criteria. It's obvious now - although it wasn't then that another descriptor needs to be used for assessing noise in
naturally quiet, pristine places, (such as audibility or acoustic
detectability).
Shortly after I returned to Boulder, the University was selected, along with about a dozen others around the country, by EPA
to establish a regional Noise Technical Assistance Center
(NTAC), and I was appointed its Director. Our charter, drawing
on the enthusiasm and inexpensive labor of students and
people from the Older Americans program, was to assist state
and local governments and the EPA with all kinds of noise
problems in six states. Upon request we measured sound levels
at race tracks, airports, gravel pits, and other sources, including one mysterious source which could be heard only by a
single person!
The author is solely responsible for the opinions expressed in this
article, which do not necessarily reflect the views of present or former
employers.
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In June of 1980, on my wife's birthday, and two days before
our wedding anniversary, I received an urgent request from my
colleague, Larry Svoboda at EPA: some kind of blasting was
occurring around Bryce Canyon, citizens were complaining,
and NPS had asked EPA for help. Could we go immediately?
The next morning, after frantic arrangements to ship all available equipment to southern Utah, and with my wife almost
concealing her disappointment, my EPA colleagues and I left
for Bryce Canyon National Park.

First Trip to Bryce Canyon
Soon after arrival we were met by Keith Kirk of the Office of
Surface Mining (OSM) and Dick Keigley of NPS. They
explained that the blasting was being done by Frank Kendorski
and a crew from Engineers International, Inc. (EH) to test the
possibility of damage to Hoo Doos. Hoo Doo is the Indian word
for a tall, columnar rock formation, and the testing involved
helicopter assisted placement of strain gauges on a Hoo Doo
for strain monitoring during a blast. More blasting was scheduled for the next morning, but that would be our only chance to
measure planned blasting near the Park.
That evening my colleagues and I discussed where to make
sound level measurements. We chose sites near high use areas,
such as Yovimpa Point and Bryce Point, along trails and near
campsites. As we were rechecking our tape recorders and other
equipment, and making sure the battery rechargers were busy
overnight, I received a telephone call from the coal mine proponent's noise consultant, who was visiting the Park for the
tests. He wanted to assure me the blasting was going to be a
"worst case" simulation and not "typical."
Early the next morning, after I had been snorted at by a deer,
and as I was calibrating my sound level meter to 112.4 dB, the
consultant showed up and questioned why I wasn't calibrating
to 114 dB. It seemed that he was trying to rattle me, much as
athletes sometimes do to one another, but he had the opposite
effect. As I explained briefly about the altitude correction, I
made a mental note of his ignorance, which I used to good
effect in exhorting my own troops over the next few months.
During this first visit we recorded samples of blasting
sounds on tape at a few locations, and we measured and
recorded indigenous sound levels for as much time as possible, amassing a considerable number of tapes to be analyzed
back in Boulder. Because of the issue of "worst case" versus
"typical" blasting, Keith Kirk of OSM in due course arranged
for additional blasting measurements at three operating coal
mines on Colorado's Western Slope, including one operated by
the proponents of the proposed mine adjacent to Bryce
Canyon.

Trip to Western Slope Coal Mines
The trip to operating coal mines occurred late in June, and
yielded about 60 more tape recordings for analysis back in
Boulder. It also yielded two tidbits which made the students
and me more inclined to work nights and weekends (we were
simultaneously working on other projects for state and local
governments). The first occurred when we stopped at an office
many miles from a coal mine to ask directions. As casually as
possible, I inquired whether blasting noise was ever noticeable, and was told that it was, especially when the wind was
blowing from the mine. This was a clear indication that we had
to take into account refraction by the wind, and eventually led
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to consideration of other meteorological phenomena around
Bryce Canyon, including nocturnal temperature inversions.
The second tidbit occurred in a men's room at one of the
mines, when I overheard two employees joking that it was a
good thing the EPA noise guys had not been present for the
blasting that morning. This made us exceptionally vigilant
about the blasting noise analysis and eventually led to the
conclusion that the "worst case" simulations at Bryce Canyon
had been more nearly "typical."
Not long after the Western Slope trip, on an unrelated trip to
measure community and race track noise levels in Grand
Forks, North Dakota, an incident occurred which stimulated
my interest in audibility. A cooperative citizen was letting us
use his front yard to record noise from stock cars at a nearby
race track. Between races, with the bottom of the dynamic
range set back down to get the generally low ambient levels of
an otherwise quiet evening, a finch perched nearby and let out
a long trill. Later, back in Boulder, I happened to analyze that
tape myself, and was astounded when I saw no noticeable
change in sound level during the bird's song.
What was going on, as many readers would have realized
quicker than I, was that indigenous sounds had much more Aweighted acoustic energy than the bird song, but primarily in
other octave bands. In its own one third octave band, however,
the bird song had much more acoustic energy than the indigenous sounds, and thus was distinctly audible without significantly changing the overall sound level. This example shows
how stringent a criterion based on audibility can be: levels of
intruding sounds may need to be 5-10 dBA less than levels of
indigenous sounds - depending on spectra - if they are to be
inaudible.

Analysis of Indigenous and Blast Sound Levels
The next six weeks, roughly all of July and the first two weeks
of August, were devoted to analysis of many tape recordings
and preparations for synthesis of a report. The general plan
was clear: we were going to characterize the blasting by octave
band, obtain octave band measurements of trucks and other
equipment from published sources, take into account meteorological and terrain effects on long range sound propagation,
and predict sound levels within the Park due to the proposed
coal mine.
Some of the work was much more time consuming then than
it would be now for a well equipped laboratory. Our Fourier
analysis capabilities, for example, were rather primitive. We
had to play each tape recorded blast repeatedly through an
octave band analyzer into a Digital Acoustics noise analyzer. In
calculating atmospheric absorption, we had to write a computer program to evaluate absorption for relevant temperatures,
humidities, and altitudes. Then that program had to be fed a
few years worth of daily observational data from NPS records to
get expected absorption in the principal octave bands as a
function of time of year - and predicted standard deviations all when user friendly personal computers were still just over
the horizon.
One of our biggest headaches then, which would probably
have been no problem to experienced readers of this magazine, was how to scale our blasting measurements to other distances and other sizes of explosive charge. We knew from published reports how overall peak sound pressure levels scaled
with distance and explosive charge near the source - within a
few thousand feet - but we needed octave band information to
take into account atmospheric absorption out to tens of thousands of feet. Eventually we exploited the exponentially
damped sine wave representation of the pressure disturbance
to get a "6 dB down per octave" rule, which we then used to relate the desired octave band maxima to the known overall
maxima.
During this time, we also acquired local and regional weather data; initially for the main purpose of taking into account
refraction by wind. However, this led to two other findings
which influenced our work that summer, as well as subsequent
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work in later years. The first finding, from wind direction and
velocity information accumulated near the Park over several
years, showed that our first visit to the Park had occurred in a
statistically rare windy period. From published correlations of
sound levels and wind speeds elsewhere, we knew it was likely
that our data on indigenous levels were seriously biased, and
we therefore made plans for a second trip to Bryce Canyon. The
second finding was the importance of daily nocturnal temperature inversions. In southern Utah, as in much of the arid
Southwest, summer nights are very cool due to radiative heat
loss from the ground to a cloudless sky. The consequent cooling of the air adjacent to the ground produces strong temperature inversions which often last into the late morning. These
temperature inversions - together with upward sloping terrain
from the proposed mine to the Park - can greatly enhance long
range sound propagation.
We were very fortunate, as meteorological issues loomed
larger and larger, to be able to ask questions of Don Henderson, an experienced NPS meteorologist who grew up near
Bryce Canyon. He pointed us toward valuable references and
referred us to colleagues with specialized knowledge.

Second Trip to Bryce Canyon
Toward the end of August, while my family and I took a
planned vacation in Santa Fe, I sent two trusted students - one
of whom, Geoff Oliver, became a coauthor of the final report back to Bryce Canyon to repeat the measurements of indigenous levels. Although we talked daily by telephone, I felt guilty
about not accompanying the students, despite the fact that
they were very capable and extremely motivated. However, the
consequences of an aborted vacation, after the June birthday/
anniversary fiasco, were too unpredictable to risk.
The students found, as we had expected from the wind
records, sound levels much lower than in June. Several times,
in fact, measurements hit the noise floor of the instruments.
Through the good luck of overworked and underpaid students,
they also happened to record three blasts from what we learned
was a seismic oil and gas exploration crew 35 miles away.
These results contributed to the growing conviction that Bryce
Canyon was an exceptionally quiet place, vulnerable to noise
pollution from the proposed mine.
The students also made an important contribution by ignoring some of my advice. In addition to monitoring sites we discussed, they chose one right at the entrance to a parking lot for
one of the most popular overlooks. Of course, they recorded
lots of noise from engines, slamming doors, conversations,
and other human related activity. But they also found, even
during peak visitation periods, that sound levels were remarkably low about 50 percent of the time, as tabulated in the original report,1 in other words, sounds of human activity, even in
parking lots, were not going to mask sounds from the proposed
mine. Similar findings are reflected elsewhere on this issue.
Before leaving New Mexico, I assuaged my guilt by visiting a
well known expert on long range sound propagation, Jack
Reed of Sandia National Laboratories, from whom I received
much useful information, including a draft version of a proposed ANSI standard on predicting long range sound propagation.

Preparation of the Document
As Labor Day approached, we knew we were running out of
time. The Office of Surface Mining (OSM) had scheduled public hearings on the proposed mine for late September and early
October, and our four months of work would be wasted if we
didn't have a report done by then. From my own experience
with EIS reviews, I knew what kind of report I wanted: it should
have a relatively short narrative for the general reader, plus
ample appendices that would enable a dispassionate scientist
to recreate our results. This form, which was the antithesis of
current practice, is a natural way of trying to comply with the
National Environmental Policy Act (NEPA), but it also provided
plenty of ammunition to critics, as we shall see.
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It was at about this time that I became aware of the use of
acoustic detectability by Rob Harrison to gauge noise impact
in National Forests.51 wanted to use his work, but I didn't really
understand it, and there wasn't enough time to remedy my
ignorance. Accordingly, I used the somewhat simpler gauge of
audibility based on signal to noise ratio in critical bands. 6 This
choice, dictated by time pressures, was another piece of good
luck, for it turned out that Harrison's work contained a minor
error, subsequently remedied in 1987, which might have
caused us embarrassment and weakened our case.
EPA and OSM staff were extremely helpful in preparing and
printing the document, at a time when word processing was
still relatively new, but it was a bit like "just in time" production, with the various parts assembled at the last moment.
Although we managed to achieve something like the form I
intended, there were errors which slipped through, such as the
omission of some important quotation marks, and the garbling
of some references.

Public Hearings and Decision
The public hearings and decision are matters of record. In
due course the Secretary of the Interior decided to declare portions of the adjacent coal fields unsuitable for surface mining,
at least partly because of the predicted noise impact.
As is often the case in such matters, the coal mine proponents prepared an appeal. As part of the preparation, they
retained a well known acoustical consulting firm to analyze
our report and produce a meticulous critique. When the written critique entered the legal proceedings, I was retained by
the U.S. Department of Justice to produce a rebuttal.
At first I was overwhelmed by the task. The critique was
extremely thorough, constituting almost a line by line challenge. And some of the criticism was well taken; we had in fact

erred in some places. However, gradually I became aware of
what seemed to be a disingenuous pattern. For example, we
were criticized for using an Air Force study which included
information on propagation of blast waves from nuclear explosions. We would have deserved the criticism if we had equated
coal mine explosives with nuclear explosives. But what we
actually did was use information on long range propagation, in
the limit of very long distances, when a pressure wave from a
nuclear blast has to obey the same physical laws as a pressure
wave from a coal mine blast.
The criticism of our use of audibility afforded me an opportunity to study Rob Harrison's work more carefully, as well as
the antecedent work by Green and Swets,7 through which I
detected the minor error referred to earlier. More importantly,
I garnered a practical understanding of the use of acoustic
detectability and its relationship to simpler measures of audibility, a topic which might merit fuller discussion in a subsequent issue.
I cannot be sure how effective my rebuttal was, but there are
two hints it was adequate. First, the appeal was abandoned.
Second, the same consulting firm adopted essentially our
methodology a few years later when proponents of mining near
the Park raised the possibility of developing a mine on lands
unaffected by the Secretary's decision.

Outlook
Cases like Bryce Canyon and Jackson Hole Airport come up
with some regularity in the West. Prominent examples in the
last decade include oil and gas exploration around Glacier
National Park, aircraft scenic tours over Grand Canyon National Park, a proposed nuclear waste repository adjacent to
Canyonlands National Park, a proposed freeway through a
state park in California, etc. In all these cases, one finds low
indigenous sound levels, important influences of meteorology
and terrain, and a need to recognize that it is the environment
which is at risk, not human health and welfare. We have better
and better tools available to us, such as extremely powerful
personal computers and workstations, and detailed modeling
of meteorological effects on long range propagation, by scientists such as Dennis Thomson of Penn State.7 Databases of
indigenous sound levels on some NPS managed lands are also
being accumulated. The day is not too far off when reliable predictions of noise impacts on state and national parks will be
much easier than was the case for Bryce Canyon. I hope the
reader will agree, when visiting his or her own favorite park,
that the reliable predictions and adequate protection cannot
come too soon.
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EXECUTIVE SUMMARY
Report on Effects of Aircraft Overflights
on the National Park System
1 Introduction
The National Park Service (NPS) was created by Congress to
*. . . promote ond regulate the use of Federal areas known as
national parks . . . [so as to] conserve the scenery and the
natural and historic objects and the wild life therein and to
provide for the enjoyment of the same in such manner and by
such means as will leave them unimpaired for the enjoyment of
future generations:"
In doing so, the NPS mission was defined as two-fold: conservation of
resources and providing for visitor enjoyment. But the NPS Organic Act was
amended by the Redwoods Act of 1978, and this act unambiguously defines
resource preservation as the primary responsibility for the National Park
Service. Given that natural quiet is a clearly identified resource, that aircraft
overflights can affect this resource and that the FAA controls use of the
airspace, meshing the disparate missions of the NPS and FAA has, until
recently, appeared to be an intractable task.

1.

NPS organic act, 16USC 1
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The NPS manages the many units of the National Park System to accomplish
the overall goals of the Organic Act and any specific goals identified when
Congress established the various parks, monuments, preserves, recreation
areas, and other units. Among the goals are provision of opportunities for
visitors, such as the opportunity to experience solitude or to experience
nature in a state unaffected by the effects of civilization. Increased numbers
of low-flying aircraft over various units of the National Park System diminish
opportunities for solitude and natural quiet, and raise concerns about other
impacts and the appropriateness of this activity over national parks. To these
ends, in August of 1987 Congress passed Public Law 100-91, the National
Parks Overflights Act. The Act directed the Secretary of the Interior to
conduct studies that provide information and evaluations regarding nine
questions relevant to national parks. Table 1 lists the specific questions to be
answered, identifies the section of the law which poses each question and the
2
chapter(s) of the full report which provides the answers .

TABLE 1 : QUESTIONS POSED BY P.L. 1 0 0 - 9 1

Question to be Answered

1 . What is the nature and scope of the overflight problem in the N a t i o n a l Park
System?
2 , What are other injurious effects of overflights o n the natural, historical, and
cultural resources for which such units w e r e established?
3.a. What is the proper minimum altitude which should be maintained by

Section of P.L

Chapters of Report

100-91 where

that Address the

Question is Posed

Question

§l(b)

2

§1-(c)(3)

3,4,5

§1.(a)

3

§2-(c)

9

§3.(b)(3)(A)

9

§3.(b)(3)(B)

10

§1 W(2)

6

§1-(c)(1)

7

§1-(c)(4)

8

aircraft w h e n flying over units of the National Park System?
3 b . What have been the effects of the m i n i m u m altitudes established over
Yosemite and Haleakala National Parks?
3c. Has the plan for management of airspace above the G r a n d Canyon
succeeded in substantially restoring the natural quiet in the park?
3 d . What revisions in the airspace management plan for the G r a n d Canyon
m a y be of interest?
4 . What is the impairment of visitor enjoyment associated w i t h flights over
such units of the National Park System?
5. What are the impacts of aircraft noise on the safety of the park system
users, j n d u d i n g hikers, rock-climbers, a n d boaters?
6. What are the values associated with aircraft flights over such units of the
National Park System in terms of visitor enjoyment, the protection of persons
or property, search and rescue operations and firefighting?

2.

The law specifically excludes fom consideration all National Park System units in the State of Alaska. So all information in this report, when applicable
to the "park system" really applies to the non-Alaskan units of the National Park System. This distinction is repeated where appropriate.
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2.1 Nature and Scope of the Overflight

Problem

2 Answers to Questions
In response to these questions, the NPS conducted numerous studies, all of
which are listed in Appendix A of this report. The many studies provide
answers to the questions posed by the National Parks Overflight Act. This
section summarizes the answers and refers to the chapters that present the
supporting information.

1.1 Nature and Scope of the Overflight Problem
2.1.1 Number of Parks Affected
Aircraft overflights can and do produce impacts both on park resources and
on visitors. These impacts, however, do not occur evenly throughout the
National Park System, but occur at some parks to a considerably greater
extent than at others depending upon local air traffic (§2.1.4 ), and local
park management objectives (§2.1.5). Congruence between management
perceptions and visitor responses (§6.3.1) means it is likely that as many as
50 to 100 units of the park system currently may have overflight problems in
need of resolution (§2.1.1), and that 30-40 of these parks are priorities for
research and problem solving. Passenger satisfaction with air tours (§8.2.1)
and park visitor interest in seeing parks from the air imply that the demand
for air tours will continue and the NPS expects further increases in the
number of tour overflights and in the number of park units affected by air
tours.

2.1.2 Types of Aircraft
Reported numbers of overflights by type of operation vary considerably from
park to park, with slightly less than half the parks reporting more than 10
overflights per day. Commercial passenger aircraft, sightseeing and general
aviation operations are more prevalent than other types of overflights.
Military overflights and park administrative overflights are the least common
(§2.1.4).
For the parks where commercial passenger aircraft overflights occur, these
aircraft tend to produce the highest numbers of overflights; sightseeing or
general aviation aircraft, on average, produce about one-sixth as many
overflights as commercial passenger planes. Military aircraft average about
half as many overflights as sightseeing or general aviation aircraft. Overflights
for NPS administrative and emergency purposes are insignificant in numbers
(§2.1.4).

3.

Refers to specific chapter section where supporting information appears.
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2.1.3 Aircraft Sound Levels
Sound levels were measured at various locations in eight national parks .
though decibel levels were collected, data were also collected on how long
aircraft could be heard. During measurement periods that generally included
several hours of data collection, aircraft could be heard from a low of about S
percent of the measurement time to highs of 70 to 90 percent of the time.
Of 78 locations measured, aircraft were audible more than SO percent of the
time at 34 locations. The locations were not chosen randomly, so general
judgements about the audibility of aircraft should not be made. However,
these measurements show that in these parks, aircraft have a significant effect
on the audible environment at some locations (§2.3).
Decibel data show that non-aircraft background sound levels in parks can be
exceedingly quiet, often less than 20 decibels more than half the time, and
that aircraft levels can protrude well above these background sounds (§2.3).
Flight-free zones and minimum altitudes can limit such protrusion, but
ground elevations and distances to aircraft flights must be carefully
considered.

2.1.4 Relative Seriousness of Overflight Problem
For parks affected by overflights, about 70 percent of the managers identified
aircraft as a potential sound problem, while road traffic was identified as a
potential problem by about 40 percent of these managers. Less than 15
percent of the managers identified each of four other sources (power
generators, audio equipment, domestic animals, people talking) as potential
sound problems (§2.1.5).
Most, though not all, managers of the parks with perceived overflight
problems rate aircraft as one of their more important management
problems. Also, managers demonstrate differing degrees of concern about
overflights. Hence any systematic method for assessing aircraft overflight
problems should be designed to incorporate local management objectives in
the identification of the problem and in developing solutions. The starting
point for resolving overflight issues over national parks needs to begin with
an examination of those parks whose managers are very to extremely
concerned about overflights.
Visitors' differing perceptions of overflight problems are discussed in
section 2.7.

4.

Grand Canyon N.P., Haleakala N.P., Hawaii Volcanoes N.P., Cumberland Island N.S., Mount Rushmore N.M., Yosemite N.P., Petrogfyphs N.M.
and Glacier N. P.
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2.2 Other Injurious Effects of Overflights on Resources
Aircraft overflights appear to have adverse effects or impacts on other park
resources, and studies examined the potential effects on cultural and
historical resources, sacred sites and ceremonies, wildlife, and natural quiet.

2.2. f Impacts on Cultural and Historical Resources, Sacred Sites and
Ceremonies
Park Manager and Visitor Opinions
The park manager and visitor surveys provide two perspectives on the
interference overflights may have on visitor's opportunity to appreciate the
historical and/or cultural significance of the parks. About half of the
approximately 100 park managers surveyed thought that aircraft activity
interfered moderately, very much or extremely with the opportunity for
visitors to appreciate these historical/cultural resources (§4.1.1). Based on
the visitor survey, it is concluded that across the system, an estimated 4-5

'

million visitors feel their opportunities to experience the historical and
cultural resources in parks is impacted — a small percentage of the visitor
population.
Acoustic Impacts
The sound from aircraft activity can impinge on the solemnity of sacred sites
as well as interfere with Native American and other traditional ceremonies.
As shown in Chapter 3, and discussed below under Impacts on Natural
Quiet, national parks provide opportunities for quiet generally unavailable in
common non-park settings. Quiet park surroundings can provide unique
opportunities for visitors to experience cultural and historic sites and for
traditional ceremonies to be conducted in an historically accurate audible
environment — the environment that existed before the introduction of
mechanized power. If national parks are to provide opportunities for visitors
to see and experience authentic historical settings, for practitioners to
conduct authentic ceremonies, and for visitors to witness such ceremonies,
the parks must be able to control or limit the audible and visual intrusion of
aircraft. Such intrusions not only detract from the authenticity of the
experience, but for some settings and ceremonies, participants may consider
intrusions to damage or destroy the very purpose of the setting or ceremony
(§4.2).
Induced Vibration Impacts
The sound from aircraft activity can cause archeological resources,
structures, and museum objects to vibrate. Depending on the character of
the sound, the effects range from audible rattle, to items "walking" across
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surfaces, to fatigue cracking, and potentially to direct or indirect structural
damage. Potential for impact depends upon the relationship of the aircraft
overflight to the resource, the frequency of overflight, and the
frequency-dependent responses of the resource to impinging sound waves.
Some studies suggest that historic structures exposed either to sonic booms
or to helicopter operations at close range may be at risk of weakening or
being damaged. Situations need to be examined on a case-by-case basis. The
NPS proposes, where warranted, to develop a systematic approach for
examining appropriate structures to determine levels of sound-induced
vibration. Lacking such detailed information, eliminating sonic booms or
keeping helicopters distant should protect most structures (§4.3.2, §4.3.3,
§4.3.4).

2.2.2 Impacts on Wildlife
The effects of overflights on wildlife are less welL understood than are the
effects of overflights on structures. Though there are many reports of
behavioral responses in animals, these responses vary study to study, species
to species, season to season, habitat to habitat (§5.3). Indirect effects on
wildlife such as accidental injury, energy losses, habitat avoidance and
abandonment are very difficult to detect, but some experts suspect that they
occur (§5.4). Such uncertainties, however, do not prevent definition of
impact criteria to use in judging potential for impacts on wildlife at specific
parks. In the following criteria, "species of concern" include federally- or
state-listed threatened, endangered, and candidate species, species of local
economic importance, or species of particular concern to conservation or
other interest groups. This definition can be expanded to include any species
that is known to be susceptible to disturbance. "Habitat" is used to refer to
the physical landscape and its ecosystem components that are subjected to
overflights (§5.10). The following guidelines can be used to identify impacts
of overflights on wildlife.
Negligible impacts
• No species of concern are present and either no or only minor
impacts on any species are expected.
• Minor impacts that do occur have no secondary (long-term or
population) effects.
Low impacts
• Non-breeding animals of concern are present in low numbers.
• Habitat is not critical for survival and not limited to the area of
overflight use; other habitat meeting the requirements of animals ol
concern is found nearby and is already used by those species.

8

2.2 Other Injurious Effects of Overflights on Resources

• Occasional fright responses are expected, but without apparent
interference with feeding, reproduction, or other activities necessary
for survival.
• No serious concerns are expressed by state or federal fish and
wildlife officials.
Moderate impacts
• Breeding animals of concern are present, and/or animals are present
during particularly vulnerable life-stages such as migration or winter
(depends upon the species in question).
• Mortality or interference with activities necessary to survival are
expected on an occasional basis.
• Mortality and interference are not expected to threaten the
continued existence of the species in the area.
• State and federal officials express some concern.
High impacts
• Breeding individuals are present in relatively high numbers, and/or
animals are present during particularly vulnerable life-stages.
• Habitat targeted for overflights has a history of use by the species
during critical periods, and this habitat is not extensive outside the
area targeted for overflight use; animals cannot go elsewhere to avoid
impacts (animals can rarely "relocate" except temporarily).
• Mortality or other effects (injury, physiological stress, effects on
reproduction and young-raising) are expected on a regular basis.
These effects could threaten the continued survival of the species.
• State and federal wildlife officials express serious concern.

2.2.3 Impacts on Natural Quiet
The resource of natural quiet is defined as the natural ambient sound conditions
found in a park. The NPS has long regarded "natural quiet" as a park resource.
This perspective is reflected in current public law, in explicit park
management policy, and by the visitors themselves (§3.1). Just as parks
contain many tangible features, such as animals, plants, waters, geological
features, historic buildings and archeological sites, they have intangible
qualities as well. These qualities include solitude, space, scenery, clear night
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skies, sounds of nature and "natural quiet." Such intangible qualities are
important components of visitors' overall enjoyment of parks, and are thus
valued resources.
Congressional acts and NPS management policy reflect the importance of
preserving natural quiet in the national parks.
In developing an approach to preserve natural quiet, the NPS recognizes the
following five important facts:
1.

,

Natural quiet is a resource for preservation within the National
Park Service mandate.

2.

The human auditory system is an excellent mechanism for
determining the presence or absence of natural quiet. No readily
available electronic device can duplicate human hearing for
identifying audible sounds produced by non-natural sources.

3.

The difficulty of preserving natural quiet is directly related to how
quiet it is. If the natural ambient sound conditions are relatively
loud, as along a beach with pounding surf, or near a waterfall,
then intruding non-natural sounds will have to be comparably
loud to be heard. On the other hand, in a remote park location
with no wind or water,- or one with little or no vegetation or
wildlife, even very quiet intruding non-natural sounds will be
audible.

4.

Humans are not always aware of sounds that are audible.
Humans, when engaged in any number of activities, may have
their attention focused on the activity and not be aware that a
new sound has become audible. Visitors who for the first time
view the Grand Canyon at Lipan Point are not very likely to
remember hearing any aircraft, where only about 30 percent of
the visitors interviewed reported hearing aircraft (§6.3.1) even
though roughly 90 percent of them could have.

5.

Park settings can provide levels of natural quiet that are so quiet,
there is no sound to be heard except that generated by the
listener — the sounds of walking, breathing, heart pumping, and
blood flowing (§3.2.2 and §3.3).

These five facts have important implications for park management and for
working to achieve compatibility between use of air space and the underlying
park lands. First, preserving natural quiet is a park management objective, a

5.

NfS-77, Natural Resource Management Guideline, which addresses protection of aesthetic values, clearly identifies intrusive sounds as affecting an
aesthetic value of a park and appropriate for mitigative action. NPS-77, Chapter 2, "Vrotection of Aesthetic Values."
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part of the mission of the NPS, and decisions concerning in which parks and
in which locations natural quiet is to be preserved are to be made by the NPS.
Second, if an attentive listener with normal hearing can hear aircraft, then
7

O

7

natural quiet does not exist while the aircraft is audible.
Third, achieving natural quiet 100 percent of the time, or even a significant
portion of the day, will not always be achievable, nor will it be necessary, in
all locations in all parks. There are locations where intruding sounds cannot
be eliminated. Local street traffic, other visitor activity, as well as aircraft can
eliminate natural quiet. On the other hand, the studies have shown that
visitor judgement of the importance of natural quiet varies, probably as a
function of the type of visitor, and his or her activity (§3.1.4), and hence,
from the visitor perspective, natural quiet is not equally important in all
locations or for all visitor activities (a position not necessarily shared by park
managers).

2.3 Proper Minimum Altitude
Establishing a minimum altitude for aircraft overflights over all units of the
National Park System is neither feasible nor necessary. In those cases where
significant impacts from overflights have been identified, park management
objectives and the physics of sound propagation suggest that no single
minimum altitude can eliminate all aircraft produced impacts. However,
national park experience with minimum altitude restrictions implies that
some impacts can be reduced with an appropriately chosen minimum
altitude. Minimum altitudes have been in force over Yosemite and Haleakala
National Parks (see 2.4) and are combined with flight-free zones over Grand
Canyon National Park (2.5). These restrictions have not restored natural
quiet, but the most egregious impacts have been reduced or eliminated
where the altitude restrictions have kept aircraft several thousand feet from
visitors, as at Yosemite, at some locations in Haleakala, and at some sites
within flight-free zones in the Grand Canyon (§2.3, §9.1, §9.2). It is clear,
however, that setting of a minimum altitude for a park, when appropriate
and approved by the FAA, must reflect park management objectives and the
elevations of the specific sites that are to be protected. Minimum altitudes,
or, more accurately, minimum stand-off distances can also reduce the risk of
impacts on cultural resources (§4.3.4). In any case, however, minimum
altitudes alone cannot be expected to preserve or restore natural quiet
(§3.4), or to completely eliminate the adverse effects on all visitors (§6.3.1).
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2.4 Effects of Minimum Altitudes Established Over Yosemite and
Haleakala National Parks
Public Law 100-91 specified minimum altitudes for aircraft flying (visual
flight rules) over certain areas of Yosemite National Park and over Haleakala
National Park. Park management reports that at Yosemite visitor complaints
about overflights have diminished, and at Haleakala where sound levels have
been reduced, increased numbers of overflights may have significantly
negated any improvement the restriction might have made (§9.1.1 and
§9.1.2). The lessons learned from these two case studies may be summarized
as follows:
• Raising the minimum altitude to 2000 feet reduces egregious
impacts and may reduce complaints, but does not effectively restore
natural quiet. Not only are the lower altitude aircraft audible, but
high altitude jets are unaffected by such minimum altitudes.
• Numbers of overflights have an important impact on length of time
visitors have an opportunity to experience natural quiet. Unabated
increases in numbers can negate gains made through increasing the
distance between aircraft and visitors.
• As part of their management strategies, park resource managers must
carefully consider when and where to preserve natural quiet.
• Impacts on natural quiet are likely to be unique at each park, and the
solutions equally unique. Approaches to problem solving need to be
flexible to produce effective solutions.

2.5 Has the Plan for Airspace Above the Grand Canyon
Substantially Restored Natural Quiet?
Section 3 of P.L 100-91 directed the Secretary of the Interior to develop an
airspace management plan for Grand Canyon National Park (GCNP), to be
implemented by the Administrator of the Federal Aviation Administration
(FAA) that would
". . . provide for substantial restoration of the natural quiet and
experience of the park and protection of public health and
safety from adverse effects associated with aircraft overflight."
A plan to achieve these purposes, Special Federal Aviation Regulation (SFAR)
50-2 was implemented in November 1988. In general, SFAR 50-2 regulates
all aircraft operations below 14,500 feet above mean sea level (MSL) by
providing four flight-free zones covering about 45 percent of the park
(§9.2.2). GCNP monitoring and visitor complaints, measurement of sound
levels at various locations throughout the park, surveys of visitors, and
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acoustic modeling provided information for evaluating the effectiveness of
the SFAR (§9.2.3).
Despite extremely high compliance with the SFAR by aircraft operators, and
reduced complaints from visitors, aircraft are still audible large percentages
of the time in much of the park. The SFAR has significantly reduced aircraft
sound levels for many locations, but natural quiet has not been substantially
restored. For some visitors, experiencing natural quiet is almost as important
a reason for visiting the Grand Canyon as is viewing the scenery. Visitors still
notice aircraft, and believe that the sound has interfered with their
appreciation of natural quiet, especially in the backcountry, and along the
river corridor and corridor trail system use zones (§9.2.3).
Chapter 9 of the full report begins by defining a "substantial" restoration of
natural quiet to be 50 percent or more (50 to 80 percent) of the park for
75-100 percent of the time, and concludes that a substantial restoration of
natural quiet has not been achieved under the current regulation. The
conclusion is based on acoustic monitoring results and supported by
computer modeling. Visitor surveys resulted in identifying those visitor
populations most sensitive to overflights and correlated the percent of time
aircraft were audible with visitor perceptions. The majority of park visitors
support 1) maintaining or reducing current amounts of overflight and 2)
some type of restrictions to meet such policies (§9.2.3).
Furthermore, computer modeling suggests that if no further actions are
taken to improve the current regulation, due to projected overflight increases
(forecasted in the Grand Canyon Airport Expansion Plan), there will be a
loss in that proportion of GCNP currently experiencing a substantial
restoration of natural quiet. Specifically, the proportion of the park
experiencing a substantial restoration of natural quiet would drop from 34
percent of the park currently to less than 10 percent by the year 2010.
Consequendy, the NPS is compelled to strongly recommend that SFAR 50-2
be revised to effect and maintain a substantial restoration of natural quiet
overtime (§9.2.3).

2.6 Revisions in the Grand Canyon Airspace Management Plan
The NPS recommendation for revision of the Grand Canyon Airspace
Management Plan is based on the following general concepts (§10.3.10):
• Expansion in the size of flight-free zones
• Simplification of the commercial tour route structure
• Use of temporal restrictions ("no fly" times)
• Accommodation of the forecast growth in the air tour industry
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• Phased-in use of "quiet aircraft technology".
Computer modeling suggests that this combination of elements will most
effectively restore natural quiet as mandated by Public Law 100-91. A
reasonable phase-in (IS years) is desirable from all perspectives. The
modeling takes into account forecast increases in the Grand Canyon air tour
industry over the next 15 years, and incorporates a gradual conversion to
quiet aircraft over that same time period.
A summary of the four recommended phases of the plan follows
(§10.3.10.1):
Year 1: Expand existing flight-free zones and create a new flight-free
zone in western Grand Canyon. This recommendation includes
combining the Shinumo and Bright Angel Flight-Free Zones into one
large zone (to be named the Bright Angel Flight Free Zone) and
expanding it north to the SFAR boundary. The Toroweap/Thunder
River Flight-Free Zone would be expanded to better protect the
Toroweap Overlook area and the Desert View Flight-Free Zone would
be expanded north and east to better protect the Desert View area. The
current SFAR 50-2 tour routes and route segments would be reduced
and adjusted accordingly. Routes within flight corridors would provide
for one-way traffic only.
The Dragon Flight Corridor would be abolished, but two quiet aircraft
routes (one for airplanes, one for helicopters) will exist in this area (the
new Bright Angel Flight-Free Zone) for five years. This would allow
those air tour operators who have already invested in quiet aircraft
technology to be rewarded for their efforts. Traffic will be one-way only
on these two routes.
The Fossil Canyon Flight Corridor would be realigned and the
minimum altitude for general aviation aircraft in the Tuckup Flight
Corridor would be lowered from 10,500 feet MSL to 9,500 feet MSL.
Year 5: Limit the Fossil Canyon Flight Corridor to quiet commercial
tour aircraft. The two quiet aircraft routes within the new Bright Angel
Flight-Free Zone would be eliminated. This action is necessary because
the computer modeling indicates that having two flight-free zones in
that area (the current Shinumo and Bright Angel Flight-Free Zones)
with a flight corridor in-between them (the current Dragon Flight
Corridor) can not protect or maintain natural quiet adequately over the
sensitive areas below.
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Year 10: Limit the Zuni Point Flight Corridor to quiet commercial tour
aircraft. This means that those companies without quiet aircraft
technology would only be able to fly over the western part of the SFAR
or over Marble Canyon.
Year 15: Limit the entire Special Flight Rules Area to quiet commercial
tour aircraft. That is, all tour routes would be flown only with quiet
aircraft.
One very important facet of this recommendation would be the
establishment of an aircraft monitoring program to ensure that the
substantial restoration is maintained. This program would be designed to
measure sound levels on the ground in areas where the agency seeks to
protect natural quiet. The NPS would identify benchmark sites and establish
a protocol for collecting acoustical data at those sites for the purpose of
establishing "action triggers". These triggers would specify a noise level that
should not be exceeded. The NPS would work with the FAA to initiate
actions which would rectify the situation when the noise level is exceeded.
The predicted result of the NPS recommendation is that by the year 2010,
natural quiet would be substantially restored to 64 percent of the park, 75 to
i 00 percent of the time. Forty-four percent of the park would experience
natural quiet 100 percent of the time. In contrast, the modeling suggests that
if "no action" is taken to improve SFAR 50-2, less than 1 percent of the park
would experience 100 percent natural quiet and less than 10 percent of the
park would achieve a substantial restoration by the year 2010 (§10.3.10.6).
It is clear that a "no action" alternative is unacceptable. It is equally clear that
achieving the substantial restoration mandated by P.L. 100-91 can be
accomplished only by the proposed restructuring of the airspace with larger
flight-free zones and the gradual conversion of the air tour fleet to quiet
aircraft.
The NPS recommendation offers immediate rewards and long-term
incentives to those companies which have voluntarily invested in quiet
aircraft technology and to those companies willing to do so in a timely
manner. It is important to note that these recommendations will not only
achieve substantial restoration, but also maintain it in the long term even
though increases in overflights are forecast. The NPS believes that this
recommendation strikes an appropriate balance between resource protection
and visitor enjoyment.

15

EXECUTIVE SUMMARY: Answers to Questions

2.7 Impairment of Visitor Enjoyment
2.7./ Background
The effects of aircraft overflights on visitor enjoyment were examined
primarily through two surveys: the "Visitor Survey" and the "Dose-Response
Study." The Visitor Survey was designed to provide National Park
system-wide estimates of visitor impacts, but the results also provide
valuable information on the variation in effects from park to park. The
Dose-Response Study examines visitor reactions to overflights of specific
park locations and provides a quantitative relationship between aircraft
sound level and visitors' reactions to these sound levels.
The information from the Visitor Survey was obtained through a careful
five-stage sampling process of park units throughout the system. Interviews
were conducted of visitors as they left the various selected parks.
Approximately 15,000 visitors were interviewed during the busiest two
months of the season at 39 parks across the country.
The Dose-Response Survey included both interviews of visitors and
simultaneous sound level data measurement. Visitors to four specific sites at
the Grand Canyon, to one site at Haleakala and to one site at Hawaii
Volcanoes were interviewed as they left each site. While they were at the site,
sound levels that they could have heard were measured. Visitors' replies to
questions about the effects of aircraft overflights were matched with the
sound levels that were measured while they were at the site. Thus, sound
levels that could be heard (doses) could be related analytically to visitor
reactions (responses).

