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FAA / NPS Technical Team Report

Assessment of the Proposed Noise Metrics and Impact Intensities for the Grand Canyon 
National Park (GCNP) Overflights EIS (Status and Next Steps)

Abstract
This report documents the work conducted by the FAA/NPS Technical Team with 
assistance from wildlife and visitor response expert panelists to assess the NPS’ proposed 
noise metrics/indicators and thresholds/impact intensities for the Grand Canyon National 
Park (GCNP) Overflights EIS.  After the process of reviewing the material and discussing 
outstanding questions and gaps in scientific knowledge with the expert panels, the 
Technical Team concluded that these gaps pose problems for developing agency 
consensus.  Valuable insight was gained from this process.  The report offers suggestions 
on next steps towards providing both agencies the best scientific and technical inputs to 
inform environmental decisions.
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1. Introduction

The Federal Aviation Administration (FAA) and the National Park Service (NPS) are in 
the process of creating the Grand Canyon National Park (GCNP) Overflights 
Environmental Impact Statement (EIS).  The purpose of the EIS is to assist the FAA and 
NPS in evaluating a reasonable range of alternatives and strategies to substantially restore 
the natural quiet and experience of GCNP.  An FAA/NPS Technical Team was formed to 
assist the FAA and NPS in reviewing the application of reasonable scientific methods for 
the GCNP EIS as well as other national parks covered under the National Parks Air Tour 
Management Act.  

In August 2007, both agencies created and agreed upon a set of Terms of Reference (see 
Appendix A) and Membership Criteria (see Appendix B) for the Technical Team. The 
Terms of Reference stated four areas of investigation for the Technical Team:

 Provide input on scientific and technical issues related to developing draft impact 
criteria;

 Assist in identifying scientific or technical issues that are insufficiently addressed 
or not addressed by the draft criteria;

 Provide recommendations for data quality goals; and
 Review alternative approaches for scientific and technical defensibility.

Appendix B lists the members of the Technical Team1.  

The Technical Team’s efforts were intended to inform the FAA/NPS in developing noise 
assessment criteria for the GCNP EIS in the near term, and for the Air Tour Management
Plans (ATMPs) in the longer term.  This report focuses on documenting the process and 
outcome of the Technical Team’s review of the proposed NPS framework for evaluating 
the impacts of aircraft noise at GCNP.  The report also offers recommendations on next 
steps towards providing both agencies the best scientific and technical inputs to inform 
environmental decisions. 

                                               
1 Laura Levy, GCNP NPS  has replaced Sarah Falzarano; Rick Ernenwein, GCNP NPS replaced Grace 
Ellis; Raquel Girvin, FAA AEE has replaced Tom Connor; Rebecca Cointin, FAA AEE has replaced 
Mehmet Marsan.
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2. Approach

NPS members of the Technical Team proposed a framework for evaluating the impacts of 
aircraft noise at GCNP in the form of four matrices containing metrics or indicators and 
corresponding thresholds for impact intensities:

 Visitor experience opportunities (ground-based);
 Soundscape;
 Threatened and endangered species/wildlife; and
 Ethnographic resources.

The thresholds characterize four degrees of increasing impact (negligible, minor, moderate, and 
major).  These matrices are presented below together with the corresponding assumptions and
referenced literature and data sources. 

After an initial review of the proposed framework and referenced literature, the Technical Team 
agreed that expert opinion would benefit the review. Two expert panels were formed to review 
the proposed visitor experience and wildlife matrices (see Appendix C for the composition of the 
two expert panels and the panelists’ brief biographies)Error! Bookmark not defined..  NPS took the lead 
in identifying candidates for the expert panels with FAA’s input.  The Technical Team provided 
each expert panel a package of information and requested each panel’s participation in a 
discussion via teleconference.  

The package provided to the experts consisted of an agenda, the relevant matrices of metrics and 
thresholds for the expert (soundscape and visitor experience, or wildlife), NPS rationale, and 
composite Technical Team observations.  To focus the expert panelists on the opinions sought by 
the Technical Team, the Technical Team provided a series of sixteen questions to the expert 
panels in the document containing the composite team observations.  Furthermore, the experts 
were given access to all the literature used to determine the threshold matrices. All documents 
provided to the wildlife and visitor experience experts are in Appendices D and E, respectively. 
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3. Discussion

This section presents a summary of issues raised during the two expert panel teleconferences. A 
summary of the discussion (SD) was taken during each of the teleconferences (see Appendices F 
and G). Once the SD was reviewed by the Technical Team, it was sent to the expert panels for 
review. This step ensured that the experts had a chance to review their comments for accuracy 
and also allowed the experts to clarify their comments. The enumerated items below represent 
the major issues abstracted by the Tech Team from the SD.   

1. Many species in the wildlife studies do not occur at Grand Canyon NP. 
o Tech Team questions: In what ways are studies of other species in other locations 

relevant? What criteria should be used to select surrogate species? Are humans the best 
choice, because they are the best understood?

2. Many of the noise sources in the wildlife studies are different from the aircraft at Grand 
Canyon NP. 
o Tech Team questions: Is this appropriate? What cautionary notes must be featured in the 

analysis?

3. Animals habituate to noise. 
o Tech Team question: How should the analysis interpret habituation?

4. Impacts to productivity and recruitment are most important. 
o Tech Team question: How should these be balanced against NPS needs to preserve or 

restore natural wildlife distributions and behavior?

5. Most studies documented short-term physiological or behavioral responses to noise. 
o Tech Team question: How can these be interpreted in relation to long-term 

consequences?

6. To what extent do visual stimuli and other factors confound the attribution of wildlife 
responses to noise events?

7. Time of day is a crucial factor, and it should be incorporated into the analysis.

8. The LAeq metric does not account for the variance in level and when the noise occurs.

9. Analysis of wildlife impacts should consider the spectrum of the noise in relation to the 
spectra of the biological signals of interest.

10. Masking should be taken into consideration in choosing or devising metrics. 
o Tech Team question: Does this add anything new or complementary to the proposed 

metrics?
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11. A variety of metrics is useful; different metrics capture different components of the 
environment.

12. Correlations among metrics and sites should be studied; some metrics may be redundant, and 
similarities among sites can be used to condense the associated explanation.

13. Interpretation of time above metrics should consider what the background ambient levels are.

14. There were divergent thoughts regarding the merits of speech interference metrics, and what 
scientific or conventional support there was for choosing a specific level.

15. The dose-response studies were not adequately utilized.

16. The assembled literature provides an incomplete basis for developing a quantitative impact 
analysis framework. 
o Tech Team question: Does this mean that no framework can be developed?

17. Ratios imposed on the impact intensity thresholds cannot be supported from science. 
o Tech Team questions: What is their value? How can they be justified?

18. It is not clear that science alone can provide the judgment that some level of impact is a 
specific intensity level (e.g., negligible, minor, moderate, major).  As a result, the choice of 
thresholds involves a large amount of policy judgment.
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4. Conclusions and Recommendations

The expert panels discussed outstanding questions and gaps in scientific knowledge in our 
general understanding of the impacts of noise on wildlife and park visitors. These gaps pose 
problems for developing a scientific consensus to identify the best noise metrics and support 
impact intensity thresholds for the GCNP EIS.  In the absence of expert panel consensus, the 
Technical Team did not agree on the use of the currently proposed set of quantitative impact 
intensity thresholds.  These disagreements prevented development of any quantitative framework 
for analyzing impacts, so the Technical Team recommended that the EIS analysis could proceed 
by comparing alternatives using a variety of metrics.  A qualitative example of such a
comparative analysis was offered. Technical Team consensus was reached regarding the metrics 
that would provide useful information and should be modeled.  These metrics will compliment 
the analysis of substantial restoration of natural quiet, and clarify the distinctions among the
alternatives.

Change in Value of the Noise Parameter (Relative to the No Action Case)

NPS NEPA Noise Parameter A B C
Average Minutes between X dBA overflight events + - -
Minutes above X dBA per day + - -
Average Minutes between Z dBA overflight events
Minutes above Z dBA per day 
Number of close approaches per day + - -
Percent time audible - N/C +
Average minutes between audible events - N/C +
Percent time noticeable - N/C +

Alternative

Not applicable for certain zones

+ = noise exposure increases, - = noise exposure decreases, NC= No Change

The following reflects the variety of observations that were made by the experts with 
implications for future research and noise analyses:

Wildlife

 Need to look at productivity and recruitment over long timeframes.

 Duty cycle is probably the most important factor.

 Have to look at the animal over a “reasonable” time frame, not just the instances of 
stimulus.

 We should be looking at the animals’ ability to “function” under heavily used routes.

 Productivity and recruitment are the most important.  Do as many measurements as you 
can, maybe measure the most sensitive species first.  Consider other habitat variables:  
climate, predators, prey level, etc, over the longer term.  Maybe look at hunters if you’re 
going to test humans, what they listen for in the environment.

 Look at natural range of variability in noise exposure from worst case scenarios to best, 
not only look at level, but also time that these animals have been exposed to.
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 Consider the whole range of the animals’ response to aircraft overflights – behavioral, 
physiological, reproduction, and recruitment, etc.  …Look at the behavior of animal
populations in areas of the park with and without overflights.  Need to study more than 
just the noise produced.

 Need to examine the relationship between ambient and anthropogenic noise levels… 
human’s masked thresholds are lower than most other species… recommend getting in 
and measuring some animal auditory responses

 The timing when important wildlife events occur is important, so a metric that captures 
timing should be considered.

 Look at time of day when there is less impact for timing when flights occur.

 Relating impacts based on human hearing is a plausible technique to use at GCNP…the 
length of time of the “contact” of a species with a noise source may be important.

 A lot can be gained by using a human (hearing) as a starting data point, and then use
species-specific signal-to-noise ratios (where they are available) to approximate the 
limits.

 “Regulations don’t deal much with the time of day when impact is happening; needs to 
be integrated in some form because time of day may make a large difference… consider 
broadening the scope of the data to visual stimulus and other time factors.  Study areas in 
the park with similar habitat (vegetation type), wildlife, etc., but different noise exposures 
to see effects.” 

 …delineate the duty cycle for thresholds for the data, describe anything outside those 
areas as an approximation.

Visitor Response

 …begin building a knowledge base of visitors’ responses to different types and levels of 
natural sound, in addition to their evaluations of human-caused sound, such as aircraft 
noise.

 The impact analysis should be prefaced by a summary of the survey literature that 
documents the public's interest in experiencing the sounds of nature. NPS might find 
relevant social science data in the wilderness survey literature.

 Look at Time Audible, TA35, and TA52 across monitoring sites to see if they vary 
independently across different sites.

 NPS could apply these metrics across sites and subjectively determine if the rankings or 
orderings that emerge are consistent with park experience.

 It is worth revisiting the various suggested metrics… In choosing between similar 
metrics, it may be more important to consider issues such as whether some metrics would 
be more plausible in quite different situations or whether some metrics have significant 
administrative advantages.

 NPS should revisit alternative metrics from Miller 1999 and Rapoza 2005 that may 
supplement or replace the metrics in use.
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o Previous dose-response studies provide the strongest basis for determining impacts. 
The analysis should be revised to incorporate Leq as a metric and utilize the studies to 
translate exposure into visitor impacts.

 To achieve the desired consistency the overall approach needs to be modified such that 
the input data, currently length of time between events, should be replaced by event 
duration above threshold (35dBA); consistency between %Time Above and % Time 
Audible could then be achieved.

 The HMMH [Miller 1999] and Rapoza [Rapoza 2005] references provide convincing 
evidence that metrics such as Leq provide useful predictions of visitors’ perceptions. 
“Percent time above” is also useful, and is not highly correlated with Leq, indicating that 
the two metrics are measuring different components of the environment and that both are 
important.

 As an alternative an EIS statement might also need to illustrate the implications of a 
particular value of LAeq by examining the noise environment at several sites with that 
value of LAeq.

 It is desirable to have consistent ratios across management zones.

 …would feel much better about this, though, if your plan recognized this limitation, and 
you committed to a program of adaptive management in which you undertook a program 
of research and stated that you reserve the right to revise the plan based on better 
information (as derived from research, monitoring, etc.).

 …future of soundscape management in the NPS needs to have a major part of its 
foundation a definition of the experienced soundscape that is more than the absence of 
aircraft noise.  It should focus on what is experienced, as well as what is not experienced.
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5. Next Steps

Upon completion of this final report, it is important that the FAA and the NPS start fresh for the 
next round of work while learning from the past.  Both agencies acknowledge the need for a 
comprehensive aircraft noise effects research program, which is discussed further below. The 
next steps are:

I.Disband the current FAA-NPS Technical Team
II.Develop a systematic strategy for engaging the scientific community

III.Establish a FAA-NPS research steering group
These steps are described in the succeeding paragraphs.

I.Disband the current FAA-NPS Technical Team
Given the need to adjust membership and develop new Terms of Reference, we recommend as a
first step to disband the current FAA-NPS Technical Team following completion of this final 
report.

II. Develop a systematic strategy for engaging the scientific community
The issues involved in aircraft noise and effects upon park resources cross several scientific 
disciplines.  As evidenced by the feedback and recommendations provided to the Technical 
Team by the expert panelists, the agencies will continue to need support of scientific experts. 
Similar to the October 2008 roadmapping workshop on “Human Response to Aviation Noise in 
Protected Natural Areas”, sponsored by the FAA and supported by the NPS, a workshop to bring 
the scientific community of wildlife experts together is recommended.  This workshop would 
bring together selected experts in the field of acoustic science, wildlife, wilderness values, and 
park management in order to develop a “road map” for the next logical evolution of the science 
of wildlife impacts to aircraft noise in protected natural areas.  Included in the road map will be 
research needs, a research timeline, and milestones.  The goal will be to achieve a consensus on 
planning the future direction of “noise dose-wildlife response” science that will ultimately lead 
to better methodologies for understanding noise impacts in national parks. 
It is recommended that the agencies support an independent and authoritative scientific 
organization, such as the National Academy of Sciences or the Acoustical Society of America, to 
identify the best bases for evaluating noise impacts at present, and to recommend research 
projects that would decisively reduce uncertainties and fill data gaps. Standing scientific 
committees whose mandate may fit the need of this effort include the fairly new Animal 
Bioacoustics Standards Subcommittee under the Acoustical Society of America (ASA) 
Committee 53, Bioacoustics.  In addition to working with standing committees, the agencies 
should consider other forms of expert involvement on specific issues. In the past, NPS has 
established Technical Review Committees (TRC) to provide guidance on scientific activities.  
NPS did this for the visitor surveys in GCNP and later in the joint effort with FAA that produced 
“Aircraft Noise Model Validation Study” (January 2003).  NPS currently funds active research 
scientists, has conducted extensive reviews of the available literature, and is engaged in 
numerous cooperative research agreements with universities to address unresolved scientific 
issues pertaining to noise management in National Parks.  FAA and NPS are funding a follow-on 
workshop in May 2009 to advance the research roadmapping efforts to advance scientific 
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understanding of “Human Response to Aviation Noise in Protected Natural Areas”.  Integrating 
the outcome of such ongoing research efforts by both agencies will be needed.   

III. Establish a FAA-NPS research steering group
In order to develop the research strategy identified in Section II, we recommend that the agencies 
establish a research steering group with the following objectives:

 Provide for regular communication about research initiatives and results;

 Identify areas of common research interests; and

 Develop plans for coordinated research approach, including funding.
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Terms of Reference

Grand Canyon National Park Overflight 
And

Air Tour Management Planning
Environmental Technical Support -- Noise

I. Scope

The FAA/NPS Technical Team (“FAA/NPS Technical Team”) will assist the Federal Aviation 
Administration (FAA) and the National Park Service (NPS) with a review of the application of reasonable 
scientific methods for the analysis of potential impacts resulting from aircraft operations over Grand 
Canyon National Park (GCNP) and national parks covered by the National Parks Air Tour Management 
Act.  Such technical advice is intended to inform the FAA and the NPS decision-making in the 
development of noise assessment criteria.  The review will be limited to existing information, with no 
conduct of new research.  

II. Tasks

The Technical Team is established under a Volpe Center Task Performance Plan with the FAA.  The plan 
directs the Volpe Center to work with the FAA and NPS to reconstitute a group of experts, called the 
FAA/NPS Technical Team.  The Technical Team will: 
 Provide input on scientific and technical issues related to developing draft impact criteria;
 Assist in identifying scientific or technical issues that are insufficiently addressed or not addressed by 

the draft criteria;
 Provide recommendations for data quality goals; and
 Review alternative approaches for scientific and technical defensibility.

Task A addresses the agencies’ immediate need for a technical review of current noise metrics to be used 
in the Grand Canyon Special Flight Rules Area (SFRA) Environmental Impact Statement (EIS).  For 
Task A, the Technical Team is expected to:  Participate in monthly teleconferences and up to three 
meetings: Kickoff Meeting, a working meeting near midsummer, and a final meeting accompanying 
technical recommendations to FAA/NPS in time for the draft EIS.  Task B is directed at a longer-term 
effort to evaluate innovative concepts under consideration for the evaluation of effect of aircraft noise on 
the resources of the national park system.

A. Grand Canyon Overflight Noise Metrics Review

The FAA/NPS Technical Team will support the agencies in their development of the EIS related to the 
management of aircraft overflights at GCNP.  The team’s tasks include the following:

1. Confirm, with NEPA Impact Analysis Team, the noise impact topics to be evaluated in the EIS and 
the noise metrics to be modeled using Integrated Noise Model (INM) Version 6.2a.  As specified in 
the first progress report of the NEPA Team, the metrics include: Time Audible (TA), Equivalent 
Sound Level (LAeq), and Maximum Sound Level (Lmax).1  Additional metrics include Noise Free 
Interval and Time Above.

2. Prepare a matrix that contains the noise metrics to be evaluated by the Technical Team and to be used 
in the assessment of impacts in this EIS.  This will include a digest of scientific literature and data 
relating the metrics to environmental effects.

                                               
1 Special Flight Rules Area in the Vicinity of Grand Canyon National Park - Environmental Impact Statement -
Progress Report #1, April 2007.
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3. Provide a summary technical assessment of the relationships between metrics and levels of 

environmental effects. 

4. Review the matrix assessment results with the NEPA Impact Analysis Team.

5. Solicit agencies’ comments on the style and clarity of the written products and presentations and 
revise accordingly.

B. ATMP Noise Metrics Evaluation

The specific tasks related to the identification of noise metrics to assess the impact of aircraft operations 
over national parks subject to Air Tour Management Plan (ATMP) are as follows:

1. Solicit from the FAA and NPS principals on the National Parks Overflights Advisory Committee 
(NPOAG) the impact topics and environmental effects that must be addressed in NEPA documents.  

2. Agree on a list of attributes of ideal metrics for the assessment of aircraft noise in national parks.  The 
attributes include the following: 
 Is a measurable quantity, both in the field and by computation in Integrated Noise Model 

(INM) 6.2a.
 Is simple to understand and use by the stakeholders (the agencies, the park, the air tour operators, 

the tribes, non-governmental organizations, the park visitors, and the general public).
 Is pertinent and robust in that the metric intimately connects probable mechanisms of impact to 

resources and activities managed by the agency and is not affected by spurious data 
contamination.

 Is responsive, i.e., “figure or merit,” in that changes in computed values reflect changes in 
conditions that may cause reasonably foreseeable impacts.

 Is potentially applicable to all noise sources for use in analyses of cumulative impacts.
 Provides a simple method to compare alternative scenarios.
 Is supported by a substantial body of scientific evidence relating aircraft noise to effects on park 

resources and visitor enjoyment.
 Principle concept of the metric is widely recognized and accepted by the scientific community.

3. Identify redundancy and overlaps in information provided by different metrics.

4. Identify candidate aircraft noise metrics.

5. Agree on a list of qualified candidate metrics based on the agencies’ requirements in Subtask 1 and 
the attributes from Subtask 2.

6. Appraise the performance of the metrics in assessing aircraft noise in a park setting and the 
defensibility of the relationships between metrics and levels of environmental effects.  The steps to 
perform the appraisal include the following:
a. Develop sample scenarios to test through modeling.  The scenarios should be relevant to pending 

management issues, but should focus on the information that the metrics and interpretations can 
deliver, not the potential implications for pending management actions.   

b. Work with the Volpe Center to construct INM 6.2a input files representing the test scenarios.
c. Review Volpe Center implementation of algorithms to represent the candidate metrics in INM 

6.2a.
d. Examine the INM output to evaluate how each metric represents the change in noise effect.

7. Compile a list of the agreed upon, applicable metrics, including limitations and shortcomings for each 
on the short list of candidate aircraft noise metrics.

8. Propose methods that could be used in the noise assessment application and sample text for the 
environmental documents to address the applicability, limitations and shortcomings compiled in 
Subtask 6.
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9. Identify future research areas to address the limitations and shortcomings and produce an annotated 

list that explains the significance of each research item and provides gross estimates of cost and time 
to accomplish work.

10. Agree on the best available aircraft noise metrics from the list of candidates and identify potential 
supplementary roles for other noise metrics on the list.

11. Solicit agencies’ comments on the style and clarity of the written products and presentations and 
revise accordingly.

12. Provide a summary technical assessment of the recommended metrics for noise assessments.

III. Communication

The Volpe Center will establish a secured Internet website for file and document sharing by the team 
under the FAA Knowledge Sharing Network (KSN).  The team will conduct monthly conference calls on 
the dates and times specified under Part V - Schedule. One member of the team shall be responsible for 
drafting the summary of discussions and decisions for each call to be distributed no later than one week 
after the call.  Any communication (email, phone calls, etc.) between members shall be shared with all 
members.

IV. Deliverable

The team shall produce a recommendation on applicable aircraft noise metrics no later than 3 months 
after the initial kickoff meeting.   The recommendation shall be given in the form of a technical paper 
with an accompanying PowerPoint presentation to agency representatives/management/NEPA Team 
Members?  The latter presentation shall also serve as the method for explaining the team’s findings at 
subsequent Grand Canyon Working Group (GCWG) and NPOAG meetings.

V. Schedule

Event Location Date Time
Kickoff meeting GCWG Meeting, Scottsdale, AZ June 11 Afternoon
June conference call N/A June 28** 2 hours
July Progress Meeting Volpe Center, Cambridge, MA July 17-18 2 days
August conference call N/A August 27*** 2 hours
Task A Wrap-up 
meeting (with Task B 
progress)

Pre GCWG Meeting, Scottsdale, AZ September 17-18 1.5 days

** 7:30 AM PST / 8:30 AM MST / 10:30 AM EST
*** 1:30 PM PST / 2:30 PM MST / 4:30 PM EST
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Criteria for Membership

Grand Canyon National Park Overflight 
And

Air Tour Management Planning
Environmental Technical Support -- Noise

I. Scope

As stated in the FAA/NPS Technical Team (“FAA/NPS Technical Team”) Terms of Reference (dated 
7/17/07), the FAA/NPS Technical Team will assist the Federal Aviation Administration (FAA) and the 
National Park Service (NPS) with a review of the application of reasonable scientific methods for the 
analysis of potential impacts resulting from aircraft operations over Grand Canyon National Park (GCNP) 
and the other national parks covered under the National Parks Air Tour Management Act.  The existing 
metrics currently used for noise evaluation in other scenarios (i.e., not in designated protected areas) do 
not provide enough information about the quality of noise intrusions to allow NPS to meet its statutory 
and agency mandates.  Such technical advice is intended to inform the FAA and the NPS decision-making 
in the development of noise assessment criteria.  The review will be limited to existing information, with 
no conduct of new research.  

II. Criteria for Membership

The development of reasonable scientific methods that can be used for the assessment of aircraft noise 
impact in accordance with NEPA may at times be unusual or significantly complex so as to necessitate 
FAA and NPS access to individuals with relevant scientific and technical expertise.  For effectiveness of 
the FAA/NPS Technical Team, it will be kept to a small core team and additional members will be 
supplemented as required.  The criteria below will be used to evaluate any new membership on the 
Technical Team.

Experience in Wide Area of Environmental, Sociological, or Acoustical Disciplines
FAA/NPS Technical Team members may have expertise in any of a number of specific areas of 
environmental, sociological, or acoustical disciplines. However all acoustics members must have a sense 
for the inherent problems and limitations of measuring and predicting sound levels and sound propagation 
in outdoor, non-laboratory, and park-like situations.  Measurement and analysis of sound in park 
situations will require the experience to recognize that outdoor sounds are subject to many uncontrollable 
variables. Membership should include at least one individual experienced in statistical analysis of random 
data.  

Ability to Work Effectively in a Team Environment
A high value is placed on the appropriate technical expertise and on the ability of the individual member 
to bring that expertise into a team setting, working cooperatively with the team to find the best, most 
feasible solutions. The technical quantification and analysis of noise impacts should be as devoid as 
possible of decisions based on anything other than scientific and feasibility considerations.  Members of 
the FAA/NPS Technical Team need to be able to clearly express their perspectives, but equally able to 
listen and react objectively to the perspectives of others.

Experience in Balancing Scientific Desirability vs. Feasibility
Many technical problems can have complex, involved solutions.  Members should be experienced in 
striking the balance that is required by feasibility considerations for the field.  Potential limitations 
include time, budget, instrumentation capabilities, human capabilities, etc.  These potential limitations 
notwithstanding, feasible solutions must be found without undue compromise of the technical/scientific 
concerns.
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Ability to Objectively Assess and Analyze Technical Issues
It is important to bring objective scientific and technical analytical skills to bear on the issues at hand, and 
to avoid undue influence by particular desired solutions.  Individual FAA and NPS Technical Team 
members must commit to the scientific integrity and technical objectivity of their analyses.  The 
Technical Team may also benefit from additional opinions of outside experts that are not affiliated with 
either agency. 

Stature in Their Field of Expertise
Members of the FAA/NPS Technical Team should have training, expertise, experience and credibility in 
environmental acoustics that will be unchallenged by others who could have also served on the FAA/NPS 
Technical Team.  

III. FAA/NPS Technical Team Interface

Management Committee
The management committee will establish direction and guidance to the FAA/NPS Technical Team.  The 
management committee will consist of Lynne Pickard, Deputy Director, Office of Environment and 
Energy, Federal Aviation Administration, Barry Brayer, Manager, Special Programs Staff, Western-
Pacific Region, Steve Martin, Superintendent, Grand Canyon National Park, and Karen Trevino, 
Manager, NPS Natural Sounds Program Office.  The management committee will provide the Technical 
Team with a schedule for its tasks.

FAA/NPS Technical Team
The FAA/NPS Technical Team will initially be co-chaired by Tom Connor (consultant for FAA) and Dr. 
Kurt Fristrup of the NPS.  The co-chairs will be responsible for conveying issues identified by the 
management committee that would be addressed by the FAA/NPS Technical Team, framing those issues 
as questions for the FAA/NPS Technical Team, and obtaining review and comments from the FAA/NPS 
Technical Team. The co-chairs will provide information to the management committee and arrange for 
any briefings on those issues as requested by the management committee.  

Current FAA/NPS Technical Team members include the following:
NPS, Natural Sounds Program Office: Dr. Kurt Fristrup
NPS, Grand Canyon National Park: Ken McMullen
NPS, Grand Canyon National Park: Sarah Falzarano
NPS, Grand Canyon National Park: Grace Ellis
FAA, Office of Environment and Energy, Noise Division: Mehmet Marsan 
FAA Las Vegas Flight Standards District Office: Paul Joly
TL Connor Consulting: Tom Connor
Volpe National Transportation Systems Center: Cynthia Lee

Supplemental members, if required: Wildlife Scientist(s) 
Cultural Resource Expert(s) 
Social Scientist(s)
Hearing Specialist(s)
Acoustician(s)

We have no specific recommendations for individuals for the last “If required” category. We would 
suggest that the decision on those additional members would be best reserved until any relevant issues 
related to those (or other necessary) skills have been better defined.

IV. Process for Nomination of Supplemental Members and Management Approval

When a relevant issue (or other necessary) skill has been better identified, the Technical Team will 
recommend a list of candidates and select Supplemental Member(s), as necessary.
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V. Schedule

Event Location Date Time
Kickoff meeting GCWG Meeting, Scottsdale, AZ June 11 Afternoon
June conference call N/A June 28* 2 hours
July Progress Meeting Volpe Center, Cambridge, MA July 17-18 2 days
August conference call N/A August 27** 2 hours
Task A Wrap-up meeting 
(with Task B progress) Pre GCWG Meeting, Scottsdale, AZ September 17-18 1.5 days

* 7:30 AM PST / 8:30 AM MST / 10:30 AM EST
** 1:30 PM PST / 2:30 PM MST / 4:30 PM EST



Appendix C
Composition of the Two Expert Panels

And
The Panelists’ Brief Biographies



Wildlife Expert Panel

Bowles, Ann E. – Ann E. Bowles, Ph.D., is a Senior Research Scientist at the Hubbs-
SeaWorld Research Institute (HSWRI).  She specializes in Animal Bioacoustics, 
particularly the study of animal communication, acoustic ecology, and effects of human-
made noise.  She obtained her Ph.D. in 1994 in Marine Biology from the Scripps 
Institution of Oceanography for a study on vocal recognition in penguins and has studied 
vocal development in several species of cetaceans.  Under contract to agencies such as 
CalTrans, U.S. Air Force, U.S. Army, NASA, U.S. Fish and Wildlife Service, U.S. Forest 
Service, and National Marine Fisheries Service, as well as private organizations, she has 
spent 30 years studying the effects of noise and disturbance on a wide range of taxa,
including pinnipeds; odontocete and mysticete cetaceans; domestic animals; terrestrial 
mammals (small mammals, kit foxes, and the polar bear); birds (including the northern 
goshawk and two subspecies of spotted owl); reptiles (desert tortoise, leatherback sea 
turtle); and sirenians.  Her work has emphasized a general understanding of behavioral 
and physiological effects of noise on animals, with the ultimate goal of developing 
predictive models of effect. 

