
Aircraft noise-dose, visitor-response 
relations for national parks 
161st Meeting of the Acoustical Society of America  
Seattle, Washington 
May 26, 2011 
 
  Aaron Hastings, U.S. Department of Transportation, Volpe National Transportation Systems Center  

Grant Anderson, Consultant 

Amanda Rapoza, U.S. Department of Transportation, Volpe National Transportation Systems Center 
 

Presenter
Presentation Notes
This presentation centers on a comprehensive analysis of dose-response data that was collected in National Parks during the 1990’s.The lead author of this work, Grant Anderson, could not be here.



Overview 

• Dose – Response Data: Aircraft 
noise exposure metrics, subject 
response, and meta-data 
 

• Model Development: Multi-level 
logistic regression 
 

• Model application and 
interpretation 
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1992-2011: Studies by 
National Park Service and  
Federal Aviation Administration 

Aircraft-noise exposure vs park-visitor response: 
• Project Goal:  Predict impacts to visitor experience based on noise exposure 
• Mandated by National Park Overflight Act of 1987(1) 

• Began by NPS in 1990 
• Continued by FAA in 1998 
• Studies coordinated by multi-disciplinary team: 

– Experts on park management, recreational sociology, psychology, and 
acoustics 

– NPS, FAA  
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(1) http://www.nps.gov/grca/naturescience/upload/PL100-91.pdf  

Presenter
Presentation Notes
The project goal was and still is to develop exposure-response relations for visitor experience impacts in National ParksSimilar to the ‘Schultz curve’ relationship developed for residential noise impacts around airports.These studies began in 1990 with an NPS initiative as a result of the 1987  National Parks Overflights Act, and continued with an FAA initiative in 1998.These studies were designed and coordinated by a multi-disciplinary team, all using the same surveys and measurement protocols.So why do we continue to study this dataset?Ongoing development of Air Tour Management Plans requires assessment of noise impacts due to air tour aircraft.  The FAA is currently funding research to further our understanding of the effects of aircraft noise on park visitors.  A similar multi-disciplinary team has identified analysis of the existing dose-response data as an important research step.In addition to developing dose-response curves from this data, the analysis was also structured to provide guidance about future data collection.

http://www.nps.gov/grca/naturescience/upload/PL100-91.pdf
http://www.nps.gov/grca/naturescience/upload/PL100-91.pdf
http://www.nps.gov/grca/naturescience/upload/PL100-91.pdf


Information Collected 
• 10 front country sites within 4 scenic national parks 

 
• Data: 

– 2,600 visitor questionnaires 
– Visitor-by-visitor aircraft noise exposure, separately by aircraft type: 

• Aircraft LAeq, SEL, LAmax 
• Noise-free intervals: longest, number of 
• Number of aircraft, aircraft-type percentages 
• Percent time audible, percent time above various ambient thresholds  

– Same protocols, questionnaire format 
 

• Core response questions: 
– Were you bothered or annoyed by aircraft noise? 
– Did aircraft noise interfere with natural quiet 
     and the sounds of nature? 
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Presenter
Presentation Notes
These data that I’m talking about consisted of visitor surveys and acoustic measurements collected at 10 sites in 4 scenic national parks.These sites consisted of both short hikes (<1 mile) and scenic viewpoints. National parks of Grand Canyon, Bryce Canyon, Haleakala, and Hawaii Volcanoes.For each visitor, we collected a second-by-second record of sound levels and sound source information.The visitor survey had these core response questions:	Were you bothered or annoyed by aircraft noise?          Did aircraft noise interfere with natural quiet and the sounds of nature?All responses to these questions were noted on a 5-point scale.  A visitor could indicate that they were not at all, slightly, moderately, very, or extremely XXX.



Development 

• Multi-level logistic regression accounts for: 
– Visitor-to-visitor variability, using the proper underlying statitistical 

distribution 
– Site-to-site variability, using Site as the sampling “level” above Visitor 

 
• Therefore sampling uncertainty contains the site-to-site standard deviation: 
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Presenter
Presentation Notes
Explain dichotomizationExplain that these were major context variables that had significance.*****************************************************************Multi-level logistic regression was chosen to develop these dose-response relations.	Logistic regression properly confines the resulting curves to lie between zero and unity.	It can properly separate out the site-to-site differences that are inhering in the sampling plan	It can account for visitor-to-visitor variability assuming the proper underlying statistical distribution.The first line of the equation is the regression’s logit, z.  The first two terms are identical to the full equation for linear regression.  The second term is the contribution of the site-to-site variability.The second line converts the logit to a dose-response sigmoid-shaped curve.