2.7.2 Impacts Across the National Park System
Importance of Natural Quiet
During the Visitor Survey, visitors were asked how important it was to be
able "to enjoy the natural quiet and sounds of nature" and "to enjoy the
natural scenery" as reasons for their visit to the park. Visitors were given the
choice of five possible responses: not at all important, slightly important,
moderately important, very important and extremely important. Table 2
summarizes the responses for the park system. System-wide, enjoying natural
quiet is about as important as viewing natural scenery as a reason for visiting
national parks (§6.2.1).

6.
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TABLE 2: IMPORTANCE OF NATURAL QUIET AND NATURAL SCENERY
AS REASONS FOR PARK VISIT
Reason for Park Visit

Estimate

95% Confidence Interval

Enjoy Natural Quiet
Percent of Visitors0
Number of Visitors
Standard Error"
(n = 15,150)d

90.7%
397.1 M
1.23

88.3% to 93.1%
386.6 M to 407.6 M

View Natural Scenery
Percent of Visitors"
Number of Visitors
Standard Error"
(n = 15,227)d

93.2%
408.0 M
0.98

91.3% to 95.1%
399.7 M to 416.3 M

"Respondents who answered 3, 4, or 5 on the following scale: 1 =not at.all,
2=slightly, 3=moderately, 4=very, and 5=extremely.
Estimate of the 1992 visitor population is 437.8 million visitors. As used here,
"visitor" means one person exiting the park. Hence, if a person enters and
leaves a park once each day for three days, that person is counted as three
"visitors".
"Standard error is of the percent, not of the number of visitors.
Number of completed interviews.

Impacts Produced by Hearing and Seeing Aircraft .
Visitors were asked if they heard or saw any aircraft during their visit, and if
they did, whether the aircraft interfered with their enjoyment, whether they
were annoyed, and whether the aircraft interfered with their appreciation of
the natural quiet and the sounds of nature. Table 3 summarizes the results
for the park system. About one fifth of all visitors to the national parks
(about 80 million visitors a year) remember seeing or hearing aircraft during
their visit to the park, and about 2 to 3 percent of all visitors, or roughly 7 to
13 million visitors annually, can be expected to be impacted by hearing or
seeing aircraft (§6.2.2).
Impacts Among Different User Groups Produced by Hearing
Aircraft
Impacts of overflights on different user groups were also examined. Three
visitor groups were identified: frontcountry, backcountry, and overnight
backcountry permit holders. Visitors who completed the exit survey could be
categorized based on their primary recreational activity. Those who indicated
their primary activity was backpacking or hiking were classified as
"backcountry" users, while all other surveyed visitors were classified as
"frontcountry". The third group, the backcountry permit group, is a sample
of permit holders from those NPS units that require a permit to stay
overnight in the backcountry. These permit holders were surveyed by mail.
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TABLE 3: NUMBERS OF VISITORS HEARING OR SEEING AIRCRAFT,
AND THE RESULTANT IMPACTS
Estimate

95% Confidence
Interval

Heard Aircraft
Percent of Visitors0
Number of Visitors
Standard Error
(n=15,190)

20.1%
88.0 M
5.10

10.1% to 30.1%
44.2 M to 131.8 M

Saw Aircraft
Percent of Visitors
Number of Visitors
Standard Error
( n = l 5,081)

18.8%
82.3 M
4.10

10.8% to 26.8%
47.3 M to 116.3 M

Type of Effect

Hearing Aircraft interfered with
Visitor Enjoyment
Percent of Visitors
Number of Visitors
Standard Error
(n=15,150)

1.9%
8.3 M .
0.65

0.6% to 3.2%
2.6 M to 14.0 M

Annoyed by Hearing Aircraft
Percent of Visitors
Number of Visitors
Standard Error
(n= 15,174)

1.6%
7.0 M
0.77

0.1% to 3.1%
0.4 M t o 13.6 M

Hearing Aircraft Interfered with
Appreciation of Natural Quiet
Percent of Visitors
Number of Visitors
Standard Error
(n=15,049)

2.8%
12.3M
0.99

0.9% to 4.7%
3.9 M t o 2 0 . 6 M

Annoyed by Seeing Aircraft
Percent of Visitors
Number of Visitors
Standard Error
(n= 15,072)

3%
13.1 M
0.86

1.3% to 4.7%
5.7 M to 20.6 M

0

See notes to Table 2.

Figure 1 shows the percentages of visitors in each of the three groups who
remembered and reported hearing aircraft, who were annoyed, who
indicated aircraft sound interfered with their enjoyment, and who indicated
aircraft sound interfered with their appreciation of natural quiet and sounds
of nature. A higher percentage of backcountry than ffontcountry visitors
report hearing aircraft and are more likely to experience impact from these
aircraft. Though the reasons for these differences have not been identified, it
is clear that hiking and backpacking do not remove visitors from the impacts
of overflights (§6.2.3).
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Figure 1: Impacts of Hearing Aircraft Among Different Visitor Groups

2.7.3 Impacts at Specific Parks
The Visitor Survey information summarized above was collected at 39
different units of the National Park System. Examining results from these
individual parks provides an indication of the wide variation in aircraft
impacts from park to park. Figure 2 is based on the visitor survey data and
shows estimates of the number of visitors who heard aircraft and the.number
who were annoyed at each of the parks during the two month survey period.
The numbers next to the plotted points refer to the specific park as given in
Table 6.S of the full report, and Table 4 lists the specific parks of Figure 2
having more than 10,000 visitors annoyed by aircraft during the survey. (As
above, see notes to Table 2, visitors are counted as annoyed if they answer 3,
4, or S on the following scale: 1 = n o t at all, 2=slighdy, 3=moderately,
4=very, and 5=extremely.) Park visitor reports of exposure to aircraft
(hearing aircraft) and of impacts from the exposure vary widely from park to
park, and the system wide results summarized in Table 3 can not capture the
nature and severity of impacts that may occur at specific parks (§6.3.1).
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Figure 2: Numbers of Visitors Hearing Aircraft

and

Annoyed

by Aircraft at Visitor Survey Parks

TABLE 4 : VISITOR SURVEY PARKS WITH MORE THAN 1 0 , 0 0 0 VISITORS
IMPACTED BY OVERFLIGHTS D U R I N G SURVEY
National Park Unit
5

Cape Cod National Seashore

11

Everglades National Park

15
16

Glacier National Park
Glen Canyon National Recreation Area

17

G r a n d Canyon National Park

18

Great Smoky Mountains National Park

19

Gulf Islands National Seashore

20

Haleakala National Park

21

Hawaii Volcanoes National Park

24

Lake M e a d National Recreation Area

27

M o u n t Rainier National Park

28

M o u n t Rushmore National M o n u m e n t

29

North Cascades National Park

35

Sleeping Bear Dunes National Lakeshore

38

Yellowstone National Park

39

Yosemite National Park

2.7.4 Impacts at Specific Sites
Though the Visitor Survey provides much useful information about die
impacts of overflights system wide and about impacts at the specific surveyed
parks, it was not designed to collect any quantitative information about the
actual sounds that visitors could have heard. It therefore provides no means
for answering questions that would help quantify the relationship between
visitor impacts and aircraft sound level. Since the Visitor Survey could not
provide any information about sound levels experienced by visitors, the
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Dose-Response Study was designed and conducted to answer the following
three questions:
1.

Does impact as reported by visitors depend upon sound levels
produced by aircraft overflights?

2.

If so, what is the relationship between reported impact and
aircraft sound levels?

3.

What factors other than aircraft sound affect visitor impacts?

Figures 3 and 4 present dose-response curves that were developed from the
data collected at five specific sites. In each, the horizontal axis gives the dose,
while the vertical axis gives the response, and the curves show the
relationship between the two. The two figures are for two doses and one
response.

Figure 3: Dose-Response Curve for Visitor Annoyance vs
Percent of Time Aircraft are Heard

Figure 4 : Dose-Response Curve for Visitor Annoyance vs
Hourly Equivalent Sound Level
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The doses are percent of time aircraft are audible, and hourly equivalent
level, Leq,ihr for audible aircraft . The response is percent of visitors who
said they were annoyed by aircraft noise while at the site . The solid portion
of the curve shows where the data lie, the dashed portions are extrapolations
based on analysis. The dose-response curves, to the extent that they are
applicable to a given site, can be used to predict visitor responses (impacts)
by measuring (or predicting) dose. For example, if monitoring at a site
similar to Sliding Sands shows aircraft audible about 30 percent of the time,
then Figure 3 predicts that about 32 percent of the visitors will be annoyed.
Alternatively, if Leq,lhr of 40 dB from audible aircraft were measured or
predicted for the site, Figure 4 shows that about 37 percent of the visitors
will be annoyed. Hence, visitors report negative reactions to the sound of
aircraft at specific sites, and these negative reports increase as exposure to
aircraft sounds increase (§6.3.2).
These curves demonstrate that sound exposure, though an important
variable, is not the sole determinant of impact on visitors. Not only do the
impacts on visitors clearly vary considerably from one site to another, but
statistical testing of the data has shown that several other specific factors
affect visitor response. Though the importance of these factors varies
depending upon which dose and which response are examined, some
generalizations are possible. First time visitors to a site are less sensitive to
aircraft sound than are repeat visitors; visitor "groups" of one or two people
are more sensitive than are larger groups; visitors who thought enjoying the
natural quiet and sounds of nature was a very or extremely important reason
for visiting the site were more sensitive to aircraft sound than visitors who
judged quiet and sounds of nature as less important. Other factors may also
be important in affecting how visitors respond, but lack of data prevented
developing statistically verifiable results. The type of site is clearly important,
since the curves vary from site to site; what is unknown is what
characteristics of the site are important.

2.7.5 Identification, Analysis and Mitigation of Impacts
When used in conjunction with NPS management judgement, the
dose-response results provide a means for quantitatively identifying and rank

7.

Tercent of time aircraft are audible, while simple to measure, is extremely difficult to predict On the other hand, measurement ofL^yhr

of audible

aircraft is somewhat difficult, but reasonably easy to predict with current available computer models. Hence, dose-response curvesfor both metrics have
been developed to provide the tools necessary for measurement, analysis and mitigation of overflight noise problems in parks.
8.

The response of annoyance rather than inteference with enjoyment was chosen for two reasons. Trimarily, annoyance is the metric of response that has
been usedfor almost two decades to assess the impact ofintruding sounds, and particularly aircraft sounds on humans. The use of annoyance thus
continues a well-established approach. Second, visitor impact in terms of annoyance and in terms of inteference with enjoyment have proven to be
virtually identical, seefor example Table 6.5 in Chapter 6 ofthefull report. Curves were also developed for the dose of inteference with the natural auiet
and sounds of nature.
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ordering sites within parks that potentially produce significant impacts on
visitors. The Visitor Survey shows that impacts on visitors do occur, but to
very different degrees at different parks. The NPS has developed a ranking of
50 to 100 parks with potential overflight produced problems. Using these
NPS identified parks, candidate sites within the parks should be identified
where visitors may be impacted, and with the proper data collection process,
the dose-response curves can be used" to determine the sites with significant
problems.
Park personnel will collect time audible data, using a carefully designed
sampling procedure, and compare the results to the appropriate curve to
estimate the degree of impact. The NPS will set criteria for acceptable
degrees of impact, identifying both maximum acceptable percentages and
maximum acceptable numbers of visitors impacted for each type of site or
activity. If these maximums are exceeded, the NPS will initiate a process of
analysis and interaction with aircraft operators and other agencies (eg., the
Federal Aviation Administration, the Department of the Air Force, etc.) to
eliminate or reduce the impacts.
The criteria for maximum acceptable impact will be developed by the NPS in
terms of both percent of visitors to a site and numbers of visitors to a site.
In terms of percent of visitors, a maximum acceptable value of between 20
and 30 percent will be identified. For example, where park measurements
show a dose that results in more than 25 percent of visitors impacted,
analysis and mitigation efforts will commence. Maximum acceptable
numbers of visitors impacted will also be identified.
A flexible approach to analysis and mitigation will be developed and pursued.
In some cases, for example, discussions with aircraft operators may identify
simple changes (for example re-routings of air tours) that can be tested,
found to provide acceptable reductions of impact, and implemented. In
other cases, detailed analyses of many alternatives may be necessary. In such
cases, the simple time audible metric can no longer be used. This metric, as
mentioned, is extremely difficult to predict, and the alternative
dose-response curves using hourly equivalent sound level, Leq, i hr, of audible
aircraft will be employed.
Detailed analyses of aircraft produced sound levels have long been conducted
for airports and military air facilities. These efforts have resulted in computer
models that can predict, generally within acceptable tolerances, how sound
levels on the ground will be altered by changes in airspace use. These models
are being adapted or expanded to provide predictive capabilities for aircraft
overflights of parks. Using these computer models and information about
airspace use including aircraft types, number of flights per day, location of
flight corridors, altitudes of flights and terrain features, Leq.lhr can be
computed for current operations and predicted for future or proposed
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operations, and appropriate dose-response curves and criteria can be used to
estimate resulting visitor impacts.

2.8 Impacts on Safety
In the survey of 98 parks, a substantial majority of managers had slight or no
concern about safety risks posed by overflights, and believed that both
visitors and staff felt little or no threat to their safety from aircraft (§7.1).
However, managers at 16 parks perceived that aircraft overflights
represented a serious or very serious safety problem. The managers specific
concerns ranged from perceptions that mid-air collisions were a problem, to
safety of visitors on the ground, to possibility of collision with landmarks, to
disruption of trail horses.

N

The survey of visitors revealed that virtually no visitors perceived any safety
risk posed by aircraft overflights (§8.2). Some outdoor recreation
organizations indicated concern, and it is likely that ensuring separation of
helicopter overflights and horse traffic would provide some benefit (§7.3).
Temporary flight restrictions (TFR's) around forest fires do not seem to have
prevented airspace conflicts, and the Bureau of Land Management, U.S.
Forest Service, Department of the Interior, Federal Aviation Administration
and the Department of Defense are all developing improved means for
communicatingTFR information to pilots (§7.4).

2.9 Values Associated with Overflights
Value to NPS
The values or benefits of administrative and air-tour flights were examined.
Sixty-five percent of the 98 parks with potential overflight problems report
using aircraft in an administrative capacity, and by far, the greatest amount of
flying time is spent fire fighting using helicopters (§8.1). In general,
however, managers reported that the overflights by aircraft on park
administrative purposes make up a small fraction of all overflights (§2.1.4).
It is clear that national parks and visitors benefit from administrative
overflights.

Value to Visitors
Many people take air tours over national parks, including approximately
750,000 people visiting the Grand Canyon in 1992, and perhaps nearly as
many in Hawaii. A questionnaire was mailed to passengers of four Grand
Canyon tour operators, and three Hawaiian tour operators. The sample of
air tour passengers (555 responded) cannot be considered as truly
representative since there is no confidence that it was a random sample.
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Consequently, results cannot be used to make generalizations about
sightseeing passengers at Grand Canyon National Park, the Hawaiian
national parks, or to air tour passengers overflying the National Park System
as a whole.
A significant majority of responding air tour passengers reported that the
flight was very or extremely enjoyable, very much or extremely increased
their appreciation of the park, and would recommend the flight to others.
More than 95 percent of the respondents were first time air tour passengers,
and while about 90 percent of the Grand Canyon air tour passengers also
visited the canyon on the ground, fewer than 30 percent of the Hawaii tour
passengers also visited the park on the ground (§9.2.1).
By far the most important reason for taking an air tour, identified by about
65 percent of the passengers surveyed, was to see the park from a unique
perspective. The second most important reason, identified by about 20
percent, was limited time. Fewer than 10 percent of the passengers
identified each of the following reasons: "experience a unique activity",
"health or physical disabilities", or "other" reasons. Finally, when asked
whether the benefits of air tours to passengers outweigh the disturbances to
park visitors, about 5 5 percent of the passengers agreed or strongly agreed,
about 30 percent were neutral, and the remaining 15 percent disagreed or
disagreed strongly.

Values to Local Economies
Limited information is available on the economics of air tourism in the
United States, especially as it relates to national parks. It is privileged
economic data that the FAA does not collect. Based on industry reports, the
economic impact of Grand Canyon air tours alone is two hundred and fifty
million dollars (5250,000,000). The industry in Hawaii is apparendy very
nearly as large, and there is a sizable industry in other parts of the country
including New York, St. Louis, and Southeastern Alaska. The FAA estimates
that there are at least 187 air tour operators across the nation. This suggests
the total economic impact of the industry is in the range of one-half to
three-quarters of a billion dollars a year.

3 Conclusions
Between 30 and 40 non-Alaskan parks are current priorities for research and
problem-solving with respect to aircraft overflights. The problems may differ
considerably from park to park and developing solutions will require detailed
knowledge of specific park conditions. Where are the most sensitive park
areas? Where do aircraft fly in relation to these areas? What types and
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numbers of aircraft fly over the park, and who operates them? Where do the
most serious impacts occur? Local park personnel need to gather
considerable information in order to work knowledgeably toward solutions
with aircraft operators, but the information collected needs to be reliable,
related to what is known about the impacts produced by overflights, and
useful in developing solutions. Reliability, relevance and usefulness can be
assured by uniform application of the information presented in this report.
Such information appears to be adequate to develop uniform methods of
data collection and analysis, impact reduction alternatives, and methods for
implementation and monitoring. The details of overflight problems and their
solutions are local, but the process and general methods for problem
identification, analysis and resolution must be uniform throughout the
National Park System.
For example, research has shown that simple listening for aircraft, conducted
with well-defined logging and sampling procedures, will determine not only
the amount of time that natural quiet exists, but, by using the dose-response
results, can estimate the impacts of overflights on visitor annoyance and on
visitor perception of interference with the appreciation of natural quiet.
Uniform guidelines developed from the research reported here will help
local park management assess not only probable impacts on natural quiet and
on visitors, but on historic or cultural structures, and on wildlife. Such
information can help define the degree of the problem and, by deduction,
may suggest how difficult solutions may be.
Because the details of problems are park specific, and because the NPS
recognizes that air travel is an essential part of the nation's life, no single
minimum altitude can be identified for the entire national park system.
Minimum altitudes, or more properly, minimum stand-off distances, can be
useful to eliminate the severest impacts, but unless very large, are unlikely to
restore natural quiet. A 2,000 foot minimum altitude, such as in the current
FAA advisory for overflying national parks, is useful but should not stand
alone as the solution to park overflight issues.
The enthusiasm and enjoyment engendered in air tour passengers by their
experience overflying national parks has serious implications for the NPS.
Such customer satisfaction and apparent associated demand for air tours
suggests growth potential for the air tour industry. The NPS must anticipate
that air tour operations will continue to expand, not only over parks
currently overflown, but at parks presently free of any significant overflight
activity. A process must be established for the park service to participate
early in the establishment of air tours over parks, and to interact in a way
that can influence decisions about where and under what conditions new air
tours operate.
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Finally, though SFAR 50-2 has greatly improved the sound environment in
areas of the Grand Canyon, natural quiet has not been substantially restored,
and further improvements to the regulation are essential to achieve the
substantial restoration of natural quiet mandated by Public Law 100-91.

4 Recommendations
4.1 Recommendation I
Develop Airspace/Park Use Issue Resolution Processes
The NPS recommends that the Department of Transportation —
Department of the Interior Interagency Working Group be maintained as a
functioning entity to manage interagency problem solving through to the
operational level of both agencies. Their priorities should be to identify and
document processes that can be clearly communicated to field offices where
problem solving should occur. Although many of the' recommendations that
follow are tied to this process, there may be some airspace/park use issues
that go beyond the scope of the following recommendations. The general
shape of this process should be as follows:
• Define and report issues in a format agreed upon by the agencies,
including definitions of impacts oudined in this report.
• Forward information to points of contact in NPS and FAA who
would be expected to seek resolution of the issues.
• Specify the time period during which a resolution must be achieved.
• Issue a joint report to the Interagency Working Group on success of
resolution or mitigation efforts. If resolution is not possible, the
issues would be addressed by the policy group.
• Issues not resolvable by the Interagency Working Group would be
forwarded to the Secretaries of Transportation and Interior for final
resolution.
The NPS also recommends that NPS and DOD use the newly established
Federal Interagency Airspace/Natural Resources Coordination Group to
develop similar issue resolution processes for low-level military overflights.
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4.2 Recommendation 2
Establish and Maintain Agency Points of Contact
The NPS strongly recommends that agency points of contact be officially
established and maintained as follows:
NPS — Deputy Director and Overflight Studies Coordinator
FAA — Air Traffic Operations (AAT), Flight Standards (AFS), and
Environment and Energy (AEE).
D O D — To be requested through the new Federal Interagency
Airspace/Natural Resources Coordination Group.

4.3 Recommendation 3
Use the Full Range of Methods and Tools for Problem Solving
The NPS recommends that all reasonable methods and tools be used in
airspace/park use issue resolution processes. The following is a partial list of
methods, any of which might be reasonably effective, feasible, and verifiable
for use on a specific situation. The NPS has developed tools that permit
identification of locations impacted by overflights, that compute, in terms of
sound levels, the effects of changes in aircraft operations and that can be
used to measure the reductions in impacts that result from such changes.
The tools are based on a number of studies including, dose-response results,
simplified sound level measurement techniques and computer programs that
estimate sound exposure results from aircraft overflights.
The partial list of methods includes the following:
Voluntary Agreements: Voluntary agreements can have a role in
resolving or mitigating airspace/park use issues if some fundamental
weaknesses can be addressed. The FAA, the NPS, and air tour operators
need reasons to enter into these agreements. Furthermore, there are no
enforcement or penalties involved should operators withdraw from or
refuse to participate in agreements. If rulemaking and penalties result
when voluntary agreements do not work, then all parties will have
incentives to make and comply with these agreements.
Incentives to Encourage U s e of Quiet Aircraft: NPS research
suggests that quieter aircraft can play an important role in substantially
restoring or maintaining natural quiet in parks. Although there is no
Federal requirement for air tour types of aircraft to be manufactured to
produce less noise than Stage 3 standards for large commercial aircraft,
some aircraft are significantly quieter than others and more appropriate
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for use in air tour operations. Because of the significant expense,
incentives need to be developed to encourage air tour operators to
replace equipment with quieter aircraft. Internally, the NPS will need to
work with the Department of the Interior's Office of Aircraft Services to
also provide incentives for parks to use quiet aircraft. P.L. 102-581, an
"Act to amend the Airport and Airway Improvement Act of 1982 to
authorize appropriations, and for other purposes, " requires the FAA to
identify "any measures to encourage or require the use of quiet aircraft
technology by commercial air tour operators."
The NPS defers to FAA expertise on this subject, but strongly
recommends that FAA facilitate the introduction of quiet aircraft
technology to benefit national parks, among many others.'
Spatial Zoning: Flight-free zones and flight corridors have been
implemented in the Grand Canyon with some success. Experience has
shown that, to preserve or restore natural quiet, flight-free zones must
be quite large in extremely quiet places, approximately 20-30 miles
minimum dimension. The problem, discussed in Chapter 3 of the full
report, is that some park environments are so quiet that the sound of
aircraft can be heard at great distances from flight paths.
Altitude Restrictions: Minimum altitudes can help, but for tour
aircraft or low-altitude military training, the altitudes necessary to
significandy reduce impacts may essentially defeat the purpose of the
overflight. On the other hand, altitude restrictions used in Yosemite and
Haleakala have helped to reduce the most egregious impacts even
though overflight impacts have not been eliminated.
Operating Specifications for Operators: As part of its certification
processes, FAA may require operators to conform with certain
operational requirements. These requirements generally identify the
types of operations authorized, the types of airplanes permitted, airports
authorized for use and time limitations for maintenance, and training.
Operations specifications that relate direcdy to park overflight
operations may provide a reasonable method to address some
documented adverse effects of overflights.
Treatment of Air Tour Operations as Concessions: National parks
treat all commercial services provided to visitors in parks as concessions
(i.e. regulated industries) which insures services will conform to
minimum standards, are not priced unreasonably, and are consistent
with park values. In some ways, air tour operations are similar to

9.

The FAA is awaiting completion of the NTS Report to Congress before it completes the report required by the Airport and Airway Safety, Noise
Improvement, and Jntermodal Transportation Act of 1992.
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ground-based services. In fact, where airstrips are inside parks, the NPS
has several air tour operations under concession permit. If a joint
FAA-NPS permitting process can be developed, similar arrangements
may be possible where it is determined that air tour operations use the
resources of the national parks. The purpose of this is to reduce
resource impacts and to provide a specific visitor service.
Noise Budgets: Noise budgets have been used at some airports
(Denver-Stapleton was one of the first) to allot responsibility for and
control of noise among operators. Such budgets assume that the total
noise generated by the airport, and by each operator, can be quantified.
Each operator can be allocated an amount of "noise," generally based on
an existing or previous level of operations. If an operator uses quieter
aircraft, through retrofit or new purchases, more flights can be
conducted while staying within the budget. Budgets are negotiated
rather than imposed. Noise budgets may provide a means for limiting
growth in air tour traffic over parks in that they focus on the goal of
limiting or reducing the impact of the sound of overflights, not on
directly limiting the number or type of aircraft operations. A draw-back
for park application may be the need for tracking numbers of operations
by time and type of aircraft. Another drawback is that adverse effects to
visitor experience may not necessarily be addressed.
Limits on Times of Operations: Some sensitive areas on the ground
may have cyclical daily, weekly or seasonal high and low visitation
periods. Aircraft operations may be timed to coincide with low use
periods. Alternatively, air tours may have slow days, periods or seasons,
and visitors in search of tranquillity and natural quiet could be informed
of the best times to visit the park and avoid significant numbers of
overflights. Limited "No Fly" periods could provide visitors with
certainty of natural quiet in some parks and should be further evaluated.

4.4 Recommendation 4
FAA to Address Higjrt Priority NPS Airspace/Park Use Issues
The NPS recommends that NPS/FAA/DOD jointly commit to resolving and
mitigating airspace/park use issues beginning with identified priority areas.
Such a commitment may enable the agencies to develop and more effectively
communicate how issues, can be resolved at the local level.

4.4.1 NPS Managerial Priorities
NPS believes its managers' identification of areas with aircraft overflight
problems is a relatively accurate indicator of where airspace/park use issues
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exist. There is basic congruence between manager and visitor perceptions.
Many of the 98 areas identified by managers have some type of
overflight-related problem. Mitigation is possible for some areas and unlikely
for others. The NPS seeks resolution of its top priorities and recognizes that
the others (See Appendix B of the full Report) merit further investigation as
well. Based on top priority NPS areas for resolution of airspace issues
include:
Grand Canyon National Park
Hawaii Volcanoes National Park
Haleakala National Park
Great Smoky Mountains National Park
Glacier National Park
Bryce Canyon National Park
Bandelier National Monument
Statue of Liberty National Monument
The NPS will further evaluate the complex air traffic patterns over Yosemite
National Park and Cumberland Island National Seashore to see if mitigation
appears to be possible and will then discuss those situations with FAA.

4.4.2 NPS Priorities for Protection of Natural Quiet
The following is a list of parks where the NPS believes maintaining or
restoring natural quiet is an immediate priority. Natural quiet is an
increasingly scarce resource in the United States. There ought to be national
parks where this can be experienced. Criteria for the selection of these areas
is listed in section 10.3.6 of the full Report. Highest priority areas meeting
these criteria include:
Glacier National Park
lion National Park
Southeast Utah Group Parks
Haleakala National Park
Crater Lake National Park
Isle Royale National Park
Mesa Verde National Park
Rocky Mountain National Park
Chaco Cultural National Historical Park
The NPS will work with the FAA to further refine the criteria and how they
may apply to other parks.

4.4.3 NPS Priorities for Resolution of Safety Concerns
The NPS recommends that its perceived on-ground safety concerns related
to overflights be investigated by FAA to see if these problems can be resolved
or mitigated. The FAA and the NPS are cooperating in an effort to identify
and put into effect recommended air tour patterns and altitudes that will

31

EXECUTIVE SUMMARY: Recommendations

enhance aviation safety around the Statue of Liberty and reduce other
impacts there as well. Additionally, the FAA is developing a Special Federal
Aviation Regulation that will improve the safety of commercial air tour
operations in Hawaii through establishing minimum altitudes, minimum
standoff distances, and additional safety measures. The priorities for the NPS
include:
Statue of Liberty National
Monument
Hawaii Volcanoes National Park
Perry's Victory Memorial

& International

Peoce Pork

The process exists for the FAA to use its authority and expertise to resolve
reported safety issues. These and any other issues that are identified by park
managers will be forwarded to the FAA for investigation and resolution
through the FAA's compliance and enforcement program.

4.4.4

NPS Priorities for Problem Solving with Department

of Defense

The NPS recommends that NPS and DOD agencies explore resolution of
airspace issues at the following priority areas through the Federal Interagency
Airspace/Natural Resources Coordination Group. It will be important for the
FAA to be involved in this process as well. This group will report to their
respective policy representatives by the end of 1994 on recommendations
for resolving existing and potential airspace conflicts. NPS priorities for areas
to be examined during this search for procedures include the following:
Congoree Swamp National
Monument
Sequoia-Kings Canyon National Parks
Organ Pipe Cactus National Park
Death Valley National Park
Channel Islands National Park
Joshua Tree National Park
Petrified Forest National Park
Pu'ukohoia Heiau National Historic Site
Gulf Islands National Seashore
South Florida parks (Everglades National Park/Big Cypress
Preserve/Dry Tortugas National Park

National

DOD is Tequired to report back to the Senate Armed Services Committee on
development of procedures to resolve airspace/park use issues by January 1,
1995. The NPS will also report to the Subcommittee on National Parks,
Forests, and Public Lands as well as to the House and Senate Armed Services
Committees on the success and utility of this approach to problem solving.
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4.5 Recommendation 5
Develop a FAA Operational Rule Triggered by NPS
The NPS recommends that FAA develop an operational rule to regulate air
tour operations where they have or may have adverse effects on national
parks. If voluntary agreements are not adequate, the NPS should be able to
trigger action by the FAA to delineate aerial sightseeing areas defined by FAA
Handbook 92.01 for Principal Operations Inspectors. The NPS would
forward recommendation on the size, altitudes and routes to effect noise
abatement and mitigate impacts to persons and property on the ground in
parks. The FAA may adjust the recommendations and incorporate them into
tour operators' operation manuals. The rule would need to specify that tour
operators operate in accordance with Part 135 FAA Regulations. Any request
by an operator to the FAA to fly below 2,000 feet or within 2,000 feet
horizontally of sensitive areas and structures would need clearance from the
FAA only after coordination and concurrence by the park manager.
This rule would minimize the effect on other types of aviation by targeting
specific problem areas. The rule's existence would facilitate the use of
voluntary agreements. The NPS recommends FAA consider a special
sub-part of 135 regulations to be developed for air tour operations.
Areas where this rule is most needed include the national parks in Hawaii,
Glacier National Park, Canyonlands National Park, Great Smoky Mountains
National Park, Zion National Park, Bryce Canyon National Park, and Rocky
Mountain National Park.

4.6 Recommendation 6
Develop a FAA Rule to Facilitate Preservation of Natural Quiet
The NPS recommends that FAA, under the authority of Section 611 of the
Federal Aviation Administration Act,

implement a rule which would

provide for the protection of natural quiet.
Several nationally applicable environmental statutes and regulations recognize
that there are circumstances where special protection — beyond ordinary
performance standards or requirements — may be necessary to adequately
protect nationally significant resource values.
Class I Designations under the Clean Air Act require new air pollution
sources which may affect designated airsheds — including many in national
parks — to prevent significant deterioration of existing air quality so that

1 0.

49 U.S.C. Section 611 (b)(1)
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resources including air quality-related values such as scenic vistas are not
adversely affected. The absence of air pollution in some areas is what makes
us aware of air pollution in others; if all areas are equally polluted, we have
no way to know what is natural. Most Class I areas are at least 5,000 acres in
size.
Outstanding National Resource Waters (ONRW) designations under
the Clean Water Act often mean that no new point source discharges of
pollutants are permitted in streams or other water bodies designated as
ONRW. Waters in national parks are specifically referred to in the regulation
that implements ONRW and several states have designated ONRWin parks.
Their overall purpose is to keep the cleanest of the nation's waters clean.
The provisions of Section 522, Designating Lands Unsuitable for all or
certain types of mining, of the Surface Mining Reclamation and Control Act,
allow for the protection of unique resources, such as those in the National
Park System, by prohibiting all or certain types of coal mining in certain
areas. In one such designation, the Secretary of the Interior found some
Federal lands adjacent to Bryce Canyon National Park to be unsuitable for
surface mining because of the potential for adverse effects to scenic resources
and quiet.
Each process shows that what is generally applicable may not adequately
safeguard the unique resources and attributes of special, nationally significant
lands and that as a consequence, designations or categories need to be
implemented that establish a higher standard of protection. The NPS
believes that there are parallels between these processes and
overflight-related adverse impacts to units of the National Park System.
Practices that are generally suitable for aircraft elsewhere may not be suitable
in a limited number of cases where natural quiet or especially sensitive
cultural resources or threatened or endangered species can be adversely
affected by overflights. The NPS believes the following criteria can provide a
starting point for establishing a similar process for outstanding natural quiet
parks:
Critical habitat for an endangered species known to be adversely affected by
noise (e.g., the grizzly bear in the lower 48 states). Excessive and avoidable
noise could be found to be an adverse modification of habitat.
• Seriousness and solemnity of purpose characterizes the park unit or a
portion thereof and the sights and sounds of overflights can diminish
the ability of visitors to experience — with respect and reverence —
the resources and values embodied in selected Civil War battlefields
or Mount Rushmore, for example.
• Natural quiet is a central resource value to the park and its absence
imperils the totality of the visitor experience, especially when the
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visitor comes to the park expecting peace and quiet and enjoyment
of nature and natural sounds. For example, an experience in a
canyon in southern Utah is not complete without the call of a canyon
wren or the sounds of wind. An experience of the northern lakes is
not complete without the call of loons.
• Wilderness has been designated on all or part of the park, and given
characteristics of the terrain and sound attenuation, opportunities for
solitude would be substantially diminished by overflights. This
requires the area to be at least 5,000 acres in size unless there are
special circumstances.
In some cases these criteria could be used as the basis to petition the FAA to
implement, through their rulemaking process, an aircraft management plan
for that park to establish flight corridors or flight tracks that would keep
areas naturally quiet and preserve the visitor experience of them.

4.7 Recommendation 7
Develop a Movie Waiver Policy
The NPS recommends that FAA amend its policy relating to the conditions
and limitations for movie filming operations conducted in national parks.
The new policy should require the operator flying the filming crew to have
the following:
• An operating plan specific to the park where the filming is being
done.
• Approval of the plan by the park superintendent
• Notification of the appropriate Flight Standards District Office
(FSDO)

4.8 Recommendation 8
Develop an Interagency Airspace Coordination Guide/Training
The NPS recommends that the NPS, FAA, and the military services complete
an Interagency Airspace Coordination Guide that would incorporate what
the agencies learn about how to resolve airspace/park use conflicts. The NPS
and the Air National Guard are currently developing a proposal to DOD's
Legacy Program for that purpose. It is further recommended that this be the
basis for training interagency planners from all the agencies involved, pilots
from the Armed Services, etc.
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4.9 Recommendation 9
Seek Continued Improvements in Safety and Interagency Planning
Related to Airspace Management
The NPS makes the following recommendations with respect to safety arid
planning:
• FAA and the NPS work together jointly to investigate the parks
where serious safety issues may exist. FAA would take corrective
actions if appropriate.
• FAA and NPS jointly develop a reporting format for safety issues to
be used as part of interagency issue resolution processes. The NPS
would use this format to report additional issues as they arise.
• Land management agencies, the FAA and the DOD need to give
greater priority to identifying how to avoid collisions associated with
the Temporary Flight Restrictions around forest fires. Department of
Interior agencies need to support development and use of CAHIS
(Computer-Aided Hazard Information System).
• Land management agencies, including the NPS, should provide the
•Armed Services with geographically-based databases of their noise
sensitive areas for use in Armed Services planning.
All the agencies need to explore how to get critical items highlighted in each
others planning processes.

4.10 Recommendation 10
Improve SFAR 50-2 to Effect and Maintain the Substantial
Restoration of Natural Quiet at Grand Canyon National Park

Epilogue
Achieving an equitable balance between the impacts and benefits of aviation
in parks is a difficult but desirable task, one that is still in its infancy. It is a
long-term goal for both the NPS and the FAA to seek that balance. Prior to
the establishment of the Department of the Interior — Department of
Transportation Interagency Working Group and the emerging dialogue
between the FAA and the NPS, there was no adequate method to address the
issue. The NPS is confident that with the FAA's continued cooperation and
good faith that both agencies will be part of the balanced resolution of
potential difficulties. It is a new way of doing business for both the NPS and
the FAA and one that holds promise for the future.
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ing his recordings of the wild cries and
coos of a critter named Joshua!

LETTER FROM
THE CHAIR
10/98
by Amy Hunter
As the days grow shorter and the light
grows dim, fall fades gently into winters' slumber. And as the season
changes, so do our lives as we progress
through our own cycles. With change
comes new beginnings and the Nature
Sounds Society is proud to announce
the birth of Joshua Giradeau Reinier,
born to chair Jason Reinier and his wife
Catherine Giradeau. Joshua was born
on July 7, 1998 weighing in at a healthy
7 pounds, 11 ounces. Jason and
Catherine met while recording sounds
by the seashore, so we know that little
Joshua will have a natural love for
nature and a keen ear for sound!
Welcome to the world, little guy!
Due to the demands of raising a newborn, Jason has decided to step down as
Chair of The Nature Sounds Society.
Jason has volunteered on the board of
directors for eight years, and as chair
for three years. Under his direction,
The Nature Sounds Society held many
concerts at the Oakland Museum, The
Exploratorium and several other
venues. He developed a sophisticated
data management system for tracking
membership and helped to create our
web site. He also brought us many distinguished speakers to the annual Field
Recording Workshop.
We will miss Jason's presence as a
leader and a friend, but we know that
he will be back with us as soon as life
lets him! And we look forward to hear-

In August of this year, I agreed to
become chair of the Society. After
volunteering on the board as Event
Coordinator for 4 years, I feel ready to
take on the challenge. With the help of
the board of directors, we have planned
a very dynamic and exciting schedule
for the next year including concerts,
recording trips and lectures. In
September, the Nature Sounds Society
co-hosted a panel at the prestigious
Audio Engineering Society conventio*
called "Field Recording in the Wih
(see page 19). On December 9th, we
are having a benefit concert with Doug
Quin, David Rothenburg and others at
The Freight and Salvage cafe in
Berkeley. In 1999, we are planning to
return to the Sacramento Valley
Wildlife Refuge, a trip to the Oakland
Zoo and of course our annual field
recording workshop in June plus other
events to be announced. Please check
out the calendar section of the newsletter for more details.
With Jason's departure, some changes
have been made to the board of directors. We are very fortunate to have Bill
Young join us and we welcome his participation. I'd like to thank all the
members of the board for stepping up
to the plate and helping to keep this
ship afloat. Since we are all volunteers,
we are always in need of help and now
would be a good time to volunteer as
we embark on a new year. So please
give us a shout if you have any free
time to give!
Enjoy the newsletter and the holid;
season,
Sincerely,
Amy Hunter

SOUND RECORDING
ADVENTURES IN
ANTARCTICA (4):
An Evening w i t h
the Adelies
By Douglas Quinn
Editors note: This is the last in a series of
ir accounts of Doug Quinn's sound
.cording adventures in the frozen continent
down under.)