Dr. Bowles directs the Bioacoustics Laboratory at Hubbs-Sea World Research Institute.  
She holds adjunct faculty or visiting researcher positions at the University of California at 
San Diego, San Diego State University, and the University of San Diego, advising interns 
and graduate students.  She worked to bring the Acoustical Society of America’s Animal 
Bioacoustics Technical Committee (AB/TC) to full committee status (1990-1996) and is 
now a Fellow of the Society and the AB/TC representative to the ASA Committee on 
Standards.  She is a participant on the NOAA Ocean Acoustics Program Criteria Panel, 
which has developed science-based noise exposure standards for marine mammals.  She
has served or is serving on expert advisory panels for the U.S. Navy Office of Naval 
Research, Marine Mammal Commission, National Marine Fisheries Service, 
International Union for the Conservation of Nature, and National Park Service.   

Cleary, Ed – Biologist Edward Cleary is a Wildlife Society Certified Wildlife Biologist, 
FAA Qualified Airport Wildlife Biologist, Permanent Advisor to the Caribbean and 
South American Regional Wildlife Hazard Committee (CARSAMPAF), and Steering 
Committee member for Bird Strike Committee – USA.

He graduated from Humboldt State University at Arcata, California in 1972, where he 
majored in Wildlife Biology and Range Management.  In his career, Ed has worked for 
such organizations as the North American School of Conservation and Ecology in 
Anaheim California, where he taught Wildlife Management and related courses, the U.S. 
Fish and Wildlife Service, Animal Damage Control, and the U.S. Federal Aviation 
Administration’s Office of Airport Safety and Standards, where he was the Staff Wildlife 
Biologist. 

In 2007, Ed Retired from the FAA, and started a consulting business, WASHMan LLC, 
which specializes in Wildlife Aircraft Strike Hazard Management.  His company 
conducts airport wildlife hazard assessments, helps airport managers develop wildlife 



hazard management plans, and conducts training for airport personnel in wildlife hazard 
management issues

Dooling Robert J. – Dr. Robert J. Dooling is a professor at the University of Maryland’s 
Department of Psychology. He received a B.S. from Creighton University (Biology and 
Chemistry, 1967), and an M.S. and Ph.D. from St. Louis University (M.S. Biology, Ph.D. 
in Physiological Psychology). He was also a Post Doctoral Fellow at Rockefeller 
University in Behavioral Sciences. His research interests include the comparative and 
evolutionary biology of hearing and auditory perception; the learning, production, and 
perception of bird vocalizations; the return of hearing following hair cell regeneration, 
and the effects of noise on hearing.

Dr. Dooling is currently the Associate Vice President for Research at the University of 
Maryland, College Park. He has received numerous awards in his career, including the 
Alexander v. Humboldt Award for Senior Scientists (1990-1991), the NIMH Research 
Scientist Award (1992-1997) and the Distinguished Scholar-Teacher Award (2003). He 
has published numerous articles and books on hearing and auditory perception of 
animals.

Ketten, Darlene – Dr. Darlene R. Ketten is a marine biologist and neuro-anatomist 
specializing in biomedical imaging of sensory systems  She received a B.A. from 
Washington University (Biology and French, 1971), an M.S. from M.I.T. (Biological 
Oceanography, 1979), and a Ph.D. from Johns Hopkins University (jointly awarded 
neuroanatomy, behavioral ecology, and experimental radiology, 1984).  Her work is a 
blend of modern biomedical imaging, forensics, and biophysical models of hearing in 
both humans and marine mammals.  

She currently holds joint appointments as a Senior Scientist in Biology at Woods Hole 
Oceanographic Institution, as an Assistant Clinical Professor in Otology and Laryngology 
at Harvard Medical School, and as a Senior Research Fellow in Auditory Mechanics and 
Hearing Biophysics at the National Institutes of Health.  Her training includes specialty 
courses and accreditation in Otopathology (Harvard Medical School, 1987), 
Neuroradiology (AFIP, 2003), Veterinary Pathology (AFIP, 2005), and Forensic 
Pathology (AFIP, 1995, 2005), and she serves as a specialty lecturer on inner ear 
imaging, anatomy, and CT/MRI diagnostic imaging for head and neck trauma for the 
American Medical Association - Head and Neck Surgery courses.  She is a Fellow of the 
Acoustical Society of America and an active member of advisory boards and panels on 
hearing, bioacoustics, acoustic trauma, and marine mammal regulatory guidelines for the 
National Institutes of Deafness and Communication Disorders, National Academy of 
Sciences, the Marine Mammal Commission, NATO, and the U.S. Congress.

Her research focuses on two areas:  how structural differences in marine vs. terrestrial 
mammal ears relate to physical differences habitats and feeding behaviors and how 
electrode placement and inner ear pathologies impact hearing and the effectiveness of 
hearing aids and inner ear prostheses.  



Krausman, Paul R. – Dr. Paul R. Krausman is the third Boone and Crockett Professor at 
the University of Montana.  He began his tenure at Montana in 2007 following 29 years 
as Professor of Wildlife Conservation and Management at the University of Arizona and 
2 years as an Assistant Professor at Auburn University, Alabama.  Dr. Krausman holds 
degrees from The Ohio State University (B.S., Zoology), New Mexico State University 
(M.S., Wildlife Management), the University of Idaho (Ph.D.,1976), and was awarded 
the Leopold Medal from The Wildlife Society in 2006.  He has received other awards for 
his work with mule deer (O.C. Wallmo Award,1999), mountain sheep (Desert Ram 
Award, 2000), and publications among others. Dr. Krausman has numerous publications 
and has been the editor of the Desert Bighorn Council Transactions, The Journal of 
Wildlife Management, and Wildlife Monographs, and has been an associate editor for 5 
other journals. Dr. Krausman has taught an array of wildlife related class throughout his 
career and is teaching 3 classes at the University of Montana:  Scientific Writing for 
Publication (graduate class, even years), Big Game Ecology (graduate class, odd years), 
and The Upshot: Applied Wildlife Management (undergraduate/graduate class, all years).  
He has accepted 6 Boone and Crockett Fellows working on mule deer, mountain goats, 
bison, wolves, and black bears and is completing studies in the Southwest on desert mule 
deer, mountain lions, wolves, and black bears.  Dr. Krausman will be working with the 
staff at the Theodore Roosevelt Memorial Ranch to develop a monitoring program and 
establish long term studies on ungulates.  The most rewarding aspect of his career is the 
development of the future leaders of the wildlife profession—students.

Patricelli, Gail L. – Dr. Gail Patricelli is an assistant professor in the Department of 
Evolution and Ecology at the University of California, Davis. Her interests include animal 
communication and sexual selection; the causes and functional implications of directional 
sound radiation in songbirds; sexual selection and acoustic communication in sage-grouse 
and other Galliformes; the possible effects of noise from energy development on acoustic 
communication and breeding behaviors of sage-grouse.

The broad goal of her research is to understand the functional and mechanistic conditions 
that favor this kind of complexity in animal signaling, and the consequences of this 
complexity on signal evolution. Her research has focused on studying birds in the wild, 
and to this end, she has developed techniques for detailed observation and experimental 
manipulation of both visual and acoustic signals in the field. 



Visitor Experience Expert Panel

Cole, David N – David Cole is a Forest Service research scientist at the Aldo Leopold 
Wilderness Research Institute in Missoula, MT. He has degrees in geography from the 
University of California at Berkeley and the University of Oregon and has been 
conducting research in wilderness areas around the country for the past 30 years. In 
addition to the Forest Service, he has done research with the National Park Service and 
the National Outdoor Leadership School. He has coauthored several books, including Soft 
Paths, which provided the scientific foundation for the Leave No Trace program and, in 
2002, was named “Scientist of the Year” by the National Park Service. 

Gramann, James – Jim Gramann is Visiting Chief Social Scientist of the National Park 
Service, a position he has held since October 2002.  He is also completing his 26th year 
as a professor in the Department of Recreation, Park and Tourism Sciences at Texas 
A&M University.

Gramann received his bachelor’s degree in anthropology and his master’s degree in forest 
resources from the University of Washington. His Ph.D. is in leisure studies from the 
University of Illinois. Prior to assuming the position of Visiting Chief Social Scientist, he 
conducted social science research at many NPS units, including Yosemite, Carlsbad 
Caverns, Mount Rainier, Olympic, Padre Island National Seashore, and Shiloh National 
Military Park

As Visiting Chief Social Scientist, Dr. Gramann directs a national social science program 
responding to the needs of the NPS for useable knowledge. Among other things, the 
Social Science Program is responsible for visitation counting, surveying the preferences 
and attitudes of park visitors and non-visitors, and estimating the economic contribution 
of national parks to gateway regions. The Program also works with the Office of 
Management and Budget to obtain approval of NPS-sponsored surveys under terms of the 
1995 Paperwork Reduction Act.

Fields, James – James M. Fields is an independent researcher and consultant on social
survey, statistical, and community noise issues.  He received a PhD in Sociology from the 
University of Michigan.  He has over 30 years of experience in assessing responses to 
noise as both a researcher and consultant in the United States, Great Britain, Japan and 
other countries. He has been a member of the editorial boards of Public Opinion 
Quarterly and the Journal of Sound and Vibration.  He has served as a consultant and
member of technical review groups for National Forest and National Park Service 
studies.

Mace, Britton – Dr. Britton Mace is an Associate Professor in the Department of 
Psychology at Southern Utah University, where he has taught since 1999.  Dr. Mace 
teaches Environmental and Social Psychology, Senior Seminars, and a field studies 
course in the National Parks.  Dr. Mace received his B.A. in 1992 from California State 
University, Chico.  Both his M.S. in 1997 and his Ph.D. in 1999 were awarded from 
Colorado State University in Experimental Psychology, with emphases in Environmental 



and Social Psychology.  Britton has maintained an active research program at Southern 
Utah University, often working collaboratively with his students on a variety of applied 
topics in the National Parks.  Over the past decade, Dr. Mace has mentored more than 30 
student papers presented at regional, national, and international conferences.  Dr. Mace 
has published his research in such respected journals as Environment and Behavior, 
Society and Natural Resources, the Journal of Park and Recreation Administration, and 
the Journal of Applied Social Psychology.

Manning, Robert – Robert Manning is a Professor in the Rubenstein School of 
Environment and Natural Resources at the University of Vermont where he teaches the 
history, philosophy, and management of parks, wilderness, and related areas.  He is also 
Director of the University's Park Studies Laboratory, a group of faculty, staff, and 
students that conducts a program of research on park and outdoor recreation use and 
management for the U.S. National Park Service and other agencies.  He is the author of 
/Studies in Outdoor Recreation: Search and Research for Satisfaction/ (Oregon State 
University Press), /Parks and Carrying Capacity: Commons without Tragedy/ (Island 
Press), and /Parks and People: Managing Outdoor Recreation at Acadia National Park/ 
(University Press of New England).

Shepherd, Kevin – Kevin Shepherd received Masters and Doctorate degrees from the 
Institute of Sound and Vibration Research, University of Southampton, U.K. Since then 
he has been engaged in acoustics research at the NASA Langley Research Center, 
Hampton, Va.  His research interests have ranged from wind turbine noise and sound 
propagation to aircraft noise, including helicopters, airport noise, and sonic boom. During 
the 90’s he led the sonic boom element of the High Speed Research program that 
included extensive efforts to develop criteria for acceptable overland supersonic flight. 
By working closely with industry and academia, impacts of sonic booms were assessed 
and flight procedures were developed. More recent efforts have been devoted to 
improvements in airport noise modeling and have included studies at airports as well as 
dedicated flight experiments. He currently heads the Structural Acoustics Branch at 
NASA Langley. The primary areas of research are prediction and reduction of aircraft 
interior noise, structural acoustic fatigue, engine acoustic liner technology, flyover noise 
synthesis and simulation, and community noise and sonic boom.
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Material Provided to the Wildlife Expert Panel



GRAND CANYON OVERFLIGHTS
WILDLIFE EXPERT PANEL TELECONFERENCE

Date:  September 15, 2008
Time:  2 to 4 hours, beginning at 1:00 eastern daylight time

How?  Toll-Free Conference Telephone Line: 866-860-5753, passcode: 6833528#
Also, join “GoTo” online meeting website: https://www.gotomeeting.com/join/531682543
Meeting ID: 531-682-543 (Please allow several minutes for service to download).

Anticipated Attendees:
(GRCA NPS): Rick Ernenwein, Ken McMullen, Sarah Falzarano, Mary Killeen
(Natural Sounds NPS) Kurt Fristrup
(FAA) Becky Cointin, Lynne Pickard, Paul Joly
(Volpe Center) Cyndy Lee
(Hubbs Sea World) Ann Bowles
(Army Corps of Engineers) David Delaney
(Harvard University and Woods Hole Oceanographic Institution) Darlene Ketton
(University of Maryland) Robert Dooling
(self) Paul Krausman
(U.C. Davis) Gail Patricelli
(WASHMan LLC) Ed Cleary

Objectives:
 Appraise the scientific basis and performance of the proposed metrics for assessing aircraft noise in 

a park setting, and the relationships between the metrics and levels of environmental effects for use 
in the upcoming Environmental Impact Statement (EIS);

 Review the application of reasonable scientific methods for the analysis of potential impacts 
resulting from aircraft operations over Grand Canyon National Park (GCNP);

 Identify future research areas to address the limitations and shortcomings of the metrics; and
 Provide recommendations on above topics based upon your expertise and scientific literature. 

Tentative Agenda:

10 mins Introductions/Log onto GoTo meeting

10 mins. Overview of the Panel Process (Moderator goes over the use of GoTo “chatting”, 
agenda, logistics, background, references, etc.)

10 mins Quick walk-through of spreadsheet and rationale by NPS

20 mins Identify the top two priorities of each panelist for this discussion, based upon the 
questions and/or observations previously provided to the panel 

1-2 hours Discuss priority topics, with recap every 30 minutes, and a 5-10 minute break as needed

25 minutes Summary Statements from each panelist (5 minutes each)

10 minutes Action Items and What Happens Next



Wildlife Expert Panel Documents 

FAA/NPS Technical Team 

Environmental Impact Statement 
Special Flight Rules in the Vicinity of Grand Canyon National Park 

 
July 2008 

Table of Contents 
Current Air Tour Routes………………………………………..……………………………....2 
Spectrograms…………………………………………………………………………..………3-4 
Graphs of sound pressure level data for a 24 hour period at two sites in the Park display 
frequency (Hz) on the y-axis, time (minutes) on the x-axis, and amplitude (decibels) in color.  
Certain sound sources have their own signatures.  One of the spectrograms is marked with 
examples. 
Noise Modeling Overview...………………………………………………………………..….5-7 
LAeq12 and Time Audible maps………………………………………………………………..8-9 
Management Zones and Airspace Map……………………………………………………….10 
Wildlife Location Points………………………………………………………………………..11 
Rationale……………………………………………………………………………………..12-15 
This document describes the rationale behind which metrics to use, and where to draw the lines 
between the different NPS thresholds (negligible, minor, moderate, and major) of impact.  
Previous uses of metrics in other NEPA documents or wildlife studies are cited.  Please refer to 
the Microsoft Excel worksheet for the values of each metric. 
Annotated Bibliography…………………………………………………………………….16-19 
An annotated bibliography of the literature cited in the rationale and Excel worksheet is 
included.  To download the full journal articles, please visit 
ftp://63.220.43.40/ 
User Name = npsftpwin 
password (case sensitive) = FTP04npswin; (note that 0=zero) 
navigate to the GRCA folder, then Overflights folder to access the literature 
Questions for the Expert Panelists…………………………………………………………20-21 
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Current air tour routes over the Park and adjacent areas. 
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Spectrogram of site GRCA033, which is in a remote area of the park (on the rim near Fossil Canyon) that is far away from air tour 
noise but has small numbers of general aviation aircraft flying over.   
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Site GRCA031 is on the rim underneath a very busy air tour corridor (Dragon).  The loud signatures before 8am and after 6pm are 
mostly high altitude jets, and those in between 8am and 6pm are predominantly helicopters.  Fixed-wing tour aircraft occur at the 
Dragon site, but helicopter noise often masks them. 
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GRCA Overflights EIS - Alternatives Noise Modeling Overview 
 

The U.S Department of Transportation’s John A. Volpe National Transportation Systems Center, 
Environmental Measurement and Modeling Division (Volpe Center) has been assisting the FAA 
and NPS with the development and modeling of preliminary alternatives in support of the Grand 
Canyon National Park (GRCA) Overflights EIS.  In preparation for meetings between the Grand 
Canyon technical team and an expert panel for visitor experience and wildlife, scheduled for late 
July 2008, this document provides an overview of the noise modeling effort.   

Definitions 
• Substantial Restoration of Natural Quiet: In accordance with the National Park Service’s 

1994 Report to Congress, this phrase has been defined by the NPS to mean that 50% or more 
of the park will achieve natural quiet (i.e., no aircraft audible) for 75% to 100% of the day. 
Thus, natural quiet has not been substantially restored where aircraft sounds are audible 
greater than 25% of the day in greater than 50% of the Park. 

• Special Flights Rules Area (SFRA): For unique and specific situations, the Federal Aviation 
Administration promulgates Special Federal Aviation Regulations (SFARs). In April 2000 
the Federal Aviation Administration revised SFAR 50-2, which contained a modification to 
the airspace on the eastern end of the SFRA. SFAR 50-2 was promulgated by a Final Rule on 
May 27, 1988, which amended Federal Aviation Regulation, Part 93. The SFRA 
encompasses Grand Canyon National Park and portions of the surrounding lands. The SFRA 
airspace extends vertically to 17,999 feet mean sea level (MSL) and includes several flight-
free zones with ceilings of 14,500 feet above ground level (AGL) on the east, and 8,000 feet 
AGL on the west. Within this area, special operational rules and restrictions apply. SFAR 50-
2 established fixed routes and altitudes for air tours; established flight-free zones and 
reporting requirements; changed airspace and routes for air tours over the park; and set 
curfews for air tours in the east end of the park. 

• Study Area: The size of the study area was determined during the 1996 environmental 
process. The study area for this project is defined by a 20-mile rectangular area that 
encompasses the SFRA boundary on the northeast and the park boundary on the west, which 
lies on the outside of the SFRA. The study area is larger than the Special Flight Rules Area in 
order to capture noise from flights outside the Special Flight Rules Area that is affecting the 
park. The Overflights Act only authorizes management of the air traffic in the airspace above 
Grand Canyon National Park. 

Noise Model 
Noise modeling is performed using the FAA’s Integrated Noise Model (INM) Version 6.2a, 
released in November 2006.  This is the model that was recommended by the Federal 
Interagency Committee on Aviation Noise (FICAN) as the best practice modeling methodology 
currently available for evaluating aircraft noise in national parks, and agreed to by NPS and FAA 
after extensive studies comparing the models currently available and upgrades to the previous 
version of INM.  It should be noted however, that as with all models, INM 6.2 is not 100% 
accurate; FICAN reported the following qualifications regarding the modeling of audibility: 
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“Assessing accuracy was extremely difficult due to the complexity of the audibility 
metric.  FICAN agreed that no model will ever be able to predict with absolute certainty 
the audibility of any particular aircraft event at any specific location.  The problem lies in 
predicting with certainty all three key elements of audibility:  ambient sound 
environment, source noise level, and detectability threshold of the observer (human or 
animal).  Extensive long-term monitoring could substantially reduce uncertainty in the 
ambient sound levels.  Even more extensive long-term measurement programs with 
detailed aircraft performance and position information may be able to substantially 
reduce uncertainty in predicted received aircraft sound levels.   However, sound 
propagation over long distances through a complex atmosphere (wind, temperature, 
turbulence) will always be subject to considerable variability.  Furthermore, observer 
reaction can never be predicted with absolute certainty. Uncertainty often exists to some 
degree in any type of modeling.”1

Noise Metrics 
For each alternative, three primary metrics are being modeled: 

• Time Audible (%TA) – The percentage of time during a 12-hour period (7 am to 7 pm) that 
aircraft sounds can be heard by the human ear.  This is the metric that will be used to assess 
the extent of GRCA’s restoration of natural quiet.   

• Equivalent Sound Level (LAeq) – The logarithmic average of aircraft sound levels in decibels 
(dBA) over a 12-hour period (7 am to 7 pm) 

• Maximum Sound Level (Lmax) – The loudest sound level in decibels (dBA) generated by an 
aircraft.  This metric is not dependent on number of operations, nor does it provide any 
context of frequency, duration, or timing of exposure. 

Noise Modeling Scenarios 
All analyses are being conducted for August 8, 2005, the peak day of operations for commercial 
air tours and related flights.  The GRCA personnel confirmed this day from the information 
contained in the Air Tour operations spreadsheet (the “operations database”) maintained by the 
FAA.  

For each alternative, all aircraft operations are being analyzed in the following three categories: 

• All Aircraft Operations Above 18,000 ft MSL: Includes general aviation (“GA”), civil air 
transport (“commercial”), and military operations. 

• All Aircraft Operations Below 18,000 ft MSL and Outside the Special Flight Rules Area 
(SFRA): Includes GA, commercial, and military operations. 

• All Aircraft Operations Below 18,000 ft MSL and Within the SFRA: Includes GA, 
commercial, military, air tour and air tour related) 

                                                 
1 “FICAN Findings and Recommendations on Tools for Modeling Aircraft Noise in National Parks,” Washington, 
DC: Federal Interagency Committee on Aviation Noise, February 2005 (http://overflights.faa.gov/). 
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The first two categories will be analyzed as part of cumulative impact analyses.  The third 
category will be analyzed to determine the extent of restoration of natural quiet and further 
assessed for potential impacts consistent with considerations of context and intensity as 
described in Council on Environmental Quality (CEQ) NEPA implementing regulations (40 CFR 
Parts 1500-1508), best available information, and reasonable scientific methods.   
 
Information for GA, commercial, and military overflight activities was collected from the FAA’s 
Enhanced Traffic Management System (ETMS) and the Performance Data Analysis and 
Reporting System (PDARS).2 This included all operations within a rectangular block of airspace 
extending 20 nautical miles from the farthest edge of the GRCA boundary in each of the cardinal 
compass points.  The extent of this airspace was based upon a conservative estimate of the 
maximum distance that aircraft might be from GRCA boundaries and might be audible within 
the park. 

Model Output 
Two types of analyses are being performed with the INM: a contour analysis and a representative 
location point analysis.  A total of 125 individual points were provided by the NPS for 
consideration in the analysis as representative of noise sensitive areas within the study area.  The 
following figures are provided: 
• Map of management zones (from the 1995 GRCA General Management Plan) that will be 

used in assessing potential impacts to soundscape; 
• Map highlighting those points from the 125 points that were provided, which are 

representative of locations for visitor experience opportunity;  
• Map highlighting those points from the 125 points that were provided, which are 

representative of locations for wildlife; and 
• Maps of sample contour results for the LAeq and %TA metrics for Alternative A - Current 

Conditions.  

 
2   It should be noted that the FAA's Air Traffic Organization has reviewed the operations that were initially 
categorized as GA by the ETMS database.  Based on their review, 76 of these GA operations (65 daytime and 11 
nighttime) were identified as Part 135 commercial air taxi operations and have been consequently moved to the 
Commercial category.   

 



 

 
Contour levels for LAeq sound level for the park on peak day of air tour operations, 2005. 
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About 45% of the park is affected by aircraft noise more than 25% of the time on peak day of air tour operations, 2005.  Or, 
conversely, 55% of the park meets the definition of substantial restoration of natural quiet (no aircraft audible for 75% of the day). 
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Several of the metrics refer to different management zones for the Park. 
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Each of the metrics proposed will be modeled at 39 location points throughout the Park and surrounding area.  Nine locations have 
been identified as representative locations for wildlife concerns. 

 



Rationale 

I. Overall Approach 
• All of the proposed metrics have been used before by FAA and/or NPS for noise impact 

analyses; examples of previous use (including relevant studies) are provided below. The 
specific use of the metric may differ from previous applications, due to the unique features of 
this context and analysis. 

• The transitions in impact intensities (e.g., minor to moderate, moderate to major) were closely 
related to peer-reviewed scientific papers where possible. Where this direct guidance was not 
available, NPS policy – especially the definition of substantial restoration of natural quiet –
was used along with GRCA field data and best professional judgment to devise threshold 
parameters that maintain consistency across metrics and impact parameters. 

• The highlighted cells in the spreadsheet indicate independent variables which have subsequent 
effects on other cells in the spreadsheet. Most of the non-highlighted values are calculated 
based upon the highlighted inputs. 

• The intensity of the impact is proportional to the intensity of the metric. That is, a higher level 
sound energy metric (such as time above 52 dBA) has a higher impact at a lower level (e.g., 
number of events per hour) than a lower sound energy metric (such as time audible). In 
addition, the management zone where the impact occurs has a hierarchy reflected in the 
impact intensity. 

• The thresholds are intended primarily for assessing the direct effects of impacts of air tour and 
air-tour-related aircraft which vary by alternatives below 18,000 feet MSL within the SFRA 
(also see the Federal Register Notice dated April 9, 2008 clarifying the definition of 
substantial restoration of natural quiet in relation to 18,000 feet MSL). Other aircraft below 
18,000 feet and within the SFRA do not vary by alternative and are included in the analysis 
as direct effects common to all alternatives (e.g., administrative aircraft use by NPS and other 
agencies with lands within the SFRA). Other noise sources, including all ground-based noise 
sources and aircraft outside of the SFRA (including above 17,999 feet MSL), are included in 
the cumulative effects analysis. 

• If the modeling results for an alternative indicate varying impact intensities for different metrics 
or parameters (e.g., minor for one and moderate for another), the analysts will use a 
preponderance of the evidence to determine which impact intensity category makes the most 
sense for the impact topic, documenting the rationale for their decision. However, if the 
preponderance of evidence is inconclusive, the impact will be judged to be at the higher 
impact intensity level in compliance with NPS policy regarding conservation of resources 
(e.g., 2006 NPS Management Policies, 1.4.3). 

• The metrics, parameters, thresholds, and values proposed here are intended to apply only to the 
current rulemaking and NEPA processes taking place concerning the Grand Canyon National 
Park Special Flight Rules Area. They are not intended to apply to or to set precedents for any 
other processes at Grand Canyon or any other area. 

• The primary metrics and parameters for each impact topic are shown in the spreadsheets. 
However, in many cases impacts on one impact topic may have effects on another topic. For 
example, an important part of the experience of many visitors is the opportunity to view 
wildlife in a natural setting; to the extent that an impact occurs to wildlife or the 
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natural setting, it may also affect visitor experience. Therefore, even though only a few 
metrics are shown in the spreadsheets for each impact topic, the analysts will be considering 
all relevant data and information, including that pertaining to other impact topics. 

• Per agreement with FAA, impacts on the soundscape will only be evaluated directly within the 
areas managed by the NPS within the SFRA (i.e., Grand Canyon National Park, Lake Mead 
National Recreation Area, and Glen Canyon National Recreation Area), so the thresholds and 
parameters will only apply to NPS lands. For non-NPS lands within the SFRA (e.g., tribal 
lands, National Forest Lands, Bureau of Land Management lands), sound impacts will be 
assessed as they relate to the other impact topics (e.g., visitor experience opportunities, 
wildlife, threatened/endangered species, ethnographic resources). 

II. Soundscape Matrix (omitted for brevity) 

III. Visitor Experience Opportunities Matrix (omitted for brevity) 

IV. Ethnographic Resources Matrix (omitted for brevity) 

V. Threatened and Endangered Species/Wildlife Matrix 
VA. Metric: Sound Energy
The sound energy metric proposed for use in this analysis is L

Aeq12
, the 12 hour mean square 

sound pressure level (A-weighted) for a 12 hour day. L
Aeq12 

represents a constant sound intensity 
level that adds up to the same 12 hour energy total as the time-varying sound levels that were 
measured. L

eq 
and L

A 
are common abbreviations of L

Aeq
. 

VA1. Relevant References 
In Landon et al 2003, pronghorn avoided noisier areas (greater than 55 dB, weighting not 

reported) and preferred quieter areas (less than 45 dB, weighting not reported). L
Aeq 

is a fundamental 
component of all community noise studies. L

Aeq 
has been used in several NEPA noise impact 

assessments related to national parks (e.g., Glen Canyon Personal Watercraft EIS, St. George Airport 
EIS). 

VA2. Rationale for Threshold Values 
The transition points between intensity levels (i.e., negligible, minor, moderate, major) are linked 

closely to the results of Landon et al 2003 (i.e., pronghorn avoided areas greater than 55 dB and 
preferred areas less than 45 dB). The transition from minor to moderate was set at 45 dBA, and the 
transition from moderate to major was set at 55 dBA. The transition from negligible to minor is a 
reasonable extrapolation of 10 dBA lower than the transition from minor to moderate (i.e., 35 
compared to 45 dBA). 

VB. Metric: Time Above 45 dBA 
Time above decibel-level metrics are measured or calculated by summing the number of seconds 

in which a specified decibel-level value is exceeded. To evaluate impacts using this metric, average 
minutes between 45 dBA overflight events is the quantitative impact threshold parameter proposed to 
be used in this analysis. 
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VB1. Relevant References 
Delaney et al 1999 showed that Mexican spotted owls (MSO) were disturbed by 46 dBA 

chainsaw noise. The MSO returned to normal behavior after 10-15 minutes after the disturbance. 
In Krausman et al 1998, mountain sheep had elevated heart rates for 2 minutes after exposure. 
Fristrup et al 2003 documented behavioral responses in humpback whales lasting up to 2 hours 

after a disturbance. 
In Goudie and Jones 2004, harlequin ducks were found to exhibit altered behavior for 1.5 to 2 

hours after low level overflights. 
The St. George Municipal Airport FEIS analysis (Landrum and Brown, 2006) used time above 

45 dBA as well as number of events contributing to time above 20 dBA, 25 dBA, 35 dBA, 45 dBA, 
55 dBA, 60 dBA, 65 dBA. 

VB2. Rationale for Threshold Values 
The impacts of noise events are presumed to decrease as the intervals between events increase.

The moderate to major threshold was set to two minutes, corresponding to a representative interval 
needed for heart rate responses to return to baseline levels. The transition between negligible and 
minor is set at 120 minutes, corresponding to the longest documented duration of behavioral 
responses to noise. The transition from minor to moderate corresponds to the observed duration of a 
flush response in Delaney’s study (an acute behavioral response), as well as an approximate midpoint 
between the minor and major thresholds when noise intervals are expressed on a logarithmic scale. 