Development 
Final regression equation: 

 

* For brevity LAeq is abbreviated as 
 Leq in equations 
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Presenter
Presentation Notes
The final regression equation was expanded to not only include a ‘dose term’ (C2 here), but terms to account for the:	site type (short hike or overlook)	The energy contributions of individual aircraft types (helos, props, and jets)and other individual visit-context variables:	The importance of natural quiet (as a reason for the visit)	The visitor-group composition (adults-only or adults+children)	if a visitor had been to the site before



Development 
Sample dose-response graph: 

200 regression simulations 
95% bounds on 1000 

such simulations 
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LAeqAll, dB(A) 

Presenter
Presentation Notes
Explain dichotomization (again, now with a graphic)************************************************************************This graphic is an example of one of the resulting dose-response relationshipsOn the X-axis is the noise-exposure metric, Leq from all aircraft (normalized to the duration of the individual’s visit)On the y-axis, the percentage of people who responded that they were moderately, very, or extremely annoyed by aircraft noise.Those ‘yes’ responses are plotted on top, the No’s on the bottom.The solid line is the regressionThe grey lines are 200 regression simulations.And the dotted line is the 95% bounds on 1000 simulations.The mediator values used in this graphic are the average values across all visitors included as data-points in this final regression.



Development 
Residuals: 
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Presenter
Presentation Notes
An additional goal of this analysis was to develop a homogenous set of dose-response relationships that can be applied beyond the parks/and sites represented in these studies.Hence the inclusion of multiple mediators.As shown in this table, the regression residuals are quite small in magnitude.  This, along with the regression uncertainties shown in the previous graphic, indicate that the results of this study can be generalized to other scenic park sites – but only front-country short hikes and overlooks.



Development 

Visitor questionnaires 
–  How much annoyed by aircraft noise? 
–  How much interfered with your  
   appreciation of Natural Quiet? 
–Context questions / observations 

Six relations Individual noise exposure 
–  Annoyed 
–  Interference with Natural Quiet 
–  Both of these: 

– Slightly or more 
– Moderately or more 
– Very or more 

Field data 

Context increases response 

Exposure / Response 

–  Short hike vs. overlook 
–  Natural Quiet very important 
–  Only adults in group 
–  Visit site before 
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Presenter
Presentation Notes
So, in summationThe combination of individual noise exposures and responses to two core survey questions were used to:  develop six dose-response relationships (2 responses X 3 dichotomizations).These relationships were mediated by the context variables listed here.



Application 

Noise exposure 

Input 

–  Compute with FAA’s INM 
–  How many, by aircraft type? 
–  Distances? 
–  Intervening hills? 

Annoyed 
–  Slightly or more 
–  Moderately or more 
–  Very or more 
 

Context 
–  Short hike or overlook? 
–  Relevant visitors believe Natural 
  Quiet very important? 
–  Percent groups: Adults only 
–  Percent visitors: First time at site 

Interference with Natural Quiet 

Percent of visitors 

–  Slightly or more 
–  Moderately or more 
–  Very or more 
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Presenter
Presentation Notes
The relationships are ultimately applied to model future situations.Explain INMWith knowledge of the aircraft types and operational parameters,	Site topography,		And information on visitor characteristicsWe can model the effect of overflights on these elements (annoyance and interference with natural quiet) of the visitor experience The visitor characteristic / context variables are important, but rough estimates are all that is required.The user will need to determine which relationship (response and dichot.) best suits the situation



Results: 
Interference with Natural Quiet vs Annoyance 

• Short hikes 
• Natural Quiet very 

important: Yes 
 
 
 
 
 
 
 
 

• Equal helicopters 
and fixed-wing 

Annoyance: 
Moderately or More 

Interference with Natural Quiet: 
Moderately or More 

11 

Tour Aircraft LAeq, dB(A) 

Presenter
Presentation Notes
Now the presentation shifts gears from regression and modeling to the regression results and the information that can be inferred from the results.This graphic illustrates the differences in response to the 2 key questions.The curves are representative of a situation where:	There is equal energy contribution to the ‘Tour aircraft Leq’ of helos and fixed-wing aircraft.  No ha jets have been included.	Visitors are engaged in a ‘Short hike (<1 mile)’, and	NQ is very important to these visitors All of the following sets illustrations are based on the annoyance response.



Results: 
Slightly vs Moderately vs Very 

Annoyance 

Moderately or More 

Very or More 

Slightly or More 

• Short hikes 
• Natural Quiet very 

important: Yes 
 
 
 
 
 
 
 
 

• Equal helicopters 
and fixed-wing 
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Tour Aircraft LAeq, dB(A) 

Presenter
Presentation Notes
This graphic demonstrates the differing results for various response dichotomizations.The results are very intuitive.