With 5 people and lots of gear, the
Kiwi pilot decided to make two runs. I
stayed behind with Mike Biegel, an
engineer, while Ainley, Grant Ballard
and Nat Polish went on the first flight
to set up camp on the beach at Cape
Bird. Grant, it turned out, lived near
me in Bolinas, California, and worked
for PRBO. Nat, also an engineer with
a background in linguistics and computer speech synthesis, taught at
Columbia. At 5:15 pm, Mike and I
lifted off from McMurdo. The engines
on the US-built Huey helo have a
distinctive pulse. The loadmaster
hooked up a CD player through the
intercom, resulting in a polyrhythmic
jam with the Talking Heads!

December 5, 1996
Although I had not received confirmation from Robin Abbott that the helo
flight to Cape Bird was a go, I suspected that it must be, because the day
was clear. It was 4:30 am, and I made
my way to Crary Lab to get things
ready. I had yet to unpack from a trip
the day before. I ran into David Ainley
(formerly with Point Reyes Bird
Observatory, or PRBO) in the hall of
the Lab. Like myself, Ainley did not
know when the Kiwi Air Force helo
was leaving for Cape Bird. Their
schedule was up in the air (so to
speak) on account of a series of
required reconnaissance and survey
flights. Ainley's team was scattered
around McMurdo, trying to pull all
their loose ends together. I lent them
^and, and also had my gear at the
.o pad by 11:00 am—it looked like
we would fly between 1:00 pm and
5:00 pm.

Passing smoking Mt. Erebus, we noted
reasonably clear skies. We flew over
Cape Royds and skirted the edge of
pack ice along the crevasse field
descending from Erebus' flanks. In the
distance, Beaufort Island floated like
an iceberg in the ocean. Finally, we
dropped down onto the beach landing
zone at Cape Bird.
Ainley and company, with the help of
4 Kiwis also working at the site, had
set up two tents. The accomodations
had a nice beach front view, but were
erected right on what appeared to be
an Adelie penguin main drag.
Thousands of little footprints had
tamped the snow into a dense pack
around the tents. Introductions were
made, and I started to pull my tent out.
Suddenly I realized that someone had
removed key items from my sleep kit,
like tent stakes and ground sheet!
With feelings of embarrassment, I
looked around for alternatives. I could
(continued page 4)

4 NATURE SOUNDS

make do without a ground sheet, but
tent stakes were essential. Kerry
Barton, one of the Kiwi researchers,
noted my predicament, and asked if I
wanted to stay in the Kiwi hut, as they
had some extra bunks. Talk about
coming out smelling like roses! I had
been doing lots of camping recently,
and a cozy bunk in a warm hut would
be a welcome change. Saying goodby
to Ainley's busy crew, I walked with
Peter Wilson, from Landcare Research
New Zealand (LCRNZ), up the steep,
short incline to the hut.
Arriving at the Kiwi hut somewhat
out of breath, we were met by Fiona
Hunter, a Scottish researcher from
the University of Cambridge, and Sue
Michelsen-Heath, a Biology and
Science teacher from Otago Girls'
High School in Dunedin, New
Zealand. Sue, on a leave of absence
from her school, was assisting Fiona
with her work. Once in the hut, I was
surprised at its spacious accommodations: two bedrooms with 4 bunks in
each, a kitchen and common room,
a lab, and ample storage. The hut was
about the size of two mobile homes
stuck together. An outhouse and fuel
dump were located a short distance
away. I got settled, Peter offered me
a beer, and Fiona gave me an orientation.
The Kiwi hut commanded a stunning
view of McMurdo Sound and its pack
ice. The sun, cutting a low angle
across the sound, danced in beams off
the water and ice floes, and streamed
through the low set windows of the
hut. Later that evening we were treated to sights of Minke and killer whale
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pods cruising by, as well a leopard seal
patrolling the pack ice. I was happy to
be away from McMurdo, and visiting
another field camp.
The American contingent gradually
assembled in the hut. Soon, the smell
of cooking garlic and onions in olive
oil brought a warm smile to everyone's
face. Cooking is one of those social
activities which, for me, is enjoyable
and a good ice breaker—so to speak. I
set about doctoring up a prepared
pasta sauce. Before long we sat dowr
to dinner—nine of us in all.
After dinner, we dispersed in pairs
and small groups to visit the Adelie
penguin colony and wander along the
shore. The sky shone in layers of
blue—from an aquamarine wash at the
horizon, to a muted pastel blue and a
deep lapis azuli colour above our
heads. Clouds in shoals ebbed by, and
the water was calm. Sue and I walked
along the ice edge, watching for leopard seals, and the silent passage of
icebergs. Between pieces of conversation, we picked our way through
legions of Adelies, and the occasional
nesting skua.
The rookery was vast, and guano-covered hills rolled up to steeper ground,
and then to a glacial moraine. As the
air was calm, the curious stench of
generations of guano hung in my nose
and mouth. The weather-aged guano
covered the volcanic black ash and
sand as a veneer of faded terra-cott
and shades of umber.
The incubating penguins nested in
pebble perches, more or less evenly

spaced on the ground in the drier rises
and hillocks. Some Adelies had been
sitting with eggs for weeks waiting for
their mates to return from feeding at
sea. Fiona told me of one male who sat
for more than 50 days on a nest—waiting. Adelie chicks would start hatching in the coming weeks.
Rounding the end of the Adelie colony,
an ice-stepped incline presented itself.
The glacier had recently calved, and a
huge concave section had fallen
raight into the sea. "If we are care.1, we can get around the end to the
edge of the glacier." Sue pointed out.
As we worked our way around the ice
baricade, we paused to watch some
adelies calling from the shore to some
passing swimmers.
Suddenly there was a mass exodus
of Adelies from the water! Birds shot
out onto the ice edge, landed haphazardly on their feet, skidded on their
bellies, or gracelessly crashed into
snow banks. Moments later, from the
still, dark waters, a leopard seal reared
its massive head. With a box-like
muzzle, it appeared to be an aquatic
pitbull. It displayed an impressive
array of teeth that would be the
envy of any of its canine cousins.
Carsten Kooyman, an emperor
penguin expert, once called leopard
seals "Tyrannosaurus Rex with
flippers." To a fleeing Adelie, this
would be no exaggeration.
>e seal surfaced, then rolled under
e water, only to reemerge further
along the beach. A gaggle of black
and white heads followed its progress
— for a long time! While I never

managed to photograph this awesome
predator in the wild, I did get a snapshot of a leopard seal skull back at
Crary Lab. Up close, the seal's massive head is no less impressive than
was the one we had just observed.
As it neared midnight, groups filtered
back to the tent camp on the beach,
and to the Kiwi hut. I decided to take
advantage of the stillness to record the
sounds of the adelie colony. I walked
with Sue back to the hut, and got my
gear. Taking a different route back to
the Adelie colony, I chanced on several nesting skuas. I was immediately set
upon, as the skuas flew low and fast
right at my head. Thoughts of an old
Alfred Hitchcock film ran through my
mind as I bounced down the ash slope
at a good clip, recording gear protecting my head. The skuas, brown and
grey furies with gaping beaks and
hoarse shrieks, dive bombed me all the
way down.
Safe at last in the expanse of the
Adelie colony, I found a scene teeming
with both life and death. Amid the
brooding Adelies, carcasses of chicks
and adults, broken eggs, and bones littered the landscape. This spectre, plus
the russet colour of the hills, struck me
as something out of the paintings of
Hieronymous Bosch or Pieter Bruegel
the Elder. Adding to the effect, skuas
scoured the colonies, harrying and
harassing the penguins, and looking
for opportunities to grab eggs. These
cunning predators often work in pairs,
one bird distracting a sitting penguin,
while the other makes its way to the
back of the nest to snatch the egg.
While the skuas are relentless and
(continued p a g e 6)
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I caught a few more precious moments
of sleep, then took a shower in an
open-air stall before the dinner bell
rang. That first night we dined in the
main lodge on fresh greens and a tasty
main course of vegetarian or meat
lasagna, with wine and beer to warm
us all up to each other. Our group of

After our first dinner, Paul Matzer, one
of the educator-guides from the Nature
Sounds Society, introduced our speakers for the evening, John Gilardi and
Dan Duggan. Gilardi talked about
recording nature sounds in the forests
of Belize with a "rock and roll" Shure
microphone (a mic often used for

Amy Hunter, Dr.Kwan, Nancy Reiser, Ann Kroeber, Paul Matzner with infamous parabola!

about 20 was eclectic, with a number
of bird watchers in attendance, as well
as professional sound mixers and
recordists, a freelance landscape architect, a solar eclipse slide show presenter (it's a long story), a computer programmer, a radio producer and a private eye. All in all, it was a "peculiar
bunch" (to borrow the Smithsonian
magazine's description of an earlier
workshop group) that was assembled
in the still snow-covered mountains in
early June.

music recording) and a small, consumer-grade Marantz tape recorder.
He said that the hot, humid environment of the jungle made it necessary
to protect his equipment from sticky
humidity as well as the occasional
unannounced thunderstorm. He recommended using a dry bag, such as
the ones used by white water rafters,
and he repeated the sound recordis'
mantra: Don't forget the extra batterit
Dan Duggan said that he transferred
Gilardi's recordings into ProTools

and, after much processing, produced
a high-fidelity CD-ROM of nature
sounds of the Belizian forest. He
played samples of the recordings
before ProTools and after ProTools,
which was quite illuminating. Duggan
has a studio in San Francisco where,
according to many locals, he performs
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software for transferring audio information via phone lines. Recordings
are made onto PCMCIA cards, those
little cards that plug in to laptops, for
easy transfer to a digital work station
for editing. All yours for a mere 12K
when it becomes available.

Workshop speaker Dan Gleish

magic with sound. He's a believer in
high fidelity sound, and he isn't afraid
to use new technologies to attain it.
After the presentation, the group was
invited to check out some of the latest
in sound recording equipment. (Dan
Duggan is a great Bay Area resource
for more information on these and
rany other sound products.) One of
le recorders, the Courier, is a prototype. It is a high-tech machine that
weighs less than two pounds, with
onboard ISDN communications and

An expensive, high-tech microphone,
the Soundfield, is equipped with a
super-sensitive four-way sound capturing head whose pick-up patterns
can be adjusted remotely with the
mic's own dedicated control unit.
Only eight thousand dollars.
There was also a new Nagra, the
Nagra Ares-C, which also records onto
PCMCIA cards and offers many of the
features of the Courier but with the
well known durability (read: heavy)
(continued page 1 0)
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and reliability of the standard Nagra,
as well as DAT recorders, heavy-duty
Nagra recorders, Marantz recorders
and a myriad of Shure and Sennheiser
microphones, all of which were available for workshop participants, such
as myself, who had not brought
recording equipment of their own.
I selected a set-up that included
the Sennheiser 816 microphone, a
Marantz tape recorder and a good set
of Sony earphones, which I would use
for the next day's recording outing,
scheduled to begin at 4 a.m. I was
wondering if I would ever get a full
night's sleep, but then I figured, What
the heck, you sleep plenty when
you're dead, right? I tested my equipment (another good lesson from the
workshop: always test your equipment
before any recording excursion) and,
finding that all was well, I went off to

NATURE SOUNDS 11

enjoy five hours of brief but blissful sleep.
The following morning the group rose
before dawn to trek to a nearby marsh
to record the dawn chorus—the
sounds of all the birds waking up and
singing. On the way, I commented to
Dan Duggan that I had been intimidated by sound and was attending the
workshop in the hope of understanding sound's many complexities and its
relationship to storytelling. Dan
replied, "Sound is a harsh mistress."
These were not the consoling words I
wanted to hear at 4:30 in the mornin
on a deserted country road outsic
Sattley, CA.
Tentatively, I took up my borrowed
equipment and set off to hear what I
could hear. I stood pointing my highly
directional microphone in the four
directions and marveled at the clarity
with which I could hear even the most

Tamara, Elise, and J Carranza loading into camp

you hear the static, there's just enough
time to put your recorder in record
mode, and the sound of exploding
lighting can be yours. Unfortunately a
dead battery (Always carry extra batteries!) sent me back to base camp,
and my recording was halted for the
day. I didn't mind, because it had started to rain harder and the delicious
smell of dinner was in the air.

Freelance naturalist David Lucas

distant birdcall. I walked as far away
from the din of our group as I could
and began recording, trying to isolate
and record one bird at a time as we had
been instructed. I had no idea what
birds I was recording, but that wasn't
the point for me. The point was to listen and record.
After our trip to the marsh, we headed
to a nearby lake. Rain had been sprinkling off and on all morning, with
intermittent mild thunder, and for this
outing I was determined to get some of
the thunder on tape. My efforts went
unrewarded, as I was unable to capture
that perfect thunder sound, but one of
the Nature Sounds Society's founders,
rden Danekas, gave me a helpful tip
JT the next time. To prepare for
recording thunder, turn on a portable
radio, which will indicate the impending roar with crackling static. Once

That evening's speaker, Ann Kroeber,
is one of the first women to be accepted into IATSE 695, the Los Angeles
sound recordists' union. Kroeber
worked with David Lynch on The
Elephant Man, Dune and Blue
Velvet and recently did mixing and
recording for Robert Redford's The
Horse Whisperer. She talked about
her experience with the big studios
and played some of her favorite sound
recordings. One recording was of a
(continued page 1 2)

Arden Denekas in a moment of reflection
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howler monkey. The sound was deafening, but it made us appreciate the
clarity of quality equipment and the
patience of a consummate sound
recordist.
The following morning we again set
out at 4 a.m. to record the dawn chorus. I was working with a Shure microphone this time, and after a short time
recording a babbling brook and a
scampering squirrel, I realized I had
been spoiled by the previous morning's Sennheiser experience. I took my
equipment back to the truck and decided this would be a good time to chat
with Dan Duggan about recording for
film. I asked him about the future of
magnetic stock, and his reply was
optimistic. Duggan feels that as long
as there is a demand, there will be supplies available somewhere. He recommends using the Internet if supplies
become scarce. We talked about the
trend of filmmakers shooting on film
and then editing digitally, and Duggan
said he's all for the high fidelity capabilities of the digital environment. He
also warned against the seduction factor of new high-tech equipment.
Sometimes it's not as reliable as the
old technology, and computers can
crash at the most inopportune
moments, wiping out an entire session's work. I guess technology is a
harsh mistress as well.
As the weekend drew to a close, I
reflected on the educational sound tips
I'd collected. One idea I especially
liked was that cutting too close to the
end of dialogue—or any sound—
creates tension in the listener. I was
certain I would try that technique in
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editing my festival piece. I also left
armed with a greater understanding of
recorders and microphones and I felt
refreshed and rejuvenated by the quietude of the forest. I still needed some
sleep, however.
Originally published in RELEASE PRINT, the
magazine of Film Arts Foundation. Reprinted
by permission.

The Nature Sounds Society holds its
annual recording workshop in early
June. For more information call the
Oakland Museum, (510) 238-748
e-mail naturesound@aol.com o.
check the Society's Web site at
www.naturesounds.com. A related
event for audiophiles is the annual convention of the Audio Engineering
Society, September 26-29, at San
Francisco's Moscone Center. Check
www.aes.org for more information.
FAF membership assistant J Carranza
is a freelance Avid editor and is
currently writing a feature-length script
about a transgendered hustler.

instantaneous, but fast enough to
indicate major transgressions of overrecording.

THE
SMITH-KETTLEWELL
VIBRATORY VOLUME
LEVEL METER
FOR O P E N - M I K E
RECORDINGS
(SKTF Editor's Note: This paper was submitted to the Nature Sound Society because it
ght be of use where meters cannot be
nstantly watched. This instrument, originally designed for the blind, will "page you"
when a preset level has been exceeded.)

Abstract:
Standard "VU metering" equipment for
blind recordists has auditory output;
typically, an audio oscillator signals the
user when a preset level has been
exceeded. The only way to use such
equipment in the proximity of live
microphones is by way of earphones.
Moreover, these earphones must be of
an isolating type; otherwise, the sounds
made by the VU meter would be audible in the room. It can be argued that a
sighted recording engineer has the
advantage of being free of those extra
sounds and, perhaps, free of special
headgear. A vibratory output is an
obvious alternative; it can be relatively
quiet, and it addresses a sensory modality different from hearing.

Introduction:

Longtime members Bill Lundgren
and Dan Dugan

te vibrators in so-called "silent
agers" are now commonplace. These
vibrators are tiny motors which swing
an eccentric weight. Luckily for this
application, they are fairly fas— not

Either of two styles of motor can be
used: One is cylindrical, less than an
inch long; it's disadvantage is that it
requires fashioning
a mounting
bracket. The other, a "pancake" motor,
is the size of about four dimes in a
stack; it is a sealed unit and can simply
be glued down with Goodyear
"Pliobond" cement. Both are 1.5-volt
motors which draw less than 100
milliamperes.
Motorola units are available for under
$12 each. The phone number through
which they can be ordered is given in
the Parts List at the end of this
article.
The instrument described here is singlechannel, it can only monitor one
microphone at a time. How to expand
this is left up to you. You could
make two or three units which could be
dropped into different pockets. Or,
one vibratory unit could contain a
mixer; it would vibrate whenever any
channel exceeded the limit. As for me:
once I have adjusted the artistic
balance of channels, I look for the one
most likely to exceed OVU and
connect my single-channel unit to monitor that.
(Note: This unit can accept more than
one channel of audio, since the
input op-amp can be made into a mixer.
Several input potentiometers (100K)
can be fed by separate input jacks; each
then requires its own 0.47uF coupling
cap and its own 47K resistor going to
pin6oftheLM358.)
(continued page 14)
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Description:
My prototype is built into a small
project box that easily fits into a
pocket, or that I can hold onto when I
wish to feel every little "kick" of
the instrument. "Smaller and sleeker" is
not necessarily better; you do want it to
be thick enough to remain in contact
with you while it is in your pocket.
I made the mistake of choosing a
trade-show sample cabinet which has a
battery compartment with a sliding
door. I now must carefully stuff the
compartment with bits of foam to keep
the battery from rattling and making
noise. If I build another, I shall use a
standard 1- by 2-1/8- by 3-1/4-inch
project box, arranging to clamp the 9V
battery to the outside.
To avoid audible vibrations, build this
instrument rigidly. Bolt the board
in place and avoid chance contact of the
various items.
The circuit is fairly simple; it shares
similarities with "the Smith-Kettlewell
Auditory Volume Level Meter" (SKTF,
Vol. 2, No. 1, Winter 1981). It can easily fit on a 1.8- by 2.5-inch piece of perforated board.
One half of a dual op-amp amplifies the
audio for half-wave rectification.
The second op-amp is a comparator that
"triggers" the vibrator when the
rectified audio exceeds a stable voltage.
Initially, I tried building in some
dynamic
information
into
the
instrument— giving the second op-amp
a finite gain so that the motor would run
faster as the level exceeded the threshold by various degrees. The motor does

not respond fast enough to make this
subtlety practical.
So given a hard threshold, I tried speeding up the onset of vibration by
paralleling the 15-ohm current-limiting
resistor with a large-value electrolytic
(lOOOuf), but I noticed no difference.
All in all, though, when holding the
vibratory unit in my hand while
listening to an auditory meter simultaneously, a good correlation between
indicators is evident and convincim

Circuit:
The negative side of the 9V battery is
grounded; its positive goes through
an on-off switch to the plus 9V line.
The 9V line is bypassed to ground by
470uF (negative of this cap at ground).
An LM317 is set up to supply a "standard" voltage, about 5V. The 317's
input goes to the 9V line. Its output
goes through 240 ohms to its
"Adjust" pin, with this pin going
through 680 ohms in parallel with 1 OuF
to ground (negative of this cap at
ground). The output pin, 5V, goes
through 470K, then through 91 OK to
ground. The junction of these resistors
is by passed to ground by the parallel
combination of 4.7uF and 0.047uF
(negative of the electrolytic at ground).
Pin 4 of an LM358 dual op-amp is
grounded. Pin 8 goes to the plus 9V
line. Pin 5, the non-inverting input of
the first stage, goes to the voltage
divider— the junction of the aforemt
tioned 470K, 91 OK, and the by pas.
caps.
The "cold" side of the audio signal is

grounded. The "hot" audio lead goes to
the top of a 100K trim pot (calibration).
The bottom of this pot is grounded. Its
arm goes through 0.47uF, then through
47K to pin 6 of the LM358. Between
pins 7 and 6 is a 91 OK feedback resistor.
Pin 7 of the 358, the output of the
amplification stage, goes to the anode
of a 1N914 diode. The cathode goes
through 10K, then through the parallel
combination of 910K and luF to
ground (negative of this cap at ground).
e top of this parallel combination, its
^unction with the 10K— goes to
pin 3 of the LM358, the non-inverting
input of the comparator. The comparator's inverting input, pin 2, goes to 5V
(the output of the LM317). Pin 1, its
output, goes through 10K to the base of
a 2N2222. The emitter of this transistor
goes through the vibrator motor to
ground. The collector goes through
a 15-ohm 1/2-watt resistor to the plus
9V line.

to supply power) 1-LM358 dual op-amp
M i s c e l l a n e o u s : Pocket-sized cabinet good firm battery holder and connector SPST on/off switch Shielded
audio connector of your heart's desire
Motorola vibrator, No. 59-5046H03,
used in their "Bravo Plus" pager (cylindrical); or, 59-02890W11 (pancake
style)
Note: The above vibrators can be
ordered directly from Motorola, Parts
and Accessories; Phone: (800) 4224210, menu choice 2.
Pin
Assignments:
LM317LZ
(T092 package; with the flat side away
from you and the leads pointing up,
they are, from left to right): "Adjust",
"Output", "Input".

This paper was submitted to the Nature
Sounds Society because it might be of
use to our members. It was submitted by
Bill Gerry, editor of The

P a r t s List:
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Smith-Kettlewell

Technical File, a quarterly publication in
Braille, Talking Book and IBM Diskette.

R e s i s t o r s (1/4-watt 5%, unless otherwise stated): 1-15-ohm l/2watt 1—
240-ohm 1-680-ohm 2 - 1 OK 1-47K 1-470K3-910K
P o t e n t i o m e t e r s : 1 — 100K trimmer;
if space permits, multi-turn is better
C a p a c i t o r s : 1—0.047uF disc 1 —
0.47uF Mylar 1-luF 10V electrolytic
l-4.7uF 10V electrolytic l-10uF 10V
tctrolytic l-470uF 10V electrolytic
S e m i c o n d u c t o r s : 1 — 1N914 diode
1-2N2222 transistor 1-LM317 voltage
regulator (any style, since it is not used

Contact Bill Gerrey for more information
about

the

The

Smith-Kettlewell

Research Institute a n d this a r t i c l e .
(415) 5 6 1 - 1 6 2 0

Eye
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EVENTS

NATURE S O U N D SOCIETY
Dec. 9, 7 p.m. Nature Sound Music
Concert, Freight and Salvage,
Berkeley. A benefit concert for the
Nature Sound Society featuring Doug
Quinn, David Rothenberg and Friends.
Opening will be poet Jack Foley
accompanied by Guillermo Galindo.
Contact NSS at 510-238-7482.

LOCAL BIRD TRIPS
W I T H THE EAST BAY
REGIONAL PARK DISTRICT
Dec. 6, Sun., 8-10 am. Tilden Nature
Area. Info: 510-525-2233.
Dec. 19, Sat., 6:30-11 am. Coyote
Hills. X-mas bird count, registration
required. Info: 510-636-1684.
Jan. 16, Sat., 9:30 am-2:30 pm. Coyote
Hills. Beginning bird Watching class,
fee of $16/$18, registration required.
Info: 510-636-1684.
Jan. 17, Sun, 9-11 am. Tilden Nature
Area. Info: 510-525-2233.

NATIONAL A N D
INTERNATIONAL
ECO-TOURS
Eco-tour companies specializing in birding expeditions
Ancon Expeditions of Panama
(888-888-4106)

Bird Bonanzas (305-895-0607)
Bird Treks (717-548-3303)
Borderland Tours (800-525-7753)
Cheesemans' Ecology/Birding Safaris
(Saratoga, CA; NSS members;
800-527-5330)
Field Guides (800-728-4953)
Los Angeles Audubon Soc.
(818-249-9511)
Neotropic Bird Tours (800-662-4852)
Orchids & Egrets (888-452-3371)
Siemer & Hand Travel (San Francisco,
CA; 800-451-4321)
Ventures: Birding & Natural History
Tours (828-859-0382)
Victor Emanuel Nature Tours
(800-328-VENT)
Winchester Tours (800-391-2473)
Wings (520-320-9868)
Woodstar Tours (904-736-0327)

A sampling of eco-tours
available to different parts
of the globe
Apr. 4-19, 1999. Into the Heart of
Borneo. National Wildlife Federation
Expeditions. Cost: $2,495, + a.f.
Info: 1-800-606-9563.
Feb., 1999 (8 days). Have Yellowstone
to Yourself. Four Corners School of
Outdoor Education.
Cost: $1,820. Info: 800-525-4456.
Oct., 1998 - March, 1999 (10 day tours).
Walk on Hawaii's Wild Side.
Journeys International. Cost: $1,700.
Info: 800-255-8735.
Jan. - Mar., 1999 (12 day tours). Mingle
with Mexico's Monarchs. Natural Habitat
Adventures.
Cost: $3,195. Info: 800-543-8917.
Oct., 1998 - March, 1999 (7 day tours).
Kayaking Among Whales in the Sea of
Cortes. Mountain Travel-Sobek
(El Cerrito, CA). Cost: $1,195-$1,29>
Info: 888-687-6235.
Dec, 1998 - Feb., 1999 (8 day tours).
Explore Dominica of the Carribbean.

Nature Expeditions International.
Cost: $1,790. Info: 800-869-0639.
January, 1999 (14 days). Hike and
Canoe Panama. Ancon Expeditions
of Panama. Cost: $2,400.
Info: 888-888-4106.
Mar., 1999 (14 days). Birding Equador.
Cheesemans' Ecology/
Birding Safaris (Saratoga, CA).
Cost: $4,000. Info: 800-527-5330.
Oct., 1998 - Feb., 1999 (10 day tours).
The Best of the Galapagos. Linblad
Special Expeditions. Cost: $3,770$5,460 (inc. a.f.). Info: 800-397-3348.
T
ov., 1998 - Mar., 1999 (13-20 day
rs). Explore Antarctica. Society
.xpeditions. Cost: $6,090-$ 16,550.
Info: 800-548-8669.
Feb., 1999 (25 days). The Ultimate
African Safari (visit places such as
Botswana, Namibia, and even
Timbukto). Nat. Audubon Soc. Nature
Odysseys. Cost: $27,950.
Info: 222-979-3066.
Oct., 1998 - Mar., 1999 (14 day tours).
Africa's Serengeti. Abercrombie &
Kent. Cost: $6,035.
Info: 800-323-7308.
Feb.-Mar., 1999 (14 days). Elephants
of Kilimanjaro and Amboseli. Discovery
Channel Adventures (El Cerrito, CA).
Cost: $6,195. Info: 888-831-7526.
Nov., 1998 - Mar., 1999 (15 day tours).
Explore the Seychelles of the Indian
Ocean. Tamu Safaris.
Cost: $2,995. Info: 800-766-9199.
Dec, 1998, and Feb., 1999 (17 day
tours). Big Game Animals of India.
Geographic Expeditions (San Francisco,
CA). Cost: $3,045.
Info: 800-777-8183.
Mar., 1998. (17 days). Track the Bengal
Tiger in India and Nepal. Mountain
""ravel-Sobek (El Cerrito, CA).
st: $3,350. Info: 888-687-6235.

QUESTIONBIRD:
FORUM OF TECHNICAL
QUESTIONS
Our resident experts will answer any
question you may have on equipment,
recording techniques, recording locations, etc.
Questionbird? Recently we asked our
resident technical advisor Dan Dugan
"what are some of the latest innovations
in remote field recording?"

DENECKE'S B O X E S
by Dan Dugan
My friend Mike Denecke is an inventor-manufacturer like me. He's built a
reputation in Hollywood for his "digital
slates". They're an electronic update
of the "clapstick" that was traditionally
used to synchronize sound and picture.
Recently Denecke has created a series
of very useful little boxes to solve
common problems. In this series
his mike power supplies and mike preamp-A/D converter are of interest to
nature recordists.
A really neat thing about all of the
Denecke boxes is the design of the
(continued page 1 8)
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battery compartment. It's a pocket that a
9-Volt battery just clicks into;
no screws to remove, no battery lid to
lose, no picky battery snaps to pry
off. It's brilliant.
The Denecke PS-1 Microphone Power
Supply powers a 48V phantom mike.
The battery lasts from 8 to 76 hours
depending on the type of mike. An LED
lights when the battery is low. Supersimple. There's only one option, a
switch inside the box for a -15dB pad
for matching a too-hot mike to a toosensitive input. The list price is
$135.00.
There's also a T-power version, the PST. "T" or "A-B" power is an older
system for condensor mike powering
that was popular before phantom was
standardized. Same price.
Denecke's newest box is an exciting
possibility for nature recordists using
portable DAT and MD recorders. These
affordable
recorders have three
generic problems. Their mini-stereo
mike input jacks are notoriously
unreliable and fragile, they have noisy
mike preamps that add hiss, and A/D
converters with barely enough usable
bit depth. Serious recordists often use
external mike preamps into the line
inputs to avoid the first two problems.
The Denecke AD-20 solves all of them
in an absolutely minimal little blue box
that clips on your belt. It has a pocket
for a 9-V battery, two professional mike
inputs and a 20-bit A/D converter. Two
tiny trimmer knobs adjust gain for left
and right inputs. The digital signal
comes out on S/PDIF and optical jacks.
That's the whole shebang. It can be
ordered with 44.IK (CD standard) or

48K (film and TV standard) sampling.
The lack of a master pot dictates a conservative approach to gain setting.
Keeping a stable stereo image while
trying to fade two little 1/4" shafts
might be too fiddly for the field. Instead
one would treat them as trimmers rather
than faders. I'd try a conservatively low
gain setting, arrived at by testing with
something loud, then adjusting the
recorder's headphone level to taste.
Here is where the 20-bit converters are
an advantage. Since they are clc
lower down, you can turn something
in post production before the noise Oi
digital grunge level is a problem. The
recorder is going to chop off everything
below the 16th bit, but the bits will be
clean down to that level. As long as the
ambience is showing on the low end of
the recorders level meter, the signal can
be called "self-dithered."
Speaking as a person who does post
production, I'd like to have center
references somewhere in each series of
takes between adjustments of the
trimmers, because often there is no
clear center sound to balance to in a
nature recording. Center references
could be made by turning the mike on
yourself at the beginning or end of each
recording, pointing it accurately
at your mouth. You could then make a
voice "slate" by announcing date,
time, location, whether you'd adjusted
gain up or down, and the fact that
you were speaking centered (or not).
I'd like to have a master pot, phantr
power, dither, and a switch for 44.1
48K, but hey, Denecke is about simplicity, high quality, and every possible
economy. The AD-20 lists for $325.00!

I have demo units that anybody in the
Bay Area could try out. I'd like to
hear your feedback. (415) 821-9776.

Urgently need advice on a good microphone(s?) to use with my just-ordered
TASCAM DA-PI portable recorder. I
plan on recording ambient sound of the
highest possible quality at locations like
meadows, streams, desrts, forests, etc. I
have a budget in the $500 range for a
mike, and would like for it to have a
-y wide capture ratio...the idea is to
a spacious feeling for the location.
nis sound track will be synced to video
I'll be shooting at the same time.
Many thanks for any help,
Arthur Hancock
Time Capsule Video
katieart@dnet.net
The simplest solution to your need
would be an M-S stereo microphone.
The Audio-Technica AT825 is an economical example. It has balanced outputs. There's also the AT822, with
relaxed specifications and unbalanced
outputs. The Shure VP-88 is another
one, costing around $1000.
M-S mikes have advantages and disadvantages. Advantages are stereo from
one unit so one zeppelin windscreen
can be used, and excellent mono compatibility. A disadvantage is that there is
no time difference between the channels, so the sense of space in headnes is limited.
Another approach is to mount a pair of
cardioid pattern mikes (like Sennheiser
K6 series) on a stereo bar in an "ORTF"

(French Radio) configuration. This
gives good stereo localization on both
speakers and headphones, excellent
spaciousness on headphones, and
acceptable mono compatibility. A disadvantage is the array is too big to fit
into one zeppelin, and two zeppelins
can't get close enough together. Using
exaggerated spacing might be ok,
though.
A third possibility would be a homebrew quasi-binaural rig with two omni
mikes mounted on a head-sized ball.
Ask Lyman Miller about that.
The DAT and video can be expected to
hold synch accurately for a few minutes, maybe longer depending on your
luck in getting crystals in the two
machines that agree.
-Dan Dugan

AES R e v i e w
On September 26th, the Nature Sounds
Society co-presented a panel presentation at the prestigious Audio
Engineering Society convention held at
The Moscone Center in San Francisco.
It was quite a big event for us and was
very successful due to the distinguished
panelists. The presentation was called
"Field Recording in the Wild" with
guests Doug Quin; Wild Sanctuary, Ann
Kroeber;
The
Kroeber
Sound
Company, Chris Boyes; Skywalker
Sound, Kathy Turco; Alaska's Spirit
Speaks, Chris Woolfe; Rycote Inc. and
Jerry Bruck; Post Horn Recording.
(continued page 20)
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The workshop was intended to titillate
and educate the audience. It was the
first time that the AES had ever done
anything like it and people were blown
away. The panelists all played sounds
from around the world that they had
each recorded telling war stories about
how they got those sounds as well as
technical information about microphones and recorders etc.
Doug Quin focused mostly on his trip to
Antarctica, playing incredibly unusual
hydrophone recordings from below the
sea ice. His recordings of Wettle Seals
sounded like they were recorded in
outer space! Doug uses his sounds as a
music composer and sound designer for
natural science exhibits in museums
around the country.
Ann Kroeber played sounds from the
many movies that she's worked on. My
favorite ones were the horse vocalizations from the movie The Horse
Whisperer. Ann spoke about her artistic
approach to recording animal sounds
and recording in general...an aspect
sometimes lost in the techno babble!
Oscar winner Chris Boyes had a stunning presentation, playing clips from
several recent movies including Titanic
and Lost World. Some of the stories he
had to tell made you really appreciate
how hard it is to record Mother Nature
and how much effort and planning goes
into these recordings. He also stressed
that you should push the envelope when
recording...there are no rules and sometimes the best recordings occur from
letting serendipity happen.
Kathy Turco came all the way down
from Alaska to talk at the panel and

we're so lucky she did. Kathy is a biologist and natural sound recordist who's
work appears on NPR and National
Geographic. She explained to us the
biological reasons for some of the
sounds that we were hearing and what
the animals were doing at the time of
the recording. And it became clear that
to get good recordings you need to
know not only where to go but when to
go depending on the species' migratory
patterns or mating rituals etc.
Next came our more educational pc
tion of the presentation. Jerry Bn
from Post Horn Recording talked abou,
the latest in technological updates in
field recording equipment designed
specifically for remote field recording.
He also brought along a few things for
us to check out like the Stella DAT and
some Schoeps microphones.
Chris Woolfe from Rycote Inc. wrapped
up the presentation with a wonderful
demonstration and discussion of some
of the most common causes of distortion caused during remote recording.
We even got to hear the difference
between different types of distortion
and how to cure them...mostly due to
wind and handling noise.
After the presentation, there was a
question and answer period. Despite
going nearly an half hour over time,
everyone stayed for the Q & A which
proved to be very valuable.
All in all, it was a terrific event. It was
great exposure for the Nature Soun
Society and an opportunity to help ec
cate people interested in wildlife
recording. Cassettes of the presentation
can be ordered through the Audio
Engineering Web Site at www.aes.org.

NEWS FROM MEMBERS
Bernie Krause, Doug Quinn,
Wildsanctuary have a great year!

and

While no contract is LARGE these
days, nine months ago Wildsanctuary
received a 5 year distribution deal with
Unapix/Miramar to release about 30
*les by the end of 1999, and maybe
re beyond that time, depending on
.•es volume. The titles are reconfigured in 24-bit, gold core, surround (in
all encoding formats) and are the best of
the best quality available. They present
sounds from a large number of rare terrestrial and marine habitats worldwide,
and currently include the recordings by
Doug Quinn, Ruth Happel, me, and
(next year) Lang Elliott. We should
include other recordists later.
We also have recently completed several public space soundscape installations. These include exhibits at the
American
Museum
of
Natural
History in New York (the Bio-diversity
exhibit), and at Disney's Animal
Kingdom in Orlando, where we supplied much of the sound, and licensed
our ISS non-redundant media performance software for a 240 acre wildlife
exhibit.
Our most complex soundscape effort
to date, however, was for the
'ashantucket Pequot Museum, near
stic, Connecticut. Doug Quinn, as
art
of his PhD requirement, mixed natP
ural and cultural sounds (the latter of
the historical Mashantucket Pequot

Indians) in a 3-D, non-redundant performance. This effort required approximately 33,000 lines of computer
instruction for one exhibit alone!
Doug, taking soundscape technology to
a new level, positioned creature sounds
throughout one half-acre exhibit so that
the animals perform just as they would
in a natural setting. The animals vocalize in relationship to one another, and
from their normal spatial habitat (high
in the canopy, mid-height, or low to the
ground). At the same time, Doug gave
attention to details such as flights overhead in a given direction, or from tree to
tree. All events occur non-redundantly,
and without knowing which event will
occur next.
We completed seven
exhibits in all, each an example of our
"Intelligent Show System." This system provides a visitor with a new experience every time he/she visits the
museum site, changes levels with
crowd density, and works interactively
with all other media. The system also
coordinates the performance of other
nearby media to avoid possible conflict,
syncs with lighting, needs no maintenance, is turnkey, and features modem
diagnostics and the ability to change
performance characteristics or media
software from anywhere on the planet.
Finally, our system identifies creatures
being heard (in both graphics and text),
and it translates Native American languages in the same manner. Needless
to say, we are proud of our soundscaping accomplishment! We have finally
cracked the museum sound performance formats of the 1950s. These
typically have involved either repeated
sound loops (which drive people nuts),
or the push-a-button-hear-a-sound
scheme (from which visitors essentially
(continued p a g e 22)
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learn to push a button and get a sonic
reward, with no retention after five
minutes). For more information about
our avant-garde sound installations,
visit our web site: www.wildsanctuary.com Click on DESIGN and/or
TECHNOLOGY.
And finally, my new book: ENTO A
WILD SANCTUARY (Heyday Books),
released on 10 September. Celebrating
my 30th year in the field, this is an autobiography of my life and work. I talk
about my experiences in music (working with the Beatles, the Stones, and
with the Moog synthesizer, which my
late partner, Paul Beaver, and I introduced to pop music and film. I then
move on to my later experiences as a
field bio-acoustician, recording at sites
around the World, including those of
landmark studies on great apes by Dian
Fosse and Jane Goodall in Africa, and
Birute Galdikas in Borneo.
Lots has happened this past year! It's
been intense, but very rewarding.
Warm regards,
Bernie Krause
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NATURE SOUNDS SOCIETY
Basic Membership & Renewal

THE INTERACTIVE RECORDIST
Got a question about about recording
or equipment, and would like it
answered by one of our local ecperts?
Got some recording equipment you
would like to sell? Want to share some
interesting sound recording adventures
you have had recently? Contact Bill
Gilbert at wmglbrt@aol.com, and he
will route your information. Got an
interesting recorded sound you would
like played on the air (Earprints on tf
Air; KPFA)? Contact Jason Reinier
earprint@sirius.com.