Based upon GRCA field data, the average time for a 45 dBA overflight event at GRCA is about 2 
minutes. 

VC. Metric: Distance Between Aircraft and Wildlife 
Distance between wildlife and a potential source of impact is commonly included in NEPA 

impact assessments and mitigation measures regarding wildlife and threatened/endangered wildlife 
species. Endangered Species Act Section 7 consultations with the US Fish and Wildlife Service for 
previous aircraft overflight rulemaking actions at Grand Canyon (and other parks) have included 
recommendations for aircraft to remain at or greater than a specified distance away from sensitive 
wildlife areas, such as nesting sites or sensitive habitat. 

Distance in meters between the aircraft and the wildlife habitat is the proposed metric for this 
analysis. 

VC1. Relevant References 
In Cote 1996, mountain goats had adverse reactions when helicopters were within 500 meters. 

Cote proposed a 2 km buffer to avoid adverse reactions. 
In Delaney et al 1999, Mexican spotted owls showed an alert response when aircraft were at an 

average distance of 403 meters from the owls and no responses at distances greater than 660 meters. 
In Frid 2003, all groups of dall sheep in the study fled when the distance between the sheep and 

helicopters was less than 500 meters, but only 53-58% fled or interrupted rest during fixed-wing 
overflights at similar distances. 

In Stockwell et al 1991, the foraging efficiency of Grand Canyon bighorn sheep was reduced 
when helicopters were within 250-450 meters. 

In Ward et al 1999, the lateral distance between an aircraft and a flock of birds was found to be 
the best predictor of response in birds. 
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VC2. Rationale for Threshold Values 
The transition from moderate to major impact intensity is set at 500 meters which corresponds to 

the distance at which most wildlife will react, according to the above research results. The transition 
from minor to moderate is set at 1,000 meters, a distance at which the research shows that some 
wildlife may react. The transition from negligible to minor is set at 2,000 meters, a distance at which 
the research indicates that few wildlife may react, and which biologists often recommend as a 
protective buffer. 

Although it is recognized that species exhibit different sensitivities and vary their responses due 
to other factors in the environment, these distances are reasonably consistent with biologists’ 
recommendations in Endangered Species Act consultations for a variety of threatened/endangered 
species and a variety of circumstances. 
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Annotated Bibliography 
Citation GRCA Relevance 
36 Code of Federal Regulations, Section 2.12 
Audio Disturbances. 

Equipment may not exceed 60 dBA at a 50 ft distance. 

Aasvang, G. M. and B. Engdahl 1999. Aircraft 
noise in recreational areas: A quasi-
experimental field study on individual 
annoyance responses and dose-response 
relationships. Noise Control Engineering 
Journal 47(4): 158-162. 

More than 50% of the subjects (10) found aircraft sounds exceeding 60 dBA (Leq for the event) to  be 
unacceptable in a park setting on the first day of trials; for the second day (16 subjects) more than half found 
levels exceeding 50 dBA to be unacceptable. For louder exposures, A- and C-weighted metrics predicted 
annoyance equally well; for softer exposures A-weighted metrics performed better. 

Aasvang, G. M. and B. Engdahl 2004. 
Subjective responses to aircraft noise in an 
outdoor recreational setting: a combined field 
and laboratory study. Journal of Sound and 
Vibration 276(3-5): 981-996. 

2004 study added a laboratory listening component and 13 more subjects, with similar results. 

Cote, S.D., 1996. Mountain Goat Responses to 
Helicopter Disturbance. Wildlife Society 
Bulletin 24: 681-685. 

Mountain goats responded to 58% of helicopter flights, with more adverse reactions when the helicoptes were 
within 500m. Helicopter flights caused disintegration of the social group on at least five occasions, and resulted 
in one case of severe injury to an adult female. Propose a 2 km protective buffer. 

Delaney, D. K., T. G. Grubb, P. Beier, L. L. 
Pater, and M. H. Reiser 1999. Effects of 
helicopter noise on Mexican spotted owls. 
Journal of Wildlife Management 63(1): 60-
76. 

No Spotted Owl flushes from nest were recorded with helicopter overflights or chainsaw noise at distances 
greater than 100m. Flushing was more common during the fledgling phase than incubation and nestling. No 
flushing for SEL exposures below 92 dBA for the helicopter and 46 dBA for the chainsaw. Owls showed an alert 
response at an average distance of 403m (no responses at distances greater than 660m), and react responses at 
124m on average. Behavior returned to normal 10-15 minutes after the stimulus event. Response duration was 
greater for chainsaw than helicopter stimuli, greater for closer than farther stimuli, and they decreased from July 
to August. Response time to stimulus was shorter in July than later. Small sample evidence for habituation. 81% 
of prey deliveries take place at night. Stimuli within 60m caused a reduction in 24h prey delivery relative to the 
previous day. “Other noise disturbance research suggests that aircraft overflights alone have a negligible effect on 
raptor reproductive success and young fledged per nest (Platt 1977, Anderson et al. 1989, Ellis et al. 1991).” A 
small, nonsignificant decrease in reproductive success and number of young fledged was observed between the 5 
control sites and the 17 manipulated nests (the study had a 36% chance of detecting a 20% change). 

Environmental Protection Agency. 1974. 
Information on Levels of Environmental 
Noise Requisite to Protect Public Health and 
Welfare with an Adequate Margin of Safety. 

Figure D-2 (p. 88). Maximum distances outdoors over which conversation is considered to be satisfactorily 
intelligible in steady noise.   
Table D-10 (pp. 114-116).  Prior recommendations of sound levels in various spaces.  References appropriate 
background noise level for churches, rural outdoor areas, etc., that range from 35-45 dBA. 

Federal Aviation Administration.  2006.  
Record of Decision, Proposed Replacement 

Table R-2 lists number of events above 20, 25, 35, 45, 55, and 60 dBA for Zion National Park. 
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Airport and Associated Airport-Related 
Development, St. George, Washington 
County, UT. 
Fidell, S., L. Silvati, R. Howe, K. S. Pearsons, 
B. Tabachnick, R. C. Knopf, J. Gramman, and 
T. Buchanan 1996. Effects of aircraft 
overflights on wilderness recreationists. J. 
Acoust. Soc. Am. 100(5): 2909-2918. 

Over 900 surveys in three wilderness areas. The paper does not specify the type of questions (directed, 
undirected). For the cumulative effects study, more respondents reported some level of annoyance at Golden 
Trout Wilderness (35%) than in Cohutta (24%) or Superstition (8%). Percent respondents noticing any kind of 
aircraft were 77%, 50%, and 62% at those sites, with GTW having substantial reports of low-flying jets (46%) 
and helicopters (40%). Acoustic measurements were not matched to visits; average daily values were used. Notes 
that hiker self noise increases time average A-weighted sound level by 13 dB. Propeller plane overflights 
elevated this figure by an additional 12 dB. More than half of the variance in judgments of annoyance overall was 
associated with probable exposure to one or more aircraft overflights of high noise level. For the Superstition 
Wilderness study, three fourths of the variance in annoyance responses was related to high level exposures (51 to 
72 dBA). For the second study, the percent of respondents that expressed some annoyance with aircraft overflight 
noise ranged from 32% (Bridger, Glacier Peak) to 6% (Cohutta). Staples (1998) noted problems with the social 
survey methodology. 

Frid, A. 2003. Dall’s Sheep Responses to 
Overflights by Helicopter and Fixed-Wing 
Aircraft.  Biological Conservation 110: 387-
399. 

When minimum distance was less than 500m all 25 groups for Dalls sheep fled from helicopters, but only 53-
58% of sheep fled or interrupted rest during fixed wing overflights. 
 

Fristrup, K., L. Hatch, and C. Clark.  2003.  
Variation in humpback whale (Megaptera 
novaeangliae) song length in relation to low-
frequency sound broadcasts.  J. Acoust. Soc. 
Am. 113(6): 3411-3424 

Humpback whales show behavioral responses to noise events up to 2 hours after the event. 

Goudie, R. I. and I. L. Jones 2004. Dose-
response relationships of harlequin duck 
behavior to noise from low-level military jet 
over-flights in central Labrador. 
Environmental Conservation 31(4): 289-298. 

Harlequin ducks exhibited altered behavior for 1.5-2 hours after low level overflights (ethograms used, a more 
sensitive behavioral analysis). 

Hall, T.  2001.  Hiker’s perspectives on solitude 
and wilderness.  International Journal of 
Wilderness 7(2): 20-24 

In an open-ended survey of hikers in Shenandoah National Park, natural sounds ranked as an important factor in 
contributing to a feeling of wilderness.  Human-caused noise was an important factor detracting from a feeling of 
wilderness. 

Hammitt, W., K. Backman, and T. Davis.  
2001.  Cognitive dimensions of wilderness 
privacy: an 18-year trend comparison.  Leisure 
Sciences 23: 285-292. 

An environment free of man-made noise ranks high in importance of wilderness privacy, according to repeat 
survey. 

HMMH.  1993.  Dose-Response Relationships 
Derived from Data Collected at Grand 
Canyon, Haleakala and Hawaii Volcanoes 
National Parks.   HMMH Report No. 

At “short hike sites” (GRCA Hermit Basin, HALE Sliding Sands trail, HAVO Wahaula Temple trail) 22% of 
visitors reported moderate to extreme annoyance and 45% reported moderate to extreme interference with natural 
quiet when aircraft were audible 20% of the time. At overlook sites (GRCA Point Imperial and Lipan Point) the 
same figures were 5% and 15% of visitors. For areas where more than 50% of the visitors feel that natural quiet 
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290940.14. is very important and when a disproportionate fraction of the visitors are either first time or experienced 
(differing from a 50% mixture), then the % annoyed values can rise to 30% and 8%. Between 5-15 aircraft were 
heard at GRCA Lipan Point per 20 minute listening session. 

Hollenhorst, S., E. Frank, III, and A. Watson.  
1994. The capacity to be alone: wilderness 
solitude and growth of the self.  In J. Hendee 
and V. Martin, eds, International Wilderness 
Allocation, Management, and Research.  Ft 
Collins, CO:  International Wilderness 
Leadership (WILD) Foundation:  234-239. 

Noise from outside wilderness has a high correlation with the feeling of solitude. 

Horonjeff, R. and G. Anderson.  2005.  
Queuing for quiet – the natural Soundscape 
microstructure from a visitor perspective – II.  
In Proceedings of Noise-Con 2005, 
Minneapolis, MN, Oct 17-19, 2005. 

Proposes calculations using field data to determine the amount of time a visitor would have to wait to experience 
a contiguous block of natural sounds of a certain duration.  Relates to noise free interval. 

Krausman, P. R., M. C. Wallace, C. L. Hayes, 
D. W. de Young 1998. Effects of jet aircraft on 
mountain sheep. Journal of Wildlife 
Management 62(4): 1246-1254. 

Mountain sheep in an enclosure did not alter behavior or use of habitat, but heart rate remained elevated for 2 
minutes after exposure. 

Krog, N. H. and B. Engdahl 2004. Annoyance 
with aircraft noise in local recreational areas, 
contingent on changes in exposure and other 
context variables. J. Acoust. Soc. Am. 116(1): 
323-333. 

Relationship between percent time audible of aircraft and annoyance. 

Landon, D., P. Krausman, K. Koenen, and L. 
Harris.  2003.  Pronghorn use of areas with 
varying sound pressure levels.  The 
Southwestern Naturalist  48(4): 725-728. 

Pronghorn avoid noisier areas (>55 dB, weighting not reported), and prefer quieter areas (<45 dB). 

Miller, N. P. 1999. The effects of aircraft 
overflights on visitors to US National Parks. 
Noise Control Engineering Journal 47(3): 
112-117. 

Percent time audible and aircraft Leq-background Leq (A-weighted) dose-response relationships from same data 
as Anderson et al. 1993. Leq difference is largely uncorrelated with %TA. Miller uses two univariate standards to 
denote an appropriate management regime. A bivariate predictor of annoyance or interference with natural quiet 
is not reported. 

National Park Service. 1995. Report on Effects 
of Aircraft Overflights on the National Park 
System. 

“Substantial restoration of natural quiet” for Grand Canyon National Park is defined on p. 182 as 50% or more of 
the park achieves natural quiet (i.e., no aircraft audible) for 75-100% of the day.  The goal of having 50-80% of 
the park quiet for 75-100 percent of the time is stated on p. 13.  Pp 148-149 report on annoyance and interference 
with natural quiet due to aircraft noise. 

National Park Service.  2005.  Final 
Environmental Impact Statement, Colorado 
River Management Plan. 

Vol One pages 141-143 Natural Soundscapes Affected Environment (in file: Volume One/7 CRMP Chapter 
3.pdf). 
FEIS Vol Two pages 348-404 Natural Soundscapes Impact Analysis (look at the first several pages for 
methodoloogy) (starts in file:  Volume Two/3 CRMP Chapter 4a.pdf, and ends in file:  Volume Two/4 CRMP 
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Chapter 4b.pdf). 
National Park Service.  2006.  Management 
Policies. 

Section 4.9 Soundscape Management. 
Section 8.4 Overflights and Aviation Uses 
Section 8.2.3 Use of Motorized Equipment 

National Park Service.  2006. Winter Use 
Plans Final Environmental Impact 
Statement, Yellowstone and Grand Teton 
National Parks, John D. Rockefeller, Jr. 
Memorial Parkway. 

Soundscape affected environment (Vol 1, Ch 3) begins w/a regulatory & policy overview on p. 137, a brief 
discussion of monitoring vs. modeled results is on p. 147. 
Soundscapes analysis (Vol 1, Ch 4) begins w/Assumptions & Methods on p. 301, Definition of Impacts is on p. 
303, Conclusions on p. 342. 
Modeling Scenarios are in the appendices, Vol 2, starting on p. D-1. 
The Monitoring & Adaptive Mgmt Program re: soundscapes is also in the appendices, Vol 2, pp. E-5-6 with 
overall program text on pp E-1-2. 

Public Law 100-91.  1987.  National Parks 
Overflights Act. 

Section 3. Grand Canyon National Park 
Mandates substantial restoration of natural quiet to Grand Canyon National Park 

Rapoza, A., G. Fleming, C. Lee, and C. Roof.  
2005.  Study of visitor response to air tour and 
other aircraft noise in National Parks.  DTS-34-
FA65-LR1. 

Re-analysis of HMMH data (1993) plus new data sets. Very similar findings. 10% of short hike respondents 
reported moderate to extreme annoyance when exposed to high altitude jet noise only (compared to 4% at 
overlooks). Time-based predictors outperformed level-based descriptors with in turn outperformed event-based 
descriptors. Percent time audible was a highly significant predictor; percent time noticeable was not. 

Roggenbuck, J. and A. Watson.  1993.  
Defining acceptable conditions in wilderness.  
Environmental Management 17(2): 187-197. 

Third and fourth highest rated indicators of degraded wilderness experience were noise from human activities 
within and outside the wilderness (behind only litter and damaged trees). Number of wild animals seen was listed 
at the fifth most important indicator (the survey did not query regarding number of animals heard). Number of 
other groups within sight or sound of the campsite were the 7th and 8th rated indicators. 

Schomer, P.D. and L. R. Wagner 1996. On the 
contribution of noticeability of environmental 
sounds to noise annoyance. Noise Control 
Engineering Journal 44(6): 294-305. 

Noticeability is a significant variable in predicting annoyance. 

Stockwell, C. A. and G. C. Bateman, 1991. 
Conflicts in National Parks: A Case Study of 
Helicopters and Bighorn Sheep Time Budgets 
at the Grand Canyon. Biological Conservation 
56: 317-328. 

GRCA bighorn showed a 43% reduction in foraging efficiency due to helicopters in winter, but no significant 
effect in spring when the migrate to lower elevations. Helicopter disturbance threshold indicated as 250-450m. 

Volpe Center and Wyle Labs.  2004.  Grand 
Canyon National Park Sound Level 
Measurements of High Altitude Jet Aircraft. 

Presents comparative data on the duration of periods with only natural sounds between overflight events.  
Support for the use of noise free interval. 

Ward, D. H., R. A. Stehn, W. P. Erickson, and 
D. V. Derksen. 1999. Response of fall-staging 
brant and Canada geese to aircraft overflights in 
southwestern Alaska. Journal of Wildlife 
Management 63(1): 373-381. 

75% of fall staging brant flocks and 9% of Canada goose flocks few in response to overflights. Lateral distance 
between the aircraft and the flock was the best predictor of response. Notes more intense response to helicopters. 
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Questions for Expert Panel Members  
To help us address the “scientific and technical defensibility” of the metrics and 
application to impact thresholds, please be prepared to discuss the following: 
• Do the cited studies support the proposed impact intensities? 
• Are the cited documents bona fide scientific studies? 
• Is there sufficient supporting scientific evidence to establish the proposed impact 

intensities for assessments under NEPA? 
• Is the assembled scientific evidence a fair and accurate reflection of the state of 

knowledge on the topic? 
• Does the proposed combination of metrics, thresholds, and values meet the test of 

applying reasonable scientific methods for the analysis of potential impacts resulting 
from aircraft operations over Grand Canyon National Park and/or other parks?  

• Do they meet the test of using “best available” scientific and technical information?   
If the answer to either of the above questions is no, then what other methodology does 
meet (or would better meet) those tests, given that the EIS must assess such impacts? 

• Is the impact intensity a rationale and plausible interpretation of the supporting 
scientific evidence? 

• For those impacts represented by several parameters, how would their relative priority 
be ranked?  Should one or more parameter(s) be weighted more than the others? 

• Since the impact is represented by several parameters (e.g., average minutes between 
52 dBA, average 35 dBA events per hour, percentage time aircraft audible, et. al. for 
visitor experience), are these impact intensities logical, consistent, and coherent? 

• For the classes of functional impacts that cannot be dismissed from analysis, does the 
suite of proposed Grand Canyon metrics provide a plausible basis for predicting or 
estimating impacts? 

• Should additional metrics be considered?  
• What scientific literature or prior environmental impact analyses would support the 

use of these metrics? 
• What scientific bases are there for matching environmental impact intensities with 

specific values of each metric? 
 
Wildlife Specific 
• How applicable are the cited studies of specific species of wildlife to those in Grand 

Canyon? 
• Noise could impose a variety of functional costs to wildlife. Can we exclude any of 

the following categories of impact from further analysis based on the limited 
likelihood of such acoustical exposures or the limited consequences of that class of 
impacts? 

a. Loss of environmental auditory awareness (masking): reduced capacity to 
perceive or recognize sounds from the physical environment, sounds from other 
organisms (movements, respiration,); 
b. Compromised acoustical communication. 
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c. What knowledge of the upward spread of masking can be applied to estimate 
the effects of low frequency transportation noise on higher frequency natural 
signals? What are the authoritative references? 
d. Diminished auditory attention due to distraction (immediate) or habituation 
(eventual); 
e. Physiological effects (elevated stress hormones, loss of sleep, altered 
cardiovascular function). 
e. Physiological damage (auditory, non-auditory). 

• Can the proposed impact intensities for specific species be generalized to other types 
of wildlife in other parks? 
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Issues

Metric (Indicator) Negligible Minor Moderate Major 
less than or equal to 35 45 55

more than 35 45 55
Rationale More pronghorn are found 

in areas where LAEQ is 
below 45

Fewer pronghorn are found 
in areas when LAEQ is 
above 55

Reference
more than 120 15 2

less than or equal to 120 15 2
Rationale Intervals between events 

exceed the longest duration 
of  behavioral responses to 
noise 

Intervals shorter than 
physiological recovery time

more than 2000 1000 500
less than or equal to 2000 1000 500

Rationale Protective buffer Few wildlife will react Some wildlife may react Most wildlife will react

2 minutes

ASSUMPTIONS

Habituation is an impact that should be considered in the EIS, especially with the number of flights involved during peak times at Grand Canyon.  However, 
habituation does not lend itself to quantification so it is not included in the spreadsheet.     

THREATENED AND ENDANGERED SPECIES/WILDLIFE

IMPACT INTENSITIES FOR A 12-HOUR DAY APPLIED TO THREATENED/ENDANGERED SPECIES AND WILDLIFE 

LAEQ (12-hour day) (in 
dBA)

  Landon et al 2003: Pronghorn avoid noisier areas (>55 dBA) and prefer quieter areas (<45 dBA).

Abundance, distribution, and habitat availability; changes to survivorship, reproduction, immigration, 
emigration; frequency and severity of interruptions, recovery time, consequences of habituation

Average Minutes between 
45 dBA overflight events

Intervals shorter than behavioral recovery time, but 
longer than physiological recovery time

References

  Krausman et al 1998: mountain sheep had elevated heart rates (physiological response) for 2 minutes. 

Shorter intervals between events signify more intense exposure. Physiological recovery, startle response recovery, and longest duration of altered behavior denote 
biologically significant time scales.

Meters distance to aircraft 
noise source

References and Assumptions   Cote 1996:  mountain goats had adverse reactions when helicopters were within 500m.  Propose a 2 km protective buffer.
  Frid 2003:  Dall sheep react from aircraft when distance is less than 500m
  Stockwell et al 1991:  GRCA bighorn sheep reduce foraging efficiency when helicopters within 250-450m
  Delaney et al 1999:  MSO showed an alert response at an average distance of 403m.

  Ward et al 1999:  lateral distance between aircraft and flock of birds is the best predictor of response.
  GRCA field data:  45 dBA events average about

  Delaney et al 1999: MSO were disturbed by 46 dBA chainsaw noise.  MSO behavior returned to normal at 10-15 
minutes
  Fristrup et al. 2003: humpback whales show behavioral responses lasting up to 2 hours
  Goudie and Jones 2004: Harlequin ducks exhibited altered behavior for 1.5-2 hours after low level flights.



FAA/NPS Technical Team Observations Concerning the Metrics and Impact Intensities for

Threatened and Endangered Species/Wildlife

Abundance, distribution, and habitat availability; changes to survivorship, reproduction, immigration, emigration; frequency and severity of interruptions, 
recovery time, consequences of habituation

Purpose

Share with the expert panel the unedited observations of some of the individual members of the FAA-NPS GRCA OFT Technical Team on the rationale 
provided in support of the proposed metrics and impact intensities.  The team compiled related questions for the expert panel, which are listed below.   The 
table organizes the observations under either ‘Rationale’ or ‘Concerns about Rationale’.

Metrics (Indicators) for 12 hour day:

LAeq12 (in dBA)

Average Minutes between 45 dBA overflight events

Meters distance to aircraft noise source

Questions for Expert Panel Members (Scientific Defensibility):

 Do the cited studies support the proposed impact intensities?
 Are the cited documents bona fide scientific studies?
 Is there sufficient supporting scientific evidence to establish the proposed impact intensities for assessments under NEPA?
 Is the assembled scientific evidence a fair and accurate reflection of the state of knowledge on the topic?
 Does the proposed combination of metrics, thresholds, and values meet the test of applying reasonable scientific methods for the analysis of 

potential impacts resulting from aircraft operations over Grand Canyon National Park and/or other parks? 
 Do they meet the test of using “best available” scientific and technical information?   If the answer to either of the above questions is no, then what 

other methodology does meet (or would better meet) those tests, given that the EIS must assess such impacts?
 Is the impact intensity a rationale and plausible interpretation of the supporting scientific evidence?
 For those impacts represented by several parameters, how would their relative priority be ranked?  Should one or more parameter(s) be weighted 

more than the others?
 Since the impact is represented by several parameters (e.g., LAeq12, average minutes between 45 dBA, and distance), are these impact intensities 

logical, consistent, and coherent?
 For the classes of functional impacts that cannot be dismissed from analysis, does the suite of proposed Grand Canyon metrics provide a plausible 

basis for predicting or estimating impacts?
 Should additional metrics be considered? 



 What scientific literature or prior environmental impact analyses would support the use of these metrics?
 What scientific bases are there for matching environmental impact intensities with specific values of each metric?
 How applicable are the cited studies of specific species of wildlife to those in Grand Canyon?
 Can the proposed impact intensities for specific species be generalized to other types of wildlife in other parks?

Observations from the GRCA Overflights Technical Team:

Rationale Concerns about Rationale

Metric:  LAeq12 (in dBA)  

 In Landon et al 2003, pronghorn avoided noisier areas (greater than 55 
dB, weighting not reported) and preferred quieter areas (less than 45 
dB, weighting not reported). 

 LAeq has been used in several NEPA noise impact assessments related 
to national parks (e.g., Glen Canyon Personal Watercraft EIS, St. 
George Airport EIS).

 The transition points between intensity levels (i.e., negligible, minor, 
moderate, major) are linked closely to the results of Landon et al 2003 
(i.e., pronghorn avoided areas greater than 55 dB and preferred areas 
less than 45 dB).

 The transition from minor to moderate was set at 45 dBA, and the 
transition from moderate to major was set at 55 dBA. 

 The transition from negligible to minor is a reasonable extrapolation of 
10 dBA lower than the transition from minor to moderate (i.e., 35 
compared to 45 dBA).

 Proposed quantitative thresholds do not appear to correspond to the 
level of severity of previously developed qualitative impact 
descriptions, e.g., a major impact has been described as having a 
substantial effect on wildlife species, their habitats, or the ecosystems or 
natural processes sustaining them due to aircraft noise or aircraft 
proximity.  The description goes on to say that activities necessary for 
survival could be affected to the extent that the continued existence of 
the species in the park might be substantially threatened.  The severity 
of impacts would be expected to be outside the natural range of 
variability and severe enough so that the species would not be expected 
to rebound or remain stable and viable.  Population numbers, population 
structure, genetic variability, and other demographic factors for species 
might have large declines.  For listed endangered or threatened species, 
major impact intensity would be accompanied by a determination from 
the U.S. Fish and Wildlife Service of “likely to jeopardize the continued 
existence” of a species or “result in the destruction or adverse 
modification” of critical habitat.  

 The supporting evidence rests on a single study (Exhibit 1).  

 While Landon 2003 found that pronghorn selected areas with the lowest 
sound pressure levels and avoided areas with the highest sound pressure 
levels, the authors also state that they could not examine other elements 
(e.g., habitat, weather, elevation, water availability) that influence 
pronghorn distribution because of military restrictions on the use of 
BMGR [2nd par., pg. 727].

 The St. George EIS is not a scientific study and LAeq12 was not used 



Rationale Concerns about Rationale

to identify impact, but was used to further the public’s understanding

 Can the data presented for pronghorn selection of areas be applied to all 
species in the Grand Canyon? 

 No support was given to help understand why an extrapolation of 10 
dBA decrease was used to transition between minor and moderate.

 In Cote 1996, the distance between the helicopter and the animals was 
cited as the most important factor affecting goat behavior.

Metric:  Average Minutes between 45 dBA overflight events

 Delaney et al 1999 showed that Mexican spotted owls (MSO) were 
disturbed by 46 dBA chainsaw noise.  The MSO returned to normal 
behavior after 10-15 minutes after the disturbance.

 In Krausman et al 1998, mountain sheep had elevated heart rates for 2 
minutes after exposure. 

 Fristrup et al 2003 documented behavioral responses in humpback 
whales lasting up to 2 hours after a disturbance.

 In Goudie and Jones 2004, harlequin ducks were found to exhibit 
altered behavior for 1.5 to 2 hours after low level overflights.

 The St. George Municipal Airport FEIS analysis (Landrum and Brown, 
2006) used time above 45 dBA as well as number of events contributing 
to time above 20 dBA, 25 dBA, 35 dBA, 45 dBA, 55 dBA, 60 dBA, 65 
dBA.

 The moderate to major threshold was set to two minutes, corresponding 
to a representative interval needed for heart rate responses to return to 
baseline levels. 

 The transition between negligible and minor is set at 120 minutes, 
corresponding to the longest documented duration of behavioral 
responses to noise. 

 The transition from minor to moderate corresponds to the observed 
duration of a flush response in Delaney’s study (an acute behavioral 
response), as well as an approximate midpoint between the minor and 

 As described above with respect to the LAeq metric, proposed 
quantitative thresholds do not appear to correspond to the level of 
severity of previously developed qualitative impact descriptions.

 Exhibit 1 identifies the 4 studies cited in support of the minutes between 
45 dBA events metric. Two of these studies were on the impact of low 
level military jet activity and one study on effects of sonar on whales;
leaving a single study (Delaney 1999) relevant to the issue.

 While the impact criteria cite Delaney 1999 finding on the effect of 
chain saw at 46 dBA, the more pertinent findings are: (1) helicopter 
overflights were less disturbing to spotted owls than chain saws at 
comparable distances and (2) spotted owls did not flush when the SEL 
noise level for helicopters less than 92 dBA [Abstract, pg. 60]. The 
impact criterion does not consider these findings.

 The study on the response of endangered humpback whales in Hawaii 
to U.S. Navy SURTASS LFA sonar system in Fristrup 2003 is not
relevant to air tour aircraft overflights in GCNP.

 Goudie and Jones 2004 is the study that cited in support of the rationale 
for the 120 minute threshold for time between events.  However, this 
study of the effects of low-level, sudden onset, and high amplitude 
military jet overflights is not relevant to air tour operations in 
GCNP.Goudie and Jones 2006 states that the reaction to military 
aircraft was 23 times stronger than to helicopters.

 Krausman 1998 is the study cited in support of the rationale for the 2 



Rationale Concerns about Rationale

major thresholds when noise intervals are expressed on a logarithmic 
scale.

 Based upon GRCA field data, the average time for a 45 dBA overflight 
event at GRCA is about 2 minutes.  

minute threshold for time between events (moderate impact).  However, 
this study of the effect of low-level, sudden onset, and high amplitude 
military jet (F-16) overflights is not relevant to air tour operations in 
GCNP. In addition, this affect was seen in less than 15% of the 
overflights.

 The FAA ROD on the St. George Replacement Airport is not a 
scientific study.  It recites the results of the aircraft noise analysis from 
the EIS and does not place any particular import on 45 dB as it also 
cites the results for the following dB thresholds: 20, 25, 45, 55, and 65.

