I1QP:
Bar Harbor Soundscape Analysis

An Interactive Qualifying Project submitted to the faculty of Worcester Polytechnic
Institute in partial fulfillment of the requirements for the Degree of Bachelor of Science

Submitted by:

Matt Costi
Abbas Julaih
Tim Murcko

Connor Pugliese

Date Submitted: 8/2/2013
Submitted to: Prof. Bianchi



Abstract: Soundscape research is becoming more important throughout the world as increases
in population and technology have introduced damaging sounds into the environment. The
objective of this project was to determine the baseline ambient sound levels within Acadia
National Park in Maine and compare those levels to a similar 2005 study done by the Department
of Transportation. This was accomplished by utilizing modern day technologies capable of
recording decibel and frequency levels. Results revealed similar overall decibel averages when
compared to those of 2005, but significantly larger percentile readings, possibly suggesting an
increase in sound levels since 2005. Furthermore, this study’s redesigned methodology left room

for future expansion that the Park or future research teams can use.



Authorship

Executive Summary: Matt

Introduction: Tim, Matt, Abbas, Connor
Background: Tim, Matt, Abbas, Connor
Methodology: Tim, Matt, Abbas, Connor
Results: Tim, Matt

Discussion: Tim, Matt

Future Work and Recommendations: Connor
Conclusion: Connor

Work Cited: Abbas

Primary Editor: Abbas



Table of Contents

EXECUTIVE SUMMIARY w.....cuiiiiiiiiiieiiieiieiieiiniitniiessiessiaserssessssssssosstasssnsssssssnssssssssssnsessssssssssssssssnsssnssen Vi
CHAPTER 1: INTRODUCTION .....cittireunensisieiriinnenssnsssssssimnmesssssssssssssmsessssssssssssssssssssssssssssssssssssssssssssssanns 1
CHAPTER 2: BACKGROUND......ccittttemmnnniiiiiniiimemmnnssssinimmmesssssssssissimmrssssssssssssssamssssssssssssssssssssssssssssssanns 3
2.1 SOUND PRESERVATION ....uvveeeuteeeteeesuseeassssessseeasesassseesssssansssesnssssssssesssssansssssssesssesansssssssesessssssssessnsesssssens 3
2.1.1 Sound Preservation in Acadia NGtiONGI PAIK ............cccveveueesiresieeesiiesieessiieesieesiieesssiessssessniees 5

2.2 SOCIAL IMPLICATIONS...ceeuveesureeeteeesueeesueeesseeesseesssseessessnsessssesssssssssessssessssseesssessnseessssesessseesssessnseeesssees 6
2.2.1 MOUIVALIONG] FOCEOIS ..cccuuvieeeeeiiieeeeiie ettt e ettt et e et e e e st ta e e s sstaeessstaesssastaaessstnasnnasens 7

2.3 SOUNDSCAPE ....eetuteeiuteeenuteesteesteeesteesssseessseesseesssseessessnssessssessssssesssessnsesssssessnsessnssessnsesensseesssessnsenesssees 8
2.3.1 SOUNASCAPE ANGIYSIS ..ottt e e ettt e e ettt e e e ettt e e e e s tte e e e s staeeesstsaeessrasaeesnees 9
CHAPTER 3: METHODOLOGY ....cicvtreuueniiiiiiiinimmmnessssisnimmmsmssssssissimmmsmssssssssssimmmmssssssssssstimmmssssssssssssnnes 13
3.1 ASSESSING THE ACOUSTICAL NEEDS OF ACEDIA ..eeeuvveerureeeiureesreseseeesssesssseeesssessssesesssesessessssseesssesssssessssessnns 14
302 =5 PSPPSRI 15
3.3 SITE SELECTION .eeuuteeetreesureeeteeessseeaesseesssesasesesssessssesassesansesessseesssesansssesssessssesessssssnsssessessnsesasssessssesans 16
3.3.1 ENVIrONME@NEAI EffECES ...ttt e e e et e e et e e e st aaeeirtsaaesssanaesssssnaanans 17
3.3.2 Proximity to ROAAS AN Ail TIGSTIC c.vvveeeeeieeeeeieee ettt e st sstee e et e e e sstaaa e s steaa e e 18
3.3.3 Popularity and HUMQAN TIAFfIC.....ccoccueeieeiieeeeiiee ettt eette e s stae e ssttaa e s sitaaessutaaaessrseeaenns 19
SR 3 1 = @l Y K o (=T [ o] £ SR 19
3.3 5 ACCESSIDIIIEY ettt et e et e et e e et e e et e e et e e e ettt e e e bt e e e e artaaaeeartneaeens 20
3.3.6 FiNQI SEIECLEA SIt@S .....eeeeeveeeeeeieee ettt e e tee e et e e ettt e e e s et e e e ssstaaassastaaassastasassssseaaanns 21