Do you have a service or product
that you think other nature sound
enthusiasts would be interested in?

W h y not advertise in the
NSS Newsletter?
For the first time, we are offering ad
space to our members. The Newsletter
is read worldwide and has a circulation of 500 readers.

• New Member • $25 Individual
r-. $250 Lifetime
CD Renewal
L_l $40 Organization
Membership
L"J" NSS General Fund
Name:
Address:
City:
_
Phone:

State/Zip:
e-mail:

ease write a few lines about yourself for Directory:

Your m e m b e r s h i p entitles y o u to a f r e e CD
CD
Cassette
Membership Premiums
Australia
•
•
Gordon Hempton Quiet Places
Asia
I—I
LJ
_ , , . . _ _ , .
., , | North America
•
•
Collection CDs & cassettes available i r .
i—i
i—i
with membership include:
S. America
•
Earth
•

NATURE SOUNDS SOCIETY
Gift Membership
L7J New Member

Rates:
Wild Sanctuary, Inc.
13012 Henno Road
Glen Ellen, CA 95442
Tel: (707) 996-6677
Fax: (707) 996-0280
http://www.wildsanctuary.com

L_l Workshop Scholarship Fund

$25.00 per quarter page
(business card)
$50.00 per half page
$100.00 per full page
Simply send in your artwork or
business card and we will scan it into
the next Newsletter to be published
in the Spring of 1999.
Contact the Nature Sounds Society
for more details at 5 1 0 2 3 8 - 7 4 8 2

Name:
Address:
City: _
Phone:

• $20 Individual
L7J $30 Organization

State/Zip:
e-mail:

Make checks payable and mail completed application to:
"The Nature Sounds Society" c/o The Oakland Museum of California,
1000 Oak St., Oakland, CA 94607.
e-mail: natursound@aol.com
NSS is a 501 c(3) organization. All donations are tax-deductible to the fullest extent of the law.
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GETTING I N TOUCH
For inquiries, questions, suggestions, etc.,
call Paul Matzner at the Oakland Museum
at (510) 238-7482, or write:
The Nature Sounds Society
The Oakland Museum
of California
1000 Oak Street
Oakland, CA 94607
E-MAIL: natursound@aol.com
Please direct your interest concerning the
California Library of Natural Sounds, an
extensive collection of nature sounds
from around the world, to this address and
phone number as well. Documents can be
faxed to Paul Matzner at the Oakland
Museum at (510) 238-2258.
For membership, please complete the
application on the previous page.

VOLUNTEER REQUEST
Are you interested in learning more about
nature sound recording? Volunteer with
the NSS on a variety of projects! Call us
at (510) 238-7482.

Website comments and questions,
e-mail Mark Goddard at:
mgoddard @ sirius.com

CONTRIBUTE!
Get out your quill pen (or word processor)
and make yourself heard in "Nature
Sounds". Do you have skills in recording,
electronics, birding, radio, film, art installation, experimental music, theater, writing, editing, photography or advertising?
Do you have research information which
is appropriate to the issue of conservation
of quiet places or noise impact on animal
life? Are your skills outside these areas,
but you'd like to help anyway? Then its
time for you to volunteer your efforts
the NSS Newsletter!
We will consider articles of any length,
product reviews for recordings and equipment, answers to technical questions, pictures, photographs, you name it!
"Nature Sounds" welcomes your assistance and participation. The Nature
Sounds Society has no paid staff and
exists solely due to the efforts of its volunteers. Call Bill Gilbert at (510) 2227860 or Paul Feyling at (415) 282-1245
for more details.
Bill Gilbert, (Co-editor)
"Nature Sounds" can also
be reached at:
4630 Driftwood Ct.
El Sobrante, CA 94803
E-MAIL: Wmglbrt@aol.com

The NSS w e b s i t e is a t :
www.naturesounds.com/naturesounds/

NATURE SOUNDS SOCIETY
THE OAKLAND MUSEUM OF CALIFORNIA
1000 OAK STREET
OAKLAND, CA 94607
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Outdoor Sound Propagation in the U.S. Civil War
by Charles D. Ross
tudents of military history know that acoustic refraction
and unusual audibility have often played significant roles
in the outcome of battles. Before electrical and wireless
communications became common on the tactical level, the
sound of battle was often the quickest and most efficient method
by which a commander could judge the course of a battle. Troop
dispositions were often made based on the relative intensity of
the sounds from different locations on the battlefield.
Unusual acoustics due to atmospheric conditions or to terrain are sometimes given the catch-all name "acoustic shadows." The first recorded incidence of the phenomenon occurred
during the Four-Day Battle in 1666. The naval battle was fought
between the coasts of England and Holland, and sounds of the
battle were heard clearly at many points throughout England but
not at intervening points. Passengers on a yacht positioned
between the battle and England heard nothing. A number of
other examples have been recorded since that time. Guns fired
at the funeral of Queen Victoria in London in 1901 were
heard in Scotland, but not across a wide region
in between. The German bombardment of
Antwerp in World War I was heard clearly
^
for a 30-mile radius, then beyond 60 miles
from the Belgian city, but not in between.
In the course of my research
for my book on science and
technology in the Civil War,
I noted examples of similar
acoustical phenomena. Some historians were apparently
aware of these incidents, but no one had ever investigated their
causes. By intensive study of war records, regimental histories,
diaries, and period newspapers, I was able to piece together
information allowing me to determine the causes of each
acoustical shadow. The most famous battles during which these
events occurred and affected command decisions were: Seven
Pines, Gettysburg, Iuka, Fort Donelson, Chancellorsville, Five
Forks, and Perryville. Unusual audibility at great distances was
associated with several of these battles and also with the battle
of Gaine's Mill.
In each of these seven battles listed above, the inability of
commanders to hear and interpret the sounds of battle was
directly responsible for the outcome. One might even go so far
as to say the acoustical shadows detennined the course of the

S

entire war. The unusual acoustics at Seven Pines placed
Confederate commander Joseph Johnston in a position of danger when the battle should have been over. Because of
Johnston's wound, Robert E. Lee assumed command of the
Confederate forces two days later.

The Causes of Acoustical Shadows
Acoustical shadows can usually be traced to one or more of
three causes: absorption, wind direction and wind shear, or temperature inversions.
Absorption-Sometimes material between a sound source
and an observer will render the sound inaudible. The material
can be soil (Gettysburg), forest (Five Forks and
Chancellorsville), snow (Fort Donelson) or a variety of other
substances.
Wind direction and wind shear-In general, sounds are
more likely to be heard downwind of a sound
source than upwind. Since winds aloft are
usually faster than at ground level, the
upper part of a sound wave will travel faster
than the lower part when traveling with the wind and
more slowly when against the wind. This will cause a
refraction towards the ground in the former case and
away from the ground in the latter case. Such an effect
was certainly at work at Fort Donelson and Iuka.
Temperature inversions-Sound waves travel
faster in warm air than cool air (the speed (m/s) is
approximately 331.36+0.6067t, where t is temperature
in Celsius). Under most conditions, the air temperature
decreases as altitude increases. This causes sound waves to
refract upwards and decreases audibility along the ground at a
distance. Sometimes, however, the temperature is higher above
the ground than near the ground-a condition called a temperature inversion. The effect is to bend sound waves back towards
the ground and increase audibility. Temperature inversions are
common on clear, cool nights (and the mornings following
them) and during widespread rainstorms (at Gettysburg and
Seven Pines, for example, and also at the battle of Perryville,
Kentucky in 1862).
Sometimes upwardly refracted waves hit a warmer layer
higher up and are refracted back down, creating rings of audibility, as in the battle of Gettysburg as well as in the European
examples previously described.
continued on page 4

Society Pages
We hear that...

From the Editor

Allan Pierce has been named the Society's Editor-inChief. (The announcement occurred too late to prepare a full
story in this issue, but Allan is so well known in the Society
that he probably doesn't need an introduction anyway).
Congratulations, Allan!
New associate editors include James Hieronymous
(speech processing), Sid Bacon (psychological acoustics).
Paul Remington (Psychological acoustics) and Mack
Breazeale (nonlinear acoustics) have been reappointed for
new 3-year terms.
William Lang has announced his retirement as treasurer effective December 31 st. Paul Ostergaard has agreed to
serve as interim treasurer.
Membership in the Society has increased by 2.7% during
the past year.
Rick Wells and Brad Beattie have recently joined the
consulting firm of McKay Conant Brook, Inc., Westlake
Village, CA. Rick was formerly with Acromedia System, and
Brad has recently completed his master's degree at Tulane.

Although most of our contributions are invited (i.e., they
result from arm twisting by the Editor), we encourage unsolicited contributions from our readers! Letters to the Editor
that raise interesting questions, express thoughtful opinions,
or stimulate discussion are especially encouraged. Our only
rules are: keep them interesting, keep them short. Photos are
welcome; whether we run them depends upon the amount of
other material we receive.
Contributions from readers tend to come in spurts.
Understandably, there are not many in this issue on account
of the Holidays. As you know, we publish four issues per
year. Our publication schedule (and hence our deadlines)
pretty much follow the ASA meeting schedule. You can generally figure deadlines will occur two months before a meeting and a month or so after a meeting. Submissions by email
are welcomed. If you send attachments, it is probably best to
attach plain text to assure that they can be easily read.

Student Workshop at Tanglewood

Your editor was privileged to attend a National
Symposium on Acoustics (NSA 98) in Calcutta, Dec. 18-20,
and to present two papers. The symposium, organized by the
Acoustical Society of India, the Sangeet Research Academy,
and the Indian Statistical Institute, was held at the Indian
Association for the Cultivation of Science. The Inaugural
Session included an address by the Governor of West
Bengal, who also lighted the ceremonial lamp. On the final
evening, we enjoyed a banquet and a concert of Indian music
and dance. Proceedings of NSA 98 were published in the
Journal of the Acoustical Society of India 26 (3,4) 1998. I
felt particularly honored to be named an Honorary Fellow of
the Society.
At the Symposium, I met several members of the
Madras-India Chapter of ASA, the only local chapter outside
of the United States. The chapter, formed in 1995, holds an
annual technical meeting, which is attended by acousticians
from the rest of India as well.

The newly established Concert Hall Acoustics Summer
Institute has announced a summer student workshop at
Tanglewood, the summer home of the Boston Symphony
Orchestra, August 29-September 1, 1999. Sponsors include the
ASA Technical Committee on Architectural Acoustics and the
NCAC. This educational program will be supported by the
Newman Student Award Fund, along with a consortium of
acoustical consultants and research organizations.
Participants will have the opportunity to attend concerts at
Tanglewood and to perform acoustical measurements at the
Serge Koussevitzky Concert Shed, the Seiji Ozawa Concert
Hall, and other buildings within this campus setting. At least
five students will receive fellowships to attend without charge.
Additional participants will be selected from applicants.
Application
forms
and
additional
information
are available from Timothy J. Foulkes, 327F Boston
Post Road, Sudbury, MA 01776 (978-443-7871) or
rfoulkes@cavtocci.com

Acoustics in India

ECHOES
Newsletter of the Acoustical Society of America
Provided as a benefit of membership to ASA members
The Acoustical Society of America was organized in 1929 to
increase and diffuse the knowledge of acoustics and to
promote its practical applications.
Echoes Editor
Thomas Rossing
Graphic Design
Jim Nelson
Printing
Ram Offset
ASA Editor-in Chief
Allan Pierce
Phone inquiries: 516-576-2360. Article submissions and
correspondence should be directed to Echoes Editor,
Acoustical Society of America, 500 Sunnyside Blvd.,
Woodbury, NY 11797

2

Four generations of Ph.Ds in acoustics, all students of David Bies or students of his students, at a reunion held during the Norfolk ASA meeting. Left
to right: Jeff Vipperman (Pittsburgh), Ken Frampton (Vanderhilt), Rob Clark
(Duke), Chris Fuller (Virginia Tech), David Bies (Adelaide), Dave Cox
(NASA), and Gaty Gibbs (NASA).

ECHOES

In Memorium
Daniel Martin (1918-1999)
Another stalwart member of the Acoustical Society has completed a
full lifetime of service and has left us. He will surely be missed, but we
will benefit from the fruits of his labors for many years to come!
Dan graduated from Harbor Springs, Michigan in 1934, and continued his education at Georgetown (KY) College, where he graduated
summa cum laude in 1937, with majors in physics and mathematics. He
received his MS (1939) and PhD (1941) in physics from the University
of Illinois, and it was during the Illinois years that he became an acoustician, mainly due to the influence of Professor Floyd Watson. He assisted
Watson in acoustical tests on the Purdue Music Hall, Indianapolis
Coliseum, and Indiana University Auditorium.
From 1941 until 1949 he worked for RCA Victor Division in
Indianapolis and Camden NJ. In 1949 he joined Baldwin Piano & Organ
Company in Cincinnati, and remained with them until his retirement in
1983. He published his first papers, on brass instruments, in the Journal
(as he liked to have it called) in 1942. Besides his 14 years of service as
Editor-in-Chief, he wrote over 3500 reviews of acoustical patents for the
Journal from 1951 to the present.
He has received many honors, including Fellowship in the
Acoustical Society of America (1950), IEEE (1957), and the Audio
Engineering Society (1963); a Distinguished Service Citation from the
Acoustical Society (1989); an honorary Doctor of Science degree from
Georgetown College (1981); and listing in Who's Who in America and Who's Who in Engineering.
He has served as President of the Acoustical Society (1984-85) as well as the Audio Engineering Society (1964-65). He
chaired a national convention of the Audio Engineering Society (1964), and he served as Technical Program Chairman of the
ASA meeting in Cincinnati (1983). He was a Registered Professional Engineer in Ohio, and he taught part-time at Purdue
University (Indianapolis extension) and the University of Cincinnati Conservatory of Music.
A message from the President
The following message was sent to ASA members on the electronic mailing
list. We reproduce it here for the sake of readers who missed it.

Dan Martin, Editor-in-Chief of the Acoustical Society of
America, died on January 7th of cancer at the age of 80. He
will be truly missed by the Society both for the excellence of
his many contributions, and for his friendship and thoughtfulness. He will be most remembered for, and was most passionate about, his job as Editor-in-Chief of the Journal of the
Acoustical Society of America. Dan, with the help of his wife
Martha, worked on all aspects of the Journal since the time he
was selected to be Editor-in-Chief in 1985 after the death of
the previous editor, Bruce Lindsay.
When Dan began as editor, he had just served as
President of the Society. Besides being head of the Journal
and the Editorial Board, he was also responsible for the
Patent Review section, reviewing thousands of patents. There
are many other facts about Dan's involvement in the Society
and acoustics, and these will appear in an obituary in the
Journal. Dan was very active in Musical Acoustics, and a special session honoring Dan will be held at the ASA meeting in
Columbus, Ohio this Fall.
Last year Dan announced that he planned to retire at the
end of 1999. The Search Committee selected Allan Pierce to
be the new Editor-in-Chief last year and his appointment has
been made by the Executive Council.
The President and Vice President of the Society attended

the funeral for Dan Martin on 9 January. A memorial fund has
been established in Dan's name with the Acoustical Society
Foundation, and contributions may be sent to the following
address:
DAN MARTIN MEMORIAL FUND
Acoustical Society Foundation
11 St. Ebbas Drive
PenfiekLNY 14526-9786
James E. West, President, Acoustical Society of America
ASA represented at Dan Martin's funeral
ASA president James West and vice-president William
Hartmann represented the Society at the funeral of Daniel
Martin at Washington Presbyterian Church on January 9. The
service was conducted by the Rev. Dr. Paul Hammer. Bill
describes Dan's church (for more than 40 years) as having a
colonial neo-classical motif and an organ with a big classical
German diapason sound.
Besides the familiar hymns "The Church's One
Foundation" and "For All the Saints," the congregation sang
a hymn "Thanks, God, for Life" composed by Dan in 1980.
A male quartet sang "Were You There" and "Nearer My God
to Thee" with barbershop harmonies, and one imagines that
Dan may have sung barbershop with some of that group at
one time or another. Dan's wife Martha, his three children,
and numerous grandchildren were present at the funeral.
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(...Civil War continued from page I

Five Forks
The scene-Oa April 1, 1865, Confederate forces under
Major General George Pickett held the far western flank of
General Robert E. Lee's Petersburg defenses. Pickett's forces
were at Five Forks, the intersection of five country roads, located about 12 miles from Petersburg. Lee's forces were stretched
thin, and protecting this right flank was crucial to maintaining
the integrity of the Confederate position and the safety of the
capital in Richmond. Holding the position also offered Lee the
possibility of slipping away to the southwest and joining up
with forces under General Joseph E. Johnston in North
Carolina.
Wary of the threat of losing Lee after having had him
clamped down around Petersburg for almost a year, Union
General Ulysses S. Grant sent cavalry under Major General
Philip Sheridan to probe the position at Five Forks. After being
repulsed on March 31, Sheridan infonned Grant that he could
turn the Confederate right if he had support from an infantry
corps. Accordingly, by the morning of April 1, the Union V
Corps under G. K. Warren was arriving on the scene.
Wlwt happened-The Confederates were entrenched at Five
Forks, with cavalry units dug in on the flanks, Pickett's infantry
in the center, and reserves under Brigadier Thomas Rosser
behind Pickett's men. On the morning of April 1, Rosser invited Pickett and Major General Fitzhugh Lee (in command of the
cavalry) to his position (on a stream a mile behind the lines) to
a "shad bake" or fish roast. Despite the imminent danger from
the enemy, both generals inexplicably accepted the offer. When
Sheridan and Warren began their attack in mid-afternoon, the
Confederate commanders were blissfully unaware of their
impending doom. In between the front lines and Rosser's position was a dense pine forest which completely absorbed the
sound of small arms fire. In the crucial opening minutes of the
battle, the leaderless Confederates were overwhelmed by Union
forces on their left. The battle of Five Forks quickly turned into
a rout and signaled the beginning of the end for Lee's army.
With his flank turned, Lee was forced to abandon Petersburg
and Richmond and flee to the west. Eight days later, Grant and
Sheridan caught the Confederates at Appomattox Court House,
where Lee surrendered.

troops outnumbered the Confederates, Hooker seemed momentarily stunned by the opposition and halted his men in a defensive position along the Orange Turnpike. The next day Lee
gambled again. He sent forces under Lieutenant General
Thomas J. "Stonewall" Jackson on one of history's greatest
flanking attacks. Using a guide and traveling over little-known
fann roads, Jackson managed to get his men on the left flank of
the Union position without being detected. Near sundown on
May 2, Jackson's forces attacked, rolling up the stunned Union
army. Hooker, at Chancellorsville, was shielded from the
sounds of battle by the dense forest known locally as "The
Wilderness" and first became aware of the rout as panic-stricken Federal soldiers overran his position. There was undoubtedly a refractive effect at work on this day as well: Confederate
Major General Cadmus Wilcox, 10 miles to the east near
Fredericksburg, noted the sounds of battle clearly. This refraction may have been due to wind shear (high winds kept Union
balloonists grounded).

Seven Pines
The scene-After the Union debacle at Bull Run, George C.
McClellan was placed in command of the forces around
Washington. Rather than move towards Richmond directly
overland, McClellan decided to save his infantry some work by
shipping them to the peninsula southeast of Richmond to begin
his attack from there. Working against the able but cautious
Confederate General Joseph E. Johnston, McClellan's men
worked their way slowly but steadily up the peninsula until by
late May 1862 Mc Clellan could hear the clocks of Richmond
striking from his headquarters. Under pressure from the
Confederate government to take some action to save the capital,
Johnston mapped out a plan. He fonnulated a three-pronged
attack in which Confederate forces would be funneled by three
different roads towards a convergence on the Union forces at
the intersection called Seven Pines.
What happened-The plan was complex and required perfect timing on the part of Johnston's subordinates. Instead, what
Johnston got was bickering and arguments about seniority
among the Confederate generals as their troops ran into each
other and blocked each other's routes. Still, by early afternoon
the Confederates had managed to attack and were holding their
own against the Federals. Johnston, at his headquarters near
Chancellorsville
The scene-Spring of 1863 found the Union Army of the Fair Oaks a few miles from the front lines, did not hear the batPotomac and the Confederate Army of Northern Virginia in a tle and could not be convinced by others that a fight was raging.
standoff across the Rappahannock River at Fredericksburg. He held key reserves back until a desperate note from Major
After the crushing Union defeat there in December 1862, Union General James Longstreet at 4 o'clock convinced him that a batmorale was low. The new Union commander, Major General tle was indeed underway. By then it was too late; the Federals
Joseph Hooker, unveiled a plan designed to surprise and crush had been reinforced by troops under Edwin Sumner, and the
the Confederate forces. Leaving a large force in front of battle ended in a draw. Near dusk, Johnston went to observe the
Fredericksburg, in late April he took five infantry corps upriver closing moments of the conflict and was seriously wounded.
and crossed fords to the southern bank. Confederate command- Two days later, Robert E. Lee assumed command of the
er Robert E. Lee was not aware of the maneuver until the Confederate forces, replacing the wounded Johnston.
The battle, silent to Johnston two miles from the front, was
Federals were already over the river. Lee now had an enemy
force in front of him and one on his left flank, each larger than heard clearly by citizens of Richmond ten miles to the west and
his whole army. It seemed his only choices were either to retreat to Federals as far to the east. The probable cause was a temperature inversion bending the sound back to the ground. On the
towards Richmond or be crushed in the Union vise.
What happened-Defy'mg conventional military strategy, night before the battle, a violent thunderstorm (many soldiers
Lee separated his forces despite being outnumbered. Leaving a said it was the worst they had ever seen) raged over the area.
small force on the heights behind Fredericksburg, Lee took the The day of the battle dawned with widespread, low cloud
rest of his army to meet Hooker head on. The armies clashed on cover-ideal conditions for a low- atmosphere temperature
May 1 near the crossroads of Chancellorsville. Though his inversion.
continued on next page
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Gettysburg
The scene-\n the summer of 1863, the Confederacy was in
dire straits. The vital garrison at Vicksburg, Mississippi was
under siege and near collapse. In the east, things looked better,
but the situation was still bad. The Army of Northern Virginia
had withstood all Union attempts to take the war to Richmond,
but General Robert E. Lee knew that he faced an uphill battle.
The Union seemed to have a never-ending supply of men ready
to volunteer, filling holes in the ranks, while the Confederate
rosters dwindled to ever-smaller numbers. And the war-ravaged
land north of Richmond could not long support his men and
horses.
In the hopes of relieving the pressure on Vicksburg and
giving his men access to the fertile bounty of the north, Lee
decided to invade Pennsylvania. The Confederates and the
Union troops, now under Major General George Meade, met at
the town of Gettysburg. The Confederates had the better of it on
the first day, but the Federals dug in along a series of hills and
ridges behind Gettysburg.
What happened-My 2 dawned hot and sunny, and Lee had
a plan for dislodging the Union army from its perch. While
forces on the Confederate left under Lieutenant General
Richard S. Ewell made a show of force, troops under Lieutenant
General James Longstreet on the Confederate right would
attack and take the virtually unoccupied Round Top mountains
at the south end of Cemetery Ridge. Confederate artillery would
be able to sweep Meade's men from the hills. Ewell's demonstration was to begin when he heard the artillery barrage which
would signal the beginning of Longstreet's attack. For a long
time after Longstreet had begun his attack, Ewell heard nothing,
and hence did not move his troops. As a result, Meade was able
to shift troops from the right of his line down towards the Round
Tops, just in the nick of time to defeat Longstreet's attack.
Ewell's inability to hear Longstreet's artillery appears to
stem first from the shielding effects of Cemetery Ridge and
Gulp's Hill between the two Confederate forces. More importantly, the hot temperatures near the ground probably caused a
dramatic upward refraction of sound waves. Upon hitting
another warm layer higher up, these waves could be refracted
back downwards. On the previous day, Meade had been unable
to hear the Gettysburg fighting from his position at Taneytown
(12 miles away), yet the battle was clearly audible in Pittsburgh,
150 miles from Gettysburg.
luka
The scene-ln September of 1862, Confederate forces under
Major General Sterling Price struck and ran off the small Union
garrison at luka, Mississippi. After confiscating supplies left
behind by the Federals, Price decided to stay put in luka until he
received orders for his next move. Twenty miles away, someone
was making plans for Price, but not of the type he expected.
Ulysses S. Grant, headquartered at Corinth, decided that Price's
resting period would be a perfect time to strike and annihilate
his forces. Though Grant had only 17,000 men on hand (Price
had 15,000), he had an idea for a trap that would ensure Price's
defeat. While forces under Major General Edward Ord
approached luka from Corinth in the northwest, the other half of
Grant's force under Brigadier General William Rosecrans
would swing around and approach luka from the south, trapping
Price from the rear. On September 17, Grant put the plan in
motion.

What happened-Follow'mg Grant's plan, Ord stopped his
battle lines four miles from luka and waited for the sounds of
battle between Price and Rosecrans before proceeding (Grant
wanted to make sure that the southern escape route was blocked
before striking from the north). Late in the afternoon, Ord saw
dense clouds of smoke coming from luka but assumed that
Price was burning his supplies to keep them out of Union hands.
In fact, Price and Rosecrans had been engaged for several
hours, but Ord was unable to hear the battle. A strong wind
blowing from the northwest had carried the sounds of battle
away from Ord and Grant. When Grant finally learned the next
morning that Rosecrans had been in a fight with Price, he
immediately ordered both forces to advance. The Union troops
met only each other; Price and his men had slipped out between
them during the night.
Fort Donelson
The scene-\n early February 1862, Union forces under
Brigadier General Ulysses S. Grant had easily taken
Confederate Fort Henry on the Tennessee River and reestablished the Stars and Stripes on Tennessee soil. Twelve miles to
the east was Fort Donelson (on the Cumberland River), which
Grant also vowed to take. If both the forts fell into Union hands,
the Federals would have control over both rivers, providing
valuable transportation arteries into the heart of the
Confederacy. While Grant's men surrounded Donelson on three
sides, gunboats under Flag Officer Andrew Foote steamed
down the Cumberland to attack the fort from the fourth side.
After their easy submission of low-lying Fort Henry, the gunboats were believed by both sides to be nearly invincible. To
their surprise, the gunners in Fort Donelson, elevated much
higher above the water than Fort Henry, shot the Union boats to
pieces. Elated, the Confederates planned a breakout through the
Union lines for the next day, February 14.
What happened-Nurs'mg their wounds, Foote's sailors
steamed five miles north of Fort Donelson to regroup. Not suspecting that the Confederates might go on the offensive from
their precarious position, Grant rode north at dawn on February
14 to confer with Foote and plan the next move of the siege. At
Fort Donelson, Confederate commander John Floyd planned
for forces under Brigadier General Gideon Pillow to force a
breakthrough towards the south while troops under Simon
Bolivar Buckner held the other Union forces in position and
then forced their way through the same opening. Attacking in
early morning, the battle raged between Pillow and Union
forces under John McClernand for over three hours before
McClemand's men gave way. Grant was completely unaware of
the battle; five miles away he could hear nothing. This due to
two factors. On the previous day , a spring snow had blanketed
the ground, absorbing sound in all directions. Also, a howling
wind blew from north to south, carrying sounds away from
grant and refracting sounds upwards. Only indecision by Pillow
and Buckner at the crucial moment prevented the entire
Confederate force from escaping. Notified by courier, Grant
raced back to the battlefield and reorganized his men to the
point where they drove the Confederates back into the fort, forcing their surrender the next day.
Charles Ross is assistant professor of physics at Longwood
College in Farmville, Viiginia. His hook, Trial by Fire: Science,
Technology and the Civil War (White Mane Publishing Co.) is
due out in late Fall 1999. "
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Scanning the Journals
Thomas D. Rossing
• Researchers at the Naval Postgraduate School report observing the acoustic analogue of the Casimir effect in a paper in
Physics Letters A248, 151. Andres Larraza and Bruce Denardo
produced a uniform acoustic filed inside a large steel tank and
measured the force between two aluminum plates 15 cm in
diameter as the separation between them was increased. When
the separation was so small that no waves could exist between
the plates, the force was independent of distance, but as the
separation was increased, the force became repulsive and then
attractive. The repulsive force at small separations is not seen
in the normal Casimir effect, which describes the force on
plates in an electromagnetic field. The experiments are also
reported in a paper by Larraza, Holmes, Susbilla, and Denardo
in J. Acoust. Soc. 103, 2267 and are the subject of a story by
Stephen Battersby in the November 28 issue of New Scientist.
• Comparisons of gyro-scale acoustic and direct thermal
measurements of heat content in the Pacific Ocean, satellite
altimeter measurements of sea surface height, and results from
a general circulation model show that only about half of the
seasonal and year-to-year changes in sea level are attributable
to thermal expansion, according to a paper in the August 28
issue of Science by the ATOC Consortium. Fifteen months of
acoustic data from the Acoustic Thermometry of Ocean
Climate (ATOC) project are compared with an oceanic general
circulation model. Ocean acoustic tomography has the ability to
sample and average the large-scale oceanic thermal structure,
synoptically, along several sections and at regular intervals.
• At speeds around 200 km/hr, Gennan Transrapid TR07
maglev trains were found to be 7 dB(A) quieter at 25 m than
an InterCity (ICE) train at the same distance, and over 10 dB
quieter than the French TGV-A, according to an article in the
August issue of Sound and Vibration. Even when operating at
a speed of 400 km/hr, the ambient noise, where the track is
routed along a highway, is increased by only 1 dB(A). Nearly
all of the noise of the magnetically-levitated vehicle is aerodynamic noise. Measurements were made at the Emsland
Transrapid Testing Center.
• By playing synthetic vowel sounds that rose or fell in level,
John Neuhoff (Lafayette College) showed that listeners overestimate the change in level of sounds that get louder as compared to sounds that start loud and get softer (Nature 395, 123).
The results suggest that there is an asymmetry in the neural
coding of harmonic rising and falling intensity sweeps, either
in the response patterns of the peripheral auditory system, or in
the summation of these patterns higher in the auditory pathway.
The asymmetry occurred with harmonic sounds but not with
broadband noise. Neuhoff suggests that in a natural environment this overestimation could provide a selective advantage
because rising intensity can signal an approaching sound
source, such as an approaching predator.
• Observation of third sound in superfluid "He ("helium-3") is
reported by A. M. R. Schechter, R. W. Simmonds, R. E.
Packard, and J. C. Davis, University of California, Berkeley, in
a letter in Nature, 10 December. "Third sound" is the name
given to a surface wave traveling on a thin superfluid film. The
superfluid component oscillates parallel to the substrate while
the normal-fluid component held stationary by viscosity. Third
sound has proven to be a powerful probe of fundamental phenomena in superfluid 'He. The number and significance of
these has stimulated strong interest in whether similar surface
waves can exist in films of superfluid 'He.
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To search for third sound in 'He, the authors used a thin
film of'He on the flat top surface of a polished copper disk. An
oscillating electrical force was applied to the film. Several resonant modes, analogous to those in a drum head, with frequencies varying with changing temperature, were observed.
According to the authors, the observation of third sound in
superfluid 'He should open the door to the study of a number
of important phenomena for which no experimental technique
was previously available. These include the limit on how thin
a 'He film can be made and still remain superfluid, the transition to two-dimensional superfluidity, the superfluid analogue
of the quantum Hall effect, and the potential for two-dimensional 'He superfluidity in submonolayer coverages.
• Using an open-earphone technique that allows sound to be
presented either from a real free-field source or as a virtual
image, Abhijit Kulkarni and H. Steven Colbum (Boston
University) have shown that head-related transfer functions
(HRTFs) can be smoothed significantly in frequency without
affecting the perceived location of a sound, according to a letter in the 24/31 December issue of Nature. The researchers
delivered the virtual sounds into the ear canal through small
tubes so that, without removing the tube-phones, sounds originating from an external speaker could enter the ear unimpeded.
They found that listeners could not distinguish real from virtual sources until the HRTF has lost most of its detailed variation
in frequency, at which time the perceived elevation of the
image was the reported cue. This suggests that for an accurate
reproduction of real three-dimensional auditory space, a virtual space signal need compensate for only the most prominent
features of the individual listener's HRTF. (See discussion of
HRTFs in the Spring 1998 issue of Echoes).
• Ever since the principle of thermoacoustic refrigeration was
pioneered during the 1980s by the late John Wheatley and his
colleagues at the Los Alamos National Laboratory, there has
been considerable interest in developing practical refrigerators
in which loudspeakers replace rotating machinery. A small
thermoacoustic refrigerator, in fact, was tested aboard space
shuttle Discovery (see the Summer 1992 issue of Echoes).
Until recently, thermoacoustic refrigerators used a closed
acoustic resonator with two heat exchangers and filled with a
gas mixture such as helium-argon or helium-xenon. The system is designed to receive heat at low temperature and to reject
it at higher temperature while absorbing acoustic power supplied by the loudspeakers. There is a theoretical lower limit
(based on the Carnot cycle) to the work required to produce a
desired cooling power, so the power required depends upon the
temperature difference.
Recent experiments at Los Alamos demonstrated a new
arrangement in which the resonator is opened at both ends and
the flowing gas stream to be cooled is used as the thermoacoustic work gas. The thermodynamic lower bound on the
required power is now reduced by about one-half. The new
arrangement eliminates the cold heat exchanger that previously carried heat from the gas being cooled to the thermoacoustic
gas. These experiments, reported by R. S. Reid, W. C. Ward,
and G. W. Swift in the May 25 issue of Physical Review
Letters, are also discussed in an article in the August 13 issue
of Nature. The authors expect that the concept of cyclic thermodynamics with open flow can be used with Stirling and
Rankine cycles as well as with the Brayton-like thermoacoustic
cycle used in their experiments.
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Berlin
Berlin:
The Largest Acoustics Meeting Ever Held
With 1953 papers, the joint meeting of the ASA and the
EAA Forum Acusticum in Berlin, March 14-19, promises to
be the largest acoustics meeting ever held! The Seattle
ASA/ICA meeting, with 1504 papers will move into second
place. More important, the Berlin meeting program will stand
out for quality as well as quantity. From the gala opening session to the banquet in a medieval fortress, the meeting offers
a full program of social activities as well as technical tours.
The technical program includes nearly 100 special sessions,
plus lecture sessions, poster session, and a short course on
thermoacoustics. In addition to the paper copy service, a CDROM of voluntary preprints will be produced.
Integrated into the meeting will be the 25th anniversary
meeting of DAGA (German acoustics meeting). The ASA
and European technical committees will meet to discuss
international issues in acoustics. There will be awards for best
student papers.
See and Hear the Famous
Berlin Phiiharmonie
The Opening Session of the joint ASA Meeting and EAA
Forum Acusticum, on March 15, 1999, will take place in the
well-known concert hall of the Berlin Philharmonic.
Following the official part of the opening, the hall and its
acoustics will be presented in a plenary lecture by Profs.
Helmut Midler and Jiirgen Meyer with assistance of the
Hanover Youth Symphony Orchestra.
The Berlin Phiiharmonie, designed by architect Hans
Scharoun, was a milestone in concert hall design. In this concert hall, built 40 years ago, the audience surrounds the
orchestra. Much of the credit that the Scharoun design, which
won first prize in architects' competition, was actually built
goes to Herbert von Karajan, director of the Berliner
Philharmoniker at the time. Of course there have been some
severe room acoustical difficulties, which were solved by
acousticians Lothar Cremer and Fritz Winckel. Due to the
fruitful cooperation between architect and acousticians, the
room acoustical problems were solved, so that this hall has
become a model for many later concert halls.
In the first part of the lecture, the history, the peculiari-

ties, and room acoustical data will be presented. In the second
part of the lecture, the acoustical properties of the hall will be
explained from the musical point of view and demonstrated
by short sound examples played by an orchestra. Effects such
as the interaction of dynamic levels and reverberation, masking or clarity of fast musical figures, blending of woodwind
sounds to an integrated new tone color, localization of instruments, spatial impression during long crescendo passages and
the development of the full orchestral sound will be shown as
well as the freedom from echoes and audible background
noise. As the hall is particularly suitable for romantic music,
the sound examples will be taken from the 4th Symphony of
Johannes Brahms, and a whole movement of this Symphony
will be performed by the orchestra conducted by Jiirgen Meyer.

Workshops and Satellite Conferences
Integrated into the ASA/EAA meeting is a workshop on
Active Noise and Vibration Control. Approximately 100
technical papers, covering current aspects and latest developments of active noise and vibration control, will give a broad
overview of current activities.
The 2nd International Conference on Voice Physiology
and Biomechanics will be held at the Hotel Albrechtshof in
Berlin, March 12-14. According to the organizers, 30 oral
papers and 10 poster papers have been accepted for this conference. About 50 participants are expected, and registration
is still open, [http://itb.biologie.hu-berlin.de]
The one-day workshop on Auditory Display announced
in the Call for Papers has been cancelled.

Acoustics in the News
•"Ancient Instruments Yielding Secrets of Their Music" is
the title of an article by William Broad in the New York Times
of January 19. The article focuses on flutes ("and their kin,
including whistles, ocarinas, recorders and pipe organs") and
features the research of Marc-Pierre Verge and Avraham
(Miko) Hirschberg, as well as Julius Smith, Perry Cook, and
Benoit Fabre, all familiar names to musical acousticians and
other readers of the Journal. The article points out how makers of electronic and acoustic musical instruments, such as
Yamaha, are making good use of the results of research on

wind instruments being done in Japan, Europe, and Canada as
well as in the United States.
The article presents to Times readers some of the remarkable schlieren photographs of air jets in flute-type instruments that many of us have enjoyed in the "World of Sound"
calendar. "It was by looking at the pictures that we noticed
many, many things that weren't obvious at first." Verge is
quoted as saying. His new company, Applied Acoustics
Systems Inc. in Montreal, is soon to release music-making
software based on physical modeling. But the flute research
continual on hack page
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Acoustics in the News
continued from previous page

has uses beyond music and pleasure: the models of turbulent
noise and note generation can be applied to industrial design,
where ventilation system as well as gas and water pipes often
develop unwanted sounds.
• The ATOC experiments have proved that sound can be
used to measure the temperature of the world's oceans and
detect long-term climate change, but the project has spent so
much money meeting demands by environmental groups that
its leaders expect to end the program a year from now,
according to a story in the October 27 issue of The New York
Times. ATOC results, reported at the 1998 Ocean Sciences
Meeting, February 9-13 and published in the Feb. 27 issue of
Science indicated that temperature readings of the Pacific
Ocean are even more precise than projected and that marine
mammals apparently aren't bothered by the sounds (see
Echoes, Spring 1998). Nevertheless the experiment aroused
strong opposition from several environmental organizations.
After spending $2.9 million from its acoustic research budget on animal studies and legal expenses, ATOC finally began
its experiment in 1995, modified to comply with the requests
of environmentalists.
• To provide relief for tinnitus sufferers, ADM Tronics has
developed a device that introduces sound-canceling vibrations to the cochlea through the mastoid bone behind the ear,
according to an article in the August 8 issue of New Scientist.
The user adjusts the frequency of the probe until the sound is
minimized. Unlike devices introduced into the ear canal, this
device would not interfere with ordinary hearing, it is
claimed. ADM Tronics is hoping to get permission from the
US FDA to market the device as a short-term solution while
clinical trials test the lasting effects, according to Alfonso Di
Mino, the inventor.
• The resort town of Winter Park, Colorado has passed an
ordinance against the blowing of train whistles in town and
threatening engineers with a $300 fine or 90 days in jail if
they do so, according to an AP story in the Boston Globe
(August 22) and other papers. The Moffat Tunnel under the
Continental Divide routes heavy Denver-Salt Lake City train
traffic through this popular ski resort town, and the Union
Pacific Railroad has been routing more trains through the
town since another route closed down. The railroad points out
that Federal law requires train engineers to blow their horns a
quarter-mile from a crossing to warn drivers and pedestrians,
however, and Winter Park has three crossing, one without
signals. Since Federal law supersedes local ordinance, the
railroad will ignore the ordinance.