 The GRCA field data is not a generally available source and no 
statistics are provided to support: “the average time for a 45 dBA 
overflight event at GRCA is about 2 minutes.”

Metric:  Meters distance to aircraft noise source

 Distance between wildlife and a potential source of impact is commonly 
included in NEPA impact assessments and mitigation measures 
regarding wildlife and threatened/endangered wildlife species.

 Endangered Species Act Section 7 consultations with the US Fish and 
Wildlife Service for previous aircraft overflight rulemaking actions at 
Grand Canyon (and other parks) have included recommendations for 
aircraft to remain at or greater than a specified distance away from 
sensitive wildlife areas, such as nesting sites or sensitive habitat.

 In Cote 1996, mountain goats had adverse reactions when helicopters 
were within 500 meters.  Cote proposed a 2 km buffer to avoid adverse 
reactions.

 In Delaney et al 1999, Mexican spotted owls showed an alert response 
when aircraft were at an average distance of 403 meters from the owls 
and no responses at distances greater than 660 meters.

 In Frid 2003, all groups of dall sheep in the study fled when the 
distance between the sheep and helicopters was less than 500 meters, 
but only 53-58% fled or interrupted rest during fixed-wing overflights 
at similar distances.

 As described above with respect to the LAeq metric, proposed 
quantitative thresholds do not appear to correspond to the level of 
severity of previously developed qualitative impact descriptions.

 The cited studies do not support the proposed distance transitions from 
Major to Negligible.  Exhibit 2 is a bar chart comparing the distance 
impact intensity proposal with the quantitative findings from the cited 
studies. Since 3 of the 4 studies found no effect beyond 650 m, it is not 
clear how the distance transitions were derived.

 The impact intensity thresholds classify MSO flushing and head 
movement as equally major impacts, but the rationale does establish the 
bases for this classification.

 Exhibit 2 seems to confirm that different species do react differently to 
aircraft events calling into question whether a single impact intensity 
criteria is appropriate.

 In Ward et al 1999, a majority of Brant geese flew in response to 
aircraft overflights, but the altitudes were inconsistent.  Canada geese 
rarely flew in response to aircraft overflights (5-11%).



Rationale Concerns about Rationale

 In Stockwell et al 1991, the foraging efficiency of Grand Canyon 
bighorn sheep was reduced when helicopters were within 250-450 
meters.

 In Ward et al 1999, the lateral distance between an aircraft and a flock 
of birds was found to be the best predictor of response in birds.

 The transition from moderate to major impact intensity is set at 500 
meters which corresponds to the distance at which most wildlife will 
react, according to the above research results.

 The transition from minor to moderate is set at 1,000 meters, a distance 
at which the research shows that some wildlife may react.

 The transition from negligible to minor is set at 2,000 meters, a distance 
at which the research indicates that few wildlife may react, and which 
biologists often recommend as a protective buffer.

 Although it is recognized that species exhibit different sensitivities and 
vary their responses due to other factors in the environment, these 
distances are reasonably consistent with biologists’ recommendations in 
Endangered Species Act consultations for a variety of 
threatened/endangered species and a variety of circumstances.
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GRAND CANYON OVERFLIGHTS 
VISITOR EXPERIENCE EXPERT PANEL TELECONFERENCE

Date:  August 26, 2008
Time:  2 to 4 hours, beginning at 1:00 eastern daylight time

How?  Toll-Free Conference Telephone Line: 866-860-5753, passcode: 6833528#
Also, online meeting (“GoTo”) website: https://www.gotomeeting.com/join/531682543
Meeting ID: 531-682-543 (Please allow several minutes for service to download).

Objectives:
 Appraise the scientific basis and performance of the proposed metrics for assessing 

aircraft noise in a park setting, and the relationships between the metrics and levels of 
environmental effects for use in the upcoming Environmental Impact Statement (EIS);

 Review the application of reasonable scientific methods for the analysis of potential 
impacts resulting from aircraft operations over Grand Canyon National Park (GCNP);

 Identify future research areas to address the limitations and shortcomings of the metrics; 
and

 Provide recommendations on above topics based upon your expertise and scientific 
literature. 

Tentative Agenda:

10 mins Introductions/Log onto GoTo meeting

10 mins. Overview of the Panel Process (Moderator goes over agenda, logistics, 
background, references, etc.)

10 mins Quick walk-through of spreadsheet and rationale by NPS.  Panel participants will 
be able to send discussion items using the “GoTo chat box” to the moderator.

1-2 hrs Discuss the priorities identified above, including recommendations for alternative 
approaches, with recap at least every 30 minutes, and a 5-10 minute break as 
needed

25 minutes Summary Statements from each panelist (5 minutes each)

10 minutes Action Items and What Happens Next
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Current air tour routes over the Park and adjacent areas. 
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Spectrogram of site GRCA033, which is in a remote area of the park (on the rim near Fossil Canyon) that is far away from air tour 
noise but has small numbers of general aviation aircraft flying over.   
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Site GRCA031 is on the rim underneath a very busy air tour corridor (Dragon).  The loud signatures before 8am and after 6pm are 
mostly high altitude jets, and those in between 8am and 6pm are predominantly helicopters.  Fixed-wing tour aircraft occur at the 
Dragon site, but helicopter noise often masks them. 
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GRCA Overflights EIS - Alternatives Noise Modeling Overview 
 

The U.S Department of Transportation’s John A. Volpe National Transportation Systems Center, 
Environmental Measurement and Modeling Division (Volpe Center) has been assisting the FAA 
and NPS with the development and modeling of preliminary alternatives in support of the Grand 
Canyon National Park (GRCA) Overflights EIS.  In preparation for meetings between the Grand 
Canyon technical team and an expert panel for visitor experience and wildlife, scheduled for late 
July 2008, this document provides an overview of the noise modeling effort.   

Definitions 
• Substantial Restoration of Natural Quiet: In accordance with the National Park Service’s 

1994 Report to Congress, this phrase has been defined by the NPS to mean that 50% or more 
of the park will achieve natural quiet (i.e., no aircraft audible) for 75% to 100% of the day. 
Thus, natural quiet has not been substantially restored where aircraft sounds are audible 
greater than 25% of the day in greater than 50% of the Park. 

• Special Flights Rules Area (SFRA): For unique and specific situations, the Federal Aviation 
Administration promulgates Special Federal Aviation Regulations (SFARs). In April 2000 
the Federal Aviation Administration revised SFAR 50-2, which contained a modification to 
the airspace on the eastern end of the SFRA. SFAR 50-2 was promulgated by a Final Rule on 
May 27, 1988, which amended Federal Aviation Regulation, Part 93. The SFRA 
encompasses Grand Canyon National Park and portions of the surrounding lands. The SFRA 
airspace extends vertically to 17,999 feet mean sea level (MSL) and includes several flight-
free zones with ceilings of 14,500 feet above ground level (AGL) on the east, and 8,000 feet 
AGL on the west. Within this area, special operational rules and restrictions apply. SFAR 50-
2 established fixed routes and altitudes for air tours; established flight-free zones and 
reporting requirements; changed airspace and routes for air tours over the park; and set 
curfews for air tours in the east end of the park. 

• Study Area: The size of the study area was determined during the 1996 environmental 
process. The study area for this project is defined by a 20-mile rectangular area that 
encompasses the SFRA boundary on the northeast and the park boundary on the west, which 
lies on the outside of the SFRA. The study area is larger than the Special Flight Rules Area in 
order to capture noise from flights outside the Special Flight Rules Area that is affecting the 
park. The Overflights Act only authorizes management of the air traffic in the airspace above 
Grand Canyon National Park. 

Noise Model 
Noise modeling is performed using the FAA’s Integrated Noise Model (INM) Version 6.2a, 
released in November 2006.  This is the model that was recommended by the Federal 
Interagency Committee on Aviation Noise (FICAN) as the best practice modeling methodology 
currently available for evaluating aircraft noise in national parks, and agreed to by NPS and FAA 
after extensive studies comparing the models currently available and upgrades to the previous 
version of INM.  It should be noted however, that as with all models, INM 6.2 is not 100% 
accurate; FICAN reported the following qualifications regarding the modeling of audibility: 
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“Assessing accuracy was extremely difficult due to the complexity of the audibility 
metric.  FICAN agreed that no model will ever be able to predict with absolute certainty 
the audibility of any particular aircraft event at any specific location.  The problem lies in 
predicting with certainty all three key elements of audibility:  ambient sound 
environment, source noise level, and detectability threshold of the observer (human or 
animal).  Extensive long-term monitoring could substantially reduce uncertainty in the 
ambient sound levels.  Even more extensive long-term measurement programs with 
detailed aircraft performance and position information may be able to substantially 
reduce uncertainty in predicted received aircraft sound levels.   However, sound 
propagation over long distances through a complex atmosphere (wind, temperature, 
turbulence) will always be subject to considerable variability.  Furthermore, observer 
reaction can never be predicted with absolute certainty. Uncertainty often exists to some 
degree in any type of modeling.”1

Noise Metrics 
For each alternative, three primary metrics are being modeled: 

• Time Audible (%TA) – The percentage of time during a 12-hour period (7 am to 7 pm) that 
aircraft sounds can be heard by the human ear.  This is the metric that will be used to assess 
the extent of GRCA’s restoration of natural quiet.   

• Equivalent Sound Level (LAeq) – The logarithmic average of aircraft sound levels in decibels 
(dBA) over a 12-hour period (7 am to 7 pm) 

• Maximum Sound Level (Lmax) – The loudest sound level in decibels (dBA) generated by an 
aircraft.  This metric is not dependent on number of operations, nor does it provide any 
context of frequency, duration, or timing of exposure. 

Noise Modeling Scenarios 
All analyses are being conducted for August 8, 2005, the peak day of operations for commercial 
air tours and related flights.  The GRCA personnel confirmed this day from the information 
contained in the Air Tour operations spreadsheet (the “operations database”) maintained by the 
FAA.  

For each alternative, all aircraft operations are being analyzed in the following three categories: 

• All Aircraft Operations Above 18,000 ft MSL: Includes general aviation (“GA”), civil air 
transport (“commercial”), and military operations. 

• All Aircraft Operations Below 18,000 ft MSL and Outside the Special Flight Rules Area 
(SFRA): Includes GA, commercial, and military operations. 

• All Aircraft Operations Below 18,000 ft MSL and Within the SFRA: Includes GA, 
commercial, military, air tour and air tour related) 

                                                 
1 “FICAN Findings and Recommendations on Tools for Modeling Aircraft Noise in National Parks,” Washington, 
DC: Federal Interagency Committee on Aviation Noise, February 2005 (http://overflights.faa.gov/). 
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The first two categories will be analyzed as part of cumulative impact analyses.  The third 
category will be analyzed to determine the extent of restoration of natural quiet and further 
assessed for potential impacts consistent with considerations of context and intensity as 
described in Council on Environmental Quality (CEQ) NEPA implementing regulations (40 CFR 
Parts 1500-1508), best available information, and reasonable scientific methods.   
 
Information for GA, commercial, and military overflight activities was collected from the FAA’s 
Enhanced Traffic Management System (ETMS) and the Performance Data Analysis and 
Reporting System (PDARS).2 This included all operations within a rectangular block of airspace 
extending 20 nautical miles from the farthest edge of the GRCA boundary in each of the cardinal 
compass points.  The extent of this airspace was based upon a conservative estimate of the 
maximum distance that aircraft might be from GRCA boundaries and might be audible within 
the park. 

Model Output 
Two types of analyses are being performed with the INM: a contour analysis and a representative 
location point analysis.  A total of 125 individual points were provided by the NPS for 
consideration in the analysis as representative of noise sensitive areas within the study area.  The 
following figures are provided: 
• Map of management zones (from the 1995 GRCA General Management Plan) that will be 

used in assessing potential impacts to soundscape; 
• Map highlighting those points from the 125 points that were provided, which are 

representative of locations for visitor experience opportunity;  
• Map highlighting those points from the 125 points that were provided, which are 

representative of locations for wildlife; and 
• Maps of sample contour results for the LAeq and %TA metrics for Alternative A - Current 

Conditions.  

 
2   It should be noted that the FAA's Air Traffic Organization has reviewed the operations that were initially 
categorized as GA by the ETMS database.  Based on their review, 76 of these GA operations (65 daytime and 11 
nighttime) were identified as Part 135 commercial air taxi operations and have been consequently moved to the 
Commercial category.   

 



 

 
Contour levels for LAeq sound level for the park on peak day of air tour operations, 2005. 
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About 45% of the park is affected by aircraft noise more than 25% of the time on peak day of air tour operations, 2005.  Or, 
conversely, 55% of the park meets the definition of substantial restoration of natural quiet (no aircraft audible for 75% of the day). 
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Several of the metrics refer to different management zones for the Park. 
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Each of the metrics proposed will be modeled at 39 location points throughout the Park and surrounding area.  Twenty-four locations 
have been identified as representative locations for visitor experience opportunity concerns. 

 



 

Rationale 

I.  Overall Approach 
• All of the proposed metrics have been used before by FAA and/or NPS for noise impact 

analyses; examples of previous use (including relevant studies) are provided below. The 
specific use of the metric may differ from previous applications, due to the unique 
features of this context and analysis.  

• The transitions in impact intensities (e.g., minor to moderate, moderate to major) were 
closely related to peer-reviewed scientific papers where possible. Where this direct 
guidance was not available, NPS policy – especially the definition of substantial 
restoration of natural quiet – was used along with GRCA field data and best professional 
judgment to devise threshold parameters that maintain consistency across metrics and 
impact parameters. 

• The highlighted cells in the spreadsheet indicate independent variables which have 
subsequent effects on other cells in the spreadsheet.  Most of the non-highlighted values 
are calculated based upon the highlighted inputs.   

• The intensity of the impact is proportional to the intensity of the metric.  That is, a higher 
level sound energy metric (such as time above 52 dBA) has a higher impact at a lower 
level (e.g., number of events per hour) than a lower sound energy metric (such as time 
audible).  In addition, the management zone where the impact occurs has a hierarchy 
reflected in the impact intensity. 

• The thresholds are intended primarily for assessing the direct effects of impacts of air 
tour and air-tour-related aircraft which vary by alternatives below 18,000 feet MSL 
within the SFRA (also see the Federal Register Notice dated April 9, 2008 clarifying the 
definition of substantial restoration of natural quiet in relation to 18,000 feet MSL). Other 
aircraft below 18,000 feet and within the SFRA do not vary by alternative and are 
included in the analysis as direct effects common to all alternatives (e.g., administrative 
aircraft use by NPS and other agencies with lands within the SFRA). Other noise sources, 
including all ground-based noise sources and aircraft outside of the SFRA (including 
above 17,999 feet MSL), are included in the cumulative effects analysis.  

• If the modeling results for an alternative indicate varying impact intensities for different 
metrics or parameters (e.g., minor for one and moderate for another), the analysts will use 
a preponderance of the evidence to determine which impact intensity category makes the 
most sense for the impact topic, documenting the rationale for their decision.  However, 
if the preponderance of evidence is inconclusive, the impact will be judged to be at the 
higher impact intensity level in compliance with NPS policy regarding conservation of 
resources (e.g., 2006 NPS Management Policies, 1.4.3). 

• The metrics, parameters, thresholds, and values proposed here are intended to apply only 
to the current rulemaking and NEPA processes taking place concerning the Grand 
Canyon National Park Special Flight Rules Area.  They are not intended to apply to or to 
set precedents for any other processes at Grand Canyon or any other area. 

• The primary metrics and parameters for each impact topic are shown in the spreadsheets.  
However, in many cases impacts on one impact topic may have effects on another topic.  
For example, an important part of the experience of many visitors is the opportunity to 
view wildlife in a natural setting; to the extent that an impact occurs to wildlife or the 
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natural setting, it may also affect visitor experience.  Therefore, even though only a few 
metrics are shown in the spreadsheets for each impact topic, the analysts will be 
considering all relevant data and information, including that pertaining to other impact 
topics.   

• Per agreement with FAA, impacts on the soundscape will only be evaluated directly 
within the areas managed by the NPS within the SFRA (i.e., Grand Canyon National 
Park, Lake Mead National Recreation Area, and Glen Canyon National Recreation Area), 
so the thresholds and parameters will only apply to NPS lands.  For non-NPS lands 
within the SFRA (e.g., tribal lands, National Forest Lands, Bureau of Land Management 
lands), sound impacts will be assessed as they relate to the other impact topics (e.g., 
visitor experience opportunities, wildlife, threatened/endangered species, ethnographic 
resources).  

II. Soundscape Matrix (omitted for brevity) 

III. Visitor Experience Opportunities Matrix 
All of the metrics in the Visitor Experience Opportunities matrix use the following where 

appropriate: 
• An average daily visit is 20 minutes in the developed zone, 3 hours in the non-wilderness 

zone, and 12 hours in the wilderness zone (and the day for the overflights analysis is 
considered to be 12 hours long), based upon GRCA visitor use data, and Dose-Response 
Studies by Miller et al 1999, Rapoza et al 2005, and Fidell et al 1996.  

• An average interpretive talk is 30 minutes, based upon an informal survey of GRCA 
interpretive supervisors. 

Visitor experience opportunities vary by management zone, so the thresholds also vary by 
zone.  Per agreements between the FAA and NPS, lands within Grand Canyon National Park 
(GCNP) will be considered to be in one of three management zones (i.e., wilderness, non-
wilderness, or developed), which generally correspond to the management zones in the 1995 
GCNP General Management Plan.  The wilderness zone is the more than 92% of GCNP that has 
been recommended for wilderness designation.  The developed zone is the roughly 3% of GCNP 
that includes buildings, paved roads, paved overlooks, and other developments at the South Rim 
(including major development at Grand Canyon Village and Desert View), the North Rim 
(including major development on Bright Angel Point), Tuweep (with primitive dirt roads instead 
of paved roads), and Phantom Ranch (accessible only by foot, mule, or boat on the river).  The 
non-wilderness zone includes undeveloped areas not recommended for wilderness designation on 
the South Rim, a few unpaved roads on the North Rim, the Cross-Canyon Corridor within the 
canyon (including the Bright Angel Trail, the North and South Kaibab Trails, and backpacker 
campgrounds and other facilities at Indian Garden, Cottonwood, and Roaring Springs), and land 
on the east side of Marble Canyon.   

The kinds and levels of visitor use, management activity and development (and their 
resulting impacts on park resources and visitor experiences) that are considered appropriate 
and/or acceptable in each zone vary, with generally higher levels being considered appropriate 
and/or acceptable in the developed zone than in the non-wilderness zone, and the lowest levels 
considered appropriate and/or acceptable in the wilderness zone.   For example, visitor 
expectations for experiencing natural quiet are higher in the non-wilderness zone and highest in 
the wilderness zone (Roggenbuck and Watson 1993; Hollenhorst et al 1994).   
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For lands outside GCNP within the SFRA, the qualitative impact intensity threshold 
definitions depend upon the management objectives of the other land managers.  Judgments will 
need to be made about applying the proposed quantitative thresholds appropriately to those lands 
based upon the visitor experience-related management objectives, if any, of the various land 
managers.  However, the quantitative thresholds proposed here are intended to be applicable to 
all lands managed by the NPS within the SFRA. 

IIIA. Metric: Time Above 52 dBA 
Time above decibel-level metrics are measured or calculated by summing the number of 

seconds in which a specified decibel-level value is exceeded. 52 dBA is an informative sound 
level for visitor impacts because it relates to common communication levels of the human voice.  
EPA 1974 speech interference guidance (broadly supported by scientific studies) indicates that a 
raised voice at 10 meters and a relaxed voice at 2 meters are interrupted at 52 dBA or more.  The 
raised voice at 10 meters is roughly equivalent to a park ranger giving an interpretive talk as well 
as any situation with a raised voice at a distance, including many situations with hikers on a trail. 
Park interpretive programs are provided mostly in the developed and non-wilderness zones, but 
river trips and some other wilderness zone activities may involve communication to groups.  
Interpretive programs may be conducted by park rangers, tour guides, river guides, or any person 
in a group.  The interference with a relaxed voice at 2 meters applies to persons in proposed 
wilderness and non-wilderness areas using a hushed voice to communicate with each other (such 
as at camp or at a rest stop along a trail), and to persons in all but the noisiest park locations 
conversing quietly.  Providing a quality environment for conversations among family and 
friends, as well as opportunities to experience the natural soundscape, are important objectives in 
all management zones. 

Aircraft noise at or above 52 dBA is also among the ‘loudest” noise that visitors will 
experience in much of the park and other lands within the SFRA.  GRCA field data indicate that 
aircraft overflight events at 52 dBA or more rarely last longer than 20 seconds before they drop 
below 52 dBA, and that they are a minority of the overflight events at the park.  They thus 
provide an indication of the events that would tend to have the greatest impacts on visitor 
experience opportunities.   

Because park interpretive programs average 30 minutes, the event-free interval for this 
analysis is defined to be 30 minutes.  For example, when intervals between 52 dBA events are 
much longer than 30 minutes, a small fraction of park interpretive programs are going to be 
interrupted by noise from an overflight. When intervals between 52 dBA events are much shorter 
than 30 minutes, then interruptions would be expected to occur several times during many 
programs.  

To evaluate impacts using this metric, the following quantitative impact threshold parameters 
will be used in this analysis: average minutes between 52 dBA overflight events, average events 
per hour of 52 dBA or greater, total minutes at or above 52 dBA per day, and average hours of 
wait for a thirty minute interval without events at 52 dBA or greater.  While INM can calculate 
Time Above 52 dBA directly, these alternative expressions provide for a broader understanding 
of different dimensions of the potential effects of noise on VEO, so they are proposed for use in 
this analysis.  However, these parameters must be calculated separately from the data INM 
produces. 

IIIA1. Examples of Previous Use 

Page 14 of 24 



 

FAA and NPS have agreed to use the time above 52 dBA metric in the Mt. Rushmore Air 
Tour Management Plan Draft EA. The St. George Municipal Airport FEIS analysis (Landrum 
and Brown, 2006) used number of events contributing to time above 20 dBA, 25 dBA, 35 dBA, 
45 dBA, 55 dBA, 60 dBA, 65 dBA.  These relate specifically to the events per hour and the 
percent of visitors experiencing a number of events at 35 dBA and 52 dBA in this analysis. 

Among the metrics used for the Stinson Municipal Airport EA were Time Above 50 and 
Time Above 60 dBA. 

Aasvang and Engdahl 1999, 2004: on the second day of their study, more than half of the 
subjects found aircraft sounds exceeding 50 dBA to be unacceptable. 

In NPS regulations (i.e., 36 CFR 2.12), equipment may not exceed 60 dBA at 50 feet 
distance from the source.  Because tour aircraft are almost always much more than 50 feet above 
ground level in the park, a level of 52 dBA is considered roughly analogous to the 60 dBA 
sounds prohibited by NPS regulations. 

IIIA2. Rationale for Threshold Values 
IIIA2a. Average Minutes Between 52 dBA Overflight Events, Average 52 dBA 
Events Per Hour, and Minutes Above 52 dBA Per Day 

In informal talks with Kurt Fristrup, NPS interpretive rangers indicate that they become 
annoyed with one interruption of their programs due to overflight noise, while visitors complain 
when there are two interruptions per interpretive presentation.  Assuming a 30 minute 
interpretive talk in the developed zone, a major impact is set at 12 minutes between 52 dBA 
events (resulting in up to five events above 52 dBA per hour, or more than two interruptions per 
30 minute talk).  The values are increased by factors of three (e.g., for the developed zone, 12*3 
= 36, 36*3 = 108) consistently for each zone.  The same factors are used in the same way with 
time above 35 dBA (see below).   

For the non-wilderness zone, a major impact is set at 15 minutes between 52 dBA events to 
approximate 25% of the time above 52 dBA.  For the wilderness zone, a much stricter limit of 25 
minutes between 52 dBA events accounts for the greater sensitivity to high amplitude noise in 
this zone.  Since natural ambient levels of 20-25 dBA predominate in this zone, even short 
duration sounds of 52 dBA can have a large impact.  All of the values were examined to ensure 
that both inputs and resulting calculated values were reasonable for the corresponding impact 
intensity levels. 

The values for the Time Above 52 dBA metric are much lower than the corresponding values 
for the Time Above 35 dBA metric, because 52 dBA overflight events result in much more 
impact to visitor experience opportunities than 35 dBA overflight events.  

IIIA2b. Average Hours of Wait for an Event-Free Interval 
The event-free interval is 30 minutes without a 52 dBA event.  The hours of wait for such an 

event-free interval is another way to illustrate the situation that may provide more information 
about impacts to some people than the other parameters.  The values in the cells for this 
parameter are calculated from the values input in the highlighted cells for minutes between 52 
dBA events, and increase in a manner consistent with the zone definitions (i.e., less time to wait 
for an event-free interval in the wilderness zone, respectively more time to wait in the non-
wilderness and developed zones). 

The values for the Time Above 52 dBA metric are also much lower than the corresponding 
values for the Time Above 35 dBA metric, because 52 dBA overflight events result in much 
more impact to visitor experience opportunities than 35 dBA overflight events. 

IIIA2c. Percent of Visitors Experiencing X Events 
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The percent of visitors experiencing a number of events is calculated from the values in the 
columns above, and is another way of looking at the issue of overflight impacts to visitors (and 
similar to the number of events contributing to time above dBA values used in other EISs and 
EAs).  The values incorporate the duration of the visit in each of the three zones at the top of the 
spreadsheet.  The values in the cells are simply illustrative for the different zones and intensity 
thresholds, and they do not control the impact intensities.  However, they are consistent with the 
above examples of previous use.   

IIIB. Metric: Time Above 35 dBA 
There are many more overflight events above 35 dBA at GRCA than there are events above 

52 dBA.  In fact, every 52 dBA event will also be a 35 dBA event for a longer period of time.  
The joint use of TA 52 and TA35 metrics thus provides important information about noise 
exposure as sound intensity is reduced or increased.  Based upon GRCA field data, overflight 
events of 35 dBA or more average about 4 minutes in duration. This average event time is used 
in the calculations for these metrics. 

The time above 35 dBA metric is not applicable to the developed zone because higher levels 
of visitor use, management activity and development (and their resulting impacts on park 
resources and visitor experiences) are considered appropriate and/or acceptable in the developed 
zone than in the other zones.  Thus, the developed zone is not presently managed to provide this 
degree of acoustical environmental quality.  

To evaluate impacts using this metric, the following quantitative impact threshold parameters 
will be used in this analysis: average minutes between 35dBA events, average 35 dBA events per 
hour, hours above 35dBA per day, and average hours of wait for an event-free interval of at least 
10 minutes.  These alternative expressions provide for a broader understanding of the different 
dimensions of the potential effects of noise. 

IIIB1. Examples of Previous Use 
Time above decibel-level metrics have been used in many contexts for many environmental 

documents.  EPA 1974 (Table D-10) cites three references that recommend 35 dBA as a criterion 
for rural outdoor spaces, and it also references appropriate background noise for churches, rural 
outdoor areas, etc. that range from 35-45 dBA.   

The St. George Municipal Airport FEIS analysis (Landrum and Brown, 2006) used number 
of events contributing to time above 20 dBA, 25 dBA, 35 dBA, 45 dBA, 55 dBA, 60 dBA, and 
65 dBA as a daily measure of impact.  These relate specifically to the events per hour and the 
percent of visitors experiencing a number of events at 35 dBA and 52 dBA in this analysis. 

IIIB2. Rationale for Threshold Values 
IIIB2a. Average Minutes Between 35 dBA Overflight Events, and Average 35 
dBA Events Per Hour 

The pattern between intensity levels is consistent with the time above 52 dBA metric, that is 
they are reduced by factors of 3 from negligible to minor, and from minor to moderate (i.e., 90 = 
30 X 3, and 30 = 10 X 3 for the non-wilderness zone) consistently for each zone.  All of the 
matrix values were examined to ensure that both inputs and resulting calculated values were 
reasonable for the corresponding impact intensity levels. 

The values for the Time Above 35 dBA metric are also much higher than the corresponding 
values for the Time Above 52 dBA metric, because 52 dBA overflight events are much higher in 
sound energy and generally result in much more impact to visitor experience opportunities than 
35 dBA overflight events.  
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IIIB2b. Hours Above 35 dBA Per Day, and Average Minutes of Wait for an 
Event-Free Interval 

It is important to note that hours are used with 35 dBA for Hours Above 35 dBA, but that 
minutes are used with 52 dBA for Minutes Above 52 dBA, because it seemed easier for readers 
to relate to hours for 35 dBA rather than large numbers of minutes.     

For the minutes of wait between 35 dBA events, 10-minutes was chosen as the event-free 
interval to use in the analysis because (1) it is a reasonable time period that people can relate to, 
(2) it lends itself to calculating periods of time needed to wait for such an event-free interval 
from the modeling results, and (3) the relative impact level rankings of alternatives are not 
expected to be very sensitive to the choice of this interval.  In other words, this parameter 
provides a convenient basis for interpretation, and changing the value of this parameter is not 
expected to change comparisons of impact across alternatives. 

The values are reasonably higher for 35 dBA events by zone than for 52 dBA events, because 
35 dBA events are much lower in sound energy and generally result in less impact on visitor 
experience than 52 dBA events.   

IIIC. Metric: Time Audible 
To evaluate impacts using this metric, the following quantitative impact threshold parameters 

will be used in this analysis: percent time aircraft are audible or noticeable, estimated average 
number of audible/noticeable flights per day and per hour, average hours of wait for an event-
free interval, and the percent of event-free intervals that are more or less than a specified time   
These alternative expressions provide for a broader understanding of the different dimensions of 
the potential effects of noise on visitors. 

Both time audible and time noticeable are used depending upon management zone and 
associated visitor experience opportunities.  The “dual noise standard” (as explained in the 
Federal Register Notice dated July 14, 1999) is not applicable to these metrics. 

Based upon Grand Canyon field data, a representative overflight is audible for 5 minutes and 
noticeable for 3 minutes.  These values are used in the calculations for time audible/noticeable. 