3.4 INSTRUMENTATION ..etutvterureeeteeesseeeeseeesusesassesesssessssesasseessnsessssseesssessnsesssssessssesssssesssseeessseesssesssssessnsesenns 22
e T SOUNT MELEI ...ttt ettt ettt ettt ettt ettt s e sttt e st e st eeaabe e s bt s esaseenateaestsesasessases 23
3.4.2 Digital AUIO RECOITEN ......eoeeeeeeeeeeeeeeeeeee et e et e ettt e e et e e e e ettt eessstaaaesssteaaesastasaesssseeasnns 26
O R V=Yoo g 1T g /oY =t o ¢ 28
R 1o L1 1=] 4 1= OO PP PUPP R PPPPPPPPRPPIN 28

B DATA ettt ettt ettt ettt ettt ettt e s et e bttt e e b et e a b e e e bt e e b bt e e b et e ahteeeatee e baeesabee e bee e bbee e beeeaabeeebeesnbeesbeeenn 29
3.5.1 Using Automation To Process DAtQ ...........ccceeeeeeeeeieieiiieeeeee e, 29
3.5.2 Statistical Tools FOr Graphing DOLQ ...........ccceeeuueieeeiieeeeecieieessieeeescieeeessteaeessitaaessstasassssesasnns 31
3.5.3 COMPATING DOTQ c...oevveeeeeeiiiiiieeee ettt e ettt e et e e sttt e e e e s s s sssabaa e e e e essssststaesesesssssassseness 33

3.6 RECOMMENDATIONS ... .vteiuteeeteeesteeessseessseeaseeessseessseeasssessssessssseesssessnseessssessssesesssesssseessssessnsesssssessssessnns 34
CHAPTER 4: RESULTS ...cceeuuueiiiiiiiiiirenneessisiiinisnssessssissiimmmmsssssssssssmmmsmsssssssssssssmssssssssssssssssessnsssssssssssnns 35
CHAPTER 5: DISCUSSION AND ANALYSIS ....iitiieuueiiiiiiininnmsesssisiimmmmmsssssssssssiimmmssssssssssssismssssssssssssssnns 38
5.1 COMPARISON TO 2005 DATA....ceeiteeeeueeeiieeeiteeesteeeteeessteessseeessseessseeassesessseesssssessssssssesessseesnsesesssessnsesanns 39
5.1.1 Similar Lagg SEATISTICS c.vcuveviriiiiiiiiiiciiiiiciisiiscsti sttt 40
5.1.2 Differences in Lsg Nd Lgg SEATISTICS.....eeceecuveeeeeeiiiieeecieeeeecieeeeecieeeescteeeeetteaaeestaaaessstaaaessrsneaaens 41
5.1.3 NOrtheast CrEEK OULIEE ........cccuveeieeeiiiiieeiiies ettt sttte e e s sttee e s svtae s s sssteasssstaaessastneasnans 43
5.1.4 Gilmore Meadow Unattainable DALQ..............cc.ceeeueesieeniiiensiiresiieeiiieesiieessiee e siesesiieessiee s 44

5.2 SITE BREAKDOWN ....eeeuutterureeeteeesseeseseeessseeassesasssessssesassssesnsessassessssessnsesssssessssesesssesssssesssseesnsesesssessssesanns 44



5.2.1 Cadillac MOoUNLAIN ANGIYSIS .....cceeeeeeeeeieee ettt e ettt a e e e e ettt a e e e e s s stasaaaaaeeessasssseees 46