ACOUSTICALSOCTETYOFAMERICA
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WOODBURY, NEW YORK 11797

• A team of physicians at the Naval Medical Center in San
Diego have developed a technique that may be able to save
delicate hair cells that have been damaged by loud sounds,
according to a report in the September 1 New York Times.
Miniature catheters are inserted deep into the ears of guinea
pigs and chinchillas, through which antioxidant drugs can be
introduced to counteract toxic compounds generated by
sound-induced injury. The research team of navy and army
physicians who developed this technique is headed by Col.
Richard Kopke. The military is especially interested in treating hearing and other ear problems that affect more than 11
percent of members of the armed services and cost an estimated $1.5 billion a year in compensation, retraining and
equipment costs.
• Two new fibre-optic sensor for ultrasound detection with
high spatial and temporal resolution have been developed at
the Physikalisch-Technische Bundesanstalt in Braunschweig,
according to an article in the PTB News (98.2). One sensor
uses a metal coated tip of a fibre which forms the measuring
arm of a Michelson interferometer. The second sensor system
uses dielectric optical layers deposited on the fibre tip forming a Fabry-Perot interferometer. These small-sized sensors
are intended for precise measurement of the sound pressure in
ultrasonic fields in medical and technical applications.
• A rather interesting article on the nature and uses of intense
acoustic waves by two Russian authors appears in the
September/October issue of Quantum magazine, a magazine
for high school science students (see Fall 1998 issue of
Echoes). The article considers some applications of ultrasound, including ultrasonic imaging, parametric radiators and
antennas, ultrasonic surface cleaning, hole drilling, and kidney stone therapy. Quantum is jointly published in English
and Russian (under the title Kvant).
• Scientists at Leeds University in England are exploring
alternatives to the traditional sound of sirens on police, fire,
and other emergency vehicles, according to an article in the
online edition of Washington Post for September 23. They
have observed that motorists have considerable difficulty in
localizing sound of traditional sirens, whereas white noise is
more easily localized because it covers a wider range of frequency. Better yet is a warning sound that combines white
noise with the authority of a traditional siren and goes something like: "wow-wow-sheesh." According to the National
Fire Protection Association, the number of accidents involving emergency vehicles rose about 25 percent from 11,325 in
1990 to 14,200 in 1996.
Non-Profit Org.
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This section of the Nature of Sound Education Plan Materials is reserved for a future copy of Reference
Manual 47: SoundScape Preservation and Noise Management, which is currently under development.
National Park Service employees may review the draft on the NPS INTRANET site (See INFOZONE:
Reference Desk: Policy Guidance). The policy and director's order information will be an invaluable
reference for explaining NPS decisions and actions related to the preservation of natural sounds and the
management of noise in national parks.
When finalized, the instructions will address noise management planning; interim noise management;
inventory, monitoring and evaluation; constructive engagement; air tour management planning; education;
and military overflight impact mitigation.
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N a t i o n a l Park Service
Works to Protect N a t u r a l S o u n d E n v i r o n m e n t s

The National Park Service is undertaking greater efforts to protect and maintain the natural
sound environment in national parks. Agency officials are concerned that noise from many
internal and external sources is resulting in a degradation of the natural and cultural resources of national parks as well as affecting the visitor experience in those areas.

2
"Natural sounds are part of the special places we preserve," said National Park Service
Director Robert Stanton. "Rustling winds in the canyons and the rush of waters in the rivers
are the heartbeat and breath of some of our most valuable resources," he added.
As more people visit national parks and the use of transportation in, around, and above the
parks increases, the NPS must work harder to preserve natural sound environments. The Park
Service must educate visitors, concessionaires, and other interests about the value of these
diminishing resources and the need to protect them.
Results of a 1995 NPS visitor survey show that over 90 percent of park visitors considered
enjoyment of natural quiet and the sounds of nature, and viewing natural scenery, as important reasons for visiting NPS areas. A 1998 survey of the American public by Colorado State
University supports the NPS survey, finding that 72 percent of people surveyed regard
opportunities to experience natural peace and the sounds of nature as an important reason for
having national parks.
"Sources of noise are being identified," said Director Stanton. "Intruding noise sources are of
particular concern in park areas where preservation of natural sounds is a management
objective." Park Service officials are even examining their own sources of noise. Maintenance
operations, vehicles, aviation use, and other activities will be evaluated in some areas of
certain national parks.
The NPS mission directs the agency to protect natural quiet and to allow visitors the opportunity to hear the sounds of nature and the sounds meaningful in cultural settings with a
minimum of intrusions. Because some noise sources occasionally intrude into even the most
remote corners of national parks, protecting and maintaining natural sound environments will
aid the preservation of park resources and the visitor experience. ^
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N P S Briefing

Statement

Preservation or Natural Sounds and Noise Management

June, 1999

ISSUE

The National Park service recognizes that the natural sounds in national parks, physical resources
of natural systems, are threatened in an increasing number of parks. Whether the loss is slow and
incremental or sudden, parks are impacted by human-caused noise which must now be addressed
through planning and management.
NPS

POUCY

"The NPS will preserve the natural ambient soundscapes, a natural resource of the parks, which
exist in the absence of human-caused sound. The natural ambient soundscape is the aggregate of
all the natural sounds that occur in parks, together with the physical capacity for transmitting
natural sounds . . . The NPS will restore degraded soundscapes to the natural ambient condition
wherever possible and will protect natural soundscapes from degradation due to human-caused
noise."

w
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"Using appropriate management planning, parks will identify what levels of human-caused sound
can be accepted within the management purposes of parks. The frequencies, magnitudes, and
durations of human-caused sound considered acceptable will vary throughout the parks, being
generally greater in developed areas and generally lesser in undeveloped areas. NPS will monitor
those human activities that generate noise (undesirable human-caused sounds) which adversely
affects park soundscapes, including noise caused by mechanical or electronic devices. NPS will
take action to prevent or minimize all noise that through frequency, magnitude, or duration, adversely affects the natural ambient soundscape, other park resources or values, or exceeds levels
that have been identified as acceptable to or appropriate for visitor uses at the sites being monitored."
WHAT NPS
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is DOING

•

NPS conducts sound monitoring studies and identifies noise sources where the opportunity for
visitors to experience natural or cultural sounds is a management objective.

•

NPS educates park visitors and staff on the nature and value of natural sounds and on how
they can contribute to the preservation or restoration of the natural sound environment.

•

NPS is developing new ways to reduce congestion and the impacts of noise associated with
vehicles in campgrounds and on roads, while at the same time, improving visitor services and
safety. New public transit systems in Yosemite, Zion, and Grand Canyon National Parks,
for example, will lessen traffic and noise in those parks.

•

NPS is examining the need for personal watercraft management and snowmobile regulations
due to the noise levels these vehicles produce and the other impacts they cause.

5B-1

Preservation or Natural Sounds and Noise Management

June, 1 9 9 9

•

NPS is implementing the use of quieter equipment in national parks. This includes use of fourstroke engines on some rivers and the lease of a quieter MD-900 Explorer helicopter for
search and rescue, fire fighting, and logistical support operations in Grand Canyon National
Park.

•

NPS is working with the Federal Aviation Administration (FAA) to prevent, manage, and
mitigate overflight noise problems in national parks. An interagency advisory group has
recommended a process for managing commercial air tourism over parks that both agencies
have adopted. Both agencies plan field support units. NPS is also working with the military
services to address the impacts of low-level operations on national parks.

FOR MORE INFORMATION:

Ranger Activities Division, (202) 208-5211 or Intermountain Denver Support Office (303) 9692274.
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N P S Briefing

Off-Road Vehicles

Statement

Decemher, 1 9 9 8

ISSUE

A general increase in the use of off-road vehicles (ORVs), such as snowmobiles and over-sand
vehicles, has created a greater demand for permission to use them in National Park Service
(NPS) areas. ORVs are permitted in some NPS areas, under restricted use. NPS limits ORVs
because they have been found to cause serious damage to such ecosystems as sand dune areas
and alpine meadows. ORVs also impact the experience of the many park visitors who come to
national parks, at least in part, to experience solitude.
THE LAW

•

Executive Order 11644, amended by Executive Order 11989, "Use of Off-road Vehicles on
Public Lands" (42 USC 4321), requires that routes and areas for ORV use be designated by
agency regulation. (Ch. 8:4, Dec. 88, NPS Management Policies). ORV use is included in the
enabling legislation for some Alaska national park units.

o
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•

•

ORV use is also permitted in certain areas within seven national seashores, three national
recreation areas and a national preserve: Cape Cod, Cape Hatteras, Cape Lookout, Fire
Island, Gulf Islands, Padre Island, and Assateague Island National Seashores; Glen
Canyon, Lake Meredith, and Gateway National Recreation Areas, and; Big Cypress
National Preserve. For ORV use to be permitted, a finding is required that such use will not
damage (i.e. air pollution, noise, vegetation damage, and wildlife harassment) natural or
cultural resources or impact visitors' experience.
Snowmobiles are permitted in 27 NPS units. In most instances, snowmobiles are permitted
only on unplowed roads or frozen lake surfaces where other motorized vehicles are allowed at
other times of the year.

•

Routes and other surfaces designated for snowmobile use are promulgated as special regulations. Snowmobiles are prohibited except where designated and only when their use is consistent with the park's natural, cultural, scenic and aesthetic values, safety considerations, park
management objectives, and will not disturb wildlife, or damage park resources. [36 CFR Ch.
1 (7-1 -96 Edition) Sec.2.18 (c)].

•

ORVs are permitted in much of the 461 million acres of public land managed by the U.S.
Forest Service and the Bureau of Land Management.

FOR MORE INFORMATION:

Ranger Activities Division, WASO, (202) 208-4874.
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N P S Briefing Statement

Personal Watercraft

June, 1 9 9 9

ISSUE

Personal Watercraft (PWC) use has dramatically increased over the last five years in units of the
National Park Service (NPS). The use of PWCs can have an adverse impact on natural resources, visitor safety, and the visitor experience of nonusers in many NPS areas. A proposed rule
to manage PWC use in NPS areas was published for comment in September 1998. More than
20,000 comments were received and an additional 30,000+ responses were sent to the White
House. An NPS workgroup reviewed the comments in February 1999, and a draft final regulation
is currently undergoing review.
BACKGROUND
•

•

•

Personal watercraft refers to a vessel, usually less than 16 feet in length, which uses an
inboard, internal combustion engine powering a water jet pump as its primary source of
propulsion. The vessel is intended to be operated by a person or persons sitting, standing, or
kneeling on the vessel, rather than within the confines of the hull. More than 1.3 million PWCs
are in use today with annual sales of up to 150,000 units.
PWC use has been documented in 32 NPS areas out of 87 areas that allow motorized boating.
Surveys of the areas indicate that PWC use might be appropriate in approximately 20 of these
areas. The proposed regulation establishes a policy that PWC use is generally prohibited in
NPS areas. Continued PWC use can be allowed in a limited number of designated areas
following a finding based on the area's enabling legislation, resources, values, other visitor
uses, and overall management objectives.
The rule will establish two procedures; 1) park designation through the Park Superintendent's
Compendium or, 2) a special regulation to authorize continued use. Specific areas will be listed
based on the factors stated above. A two-year grace period will allow development of the
required special regulations. During the grace period, no authorizing administrative action is
needed to allow PWC use. Superintendents may close any part of or an entire area to PWCs
during the grace period, based on a determination that PWC use is inappropriate. The Park
Superintendent's Compendium procedures described in 36 CFR 1.5 and 1.7 would be utilized
for the closure.

CURRENT STATUS

•

The NPS is reviewing the draft final regulation. Revisions are being made to reflect responses
received during the comment period. The Department of the Interior's (DOI) new plain
language guidelines are used in the revision.

POSITIONS OF INTERESTED PARTIES

•

Environmental groups continue to promote a reduction in the number of NPS areas where
PWCs will be allowed. A renewed mass mailing by the National Parks and Conservation
Association is underway to express disagreement with the rule.

5B5

ffl
ffl

w
w

o

ffl

I
ffl

w
o
ffl

H

Personal Watercraft Use

•

DOI

•

The PWC industry and user groups continue to lobby the public and Congress to retain and
expand PWC use in national parks. Some of these groups, such as the National Marine
Manufacturer's Association, have issued materials stating that the NPS plans to ban motorized boats in the future. This is not true.
AND NPS

PERSPECTIVE

NPS superintendents have received a large number of visitor complaints regarding PWCs.
Concerns include visitor conflicts, safety, noise, wildlife disturbance, resource impacts, and
pollution. DOI and NPS officials support the rulemaking with the revisions. The list of park
designated areas will include only national recreation areas. The additional list of special
regulation areas will provide a two-year grace period to allow for public participation in the
rulemaking process.

F()R MORE INFORiMATION:

Ranger Activities Division, WASO, (202) 208-5760.

5B-6

June, 1 9 9 9

Brieringf

Aircraft Overflights

Statement

June, 1999

ISSUE

One of the most prized elements of our National Park System is the opportunity to enjoy the
natural quiet—the sounds of nature, tranquility, and solitude—occurring in these areas. However,
in some places, this resource and visitor experiences are being affected by low-level commercial
sight-seeing flights or by low-level military overflights. The Federal Aviation Administration
(FAA), Defense Department agencies, and the National Park Service (NPS) are involved in
efforts to prevent or mitigate the associated impacts on national parks.
BACKGROUND

•

•

Issue resolution is needed in as many as one hundred parks affected by low-level overflights.
A variety of park units are affected, from the Statue of Liberty and Congaree Swamp
National Monument to Grand Canyon National Park and several units in Hawaii. Overflights are inconsistent with the purpose of some of these parks, and surveys show that visitors
notice and can be disturbed by overflights. Response can be related to such factors as compatibility of noise with a park's purpose, noise levels, and duration of noise.
The air tour industry serves a large clientele, and is a significant economic entity in some
national parks. Growth in this industry is significant in these areas. It is estimated annually that
over 700,000 people take air tours in Hawaii, and 800,000 people fly over the Grand Canyon.
More and more parks are reporting the expansion and start-up of air tour operations in their
areas. The FAA and the NPS find it desirable to address these problems before solutions
become harder to find.
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•

While the FAA is responsible for managing the safe and efficient use of national airspace, the
National Park Service is responsible for managing the national parks, including resources and
visitor services. Air tours operate at the jurisdictional boundary of the two agencies. Consequently, the two agencies jointly sponsored an advisory group consisting of four representatives nominated by each agency, together with one American Indian member—the National
Parks Overflights Working Group (NPOWG)—to make recommendations on how the agencies should address this issue.

CURRENT PROGRESS

•

Close cooperation between the FAA and the Park Service is essential to achieve solutions.
Methods the agencies are considering include: voluntary agreements; incentives to encourage
use of quieter aircraft; spatial zoning (such as air corridors and no flight zones); altitude
restrictions; operating specifications; noise budgets, and flying time limits.

•

With the assistance of the FAA, voluntary agreements have been reached between Park
Service and helicopter operators at the Statue of Liberty and Jefferson National Expansion Memorial Arch to address safety issues identified by the NPS. Another agreement has
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been negotiated between Haleakala National Park and the helicopter sight-seeing tour
operators on the island of Maui.
•

The FA A, working with Grand Canyon National Park, has published a final airspace rule
[effective date of January 31, 1996] for the Grand Canyon. The FAA and NPS are currently
addressing issues raised by the Havasupai and Haulapai Nations while waiting for the outcome of legal challenges to the rule. The agencies are also planning to work jointly on the
development of a long-term comprehensive noise management plan for the Grand Canyon.

•

The National Parks Overflights Working Group has successfully developed recommendations
on the shape and substance of a rule to regulate commercial sight-seeing overflights over the
National Park System and continues to advise the agencies as a draft rule is finalized for
public review. The Working Group recommended that an air tour management plan (ATMP)
be developed for each park where air tour flights exist or are proposed; the FAA (lead
agency) and the NPS (cooperating agency) would conduct a formal scoping process, thus
allowing the public to participate. The ATMP "may prohibit, authorize, or authorize with
conditions commercial air tours."

•

There are bipartisan efforts underway in both the U.S. Senate and the U.S. House of Representatives to develop legislation consistent with the recommendations of the Working Group.
The National Park Service has endorsed the recommendations of the Working Group, recognizing that deviations from these recommendations could destroy their fragile, carefully crafted
consensus and leave the issue unresolved.

•

The National Park Service is working with the military services to improve mitigation of lowlevel military overflight impacts associated with their training. Significant progress has been
reported in several areas.

FOR MORE INFORMATION:

Ranger Activities Division, (202) 208-5211 or Intermountain Denver Support Office (303) 9692274.
Report to Congress on the Effects of Aircraft Overflights on the National Park System. 9-12-94
Prepared pursuant to Public Law 100-91).
Aviation Management Guideline. NPS-60.
Draft Reference Manual No. 47: SoundScape Preservation and Management. May 1999.
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P O I N T - Natural Quiet

BY DAVID MCKENZIE, NORTHERN PILOT, APRIL/MAY

Flying over America's national parks may never
be the same; better kick the tires and light the fires
and do it now or you may have to break the law to
do it in the future. This is not an exaggeration; it
appears that a new law is going to restrict flights
over the national parks very soon.
Go into the Officers' Club at any Naval
Air Station, Marine Corps Air Station or Air
Force Base in the western United States, maybe
the world, and you will see a flight of their finest
flying in formation below the rim of the Grand
Canyon. I confess; I've done it. In 1977 with a
fresh private ticket and accompanied by a Marine
Corps BN buddy, I flew a single ship Cherokee
Six at 140 knots below the rim. There, I said it,
and I'm proud. It was also legal at the time.
We saw more of Nature's wonders in
those 30 minutes than any greener-than-me hiker
will see in a lifetime. I did hear the engine, however. And there's the rub: Congress is trying to
insure that no hiker has to hear an aircraft engine
in a national park. The environmentalists call it
"natural quiet." Cars, trains, loudmouths and dogs
are currently exempt but may be next.
In 1987, Congress passed Senator John
McCain's (R-Arizona) legislation restricting
flights over the Grand Canyon. Prompted primarily by several near misses and two tragic midairs,
the Grand Canyon Special Flight Rules Area was
imposed by the FAA. No-fly zones, altitude
restrictions that keep planes above the rim—way,
way above the rim—and narrow, complex flight
corridors have been in effect ever since.
Senator McCain recently introduced ne
legislation in the U.S. Senate to control flights
over national parks. The National Parks Overflight
Act would require commercial air tour operators
to conduct their tours in accordance with the air
tour management plan (ATMP) worked out by the
National Park Service and the FAA.

1999, PP. 24-25.

This legislation is the result of negotiations between representatives of the aviation
industry, the air tour industry, environmental
groups and Native American organizations. The
Secretaries of the Interior and Transportation
appointed these representatives to attempt to reach
a compromise of their differences. The group was
called the National Parks Overflights Working
Group (NPOWG).
The proposed law is Senate Bill 81, which
was introduced January 19, 1999, by Senator
McCain. The law's text is essentially the compromise reached by the NPOWG. A compromise was
needed because an even more restrictive law,
introduced by Senator McCain last year, was
killed in committee largely due to the efforts of
AOPA and pressure from Senator Ted Stevens (RAlaska).
Last year's failed bill would have turned
jurisdiction and control of the airspace over
national parks to the National Park Service. The
National park Service has totally embraced the
"restore the natural quiet" plea from the environmentalists. This year's proposed bill keeps flight
regulations under the jurisdiction of the FAA but
directs the FAA to negotiate with the National
Park Service to come up with an "Air Tour
Management Plan" for every national park.
Here is the AOPA summary of the key
elements of the 199 proposed law:
• Almost all air tour providers operating over
national parks would be required to operate under
Part 135.
• Tour operators would be required to get special
permission from the FAA to conduct tours over
national parks.
• The National Park Service and the FAA would
work cooperatively and with public input to write
an Air Tour Management Plan for each park
where an air tour operator is operating or wants to
operate.
• The proposal would not apply to transient
general aviation flights, and would not apply to
5C-1
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Natural Quiet (continued)
Alaska or Grand Canyon National Park.
• Determining the minimum effective altitude is
left up to the FAA and the National Park Service
to determine. However, the NPOWG achieved
near-unanimity in its recommendation that the
minimum altitude should be set at 5,000 AGL.
The fact that general aviation transient
flights and all national parks in Alaska have been
spared can be credited to the efforts of AOPA and
Senator Stevens. Last year's proposed law contained no such exclusions. Senator Stevens is a
former military pilot and supporter of aviation in
Alaska. To put these restrictions on the national
parks in Alaska would essentially deny access to
almost all visitors.
Senator McCain clearly buys the "natural
quiet" argument as a right to be protected by law.
"This legislation takes a crucial first step toward
restoring and preserving natural quiet within many
of our nation's natural [sic] parks," McCain said
when he introduced the new bill January 19. "My
goal is to set the framework for reasonable flight
restrictions before noise or safety problems
threaten the enjoyment of the millions of Americans visiting our national parks each year."
No one apparently challenges the assertion
that "millions of Americans" desire a right to
"natural quiet." Overflights are the most environmentally correct way to see a national park. Pilots
and their passengers leave no trash, tracks, roads,
paths or restrooms and bend nary a blade of grass.
The only "impact" is a minute or so of engine
noise going by at 2,000 feet or greater. What's the
big deal?
The most vocal spokesperson for the
environmentalists is Ms. Jeri Ledbetter, a professional river guide on the Colorado River, President
of the Grand Canyon River Guides, a volunteer for
the Sierra Club Southwest Field Office in Phoenix,
Arizona and, ironically, an airplane owner and
pilot. "Those small remnants of wilderness,
although protected on the ground, are increasingly
subjected to an onslaught of mechanized sound
from the air," said Ledbetter. "Areas free from
5C-2

manmade noise are truly our most endangered
habitats . . . . Natural Quiet is not a reduction of
manmade noise, but the complete absence of it for
extended periods of time.
Frankly, when I get out into the wilderness
of Alaska, where I live, or visit Grand Canyon or
Yosemite National Parks, the most objectionable
phenomenon I encounter is the human being.
Nothing ruins the outdoor experience for me
quicker than a noisy group of irreverent people
ignoring the beauty and majesty of their surroundings. Why can't I ban them? How often does a
passing airplane flying within an air tour corridor
interrupt the "natural quiet"? Once every hour?
Half hour? The sound will only be heard for a
minute or so; the rest of the time is "natural quiet."
What these environmentalists really want is for
"us" to leave "them" to their activity and for "us"
not to enjoy ours. They don't want to coexist.
They don't ever want to hear a plane, period.
If my ears hear the truth, and I think they
do, most of the really noisy flying in our national
parks is perpetrated by the National Park Service
in their helicopters; the U.S. Forest Service in their
loud 185s; the U.S. Fish and Wildlife Service
flying low to spot game; and the various emergency aircraft necessary for public safety. Nevertheless, Ms. Ledbetter and Senator McCain only
target air tour operators. Isn't all noise considered
noise? Or do we distinguish "necessary" noise?
Senator McCain's new law is designed to
make any operation at all tough, very tough, on air
tour operators, especially new ones. Under the
proposed law, commercial air tour operators
would have to apply for authority to conduct
operations over a specific park and would be
subject to additional FAA mandated operating
conditions and limitations. Existing commercial air
tour operators would have 90 days to apply with
the FAA for operating authority. New entrant air
tour operators would be required to apply for the
authority before they can begin commercial air
tour operations over a national park. The FAA
would have as long as 24 months to act on these
applications.

Natural Quiet (continued)
All pilots and proponents of aviation need
to oppose Senate Bill 8, which is presently in
committee, the Committee on Commerce. Contact
your U.S. Senators and tell them, "Hands off
aviation." Protect us from the elitist minority that
wants to restrict national park access. The majority have rights, too.
I had visited Yosemite at least a dozen
times in the 20 years before I saw it from above. It
was only then, from the air, that I fully appreciated
Yosemite's true magnitude and its fascinating
interrelationship with the geology of the High
Sierras. I have always obeyed the 2,000-foot AGL
altitude restriction over Yosemite. Anyone's
"quiet" was only minimally disturbed for a minute
or so by my single-engine Comanche powered
back to very low cruise power. Most people
probably never even heard me over the idling
diesel tour bus, stop-and-go traffic or parents
yelling at their children. Leave me alone, senator
McCain. If John Muir were alive today, he'd be
flying over his beloved mountains and glaciers
with me. ^
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C O U N T E R P O I N T - Natural Sounds

O

BY CHIP DENNERLEIN, ALASKA REGIONAL DIRECTOR, NATIONAL PARKS AND CONSERVATION
ASSOCIATION, JUNE

1999.

"The hills are alive with the sound of music,
with songs they have sung for a thousand
years."
"Sound of Music" is the most popular
musical play ever written. It begins with a joyous
declaration of the restorative power and
importance of nature in our lives—and the very
first words of the opening song affirm the deep
connection between the sounds of nature, and our
human experiences and enjoyment of the natural
world. The simple and profound lyric was not
written by environmentalists or National Park
Service officials for some wilderness management
plan. It was penned by Broadway composers who
wanted to express the feeling that even in the midst

of personal conflict and societal strife, we can find
joy, hope, peace, and inspiration in the living
world around us. Rogers and Hammerstein were
not thinking only about scenic views, but of hills
alive with nature's chorus. They were not writing
to park managers or visitors, but for a much
broader audience, many of whom would likely
never hike the backcountry of a western national
park. But their image of mountains filled with
music of nature's own making—from a breeze to
the prayerful song of a Lark—struck a universal
chord that has resonated with audiences across
geographic regions and generations. Rachael
Carson struck the same chord in her landmark
book on the effects of the pesticide DDT. For
millions of Americans, the term "Silent Spring"
5C-3
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became synonymous with the death of nature. The
image of an American landscape empty of the
songs of sparrows or the croak of frogs helped
galvanize a national effort that resulted in passage
of some of the most significant environmental
legislation of the twentieth century.
America and Americans today are truly
blessed. We do not face the fearful threat of
military oppression that confronted the characters
in "Sound of Music." In the years since use of
DDT was banned, the cries of hawks and eagles
have again become common sounds in the skies
over America's woods and fields. And while
Americans still have many challenges, we also
have the finest system of national parks in the
world—a magnificent collection of special places
owned by all Americans that preserves our richly
diverse natural and cultural heritage for the
enjoyment, benefit, and inspiration of present and
future generations.
Our national parks provide opportunities
for Americans to see, feel, smell, hear, enjoy, and
learn about aspects of nature and history that can
no longer be experienced in our modern, daily
lives. But there is a growing problem that
threatens our ability to fully experience these
special places. While many parks look much as
they did 200 years ago, few parks sound like they
did 20 years ago. In too many cases, increasing
noise from our mechanized world is masking the
sounds of the natural world within parks. The
sounds of nature are basic to our enjoyment and
appreciation of the natural environment. They
communicate a sense of place. I believe natural
sounds are inherent components of "the scenery
and the natural and historic objects and the wild
life" within national parks which we are charged
by law to protect. If we wish to have places where
human beings can truly experience a sense of
nature, we must have places where nature can be
experienced by all our human senses. When our
opportunity to hear a bird, or a stream, or the
evening wind is diminished, so too is our
enjoyment of nature. And inevitably, so is our
ability to understand the values and relationships
of these animals and natural forces to the parks,
5C-4

and to the larger world of which we are a part. In
national parks, of all places, visitors should have
the reasonable opportunity to experience natural
quiet and natural sounds "unimpaired." This is the
conclusion reached by the National Parks
Overflights Working Group (NPOWG), a special
task force of citizen park advocates and aviation
professionals appointed jointly by the Secretaries
of Interior and Transportation to develop
recommendations for regulation of commercial air
tours over the units of the National Park System.
Commercial air tour (flightseeing)
operations are certainly not the only activities—
nor the only aviation activities—that create noise
in the parks, or intrude on the experiences or
solitude of ground-based visitors. But air tours are
the only commercial visitor activity for which
there is currently no management or regulation to
protect the resources, values, or visitor
experiences of the affected park units. And while
private and commuter aircraft can and do affect
quiet in the parks, commercial air tours are the
focus of concern. Such operations, by their very
nature, fly passengers, for hire, purposefully over
the parks, at lower elevations, at frequent
intervals, and often to the very locations and
attractions favored by ground based visitors—
whether a waterfall just off the park road, or a
remote mountain valley in the park's interior. The
current FAA 2,000-foot AGL restriction over
national parks is only "advisory." It is not
sufficient for most situations and includes no
"restrictions" (advisory or otherwise) regarding
routes. Considerate private pilots may abide by it,
but less considerate pilots, including commercial
operators, often don't. And the least considerate
simply flaunt it. I can testify from personal
experience in the Great Smoky Mountains. There
are also no restrictions on the numbers of
commercial air tour fights or operators at a park.
In other words, the system doesn't work because
there is no system.

Natural Sounds (continued)

I do not argue that flightseeing is
inappropriate, or a poor way to see certain parks.
During 25 years in Alaska, I have logged hundreds
of hours of air time over some of the grandest
national parks on earth. Fixed-wing aircraft are an
essential mode of transportation and access to
small communities and private homesites within
the boundaries of some of the huge Alaska units,
and small planes (on wheels, skis and floats)
provide access to the parks for a broad range of
visitors, from lodge guests to wilderness
backpackers and river runners. This is a far more
preferable means of access, in my view, than
development of roads that would destroy the very
character of these great wilderness parks. Beyond
the question of access, flightseeing can be a great
way to gain a sense of the scale and majesty of
certain parks —in Alaska and elsewhere. I've had
breathtaking flights through the Wrangell
Mountains and over the Grand Canyon. These
were not "joyriding," but "enjoyment" in the true
spirit of the National Park Organic Act. I gained a
unique perspective on the forces of nature that
shaped the landscape. I learned a lot. I came away
with a renewed sense of commitment to protect
these special places. And I had fun.
I've also backpacked through WrangellSt. Elias and hiked to the bottom of Grand
Canyon. I recall the afternoon I listened to the
clack-clack of rocks being pushed downstream by
a storm-swollen creek. I remember the eerie mix of
stillness and wind on the South Kaibab Trail (on a
day when almost no air tours flew due to high
winds aloft), and how it added to the experience of
walking down through layers of geologic time—
50,000 years with each step. I saw those parks
when I flew. But it was on the ground that I
experienced them—felt a sense of place. In both
cases, the recurring drone of aircraft traffic would
have broken that sense of place and diminished my
experience. I would say the same for the wonderful
hike my daughter and I took through the sandstone
walls of Canyonlands, or the morning our family
sat eating breakfast in Organ Pipe Cactus while
we listened to the quiet buzz of brightly colored
beetles and the soft calls of doves as they searched
for water in the shallow depressions of the desert

rocks. Experiences like these should always be
available to those who visit our national parks.
But if we do not consciously manage to protect
them, they will soon be lost. We can protect them,
and we can do it in a way that is fair to all visitors,
including flightseeing visitors. That is the basis for
the recommendations by the NPOWG, now
embodied in legislation pending before Congress,
and in a recently issued Notice of Proposed
Rulemaking by FAA.
The proposals currently under
consideration define and manage commercial air
tours over units of the National Park System. They
would not regulate general aviation, point-to-point
transportation, or aircraft operations over other
federal public lands. The proposals do not
unilaterally ban air tours over National Parks.
FAA could not unilaterally approve any new or
expanded operations, but existing operators would
have the right to continue to operate at existing
levels. FAA and NPS would be required to develop
Air Tour Management Plans for all parks where
air tours currently exist. The plans would be based
on certain general principles and guidelines, but
would be specific to the individual circumstances,
resources, values, and visitor interests in each
park. During the interim period between adoption
of the new law and national regulations, and the
completion of individual park plans, existing
operators could enter agreements with FAA and
NPS to voluntarily adjust their schedules or test
potential routes which might better address noise
impacts. Such Interim Authority agreements will
enable operators to participate in the development
of ATMP alternatives, which both reduce noise
impacts and provide economically viable tour
operations.
It is also important to understand that the
proposed 5,000-foot AGL restriction is for
planning purposes only. The principle behind it is
simple and straightforward. If you have, or want
to have, people pay you to fly them over a national
park below 5,000-foot AGL, that is because you
are taking those people to see (visit) the park. If
that is not your purpose, or you don't want to be
part of the plan or the system, fly up or around,
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Natural Sounds (continued)

avoid the airspace. If you want to do business
inside the airspace over the park, then you must
become part of the ATMP and abide by its final
requirements (which will be administered by FAA
as part of your Operating Specifications). But the
5,000-foot AGL is not the ATMP requirement,
only the "triggering" mechanism. Most plans will
likely include a mixture of conditions: complete
avoidance of certain sensitive areas; seasonal or
timing restrictions in certain areas; approved
routes (including low elevation operations) over
other areas.
Commercial air tours are not being singled
out. All visitor activities in national parks must
occur "in such manner and by such means" to
prevent impairment of park resources and values,
and their enjoyment by others. Non-motorized
boats or regulated motorized tour boat operations
are permitted in certain parks where other kinds of
motor boats, or personal watercraft (jet skis) are
prohibited. In some parks, all forms of watercraft
are prohibited from certain areas to preserve the
opportunity for visitors to view a significant
cultural or natural landscape in its historical
context. Kayaks would not physically damage the
rapids below the Great Falls of the Yellowstone
River, but they are not allowed. Millions of
visitors each year can stand at Artists Point and
view the same magnificent scene which inspired
the famous paintings of Thomas Moran—without
a group of modem Whitewater kayakers in the
foreground. I love kayaking, but I love even more
the idea that I will be able to show my family the
same spectacular scene where I took one of my
favorite photos. Whether horse packers, river
runners, or air tour operators, we do not need to
go every place just because we want to and just
because we have the tools to take us there. We also
need the tools to help us decide where we should
(and should not) go. And we need the commitment
by all parties to use those tools fairly, based on the
interests of a broad spectrum of visitors, and the
unique experiences and values that can only be
found in our national parks.

5C-6

NPOWG did not attempt to "restore
natural quiet in the national parks" simply by
regulating commercial air tours. Our
recommendations included specific focus on
improvement of NPS's own aircraft operations.
NPOWG members were well aware of the impacts
to natural quiet and natural sounds in the parks
from automobiles, motorboats, unruly pets, and
inconsiderate humans. We would probably have
agreed on better management of some of these
factors, but that was not our charge. But I doubt
we would have recommended banning automobiles
from the parks, any more than we would have
suggested that NPS build more roads into
wilderness, or eliminate all restrictions on
commercial vehicle use in the parks. Our charge
was focused on commercial air tours. We did not
recommend banning them. We did agree that time
had come to manage and regulate commercial
flightseeing. The simple truth is that more than
any other single factor—and probably much,
much more—the continued, unrestrained growth
and development of unregulated commercial air
tours over the national parks will destroy the
opportunity to experience natural quiet and to
enjoy the sounds of nature.
I have said, "flightseeing passengers are
park visitors." My fellow NPOWG member Dave
Chevalier, founder and owner of Blue Hawaiian
Helicopters has stated, "We agree that visitors
have the right to natural quiet in the national
parks." In America, when we agree on people's
rights, we put reasonable laws and regulations in
place to insure that those rights are protected. The
air tour management proposals under
consideration will not give people the guarantee of
quiet in all areas of all parks at all times. They
will provide a workable process by which the
agencies (FAA and NPS) and the public can
decide whether air tour operations are appropriate
over a particular park and, if so, under what
conditions commercial flightseeing should or
should not take place. Every responsible air tour
operator and every responsible citizen throughout
the aviation community should support the
adoption of a national law and regulations based
on this principle. "The hills are alive with the

Natural Sounds (continued)

Sound of Music, with songs they have sung for a
thousand years." It is time to insure that
Americans will have the chance to hear the songs
of nature in our National Parks unimpaired—
today and for a thousand years to come. >^

A former State Park Director and city manager,
Chip Dennerlein is the Alaska Regional Director
for National Parks and Conservation Association
and a member of the National Parks Overflights
Working Group. With family and friends, he has
hiked, camped, rafted, driven, or flown through
more than 170 National Park System units.
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U.S.NEWS

Like any good Georgia native, Marilynn Mobley
grew up with the classic film Gone with the Wind.
She just had her own interpretation of it. "Until I
actually read the book," Mobley says, "I thought
Rhett's last words were 'Frankly, I'm here and I
wanna dig a dam.' " Mobley, 42, started to lose her
hearing at age 15 from repeated exposure to gunfire.
Because her father was a gunsmith, she and her four
siblings spent their summers practice shooting at
bales of hay on their 80-acre farm. But like many
people, Mobley didn't always take the proper
precautions. "My father told us to wear ear protection," she says. "But you know teenagers don't
listen."
Everyday life is growing noisier and as it
does, more Americans are losing their hearing
sooner. Long accustomed to treating senior citizens,
a growing number of hearing specialists now report
that patients in their 40s and 50s-and sometimes
even in their teens-are turning up in their waiting
rooms complaining that things don't sound as clear as
they should. "I see middle-aged patients," says Dr.
Thomas Balkany, a professor of otolaryngology at
the University of Miami, "who have the kind of
hearing we'd expect to see in their parents."
Statistics are starting to bolster the
experts' observations. The National Health Interview
Survey shows that from 1971 to 1990, hearing
problems among people ages 45 to 64 shot up 26
percent, and among those ages 18 to 44, they grew
by 17 percent. A study conducted in Alameda
County, Calif., over three decades shows that
hearing loss for men between the ages of 50 and 59
leapt by more than 150 percent. Perhaps more
troubling, a study published last year in the Journal
of the American Medical Association showed that
nearly 15 percent of young people 6 to 19 years old
showed signs of hearing loss. "You expect your kids
to be better off than you are," says John Wheeler,
president of the Deafness Research Foundation.
"But I had to turn the radio up louder when I reached
50, and my son will probably have to do it at 40."
For nearly one third of the 28 million Americans with
hearing loss, "toxic noise" is the main culprit. Loud
TURN IT UP.

Say?