IIIC1. Examples of Previous Use 
The Colorado River Management Plan FEIS 2005 (GRCA) used percent time audible, with 

less than 5% time audible as negligible, 5-10% time audible as minor, 10-25% time audible as 
moderate, and more than 25% time audible as major in the zone equivalent to the wilderness 
zone in this EIS.   For the zones equivalent to the non-wilderness zone in this EIS, the CRMP 
FEIS used 10% or less time audible for negligible, 10-15% time audible for minor, 15-30% time 
audible for moderate, and more than 30% time audible for major. 

The Winter Use Plans FEIS for Yellowstone and Grand Teton National Parks and the John 
D. Rockefeller Jr. Memorial Parkway, 2007 (Table 4-48, p.304) used 5% time audible as a 
threshold for negligible impacts in backcountry.  However, the Winter Use Plans FEIS used 5-
10% time audible for minor, 10-15% for moderate, and greater than 15% time audible as the 
threshold for major intensity impacts.  These time audible figures are also linked to percent of 
park area values and maximum dBA levels by park management zone.  The proposed Grand 
Canyon thresholds differ slightly for two primary reasons:  (1) the GRCA thresholds are linked 
to the 25% maximum time audible value inherent in the definition of substantial restoration of 
natural quiet, and (2) the GRCA thresholds are for visitor experience opportunities whereas the 
Winter Use Plan thresholds are for soundscape impacts.  The Winter Use Plans thresholds for 
visitor experience are not linked directly to time audible values.  At GRCA, time audible is used 
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V. Threatened and Endangered Species/Wildlife Matrix (omitted for brevity) 

IV. Ethnographic Resources Matrix (omitted for brevity) 
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as a metric for impacts to visitor experience opportunities because audibility relates to humans 
(i.e., visitors), and metrics addressing physical parameters of the physical resources (i.e., metrics 
not directly dependent upon humans) are used for soundscape impacts.  

The Glen Canyon NRA Personal Watercraft Use FEIS (2003) also used percent time audible.  
The time audible metric is also supported by HMMH 1993, the NPS Report to Congress 1995 
(e.g., dose-response surveys on p.149), Miller at al 1999, Rapoza et al 2005, and Fidell et al 
1996. 

HMMH 1993 (Dose-Response) and Miller 1999 (Noise Control Engineering Journal, Vol. 47 
No. 3, May-June 1999, “The effects of aircraft overflights on visitors to U.S. National Parks”)  
determined that at short hike sites about 25% of visitors are likely to report interference with 
natural quiet when aircraft are audible about 5% of the time. 

Krog and Engdahl 2004 shows a relationship between percent time audible and annoyance.  
Schomer and Wagner 1996 indicates that noticeability is a significant variable in predicting 
annoyance.  Horonjeff and Anderson 2005 used the amount of time a visitor must wait for a 
specified noise-free interval. 

IIIC2. Rationale for Threshold Values 
Noticeability is used for the developed and non-wilderness zones, whereas audibility is used 

for the wilderness zone.  Although the “dual noise standard” is not used in these calculations, the 
use of audibility and noticeability is roughly consistent with the previous agreements between 
the NPS and FAA to use the “dual noise standard” in calculations related to substantial 
restoration of natural quiet, as further explained in Federal Register Notices dated July 14, 1999 
and November 7, 2003.  It is also roughly consistent with the GCNP management zoning, as 
described above. 

IIIC2a. Percent Time Audible/Noticeable, Average Number of Events Per Day, 
and Average Events Per Hour  

For the wilderness zone, the time audible thresholds are less than 5% for negligible, and 5-
10% for minor, which are both the same as in the CRMP FEIS, Winter Use Plan FEIS, HMMH 
1993 and Miller 1999 as discussed above.  Moderate is 10-25% and major is greater than 25% 
which is the same as in the CRMP and which is linked to the 25% time audible inherent in the 
definition of substantial restoration of natural quiet at GCNP.   

The NPS Report to Congress (1995) on page 182 states: “… the legislative history of Public 
Law 100-91 indicates that flight-free zones are to be large areas where visitors can experience 
the park essentially free from aircraft sound intrusions, and where the sound from aircraft 
traveling adjacent to the flight-free zone is not detectable from most locations within the zone 
…”  The use of the word “detectable” is synonymous with audible in this context, and therefore 
provides justification for using audibility in the wilderness zone.   

Noticeability is modeled by adding 10 dB to natural ambient levels.  All of the percent time 
noticeable values for the developed zone are 3% more than the values for the non-wilderness 
zone, which is a reasonable increase consistent with the zone definitions. 

 



 

Annotated Bibliography 
Citation GRCA Relevance 
36 Code of Federal Regulations, Section 2.12 
Audio Disturbances. 

Equipment may not exceed 60 dBA at a 50 ft distance. 

Aasvang, G. M. and B. Engdahl 1999. Aircraft 
noise in recreational areas: A quasi-
experimental field study on individual 
annoyance responses and dose-response 
relationships. Noise Control Engineering 
Journal 47(4): 158-162. 

More than 50% of the subjects (10) found aircraft sounds exceeding 60 dBA (Leq for the event) to  be 
unacceptable in a park setting on the first day of trials; for the second day (16 subjects) more than half found 
levels exceeding 50 dBA to be unacceptable. For louder exposures, A- and C-weighted metrics predicted 
annoyance equally well; for softer exposures A-weighted metrics performed better. 

Aasvang, G. M. and B. Engdahl 2004. 
Subjective responses to aircraft noise in an 
outdoor recreational setting: a combined field 
and laboratory study. Journal of Sound and 
Vibration 276(3-5): 981-996. 

2004 study added a laboratory listening component and 13 more subjects, with similar results. 

Cote, S.D., 1996. Mountain Goat Responses to 
Helicopter Disturbance. Wildlife Society 
Bulletin 24: 681-685. 

Mountain goats responded to 58% of helicopter flights, with more adverse reactions when the helicoptes were 
within 500m. Helicopter flights caused disintegration of the social group on at least five occasions, and resulted 
in one case of severe injury to an adult female. Propose a 2 km protective buffer. 

Delaney, D. K., T. G. Grubb, P. Beier, L. L. 
Pater, and M. H. Reiser 1999. Effects of 
helicopter noise on Mexican spotted owls. 
Journal of Wildlife Management 63(1): 60-
76. 

No Spotted Owl flushes from nest were recorded with helicopter overflights or chainsaw noise at distances 
greater than 100m. Flushing was more common during the fledgling phase than incubation and nestling. No 
flushing for SEL exposures below 92 dBA for the helicopter and 46 dBA for the chainsaw. Owls showed an alert 
response at an average distance of 403m (no responses at distances greater than 660m), and react responses at 
124m on average. Behavior returned to normal 10-15 minutes after the stimulus event. Response duration was 
greater for chainsaw than helicopter stimuli, greater for closer than farther stimuli, and they decreased from July 
to August. Response time to stimulus was shorter in July than later. Small sample evidence for habituation. 81% 
of prey deliveries take place at night. Stimuli within 60m caused a reduction in 24h prey delivery relative to the 
previous day. “Other noise disturbance research suggests that aircraft overflights alone have a negligible effect on 
raptor reproductive success and young fledged per nest (Platt 1977, Anderson et al. 1989, Ellis et al. 1991).” A 
small, nonsignificant decrease in reproductive success and number of young fledged was observed between the 5 
control sites and the 17 manipulated nests (the study had a 36% chance of detecting a 20% change). 

Environmental Protection Agency. 1974. 
Information on Levels of Environmental 
Noise Requisite to Protect Public Health and 
Welfare with an Adequate Margin of Safety. 

Figure D-2 (p. 88). Maximum distances outdoors over which conversation is considered to be satisfactorily 
intelligible in steady noise.   
Table D-10 (pp. 114-116).  Prior recommendations of sound levels in various spaces.  References appropriate 
background noise level for churches, rural outdoor areas, etc., that range from 35-45 dBA. 

Federal Aviation Administration.  2006.  
Record of Decision, Proposed Replacement 

Table R-2 lists number of events above 20, 25, 35, 45, 55, and 60 dBA for Zion National Park. 
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Airport and Associated Airport-Related 
Development, St. George, Washington 
County, UT. 
Fidell, S., L. Silvati, R. Howe, K. S. Pearsons, 
B. Tabachnick, R. C. Knopf, J. Gramman, and 
T. Buchanan 1996. Effects of aircraft 
overflights on wilderness recreationists. J. 
Acoust. Soc. Am. 100(5): 2909-2918. 

Over 900 surveys in three wilderness areas. The paper does not specify the type of questions (directed, 
undirected). For the cumulative effects study, more respondents reported some level of annoyance at Golden 
Trout Wilderness (35%) than in Cohutta (24%) or Superstition (8%). Percent respondents noticing any kind of 
aircraft were 77%, 50%, and 62% at those sites, with GTW having substantial reports of low-flying jets (46%) 
and helicopters (40%). Acoustic measurements were not matched to visits; average daily values were used. Notes 
that hiker self noise increases time average A-weighted sound level by 13 dB. Propeller plane overflights 
elevated this figure by an additional 12 dB. More than half of the variance in judgments of annoyance overall was 
associated with probable exposure to one or more aircraft overflights of high noise level. For the Superstition 
Wilderness study, three fourths of the variance in annoyance responses was related to high level exposures (51 to 
72 dBA). For the second study, the percent of respondents that expressed some annoyance with aircraft overflight 
noise ranged from 32% (Bridger, Glacier Peak) to 6% (Cohutta). Staples (1998) noted problems with the social 
survey methodology. 

Frid, A. 2003. Dall’s Sheep Responses to 
Overflights by Helicopter and Fixed-Wing 
Aircraft.  Biological Conservation 110: 387-
399. 

When minimum distance was less than 500m all 25 groups for Dalls sheep fled from helicopters, but only 53-
58% of sheep fled or interrupted rest during fixed wing overflights. 
 

Fristrup, K., L. Hatch, and C. Clark.  2003.  
Variation in humpback whale (Megaptera 
novaeangliae) song length in relation to low-
frequency sound broadcasts.  J. Acoust. Soc. 
Am. 113(6): 3411-3424 

Humpback whales show behavioral responses to noise events up to 2 hours after the event. 

Goudie, R. I. and I. L. Jones 2004. Dose-
response relationships of harlequin duck 
behavior to noise from low-level military jet 
over-flights in central Labrador. 
Environmental Conservation 31(4): 289-298. 

Harlequin ducks exhibited altered behavior for 1.5-2 hours after low level overflights (ethograms used, a more 
sensitive behavioral analysis). 

Hall, T.  2001.  Hiker’s perspectives on solitude 
and wilderness.  International Journal of 
Wilderness 7(2): 20-24 

In an open-ended survey of hikers in Shenandoah National Park, natural sounds ranked as an important factor in 
contributing to a feeling of wilderness.  Human-caused noise was an important factor detracting from a feeling of 
wilderness. 

Hammitt, W., K. Backman, and T. Davis.  
2001.  Cognitive dimensions of wilderness 
privacy: an 18-year trend comparison.  Leisure 
Sciences 23: 285-292. 

An environment free of man-made noise ranks high in importance of wilderness privacy, according to repeat 
survey. 

HMMH.  1993.  Dose-Response Relationships 
Derived from Data Collected at Grand 
Canyon, Haleakala and Hawaii Volcanoes 
National Parks.   HMMH Report No. 

At “short hike sites” (GRCA Hermit Basin, HALE Sliding Sands trail, HAVO Wahaula Temple trail) 22% of 
visitors reported moderate to extreme annoyance and 45% reported moderate to extreme interference with natural 
quiet when aircraft were audible 20% of the time. At overlook sites (GRCA Point Imperial and Lipan Point) the 
same figures were 5% and 15% of visitors. For areas where more than 50% of the visitors feel that natural quiet 
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290940.14. is very important and when a disproportionate fraction of the visitors are either first time or experienced 
(differing from a 50% mixture), then the % annoyed values can rise to 30% and 8%. Between 5-15 aircraft were 
heard at GRCA Lipan Point per 20 minute listening session. 

Hollenhorst, S., E. Frank, III, and A. Watson.  
1994. The capacity to be alone: wilderness 
solitude and growth of the self.  In J. Hendee 
and V. Martin, eds, International Wilderness 
Allocation, Management, and Research.  Ft 
Collins, CO:  International Wilderness 
Leadership (WILD) Foundation:  234-239. 

Noise from outside wilderness has a high correlation with the feeling of solitude. 

Horonjeff, R. and G. Anderson.  2005.  
Queuing for quiet – the natural Soundscape 
microstructure from a visitor perspective – II.  
In Proceedings of Noise-Con 2005, 
Minneapolis, MN, Oct 17-19, 2005. 

Proposes calculations using field data to determine the amount of time a visitor would have to wait to experience 
a contiguous block of natural sounds of a certain duration.  Relates to noise free interval. 

Krausman, P. R., M. C. Wallace, C. L. Hayes, 
D. W. de Young 1998. Effects of jet aircraft on 
mountain sheep. Journal of Wildlife 
Management 62(4): 1246-1254. 

Mountain sheep in an enclosure did not alter behavior or use of habitat, but heart rate remained elevated for 2 
minutes after exposure. 

Krog, N. H. and B. Engdahl 2004. Annoyance 
with aircraft noise in local recreational areas, 
contingent on changes in exposure and other 
context variables. J. Acoust. Soc. Am. 116(1): 
323-333. 

Relationship between percent time audible of aircraft and annoyance. 

Landon, D., P. Krausman, K. Koenen, and L. 
Harris.  2003.  Pronghorn use of areas with 
varying sound pressure levels.  The 
Southwestern Naturalist  48(4): 725-728. 

Pronghorn avoid noisier areas (>55 dB, weighting not reported), and prefer quieter areas (<45 dB). 

Miller, N. P. 1999. The effects of aircraft 
overflights on visitors to US National Parks. 
Noise Control Engineering Journal 47(3): 
112-117. 

Percent time audible and aircraft Leq-background Leq (A-weighted) dose-response relationships from same data 
as Anderson et al. 1993. Leq difference is largely uncorrelated with %TA. Miller uses two univariate standards to 
denote an appropriate management regime. A bivariate predictor of annoyance or interference with natural quiet 
is not reported. 

National Park Service. 1995. Report on Effects 
of Aircraft Overflights on the National Park 
System. 

“Substantial restoration of natural quiet” for Grand Canyon National Park is defined on p. 182 as 50% or more of 
the park achieves natural quiet (i.e., no aircraft audible) for 75-100% of the day.  The goal of having 50-80% of 
the park quiet for 75-100 percent of the time is stated on p. 13.  Pp 148-149 report on annoyance and interference 
with natural quiet due to aircraft noise. 

National Park Service.  2005.  Final 
Environmental Impact Statement, Colorado 
River Management Plan. 

Vol One pages 141-143 Natural Soundscapes Affected Environment (in file: Volume One/7 CRMP Chapter 
3.pdf). 
FEIS Vol Two pages 348-404 Natural Soundscapes Impact Analysis (look at the first several pages for 
methodoloogy) (starts in file:  Volume Two/3 CRMP Chapter 4a.pdf, and ends in file:  Volume Two/4 CRMP 
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Chapter 4b.pdf). 
National Park Service.  2006.  Management 
Policies. 

Section 4.9 Soundscape Management. 
Section 8.4 Overflights and Aviation Uses 
Section 8.2.3 Use of Motorized Equipment 

National Park Service.  2006. Winter Use 
Plans Final Environmental Impact 
Statement, Yellowstone and Grand Teton 
National Parks, John D. Rockefeller, Jr. 
Memorial Parkway. 

Soundscape affected environment (Vol 1, Ch 3) begins w/a regulatory & policy overview on p. 137, a brief 
discussion of monitoring vs. modeled results is on p. 147. 
Soundscapes analysis (Vol 1, Ch 4) begins w/Assumptions & Methods on p. 301, Definition of Impacts is on p. 
303, Conclusions on p. 342. 
Modeling Scenarios are in the appendices, Vol 2, starting on p. D-1. 
The Monitoring & Adaptive Mgmt Program re: soundscapes is also in the appendices, Vol 2, pp. E-5-6 with 
overall program text on pp E-1-2. 

Public Law 100-91.  1987.  National Parks 
Overflights Act. 

Section 3. Grand Canyon National Park 
Mandates substantial restoration of natural quiet to Grand Canyon National Park 

Rapoza, A., G. Fleming, C. Lee, and C. Roof.  
2005.  Study of visitor response to air tour and 
other aircraft noise in National Parks.  DTS-34-
FA65-LR1. 

Re-analysis of HMMH data (1993) plus new data sets. Very similar findings. 10% of short hike respondents 
reported moderate to extreme annoyance when exposed to high altitude jet noise only (compared to 4% at 
overlooks). Time-based predictors outperformed level-based descriptors with in turn outperformed event-based 
descriptors. Percent time audible was a highly significant predictor; percent time noticeable was not. 

Roggenbuck, J. and A. Watson.  1993.  
Defining acceptable conditions in wilderness.  
Environmental Management 17(2): 187-197. 

Third and fourth highest rated indicators of degraded wilderness experience were noise from human activities 
within and outside the wilderness (behind only litter and damaged trees). Number of wild animals seen was listed 
at the fifth most important indicator (the survey did not query regarding number of animals heard). Number of 
other groups within sight or sound of the campsite were the 7th and 8th rated indicators. 

Schomer, P.D. and L. R. Wagner 1996. On the 
contribution of noticeability of environmental 
sounds to noise annoyance. Noise Control 
Engineering Journal 44(6): 294-305. 

Noticeability is a significant variable in predicting annoyance. 

Stockwell, C. A. and G. C. Bateman, 1991. 
Conflicts in National Parks: A Case Study of 
Helicopters and Bighorn Sheep Time Budgets 
at the Grand Canyon. Biological Conservation 
56: 317-328. 

GRCA bighorn showed a 43% reduction in foraging efficiency due to helicopters in winter, but no significant 
effect in spring when the migrate to lower elevations. Helicopter disturbance threshold indicated as 250-450m. 

Volpe Center and Wyle Labs.  2004.  Grand 
Canyon National Park Sound Level 
Measurements of High Altitude Jet Aircraft. 

Presents comparative data on the duration of periods with only natural sounds between overflight events.  
Support for the use of noise free interval. 

Ward, D. H., R. A. Stehn, W. P. Erickson, and 
D. V. Derksen. 1999. Response of fall-staging 
brant and Canada geese to aircraft overflights in 
southwestern Alaska. Journal of Wildlife 
Management 63(1): 373-381. 

75% of fall staging brant flocks and 9% of Canada goose flocks few in response to overflights. Lateral distance 
between the aircraft and the flock was the best predictor of response. Notes more intense response to helicopters. 
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Questions for Expert Panel Members  
To help us address the “scientific and technical defensibility” of the metrics and 
application to impact thresholds, please be prepared to discuss the following: 
• Do the cited studies support the proposed impact intensities? 
• Are the cited documents bona fide scientific studies? 
• Is there sufficient supporting scientific evidence to establish the proposed impact 

intensities for assessments under NEPA? 
• Is the assembled scientific evidence a fair and accurate reflection of the state of 

knowledge on the topic? 
• Does the proposed combination of metrics, thresholds, and values meet the test of 

applying reasonable scientific methods for the analysis of potential impacts resulting 
from aircraft operations over Grand Canyon National Park and/or other parks?  

• Do they meet the test of using “best available” scientific and technical information?   
If the answer to either of the above questions is no, then what other methodology does 
meet (or would better meet) those tests, given that the EIS must assess such impacts? 

• Is the impact intensity a rationale and plausible interpretation of the supporting 
scientific evidence? 

• For those impacts represented by several parameters, how would their relative priority 
be ranked?  Should one or more parameter(s) be weighted more than the others? 

• Since the impact is represented by several parameters (e.g., average minutes between 
52 dBA, average 35 dBA events per hour, percentage time aircraft audible, et. al. for 
visitor experience), are these impact intensities logical, consistent, and coherent? 

• For the classes of functional impacts that cannot be dismissed from analysis, does the 
suite of proposed Grand Canyon metrics provide a plausible basis for predicting or 
estimating impacts? 

• Should additional metrics be considered?  
• What scientific literature or prior environmental impact analyses would support the 

use of these metrics? 
• What scientific bases are there for matching environmental impact intensities with 

specific values of each metric? 
 
Visitor Experience Specific 
• What evidence is there that park visitors are aware of, or place value upon, the quality 

of park acoustical environments? 
• Noise could impose a variety of functional costs on the auditory experience of park 

visitors. Can we exclude any of the following categories of impact from further 
analysis based on the limited consequences of that class of impacts? 

a. Reduced opportunities to perceive acoustical cues about the physical 
environment (wind, flowing water). 
b. Reduced opportunities to detect and recognize sounds from wildlife. 
c. Compromised aesthetic quality of the perceived soundscape; loss of wilderness 
character. 
d. Diminished auditory attention due to distraction (immediate) or habituation 
(eventual). 

Page 23 of 24 



 

• Noise events often interrupt ongoing activities. Are you aware of results from the 
psychological or social science literature that indicates how the magnitude of impact 
scales with increasing number of interrupts?  

• Is there a plausible connection between any of these research contexts and the 
experience of park visitors? 

• A related question is, if a fixed dose of noise (duration and amplitude) were 
administered to groups of park visitors, differing only in the number of noise events, 
would you expect that visitor reactions would increase, or decrease with the number 
of noise events (e.g. the degree of fragmentation)? 

• Are there results that relate the duration of a visit, or the difficulty of realizing a 
specific experience, with the sensitivity of the visitor to outside disturbance? How 
might these results inform the assignment of impact thresholds in different 
management zones? 
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Issues

20 3 hours 12 hours
30 minutes

NPS NEPA 
Intensity 

Threshold
Negligible Minor Moderate Major Negligible Minor Moderate Major Negligible Minor Moderate Major 

More than 108 36 12 135 45 15 225 75 25

Less than or 
equal to 108 36 12 135 45 15 225 75 25

Less than or 
equal to 0.6 1.7 5.0 0.4 1.3 4.0 0.3 0.8 2.4

More  than 0.6 1.7 5.0 0.4 1.3 4.0 0.3 0.8 2.4

More than 2.2 6.6 19.5 1.8 5.3 15.7 1.1 3.2 9.5

Less than or 
equal to 2.2 6.6 19.5 1.8 5.3 15.7 1.1 3.2 9.5

More than 0.2 0.6 3.3 0.1 0.4 2.1 0.1 0.2 0.9

Less than or 
equal to 0.2 0.6 3.3 0.1 0.4 2.1 0.1 0.2 0.9

Less  than More  than More than More than Less  than More  than More than More than Less  than More  than More than More than
17% 17% 42% 48% 38% 38% 56% 51% 62% 62% 49% 51%

of the visitors 
experience

of the visitors 
experience

of the visitors 
experience

of the visitors 
experience

of the visitors 
experience

of the visitors 
experience

of the visitors 
experience

of the visitors 
experience

of the days 
have

of the days 
have

of the days 
have

of the days 
have

1 1 1 2 2 2 4 12 3 3 10 29

or more events or more events or more events or more events or more events or more events or more events or more events or more events or more events or more events or more events

20 seconds.

30

Average visit =

•  EPA 1974: Raised voice at 10 meters to approximate interpretive ranger giving a talk; relaxed voice at 2m to approximate campers in proposed Wilderness areas.  Both interrupted at 52 dBA.

•  Fristrup, pers comm.: Interpretive rangers annoyed with one interruption, visitors complain with 2 interruptions per presentation

•  36 CFR 2.12: Equipment may not exceed 60 dBA at 50 foot distance

VISITOR EXPERIENCE OPPORTUNITIES: GROUND-BASED VISITORS

IMPACT INTENSITIES FOR A 12-HOUR DAY APPLIED TO GROUND VISITOR EXPERIENCE THRESHOLDS
Park Zone DEVELOPED ZONE NON-WILDERNESS ZONE WILDERNESS ZONE

Average visit=

Range of Quality Experiences and Recreational Opportunity Consistent with Management Zoning, Opportunities for Solitude (minimization of sights and 
sounds of civilization), Opportunities for Primitive Recreation (natural conditions prevail)

Average Visit =

Average 
Minutes 

between 52 
dBA overflight 

Minutes above 
52 dBA per 

day

Average hours 
of wait for an  

event-free 
interval 

References 
and 

Assumptions

Interpretive talk=

•  GRCA field data: 52 dBA events rarely last more than

•  An event-free interval is 
defined as

minutes without 52 dBA events

Average 52 
dBA events 

per hour

•  Aasvang and Engdahl 1999, 2004: On the second day of study, more than half of subjects found aircraft sounds exceeding 50 dBA to be unacceptable.



Issues

20 3 hours 12 hours
30 minutes

NPS NEPA 
Intensity 

Threshold
Negligible Minor Moderate Major Negligible Minor Moderate Major Negligible Minor Moderate Major 

Average visit =

VISITOR EXPERIENCE OPPORTUNITIES: GROUND-BASED VISITORS

IMPACT INTENSITIES FOR A 12-HOUR DAY APPLIED TO GROUND VISITOR EXPERIENCE THRESHOLDS
Park Zone DEVELOPED ZONE NON-WILDERNESS ZONE WILDERNESS ZONE

Average visit=

Range of Quality Experiences and Recreational Opportunity Consistent with Management Zoning, Opportunities for Solitude (minimization of sights and 
sounds of civilization), Opportunities for Primitive Recreation (natural conditions prevail)

Average Visit =
Interpretive talk=

More than 90 30 10 135 45 15

Less than or 
equal to 90 30 10 135 45 15

More than 0.6 1.8 4.3 0.4 1.2 3.2

Less than or 
equal to 0.6 1.8 4.3 0.4 1.2 3.2

More than 0.5 1.4 3.4 0.3 1.0 2.5

Less than or 
equal to 0.5 1.4 3.4 0.3 1.0 2.5

More than 4.7 14.2 43.1 3.1 9.4 28.7

Less than or 
equal to 4.7 14.2 43.1 3.1 9.4 28.7

Less  than More  than More than More than Less  than More  than More than More than
59% 59% 55% 53% 44% 44% 53% 52%

of the visitors 
experience

of the visitors 
experience

of the visitors 
experience

of the visitors 
experience

of the days 
have

of the days 
have

of the days 
have

of the days 
have

2 2 6 18 6 6 16 48

or more events or more events or more events or more events or more events or more events or more events or more events

4 minutes

10

Visitor 
experience

References 
and 

Assumptions

•  St. George Airport Replacement, Record of Decision used number of events above 35 dBA as a daily measure of impact
•  GRCA field data:  35 dBA events average about

NOTE: 
Thresholds for 
TA 35 dBA are 
not proposed 

for the 
developed zone 

due to the 
definition of the 

zone. 

Average 
minutes of wait

for an event-
free interval is

Hours above 
35 dBA per 

day

Average 
Minutes 

between 35 
dBA overflight 

events

minutes without 35 dBA events
•  Aasvang and Engdahl 1999, 2004: On the second day of study, more than half of subjects found aircraft sounds exceeding 50 dBA to be unacceptable.
•  An event-free interval is defined as

Average 35 
dBA events 

per hour

•   EPA 1974: Table D-10. References appropriate background noise level for churches, rural outdoor areas, etc., that range from 35-45 dBA.  3 refs. that support 35 dBA.



Issues

20 3 hours 12 hours
30 minutes

NPS NEPA 
Intensity 

Threshold
Negligible Minor Moderate Major Negligible Minor Moderate Major Negligible Minor Moderate Major 

Average visit =

VISITOR EXPERIENCE OPPORTUNITIES: GROUND-BASED VISITORS

IMPACT INTENSITIES FOR A 12-HOUR DAY APPLIED TO GROUND VISITOR EXPERIENCE THRESHOLDS
Park Zone DEVELOPED ZONE NON-WILDERNESS ZONE WILDERNESS ZONE

Average visit=

Range of Quality Experiences and Recreational Opportunity Consistent with Management Zoning, Opportunities for Solitude (minimization of sights and 
sounds of civilization), Opportunities for Primitive Recreation (natural conditions prevail)

Average Visit =
Interpretive talk=

8% 13% 23% 5% 10% 20% 5% 10% 25%
noticeable noticeable noticeable noticeable noticeable noticeable audible audible audible

8% 13% 23% 5% 10% 20% 5% 10% 25%
noticeable noticeable noticeable noticeable noticeable noticeable audible audible audible

Less than or 
equal to 19 32 63 12 25 54 7 15 41

More than 19 32 63 12 25 54 7 15 41

Less than or 
equal to 1.6 2.7 5.2 1.0 2.1 4.5 0.6 1.3 3.5

More than 1.6 2.7 5.2 1.0 2.1 4.5 0.6 1.3 3.5

More than 0.3 0.5 1.4 0.2 0.4 1.1 0.1 0.2 0.9

Less than or 
equal to 0.3 0.5 1.4 0.2 0.4 1.1 0.1 0.2 0.9

50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
percent of the 

intervals 
between

percent of the 
intervals 
between

percent of the 
intervals 
between

percent of the 
intervals 
between

percent of the 
intervals 
between

percent of the 
intervals 
between

percent of the 
intervals 
between

percent of the 
intervals 
between

percent of the 
intervals 
between

percent of the 
intervals 
between

percent of the 
intervals 
between

percent of the 
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events are 
more  than 
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events are 
more  than 
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than 
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events are less 
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23.7 23.7 12.6 3.0 37.5 37.5 16.7 4.3 62.6 62.6 27.9 7.0
minutes long minutes long minutes long minutes long minutes long minutes long minutes long minutes long minutes long minutes long minutes long minutes long

15
12
5 3 minutes.

ASSUMPTIONS
      Developed zone visit averages (20 minutes) based on Dose Response Studies (Miller, Rapoza, Fidell). 
      Visitor expectations for experiencing natural quiet are higher in the Non-wilderness zone and highest in the Wilderness Zone (Roggenbuck and Watson 1993, Hollenhorst et al 1994). 

Event-free 
intervals

More than 

Percent time 
aircraft are 
audible or 
noticeable

Less than or 
equal to

Average 
audible or 
noticeable 
flights per 

hour

Average hours 
of wait for an 

event-free 
interval is

Average 
audible or 
noticeable 

flight events 
per day

•  Schomer and Wagner 1996:  Noticeability is a significant variable in predicting annoyance.
•  Krog and Engdahl 2004:  Relationship between %TA and annoyance
•  HMMH 1993; 1995 National Park Service Report to Congress, p. 149; Miller et al 1999; Rapoza et al 2005; and Fidell et al 1996.