Results: 
Short Hikes vs Overlooks 

 
• Natural Quiet very 

important: Yes 
 
 
 
 
 
 
 
 

• Equal helicopters 
and fixed-wing 

Annoyance: 
Moderately or More 

Short hikes 

Overlooks 
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Tour Aircraft LAeq, dB(A) 

Presenter
Presentation Notes
The remaining graphics use: ‘Annoyance, Moderately or more’ response and dichotomization.This graphic compares the responses at short hikes and overlooks.20% more visitors will report annoyance on short hikes than at overlooks.The conclusion here is that people are more sensitive at short hikes, possibly having spent more time in the environment



Results: 
Natural Quiet very important 

• Short hikes 
 
 
 
 
 
 
 
 
 
 

• Equal helicopters 
and fixed-wing 

Annoyance: 
Moderately or More 

Yes 

No 
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Tour Aircraft LAeq, dB(A) 

Presenter
Presentation Notes
This graphic compares the responses using responses to the mediator question ‘How important is natural quiet and the sounds of nature as a reason for your visit to this site?’  (yes=Very or extremely,  no – not at all, slightly or moderately)  This query was located before any mention of aircraft noise in the survey.When people self-identify that natural quiet is very important, they also report, on average, more annoyance than those who do not.



Results: 
Tours vs High-Altitude Jets 

• Short hikes 
• Natural Quiet very 

important: Yes 

Annoyance: 
Moderately or More 

Tour fixed wing 

High-Altitude Jets 

Tour helos 
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Aircraft LAeq, dB(A) 

Presenter
Presentation Notes
Difference in response to different aircraft types.At equal sound exposures, people are more annoyed by helicopters than they are by small fixed-wing aircraft than they are by high-altitude jets.We will continue to examine this effect as new data is collected.



Results: 
Both Tours and Jets 

Annoyance: 
Moderately or More 

After jets added at constant 
Leq of 20  

Only tour aircraft 

• Short hikes 
• Natural Quiet very 

important: Yes 
 
 
 
 
 
 
 
 

• Equal helicopters 
and fixed-wing 

Addition of jets pulls total annoyance DOWN  
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Tour Aircraft LAeq, dB(A) 

Presenter
Presentation Notes
Difference in response when jets are thrown into the mix.When jets are present at similar sound level as tour aircraft, people’s reactions seems to be mitigated.   (Narrate illustration)Why?There are a number of theories.	- Could be an artifact of the statistics or	- The hierarchal manner by which the sound sources were logged.	-  Could be that ha jets have already degraded the environment



Conclusions 

• Visit-context variables are important: 
– Site type: Visitors on short hikes are 30 to 70 dB more sensitive than at 

overlooks 
– Familiarity with site: First-time visitors are 20 to 40 dB more sensitive 
– Children: Visitors without children are 10 to 20 dB more sensitive 
– Visitors who consider natural quiet very important are 10 to 50 dB more 

sensitive 
 

• Noise source is important: 
– % helicopter sound energy  
– % propeller sound energy 
– % jet sound energy 
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Presenter
Presentation Notes
Basic narration of slide.	1.  context variables matter, but they vary in their ‘importance’ or effect on the result.  (i.e., the presence of children does not have as large an effect.)



Conclusions 

• Other: 
– Equivalent A-weighted sound level (LAeq) provides the most explanatory 

power 
• Incorporates both sound level and duration of exposure 

– Other summary acoustic metrics tested, but none performed better 
– Composite doses (such as LAeq + %Time Audible) offered no 

improvement 
 

• Presence of high-altitude jets reduces total annoyance: 
– Depends upon jet LAeq relative to air-tour LAeq 
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Presenter
Presentation Notes
Basic narration again.Perhaps mention that all of these effects will continue to be tested as new data is collected and analyzed.



New Measurements 
Fill-in data gaps: 
• Aim for 5,600 additional visitors 
• Back country (2625 visitors): 

– Multi-day hikes and campgrounds 
• Front country: 

– Day hikes and historical sites (1750 visitors) 
– Short hikes and overlooks (1225 visitors) 

 
 Measurements for 2011: 

• 7 National Parks (Bryce, Rainbow Bridge, Glacier, Grand Canyon, 
Montezuma, Walnut Canyon, Zion) 

• 3 New Survey Instruments: one modernization of the late 1990s survey used 
in the present analysis and two new surveys used by more recent social 
sciences studies by the National Park Service(2) 
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(2) OMB control number: 2120-0744. Documentation available at http://www.reginfo.gov/public/do/PRASearch 
 

Presenter
Presentation Notes
New data.This program of data collection was started in April 2011, and will continue through the next year.

http://www.reginfo.gov/public/do/PRASearch
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Questions / Discussion 

Grant Anderson 
Consultant to the Volpe Center 

gndrsn@comcast.net 

http://www.volpe.dot.gov/acoustics/   
http://www.volpe.dot.gov/air/   

 

Aaron Hastings 
Amanda Rapoza 

U.S. Department of Transportation 
John A. Volpe National Transportation 

Systems Center 
Aaron.Hastings@dot.gov 

Amanda.Rapoza@dot.gov 
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