& WORLD REPORT.

workplaces remain the most common source. Over
the years, legions of Americans lost their hearing
working unprotected in steel mills and mines. Other
people lost it in the military. But today, a growing
source of hearing impairment is the tools and toys of
recreation. Americans are pounding their ears with
gas-powered leaf blowers and high-amplified stereos,
with nascar races and 1,875-watt hair dryers, even,
remarkably, with children's playthings.
No WARNING. Yet the public remains largely unaware of the damage that modern living may be
doing to the delicate organs attached to the sides of
their heads. Warning labels on noisy appliances are
virtually nonexistent. And while Americans are
bombarded with admonitions to wear helmets while
bike riding and condoms while having non-monogamous sex, they rarely think to wear earplugs while
mowing the lawn. "You don't bleed when you suffer
hearing loss," says Les Blomberg, executive director
of the Noise Pollution Clearinghouse in Montpelier,
Vt., "so people do not recognize the damage they're
doing."
Individual sensitivity to noise, scientists
believe, depends on such variables as genetics,
previous injury to the inner ear, chemical exposure,
and even the use of medications like aspirin. The
louder the din, measured in decibels on a logarithmic
scale, the less time you can be safely exposed. The
problem, though, is that there is no test to predict
how tough or tender your ears might be. Sadly, by
the time you realize it's your ears failing and not the
people around you mumbling, irreversible harm
usually has already been done. Dale Scott, 54, a San
Francisco firefighter who for years drove a hook and
ladder complete with air horn and siren, didn't realize
he had lost considerable hearing until he went fishing
and could not hear the chirping of the crickets he had
bought to use as bait. Hearing loss "is like watching
children grow," he says. "If they're yours, you don't
notice it."
At the other extreme, there is Peter Jeffery,
45, a Princeton University music professor, who is
suing the Smashing Pumpkins rock group and its
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W h a t ' d You Say? ( c o n t i n u e d )
warm-up bands for allegedly damaging his hearing at
a concert he attended two years ago. He claims that
even wearing earplugs at the event, he got a sharp
pain in his skull behind his left ear. He says that
when he woke up the next day, both ears were
hissing steam-pipe-like with tinnitus, a sensation that
can accompany hearing loss. Jeffery says the
internal noise hasn't stopped since. Meanwhile, the
sounds outside his head, like conversations and
music, are muffled. "I have the feeling of being
inside a jar," he says. "There's silence where there
ought to be sound, and sound where there ought to
be silence."
Toxic noise can deal a blow to the snailshaped inner ear called the cochlea in two ways.
Acoustic trauma can result from a single strike
typical of a firecracker exploding at close range or
the high-powered discharge of a rifle, stretching the
tissue until it splits. Far more common is noiseinduced hearing loss, a cumulative process that
occurs as excessive sound blasts away the ears'
20,000 to 30,000 sensory receptors known as hair
cells. The way hearing works is that tufts of microscopic cilia on the hair cells' surface pick up mechanical vibrations relayed by the bones in the middle
ear, instantaneously converting them to electrical
signals for delivery by the nerve fibers to the brain.
Initially, sound waves typically cause only temporary
distortion of the hair cells, and the hearing deficit
doesn't last: You come out of a basketball game
feeling like you've got cotton in your ears, and the
next day you feel fine. Over time, however, hair cells
lose their resilience, and the damage can become
permanent. "Hair cells are like the fibers of a new
shag carpet," explains Nancy Nadler, director of the
Noise Center for the League for the Hard of Hearing in New York. Walking back and forth will flatten
the fibers, but they will stand up again after being
vacuumed. Put a piece of heavy furniture on the
carpet for a year, though, and no amount of attention
will help it rebound.
Dick Melia, 55, can attest to that. Growing
up outside Boston, Melia worked his way through
college and graduate school cutting grass and doing
construction. After he moved to Virginia, he continued to do yardwork and use power tools around the
5D-2

house. Although he noticed subtle differences in his
hearing starting at age 40-difficulty picking out
conversation in noisy restaurants or interpreting
messages on his answering machine-he didn't really
think he had a hearing problem until a fire alarm
went off at his U.S. Department of Education office
and he was oblivious to it. "There are a lot of people
like me," Melia says, "who can't put their finger on it
[hearing loss] and say this is how it happened."
American GIs didn't know any
better, either. During World War II, thousands of
soldiers sustained hearing loss in target practice,
even before they got to the battlefield. And in the
Korean War, "There used to be stories that if you got
caught putting your fingers in your ears, they gave
you push-ups to do," says Doug Ohlin, a hearingconservation-program manager for the U.S. Army.
The value of hearing protection wasn't fully recognized until the early 1970s, and even then it wasn't
always top of mind. "You'd be out there at 7 in the
morning at 50 below zero and your headset wasn't
the first thing you thought about," says Paul St. Cin,
50, a businessman from St. Louis, who joined the Air
Force in 1971 and was a pilot trainee on a plane
affectionately known as the "6,000-pound dog
whistle." From 1977 to 1998, hearing impairment
cost the Veterans' Administration in excess of $4
billion, much of it from noise.
WAR AND PEACE.

It's not war, however, but peace that audiologists believe is sending younger patients and more
women to their offices. When Melody James, now
52, was just out of college and living in San Francisco, she watched folk rocker Bob Dylan put aside
his acoustic guitar and plug in his electric one. And
she marched in political protests, where she would
chant for hours at a stretch. "It was wonderful and
important and I think it made a difference," says
James. But it also made a difference in her hearing.
"Sound," sighs James, who has been fitted for
hearing aids, "is no longer as automatic."
Thirty years since James's heyday, louder is
better than ever, and technological advances like
digital sound keep driving the volume up. In contests
called "decibel drag racing," for instance, car stereo
enthusiasts have clocked their audio equipment at

W h a t d You Say? ( c o n t i n u e d )
155 decibels or more. Rock concerts, long a threat to
fragile ears, can reach up to 120 decibels. And the
recent box office hits Armageddon and Saving
Private Ryan reached 118 decibels. At those levels,
says Ray Hull, professor of communicative disorders
and sciences at Wichita State University, you can
listen to the sound for about five minutes before you
risk permanent damage to your ears.
Hearing danger can come from the
unlikeliest places, including, ironically, from activities
that are explicitly meant to keep you healthy. A study
from the mid-1990s found that 80 percent of the
health clubs and fitness spas surveyed cranked up
the music in group exercise classes from 105 to 110
decibels, and a few exceeded 120 decibels. IDEA,
the association of fitness professionals, recommended that its 23,000 members lower the volume,
but a follow-up study last year revealed that nothing
has changed. "It tends to be loud," admits Susie
Cossaboon of Gold's Gym & Aerobic Center in
Washington, D.C. "Once you have all the pieces of
cardio equipment going, you've got to be able to hear
over them."
Some people are actually addicted to listening to loud music, a new study shows. But toxic noise
is not always voluntary. The shelves in Nadler's
office at the League for the Hard of Hearing are
lined with toys, some testing as loud as 135 decibels
with a sound meter. Among them is a Playskool
clock that registers 79 decibels at adult arm's length
but 125 decibels at close range each time it tells
infants, "Let's have fun." Even if the toys don't
sound as loud to adults, Nadler argues that kids tend
to hold them up to their ears when they play. "And
they are not going to say, 'Mommy, I have tinnitus.'"
While there is no clear evidence that
children's ears are more vulnerable to noise than
adults', children have more to lose, notes Laurie
Hanin of the League for the Hard of Hearing.
"Children are going to suffer more than adults
because they're still learning language," she says.
Despite the risk, the only toys regulated for noise by
the Consumer Product Safety Commission are cap
guns, which cannot exceed 158 decibels-louder than
a jet engine at takeoff. To limit the volume on other

products, says a spokeswoman for the CPSC, the
agency must have "documented damage." As for the
toy industry, a spokeswoman for the Toy Manufacturers of America insists, "Using the toys appropriately, the child will not get hurt."
Interestingly, personal
stereo systems with headphones do not pose a
substantial threat to hearing, most audiologists say,
even though they can reach 112 decibels and seem
permanently attached to some teenagers' heads.
Models including Sony and Sanyo now come with a
pamphlet warning about the dangers of playing the
equipment too loudly. Still, users of personal stereos
can harm their ears by abusing the appliances. A
Walkman-type stereo is too loud, audiologists say, if
you can hear the music "bleeding" out of the headphones of the person sitting next to you on the
subway or if you speak to them and they can't hear
you.
BLEEDING EARPHONES.

Simple rules of thumb, however, are not
sufficient to protect the nation's hearing health. The
Occupational Safety and Health Administration
requires anyone in the workplace exposed to an
average of 90 decibels for more than an eight-hour
day to wear earplugs or earmuffs. Hearing experts
have recommended even stricter standards, including
lowering the decibel limit for hearing protection to 85
decibels and shortening the length of exposure.
But toughening the rules will solve only part
of the problem: Many workplaces, especially smaller
ones, don't even comply with the existing regulations
or invest the few dollars needed to provide employees with earplugs. And OSHA does not protect
individuals working in agriculture or construc-tion as
stringently, despite the frequency with which these
people show up in their doctors' offices with ringing
ears.
The real barrier to combating noise-induced
hearing loss is the absence of any OSHA-like rules
or guidelines protecting Americans at play. Congress
established the Environmental Protection Agency's
Office of Noise Abatement and Control in 1972 to
develop noise-emissions standards for everything
from railroad equipment to lawn mowers. It lost its
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funding amid the antiregulatory fervor of the Reagan
era. Once the federal government pulled out, cashstrapped municipal and state governments tended to
sidestep it, too. Moreover, while the EPA office had
started labeling earplugs and earmuffs with a noisereduction rating, it closed before it could label the
noisemakers themselves.
Private-sector efforts to make people aware
of the potential dangers of noise have been tepid at
best. When the E-A-R hearing protection company
tried marketing earplugs and earmuffs to the general
public in the 1980s, for instance, results did not meet
expectations. "It's very different to play with earplugs," says would-be customer Willis Ann Ross, a
flutist with the Omaha Symphony, who for years
ignored the hearing dangers posed by the orchestra
around her. "Just like a lot of motorcyclists don't like
to wear helmets because it's not as much fun."
Some audiologists believe that all the new
concern over noise-induced hearing loss is just so
much alarmism. "There have been articles in our
literature that say things are getting worse for 30
years," argues Robert Dobie, chairman of the
Department of Otolaryngology at the University of
Texas Health Science Center in San Antonio. "Very,
very few people accumulate enough noise [to do
damage] outside their occupation, besides people
who shoot."

may also lead to regulation. Movie theaters are
turning down the volume of previews, which had
been louder than the features.
Like Wheeler, many feel the time has come
to draw even more attention to the issue of toxic
noise. The League for the Hard of Hearing will
sponsor International Noise Awareness Day on April
21. And this summer, the National Institute on
Deafness and Other Communication Disorders will
kick off a media-based campaign called Wise Ears!
directed at every constituency whose ears could be
affected by noise. The campaign will pay special
attention to educating children.
Nate Schneider, age 14, has already gotten
the message. An advocacy group known as Hearing
Education and Awareness for Rockers has not fully
succeeded in its decade-long efforts to make earplugs cool. But, Schneider says, it's not like, "Oh
dude, take those out," either. A guitar player who has
his own band, Schneider got scared when his ears
started ringing about a year ago, and he had a pair of
musician's earplugs custom made. It wasn't so much
that Pete Townshend of the Who has gone deaf.
What unnerved Schneider was the guy who runs the
local guitar store. He can hear Schneider only with
his good ear. ^

With Jennifer M. Couzin and Kenneth Terrell
But other experts, including Wheeler of the
Deafness Research Foundation, liken toxic noise to
secondhand smoke: Twenty years ago, few took the
problem seriously; today, virtually all states have
smoking bans. What's needed, Wheeler believes, is a
"cultural shift, where carrying earplugs becomes as
much a habit as wearing your seat belt or brushing
your teeth."
Congressional efforts to restore the EPA
office have failed, but New Jersey Sen. Robert
Torricelli plans to reintroduce legislation for a federal
noise office this spring. And other noise-fighting
initiatives are gathering force, among them a proposal in Massachusetts to require softer music in
health clubs. Personal-injury lawsuits like Jeffery's
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BY GAYLORD NELSON, LOS ANGELES TIMES, AUGUST 25,

National parks: Natural sounds are harder to hear
because of sightseeing flights and other noisy
interference.
Thinking about getting away to one of our
great national parks for a little peace and quiet?
Pack a pair of earplugs.
When we think of national parks, our first
thoughts are usually of sights—Old Faithful,
Yosemite's Half Dome, giant sequoias, Denali's
grizzlies or the geological marvels at the Grand
Canyon. But our parks also are special for their
peacefulness. They are places set aside to be free of
man-made noises, where you can enjoy the many
and varied sounds of nature.
Unfortunately, those natural sounds are
getting harder to hear. Increasingly, they are being
drowned out by a cacophony of sightseeing helicopters, military jets, snowmobiles, Jet Skis, off-road
vehicles and cars. In 1997,275 million people—more
than the total U.S. population—visited our national
parks, nearly a tenfold increase over the past five
decades.
The noise brought on by such crowds
damages not only the visitor experience but also the
park itself. Sonic booms from military aircraft, for
example, may threaten spectacular geological
features, damage sensitive cultural edifices and
disturb wildlife. In the Owyhee Canyonlands (not a
national park but just as stunning), the Idaho Fish &
Game Department reports that military overflights
drive bighorn sheep away from choice habitat that
has become too noisy and onto less hospitable
grounds unable to support the herd.
One of the most significant noise problems
facing our parks is the proliferation of sightseeing
overflights. In 1906, Zane Grey wrote of the Grand
Canyon, "One feature of this ever-changing spectacle never changes, its eternal silence." Today, an
estimated 120,000 tourist overflights per year
obliterate that silence, creating almost constant noise
in some areas. Park Service studies indicate that
without new regulations, only 10% of the Grand
Canyon will be naturally quiet by 2010.
In addition, a number of parks are adjacent
to or even overlap with military training areas.

1998.

Though most such parks have some sort of
agreement with the military, these agreements are
violated frequently, and complaints by park personnel tend to fall on deaf ears. Sequoia and Kings
Canyon national parks, for example, are partially
located beneath the largest military airspace in the
country and right next to the Lemoore Naval
Airstation, which is about to increase the number,
size and noisiness of its aircraft without regard to
resultant damage to the parks. And this fall, Congress is expected to expand the bombing range over
the Owyhee Canyonlands despite the Defense
Department's earlier admission that existing ranges
can meet its training needs.
Parkgoers are also increasingly likely to
hear high-powered motorboats and Jet Skis destroying the tranquillity of rivers and lakes. And more
than 70,000 polluting snowmobiles a year roar
through Yellowstone. Tom Murphy of Livingston,
Mont., who leads winter photography tours in
Yellowstone, recalls one skiing experience there.
"We were 12 miles from the nearest road—as far
away from the road as you can get in the middle of
the park—and any time we stopped, at any time of
day, we could hear snowmobiles."
We must move quickly to save our parks
from the din of machinery. First, we must scale back
air traffic. Second, we need to phase automobiles
out of our most crowded parks, like Yosemite and
Yellowstone and set up practical bus systems. Third,
we must eliminate snowmobiles, Jet Skis and offroad vehicles from our parks. These motorized
recreational uses simply are not compatible with the
National Park Service's mission.
Our world-renowned national parks are
being so rapidly degraded that at the current rate,
within a generation or so, they will be little more
than Disneyland-like theme parks. When that time
comes, we will recognize the tragedy, but it will be
too late. ^

Earth Day founder Gaylord Nelson, a former
U.S. Senator from Wisconsin, is counselor for the
Wilderness Society.
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Parks i n Peril

BY JEFFREY

P. COHN, GOVERNMENT EXECUTIVE, MAY 1998, PP. 47-52.

With a tourist explosion producing gridlock in many
national parks, the Park Service is considering
radical moves to protect the nation's crown jewels.
Fred Fagergren is frustrated. As superintendent of the 35,000-acre Bryce Canyon National
Park in southwestern Utah, Fagergren oversees one
of the national park system's crown jewels. Unique
rock formations, panoramic natural vistas and
abundant wildlife draw 1.7 million visitors a year to
Bryce Canyon, up more than 50 percent since 1991.
But along with visitors come problems for
Fagergren and other park superintendents. More
people means more cars, vans and tour buses
clogging roads, fouling the air and creating a scene
not unlike the cities many visitors left behind. During
peak summer months, Bryce Canyon has four cars
in the park for every parking space.
Equally serious is the increasing number of
visitors who book commercial air tours over the
parks. Overflight operations at Bryce Canyon alone
have more than doubled since 1991. The flights,
especially those by helicopters, mar the view and
drown out Bryce Canyon's natural quiet, Fagergren
says. But, he adds: "I have no power or authority to
do anything as long as they don't touch the ground.
We should be able to regulate those flights. Most
people come here for the solitude and natural
sounds."
Too many planes and cars symbolize the
mounting problems facing the nation's 376 national
parks, battlefields, seashores, recreation areas,
parkways and other National Park Service units.
Years of inadequate funding and misplaced priorities
have left many parks with ill-functioning sewage and
water systems, historic buildings whose roofs leak
and walls are crumbling, and archaeological sites,
historical artifacts and wildlife that have not been
documented, catalogued or monitored.
Some parks have been forced to curtail
programs for visitors, cut the number of rangers and
other staff, and shorten hours. The number of
seasonal rangers at Badlands National Park in South
Dakota has dropped from 13 to four. Fort Donelson
National Battlefield in Tennessee has eliminated its
daily history program. And the Henry Wadsworth

Longfellow home in Massachusetts is now closed
from December through April.
Other parks are plagued by surrounding
development and air pollution from nearby factories
and power plants. Still others face fights to preserve
the natural ambience from visitors who use snowmobiles, jet water skis and other motorized vehicles.
"We have shortchanged our parks for too
long," charged John Adams, the Natural Resources
Defense Council's executive director, in releasing a
joint NRDC-National Trust for Historic Preservation
report last summer on the status of the national
parks. "Many of the parks' resources are deteriorating, and in some cases disappearing, without anyone
knowing about it."
In part, the national parks are suffering from
their own success. Visits nationwide now total 275
million a year, a figure that exceeds the population of
the United States. Park attendance, which has
increased from 198 million in 1980 and 79 million in
1960, is expected to top 300 million by 2000.
At the same time, park funding has been
insufficient to address the problems in the face of
increasing numbers of visitors. While
governmentwide appropriations have doubled since
1977 to $ 1.6 billion for fiscal 1997, the Park Service's
budget actually dropped $635 million during the same
period in constant dollars. Its budget is half the
amount spent on federal prisons, according to the
NRDC-National Trust report.
As a result, the National Park Service has a
backlog of $5.6 billion in maintenance and repair
projects, 40 percent of them roads and other transportation problems, says Denis Galvin, one of two
NPS deputy directors. Congress gave the Park
Service $ 156 million for construction for fiscal 1998,
but more than half the amount was funds NPS had
not requested. Those funds were earmarked for new
visitor centers and other projects added by members
of Congress.
Fortunately, the outlook for resolving at least
some of the national parks' problems are improving.
New rules are being drafted to better regulate
overflights. New transit systems are being planned at
three national parks to cut the number of cars, vans
and buses. And new sources of money are now
5D-7
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Parks in Peril (continued)

available—with others proposed—to undertake
capital improvements.
U P IN THE AIR

Tourist overflights are "the most difficult and
contentious issue I've had to deal with in my career,"
says Robert Arnberger, superintendent of Grand
Canyon National Park in Arizona. "This is a very
complex issue involving big money, two government
agencies with markedly different views and an
undeveloped science of acoustic measurement."
No one knows exactly how many air tours
fly over the national parks or how many people they
carry. The Park Service estimates there are at least
100,000 flights a year over the Grand Canyon alone,
up from 35,000 in 1986, says Wesley Henry, NPS'
national wilderness coordinator. The 33 tour operators at Grand Canyon generate an estimated $250
million in income a year, little of which goes to the
park. (Operators are supposed to pay NPS $25 per
flight, but until recently few did.)
The problem, says NPS' Galvin, is that
regulating air traffic over national parks "is not within
our authority. That's [the Federal Aviation
Administration's] jurisdiction. We have to get their
agreement before we can limit the number of planes,
where they go or when they fly."
The two agencies have very different views
of how to regulate flights. The FAA "wants to
control noise [at national parks] like they do at
National Airport by setting acceptable decibel
levels," Galvin says. "We want people to be able to
hear a waterfall." Instead, as Henry puts it, the parks
are suffering from the "sound wars."
"We recognize that air tours over parks can
provide a service to visitors in terms of sightseeing,
interpretation and access," says Destry Jarvis, NPS'
assistant director for external affairs. "At issue is our
ability to manage this use by allowing it where
appropriate and prohibiting or restricting it where it is
not compatible with preserving natural quiet."
How bad is the sound? At Bryce Canyon,
resource manager Richard Bryant says visitors can
hear aircraft nearly 20 percent of the time. Noise
levels around the park average 36.4 decibels. That's
not real loud, Bryant admits, but it is twice the level
heard when no planes are flying overhead. A nearby
helicopter can raise the noise level to 70 decibels.
5D-8

Last year, Sen. John McCain, R-Ariz.,
introduced a bill to require the Interior Department to
recommend ways FAA could restore and preserve
natural quiet in parks affected by overflights. If the
bill passes, FAA would have to adopt and enforce a
plan based on the recommendations.
Last year FAA and NPS jointly created a
National Parks Overflights Working Group, made up
of representatives of tour operators, the airline
industry, environmental and community groups, and
Indian tribes. In December, the group recommended
the creation of a process under which the FAA, with
advice and analysis from the Park Service, could
restrict overflights based on air tour management
plans. The plans would be drawn up for individual
parks by the park staff, assisted by NPS and FAA
officials in Washington plus local stakeholders.
The working group is now drafting a proposed rule to be published by FAA later this spring.
But it is still unclear whether the FAA has the
authority to limit flights based on environmental or
noise rather than safety concerns.
Meanwhile, the FAA banned overflights at
Rocky Mountain National Park in Colorado last year
after local groups raised safety concerns. In response, several air tour operators went to court
seeking to force the FAA to lift the ban. The agency
also signed an agreement with park officials and tour
operators to keep helicopters from flying over a bird
sanctuary and other sensitive areas at Haleakala
National Park in Hawaii. The FAA has further
ordered air tour operators to stay at least 500 feet
horizontally from the Statue of Liberty and Ellis
Island in New York.
Separately, NPS and FAA are developing a
set of rules to further restrict overflights at the Grand
Canyon. FAA published proposed rules in 1996 that it
says would cap the number of flights over the park,
limit air tour hours, revise routes to avoid flying over
certain Indian tribal lands and require operators to
report to the agency where, when and how many
people they fly.
Critics charge the proposed rules will not, in
fact, cap the number of flights, since there are about
100 more planes flying over Grand Canyon than
FAA estimated. Some of those planes do not fly as
often as they could under the proposed FAA rules, so
operators could continue to add flights.

Parks in Peril (continued)

GRIDLOCK ON THE GROUND

Whatever happens in the air, the Park
Service also plans major changes on the ground. The
Interior and Transportation departments announced
plans last year to ban most cars, vans and tour buses
from three popular national parks in the West and
replace them with transit systems that would take
people into and around the parks.
"I have a vision . . . [that] we will be giving
our grandchildren a chance to spend time in these
magnificent natural landscapes with as good or better
a quality of experience than we have today," said
Interior Secretary Bruce Babbitt in announcing the
plans for Grand Canyon, Zion and Yosemite national
parks late last year. If successful at the three test
parks, similar systems may be developed at Acadia
National Park in Maine, the national parks in Alaska
and Golden Gate National Recreation Area in
California.
Under the plans, day visitors would leave
their vehicles at transit centers outside the parks.
They would board a light-rail trolley at the Grand
Canyon (the first fixed-rail system in a national park)
and open-sided trams or buses at Zion and Yosemite
to enter the parks. Shuttle buses would then carry
them from point to point within the parks. Visitors
with reservations at park lodges and overnight
campsites would still be able to drive into the parks.
"We have 4,000 to 5,000 cars a day from
April to October," says Donald Falvey, superintendent of Zion National Park in Utah. Half of them
drive up a narrow, six-mile long, dead-end road to
see Zion Canyon with its spectacular rock formations
and pastel colors. Only 400 parking places await
those visitors, often causing traffic jams and leading
many frustrated drivers to park illegally along
roadsides."
"We will eliminate 80 to 85 percent of those
cars," with the planned transit system, Falvey says.
"We will be providing a fundamentally different way
for people to see and understand the park."
Falvey estimates the Zion plan will cost $23
million to build parking lots and transit centers in the
park and in nearby Springdale, Utah, as well as to
buy a fleet of non-polluting, propane-powered buses.
Congress has already appropriated $ 11.4 million for
the project and authorized the use of $4.6 million
from park entrance fees. Another $ 11 million will

come from the state of Utah to improve transportation within Springdale. Construction is expected to
start this year with the system up and running—and
most cars banned—in 2000.
Building a light rail and shuttle system will
cost more at the Grand Canyon. NPS estimates
costs will total $90 million to $ 110 million, Galvin
says. The Park Service will build the transit centers
and the in-park system, but hopes to attract a private
contractor to build and run the light-rail system. No
NPS money has been budgeted for the project. Still,
park superintendent Arnberger says the system will
be working by 2002 and moving 4,000 people an hour
by 2010.
At Yosemite, it's unclear how much a transit
system will cost or when it will be built, Galvin says,
because of a dispute over where to put the parking
lots. Local environmentalists and business interests
oppose NPS plans to locate the lots in Yosemite
Valley, the park's main attraction.
"We're willing to accommodate [the local
groups]," Galvin says. He hopes that a transit system
will be working and most cars banned from Yosemite
by 2005.

Tfl
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FUNDS FROM FEES

To help pay for the Grand Canyon transit
system, the Park Service will earmark $5 of the $20
entrance fee charged visitors. Until last year, such a
local use for park fees would have been illegal.
Parks were only allowed to keep 15 percent of fees
to cover the administrative costs of collecting them;
the rest was returned to the Treasury Department's
general fund.
Under a demonstration program Congress
approved in 1996, however, the Park Service was
authorized to increase entrance, campground and
other fees at 100 of the most popular national parks
and other NPS attractions—and to keep much of the
fees for their use. As a result, most entrance fees
doubled from $10 to $20 per vehicle. At Yosemite,
they went up from $5 to $20.
The Park Service takes 20 percent of the
money to give to NPS units like Great Smoky
Mountains National Park along the North CarolinaTennessee border and the Lincoln Memorial that do
not charge entrance fees. Great Smoky Mountains—
the most frequently visited national park—is prohib5D-9

w
I—I

Parks in Peril (continued)

ited from collecting entrance fees by the law that
created the park.
The three-year test program has increased
park revenue nationwide from $70 million in 1996
before it went into effect to $110 million in 1997 and
a projected $ 140 million this year, Galvin says. Most
of the money will pay for maintenance and repair. "It
will help us get a start in reducing the [$5.6 billion]
backlog," he adds.
Other proposed sources of income may
further help the Park Service maintain its facilities,
repair buildings, and restore staff and programs. The
NRDC-National Trust report urged Congress to
authorize the Park Service to issue park bonds that
would be fully guaranteed by the federal government
and to join with state and local governments in
issuing other bonds. McCain has introduced a bill to
use bonds to help finance the Grand Canyon transit
system by adding a $2 surcharge for park visitors.
For his part, Galvin does not think the fee,
transit or air tour charges will alter the number of
people who visit Grand Canyon or the other national
parks, a fear expressed by some park critics. Only
weather, gas availability and international monetary
exchange rates seem to affect park visitation, he
says.
Moreover, visitor surveys conducted at 11
national parks in 1997 by University of Minnesota
researcher David Lime found most people were
willing to pay increased fees if the money were used
to improve the park where the money was collected
or the park system as a whole.
Improved transit systems, restricted air tours
and new sources of money will not solve all of the
Park Service's problems, NPS officials and outside
observers agree. Air pollution remains a concern at
Acadia and Great Smoky Mountains national parks.
Development outside park boundaries threatens the
resources inside at Yellowstone, Grand Canyon and
Everglades national parks.
But the improvements will help. "If we could
better control the flights and reduce the number of
cars in the park," Bryce Canyon's Fagergren says,
"we would alleviate a lot of our problems." ^
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National Parks, Without the Parking

BY TODD WILKINSON, THE CHRISTIAN SCIENCE MONITOR,

Bold plan unveiled today will replace cars with mass
transit at three popular parks.
In 1912 James Bryce, British ambassador to
the United States, went on a sightseeing holiday in
the American West.
While pondering the glorious granite monoliths of Yosemite National Park, he offered this
counsel to his hosts: "If you were to realize what the
result of the automobile will be in that wonderful, that
incomparable valley, you will keep it out."
Eighty-five years later, the Clinton administration is set to take the ambassador's advice by
unveiling today a bold plan to replace cars with
public-transportation systems in three of the
country's crown-jewel national parks. The pilot
projects at the Grand Canyon, Zion, and Yosemite
mark the beginning of what could become a historic
shift in the way future generations approach some of
the most treasured outdoor shrines.
Park Service officials and environmental
groups see the move as necessary to help relieve
congestion and return heavily trafficked parks to an
ambiance not experienced since earlier this century.
But, for visitors, the experiment will require adjustments: If the plan is eventually expanded to other
parks, gone forever could be the age when cars
perched beside wondrous natural landscapes were
the emblem of the great American summer vacation.
"I view it as not only sweeping but a radical
departure from the way we have visited parks from
the 1930s to the present time," says Grand Canyon
Supt. Rob Arnberger. "I think this will be remembered as a momentous day in the history of our
agency."
The government's pilot project will include
fleets of energy-efficient, clean-burning diesel buses,
and light-rail train lines connecting "staging areas" in
communities outside the three parks with destinations
inside.
Such mandatory alternative modes of public
transport are designed to eliminate bumper-tobumper traffic, shrink the expansive sea of asphalt
pavement in favor of more wildflowers, and reduce
air and noise pollution. "My absolute, profound
feeling from being around parks a good part of my
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life is that people are not the problem," Interior
Secretary Bruce Babbitt said in advance of the
plan's unveiling. "Cars are the problem, and we are
prepared to do something about it."
Flanked by Transportation Secretary Rodney
Slater and the superintendents of Yosemite, Grand
Canyon, and Zion, Babbitt will lay the groundwork
for what he calls "a major paradigm shift" in how the
public uses parks in the future.
Just five years from now, fully 90 percent of
the 5 million tourists entering Grand Canyon will
leave their cars outside the park boundary and be
shuttled by electric light rail or buses to the canyon
rim. The current ritual entails 6,500 autos jockeying
for 2,000 parking spaces at Grand Canyon village
every summer day.
E L CAPITAN, MY CAPITAN

At Yosemite, where mandatory public transit
will soon be implemented in Yosemite Valley, 7,000
cars daily—a million cars annually—swarm 2,500
spaces. In Zion, superintendent Don Falvey watched
roadside vegetation become so trampled that he
faced having to clear natural meadows for new
parking lots. He balked.
"Instead of enjoying the scenery, the experience for a lot of visitors is simply trying to avoid
hitting other vehicles," Mr. Falvey says. What we're
proposing "will change the whole visitor experience
and make it extremely rewarding."
The crisis of too many cars marring the
visitor experience is something Mr. Babbitt knows
well. During his youth, his family owned a general
store on the Grand Canyon's South Rim, and he
spent summers there working and exploring.
He says incredible changes were wrought
during the 1960s as the national interstate highway
system was completed, gas was cheap, and families
struck out on two-week pilgrimages to parks. "Today,
your first impression of the canyon is across a
parking lot full of idling cars and smelly buses," he
says.
BACK TO THE FUTURE

By relying on rail transportation like the
trains of yesteryear that were responsible for making
5D-11

I

l—l

o

S3
W

7\

Ul

4
i—i

H

X
O
CJ
HI

H
X
m

ss
i—i

X

a

National Parks, Without the Parkingf (continued)

parks what they are today, Babbitt says there is a
nostalgic element of going back to the future. "I just
don't buy these ideas that we need to solve the
problem by putting up a no-entry sign," he says.
"Every American ought to have a quality park
experience."
Of course, the latest approach to weaning
people from their cars is far more benign than the
one employed at the turn of the century in
Yellowstone. Then, rangers chained autos- to trees,
which forced tourists to travel on stagecoaches.
Under the new plan, cars will not be supplanted entirely. Visitors with reservations at park
hotels and campsites will still be allowed to drive
their own vehicles. In addition, motorists who detour
through the parks en route to another destination will
also maintain access.
The restrictions apply to daily summer users,
and they pertain primarily to specific trouble spots.
Park Service officials note the agency is not getting
into the public-transportation business cold. A
voluntary shuttle-bus system in Yosemite, for example, already carries more people per day—about
25,000—than the number of passengers riding buses
in San Diego.
"We have learned that if you make it attractive, efficient, and easy to use, people will take public
transportation and enjoy it," says Dennis Galvin,
deputy national director of the Park Service, who is
the originator of the new plan.
Although cars will be restricted in order to
reduce the impact on resources, federal planners
believe that parks now seemingly crowded will
actually be able to accommodate more people. At
Grand Canyon, Arnberger says that even if attendance increases to 7 million to 8 million visitors (from
the current 5 million) over the next two decades,
public transportation will make the experience better
for visitors then than it is today.
While some visitors understand the rationale
for the move, they know it will require adjustments—
uncomfortable ones. "They want to keep the place
pristine," says Jay Magus, a visitor to the Grand
Canyon from Canada. "But I'd still like to see it from
a personal vehicle."
Arnberger expects some resistance from
visitors used to driving along the rim, but says tough
choices had to be made. "Think of it, when you visit
5D-12

Sea World or Disneyland, you don't hear people
complaining because they couldn't drive up to
Shamu's pool or through the Magic Kingdom," he
says. "We are in a position to set the standard not
because we can but because we must." ^

Personal vVatercrart, The Noise That Annoys

BY RYCK LYDECKER,

BOAT/U.S.

MAGAZINE,

JULY

If a personal watercraft jumps a wave and
there's no one there to hear it, does it make a noise?
For many owners of conventional boats, the
answer would be an emphatic, "Yes!" Whether they
are there to hear it or not, the mere mention of
personal watercraft (PWC) in some boating circles
elicits loud complaints about noise.
Moreover, critic ask, is there any place left
on the water where you won't hear them? But bring
up PWC in mixed company—that is, with owners or
industry people present, and you'll hear that the
machines are quieter than ever.
The Personal Watercraft Industry Association (PWIA) says that today's sit-down PWC is far
more quiet than the stand-up units sold 10 years ago.
Although the trade group could not provide
sound test results to back-up that claim (saying the
information is "proprietary"), marine law enforcement personnel agree that machines today are
mechanically quieter than even five years ago.
But even as the PWC industry is producing
quieter off-the-shelf machines, the decibel level in
the noise debate keeps rising.
"Most of the complaints we get about
personal watercraft operation are really objections to
the constant sound of people riding in the same area
continually," says Capt. Jim Brown of the Florida
marine Patrol. "The problem with PWCs isn't how
loud they are, it's how they are used."
Randy Dill, Connecticut's boating law
administrator, agrees that 'round-and-'round riding is
at the root of most complaints.
"But the other part of the problem," Dill
says, "is that when a PWC jumps a wave, the noise
changes. And when someone is jumping wakes in
the same area repeatedly, the noise pitch goes up
and down. It's that annoying whine when the boat
goes in and out of the water, over and over, that
really aggravates people."
Dill, who chairs the Personal watercraft
Committee of the National Association of State
Boating Law Administrators, says education can
change operator behavior to some extent.
But the challenge to the PWC industry, from
a technological standpoint, is to keep the sound down
when the boat is up in the air.