      All zones look at effects from time between 52 dBA events because it speaks to interruption of interpretive programs, which are provided in all zones, though not 
always by a ranger.  It also applies to using a relaxed voice at 2m, which is appropriate in proposed wilderness areas where campers may use a hushed voice to 
communicate with each other at camp.

References 
and 

Assumptions

•  A representative overflight is audible for
•  The day is defined as being 

•  Horonjeff and Anderson, 2005: “queuing for quiet:” how long must a visitor wait for a specified noise-free interval?

minutes and noticeable for

•  An event-free interval is 
hours long.

minutes without audible/noticeable events



Negligible Minor Moderate Major 

More than 90 45 15

Less than 
or equal to 90 45 15

More than 0.6 1.2 3.0

Less than 
or equal to 0.6 1.2 3.0

More than 5.3% 10.0% 25.0%

Less than 
or equal to 5.3% 10.0% 25.0%

More than 0.1 0.2 0.5

Less than 
or equal to 0.1 0.2 0.5

More than
0.63 1.20 3.00

Less than 
or equal to

0.63 1.20 3.00

SOUNDSCAPE
IMPACT INTENSITIES APPLIED TO SOUNDSCAPE THRESHOLDS

Wilderness Zone

Note:  All of the metrics and thresholds for the other impact topics (except distance) are also indicators 
of physical impact to the soundscape as well.  Those metrics have not been reproduced here, but they 

do bear on assessments of soundscape impacts.  A decision is still pending on how to incorporate 
these in terms of the spreadsheets.

Average Minutes between overflight 
events above natural ambient

Metric (Indicator)

Hours above natural ambient per day

Portion of the day above natural ambient

Average hours of wait for a 15-minute 
event-free interval is

Average overflight events per hour

Note: Time above natural ambient is not the same as time audible.  At this point, the time above natural 
ambient values include a similar break between moderate and major as time audible (i.e., 25% of the 
time).  This is a work in progress and subject to change.



SOUNDSCAPE
IMPACT INTENSITIES APPLIED TO SOUNDSCAPE THRESHOLDS

Beneficial 
Impacts Negligible Minor Moderate Major

More than 50% 55% 65% 75%

Less than or 
equal to 55% 65% 75%

5 minutes

15 minutes without noise events
12 hours long.

Percentage of Park Less Than 25% 
Time Audible

·  2006 NPS Management Policies:  Natural sounds are a resource to be protected from 
unacceptable impacts.

Volpe/Wyle 2004: High Altitude Aircraft Sound Measurements:  presents comparative data 
on the duration of periods with only natural sounds between overflight events.

·  For the metrics, the term "average" refers to a daily average, i.e., an average each day.  
Since the analysis is based upon peak day, then it would refer to an average for the peak 
day.

· More than 90% of the park is proposed wilderness, where motorized sounds should not 
intrude.  Wilderness Zone to be used as a "screen" for impacts to other zones.

·  An event-free interval is 
·  The day is defined as being 
·  Public Law 100-91, National Parks Overflights Act:  mandates “substantial restoration of 
natural quiet” to GRCA

·  15 minutes is 25% of an hour, and 3 hours is 25% of the 12-hour day, both of which 
relate to the definition of substantial restoration of natural quiet.

Entire Park

References and 
Assumptions

·  GRCA average duration for events above ambient is

·  Horonjeff and Anderson, 2005: “queuing for quiet:” how long must a visitor wait for a 
specified noise-free interval?
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FAA/NPS Technical Team Observations Concerning the Metrics and Impact Intensities for

Visitor Experience Opportunities:  Ground-Based Visitors

Range of Quality Experiences and Recreational Opportunity Consistent with Management Zoning, Opportunities for Solitude (minimization of sights and 
sounds of civilization), Opportunities for Primitive Recreation (natural conditions prevail)

Purpose

Share with the expert panel the observations of individual members of the FAA-NPS GRCA OFT Technical Team on the rationale provided in support of 
the proposed metrics and impact intensities.  The team compiled related questions for the expert panel, which are listed below.   The table organizes the 
observations under either ‘Rationale’ or ‘Concerns about Rationale’.

Metrics (Indicators) for 12 hour day:

Avg. Min. between 52 dBA overflight events Avg. Min. between 35 dBA overflight events Percent time aircraft are audible or noticeable

Avg. 52 dBA events per hour Avg. 35 dBA events per hour Avg. audible or noticeable flight events per day

Minutes above 52 dBA per day Hours above 35 dBA per day Avg. audible or noticeable flights per hour

Avg. hours of wait for an event-free interval Avg. min. of wait for an event-free interval Avg. hours of wait for an event-free interval

Questions for Expert Panel Members (Scientific Defensibility):

 Do the cited studies support the proposed impact intensities?
 Are the cited documents bona fide scientific studies?
 Is there sufficient supporting scientific evidence to establish the proposed impact intensities for assessments under NEPA?
 Is the assembled scientific evidence a fair and accurate reflection of the state of knowledge on the topic?
 Does the proposed combination of metrics, thresholds, and values meet the test of applying reasonable scientific methods for the analysis of 

potential impacts resulting from aircraft operations over Grand Canyon National Park and/or other parks? 
 Do they meet the test of using “best available” scientific and technical information?   If the answer to either of the above questions is no, then what 

other methodology does meet (or would better meet) those tests, given that the EIS must assess such impacts?
 Is the impact intensity a rational and plausible interpretation of the supporting scientific evidence?
 For those impacts represented by several parameters, how would their relative priority be ranked?  Should one or more parameter(s) be weighted 

more than the others?
 Since the impact is represented by several parameters (e.g., average minutes between 52 dBA, average 35 dBA events per hour, percentage time 

aircraft audible, et. al. for visitor experience), are these impact intensities logical, consistent, and coherent?
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 For the classes of functional impacts that cannot be dismissed from analysis, does the suite of proposed Grand Canyon metrics provide a plausible 
basis for predicting or estimating impacts?

 Should additional metrics be considered? 
 What scientific literature or prior environmental impact analyses would support the use of these metrics?
 What scientific bases are there for matching environmental impact intensities with specific values of each metric?
 How applicable are the cited studies to visitor experience opportunities at Grand Canyon?
 Can the proposed impact intensities be generalized to visitor experiences in other parks?

Observations from the GRCA Overflights Technical Team:

Rationale Concerns about Rationale

 The transitions in impact intensities (e.g., minor to moderate, moderate 
to major) were closely related to peer-reviewed scientific papers where 
possible. Where this direct guidance was not available, NPS policy –
especially the definition of substantial restoration of natural quiet – was 
used along with GRCA field data and best professional judgment to 
devise threshold parameters that maintain consistency across metrics 
and impact parameters.

 The intensity of the impact is proportional to the intensity of the metric. 
That is, a higher level sound energy metric (such as time above 52 
dBA) has a higher impact at a lower level (e.g., number of events per 
hour) than a lower sound energy metric (such as time audible). In 
addition, the management zone where the impact occurs has a hierarchy 
reflected in the impact intensity.  See Exhibit 1.

 There are basic concerns about whether the proposed applications 
of metrics and impact intensity thresholds are appropriately and 
sufficiently underpinned by science. These concerns have been 
heightened by a relatively short developmental timeframe for the visitor 
metrics and thresholds, and the state of flux in the thresholds during 
their development.

 To the extent that metrics have merit and may also be supported by 
studies that suggest some relevance to the visitor experience, there still 
does not appear to be a sound basis for the assignments of fine 
gradations of impact intensities—allowing one to distinguish moderate 
from major impact, for example.

 52 dBA is an informative sound level for visitor impacts because it 
relates to common communication levels of the human voice.  EPA 
1974 speech interference guidance (broadly supported by scientific 
studies) indicates that a raised voice at 10 meters and a relaxed voice at 
2 meters are interrupted at 52 dBA or more.  

 An established EPA reference for speech interference was used for 
baseline values (table 4-1, 1981 Noise Effects Handbook). This table 
was extended by assuming that spherical spreading dominates the loss 
of speech level with distance. The formula used was dBA@1m -
20*log10(R) for speech between subject separated by R meters. The 

 The rationale using the EPA levels document does not explain why 
the impact intensity should be based on 95% SI for one situation (2 m 
relaxed) and 99% SI in the other (10 m raised voice).

 While Aasvang and Engdahl 1999 is cited as finding 50 dBA 
unacceptable, Aasvang and Engdahl 2004 moved away from aircraft 
LAeq to LAe and found: “The best-fit regression lines shows that 50% 
‘not acceptable’ ratings were reached at the sound exposure level of 
approximately LAE 80 dB.

 The rationale does not establish on how the Aasvang and Engdahl 
studies of responses of visitors to local recreational areas near a 
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Rationale Concerns about Rationale

same 95% SI was used in both instances.

 The raised voice at 10 meters is roughly equivalent to a park ranger 
giving an interpretive talk as well as any situation with a raised voice at 
a distance, including many situations with hikers on a trail. Park 
interpretive programs are provided mostly in the developed and non-
wilderness zones, but river trips and some other wilderness zone 
activities may involve communication to groups.  Interpretive programs 
may be conducted by park rangers, tour guides, river guides, or any 
person in a group.  

 The interference with a relaxed voice at 2 meters applies to persons 
in proposed wilderness and non-wilderness areas using a hushed voice 
to communicate with each other (such as at camp or at a rest stop along 
a trail), and to persons in all but the noisiest park locations conversing 
quietly.  Providing a quality environment for conversations among 
family and friends, as well as opportunities to experience the natural 
soundscape, are important objectives in all management zones.

 Aircraft noise at or above 52 dBA is also among the ‘loudest” noise 
that visitors will experience in much of the park and other lands within 
the SFRA.  GRCA field data indicate that aircraft overflight events at 
52 dBA or more rarely last longer than 20 seconds before they drop 
below 52 dBA, and that they are a minority of the overflight events at 
the park.  They thus provide an indication of the events that would tend 
to have the greatest impacts on visitor experience opportunities.

 In informal talks with Kurt Fristrup, NPS interpretive rangers 
indicate that they become annoyed with one interruption of their 
programs due to overflight noise, while visitors complain when there 
are two interruptions per interpretive presentation.  Assuming a 30 
minute interpretive talk in the developed zone, a major impact is set at 
12 minutes between 52 dBA events (resulting in up to five events above 
52 dBA per hour, or more than two interruptions per 30 minute talk).  
The values are increased by factors of three (e.g., for the developed
zone, 12*3 = 36, 36*3 = 108) consistently for each zone.  The same 
factors are used in the same way with time above 35 dBA (see below).    

commercial jet airport are relevant to air tour aircraft operations in 
GCNP.

 The GRCA field data is not a generally available source and no 
statistics are provided to support: “52 dBA events rarely last more than 
20 seconds.”

 None of the scientific studies cited in the rationale or on the 
spreadsheet provide the basis for transition of impact intensities 
thresholds from Major to Negligible.

 The St. George Replacement Airport FEIS is not a scientific study.  
It recites the results of the aircraft noise analysis and does not place any 
particular import on any of dB thresholds used (20, 25, 45, 55, and 65 
dBA). St. George picked a range of values without putting significance 
on any one value. This value was used to show “changes,” not impact.

 NPS regulation 36 CFR 2.12 prohibits operation of motorized 
equipment or machinery  or an audio device that exceeds a noise level 
of 60 dBA at 50 feet and is analogous to municipal noise disturbance 
ordinances, which do not apply to aircraft overflights.

 The Mt. Rushmore EA is not a scientific study.  The referenced 
usage was based on NPS’s desire to calculate speech interference with 
ranger talks based on NPS’s estimates of average crowd size and 
maximum distance from the ranger at Mt. Rushmore—resulting in 
speech interference at 52 decibels.  No intensity values (negligible, 
minor, moderate, or major) were assigned.  
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Rationale Concerns about Rationale

 FAA and NPS have agreed to use the time above 52 dBA metric in 
the Mt. Rushmore Air Tour Management Plan Draft EA. The St. 
George Municipal Airport FEIS analysis (Landrum and Brown, 2006) 
used number of events contributing to time above 20 dBA, 25 dBA, 35 
dBA, 45 dBA, 55 dBA, 60 dBA, 65 dBA.  These relate specifically to 
the events per hour and the percent of visitors experiencing a number of 
events at 35 dBA and 52 dBA in this analysis.

 Aasvang and Engdahl 1999, 2004: on the second day of their study, 
more than half of the subjects found aircraft sounds exceeding 50 dBA 
to be unacceptable.

 In NPS regulations (i.e., 36 CFR 2.12), equipment may not exceed 
60 dBA at 50 feet distance from the source.  Because tour aircraft are 
almost always much more than 50 feet above ground level in the park, a 
level of 52 dBA is considered roughly analogous to the 60 dBA sounds 
prohibited by NPS regulations.

 Time above decibel-level metrics have been used in many contexts 
for many environmental documents.  EPA 1974 (Table D-10) cites 
three references that recommend 35 dBA as a criterion for rural outdoor 
spaces, and it also references appropriate background noise for 
churches, rural outdoor areas, etc. that range from 35-45 dBA.  

 The St. George Municipal Airport FEIS analysis (Landrum and 
Brown, 2006) used number of events contributing to time above 20 
dBA, 25 dBA, 35 dBA, 45 dBA, 55 dBA, 60 dBA, and 65 dBA as a 
daily measure of impact.  These relate specifically to the events per 
hour and the percent of visitors experiencing a number of events at 35 
dBA and 52 dBA in this analysis.

 For the minutes of wait between 35 dBA events, 10-minutes was 
chosen as the event-free interval to use in the analysis because (1) it is a 
reasonable time period that people can relate to, (2) it lends itself to 
calculating periods of time needed to wait for such an event-free 
interval from the modeling results, and (3) the relative impact level 
rankings of alternatives are not expected to be very sensitive to the 
choice of this interval.  In other words, this parameter provides a 

 The GRCA field data is not a generally available source and no 
statistics are provided to support: “35 dBA events average about 4 
minutes.”

 The St. George Replacement Airport FEIS is not a scientific study.  
It recites the results of the aircraft noise analysis and does not place any 
particular import on any of dB thresholds used (20, 25, 45, 55, and 65
dBA). St. George picked a range of values without putting significance 
on any one value. This value was used to show “changes,” not impact.

 While EPA 1974 is the cited as the source of the 35 dBA threshold, 
none of the scientific studies cited in the rationale or on the spreadsheet 
provide the basis for transition of impact intensities thresholds from 
Major to Negligible.



5

Rationale Concerns about Rationale

convenient basis for interpretation, and changing the value of this 
parameter is not expected to change comparisons of impact across 
alternatives.

 HMMH 1993 (Dose-Response) and Miller 1999 (Noise Control 
Engineering Journal, Vol. 47 No. 3, May-June 1999, “The effects of 
aircraft overflights on visitors to U.S. National Parks”)  determined that 
at short hike sites about 25% of visitors are likely to report interference 
with natural quiet when aircraft are audible about 5% of the time.

 Krog and Engdahl 2004 shows a relationship between percent time 
audible and annoyance.  Schomer and Wagner 1996 indicates that 
noticeability is a significant variable in predicting annoyance.  
Horonjeff and Anderson 2005 used the amount of time a visitor must 
wait for a specified noise-free interval.

 The Colorado River Management Plan FEIS 2005 (GRCA) used 
percent time audible, with less than 5% time audible as negligible, 5-
10% time audible as minor, 10-25% time audible as moderate, and 
more than 25% time audible as major in the zone equivalent to the 
wilderness zone in this EIS.   For the zones equivalent to the non-
wilderness zone in this EIS, the CRMP FEIS used 10% or less time 
audible for negligible, 10-15% time audible for minor, 15-30% time 
audible for moderate, and more than 30% time audible for major.

 The Glen Canyon NRA Personal Watercraft Use FEIS (2003) also 
used percent time audible.  The time audible metric is also supported by 
HMMH 1993, the NPS Report to Congress 1995 (e.g., dose-response 
surveys on p.149), Miller at al 1999, Rapoza et al 2005, and Fidell et al 
1996.

 For the wilderness zone, the time audible thresholds are less than 
5% for negligible, and 5-10% for minor, which are both the same as in 
the CRMP FEIS, Winter Use Plan FEIS, HMMH 1993 and Miller 1999 
as discussed above.  Moderate is 10-25% and major is greater than 25% 
which is the same as in the CRMP and which is linked to the 25% time 
audible inherent in the definition of substantial restoration of natural 

 HMMH 1993 is the source of the relationship between aircraft 
audibility and the percentage of short hike visitors likely to report
interference with natural quiet that is cited in the rationale. The graph of 
that relationship is found in Figure E.3 of the report [pg. 19] and the 
relationship between aircraft audibility and visitor annoyance is found 
in Figure E.2 [pg. 18].  Exhibit 2 contains graphs that translate the 
proposed impact intensity thresholds for aircraft audibility into percent 
of the visitors annoyed and percent interfered. By this interpretation of 
the report findings, higher percentages of visitors to the Non-
Wilderness Zone are impacted.

 FEIS’s are not scientific studies.  One should cite the scientific 
study that was used as a basis for including metrics and impact criteria 
in a FEIS, but not the FEIS itself.

 The findings of HMMH 1993 are not applicable to the Wilderness 
Zone.  Citing this study, the NPS Report to Congress (1995) states:

“All study areas were located where visitors were in the area for periods 
of 2 hours or less. The results have not been tested for visits of much 
longer duration, such as daylong or overnight stays, though sites with 
longer visit durations of up to four to five hours can probably be 
analyzed accurately.” [Sec. 6.4.3 Limitations, pg. 6.24]

 Two of the visitor response studies cited as supporting percent time 
audible, Miller 1999 and Rapoza 2005, actually proposed other metrics.

 Miller 1999, which summarizes the methods and results of 
HMM&H 1993 and the later study at White Sands National Monument, 
proposed a quantitative method using in combination of percent of time 
audible and difference in Leq not percent time audible alone. [Sec. 5 
Judging Relative Intrusiveness, pp. 116-117]

 Rapoza 2005 found that the metric chosen for the impact threshold, 
percentage of time aircraft audible (%TA), was not the overall best 
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Rationale Concerns about Rationale

quiet at GCNP.  

 The NPS Report to Congress (1995) on page 182 states: “… the 
legislative history of Public Law 100-91 indicates that flight-free zones 
are to be large areas where visitors can experience the park essentially
free from aircraft sound intrusions, and where the sound from aircraft 
traveling adjacent to the flight-free zone is not detectable from most 
locations within the zone … .”  The use of the word “detectable” is 
synonymous with audible in this context, and therefore provides 
justification for using audibility in the wilderness zone.  

statistical performer falling behind %TAA, LAeq,1h , ΔLAE,Tac, and 
ΔLAE,Tresp [Sec. F.3, pg. 66].

 Rapoza 2005 suggests the added value of considering two noise 
metrics to assess visitor annoyance/interference. In this case the metrics 
are percentage of time above ambient (%TAA) and change in sound 
exposure due to aircraft (∆Lae, Tac). [Sec. 4 Application of Dose-
Response Relationships, pp. 27-28]

 Krog and Engdahl 2004 is not relevant to effects of air tour 
operations in GCNP because:

1. The authors clearly distinguish their study of local recreational 
areas with regular visitors to other studies in national parks and 
wilderness areas “that people typically travel for a distance to 
visit.” [1st par. Introduction, pg. 323];

2. Commercial jet aircraft arrivals and departures are the dominant 
noise sources not tour airplanes or helicopters [4th par. 
Acoustic Measurements, pg. 325], and;

3. The major contextual variable in this study is the movement of 
operations from one commercial airport to another, which is not 
applicable to the GCNP situation. [Sec. A Site Selection, 
pg. 324]

 Horonjeff and Anderson 2005 is the source of the average wait and 
event-free intervals parameters in the NPS intensity matrix.  However, 
the paper appears to be an incomplete study of cause without addressing 
the effect as noted by:

1. While the authors note that over 400 hours of source noise 
identification data has been logged in various studies in national 
parks, the findings of this paper are based upon a very small
portion of that data including 3 days of measurements at the 2 
GCNP sites, and;

2. The paper does not attempt to relate the constructed wait times 
against the visitor survey data that had been collected during 
the earlier studies.



Exhibit 1

Ex1-1

Average Minutes between 52 dBA overflight events
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Exhibit 1

Ex1-2

Minutes above 52 dBA per day
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Exhibit 1

Ex1-3

Average Minutes between 35 dBA overflight events
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Exhibit 1

Ex1-4

Hours above 35 dBA per day
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Exhibit 1

Ex1-5

Percent time aircraft are audible or noticeable
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Exhibit 1

Ex1-6

Average audible or noticeable flights per hour
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Exhibit 2

Ex2-1

20 3 hours 12 hours
30 minutes

NPS NEPA 
Intensity 

Threshold
Negligible Minor Moderate Major Negligible Minor Moderate Major Negligible Minor Moderate Major 

8% 13% 23% 5% 10% 20% 5% 15% 25%
noticeable noticeable noticeable noticeable noticeable noticeable audible audible audible

8% 13% 23% 5% 10% 20% 5% 15% 25%
noticeable noticeable noticeable noticeable noticeable noticeable audible audible audible

Effect Study

% Annoyed
Fig. E.2

HMMH 1993
3% 4% 6% >6% 11% 16% 22% >22%

% Interfered
Fig. E.3

HMMH 1993
10% 13% 17% >17% 29% 37% 45% >45%

IMPACT INTENSITIES FOR A 12-HOUR DAY APPLIED TO GROUND VISITOR EXPERIENCE THRESHOLDS
Park Zone DEVELOPED ZONE NON-WILDERNESS ZONE WILDERNESS ZONE

Average visit= Average visit = Average Visit =
Interpretive talk=

Percent time 
aircraft are 
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noticeable
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Not applicable according to the authors

0%

10%

20%

30%

40%

50%

60%

Pe
rc

en
ta

ge
 o

f V
is

ito
rs

Annoyance (Moderate to Extreme)

Developed Zone

Non-Wilderness Zone

Negligible Minor Moderate Major
0%

10%

20%

30%

40%

50%

60%

Pe
rc

en
ta

ge
 o

f V
is

ito
rs

Interference (Moderate to Extreme) with Natural Quiet

Developed Zone

Non-Wilderness Zone

Negligible Minor Moderate Major



Bibliography – cited References
for

Grand Canyon Overflight EIS Technical Team Expert Panels

36 Code of Federal Regulations, Section 2.12 Audio Disturbances.

Aasvang, G. M. and B. Engdahl 1999. Aircraft noise in recreational areas: A quasi-experimental 
field study on individual annoyance responses and dose-response relationships. Noise Control 
Engineering Journal 47(4): 158-162.

Aasvang, G. M. and B. Engdahl 2004. Subjective responses to aircraft noise in an outdoor 
recreational setting: a combined field and laboratory study. Journal of Sound and Vibration
276(3-5): 981-996.

Cote, S.D., 1996. Mountain Goat Responses to Helicopter Disturbance. Wildlife Society Bulletin 
24: 681-685.

Delaney, D. K., T. G. Grubb, P. Beier, L. L. Pater, and M. H. Reiser 1999. Effects of helicopter 
noise on Mexican spotted owls. Journal of Wildlife Management 63(1): 60-76.

Environmental Protection Agency. 1974. Information on Levels of Environmental Noise 
Requisite to Protect Public Health and Welfare with an Adequate Margin of Safety.

Federal Aviation Administration.  2006.  Record of Decision, Proposed Replacement Airport 
and Associated Airport-Related Development, St. George, Washington County, UT.

Fidell, S., L. Silvati, R. Howe, K. S. Pearsons, B. Tabachnick, R. C. Knopf, J. Gramman, and T. 
Buchanan 1996. Effects of aircraft overflights on wilderness recreationists. J. Acoust. Soc. Am.
100(5): 2909-2918.

Frid, A. 2003. Dall’s Sheep Responses to Overflights by Helicopter and Fixed-Wing Aircraft.  
Biological Conservation 110: 387-399.

Fristrup, K., L. Hatch, and C. Clark.  2003.  Variation in humpback whale (Megaptera 
novaeangliae) song length in relation to low-frequency sound broadcasts.  J. Acoust. Soc. Am.
113(6): 3411-3424

Goudie, R. I. and I. L. Jones 2004. Dose-response relationships of harlequin duck behavior to noise 
from low-level military jet over-flights in central Labrador. Environmental Conservation
31(4): 289-298.

Hall, T.  2001.  Hiker’s perspectives on solitude and wilderness.  International Journal of 
Wilderness 7(2): 20-24

Hammitt, W., K. Backman, and T. Davis.  2001.  Cognitive dimensions of wilderness privacy: an 
18-year trend comparison.  Leisure Sciences 23: 285-292.

HMMH.  1993.  Dose-Response Relationships Derived from Data Collected at Grand Canyon, 
Haleakala and Hawaii Volcanoes National Parks.   HMMH Report No. 290940.14.

Hollenhorst, S., E. Frank, III, and A. Watson.  1994. The capacity to be alone: wilderness solitude 
and growth of the self.  In J. Hendee and V. Martin, eds, International Wilderness Allocation, 
Management, and Research.  Ft Collins, CO:  International Wilderness Leadership (WILD) 
Foundation:  234-239.

Horonjeff, R. and G. Anderson.  2005.  Queuing for quiet – the natural Soundscape microstructure 
from a visitor perspective – II.  In Proceedings of Noise-Con 2005, Minneapolis, MN, Oct 17-
19, 2005.

Kariel, H.G. 1990. Factors affecting responses to noise in outdoor recreational environments. The 
Canadian Geographer 34(2): 142-149.



Krausman, P. R., M. C. Wallace, C. L. Hayes, D. W. de Young 1998. Effects of jet aircraft on 
mountain sheep. Journal of Wildlife Management 62(4): 1246-1254.

Krog, N. H. and B. Engdahl 2004. Annoyance with aircraft noise in local recreational areas, 
contingent on changes in exposure and other context variables. J. Acoust. Soc. Am. 116(1): 
323-333.

Landon, D., P. Krausman, K. Koenen, and L. Harris.  2003.  Pronghorn use of areas with varying 
sound pressure levels.  The Southwestern Naturalist  48(4): 725-728.

Miller, N. P. 1999. The effects of aircraft overflights on visitors to US National Parks. Noise 
Control Engineering Journal 47(3): 112-117.

National Park Service. 1995. Report on Effects of Aircraft Overflights on the National Park 
System.

National Park Service.  2005.  Final Environmental Impact Statement, Colorado River 
Management Plan.

National Park Service.  2006.  Management Policies.
National Park Service.  2006. Winter Use Plans Final Environmental Impact Statement,

Yellowstone and Grand Teton National Parks, John D. Rockefeller, Jr. Memorial 
Parkway.

Public Law 100-91.  1987.  National Parks Overflights Act.
Rapoza, A., G. Fleming, C. Lee, and C. Roof.  2005.  Study of visitor response to air tour and other 

aircraft noise in National Parks.  DTS-34-FA65-LR1.
Roggenbuck, J. and A. Watson.  1993.  Defining acceptable conditions in wilderness.  

Environmental Management 17(2): 187-197.
Schomer, P.D. and L. R. Wagner 1996. On the contribution of noticeability of environmental 

sounds to noise annoyance. Noise Control Engineering Journal 44(6): 294-305.
Stockwell, C. A. and G. C. Bateman, 1991. Conflicts in National Parks: A Case Study of 

Helicopters and Bighorn Sheep Time Budgets at the Grand Canyon. Biological Conservation
56: 317-328.

Volpe Center and Wyle Labs.  2004.  Grand Canyon National Park Sound Level Measurements of 
High Altitude Jet Aircraft.

Ward, D. H., R. A. Stehn, W. P. Erickson, and D. V. Derksen. 1999. Response of fall-staging brant 
and Canada geese to aircraft overflights in southwestern Alaska. Journal of Wildlife 
Management 63(1): 373-381.



Bibliography – References not Cited
for

Grand Canyon Overflight EIS Technical Team Expert Panels

Aasvang, G. M. and B. Engdahl 1999. Aircraft noise in recreational areas: A quasi-experimental 
field study on individual annoyance responses and dose-response relationships. Noise Control 
Engineering Journal 47(4): 158-162.