5.2.2 PiN€ Hill ANQIYSIS .....vveeeeeeeeeeeeee ettt ettt e e ettt e e ettt e e e s et e e e s estaaaesssssaaesastasaessssseaasns 50
5.2.3 Bernard MOUNTQIN ANGIYSIS.........cccccuueeeeeeiieeeeeieeeeecteeeeeteeeeectte e e e etaeaesstaaaessssaaesastasaesssseaesans 54
5.2.4 GIlMOIre MEAUOW .......coooeeeeeeeieiee ettt ettt s et e e e sttt e e e st e e s sstaeesssstsaessastnaessasseeasnns 58
5.2.5 NOIER@AST CHEEK ...ttt e et e et e e ettt e e sttt e e e s ette e e e s steaaesastssaesastasaessssseaanns 61
CHAPTER 6: FUTURE WORK AND RECOMMENDATIONS......ccccoitiiiiimmmmmnssisiniimerssssssssssnsmmssssssssssssssnnn 65
6.1 NEW DIRECTION ....utteetriesuteeeteeesttesetteesuteaassesessseessseeasseesnsasessseesssesansesesssessssesesssesansssesssessnsesasssessnsesanns 65
6.2 EQUIPMENT CONSIDERATIONS ...veeuveeeutreesureestesesuseessseeenseesssessssseesssessnssessssessssesenssessnsessssseesssassnssessssessnns 66
5.3 OBSERVATION ...veeuveeeereerureesteeesuresasseeesseeessesesssessssesssssessnsessssseesssessnseessssessssssssssessnsesessessssessnssessssessnss 68
6.2 ACCESSIBILITY .vvteiureeesureesureeaseeesssesassseesssesansesesssesassesassessnsesessseesssesansssssssesssssesssessnsssessessnsesasssessnsesanns 69
CHAPTER 7: CONCLUSION......ciitiittmmnnnsssiniiinenssssssssssssimmsmssssssssssssnmssssssssssssssssssssssssssssssssssssssssssssssanns 71
APPENDIX A: EQUATIONS.....ccititiiiiiiinininintnirtetseststsestsestsestsessseseststsssssssssssssssssssssssssssssssssssssssssssssssses 73
APPENDIX B: TABLES AND GRAPHS......cciciiiiiiiiiiiiiiiiiiieiieiiesieiesiesiestastasiastestassassasssssassassassassasses 74
APPENDIX C: SETUP PROCEDURE ......ciituiiuuiiniiniinuiiensiesiaiciniersissesssesiossiasssssssssssssasssasssssssasssssssnssans 76
APPENDIX D: EQUIPIMENT ....iiiiieeicieiiiineernenssseisseneesnnsssssessssseesnnnsssssssssssssnnssssssssssssssnnnssssssssssessnnnes 83
D.1 XL2 AND M2230 REFERENCES: .. ittttttutuueeseeeeetrntuneeseeeesetssuuesssesssmmssunsesssesssmssmsnnsssssesesssnnnsessessnssmmnannssees 83
D.2 TASCAM DR — 40 DIGITAL AUDIO RECORDER REFERENCES: ....veeeuvveerureeereeesnreesseeesnsesenseeessesssessnseessssesennnes 83
D.3 WEATHER PROTECTION REFERENCES: «.veeuvveeeuteeestreessreeesreesseeassseesssessssssesssessssssessessnssssssssssssesesssessnsesensees 83
D4 BATTERY SPECS: .vtteiuteeeitreesreeesuaeesreeasseeesseeassseessseessssesssssansssassssesnsesasssessssssenssesanssssssessnsesesssessnsesennees 84
APPENDIX E: PYTHON SCRIPT SOURCE CODE..........cccttttuuniieiniiinimnnnesssisiimmmssssssssssssimsmsssssssssssssssssssnes 85
APPENDIX F: ANNOTATED INTRUSIVE SOUND GRAPHS ......ccoiiiiiiiiiiiiiiieienieiesieniesiesiessessassassans 101
D.1: CADILLAC IMIOUNTAIN 1.ttttttttuiieeseeeetttruueasseeesetsssunaseeeesssnsssnnsseesesssssunseeseesssssssnnssssssesnsssnnseesssessnssnnnnns 101
D2 PINE HILL teuutetitieeeiie ettt e siee ettt e st eeteeeseteesteeesateesnseeesnseeensaeeseeeanseeeasseesnseeenseaesnsneensseesssessnsenssnsenanns 103
D.3 NORTHEAST CREEK ..uvveeuveesteeesureesseeesseeesseeessseesssesssesesssesssssassssssasesessssssssessssssesssssessessssessnsssesssesnns 104
APPENDIX G: 1/3 OCTAVE BAND GRAPHS .........uiiiiiiiiieeeiieeieeeeerenanessssesseessnssssssssssssessssnssssssssssanes 109
WORKS CITED ...ciuiiiuiiiniieiiiniiniiieiieeiioiissiisissiisssisssisstsisssssesstosstassssssssssssssssssassssssssssssssssssssssasssnsses 113