1997, PP. 12-13.
"After all," he says, "that's what most
people enjoy about personal watercraft. I can only
hope that the industry will hit upon some technology
to eliminate the whine that's unique to personal
watercraft when they're running out of the water."
Brown and Dill both point to rider education
through boating courses and public information
campaigns as one of the keys to solving the obnoxious operator problem. "We need to work on making
riders more aware of their impact when they operate
their watercraft irresponsibly," Brown says.
But until that message gets from the head to
the handlebars, is the PWC industry doing enough to
keep the machine itself as quiet as possible?
KEEPING THE SOUND DOWN

There are three components to PWC sound
but the direct noise of the engine exhaust and the jet
pump is the dominant factor, making it the one
addressed first and foremost by the industry.
"With personal watercraft, there is no way to
bury the sound underwater like there is with outboard
motors," says Dick Lanpheer, director of Environmental Engineering with Mercury Marine. Lanpheer
is a recognized expert in the field who authored the
boating industry's model noise law, now adopted in
10 states.
"Nearly all outboards push the exhaust out
through the center of the prop and that's nearly a
perfect muffler. But the exhaust on a personal
watercraft exits in the tunnel under the hull where
the jet pump operates," Lanpheer said. "So when the
boat is jumping a wave, the exhaust and the jet pump
are out of the water and the noise increases."
With the hull in the air, he explained, the
engine races momentarily which spins the jet pump
faster, spiking the noise curve dramatically. "A PWC
slaps the water when it comes back down and that
can be a fairly significant component of the noise as
well," Lanpheer adds.
The industry acknowledges that personal
watercraft emit noise patterns that are unique—and
annoying. PWIA maintains that its member companies are committed to reining in the racket through
design improvements as well as through operator
education.
5D-13
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Personal vv^atercralt, Tne Noise Tnat Annoys (continued)

"Operation has a lot to do with the noise
problem, but as an industry we'd be the first to admit
that we need to improve the product as well," reports
Fernando Garcia of Bombardier Corp. which builds
the top-selling Sea Doo line.
"All personal watercraft now being manufactured comply with noise regulations in every
state," says Garcia, who chairs an industry technical
committee on marine engines.
Garcia claims the manufacturers are making
an earnest attempt to bring the noise levels down
even more. However, new air emission controls
imposed by the U.S. Environmental Protection
Agency (EPA) could contribute more to noise
reduction than anything the PWC industry may
design into the product voluntarily.
All marine engine manufacturers must cut
hydrocarbon emissions in new motors 70% to 80%
by the year 2006. Since personal watercraft and
most outboard motors use two-cycle engines, the
mandate will revolutionize that segment of the marine
engine industry.
Garcia says that "de-tuning" PWC engines—scaling down horsepower—will cut exhaust
emissions and reduce mechanical noise as well.
More efficient combustion through direct injection of
fuel into the cylinder will also cut exhaust noise in the
cleaner-burning engines, he said.
While the new four-cycle outboard motors
now on the market are quieter than conventional
motors, personal watercraft are not good candidates
for four-cycle power, according to Garcia. And
again, it has to do with the way PWCs are used.
"It's not out of the question, it's just more
complicated to make a four-stroke that can operate
in a personal watercraft environment, " Garcia says.
"Two-stroke engines have a far greater power-toweight ratio and they can ingest a certain amount of
water with the fuel, which a four-stroke can't. And
because of the way the fuel is delivered, if you invert
a four-stroke, the engine will flood and stall out."
So, if the "inversion" is the problem with
using quieter, four-cycle power, why not design a
personal watercraft that won't tip over?
"Well, that would be changing the product,"
Garcia says. "And that's not what the consumer
wants."
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SOUND SOLUTIONS

But the product is changing. Recent PWIA
customer surveys show a "graying" of the market
that could, in the long haul, do more to solve the
PWC noise problem, as well as irresponsible operator antics, than anything else.
And as the market matures (the average
buyer is now a 41-year-old, married male with
children and a $95,000 annual income, according to
PWIA), demand is shifting to larger, wider boats with
more passenger capacity.
That type craft is less suited to the aerial
acrobatics that generate the most offensive noise in
the first place. But it also takes more motor to move
the larger boats and average PWC horsepower has
doubled—from 40 hp to 80 hp—in the last 10 years.
With that increase comes the potential for more noise
when the boat does come out of the water.
But the shift from the need-for-speed
mentality to a cruising mindset in the marketplace
may take some time. Even the larger boats are
marketed as "performance craft" (that means "a gofast boat" according to Garcia). For an industry that
sells the sizzle with spray-washed smiles, airborne
moves and "loud" graphics on the clothing and gear,
the emphasis is still on high-speed fun. And the noise
issue, at least for the foreseeable future, still boils
down to behavior.
"We see this evolution of the market to the
more mature, family-oriented owner as having a
positive effect on 'nuisance-noise'," says Roger
Hagie, director of public affairs for Kawasaki Motor
Corp., the company that popularized the stand-up
PWC in the early 1980s and gave boating the nowgeneric term "Jet Ski. The gradual change in the way
personal watercraft are used should carry us to a
lower level of noise complaints," Hagie says. "But
that's probably not going to happen fast enough for
some people."
Meanwhile, sales of the three-person models
are up some 176% while stand-up craft have nearly
disappeared from the sales charts. That trend and
the new EPA regulations coming into play beginning
in 1998, could ultimately turn the noise problem
around.
And that's music to a lot of boaters' ears. ^
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Q u o t e s Regfardingf "Natural Q u i e t '

"People talk about the silence of nature,
but of course there is no such thing. What
they mean is that our voices are still, our
noises are absent."
—Sue Halpern

"There is no quiet place in white man's
cities. No place to hear the unfurling of
leaves in the spring or the rustle of an
insect's wings."
—Chief Seattle

"In antiquity there was only silence. In the
nineteenth century, with the invention of
the machine, Noise was born. Today,
Noise triumphs and reigns supreme over
the sensibility of men."
—Luigi Russolo

"If you have ever sat on a mountain top
and surveyed the country below, you
must realize that what you saw was even
more beautiful because of the awesome
silence which surrounded you. Art
galleries maintain a quiet because
curators realize that a painting viewed in
the midst of noise is less beautiful than
when it is contemplated in the midst of
silence."
—Karl Pruter

"Silence must be comprehended as not
solely the absence of sound. It is the
natural environment for serenity and
contemplation."
—Norman Cousins
"This is the hardest of all sounds in nature
to hear: the silent assertion of a landscape itself. It requires a rare confluence
of moods—clarity on nature's part,
receptiveness on our own—a suspension
of normal expectations and a relaxed
extension of our senses, to feel such deep
vibrations."
—Robert Finch
"But for the time
being, around my place
at least, the air is
untroubled, and I
become aware for the
first time today of the
immense silence in which I am lost. Not a
silence so much as a great stillness—for
there are a few sounds: the creak of
some bird in a juniper tree, an eddy of
wind which passes and fades like a sign,
the ticking of the watch on my wrist—
slight noises which break the sensation of
absolute silence but at the same time
exaggerate my sense of the surrounding,
overwhelming peace. A suspension of
time, a continuous present."
—Edward Abbey

"In the silence I listen, I watch, I reuse, I
attend. I observe. I require this silence. I
search it out. The finely drawn treble
song of a white-throated sparrow is part
of it. Invasions of it by the noise of
engines torments me. This is my solitude."
—Alice Roller
"The bull frogs trump to usher in the
night, and the note of the whippoorwill is
borne on the rippling wind from over the
water. Sympathy with the fluttering alder
and poplar leaves almost takes away my
breath; Yet, like the lake, my serenity is
rippled but not ruffled."
—Henry David Thoreau
"There are many places in the National
Park System which look very much like
they did two hundred years ago, but very
few places which sound like they did
even twenty years ago."
—Chip Dennerlein
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Quotes Regarding "Natural Quiet'

"When I begin to sit with the dawn in
solitude, I begin to really live. It makes me
treasure every single moment of life."
—Gloria Vanderbilt
"Quietly, the darkness grows in the forest,
seeping into the clearing and penetrating
the soul, all-healing, all-reconciling,
renewing the world for a new day."
—Erazim Kohak
"In the attitude of silence the soul finds
the path in a clearer light, and what is
elusive and deceptive resolves itself into
crystal clearness. Our life is a long and
arduous quest after Truth and the soul
requires inward restfulness to attain its
full height."
—Mahatma Gandhi
"See how nature—trees, flowers, grass—
grows in silence; see the stars, the moon
and sun, how they move in silence."
—Mother Teresa of Calcutta
"How often we speak of the great
silences of the wilderness and of the
importance of preserving them and the
wonder and peace to be found there.
When I think of them, I see the lakes and
rivers of the North, the muskegs and
expanses of tundra, the barren lands
beyond all roads. I see the mountain
ranges of the West and the high, rolling
ridges of the Appalachians. I picture the
deserts of the Southwest and their brilliant
panoramas of color, the impenetrable
swamplands of the South. They will
always be there and their beauty may not
change, but should their silences be
broken, they will never be the same."
—Sigurd F. Olson
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"It all adds up to one thing: peace, silence,
solitude. The world and its noise are out
of sight and far away. Forest and field,
sun and wind and sky, earth, and water,
all speak the same silent language."
—Thomas Merton
"Solitude—walking alone, doing things
alone—is the most blessed thing in the
world. The mind relaxes and thoughts
begin to flow and I think that I am
beginning to find myself a little bit."
—Helen Hayes
"Nothing has changed the
nature of man so much as
the loss of silence . . . this
fact that silence is no longer
taken for granted, or
something as natural as the
sky above or the air we breathe."
—Max Picard
"Only in the oasis of silence can we drink
deeply from our inner cup of wisdom."
—Sue Patton Thoele
" . . . certain experiences and truths are so
alien to ordinary consciousness that the
individual must withdraw in order to
experience them."
—Carol P. Christ
"What is essential, is invisible to the eye."
—Antoine de Saint-Exupery
"The best remedy for those who are
afraid, lonely, or unhappy is to go outside,
somewhere where they can be quite
alone with the heavens, nature, and God."
—Anne Frank

Quotes Regarding "Natural Quiet"

"I gave my heart to the mountains the
minute I stood beside this river with its
spray in my face and watched it thunder
into foam, smooth to green glass over
sunken rocks, shatter to foam again . . .
It was rare and comforting to waken late
and hear the undiminished shouting of the
water in the night. And at sunup it was
still there, powerful and incessant, with
the slant sun tangled in its rainbow spray,
the grass blue with wetness, and the air
heady as ether and scented with campfire
smolder.
By such a river it is
impossible to believe that
one will ever be tired or
old. Every sense
applauds it. Taste it, feel its chill on the
teeth: it is purity absolute. Watch its
racing current, its steady renewal of
force: it is transient and eternal. And
listen again to its sounds: get far enough
away so that noise of falling tons of water
does not stun the ears, and hear how
much is going on underneath—a whole
symphony of smaller sounds, hiss and
splash and gurgle, the small talk of side
channels, the whisper of blown and
scattered spray gathering itself and
beginning to flow again, secret and
irresistible, among the wet rocks."
—Wallace Stegner
"My heart is tuned to the quietness that
the stillness of nature inspires."
—Hazrat Inayat Khan

"By learning to listen, unafraid and
unthreatened to wildness and the
incredible beauty it represents, we may
yet be able to mitigate this collective
deafness to the natural world."
—Bernie Krause
"What a thing to sit absolutely alone,
in the forest, at night,
cherished by this
wonderful,
unintelligible,
perfectly innocent
speech,
the most comforting speech in the world,
the talk that rain makes by itself all over
the bridges,
and the talk of the watercourses
everywhere in the hollows!
Nobody started it, nobody is going to stop
it.
It will talk as long as it wants, this rain.
As long as it talks I am going to listen."
—Thomas Merton
"If you love it enough, anything will talk
with you."
—George Washington Carver
"The faint lisp of snowflakes as they
alight is one of the smallest sounds a
mortal can hear. The sound of falling
sequoia seeds, even when they happen to
strike on flat leaves of flakes of bark, is
about as faint."
—John Muir
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Park Newspaper Article Template

Listen U p ! National Parks Preserve Natural Sound Environments
From parks on the doorsteps of crowded cities to the wildness of backcountry areas, our
national parks offer a collection of natural sounds that is quickly becoming difficult to find
and enjoy anywhere else.
"Natural sounds are part of the special places we preserve," said National Park Service
Director Robert Stanton. "Rustling winds in the canyons and the rush of waters in the rivers
are the heartbeat and breath of some of our most valuable resources."
One reason national parks remain special is that they preserve unique resources, including
natural sound environments. These sounds are part of park resources, and protecting them
ensures the opportunity for people to contemplate the parks in their natural state.
Results of a recent NPS visitor survey show that over 90 percent of park visitors considered
enjoyment of natural quiet and the sounds of nature, and viewing natural scenery, as important reasons for visiting Park Service areas. The NPS recognizes just how easily natural
sounds, tranquility, and solitude can be lost, and is increasing protection efforts.
The NPS is currently developing policies on noise reduction and the preservation of natural
sound environments in national parks. "Sources of noise are being identified," said Director
Stanton. "Intruding noise sources are of particular concern in park areas where preservation
of natural sounds is a management objective."
This work reflects long-term NPS efforts to reduce or eliminate noise in certain parts of
national parks. To maintain wilderness values, mechanized equipment is excluded from
backcountry areas. Roads wind through only small portions of park areas and the decibel
level of equipment using them may be limited. Motorboats are not permitted in certain natural
areas of the National Park System. Although the Park Service uses aircraft where necessary for rescue, safety, and maintenance operations, activities follow agency guidelines
designed to minimize adverse impacts on wildlife, visitor experiences, and park resources.
Park visitors can also help protect natural sound environments by taking these actions:
1. Be aware of campground quiet hours provided in park information. Keep voices low and
vehicle engines turned off so everyone can better hear and enjoy natural sounds. 2. Be
considerate of other park visitors when talking, playing radios, starting vehicle engines, or
using audio devices. Many people visit national parks to escape the sounds of modern
civilization. 3. Use alternate methods of transportation, such as shuttles, where available.
Choose transportation with the least impact on natural quiet. ^
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Sample Interpretive Program Outline

PROGRAM NAME:

The Nature of Sound

THEME: The units of the National Park System are special places that preserve natural sound
environments which are important qualities of natural ecosystems. NPS sites also provide people
the opportunity to experience tranquility, natural quiet, solitude, and contemplation. These diminishing resources contribute to the health of the environment and are important for our well-being
and that of our children.
Public appreciation of these assets must be nurtured to reduce degradation of natural sound
environments in national parks and restore opportunities to hear and enjoy the sound of our
nation's natural and cultural heritage.
GOALS:

>

X

This program will help visitors focus on natural sound environments that exist in national

parks.
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Visitors will appreciate natural sound environments as important to natural ecosystems in national
parks and as significant aspects of a quality visitor experience which has both physical and
emotional benefits.
OBJECTIVES:

1. Visitors will be able to state, in their own words, the importance of natural sound environments
to themselves as visitors.
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2. Visitors will be able to state two ways in which natural sound environments are important to
their park experience and their own well-being.
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3. Visitors will be able to list at least one way that natural sounds are important to natural ecosystems.
LOGISTICS: AS
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Required

X

Required
An audiocassette of natural and cultural sounds should be available, but only if conditions prevent
the interpreter from introducing visitors to natural sounds in natural places. 35mm color slides
included in the NPS Sound Education Plan Materials may be used in interpretive slide presentations.

MATERIALS: AS

REFERENCE MATERLVLS:

1. Nature of Sound Interpretation Support Package.
2. Sound Education Plan PowerPoint Presentation (see List of Resources).
3. Nature of Sound audiocassette from NPS Sound Education Plan Materials.
This program was initiated in 1998 in support of the National Park Service
Sound Education Plan.
PROGRAM HISTORY:
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Sample Interpretive Program

This evening campfire program script was written by park interpreter Miriam Graham for visitors
to the Needles District of Canyonlands National Park. Graham says "Almost every week, someone in my audience expresses wonder at the extraordinary quiet in Canyonlands . . . "
You can use this script as an example of how to add sound effects to your interpretive programs
and share the importance of natural sound environments with your audiences. To prepare for your
presentation, start by exploring the symphony of sounds in your park and record sounds unique to
your area. Following this script are some suggestions for basic outdoor sound recording provided
by Miriam Graham and reviewed by National Public Radio.

VOICES OF THE DESERT

by
Miriam G r a h a m
Canyonlands National Park, Needles District
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THEME :

The extreme quiet of the desert in Canyonlands gives us a unique opportunity to hear a
variety of natural—and unnatural—sounds.

w
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For visitors to spend more time on the trails and in camp listening to natural sounds, to
notice human-made sounds, and to desire the preservation of quiet in the parks.

ffl

GOALS:

OBJECTIVES:
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Visitors will be able to identify two natural sounds that are new to them.
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INTRODUCTION:

Good evening and welcome to the Needles
District of Canyonlands National Park.
(Announcements, safety concerns, etc.)
If you're interested in becoming a volunteer for
the park, please talk to me after the program,
because we always need volunteers!
I work at the visitor center front desk a lot.
People often ask me, "Where can I go to get a
great view?" But I'm still waiting for someone
to ask, "Where can I go to hear a really good
sound?"
Sounds are a part of our environment, and they
affect us whether or not we're aware of them.
Perhaps they affect us even more than scenery. It seems that we humans are so visually-

oriented that we tend to ignore sound. In cities,
people tune out unpleasant sounds, such as the
sound of traffic, or machinery, or a busy office,
if those sounds interfere with work or sleep.
There are studies showing how loud noise can
raise blood pressure and cause stress to our
systems. Other studies show that certain kinds
of sounds can have a calming, or even healing,
effect on us.
Have you heard of the Mozart Effect? Students
who listened to a half-hour of Mozart before
taking a test scored an average of eight points
higher than students who did not!
What are some of your favorite sounds?

6C-3
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I forgot to tell you that when I'm not working
in the park, I'm a piano tuner. So, sound has
always been very important to me and I listen
to sounds a lot—probably more than the
average person does. Tonight, I'm going to
share some of my favorite Canyonlands sounds
with you.

(Note: Before each section of the program I play a sound. Visitors usually like
to guess what the sound is.)

WATER

One of the most delightful sounds in Canyonlands is one that we usually don't associate
with the desert. I didn't record this sound in my
bathroom! I recorded it in Squaw Canyon early
in April. But if you hiked in Squaw Canyon
today, I'll bet you didn't hear anything like it.
There is only one perennial stream in the
Needles, Salt Creek. The rest dry up during
part of the year.
How many inches of rain do you get a year
where you live? Here, we get only about nine
inches. Water (or the lack of it) is the bottom
line in the desert. It sustains and limits all plant
and animal life.
Plants and
animals have
evolved some
extraordinary
adaptations to
deal with the lack
of water. If you
look around you at the plant life in Canyonlands, you'll notice that, except near the rivers,
we have no big, leafy trees. Leaves are tiny,
thick, curled, waxy, hairy, spiny, or bluish in
color; all these qualities cut down on water
evaporation from the surface of the leaf. The
best adapter to the desert in the plant world is
the cactus. Its leaves have been reduced to
6C-4

(continued)

spines and its stems (the fleshy part of the
cactus) can swell up with water when there is
water available, and shrink and shrivel when it
is dry. Cacti also send out shallow "rain roots"
after a rainfall to take up water very near the
ground surface.
Each depression in these rocks where we are
sitting contains a whole world dependent upon
water. The potholes fill up with water when it
rains, providing a drinking source for many
animals. Then the eggs of a score of creatures
that live in potholes hatch out—eggs that have
been waiting weeks, months, and even years,
for the right conditions. These worms, beetles,
and tadpoles develop very quickly into adulthood. As the pothole dries up again, the adults
die, but the eggs they've laid remain, waiting
for the next rain to begin the cycle again.
Desert animals are also specially adapted to
living here. The kangaroo rat, a small, nocturnal
rodent with big feet, doesn't have to drink
water at all. It gets all its water from food, and
even its urine is dry.
Humans, on the other hand, are not adapted to
desert conditions. We need to drink a gallon of
water a day, so remember to bring plenty of
water when you're hiking or even if you're
hanging around camp. If you're feeling irritable,
headachy, or confused, it's probably because
you haven't been drinking enough—water,
that is.
(For late summer programs) A friend of mine
told me a story that I'd like to share with you
about water. He was camping near a dry wash
in Taylor Canyon in the Island in the Sky
District of the park. He'd gotten caught in a
thunderstorm earlier that afternoon, but as
evening came, the weather cleared. He'd just
finished cooking supper, so he turned his little
backpacking stove off. Suddenly he heard a
sound like his stove was still on. (Make the
sound.) He turned around just in time to see the
proverbial wall of water rushing down the

Voices or t n e D e s e r t

wash, and just in time to move his gear to
higher ground!
That was the sound of a flash flood approaching. The sandy, rocky soil here doesn't absorb
much water and so, after a downpour, the
water collects and starts to flow off the canyons and down the washes toward the Colorado and Green Rivers. As it flows, the water
takes sand with it. It becomes liquid sandpaper,
wearing down the rocks. This process—
erosion—started millions of years ago to carve
the canyons, and it's still happening today. The
moral of this story: Erosion happens. Also:
Don't camp in a wash! Flash floods usually
occur in the late summer, but they can happen
any time after a heavy rain. When you're
hiking in a narrow canyon, be aware of possible
escape routes.

CANYON WREN

One of the most typical sounds of the desert
canyons was described by naturalist Robert
Ridgeway in the 1860s in terms of water: "a
cascade of sweet, liquid notes, like the spray of
a waterfall in sunshine." Seldom seen but often
heard, canyon wrens inhabit steep-walled
canyons, usually with water in the bottoms. The
canyon wren is a petite, reddish brown bird
with a white throat and breast, speckled
plumage, and a tail sticking up as it nervously
pokes with its long bill into every crevice
looking for insects and other invertebrates to
eat. You can hear these wrens year-round in
Canyonlands.

(continued)

sent out many different animals to bring back
wind and rain, but none were successful.
Finally, the hummingbird offered to help. The
people scoffed at him at first—he was surely
too small (a black-chinned hummer weighs
about as much as one golden eagle primary
feather!) and weak. But they were desperate,
so they gave in. The hummingbird asked for
one thing: some strands of the chief's
daughter's beautiful long black hair, which he
wove into a rope.
Now, if you've ever watched hummingbirds,
you know that they are incredible flyers. They
migrate from Mexico every spring, flying at
about 25 to 30 miles an hour, but if they catch a
tail wind, they can go perhaps twice as fast.
This hummer had a white tail feather, which
always pointed to the wind. As he flew, he
followed the direction of this magic feather and
it brought him to the place where the wind and
rain spirits were hiding. In an instant, he tied
them up with the hair-rope and told them that if
they didn't come back, he would never untie
them. That's how the hummingbird brought rain
back to the Pima people.
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WHITE-THROATED SWIFT

BLACK-CHINNED HUMMINGBIRD

You may be more likely to
hear the "whoosh" of a
white-throated swift as it zips
over your head if you're
standing at the edge of a
cliff. They may be the fastest
birds in North America—
they've been observed
escaping the midair attack of
a peregrine falcon at about 200-mph!

The canyon wren isn't the only animal in the
desert to call up images of water. The hummingbird is the "Rainbird" to the southwest
native peoples. According to a Pima story, at
one time, the wind and the rain spirits left the
people. Since they were dying of thirst, they

They're black, swallow-like birds with white on
the throat and underside, and long, slender
pointed wings which they hold out stiffly while
flying, and a forked tail. White-throated swifts
are actually closer cousins to hummingbirds
than to swallows.
6C-5
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White-throated swifts spend most of their time
in the air. They even mate in the air, free-falling
and swooping back up before they hit the
ground. In fact, their feet are so weak they
have trouble taking off when they do alight on
the ground. Their Latin family name,
Apodidae, means "without feet." They can be
seen year-round in Canyonlands, though they
seem to hibernate during the coldest weather.

RAVEN

"Ghastly grim and
ancient raven, wandering from the nightly
shore,
Tell me what thy lordly
name is, on the night's
Plutonian shore!
Quoth the Raven,
'Nevermore'."
The raven, to Poe, was an evil omen. Europeans have also considered ravens a symbol of
death, but American Indian tribes have a better
opinion of them: according to the Northwest
tribal people, the raven's role is similar to the
coyote's role in the Southwest, that of a creator
and also a trickster.
Either way, humans have never been indifferent
to ravens, perhaps because they are so big and
so black, and always seem to be hovering
nearby. Even Jesus talked about ravens. He
said, "Consider the ravens, for they neither sow
nor reap, which neither have storehouse nor
barn, and God feedeth them." And it's true—
ravens never seem to lack for food. They are
both predator and scavenger, feeding on
carrion, killing live game, dining on the eggs of
other birds, and even eating plants. They
sometimes accompany other predators to feed
on their kill: in the days of the great bison herds,
ravens would travel along with the herds, taking
advantage of a carcass if an animal happened
to die.
6C-6
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PINYON JAY

Unlike ravens, their close cousins, pinyon jays,
do have storehouses. These nuts are their
favorite food, and they may become your
favorite food if you try one! (Pass pinyons
around.) Pinyon jays collect the ripe nuts of
pinyon pines in the fall and cache them on the
ground, usually far away from the tree. The
jays eat most of the nuts throughout the winter,
but the ones they leave eventually sprout and
start new trees. By taking the nuts far away
from the parent tree, the jays ensure the
genetic variability of the pinyon tree population.
It's a true partnership. While other birds are
settling down for a winter routine of survival,
pinyon jays actually begin their mating season in
November, after they have had a chance to
collect a large store of food. The pinyon tree
has a bumper crop of nuts every six to seven
years, and on those years, pinyon jays may
hatch several clutches of eggs.
The pinyon jay is an all-blue bird. Like the
raven, it is a corvid, a family of birds that
includes ravens, jays, crows, and magpies.
Corvids are social birds, and pinyon jays often
fly in flocks, calling as they fly.

PEREGRINE FALCON

This sound was almost gone from the world at
one time. In the late 1940s, its numbers suddenly and drastically declined, so that it was
extinct in the eastern U.S. and almost extinct in
the West.
Scientists found high amounts of the pesticide
DDT in the birds that had eaten small birds,
which in turn fed upon insects sprayed with
DDT. They also found that DDT was causing
the eggs of the peregrines to be so thin that
they would usually break before hatching. In
1970, the peregrine falcon was placed on the
Endangered Species List, and in 1972, DDT
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was banned in the U.S. from most uses.
(Unfortunately, it's still used in some Latin
American countries where peregrines migrate.)
Just taking DDT off the market wasn't enough
to bring back the peregrine, so an eleventhhour recovery effort started. In some cases,
biologists placed peregrine falcon eggs in foster
parents' nests. They also raised the falcons in
captivity and then released them into the wild,
and in other instances, allowed eggs to hatch in
captivity, and then placed the young birds in
wild peregrine falcons' nest. This was a heroic
act, because not only do peregrines live high up
on cliffs, they also have very sharp talons and
they hate being disturbed!
The recovery efforts have been successful,
and today you can see peregrines hunting for
pigeons off urban skyscrapers as often as you
might see them cruising the cliffs of Canyonlands. They're as thrilling to watch as to hear
as they soar high over their prey, suddenly
dropping down and nailing a smaller bird at
speeds of up to 200 miles an hour.

GREAT HORNED OWL

The great horned owl is the most common and
widespread owl in North America, and probably the bird most often heard in the movies! It
is a large owl, brown with black barring and
feathery tufts that look like ears but are not. Its
actual ears are two asymmetrical openings on
its head, and its whole face functions as an
outer ear. The shape of the owl's face is like a
satellite receiver for sound.
Owls also have excellent eyesight: research
shows that some species can see by the light of
a single candle that is four football fields away!
But they are farsighted, so when their prey is
close, they find it with their sense of hearing.
An owl can hear the slightest rustling of a
mouse or other prey. Its soft feathers have
serrated edges that air can pass through, so its

flight is practically soundless as it sneaks up on
and catches his prey, which it can do even in
total darkness.

BATS

A clue: the frequencies of
these sounds have been
lowered so that we can hear
them. I played two different
sounds of this animal, the only flying mammal.
Can you guess? The first sounds were Mexican freetail bats communicating; the second
was a "feeding buzz," the sound of a silverhaired bat hunting.
How do bats see in the dark? Humans see by
reflected light, but bats "see" by reflected
sound. They fly in darkness with their mouths
open, practically screaming into the darkness—
if we could hear them, that is. The sounds they
make bounce off objects and return in the form
of echoes, similar to our sonar. The bat forms a
mental image of the world around it from these
echoes. As a bat gets closer to its prey (such
as a mosquito), it makes more frequent
sounds—this is the buzzing. Echolocation is so
sensitive that a bat can "see" something as fine
as a human hair in total darkness!

COYOTE

Though a symbol of the
West, coyotes are also
the most maligned,
hunted, and persecuted
animals in the West
because people believe
they kill livestock. There is actually very little
evidence that coyotes take animals that aren't
weak, sick, genetically defective or already
dead. In spite of this persecution, coyotes have
survived and even extended their range.
Though they originated in the southwest, they
are now found in every state except Delaware!
6C-7
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Coyotes sing to communicate with each other,
to warn members of the den of danger, or to let
others know that food is available. A mated
pair of coyotes will sing a duet together to let
other coyotes know of their bonding. And just
as we call our kids after they leave home,
coyotes arrange meetings with their young to
check up on them and bring them extra food for
months after the pups have left the den.

HUMANS: COWBOYS, INDIANS, AND TOURISTS

Now I'm going to ask you
to use your aural imaginations.
It's about 1930, a cold night
at the end of November.
Coyotes are singing in the
distance. A cowboy (named
Slim, of course), an employee of the ScorupSomerville Cattle Co., lies awake in his bedroll
at the Cave Springs camp, trying to keep warm.
The horses and dogs are also in the alcove
since the weather's bad. Imagine the sounds:
the bark and yip of coyotes, cowboys snoring,
the horses snorting, a cow lowing somewhere
nearby, a fire crackling, and those other sounds
that cowboys make after a hearty dinner of
beans. Now, at times like this, a cowboy can
get philosophical. Maybe Slim had the following
conversation with his partner lying on the
ground next to him:

(continued)

"The box and you goes in a hole,
That's been dug into the ground.
Reincarnation starts in when
Yore planted 'neath a mound.
Them clods melt down, just like yer box,
And you who is inside.
And then yore just beginnin' on
Yer transformation ride.
"In a while the grass'11 grow
Upon yer rendered mound.
Till some day on yer moldered grave
A lonely flower is found.
And say a hoss should wander by
And graze upon this flower
That once wuz you, but now's become
Yer vegetative bower.
The posey that the hoss done ate
Up, with his other feed,
Makes bone, and fat, and muscle
Essential to the steed.
But some is left that he can't use
And so it passes through,
And finally lays upon the ground.
This thing, that once wuz you.
"Then say, by chance, I wanders by
And sees this upon the ground,
And I ponders, and I wonders at,
This object that I found.
I thinks of reincarnation,
Of life, and death, and such,
And come away concludin': Slim,
You ain't changed, all that much.

Reincarnation
"What does reincarnation
mean?"
A cowpoke ast his friend.
His pal replied, "It happens when
Yer life has reached its end.
They comb yer hair, and warsh yer neck,
And clean yer fingernails,
And lay you in a padded box
Away from life's travails.

6C-8

That's a cowboy poem by Wallace McCrae.
Most of the land in the Needles was used for
grazing cattle from the late 1800s until 1974.
But long before the cowboys, other people
lived here.
The Anasazi, or ancestral Puebloans, truly lived
off the land, by hunting, gathering wild plants,
and by farming corns, beans and squash. Can
you imagine the sounds of these people going

Voices o i t h e D e s e r t ( c o n t i n u e d )

about their everyday tasks? They had no
horses, or wheels, and only the simplest of tools
with which they farmed, built small houses,
kivas where they performed their religious
ceremonies, and granaries to store food. The
grinding of corn and wild seeds was surely a
common sound. (Demonstrate metate and
mano.) Along the Cave Springs trail you'll see
three grinding areas worn side by side right into
the slickrock. Grinding corn was probably a
social activity, with several women talking and
laughing as they worked.
So, human beings have been in the Needles for
a long time. One could argue that they belong
here. Since Canyonlands became a national
park in 1964, there also have been the sounds
of humans at play. Here's a jeep going over
Elephant Hill.
What about machine
sounds? Do they interfere
too much with natural
sounds, the feeling of
solitude here in the desert?
Can that great horned owl
hear a mouse moving if
there's an engine running nearby, or will he go
hungry? Did you hear that airplane overhead a
few minutes ago?
The National Park Service has pledged to
protect the natural quiet of our national parks
just as it protects our other natural resources—
the air, the soil, the water, the wildlife. Several
parks, including Canyonlands, recently measured year-round sound levels in different
locations. We hope to use this data as a
baseline from which to compare future noise
levels so we can decide how much is too much
noise in the park. Noise from airplane overflights is an issue we are concerned with here
in Canyonlands. Right now, we have no real
limits on tourist airplanes flying over the park,
but the FAA and the National Park Service
have been working together to come up with
plans to regulate airplane overflights.

CONCLUSION:

The desert can be a very silent place. Some
people find the silence of the desert disconcerting at first. However, after a while, they
discover that it can also be contemplative,
calming—bordering on mystical. As we've
heard tonight, it's that very silence that gives us
a unique opportunity to hear sounds: the sound
of the wind rustling through the cottonwood
trees, a single fly buzzing in the afternoon heat,
a raven's cackle, or as the writer Barry Lopez
put it, the "grace notes" of a canyon wren.
As you go back to your campsites tonight and
continue your visit in Canyonlands, spend a few
moments listening to the voices of the desert,
and to that uncanny silence. I hope you'll be
rewarded with some of the natural sounds
we've listened to on tape tonight and to many
more as well. Thanks for joining me tonight and
have a fine evening.

PROPS:
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1. Sony splash-proof tape recorder (good for
outdoor use)
2. CD Native Lands for intro and outro music.
3. Tape of sounds in order taken from CDs and
my own recordings
4. Pictures (used with small groups, sometimes
they seem to distract people from listening)
5. Metate and mano, coyote track, pinyon nuts,
bandanna for cowboy costume, flashlights

SOUND RECORDING TIPS:

1. Choose a time of day
and a place to record
when there are not
extraneous noises from
air traffic, cars, and other
vehicles, unless you are
trying to record those
human-made sounds.
6C-9
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2. Monitor the tape, not the
input, using headphones.
3. Experiment with microphone
placement.
4. Make sure that recording
levels are as high as possible
without creating tape distortion.
5. Use high quality, high bias, new tape.
6. Use a separate microphone with a foam
windscreen. (Don't use the internal microphones included on some tape recorders.)
7. Consider whether you want mono or stereo
sound. (For stereo, you need either a stereo
microphone or two microphones.)
8. Always record more sound than you think
you will need.

6C-10

(continued)

List or

Resources

Public appreciation of natural sound environments is growing as increased modernization affects our
daily lives. The NPS works to protect park soundscapes while offering the public opportunities for
enjoying natural sounds and experiencing solitude. Numerous other organizations and individuals also
are working hard to increase awareness about sound environments. Following is a list of resources to
assist you in researching more about sound environments and the dwindling resource of natural quiet.

AUDIO

NPS "Nature of Sound" audiocassette, produced by NPS Harpers Ferry Center, July, 1998.
"Lewis and Clarke, Sounds of Discovery" CD or audiocassette, Mokoche Recording Co., Bismarck,
ND, 1998. Available from Ft. Clatsop Historical Association, 503-861-2471 ext. 216.
Audio samples by Gordon Hempton and Bernie Krause are included on the CD Rom in this package.

BOOKS
i—i

Into a Wild Sanctuary. A Life in Music and Natural Sound, Bernie Krause, Heyday Books, Berkeley,
California, 1998.
Listening to Nature. Joseph Cornell, Dawn Publications, Nevada City, California, 1987.
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BROCHURES

The Juneau Icefield, USDA Forest Service, Alaska Region, Juneau Ranger District, 8465 Old Dairy
Road, Juneau, Alaska, 99801, 1999.
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NEWSLETTERS

Nature Sounds, The Nature Sounds Society, The Oakland Museum of California, 1000 Oak Street,
Oakland, California, 94607.
Echoes, The Acoustical Society of America, 500 Sunnyside Blvd., Woodbury, New York, 11797.

POWERPOINT PRESENTATIONS

The CD Rom in this package includes the NPS PowerPoint Presentation titled "The Nature of Sound"
and a PowerPoint presentation including images and audio from Gordon Hempton, The SoundTracker.

VIDEO

"National Park Sounds," Wild Minutes video, reported by Dennis Troute, produced by the NPS and
the Nature Conservancy, 1998. Total running time: 2 minutes, 29 seconds.
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(continued)

PUBLISHED ARTICLES

"Bio-acoustics, Habitat Ambience in Ecological Balance," Bernie Krause, Whole Earth Review,
No. 57, Winter, 1987.
"It's Not Nice to Bother Mother Nature," Gaylord Nelson, Los Angeles Times, August 25, 1998.
"National Parks, Without the Parking," Todd Wilkinson, The Christian Science Monitor, 11 -25-97.
"Natural Quiet," David McKenzie, Northern Pilot, April/May, 1999, pages 24-25.
"Parks in Peril," Jeffrey P. Cohn, Government Executive, May 1998, pages 47-52.
"Personal Watercraft, the Noise That Annoys," Ryck Lydecker, BOAT/U.S. Magazine, July, 1997.
pages 12-13.
"Silence and Quiet Use, The Quiet Use Coalition Aims to End Aural Assault on Colorado Wildlands,"
Jean C. Smith, Wild Earth, Spring 1998, pages 58-59.
"Sounds of the Seasons," Ivars Peterson, Science News, December, 21, 1996.
"The Gift of Silence," Anne LaBastille, Wild Earth, Fall, 1997, page 14.
"What'd You Say?" Linda Kulman, U.S. News & World Report, April 26, 1999, pages 66-74.

WORLD WIDE WEB SITES

http://asa.aip.org
http://www.ornith.cornell.edu/LNS
http://www.soundtracker.com
http://www.naturesounds.com
http://www.nonoise.org
http://im.den.nps.gov/workgroup/suptoff/overflight
http://www,nps.gov/socialscience/waso/products.htm
http://www.wildsanctuary.com
http://interact.uoregon.edu/MediaLit/WFAEHomePage

Acoustical Society of America
Cornell Library of Natural Sounds
Gordon Hempton, The Sound Tracker
Nature Sounds Society
Noise Pollution Clearinghouse
NPS Intranet Overflights Information
NPS Social Science Program
Bernie Krause, Wild Sanctuary Inc.
World Forum for Acoustic Ecology

LEGISLATION AND NATIONAL PARK SERVICE DOCUMENTS

National Environmental Policy Act (1969, as amended).
Noise Control Act of 1972.
NPS Organic Act (as amended), Title 16 US Code Section 1 et seq.
Public Law 93-20 (Grand Canyon Enlargement Act, January 1975).
Wilderness Act (1964, as amended).
Draft NPS Reference Manual No. 47: Soundscape Preservation and Noise Management, May 1999.
National Parks Overflights Working Group Outline of Recommended Rule, FAA & NPS, 12-16-97.
NPS Strategic Plan. 1997.
NPS Management Policies of 1988 (chapters 1, 4, and 8)
NPS Natural Resources Management Guideline (NPS-77; chapter 2, 5-16-97).
NPS Task Directive on Aircraft Management Studies. 1992.
NPS Report to Congress on Effects of Aircraft Overflights on the National Park System , 9-12-94.
NPS Sound Education Plan, Revised Edition, 1999.
Social Science Research Review. Volume 1, Number 1, Winter 1999. "The Effect of Mechanical Noise
and Natural Sound on Visitor Experiences in Units of the National Park System," by Dr. James
Gramann, Texas A&M University.
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Tools lor Interpreting N P S Sound Environments

How can you prepare a quality Nature of Sound interpretive program for your outreach and park visitor
audiences? Here are some timesaving tools, including 35mm slides and an audiocassette of park sound
environment recordings, to get you started immediately. Once you develop your presentation using these
tools and the background information in this package, you can distribute Listen Up! Newsletters or customized site bulletins to those who desire additional information. You can also share these products with potential
park partners to develop cooperative interpretive programs.

35MM SLIDES (FROM POWERPOINT PRESENTATION)

A selection of twenty 35mm slides is included for use in presentations to park visitors, outreach audiences,
and park staff. These slides contain text and graphics excerpted from a complete digital PowerPoint presentation that includes sound effects and additional images. An outline of the PowerPoint presentation is found
on the following pages. Images provided as 35mm slides in this package appear in bold type. These slides
may be duplicated or scanned for a variety of other purposes including park newspaper publications. A digital
copy of the complete PowerPoint presentation is included on the CD Rom in this package.
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AUDIOCASSETTE

The "Nature of Sound" audiocassette, produced by NPS Harpers Ferry Center, features a great variety of
soundscapes found in NPS sites throughout the nation. Side A emphasizes natural sound environments while
Side B primarily highlights sounds that are meaningful in historic settings. This audiocassette can help you
establish an appreciation for park soundscapes when you use it as a warm-up tool for your audience or as a
resource about sound environments for NPS staff. Once you become acquainted with the sound environments on this audiocassette, you may also want to make some recordings of your own. A detailed list of
sounds featured on the "Nature of Sound" audiocassette follows.
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NEWSLETTER
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A four-page NPS newsletter titled Listen Up! is included to provide further information for park visitors and
the general public. Articles include information from surveys and updates on NPS noise reduction planning. A
digital file of the newsletter is available for NPS areas to produce additional copies as needed. You can
download this file on the NPS Intranet site at: http://im.den.nps.gov/workgroup/suptoff/overflight/default.htm.

SITE BULLETIN

A National Park Service site bulletin is included for distribution to park visitors. In addition, a digital file of the
publication is available on the enclosed CD Rom in PageMaker 6.0 format. You can revise the site bulletin
text in the PageMaker file to customize the content of the publication according to the needs of your NPS
area.
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VIDEO

"National Park Sounds" is the first in a series of informative videos featuring reporter Dennis Troute, produced in 1998 by the NPS with assistance from the Nature Conservancy. This broadcast-quality video
features scenes from throughout the nation, contrasting sounds from modem civilization with the natural
soundscapes in national parks. Total running time is 2 minutes and 29 seconds. Use this video as a short
introduction in presentations to park staff, outreach groups, and other interested audiences.