Anderson, L.M., Mulligan, B.E., Goodman, L.S., and Regan, H.Z. 1983. Effects of Sound on 
Preferences for Outdoor Setting. Environment and Behavior Vol 15 No. 539-566

Andersen, David E., Rongstad, Orrin J., Mytton, William R. 1989. Response of Nesting Red-Tailed 
Hawks to Helicopter Overflights. The Condor 91:296-299

Anderson, et el. 1993. Dose-Response Relationships Derived from Data Collected at Grand 
Canyon, Haleakala, and Hawaii Volcanoes National Park. NPOA Report No. 93-6 HMMH 
Report No 290940 14

Babisch, Wolfgang 2006. Transportation Noise and Cardiovascular Risk: Review and Synthesis of 
Epidemiological Studies, Dose-effect Curve and Risk Estimation

Beal, Diana J. 1994. Camper’s Attitudes to Noise and Regulation in Queensland National Park. 
Australian Parks & Recreation: Quarterly Journal of the Royal Australian Institute of 
Parks and Recreation Vol 30 No. 4, 38-40

Bleich, Vernon, et el 1994. Mountain Sheep Ovis Canadensis and Helicopter Surveys: 
Ramifications for the Conservation of Large Mammals. Biological Conservation 70 1-7

Booth, Kay L 1999. Monitoring the Effects of Aircraft Overflights on Recreationists in Natural 
Settings. Noise Control and Engineering Level Vol 47 Issue 3, 91-96

Brown, A.L. and Muhar, Andreas 2004. An Approach to the Acoustical Design of Outdoor Space. 
Journal of Environmental Planning and Management Vol 47 Issue 6 827-842

Cessford, G.R. 1999. Recreational Noise Issues and Examples for Protected areas in New Zealand. 
Noise Control Engineering Journal Vol 47 Issue 3, 97-103

Conomy, John T., Dubovsky, James A., Collazo, Jaime A., Fleming, W. James 1998.  Do Black 
Ducks and Wood Ducks Habituate to Aircraft Disturbance? The Journal of Wildlife 
Management. Vol 62 No. 3 1135-1142

Côté, Steeve D. 1996. Mountain Goat Responses to Helicopter Disturbance Wildlife Society 
Bulletin Vol. 24 No 4 681-685

Delaney, David K, et al 2002. Assessment of Training Noise Ipacts onthe Red-cockaded 
Woodpecker: Final Report US Army Corps of Engineers Engineer Research and 
Development Center Final Report

Dooling, R.J. et al Audibility Curves – Absolute Thresholds and Bandwidths Hearing in Birds and 
Reptiles 310-333

Downing, J. Micah and Stusnick, Eric 2000. Measurement of the Natural Soundscape in National 
Parks. Journal of the Acoustical Society of America Vol 108 No 5 Pt 2 2497

Fidell, Sanford and Silvati, Laura 2004. Parsimonious Alternatives to Regression Analysis for 
Characterizing Prevalence Rates of Aircraft Noise Annoyance Noise Control Engineering 
Journal Vol 52 Issue 2 56 – 68

Fidell, S and Pearson K 2003. Sensitivity to Prospective Transportation Noise Exposure Noise 
Control Engineering Journal  Vol 52 Issue 2 0736-2501

Fidell, Sanford et al 1996. Effects of Aircraft Overflights on Wilderness Recreationists Journal of 
the Acoustical Society of America Vol 100 No 5 2909-2918



Fidell, Sanford et al 2002. Insufficiently of an Environmental Sounds Power Spectrum as a 
Predictor of its Annoyance Noise Control Engineering Journal Vol 50 Issue 1 12-18

Fidell, Sanford et al 1998. Response to “Comments on ‘Effects of Aircraft Overflights on 
Wilderness Recreationists’” [J. Acoust. Soc. Am. 104, 1726 (1998)] Journal of the Acoustical 
Society of America Vol 104 No 3 Pt. 1 1729-1732

Giese, Melissa and Riddle, Martin 1999. Disturbance of Emperor Penguin Aptenodytes forsteri
Chicks. Polar Biology Vol 22 366-371

Goldstein, Michael I, et al 2005. Mountain Goat Response to Helicopter Overflights in Alaska 
Wildlife Society Bulletin Vol 33 No 2 688-699

Goudie, R. Ian 2006. Multivariate Behavioural Response of Harlequin Ducks to Aircraft 
Disturbance in Labrador Environmental Conservation 33(1) 28-35

Gramann, James 1999. The Effect of Mechanical Noise and Natural Sound on Visitor Exerpiences 
in Units of the National Park System Social Science Research Review Vol 1 No 1

Harms, Craig A., Fleming, W. James, and Stoskoph, Michael K. 1997. A Technique for Dorsal 
Subcutaneous Implantation of Heart Rate Biotelemetry Transmitters in Black Ducks: 
Application in an Aircraft Noise Response Study The Condor Vol 99 No 1 231-237

Hunt, Malcolm 1999. Management of the Environmental Noise Effects Associated with 
Sightseeing Aircraft in the Milford Sound Area, New Zealand Noise Control Engineering 
Journal Vol 47 Issue 4 133-141

Job, R.F. Soames and Hatfield, Julie 2001. The Impact of Soundscape, Enviroscape, and 
Psychscape on Reaction to Noise: Implications for Evaluation and Regulation of Noise Effects 
Noise Control Engineering Journal Vol 49 Issue 3 120-124

Katti, Madhusudan and Warren, Paige S. 2004. Tits, Noise and Urban Bioacoustics TRENDS in 
Ecology and Evolution Vol 19 No 3

Kempf, Norbert and Huppop, Ommo 1996. Auswirkungen von Fluglarm auf Wildtiere: ein 
kommentierterUberblick Journal fur Ornithologie 137 101-113

Krausman, P.R. and Harris, Lisa K. 2002 Military Jet Activity and Sonoran Pronghorn Z. 
Jagdwiss. 48, Supplement 140-147

Krog, NH and Engdahl B 1999. Aircraft Noise in Recreation Areas: Effects on Visitors’ Experience 
and Well Being Noise Control Engineering Journal Vol 47 Issue 4 147-149

Krog, Norum Hjertager and Engdahl Bo 2005. Annoyance with Aircraft Noise in Local 
Recreational Areas and the Recreatinists’ Noise Situation at Home Journal of Acoustical 
Society of America 117(1) 221-231

Lawler, James P. et al 2005. Short-term Impacts of Military Overflights on Caribou During Calving 
Season Journal of Wildlife Management 69(3) 1133-1146

Mace, Britton L., Bell, Paul A., Loomis, Ross J. 2004. Visibility and Natural Quiet in National 
Parks and Wilderness Areas Psychological Considerations Environment and Behavior Vol 36 
No 1 5 – 31

Mace, Britton L., Bell, Paul A., Loomis, Ross J. 1998. Aesthetic, Affective, and Cognitive Effects 
on Natural Landscape Assessment Society & Natural Resources 12:225-242

Miller, M.W., Grant, W.E., and Weller, M.W. 1993. A simulation model of helicopter disturbance 
of molting Pacific black brant Ecological Modelling 73 293-309

Nowacek, Douglas P., et al 2007. Responses of cetaceans to anthropogenic noise Manmal Review
Vol 37 No 2 81-115

Ouis, D., 2001. Annoyance from Road Traffic Noise: A Review Journal of Environmental 
Psychology Vol 21 101-120



Oxenham, Andrew J., and Moore, Brian C 1995. Additivity of Masking in Normally Hearing and 
Hearing-impaired Subjects Journal of the Acoustical Society of America 98 (4) 1921-1934

Oxenham, Andrew J., and Plack, Christopher J., 1998. Suppression and the Upward Spread of 
Masking Journal of the Acoustical Society of America 104 (6) 3500-3510

Paler, Angela G., Nordmeyer, Dana L., and Roby, Daniel D. 2003. Effects of Jet Aircraft 
Overflights on Parental Care of Peregrine Falcons. Wildlife Society Bulletin Vol 31, No 2 499-
509

Patricelli, Gail L. and Blickley, Jessica L 2006. Avian Communication in Urban Noise: Causes and 
Consequences of Vocal Adjustment The Auk 123(3) 639-649

Pepper, Christopher B., Nascarella, Marc A., and Kendall, Ronald J. 2003. A review of the Effects 
of Aircraft Noise on Wildlife and Humans, Current Control Mechanisms and the Need for 
Further Study Environmental Management Vol 32 No 4 418-432

Plack, Christopher J, Oxenham, Andrew J., and Drga, Vit 2006. Masking by Inaudible Sounds and 
the Linearity of Temporal Summation The Journal of Neuroscience 26(34) 8767-8773

Preis, Golebiewski 2004. Noise Annoyance Perception as a Function of Distance from a Moving 
Source Noise Control Engineering Journal Vol 52 Issue 1 20-25

Riddel, Mary and Schwer, Keith 2001. Grand Canyon Visitors: The Challenges of Regulatory 
Schemes for Balancing Alternative Interests Natural Resources Journal Vol 41 Issue 1 153-
169

Rudell, Edward, and Gramann, James 1994. Goal Orientation, Norms, and Noise-Induced Conflict 
among Recreation Area Users Leisure Sciences Vol 16 Issues 2 93-104

Sheikh, P.A. and Uhl C. 2003. Letter to the Editor Airplane Noise: A Pervasive Disturbance in 
Pennsylvania Parks, USA Journal of Sound and Vibration 274 411-420

Stalmaster, Mark V. and Kaiser, James L 1997. Flushing Responses of Wintering Bald Eagles to 
Military Activity The Journal of Wildlife Management Vol 61 No 4 1307-1313

Staples, Susan L. 1998. Comment on ”Effects of Aircraft Overflights on Wilderness Recreationists” 
[J. Acoust. Soc. Am. 100, 2909-2918(1996)] Journal of the Acoustical Society of America
104(3) Pt. 1

Stokes, J. Barry, Leese, David J., and Montgomery, Steven L 1999. Citizens Get Relief from 
Recreational Noise: The case in the Skies from Hawaii Noise Control Engineering Journal
Vol 47 Issue 4 142-146

Stokowski, Patricia A. and LaPointe, Christopher B 2000. Environmental And Social Effects of 
ATVs and ORVs: An Annotated Bibliography and Research Assessment School of Natural 
Resources University of Vermont

Sutherland, Louis C. 1999. Natural Quiet: An Endangered Environment: How to Measure, 
Evaluate, and Preserve It Noise Control Engineering Journal Vol 47 Issue 3 82-86

Tarrant, Michael A., Haas, Glenn E., Manfredo, Michael J 1995. Factors Affecting Visitor 
Evaluations of Aircraft Overflights of Wilderness Areas Society and Natural Resources Vol 8 
Issue 4 351-360

Trimper, Perry G et al 1998. Effects of Low-level Jet Aircraft Noise on the Behaviour of Nesting 
Osprey Journal of Applied Ecology 35,122-130

Västfjäll, Daniel 2002. Influences of Current Mood and Noise Sensitivity on Judgments of Noise 
Annoyance The Journal of Psychology 136(4) 357-370

Vittersø, Joar 2004. Recreational Conflict Is Affective: The Case of Cross-Country Skiers and 
Snowmobiles Leisure Sciences Vol 26 227-243

Voorhees, Philip H. and Krey, Lindsay Prevalence and Severity of Overflights on US National 



Parks: Results of the 1998 Survey of National Park Superintendents Noise Control 
Engineering Journal Vol 47 Issue 3 107-111

Wallenius, Marjut A. 2004. The Interaction of Noise Stress and Personal Project Stress on 
Subjective Health Journal of Environmental Psychology Vol 24 167-177

Weisenberger, Mara W et al 1996. Effects of Simulated Jet Aircraft Noise on Heart Rate and 
Behavior of Desert Ungulates The Journal of Wildlife Management Vol 60 No 1 52-61

Yang, W. and Kang, J. 2005. Acoustic Comfort Evaluation in Urban Open Public Spaces Applied 
Acoustics 66 211-229



Appendix F
Summary Notes from Wildlife Expert Panel 

Teleconference



1

GRAND CANYON OVERFLIGHTS
WILDLIFE EXPERT PANEL TELECONFERENCE

Date:  September 15, 2008; 1pm-5pm EST

Attendees:
(GRCA NPS): Rick Ernenwein, Ken McMullen, Sarah Falzarano, Gopaul Noojibail
(Natural Sounds NPS) Kurt Fristrup
(FAA) Becky Cointin, Paul Joly
(FAA Consultant) Tom Connor
(Volpe Center) Cyndy Lee, John Wolfe
(Hubbs Sea World) Ann Bowles
(University of Maryland) Robert Dooling
(University of Montana) Paul Krausman
(U.C. Davis) Gail Patricelli and Jessica Blickley
(WASHMan LLC) Ed Cleary

Quick walk-through of spreadsheet and rationale by NPS:

 Rick Ernenwein: The NPS and FAA are working together on an EIS for regulation of the airspace 
over Grand Canyon National Park to achieve substantial restoration of natural quiet.  The EIS must 
meet both FAA and NPS NEPA requirements.  The focus of today’s discussion is to help meet 
NPS requirements to classify impacts into four categories (Negligible, Minor, Moderate, Major) 
whenever possible; the FAA does not have such a requirement.  We hope the panel members will 
help the agencies to assess the scientific strength of the quantitative measures proposed in the 
spreadsheet and other materials sent to the panel members.  The three proposed metrics are shown 
in the left-hand column (LAeq, Average Minutes between Overflights, Meters Distance to Aircraft),
and the NPS impact categories are shown on the top line.  These metrics are proposed for use in 
evaluating seven alternatives (A-G).

 Ann Bowles: What are other possible metrics?
 Cyndy Lee: In the noise modeling, we are computing 3 standard metrics: Time Audible, Leq, and 

Lmax (Maximum Sound Level).
 Rick Ernenwein:  Beyond the six proposed and standard metrics, other metrics may also prove 

useful.  But the three metrics in the proposed spreadsheet seemed to us to have the best basis for 
setting thresholds related to the four impact categories.  Other metrics may also be included in the 
analysis for comparison purposes without trying to place them into one of the four impact 
categories.  Values for any metrics other than the 3 standard metrics would have to be calculated 
separately from the modeling.

 Ed Cleary: Majority of literature citations provided by NPS are not applicable to the discussion.  
Species studied do not occur in the GCNP.  Tabled to later discussion.

Identify the top two priorities of each panelist for this discussion, based upon the questions 
and/or observations previously provided to the panel:
Ann Bowles:

1. Measurements used for outcomes are not necessarily reflective of impact to each animal.  
What’s disturbing to animals does not necessarily universalize across species.  How do we 
choose what responses are relevant for specific species - heart rate, startling, flushing?

2. LAeq does not account for the timing of the noise.  The relationship between level and timing is 
important.
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Bob Dooling:
1. Echoes the variability among species that Ann talks about above – may not be represented by 

the studies of individual species cited.
2. Clarification on what kind of masking we are talking about, and was the upward spread of 

masking a concern?
Paul Krausman:

1. What type of aircraft and noise levels are we talking about?
2. What type of response from the animals are we talking about?  We’re applying human response 

weightings to animals.  We need to consider the species we’re dealing with and what 
behavioral activity we are trying to protect.  Productivity and recruitment are what’s most 
important.  Large species easily habituate.

3. Need an acoustical scientist on board to understand the acoustical complexities.
Gail Patricelli:

1. A twelve-hour LAeq is averaged over a long window of time and misses the variance of the 
timing and duration of the noise.  The timing when important wildlife events occur is 
important, so a metric that captures timing should be considered.

2. Two concerns on “Average Minutes between” metric: The timing of intervals and rate of 
disturbance—a 2-minute duration combined with 2-minute interval leaves no recovery time and 
potentially represents a huge impact; the moderate range includes wide variance, 2.1 minutes
and 15 minutes in the same category.

Ed Cleary:
1. The type of aircraft is relevant.  Question whether an animal’s reaction to military jet aircraft is 

applicable to NPS scenarios and matrixes designs?  Military jet aircraft do not fly sorties 
through the Canyon.

2. Concerned about the applicability of the reactions of the animals in cited studies: for example, 
how does humpback whale response relate to species in the National Parks?  Many species 
cited in studies do not occur in the Park.

Discuss priority topics, with recap every 30 minutes, and a 5-10 minute break as needed

Initial priority issue introduced by Ann Bowles:
1.) Measurements used for outcomes are not necessarily reflective of impact to each animal.  What’s 
disturbing to animals does not necessarily universalize across species.  How do we choose what 
responses are relevant for specific species?
PAUL KRAUSMAN:  Most of the cited references are short term studies.  Need to look at productivity 
and recruitment over long timeframes; heart rate response and other responses cited are too short-term, 
but obtainable.
ANN BOWLES:  Habitat is difficult to factor into population studies.  In studies looking at compressor 
noise affecting hummingbird populations, these may not be the same species in the park, but general 
principles may be able to be applied across species.  That said, an Air Force study using two different 
flight lines also demonstrates the danger of using a limited data set.  Had they drawn conclusions from 
initial data set, they could have missed the obvious difference they learned on habitat condition from 
the second (i.e., animals in good habitat had little reaction, but animals in poor habitat reacted or 
moved in response to the noise).
ED CLEARY:  The pronghorn study results may have been coincidental because the areas that were 
greater than 55 dBA also had the highest military activity – not necessarily overflights.  The activities 
included straffing and bombing.  Do consistently used bombing sites predispose animals to avoid the
flight lines?  
PAUL KRAUSMAN:  They found that bombing may create beneficial effects – e.g., craters that hold 
water.  The bombing runs were in highly concentrated areas.  Broadly speaking, military overflights 
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are more common than the military will admit to in the desert southwest.  It was difficult to find a 
control area with no overflights.  A wildlife monograph with SPL’s for a huge area of the Goldwater 
Range should be included in the bibliography.
ANN BOWLES:  Seasonal insect noise can exceed levels described in the study.  How has NPS
separated anthropogenic noise from natural (masking) sources like these?
BOB DOOLING:  In a recent review of traffic noise effects on wildlife for CalTrans, sound is not 
separate from other effects of whatever creates the sound. For instance,  there is the sight of aircraft, 
possibly vibration and downwash from helicopter rotors, odors, etc. that go along with sound pressure 
levels.  Consideration of these effects (beyond sound pressure level) may seem less scientific because 
they are not as easily quantified as is sound pressure level but may be very important. These 
combinations of effects lead to a complex stimulus that might have wildly different significance
between species.  The content of the message in the sound may be very important (e.g., danger), but 
may not have anything to do with the level.
PAUL KRAUSMAN:  Animals respond significantly to visuals and vibrations of helicopters, but short 
duration jet overflights are quickly habituated to; this was demonstrated in captivity study.  Relating 
impacts based on human hearing is a plausible technique to use at GRCA; and the level of sound/noise 
is only one of the many habitat factors that need to be assessed/addressed.  For example, the length of 
time of the “contact” of a species with a noise source may be important. 
GAIL PATRICELLI:  How critical is it to separate the visual out from sound pressure level?
PAUL KRAUSMAN:  It depends on the objectives; for example, is breeding influenced?  Humans 
may have a very different response than wildlife to the same sound.
ANN BOWLES:  Habituation may occur; the animal may start conservatively in its reaction then adapt 
as the sound is repeated.  Key question is will any of this impact the animals, that is to say, will it keep 
them from doing something that they need to do (e.g., hunt, avoid predators, and communicate)? What 
is the animal trying to accomplish?
GAIL PATRICELLI:  Habituation is an impact.  There are no heart rate impacts on people by airports, 
but there are some long-term stresses and other effects; there ma be longer term effects when animals 
become habituated.  Oil drilling and road noise studies on sage grouse observed no visible startle 
response, but measured attendance at leks was greatly reduced for longer duration noise events.  
Drilling rig noise measured at 55 dBA at 16m, reduced attendance of males by 24% and females by 
40% at those noisy leks.  Truck pass-by noise was around 55 dBA over a short interval.  Simply 
considering heart rate or flight responses of the birds would not represent these effects.
BOB DOOLING:  Cognitive or attentional variables in humans are significant when considering stress 
effects and impacts; we should probably assume that animals have similar phenomena but the issue is 
how do we measure those?
ED CLEARY: There are lots of airport studies.
ANN BOWLES:  Do we have an idea of the mechanism for changes in behavior?
GAIL PATRICELLI:  There is not necessarily a very good correlation between noise level and type of 
stress.  Impact of drilling rigs was not immediate - the younger birds were more likely to move than 
older (possibly habituated) birds.  Habituation to noise may “mask” other behavioral changes. There 
are few studies showing a link between noise-induced stress and habituation.
PAUL KRAUSMAN:  In pronghorn study, it was found that a mite infestation had deafened sheep, so 
the mountain lions had a picnic.  Obviously, this was not related to aircraft overflight impacts.
GAIL PATRICELLI:  Masking with loud music or chainsaw noise allows effortless sage grouse 
capture because footfall is not heard.
KURT FRISTRUP:  Some routes over the park are used so frequently that noise is almost constant.
ANN BOWLES:  We empathetically say “Oh, we’ve scared the animals;” but it is more important to 
ask, is the noise causing them to not do something they need to do?  We should be looking at the 
animals’ ability to “function” under heavily used routes.
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BOB DOOLING:  Upward spread of masking is where energy from a low frequency region affects the 
detection of a sound in a higher frequency region. This is always a concern but probably not too 
relevant here. Depends on the spectra of the noise – most of these noises probably have low frequency 
energy along with a significant amount of energy at higher frequencies. So, the contribution of energy 
at low frequencies to the total masking is probably negligible. This is also probably more of an issue 
for mammals than birds, who show less upward spread of masking. 
ANN BOWLES:  Hard to know how loud the individual events are that contribute to LAeq.  Metrics 
like LAMAX or peak levels may be more important.  When is the noise source occurring, what are the 
animals listening for, what other noises are competing (song bird noise)?  It is possible that a masking 
effect is occurring where air tour noise levels meet or fall within the range of frequencies used by 
animals to communicate, etc., (e.g. where animal hearing range overlaps with aircraft noise frequency 
range). Has anyone tried to determine audibility of the ambient for these areas?
KURT FRISTRUP:  For humans yes.  [Spectrograms of measured sound levels in Grand Canyon were 
then shown to panel members.  Aircraft overflights were apparent.]
GAIL PATRICELLI:  Why the apparent 8am start-up for helicopter overflights?
SARAH FALZARANO:   For the east end of the park, there is a curfew.  For a variety of reasons, it’s 
1 hr. after sunrise and 1 hr. before sunset.
BOB DOOLING:  Upward spread of masking appears not so relevant; energy looks spread across a 
wide  spectrum in these spectrograms.
KURT FRISTRUP:  [Because the issue of limited data was discussed earlier, published CEQ 
regulation on incomplete or unavailable information was then displayed on screen.]

Second priority issue introduced by Ann Bowles:
2.) LAeq does not account for the timing of the noise.  Level and timing is important.
ANN BOWLES:  Is average minutes a better metric than LAeq?  The noise in the spectrograms 
occupies a lot of an animal’s day.  Is average minutes also calculated over a 12-hour day?  [Sarah 
answered yes].
GAIL PATRICELLI:  Could use of “exceedence” of threshold levels illustrate this dynamic (i.e., what 
proportion of the day a threshold value is exceeded)?
KURT FRISTRUP:  Percentage time exceeded will be expressed; LAeq is 12 hour average, 7am-7pm.
ANN BOWLES:  Barry Goldwater range numbers should be taken with a grain of salt; 45 dBA is 
relatively low, baseline ambient should be referenced; LAeq is useful for constant transportation noise, 
for intermittent overflights, it is less useful.  Exceedences may be more useful.
KURT FRISTRUP:  Noise distributions in these places can be modal.
SARAH FALZARANO:  Ambients within GCNP are quite low even with insect noise and 
thunderstorms.  The median sound levels are on the order of 20 dBA.  These levels are near the noise 
floor for the equipment – about 17 dBA.
GAIL PATRICELLI:  Why the 10 dB increment between 35 and 45 dBA thresholds in the matrix?
SARAH FALZARANO & KURT FRISTRUP:  35 dBA is from literature related to indoor sound 
environments.  The 10dBA increase corresponds to a 3-fold increase in detection, 10-fold increase in 
area.
BOB DOOLING:  When talking about a 35 dBA or 45 dBA noise threshold, it would be very helpful 
to know what the ambient level is measured the same way. If it’s 20 dBA, that seems low. The relation 
between the ambient level and the level from anthropogenic sources is what’s important. There is 
always masking in the real work so if the anthropogenic noise is above the ambient noise level, there 
will be additional masking.
ANN BOWLES:  Song birds are generating in this level range, and these are the kind of times that we 
know that owls are avoiding.  Need to specify which species; there will not be metrics and values 
applicable to all species.  How do we calculate an average level applicable to a broad range of species?  
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We have to know something about the species and what frequencies are important for important 
behavior (e.g., vocalization for territory).
BOB DOOLING:  Use a combination of detection level threshold and known masking levels and 
critical signal-to-noise ratios for relevant species to calculate distance for a rough idea of impact 
(described in CalTrans report). A lot can be gained by using a human (hearing) as a starting data point, 
and then use measure species-specific signal-to-noise ratios (where they are available) to approximate 
the limits where they are available.
GAIL PATRICELLI:  With all species present, which signal-to-noise ratio would you choose – the 
most sensitive or what other?
BOB DOOLING:  It’s probably best to take the median; the worst signal-to-noise ratio is probably the 
most conservative in terms of risk to species.
KURT FRISTRUP:  Suppose we have all the data we need:  What criteria could we use, in this case, to 
determine levels of disturbance?
BOB DOOLING:  Remember, signal-to-noise ratios are from laboratory measurements done under 
optimal listening conditions (i.e. no distractions, etc.). You could add a few dB for outside conditions. 
Then a few more dB if your are talking about sound recognition as opposed to just detection, etc.  No 
one has measured that for an animal, so can only assume that it would be similar to human ranges.  It’s 
not a matter of detection but of discriminating and interpreting meaning; for example, at what level 
does it become difficult to communicate?  The masking principles in the CalTrans report might be 
useful.  The noise needs to be above the ambient level first, then the threshold of hearing for the 
organism.  The key is to get the spectrum level, not the overall level.
ANN BOWLES:  In a European study on songbirds singing near roads, birds raised their vocalization 
levels in reaction to traffic, even if traffic isn’t there.  How often does something need to come by 
before birds start raising their voices?  
BOB DOOLING:  In the laboratory, birds raise the level of their vocalizations immediately (as do 
humans) when the noise level increases.    There are short-term and long-term adaptations.

Other comments regarding the other metrics in the matrix: 
GAIL PATRICELLI:  Regarding the “average minutes between” metric, immediate heart rate response 
is a limited indicator; also 2 minute duration combined with 2 minute interval leaves no recovery time 
between events and represents a huge impact.  The percent time needs to be related to the timing of 
events. Having 2.1 minutes or 13 minutes of recovery in the same window (moderate category) may 
be trying to capture too much variation in one category.
ANN BOWLES:  Behaviors like predator avoidance and attacks from predators are important to 
consider, and vary depending on species.
GAIL PATRICELLI:  In preparation for this call, I asked a colleague what hormonal responses 
correspond to the heart rate responses described in sheep study.  Colleague described the adrenal and 
pituitary hormone stress responses as more lengthy than heart rate responses, and possibly more 
impactful or detrimental to animal; but stressed that habituation occurs quickly.
PAUL KRAUSMAN:  The missing question is what it means to the animal. Heart responses tend to be 
short term, but pituitary and hormonal responses last longer.  Stress is not necessarily bad. 
BOB DOOLING:  Stress responses are murky and tricky to describe and/or quantify and difficult to 
tease out from habituation or behavioral responses.
ED CLEARY:  Sheep study (Krausman, et al. 1998 JWM 62(4)) showed a wide variation of heart rate 
responses, what is significance?  Also, only one showed 2 minutes, whereas most showed less than 1 
minute.  “However, all heart rates...were within the range of heart-rate values...in various activities 
prior to being exposed to any subsonic noise.” (Krausman, et al. 1998).
PAUL KRAUSMAN:  Looked at heart rate only; couldn’t look at productivity and recruitment.  
Elevated heart rates were initial rates; later the animals ignored the aircraft.
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ANN BOWLES:  Recent allostasis studies consider the question “Are the changes outside of the 
normal range?”  Only start to get concerned if the change is outside the normal range.  A change may 
simply indicate that the organism is alive.  Not many studies with this focus have been made.
ED CLEARY:  Did the aircraft overflight have any effect in the pronghorn study?  
PAUL KRAUSMAN:  Not many behavioral effects from fixed-wing overflights, maybe only two 
flights a year; a major crash and large convoy pass-bys were the only events that had any measurable 
behavioral effect.  The physical presence of aircraft and the sound levels they generate have not 
significantly altered behavior in the studies I have been involved with.
ED CLEARY:  [Comment made in reference to Mt. Goat response to helicopter approach.]  Are 
helicopters used to “mark” the animals?  Do they have some other reason to respond to them?  
PAUL KRAUSMAN:  Helicopters were used to capture and mark the Mt. Goats.  The animals had 
learned to fear the aircraft.  Downwash, vibration - helicopters are usually more impactful than fixed-
wing overflights.  Visual cues may have more of an effect on the animal if aircraft use is associated 
with previous area activity (mark/recapture, herding, tagging, etc.).
GAIL PATRICELLI:  In the 1993 Bunch study, large animals habituated to many things, but low-level 
helicopter and fixed-wing flights were never habituated to.  What kind of overflights are we discussing 
here?  Are the GCNP tours this low?
RICK ERNENWEIN:  In some places along the rim areas at GCNP, helicopters can be less than 300 
feet above the ground level, and fixed wing 500 to 1000 feet above the ground level.
[ED CLEARY new comment:] It is interesting that large animals did not habituate to low-level 
helicopter and fixed wing aircraft. Goudie and Jones (2004) reported, “Behavioral responses of 
harlequin ducks to military jets were 23 times stronger that their responses to floatplanes, helicopters 
and military cargo planes, and the significant interactions of aircraft types noise indicated that noise 
may be the primary stressor affecting behavior.”)
ANN BOWLES:  Are they reacting to the closeness of the flight itself, or because it is a different 
stimulus than normal?  Experimental flights for the purposes of a study are atypical events, whereas air 
tours are typical events; animals in studies may react to experimental flights because they are unusual,
whereas they wouldn’t react to air tours.
SARAH FALZARANO:  Habituation is a delicate issue for the park service; does the panel think that 
habituation is a good thing to allow in the parks?
ANN BOWLES:  Isn’t that the same as the park asking the animals to admit the presence of predators 
into the habitat?
KURT FRISTRUP:  No, some parts of parks are closed to humans for exactly that reason, to prevent 
impact to habitat.
BOB DOOLING:  Impacts may depend upon the difference between noise levels and ambient levels.  
A threshold might be x level above the ambient.  Where did the 10 and 15 dBA numbers in the Leq
contour graphics in the background material come from?  Are they calculated?  
CYNDY LEE:  Yes, they are calculated using the FAA’s INM noise model. 
PAUL KRAUSMAN:  Must be calculated, since most sound level measurement devices can’t measure 
that low.  There could be some significant masking happening at only 15 or 20 dB above ambient.
GAIL PATRICELLI:  To make these things generalizable to other parks, you could relate it to ambient 
noise level, which will vary between parks.