CD ROM
1. Included are three audio files produced by Bemie Kraus of Wild Sanctuary, Inc. You can play these audio
samples on a stereo system or listen to them on a personal computer with speakers. Insert the disc in the CD
Rom drive of your PC and select the CD Player feature on your Accessories Menu. Adjust the speaker
volume accordingly. Track 2 features a sample from "Whales, Wolves, and Eagles of Glacier Bay" and
Track 3 features an excerpt from "Ocean Dreams," both albums recorded and produced by Bemie Krause.
Track 4 includes an audio sample from "Loons of Echo Pond," an album recorded by Ruth Happel in the
Adirondack Mountains, and produced by Bemie Krause. You can leam more about these and other Wild
Sanctuary recordings on the Internet at http://www.wildsanctuary.com.
2. A digital PowerPoint presentation titled "The Nature of Sound" (53 MB) is included for use in presentations to small groups of park visitors, outreach audiences, and park staff. The program runs automatically
once VIEW SHOW is selected in PowerPoint '97 on a PC. The presentation includes sound effects, images,
and text that are self-explanatory when viewed at a visitor center kiosk. NPS presenters can use the outline
of the presentation found on the following pages to develop a script for a narrated program. The NPS Listen
Up! Newsletter complements this program by providing additional information for audiences or presenters.
3. A second PowerPoint presentation is provided that includes images and audio from Gordon Hempton, the
Sound Tracker (96 MB). This presentation is provided to complement the article in the Acoustic Ecology
section of this binder. The program runs automatically once VIEW SHOW is selected in PowerPoint '97 on
a PC. Use this presentation to familiarize NPS staff with natural sounds and natural sound environments or
share it with small groups of park visitors and outreach groups. You can leam more about Gordon Hempton's
recordings on the Internet at http://www.soundtracker.com. (All copyrights are reserved by Gordon
Hempton, Sound Tracker, Port Angeles, WA. These materials are provided to the National Park
Service for a single, onetime use directly involving the participation of Gordon Hempton on the
subject of sound. No other use is allowed.)

JUNEAU ICEFIELD BROCHURE

This color brochure is provided as an example of a cooperative effort to provide interpretation to area visitors
through commercial tour operators. The publication was produced by the U.S. Forest Service, Alaska
Region, using funds collected through the Recreation Fee Demonstration Project. Fees for the brochure are
collected in partnership with helicopter tour operators who work on the Juneau Icefield. Dollars generated
will be used to provide information and education about Juneau Icefield natural resources and management.
It is expected that 120,000 brochures will be distributed from 1999 to 2000. Think about developing a similar
cooperative effort to interpret park resources at your NPS area. How many additional visitors could you
reach with important information about park resources through such a partnership?
6E-2
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Note: Audio segments should be played on stereo equipment for best sound. Pauses fade in and out between each sound segment for identification purposes. Each description is followed first by counter numbers
and second, by time (length of each segment in minutes and seconds). Counter numbers may vary with
audio equipment used.

Side A: 2 0 minutes, 3 0 seconds

1. Southwest Desert

Early morning sounds of birds, squirrels, rippling water, and wind through trees.
Identifiable species include: black-headed grosbeak. 003-065,3.10 min.
2. Southwest Canyon Birds, insect, flies, bees, katydids, crickets, life near a water hole, wind, birds' wings
beating, and other animals. Identifiable species include: white-necked raven, redtailed hawk, and quail. 066-120.5, 3.10min.
3. Western Mountains Birds, rushing water, bugling elk. Identifiable species include: flicker and wood
thrush. 120.5-144,1.27 min.
4. Western Mountains Summer in a spruce forest, birds, wind or water. Identifiable species: red squirrel and
golden eagle. 144.5-160, 1.05 min.
5. Western Mountains Early morning woods, birds. Identifiable species: woodpecker. 160.5-182.5,
1.45 min.
6. Eastern Mountains Appalachian morning, birds, insects. Identifiable species: cuckoo, field sparrow,
crows, cardinal, indigo bunting, and blue jay. 183.5-236,4.10 min.
7. Eastern Mountains Appalachian weather and a birch forest, rain in trees and grass, birds, distant
thunder, water, insects, wind, leaves rustling in wind. Identifiable species: towhee,
cowbird, and crow. 237-259.5, 2.00 min.
8. Coastal Marine
Shorebirds, rolling surf. Identifiable species: gulls, terns, and loons. 261-295.5,
3.00 min.
9. Coastal Marine
Sloshing, rolling, and crashing surf. 296.5-305,0.50 min.

2. Coastal Marine
3. Military
4. Military
5. American Indian
6. Cajun
7. Appalachian
8. Hawaiian
9. Hawaiian
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Side B : 19 minutes. 5 2 seconds

1. Coastal Marine

>

Mangrove swamp, insects, shorebirds. Identifiable species: pelicans. 003-076,
3.50 min.
Everglades nocturnal symphony, alligator bellows, and thunderstorm. 077-156,
5.02 min.
Wooden wagons, horses walking, harnesses, company of dragoons, birds, and wind.
157.5-179,1.40 min.
Battlefield noise, shouts, screams, explosions, muskets, water bursts, troops, caliber
cap and ball rifle fire. 180-207, 2.05 min.
American Indian ceremonial dance, chants, drums, bells. 208-229, 1.37 min.
Harmonica and accordion music. 229.5-244, 1.10 min.
Appalachian music, Appalachian corn joke, and Ballad of John Bailey. 244.5-273,
2.29 min.
Hawaiian nose flute music. 274-287.5, 1.12 min.
Hawaiian mele performed by Pua Kanahele. 288-297.5, 0.50 min.
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N a t u r e or S o u n d S l i d e s a n d P o w e r P o i n t P r e s e n t a t i o n

The 35mm slides included in this package were produced directly from the digital PowerPoint presentation
outlined below. Bold type indicates images from the digital presentation that are provided as slides. The
complete PowerPoint presentation included on the CD Rom disc in this package features additional images
and sound effects.
The background materials provided in this package will help you to develop a presentation about natural
sound environments. Choose slides included in this package to accent your program and provide informational bullets. The Listen Up! Newsletter and the site bulletin can give further information to audiences
attending your Nature of Sound presentation.
The digital "Nature of Sound" PowerPoint presentation runs automatically once VIEW SHOW is selected in
PowerPoint '97 on your PC. The presentation includes sound effects, images, and text that are self-explanatory when viewed at a visitor center kiosk. NPS presenters can use the following outline of the presentation
to develop a script for a narrated program.

Slide N u m b e r
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Slide 1 - The Nature of Sound

NPS - U.S. Department of the Interior

Slide 2 - Wolf

"All the sounds of the earth are like music." — Oscar
Hammerstein II

Slide 3 - Title Slide

The Nature of Sound

Slide 4 - Organic Act

The national parks were established to "conserve the
scenery and the natural and historic objects and the wild
life therein and to provide for the same in such manner
and by such means as will leave them unimpaired for the
enjoyment of future generations . . . " — NPS Organic
Act, August 25, 1916.

Slide 5 - Importance of National Parks

How important do you think these reasons are for having
national parks? Providing recreational opportunities;
Protecting wildlife habitat; Preserving natural ecosystems; Providing income for the tourist industry; Providing
opportunities to experience natural peace and the sounds
of nature; Protecting air and water quality; Preserving
America's most significant places for future generations.

Slide 6 - Importance of National Parks

To Americans surveyed in 1998, some of the most
important reasons for having national parks are: (88%)
Preserving America's most significant places for future
generations; (78%) Protecting wildlife habitat; (73%)
Preserving natural ecosystems; (73%) Protecting air and
water quality; (72%) Providing opportunities to experience natural peace and the sounds of nature.
6E-5
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Slide N u m b e r

Description

Slide 7 - Importance of National Parks

The American public clearly identified natural sound
environments as a very important reason for having
national parks. (72%) Providing opportunities to experience natural peace and the sounds of nature.

Slide 8 - Quote

"Natural sounds are part of the special places we preserve. Rustling winds in the canyons and the rush of
waters in the rivers are the heartbeat and breath of some
of our most valuable resources." — NPS Director Robert
Stanton

Slide 9 - What Is Natural Quiet?

It's not so quiet after all . . . Natural quiet describes the
natural sound conditions found in national parks when
people with normal hearing can perceive nothing but the
sounds produced by the natural and cultural components
of the parks. These soundscapes may include wildlife
calls, low-level background sounds, or even silence.

Slide 10 - Quote

"Silence must be comprehended as not solely the absence
of sound. It is the natural environment for serenity and
contemplation." — Norman Cousins, author

Slide 11 - What Are Soundscapes?

NPS Sound Environments - National Park soundscapes
are sound environments which may include natural and
cultural components ranging from the chirping of birds to
sounds associated with specific cultural events or periods.
Sound environments contribute to important intangible
qualities in the parks that have received congressional
recognition such as: natural quiet, solitude, space, scenery,
and a sense of history.

Slide 12 - Natural Soundscapes

Listen to the Everglades.

Slide 13 - National Park Soundscapes

NPS Policy - The National Park Service strives to
preserve resources and values such as natural quiet and
natural sounds associated with the physical and biological
resources of the parks (the sounds of wind in the trees or
of the waves breaking on the shore, the howl of the wolf,
or the call of a loon.

Slide 14 - Quote

"People talk about the silence of nature, but of course
there is no such thing. What they mean is that our voices
are still, our noises are absent." — Sue Halpern, author
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Slide N u m b e r

Description

Slide 15 - Noise Sources in NPS Areas

Cars, buses, other vehicles. Airplanes and helicopters.
Snowmobiles. NPS maintenance equipment. Watercraft.

Slide 16 - Noise Sources in NPS Areas

NPS Managers Rating of Sound Problems - Chart of data
from 91 NPS units affected by aircraft overflights.
(Number of Parks) Aircraft (65%), Road Traffic/Vehicles
(37%), Power Generators (14%), Audio Equipment
(11%), Domestic Animals (7%), People Talking (3%).

Slide 17 - Sound Level Comparisons

Ranges for Some Park and Non-Park Settings - Chart

Slide 18 - Sound Level Comparisons

Park Setting: Listen to the southwest desert.

Slide 19 - Sound Level Comparisons

Non-Park Setting: Listen to the sounds of a city.

Slide 20 - NPS Resources Management

NPS Noise Mitigation and Prevention - Park managers
are working to develop and implement plans to minimize
NPS intrusive noise generation. Changes in use will be
considered for various areas of park operations: aviation,
vehicles, maintenance equipment, sirens, generators, and
other practices.
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Slide 21 - NPS Resources Management

MD-900 Explorer Quiet Technology Helicopter - Grand
Canyon National Park is reducing noise from NPS
aviation use by flying an MD-900 Explorer NOTAR (No
Tail Rotor) helicopter for park operations. In addition, area
tour operators are joining NPS efforts to implement quiet
technology and restore natural quiet.

Slide 22 - NPS Resources Management

Yosemite National Park - Planning is underway for a
valley shuttle system to reduce congestion and restore
natural areas, (vehicle sounds)

Slide 23 - NPS Resources Management

Yosemite National Park - Planning is underway for a
valley shuttle system to reduce congestion and restore
natural areas, (natural sounds)

Slide 24 - NPS Resources Management

Grand Canyon National Park - A new light rail combined
with an alternative fuel bus system will transport visitors
to and within the South Rim. Reduction of traffic and a
better quality visitor experience will result.
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Slide N u m b e r

Description

Slide 25 - NPS Resources Management

Cooperation - Formed by the NPS and the Federal
Aviation Administration, a National Parks Overflights
Working Group addressed the problems associated
specifically with impacts of commercial air tourism.
Comprised of aviation and environmental interests, the
NPOWG recommended a process for addressing how
commercial air tourism will be managed over individual
national parks.

Slide 26 - NPS Resources Management

Progress Report - Recommendations by the National
Parks Overflights Working Group are being incorporated
into the Federal Aviation Administration regulatory
process. Recommendations by the group may also be
implemented through legislation. Results include: Air Tour
Management Plans for Individual Parks, Improved
Cooperation with the FAA, Increased Opportunities for
Public Input, Increased Protection of Park Visitors and
Resources.

Slide 27 - NPS Resources Management

Progress Report - The NPS is working to manage where
and when use of personal watercraft is appropriate in the
parks. Public input has a key role in the planning process.
Results will include increased protection of park visitors
and resources as well as better service to the public.

Slide 28 - NPS Sites and Sounds

Stop and Listen - Complete park experiences feature
sights and sounds. Find a place to appreciate the sounds
of nature on your next park visit and try to understand
how your own presence affects natural sound environments.

Slide 29 - NPS Sites and Sounds

Enjoy Quiet Campgrounds - Be aware of campground
quiet hours provided in park information. Keep voices low
and vehicle engines turned off to hear and enjoy the
sounds of the natural world.

Slide 30 - NPS Sites and Sounds

Watch Out for Wildlife - Speak quietly and turn vehicle
engines off to observe wildlife. Human-made sounds can
disrupt wildlife behavior.

Slide 31 - NPS Sites and Sounds

Minimize Human Noise - Be considerate of other park
visitors when talking, starting vehicle engines, or using
audio devices. Many people visit national parks to escape
the sounds of civilization.

6E-8
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Slide N u m b e r

Description

Slide 32 - NPS Sites and Sounds

Make Transportation Choices - Use alternate methods of
transportation (such as park shuttles) where available.
Choose transportation that minimally impacts natural
quiet.

Slide 33 - NPS Sites and Sounds

What will your next national park visit sound like? (national park sounds)

Slide 34 - NPS Sites and Sounds

What will your next national park sound like (coastal
marine sounds)

Slide 35 - NPS Sites and Sounds

What will your next national park visit sound like? (eastern forest sounds)

Slide 36 - NPS Sites and Sounds

Discover a Heritage of Sounds in Any National Park Biscayne National Park, Cape Cod National Seashore,
Ford's Theater National Historic Site, Gettysburg National
Memorial Park, Glacier Bay National Park, Hawaii
Volcanoes National Park, Isle Royale National Park,
Navajo National Monument, New Orleans Jazz National
Historical Park, Padre Island National Seashore, Wolf
Trap Farm Park for the Performing Arts.

Slide 37 - Montage

Yellowstone National Park sites and sounds.

Slide 38-41 - The Nature of Sound

Closing sounds.

Slide 42 - The Nature of Sound

Credits.
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"Natural sounds are part oi trie special places we preserve. Rustling winds in the canyons and the rush
or waters in the rivers are the heartbeat and breath or some or our m o s t valuable resources."
—Director Robert Stanton, National Park Service

Listen Up!

When you visit a national park,
you enter a world of memorable
sights. When you listen to a park,
you enter a world of inspirational
sounds.
Think about what you want to see
on your visit, and imagine what
you hope to hear too. Search for
special sound environments, just
as you might seek an outstanding
view. Although they may not
be marked on a map,
soundscapes are great
points of interest.

What is a
Soundscape?

~-»undscapes are acoustic
rtaining to sound) environments. People experience soundscapes by hearing, rather than by
seeing. Soundscapes may
include both mechanical and
natural sounds. They may vary in
their character from day to night,
and from season to season.

During your park visit, walk on a
wooded trail sheltered by silent
green leaves, or find a place
where a sense of history still
whispers in the wind. Try to locate
other park areas where you may
encounter birdsongs, rushing
water, the sounds of changing
weather, or natural quiet.
Soon you will discover that complete park experiences feature
both sights andsounds.

birds, insects, and oth'- biological
and physical compom
Natural Ambient Sound Levels
are the natural soundscape conditions that exist in a park in the
absence of any human-produced
noise. This is sometimes referred
to as natural quiet.

Natural Soundscapes are park
resources that may include the
sound created by wind, flowing
water, crashing waves, mammals,

Acoustic Ecology

National parks include a symphony of natural sounds that is a
rich natural resource important to
ecological communities.
In the wild, sound is a matter of
life and death. Birds, insects,
mammals, and amphibians
rely on complex communication networks to live and reproduce. In habitats where wildlife
vocalizations signify mating calls,
danger from predators, orterrito1
claims, hearing these sounds
ssential to animal survival.

Research in bio-acoustics
(b/o=life, acousf/'cs=sound) is an
important tool for defining the
health of natural habitats. Scientists can discern details about
animal populations and behavior
by recording sounds in the wild.
Such bio-acoustical recordings
are used in a variety of ways,
including bird censuses, bat
echolocation studies, and marine
mammal surveys.

People and Sound
The national parks were established
"to conserve the scenery, the natural
and historic objects and the wild life
therein and to provide for the enjoyment of the same in such manner
and by such means as will leave
them unimpaired for the enjoyment
of future generations . . . . "
National

Park Service Organic Act
August 25, 1Q16

Listening Tips

If you live or work near a highway,
railway, airport, or another busy
place, you know human-made
sounds, especially noise, too well.
The contrasting quiet and inspiration of park soundscapes is
important to you.
Part of the National Park Service
mission is to protect soundscapes so you can hear sounds
as a park's founders intended.

A captivating world of sound
exists in national parks. Some
areas stir with orchestrations of
birdsongs. Others remain so
quiet you can hear your heart
beat.
Find a place to appreciate natural
sounds on your visit and try to
understand how your presence
affects natural sound environments. Here are some tips to help
you hear natural sounds more
clearly and to become a better
listener:
• Turn off your wristwatch alarm or
leave your watch behind in a safe
place. Wear clothing made with
out noisy synthetic fabrics,
Velcro, and snaps. Ties and
buttons make less noise. Dress
warmly enough to stay still comfortably.

Sound Advice

©7/99

Both the sounds of the wild and
the sounds meaningful in historic
settings are protected in the
National Park System. In sites
where music, language, and
history help people understand our
national heritage, park soundscapes may include jazz music,
battlefield sounds, or the songs of
indigenous people.

into your environment
For example, try
sitting at the base
of a tree with one
knee bent.
• Look for objects that resemble the
shapes of ears
and musical
instruments.
Listen to how
the sound quality changes as you
approach the surface of these
objects. Hollow tree trunks, cliff
bases, and forest clearings are
examples of places that increase
your hearing abilities by extending
the shape of your outer ear.
• As an interesting alternative to
photography, use a field tape
recorder to preserve precious
memories. When you listen to park
soundscapes through a pair of
headphones, the sounds are
amplified and no longer subtle.

• Walk slowly and smoothly.
Wildlife may interpret jerky movements or sneaky actions as
predatory behavior. Avoid eye
contact if you encounter wildlife.
You will usually be invisible to
wildlife when you remain motionless, or make an effort to blend

Source of listening tips information:
Gordon Hempton, The Sound Tracker,
www.soundtracker.com

Take these actions to help protect
national park sound environments:

devices. Many people visit national parks to escape the sounds
of modern civilization.

• Be aware of campground quiet
hours provided in park information. Keep voices low and vehicle
engines turned off so everyone
can better hear and enjoy natural
sounds.

• Speak quietly and turn off vehicle
engines to observe wildlife. Human-made sounds can disrupt
wildlife behavior.

• Be considerate of other park
visitors when talking, starting
vehicle engines, or using audio

• Use alternate methods of transportation, such as shuttles, where
available. Choose transportation
with the least impact on natural
quiet.

Sites and

SOUND
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N P S Sites Protect
Heritage 01 Sound

Where can you go to hear a
bugling elk or a thundering
waterfall'.' Where can you enjoy
an opera outdoors or celebrate
the history of jazz music as an
American art form?
From Yellowstone and
Yosemite to Wolf Trap Farm
and New Orleans Jazz Historical Park, the National Park
System preserves a rich mixture
of natural and cultural sounds
intrinsic to our national heritage. National parks not only
offer opportunities to listen to
this legacy; they also provide
special places for people to find
inspiration, tranquility, and a
sense of solitude.
As the din from civilization
grows, national parks are valued more and more for these
qualities. Yet, noise from air.
water and ground transportation and other sources increasingly endangers such resources.
To reduce these impacts, public
participation in the protection
of park sound environments is
an important aspect of NPS
management efforts.
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Natural sound resources are very important to most national park visitors.

American Public Values National Parks
For Natural Sound Environments
How important are national parks
as places for people to experience
natural peace and the sounds of
nature?
Very important—according to
72 percent of the American public
that responded to a June 1998 survey on the National Park System.
Conducted by Colorado State
University, the national public
opinion survey also showed that 88
percent of the people surveyed
value national parks for their importance to future generations.
In addition, protection of wildlife habitat ranked high (78 percent), with preservation of natural
ecosystems and protection of air
and water quality joining natural
sounds as very important reasons
for having national parks.

Just what makes national parks
some of the best places to find
tranquility and enjoy the whisper
of the wind moving gently across
the landscape'.'
National Park Service policy
identifies qualities such as natural
quiet, solitude, scenery, and the
sounds of nature as resources and
values to be protected now and in
the years to come. Planning and
management for preservation of
natural sound environments is now
required, much like preservation of
wildlife, watersheds, and other
natural resources.
Accordingly, the NPS is taking
action to preserve natural sound
environments in parks. Sound
monitoring studies and identifica(conttmied on last page)

Sound Studies Compare Noise Levels
able noise levels. For instance, a
Preserving natural quiet and the
passenger car traveling at 65 miles
sounds of nature is an important
an hour may register a sound level
objective for the National Park
of 70 decibels at a distance of 25
Sen ice. This is confirmed in law.
feet.
policy, and the beliefs of NPS
managers.
The table below shows sound
levels for a range of park and nonAlthough most park managers
judge aircraft as the greatest inter- park settings in the form of an
"acoustic thermometer." Values at
ference with opportunities for
the bottom are very quiet. In comnatural quiet, national parks inparison, values at the top of the
clude other significant noise
thermometer are much noisier. The
sources such as tourist cars and
upper half shows sounds associbuses, snowmobiles, watercraft.
ated with urban settings. The
and NPS maintenance equipment.
Other sound problems identified by lower half includes national park
sound levels that city dwellers
park managers include power generators, audio equipment, domestic rarely encounter in their daily routines.
animals, and loud human voices.
The relatively large sound level
By conducting sound monitoring
studies, park managers can identify' range (roughly 40 decibels) that
can be found between a busy
noise sources in national parks.
downtown area and the suburbs at
Special instruments are used to
night, can also be found in park
survey sound levels in decibels,
units that express relative intensity areas, but lying entirely below the
low est of the common outdoor
of sounds on a logarithmic scale
sound levels in suburban environfrom zero for the least perceptible
sounds to over 100 for uncomfort- ments.
Sound Level Ranges for Some Park and Non-Park Settings
Sound Level (decibels)
Typical Outdoor Setting
Oft

I
70
I
60
|
50
I
40
I
I
20
I

Noisy Urban (daytime)
Commercial Retail Area

NON-PARK

Suburban (daytime)
Suburban (nighttime)
Grand Canyon (along river)
Hawaii Volcanoes (crater overlook)

PARK

Grand Canyon (remote trail)

1 Haleakala (in crater, no wind)
Information source: Report on Effects of Aircraft Ch'erflights on the National
Park System, IJSDI NPS, July 1995, p. 79.

SOUND
Policy
Works i n Progress
NPS Management Policies of
1988 (chapter 4. page 17) state:
"The National Park Service will
strive to preserve the natural
quiet and the natural sounds associated with the physical and
biological resources of the
parks (for example, the sounds
of the wind in the trees or of the
waves breaking on the shore,
the howl of the wolf, or the call
of the loon). . . "
To address the problems
associated specifically with the
impacts of commercial air tourism, the NPS and Federal Aviation Administration formed a
National Parks Overflights
Working Group comprised of
aviation and environmental
interests. The group recommended a process for addressing how commercial air tourism
is managed over individual national parks. Recommendations
by the group are being incorporated into the FAA regulatory
process and may also be implemented through legislation.
In addition, the NPS is taking
action to manage personal
watercraft use. In both cases.
public-oriented management
planning processes will address
these use issues in a way that
will provide increased protection of park visitors and park
resources while providing better
visitor services.

Natural

QUIET
Not So Quiet
After A l l . . .
Natural quiet describes the
natural sound conditions
found in national parks. For
example, natural quiet at
Grand Canyon National Park
may include the squawking of
ravens, the descending trill of
canyon wrens, the chirp of a
crowd of crickets, and the roar
of the Colorado River.
Such an impressive array of
sounds is really anything but
silent. Yet natural quiet in the
national parks allows those
with normal hearing to perceive nothing but the sounds
produced by the natural and
cultural components of parks.
Consistent with NPS responsibilities to preserve

NPS use of the MD-900 Explorer quiet technology helicopter reduces noise.

G r a n d C a n y o n Leads N a t i o n a l Parks
I n U s e ol Q u i e t Technology
A new species of bird is soaring in
the skies above Grand Canyon
National Park and it's one of the
quietest in its family. Easily identified by its black and white body
and bright yellow stripe, this big
bird sports no tail feathers, yet has
a wingspan of 34 feet!
The oversized fledgling is actually a new MD-900 Explorer

"All the sounds of the earth
are /me music."
—•Oscar Hammeretein

parks
and their resources, intruding
noise sources that impact various natural soundscapes of
parks, especially in noisesensitive areas, need to be
identified and minimized. It is
the elimination or mitigation
of the noise source(s) that
results in the restoration of
natural quiet.

II

NOTAR
(NO Tail Rotor) helicopter leased
by the NPS as part of the solution
to restoring natural quiet at Grand
Canyon. Unveiled in January
1998, the NPS uses the "ultraquiet" aircraft for search and rescue, fire fighting, and logistical
support operations. Certified as
the quietest helicopter in its class,
the MD-900 passed the Federal
Aviation Administration's most

rigorous noise test with flying
colors, with a compliance margin
greater than other helicopters
tested. (According to the manufacturer, an area affected by sound
from the NOTAR is 50 percent
less sizeable than the area affected
by a tail-rotor-equipped helicopter
of the same dimensions.)
Reducing the impacts of aircraft
noise is a priority for the park.
Area tour operators have joined
the NPS in its efforts to implement
use of quiet technology and restore
natural quiet. Papillon Airways is
working on the introduction of a
retrofitted helicopter that carries
more visitors yet is even quieter
than the NOTAR. The 19-seat Twin
Otter flown by Scenic and Grand
Canyon Airlines, featuring four
rather than three bladed propellers,
is also one of the quietest airplanes
flying over the Grand Canyon.
Such use of quieter aircraft will
assist park managers in restoring
natural quiet at the Grand Canyon
and in gaining a growing audience
of supporters over the parks.

Public \klues Sounds
(continued from first page)
tion of noise sources assists the
agency in protecting natural sound
environments in designated areas
of national parks where the opportunity for visitors to experience
natural sounds is a management
objective.
Education also plays an important role in agency preservation
efforts Noise from NPS sources
such as park maintenance operations, vehicles, and aviation use
can be minimized by noise prevention and mitigation practices

implemented by park staff. Other
distracting noise from vehicles
such as personal watercraft. snowmobiles, buses, and aircraft can be
lessened as well. For example,
public awareness and voluntary
noise reduction efforts can directly
reduce vehicle noise in the parks.
How will this affect park visits
for most people9 In general,
greater opportunities for natural
park experiences should result.
Ideally, people will realize how
their own presence in and around
national parks affects natural
sound environments and they will
act accordingly to protect them.

the Nature
or Sound
W b a t will your
next national park
visit sound like?

The national parks were established "to conserve the scenery and
the natural and historic objects and the wild life therein and
to provide for the enjoyment of the same in such manner
and by such means as will leave them unimpaired for
future generations. "
NPS Organic Act. 1916

C o o p e r a t i v e Planning? R e d u c e s N o i s e
Vehicles take a significant toll on
the natural quiet that so many
visitors seek in national parks.
Transportation vehicles in
campgrounds and on roads
contribute to background noise
punctuated in some areas of
national parks by aircraft and
watercraft. Consequently, the
National Park Sen ice is
developing new ways to reduce
congestion and the impacts of
noise associated with vehicles,
while at the same time improving
visitor services and safety.
Even as development of
cooperative air tour planning with
the Federal Aviation
Administration begins, personal
watercraft management and
ground transportation
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enhancements are also underway.
Public transit sy stems in Yosemite.
Zion. and Grand Canyon will
lessen traffic and noise in those
national parks. Trams or buses
will take visitors at Zion and
Yosemite from parking areas
outside the parks to shuttle
destinations inside. A light rail
system will serve Grand Canyon
visitors in the same fashion.
In addition, the NPS is working
to manage where and when personal watercraft use is appropriate
in national parks. Public input has
a key role in this planning process.
Overall, the goal of these
planning actions will be to reduce
transportation noise impacts and
provide better service to the
public.

For more information contact:

USDI

•

NPS

•

RAD

•

Stop and listen. An astounding
world of sound exists in national parks. Some park areas
stir with a symphony of bird
songs. Others remain so quiet
you can hear your heart beat
Find a place to appreciate the
sounds of nature on your next
park visit and try to understand how your own presence
affects natural sound environments. Take these actions to
help protect natural sounds:
frT Adhere to campground
quiet hours provided in park
information. Keep voices low
and vehicle engines turned off
to hear and enjoy the sounds
of nature.
fn Speak quietly and turn
vehicle engines off to observe
wildlife. Human-made sounds
can disrupt wildlife behavior.
frf Be considerate of other
park visitors when talking,
starting vehicle engines, or using audio devices. Many
people visit the parks to escape
the sounds of civilization.
^
Use alternate methods of
transportation (such as park
shuttles) where available to
reduce noise and congestion on
park roads.

1849 C St. N.W., Washington, DC

20240
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N P S Sites Protect
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Where can you go to hear a
bugling elk or a thundering waterfall? Where can you enjoy
an opera outdoors or celebrate
the history of jazz music as an
American art form? At national
parks . . .
From Yellowstone and
Yosemite to Wolf Trap Farm
and New Orleans Jazz Historical Park, the National Park
System preserves a rich mixture of natural and cultural
sounds that are part of our
national heritage. National
parks not only offer opportunities to listen to this legacy, but
they provide special places for
people to find inspiration, tranquility, and a sense of solitude.
As the din from civilization
grows, national parks are valued more and more for these
qualities. Yet, noise from air,
water and ground transportation and other sources increasingly endangers these qualities.
To reduce these impacts, public
participation in protecting park
soundscapes is an important
part of caring for our parks.

Natural sound resources are very important to most national park visitors.

American Public Values National Parks
For Natural Sound Environments
How important are national parks
as places for people to experience
natural peace and the sounds of
nature?
Very important—according to
72 percent of the American public
that responded to a June 1998 survey on the National Park System.
Conducted by Colorado State
University, the national public opinion survey also showed that 88
percent of those surveyed value
national parks for their importance
to future generations.
Protection of wildlife habitat
also ranked high (78 percent), with
preservation of natural ecosystems
and protection of air and water
quality joining natural sounds as
very important reasons for having
national parks.

Just what makes national parks
some of the best places to find
tranquility and enjoy the whisper of
the wind moving gently across the
landscape?
NPS policy identifies qualities
such as natural quiet, solitude,
scenery, and the sounds of nature
as resources and values to be protected now and for future generations. Planning and management
for preservation of natural sound
environments is now required, just
as we preserve wildlife, watersheds, and other natural resources.
Here are some ways the NPS
works to preserve natural sound
environments in parks. We monitor
sound and identify noise sources
so we can protect natural sound
(continued on last page)

Sound Studies Compare Noise Levels
Preserving the sounds of the natural world is an important objective
for the National Park Service. This
is confirmed in law, policy, and the
beliefs of NPS managers.
Although most park managers
judge aircraft as the greatest interference with opportunities to enjoy
natural soundscapes, national
parks include other significant
noise sources such as tourist cars
and buses, snowmobiles, watercraft, and NPS maintenance
equipment. Other sound problems
identified by park managers include power generators, audio
equipment, domestic animals, and
loud human voices.
By conducting sound monitoring
studies, park managers can identify noise sources in national parks.
Special instruments are used to
survey sound levels in decibels
(units that express relative intensity of sounds on a logarithmic
scale from zero for the least perceptible sounds to over 100 for un-

comfortable noise levels). For instance, a passenger car traveling
at 65 miles an hour may register a
sound level of 70 decibels at a distance of 25 feet.
The table below shows sound
levels for a range of park and nonpark settings in the form of an
"acoustic thermometer." Values at
the bottom are very quiet. In comparison, values at the top of the
thermometer are much noisier.
The upper half shows sounds associated with urban settings. The
lower half includes national park
sound levels that city dwellers
rarely encounter in their daily routines.
The relatively large sound level
range (roughly 40 decibels) that
can be found between a busy
downtown area and the suburbs at
night can also be found in park areas, but lying entirely below the
lowest of the common outdoor
sound levels in suburban environments.

Sound Level Ranges for Some Park and Non-Park Settings
Sound Level (decibels)
Typical Outdoor Setting
80
I Noisy Urban (daytime)
|
60
|
50
I
40
I
I
20
I
'

Commercial Retail Area

NON-PARK

Suburban (daytime)
Suburban (nighttime)
Grand Canyon (along river)
Hawaii Volcanoes (crater overlook)

PARK

Grand Canyon (remote trail)
Haleakala (in crater, no wind)

Information source: Report on Effects of Aircraft Overflights on the National
Park System, USDI NPS, July 1995, p. 79.

SOUND
Policy
Works in Progress
NPS Management Policies of
1988 (chapter 4, page 17) state:
"The National Park Service will
strive to preserve the natural
quiet and the natural sounds associated with the physical and
biological resources of the
parks (for example, the sounds
of the wind in the trees or of
the waves breaking on the
shore, the howl of the wolf, or
the call of the loon) . . . "
To address the problems
associated specifically with the
impacts of commercial air tourism, the NPS and Federal Aviation Administration formed a
National Parks Overflights
Working Group comprised of
aviation and environmental interests. The group recommended a process for addressing how commercial air tourism
is managed over individual national parks. Recommendations
by the group are being incorporated into the FAA regulatory
process and may also be implemented through legislation.
The NPS also works to
manage personal watercraft
use. In both cases, publicoriented management planning
processes will address these
use issues in a way that will
provide increased protection of
park visitors and park resources
while, at the same time, providing better visitor services.

Natural

SOUNDS
Listen to the
Landscape . . .

en
9-

There are just as many captivating soundscapes in national
parks as there are outstanding
panoramas—maybe even
more!
Natural soundscapes in
parks feature a remarkable
variety of biological and physical components. For example,
desert soundscapes may include the squawking of
ravens, the descending trill of
canyon wrens, the chirp of a
crowd of crickets, the whistle
of a gentle breeze, or the roar
of a river during a flash flood.
Natural soundscape conditions are actually anything but
silent. Yet, such natural ambient sound levels are
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NPS use of the MD-900 Explorer quiet technology helicopter reduces noise.

G r a n d C a n y o n Leads N a t i o n a l Parks
I n U s e or Q u i e t Tecnnologfy
A new species of bird is soaring in
the skies above Grand Canyon
National Park, and it's one of the
quietest in its family. Easily identified by its black and white body
and bright yellow stripe, this big
bird sports no tail feathers, yet has
a wingspan of 34 feet!
The oversized fledgling is actually a new MD-900 Explorer

"All the sounds oj tne earth
are like music.
—Oscar Mammerstein II

sometimes
referred to as natural quiet
when experienced in the absence of any human-produced
noise. The NPS is working to
identify and minimize such
noise sources. The goal is
protection and restoration of
natural soundscapes—and
natural quiet—which really is
not so quiet after all.

NOTAR

(NO Tail Rotor) helicopter, leased
by the NPS as part of the solution
to restoring natural sounds at
Grand Canyon. Unveiled in January 1998, the NPS uses the aircraft for search and rescue, fire
fighting, and logistical support operations. Certified as the quietest
helicopter in its class, the MD-900
passed the Federal Aviation
Administration's most rigorous

noise test with flying colors—with
a compliance margin greater than
other helicopters tested. (According to the manufacturer, sound
from the NOTAR affects an area
50 percent smaller in size than the
area affected by a tail-rotorequipped helicopter of the same
dimensions.)
Reducing the impacts of aircraft noise is a priority for the
park. Area tour operators have
joined the NPS in efforts to use
quiet technology and restore natural sounds. Papillon Airways is
working on the introduction of a
retrofitted helicopter that carries
more visitors, yet is even quieter
than the NOTAR. The 19-seat
Twin Otter, flown by Scenic and
Grand Canyon Airlines, features
four rather than three bladed propellers, and is one of the quietest
airplanes flying over the Canyon.
This use of quieter aircraft assists park managers to restore
natural sounds at the Grand Canyon and to gain a growing audience of supporters over the parks.

Public Values Sounds
(continued from first page)
environments in those parts of
national parks where visitors
should have the opportunity to
experience natural sounds.
Education also plays an important role. Noise from NPS sources
such as park maintenance operations, vehicles, and aviation use
can be minimized by noise prevention and mitigation practices implemented by park staff. Other distracting noise from vehicles such
as personal watercraft, snowmobiles, buses, and aircraft can be

lessened as well. For example,
public awareness and voluntary
noise reduction efforts can directly
reduce vehicle noise in the parks.
How will this affect park visits
for most people?
In general, greater opportunities
for natural park experiences
should result. Ideally, people will
realize how their own presence in
and around national parks affects
natural sound environments and
they will act accordingly to protect
them.

The national parks were established "to conserve the scenery and
the natural and historic objects and the wild life therein and
to provide for the enjoyment of the same in such manner
and by such means as will leave them unimpaired for
future generations. "
—NPS Organic Act, 1916

Cooperative Planning Reduces Noise
Vehicles take a significant toll on
the natural soundscapes that so
many visitors seek in national
parks.
Transportation vehicles in
campgrounds and on roads
contribute to background noise,
punctuated in some areas of
national parks by aircraft and
watercraft. Consequently, the
NPS is developing new ways to
reduce congestion and the impacts
of noise associated with vehicles
while, at the same time, improving
visitor services and safety.
Even as development of
cooperative air tour planning with
the Federal Aviation Administration begins, personal watercraft
management and ground
transportation enhancements are
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underway. Public transit systems
in Yosemite, Zion, and Grand
Canyon will lessen traffic and
noise in those national parks.
Trams or buses will take visitors at
Zion and Yosemite from parking
areas outside the parks to shuttle
destinations inside. A light rail
system will serve Grand Canyon
visitors in the same way.
We also work to manage where
and when personal watercraft use
is appropriate in national parks.
Public input has a key role in this
planning process.
Overall, the goal of these
planning actions is to reduce
transportation noise impacts and
provide better service to the
public.

For more information contact:

USDI

•

NPS

•

RAD

•

the Nature
or Sound
Wbat will your next
national park visit
sound like?
Stop and listen. An astounding
world of sound exists in national parks. Some park areas
stir with a symphony of
birdsongs. Others remain so
quiet, you can hear your heart
beat. Find a place to appreciate the sounds of nature on
your next park visit. Try to understand how your presence
affects natural sound environments. Here are some ways to
help protect natural sounds:
1fX Be aware of campground quiet hours provided in
park information. Keep
voices low and vehicle engines turned off so everyone
can enjoy natural sounds.
f^f Speak quietly and turn off
vehicle engines to observe wildlife. Human-made sounds can
disrupt wildlife behavior.
Q\ Be considerate of park
visitors when talking, starting
vehicle engines, or using audio
devices. Many people visit the
parks to escape the sounds of
modem civilization.
^P\ Use alternate methods of
transportation, such as park
shuttles, where available.
Choose transportation with the
least impact on natural quiet.

1849 C St. N.W., Washington, D.C. 20240