Break 3:30-3:35pm

Return to Discussion 3:35pm
Priority issue introduced by Ed Cleary: Do we have thresholds that are applicable to the species in 
the Grand Canyon?
(Also, other questions that were spontaneously asked.)
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KURT FRISTRUP:  Before we address that, can we address a fundamental question:  Does the panel 
feel that there are reasonably foreseeable adverse effects to wildlife in the park from the levels we have 
shown in the graphs and other references for this panel?   If the answer is no, we can strike this matrix 
and end this discussion.
GAIL PATRICELLI:  I wouldn’t go that far; I don’t think we can rule out impacts.
PAUL KRAUSMAN:  We couldn’t say “No effects.”
ED CLEARY:  There are effects; the question is how adverse are the effects?  The literature (provided 
by NPS) may not be applicable.  The vast majority is for species that do not occur in the park.
GAIL PATRICELLI:  Can we make predictions generalizable based upon what we know, even if the 
animals are not in the park?  In the absence of perfect data, isn’t this good enough?
ED CLEARY:  To describe general principles yes, but making (setting) specific threshold limits 
(aircraft approach distance, duration, time between overflights, noise levels, etc.) using species that do 
not occur in the Park, no.
PAUL KRAUSMAN and BOB DOOLING:  Surrogate species do not hold.  Difficult to cut across 
species.
ANN BOWLES:  Short term intermittent sounds appear in studies, not the sustained time frames 
relevant to the park; this is the biggest deficiency; need to establish duty cycle.
ED CLEARY:  Measurement of wildlife responses to military aircraft is not applicable to wildlife 
response to (civil) aircraft in the Park.
PAUL KRAUSMAN:  None of these studies are long enough to study productivity and recruitment, 
and distribution.
GAIL PATRICELLI:  Agrees with the above, but there is a need under NEPA to come up with 
something.
ANN BOWLES:  What about time?  Duty cycle is probably the most important factor.  Studies to date 
have not found long-term effects; most work has used short-term studies to set the duty cycle.
BOB DOOLING:  Are there specific animals you’re studying?
KEN MCMULLEN:  Mexican spotted owls; raptors (eagles and peregrine falcons); song birds;
ungulates (elk, deer, bighorn sheep)
BOB DOOLING:  Suggestion is to delineate the duty cycles for thresholds for the data, describe 
anything outside those areas as an approximation.
GAIL PATRICELLI:  Where did the four threshold descriptions come from?
KURT FRISTRUP & RICK ERNENWEIN:  The four categories are required by NPS to describe the 
timing and severity of impacts.
ANN BOWLES:  Suggested going through available literature and trying to define duty cycles.
BOB DOOLING:  Duty cycle could have different meanings depending on the type of effect you’re 
talking about—flushing, spooking, heart rate, masking.
ANN BOWLES:  Single disturbance is often just a part of normal life.  I have looked at high level 
sounds and their effects, and adaptation to deal with the sound source seems to be the major issue.
KURT FRISTRUP:  We don’t have to worry about hearing damage, correct?
BOB DOOLING:  Not as far as I could tell.
KEN MCMULLEN:  Does this poverty of information mean we can’t say anything at all?  What can 
we use? How?
BOB DOOLING:  I want to stress again the value of using a human; it’s better than guessing based on 
a species that doesn’t belong there.  Nice thing about humans is that you can ask them questions and 
humans have among the best signal to noise ratios among all animals. If humans can’t hear it, other 
animals can’t either.  Using surrogates is just shooting in the dark.
GAIL PATRICELLI:  The LAeq thresholds are supported by one study lacking some critical 
information, but the values that emerged don’t seem reasonable as a starting point.  I don’t know where 
else I would start.
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PAUL KRAUSMAN:  What’s the real problem that you’re basing this on?  Is it just the assumption 
that there’s aircraft in the area, so there must be a problem?  The obvious starting point might be the 
overflight causing a problem – but there has to be some problem noted in the wildlife.
ANN BOWLES:  People don’t want to get sued; people are really annoyed by this stuff.
BOB DOOLING:  For Fish & Wildlife, sometimes the position of “because we don’t know” is reason 
enough to look into it; they’ve leveraged that rationale quite aggressively and successfully.
KURT FRISTRUP:  We have a reasonable expectation that there are impacts, and that’s good enough.  
Knowing that birds have good hearing, that they use it to protect themselves, then the risk of masking 
is enough.

Question posed by Kurt Fristrup:  What’s the most compelling next study to pursue?  Are there 
better metrics or thresholds, and how can we defend the ones we’ve proposed?
PAUL KRAUSMAN:  How does the disturbance affect productivity and recruitment?  Does it do 
anything to the population?
BOB DOOLING:  Agree.  These are horrible studies to do, but important.  If you can’t show any real 
effects or impacts…
PAUL KRAUSMAN:  Sometimes you have to look at indirect information (e.g., Stockwell study).
ANN BOWLES:  Have to look at the animal over a “reasonable” time frame, not just the instances of 
stimulus.  What is causing the animals to make a change?  For example, in the bighorn sheep study, 
was there compensatory behavior in the 24 hours without stimulus?  Short-term versus long-term...
BOB DOOLING:  Not so hard to do auditory measurements of hearing and response using the species 
in the park; can be done with a laptop and tranquilized animal in an hour.  Much more defensible to 
use the animals you’re talking about in the park.  There is enough of a comparative database to help 
with applicability.
PAUL KRAUSMAN:  This was done with pronghorns, bighorn sheep, and mule deer.
ED CLEARY:  Next major step, get some auditory data for the animals in the park.
BOB DOOLING:  Can they hear it, and the masking questions, yes, but you don’t get annoyance data 
that doesn’t have to do with level.  Measuring annoyance is a long-term study, more complex, even 
having auditory information doesn’t solve the problem or your issues.  Still need a long-term study to 
learn what the actual effects are.
GAIL PATRICELLI:  Variation among animals could be accounted for, allowing some amount of 
extrapolation to similar species or general population of a species.  It is almost impossible to avoid 
extrapolating from one animal or general population of a species.  Seems reasonable to make use of the 
data we have as a “first pass.”
BOB DOOLING:  Even the birds we know about have a 10 dB range of variability vis a vis masking 
and communication; so I’m hesitant to extrapolate or generalize if we can measure auditory response.  
Need a lot of individuals of each species, so don’t think we will be able to generalize it.  The human is 
a good surrogate for other species, and can “experience” similar reactions to noise.
ANN BOWLES:  Trouble with humans is that our annoyance centers around levels relevant to hearing 
speech; if we could measure in humans, who rely on hearing nature, it might be a different set of data.  
Humans react to things other than for survival.
KURT FRISTRUP:  Need to be able to reasonably compare alternatives (e.g., 23% of animals reduce 
foraging efficiency 70% of the time).

Summary Statements:

ANN BOWLES:  Lots of noise data has been collected over time.  Look at natural range of variability 
in noise exposure from worst case scenarios to best, not only look at level, but also time that these 
animals have been exposed to.  Is the noise being introduced by these air tours any worse?  Is the noise 
produced unusual?  Metrics are good; as long as you can show that they’re related to impacts, they’ll 
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be great.  Problem is that you don’t have a lot of outcomes that you can point to, properly controlled 
for other variables.  Regarding the matrix, time exposed should be explored in addition to LAeq.  Is LAeq
being unduly influenced by a small number of high level events?  Average interval may not be so 
helpful.  More interesting to also consider would be the times of day the animals are exposed and what 
time of day they are usually active.    Exceedence values should be considered
BOB DOOLING:  Need to examine the relationship between ambient and anthropogenic noise levels;
there is no masking anthropogenic noise is below ambient.  Regarding the page 9 percent time audible 
figure, humans are more annoyed than anything else.  Most of what you’re getting are masked 
thresholds, and human’s masked thresholds are lower than most other species, that’s a strong position 
which you could leverage better, especially in the audibility and detection issues.  Recommend getting 
in and measuring some animal auditory responses and other things; these measurements are easier than 
you might think; methods are pretty simple and quick, yet sophisticated.
ANN BOWLES:  What about nocturnal animals that hear in the low teens?  
BOB DOOLING:  Critical ratios don’t indicate that they’re any better at hearing in noise. There is no 
relationship between the audiogram and the critical ratio function. An animal could have good hearing 
in the quiet, but have poor signal-to-noise ratios in noise.
ANN BOWLES:  Is there a relationship between IQ and critical ratio?  
BOB DOOLING:  Never thought about it that way; but just guessing, big brains and focused attention 
probably do help.  Consider avoiding the animals with most acute hearing in certain frequency ranges 
(e.g. bats, and other nocturnal species).
PAUL KRAUSMAN:  Productivity and recruitment are most important.  Do as many measurements as 
you can, maybe measure the most sensitive species first.  Consider other habitat variables: climate, 
predators, prey levels, etc., over the longer-term.  Maybe look at hunters if you’re going to test 
humans, what they listen for in the environment.
GAIL PATRICELLI:  Agree with previous comments.  Regulations don’t deal much with the time of 
day when impact is happening; needs to be integrated in some form because time of day may make a 
large difference.  The dawn chorus for song birds, when they are hunting or being hunted, may matter 
more than mid-day when the animals may be resting.  Hard to know if curfew times are long enough to 
be a buffer; may not be long enough to be all that helpful.  Maybe controlling flights for longer than 1 
hour after sunrise and 1 hour before sunset would be helpful.  Look at time of day when there is less 
impact for timing when flights occur.  Noise modeling looks powerful for predicting noise levels that 
animals experience.  Consider broadening the scope of the data to visual stimulus and other time 
factors.  Study areas in the park with similar habitat (veg type), wildlife, etc., but different noise 
exposures to see effects.  
ED CLEARY:  Agree with previous comments.  Building matrixes from data on species that don’t live 
in the park is troublesome.  There is a need to consider the whole  range of the animals’ response to 
aircraft overflights – behavioral, physiological, reproduction, and recruitment, etc.  Are the animals 
adapting to the presence of the aircraft.  A good way of doing this might be to look at the behavior of 
animal populations in areas of the park with and without overflights.  Need to study more than just the 
noise produced.

Action Items:
Requests for:

Allostasis papers
Wildlife monograph 151
1993 Bunch study.
Link to CalTrans website.

ANN BOWLES has copies of the allostasis papers mentioned – will send her bibliography.
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KURT FRISTRUP has the other papers and will coordinate the distribution of all these items to the 
entire group.

CYNDY LEE:  Next step for tech team will be to go over the discussions from this panel and the 
visitor experience panel, which occurred last month.  The team will then document their 
recommendations to the FAA and NPS.  The agencies will decide what will move forward in the EIS.  
We will share the minutes of this call.

KURT FRISTRUP:  Invited additional input from the group after the call.
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Expert Comment Summary from the GRCA Visitor 
Experience Web Conference Discussion

1. Jim Fields: Overflights and visitor traffic will not be evenly distributed throughout the day. 
NPS should consider the impact of the impact of these uneven distributions as well as 
examine the covariance between aircraft and ground visitor traffic to investigate the effects 
of covariance on the average visitor exposure. This would be especially significant if 
alternatives vary in flight schedules.

[Jim Fields new comment:] Even if there are not variations between alternatives, this might 
be important.  For example, if visits are concentrated at the same time that aircraft noise 
events are concentrated, then the absolute impact intensity of all scenarios would be higher 
and might led to significantly different judgments about impact generally  (assuming of 
course that numbers of visitors are important).

2. Jim Fields: NPS assessments of negligible, minor, moderate, and major levels of impact 
cannot be evaluated scientifically from the material presented. Components of these agency 
determinations are not derived from science.

[Jim Fields new comment:]  This issue obviously needs further discussion to clarify the 
issues.  I do think that science can provide an important part of the background for assessing 
impact.  However, as far as I can tell, the responses to noise do not contain large step 
functions that provide convenient break points for judgments.  In addition it is not clear to me 
that science alone can provide the judgment that some level of impact (e.g. 25% interference) 
is a “Minor” or “Moderate” or Major” impact.  As a result the choice of cutting points 
involves a large amount of policy judgment.

3. Bob Manning: The numerical calculations in the spreadsheet are largely descriptive; impact 
categories must incorporate prescriptive information. It is possible to structure social science 
research to document visitor judgments of negligible, minor, moderate, and major, but this 
has not been done.

[Bob Manning new comment:] As I tried to say on the phone, I think most of the numbers in 
the matrix are of a "descriptive" nature.  That is, they simply suggest the range of 
possibilities.  What you ultimately need is more "prescriptive" data -- information that can 
help inform decisions about what kind of visitor experiences _should_ be provided.  And as I 
tried to say on the phone, I think social science research can help provide this type of 
information.  I would be pleased to talk with you more about this, but also refer you to my 
recent book, /Parks and Carrying Capacity/.

[Jim Fields new comment:]  I can think of many types of visitor judgments that might be 
thought to be relevant for some types of planning.   It may be that the evidence already 
gathered (but not reported here) would be sufficient for the types of exercises that Bob is 
suggesting.   I do not think that we discussed this area in enough depth to see the extent to 
which Bob would judge that the data that has been gathered by the NPS is sufficient.
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4. Jim Fields: Previous dose-response studies provide the strongest basis for determining 
impacts. The analysis should be revised to incorporate Leq as a metric and utilize the studies 
to translate exposure into visitor impacts.

5. Jim Fields: It is desirable to have consistent ratios across management zones in the 
spreadsheet, but the rationale for choosing the current values for these ratios is not 
adequately explained or justified.

6. Kevin Shepherd: The choice of 52 dBA for speech interference does not emerge directly 
from the EPA noise guidance. One could make a case that 60 dBA figures more prominently 
in that document. If speech interference is an appropriate criterion, the selection of the 
pertinent level depends entirely on the context (talker-listener distance and vocal effort).  
Quoting the EPA levels document, page D-4 “Outdoor Speech Interference Due to Steady 
Noise”– “95% intelligibility is satisfactory for most situations”. “The levels given in Figure 
D-2 for relaxed conversation…are necessary for the indoor environment.” Fig D-2 and Table 
D-1 indicate that 60 dBA is the appropriate criterion value for (outdoor) normal voice with 
speakers 2m apart. This value is based on continuous (steady state) noise. Clearly an aircraft 
flyover sound is not continuous, and such an interruption will affect speech intelligibility 
only for the period that it is present. Thus speech intelligibility calculated over any 
reasonable length of time (that exceeds the duration of the flyover event) will be better than 
the indicated 95% (for steady noise).

7. Bob Manning: Speech interference seems a weak basis for managing parks. 52 dBA seems 
an excessively high criterion for managing frontcountry areas in parks, especially since most 
visitors only experience these areas.

[Bob Manning new comment:] As I said on the phone, the 52 dba figure included in the 
matrix strikes me as way out of the appropriate range.  I think there's a natural tendency to try 
to use research that has been conducted in other contexts (e.g., airports in and around 
communities) to help inform our planning.  But sometimes this work has to be substantially 
"re-registered" to fit the new context (national parks, in this case).  Using a criterion of 
interrupted speech in place that is supposed to protect natural quiet seems incongruous to me.  
I think you may be in danger of being laughed out of the room by some people if you present 
this to the public.  The threshold of 37 dba we found at Muir Woods reinforces my thinking 
about this.

8. Kevin Shepherd: What is the relationship between the 15 minute event intervals and the 25% 
time audible criterion? Summary of Response: NPS looked at flights per hour and minutes 
above threshold per flight to ensure that the 35 dBA criteria were not grossly inconsistent 
with the 25% audibility goal in the Substantial Restoration definition.  It seems that 35dBA 
was chosen because several references and guidelines recommend this value for “quiet” 
places. Thus, in a way, it appears that NPS, in computing TA35, is estimating the time that 
the environment is not “quiet”. Is this really the intent? Presumably the “consistency” with 
the 25% audibility goal relates to the situation when the natural ambient reaches 35dBA; both 
criteria would then be more or less consistent if four a/c events per hour were each 
approximately 4 minutes in duration.  Given that aircraft events in general are either shorter 
or longer than 4 minutes, the “consistency” seems to be a rather weak claim. To achieve the 
desired consistency the overall approach needs to be modified such that the input data, 
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currently length of time between events, should be replaced by event duration above 
threshold (35dBA); consistency between %TA and % audible could then be achieved.

9. Jim Gramman: The impact analysis should be prefaced by a summary of the survey literature 
that documents the public's interest in experiencing the sounds of nature. NPS might find 
relevant social science data in the wilderness survey literature.

[Jim Fields new comment:] While general survey literature on interest in the sounds of nature 
could be of interest it seems to me that the results from the dose/response surveys are much 
more relevant for evaluating the impact of different degrees and patterns of interference with 
experiencing the sounds of nature.

[Jim Gramman new comment:] I’m not an acoustical engineer, so I won’t comment on the 
merits of one metric over another. However, there are some points that I do feel need to be 
made.
a) I agree with others on the panel that the earlier research at GRCA on visitor response to 

aircraft noise needs to be linked to the current effort. As far as I know, this was the most 
comprehensive program of research on aircraft noise dosages and visitors’ responses at 
any unit of the National Park System. Surely, something was learned from that that could 
be applied to the current modeling effort as best available science.

b) Regarding the 52 dBA criterion for managing frontcountry areas, I’m not convinced that 
it’s excessively high, given the other noise sources that visitors typically experience in 
the frontcountry of a park like GRCA. Perhaps there are sub-zones within the developed 
management zone that should be more “quiet” than other sub-zones; its up to the park to 
determine if it has the time, resources, and capacity to tackle finer distinctions in the 
sonic environment. But in places like the South Rim village, along the road, and at many 
popular overlooks, it’s possible that many visitors may not even notice aircraft noise at 
52 dBA—or even be annoyed by it if they do— depending upon their foreground tasks 
and other sonic intrusions. Whatever the criteria finally settled on, the general approach is 
correct. Research clearly shows that expectations for noise affect evaluations of noise; 
even the same visitors will likely have different expectations for frontcountry noise than 
for noise in the other less intensively developed zones. It is reasonable to manage for 
different exposure levels in these zones.

c) From the NPS Social Science Program perspective, I continue to argue that, although 
managing aircraft overflight noise is required by law at GRCA and is certainly mission-
relevant to protecting natural soundscapes as physical resources, it’s also important to 
break out of the box of the “normal science” on this topic. Specifically, the NPS needs to
begin building a knowledge base of visitors’ responses to different types and levels of 
natural sound, in addition to their evaluations of human-caused sound, such as aircraft 
noise. Maybe the bulk of this research should be done at a broader programmatic level, 
but individual parks can certainly contribute, as is happening at Grand Teton, Yosemite, 
and Muir Woods. In any event, the future of soundscape management in the NPS needs 
to have as a major part of its foundation a definition of the experienced soundscape that is 
more than the absence of aircraft noise. It should focus on what is experienced, as well as 
what is not experienced.
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10. Kevin Shepherd: NPS should look at Time Audible, TA35, and TA52 across monitoring sites 
to see if they vary independently across different sites. TA52 and audibility collectively may 
address most of the differences that will exist among the management alternatives.

11. Jim Fields: NPS could apply these metrics across sites and subjectively determine if the 
ranking or orderings that emerge are consistent with park experience.

12. Jim Fields: There is no "natural" frequency weighting, and no alternative to A-weighting is 
readily justified for this (soundscape) analysis.

13. Kevin Shepherd: Short of doing a full spectral calculation, time above ambient (TAA) is 
about as good as we can do, and may be good enough.

14. NPS should revisit alternative metrics from Miller 1999 and Rapoza 2005 that may 
supplement or replace the metrics in use.  

[Kevin Shepherd new comment:] Miller (1999) seems to favor two metrics: %time audible, 
and the arithmetic difference between Leq (aircraft) and Leq (ambient). I would look very 
carefully at the performance of Leq(aircraft) before adopting Leq(a/c)-Leq(amb).

[Jim Fields new comment:] I think that it is worth revisiting the various suggested metrics.   I 
would not put attach too much importance to the rank order of the various metrics’ 
performances within the same of type of metric.   My guess is that, as for other studies, 
metrics of similar types will not be found to be statistically significantly different in their 
ability to explain reactions and, even if significant, the differences will be small.   In addition, 
the performance of the metrics is only tested for the studied conditions.  In choosing between
similar metrics it may be more important to consider issues such as whether some metrics 
would be more plausible in quite different situations or whether some metrics have 
significant administrative advantages.

15. Several experts noted that the ensemble of available scientific studies provides an incomplete 
basis for assembling this analysis.

[Jim Fields new comment:]  My own view on this issue is that:  1) this particular draft 
document did not cite very much scientific evidence to support the values that were chosen  
2) there are additional data available in dose/response studies that could be evaluated  3) no 
matter how much data is gathered, the evidence will always be incomplete  4) we do not yet 
know whether the available data is sufficiently complete to provide a rational, plausible basis 
for the required decisions 5) there is, however, sufficient scientific data to support the general 
framework for the current analysis.

[Kevin Shepherd new comment:] I agree with several of the “concerns about rationale”. 
a) Aasvang (2004) did indeed drop single event aircraft Leq (a peculiar metric) in favor of 

sound exposure level (a much more rational choice), resulting in a far higher dB value. 
This environment is close to an airport and maybe of doubtful relevance to GCNP.

b) The HMMH and Rapoza references provide convincing evidence that metrics such as 
Leq provide useful predictions of visitors’ perceptions. “Percent time above” is also 
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useful, and is not highly correlated with Leq, indicating that the two metrics are
measuring different components of the environment and that both are important.

c) The ratios applied within and between the zones do not appear to have a sound scientific 
basis. There is no scientific basis (that I know of) that would allow such gradations.

[Bob Manning new comment:] The literature that you review in your documents strikes me 
as valid but incomplete and not up-to-date.  For example, Jim Gramann authored an NPS 
publication (in 1999, I believe) that presented an effective review of the literature.  You don't 
cite that publication or many of the other publications included in that review.  You also don't 
include the recent work that my colleagues and I have conducted at Muir Woods National 
Monument.  While we are in the process of publishing from these studies, some of this work 
is documented in my recent book, /Parks and Carrying Capacity/, as well as our technical 
reports to NPS.

[Bob Manning new comment:] My natural reaction to much of what we talked about today is 
that we clearly need more research on many of these topics.  However, I am enough of an 
applied scientist to appreciate that decisions have to be made even with incomplete 
information.  I would feel much better about this, though, if your plan recognized this 
limitation, and you committed to a program of adaptive management in which you undertook 
a program of research and stated that you reserve the right to revise the plan based on better 
information (as derived from research, monitoring, etc.).

[Bob Manning new comment:] Following on the above point, I think there is (or could and 
probably should be) an analogy between the work you are doing and the NPS Visitor 
Experience and Resource Protection (VERP) (carrying capacity) framework.  VERP uses a 
framework of indicators and standards that are something like the metrics and associated 
values in the matrix.  And a program of "normative" research can help inform the 
formulation of such indicators and standards.  I hope you'll have a chance to look at some of 
the research my colleagues and I have done at Muir Woods.  Mike Savidge at Golden Gate 
National Recreation Area is a good contact.

16. [Jim Fields new comment:] Regarding the utilization of dose/response data: I understand 
some of the dilemmas faced in trying to use the dose-response surveys for this type of 
planning exercise.  I also understand the resulting reliance on speech interference for part of 
the work.  The basic underlying problem seems to me to be that the fundamental visitor 
experience of sounds is difficult to assess except in terms of visitors’ reactions that can only 
be successfully measured with the subjective judgments that are found in the visitor surveys.  
From the material that has been presented to us so far, it could well be that a more careful 
assessment of the published dose/response survey reports, of the surveys’ questionnaires, and 
their data could be useful.  Some of the possibly relevant aspects of these surveys that I have 
not yet seen discussed include:
a) Uses and analyses of the question about interference with “appreciation of the natural 

quiet and sounds of nature”: NPOA Report #93-06 shows the relationship of this measure 
with noise metrics and other variables.   Some of the conclusions are different than those 
for annoyance. 

b) The effect that expectations and other mediator variables have on impact: For example on 
page 122 of the  NPOA Report # 93-6, it is stated that “visitors who consider natural 
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quiet a very important reason for their visit respond to aircraft sound as if it could be 
heard 2-to-3 times as long or as if it were 10-to-15 decibels louder”.

c) The ways in which differences between overlooks and short hike sites could inform the 
assessment of the different impacts between “developed zone” and “non-wilderness 
zone”: Both the HMMH and Volpe reports contain graphs and analyses that provide a 
starting point for estimating the differences between these two types of sites in units of 
dose metrics.    Additional analyses of the data could produce new estimates that are 
tailor made to the needs for this EIS.  Although there is no information for wilderness 
sites, it might be possible to gain some additional support for the reactions in such sites 
by examining the predicted reactions of short-hike participants who most resembled the 
characteristics of wilderness users (for example: small groups or having the expectation 
that they can experience natural sounds).

17. [Jim Fields new comment:] Regarding the unit of analysis:  Considering the possible uses of 
dose/response studies highlights another issue that may be relevant to the EIS work 
generally: there are three possible levels of analysis:  1) individual’s site visit (the unit that 
provides the data for the dose/response analysis); 2) a single visitor’s experience over the 
entire day (the unit that is appropriate when a visitor’s experience is to be discussed) and 3) 
the impact at a site (the unit that is the object of an analysis when a metric is used to 
represent a 12-hour day).   It is not clear to me as to exactly how these distinctions would 
impact the structure of the EIS.   Some factors to consider might be that since many visitors 
go to multiple sites, the percentage of visitors exposed to aircraft sounds will be higher than 
the percentage of site visits exposed to aircraft sounds.  Conversely, the average of the 
impacts on anyone visitor is likely to be less than that experienced at their most impacted 
site.  Also, comparisons of sites might reveal that there is considerable overlap in the number 
of individuals’ visits with similar impact, especially if all sites include substantial periods in 
which no aircraft are audible.

18. [Jim Fields new comment:] Regarding the illustrating impacts if an abstract, difficult-to-
explain metric based on LAeq is used: LAeq combines the factors of duration, number of 
events, and strength of each event in a logarithmic summation that is more difficult to 
illustrate for the public both because it combines many of the factors that we all believe are 
important and because the logarithmic summation is not intuitively obvious.   Of course a 
dose/response curve attempts to draw this together using proportions of visits that are 
impacted at different values of LAeq.  However, this does not, as was rightly pointed out, 
give as understandable a measure of impacts as the time between flights or speech 
interference.  As an alternative an EIS statement might also need to illustrate the implications 
of a particular value of LAeq by examining the noise environment at several sites with that 
value of LAeq.  The illustration could draw on all the measures that are currently used 
(average minutes between 52 dBA Overflights, average events per hour, etc.).

19. [Bob Manning new comment:] With regard to the issue of alternative metrics, I think the best 
thing I can say is that the three measures you suggest using seem reasonable.  However, I 
have to also say that there are other potential metrics and there is very little research (that I 
know of) to suggest which of these metrics are "best" in which contexts (by park, by zone 
within a park, by type of visitor, etc.).
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Additional observations regarding the questions for panel 
members and composite Technical Team observations:

1. [Jim Fields new comment:] (Note: some of these reiterate points made above, but more 
directly address questions put to the panel members.) It seems to me that there is good 
support for the most basic assumptions that impact will increase with the number, audibility 
and intensity o f noise events.  It also seems that there is good support for the assumption that 
different standards are appropriate for developed, non-wilderness, and wilderness areas.  
However, I find that very little scientific evidence is provided for most of the more detailed, 
critical decisions such as the ratio’s of impact in the three zones or the differences between 
impact on visitors for the four impact-intensity levels or the choice of the 35 or 52 time-
above metrics.  No rationale at all is given for the choice of 35 dB as a threshold.  As the 
“Observations from the GRCA Overflights technical team” suggests, much of the support for 
the more detailed decisions comes from citations of previous usage in EIS’s or other 
administrative actions rather than from scientific studies.

2. [Jim Fields new comment:] As stated above, I do not think that the scientific evidence 
available from the dose/response studies has been sufficiently considered.

3. [Jim Fields new comment:] I suspect that the most relevant data for the Grand Canyon EIS 
are the data gathered in National Parks and wilderness areas in the USA.  However, I would 
not immediately dismiss the possibility that evidence on some issues could come from 
Aasvang and Engdahl (1999), Krog and Engdahl (2004) or other sources that study responses 
in recreation areas even though other circumstances may be different. 

If you edit this in MSWord, I recommend using styles to format your additions. The above 
bullets are formatted as “List Number.” If you use this style, the item numbers will automatically 
update if you insert new items in the list. This paragraph is formatted as “List Continue,” a 
format that seems appropriate if you wish to introduce breaks in a lengthy expansion of one of 
the enumerated items. In the “Styles and Formatting” task pane, a compact list of these styles 
will be displayed if you select “Formatting in use” in the “Show:” box at the bottom of the pane.



July 17, 2009

Erratum to FAA/NPS Technical Team Report, June 9, 2009 based on 
NPS email communications to Technical Team on July 15, 2009

1.  Appendix F Summary Notes from Wildlife Expert Panel Teleconference, page 8

At the top of the page, the notes inaccurately reflected Dr. Gail Patricelli's remark

Current Text: 
GAIL PATRICELLI: The LAeq thresholds are supported by one study lacking some 
critical information, but the values that emerged don’t seem reasonable as a starting 
point. I don’t know where else I would start.

GAIL’s CORRECTION:
I meant to say that the LAeq threshold values chosen by the GRCA are indeed a 
reasonable starting place.  My concern was that there are too few studies to make truly 
informed decisions, and that more research is desperately needed.  But in the meantime, 
the GRCA has proposed a reasonable and conservative set of thresholds.

2.  Appendix G Summary Notes from Visitor Experience Expert Panel Teleconference, 
page 2, Number 7.

BOB MANNING’s ADDITIONAL CLARIFICATION:
I was surprised to learn that consideration would be given to "speech interference" as a 
criterion (or indicator) by which to manage aircraft-generated noise in national parks.  
Based on my experience in teaching courses in the history, philosophy, and management 
of national parks and related areas, my understanding is that a primary objective of such 
areas is to protect natural processes, including the sounds associated with "nature". 
Moreover, recent research has found that hearing the sounds of nature is an important 
part of the experience of visiting national parks.  In my judgment, using a criterion of 
speech interference to manage human-caused noise in national parks would lead to a 
dramatic and unacceptable reduction in the ability of visitors to hear and appreciate 
natural sounds and a concomitant reduction in the quality of the visitor experience.  This 
judgment is based on the program of research that my colleagues and I have been 
conducting at Muir Woods National Monument, though I think more research on this 
topic is warranted.
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