List of Figures

FIGURE 1: ACOUSTIC LOCATIONS ...ttt s bbb s VIl
FIGURE 2: NTI XL2 WITH M2230 MICROPHONE (LEFT) AND TASCAM DR-40 RECORDER (RIGHT) .....cccevviiiiiniiiiinns X
FIGURE 3: DECIBEL SCALE (DBA) ...ccutiteriietiiieeiteit et sttt ettt ettt bt st sttt sb e st bt et et ae st bbbt et esneneneenne e 10
FIGURE 4: FLETCHER-MUNSON CURVES.......ooiiiiiiiiiiii it 11
FIGURE 5: METHODOLOGY FLOWGCHART ...ttt 13
FIGURE 6: TIMELINE .....oiiiiiiti e be s e b s sae e e aa e sraeeeaee s 15
FIGURE 7: FLIGHT PATHS OF AIR TOURS IN AND AROUND ACADIA NATIONAL PARK (LEE 12) ...cceeerireieeeieienienenn 19
FIGURE 8: ACOUSTICAL LOCATIONS ....ooiitiiitiietis ettt st saa e nae s 21
FIGURE 9: NTI XLR WITH M2230 MICROPHONE (2013)...cuteuteuteieieniinrenieereeeeeeie st sttt sre e st sne e nne e 24
FIGURE 10: TASCAM DR-40 RECORDER ......oootiiiiiiitii ittt 27
FIGURE 11: PELICAN WATERPROOF CASE (LEFT) AND AURAY WATER RESISTANT WINDSCREEN (RIGHT).....c..ccocu..... 28
FIGURE 12: 12 VOLT CAR BATTERY (JAZZY 2013)...cccuiriiiiiiiiirieieieientisre sttt s 29
FIGURE 13: CADILLAC MOUNTAIN SETUP ....ciiiiiiiiiiii ittt 46
FIGURE 14: 7 DAY OVERLAY OF DECIBEL READINGS AT CADILLAC MOUNTAIN .....ooviiiiiiiiiii e, 47
FIGURE 15: LISTENING TO THE BIRDS WAKING UP.....ccooiiiiiiiiiiiiiiiiiiiiici e 48
FIGURE 16: PINE HILL SETUP ....uviiiiiiiiii ittt aa s 50
FIGURE 17: 7 DAY OVERLAY OF DECIBEL READINGS AT PINE HILL ..cooiviiiiiiiiiiiiiiiiiiiici e 51
FIGURE 18: BERNARD MOUNTAIN SETUP ....ooiiiiiiiiiiiiiiicci s 54
FIGURE 19: 7 DAY OVERLAY OF DECIBEL READINGS AT BERNARD MOUNTAIN .....coooviiiiiiiiiiiiiiiiiiccciecc e 55
FIGURE 20: NORTHEAST CREEK ID CHART ..c.utiiiiiiitic ittt 61
FIGURE 21: NORTHEAST CREEK SETUP ..cuuviiiiiiiiiiiiiic i 61
FIGURE 22: 7 DAY OVERLAY OF DECIBEL READINGS AT NORTHEAST CREEK......ccccivviiiiiiiiiiiiiicc, 62
FIGURE 23: 2005 SITES...iiiiiiiiiiiiiii ittt bae e s st e e e s aa e s aae s 69
FIGURE 24: ENTIRE SETUP ...oiiiiiiiiii bbb 76
FIGURE 25: MODIFIED WATERPROOF CASE (1) ...ueeiuiiiieiieiieeieeeeieere ettt sttt et e e 77
FIGURE 26: MODIFIED WATERPROOF CASE (2) ....eoiiiiiiiiiiiiiieieieieniisre sttt st s e 77
FIGURE 27: XL2 INSIDE WATERPROOF CASE AND WIRED TO BATTERY ...ccoouiiiiiiiiiiiiiiiiiicccie e 78
FIGURE 28: WATERPROOF CASE LATCHED CLOSED........cocoiiiiiiiiiiiiii it 78
FIGURE 29: CASE ATTACHED TO TRIPOD USING BUNGEE CORDS .......cccuiiiiiiiiiiiiiiiiii e 79
FIGURE 30: CLOSE-UP OF CASE ATTACHED TO TRIPOD .....ccoitiiiiiiiiiiiiiciiin i 80
FIGURE 31: SCREENSHOT OF SAVING DATA ON XL2....ooiiiiiiiiiiiiiiiiiiiiiiiiccin e 80
FIGURE 32: MICRO SD CARD SLOT ON BOTTOM OF XL2 ....ccuiiiiiiiiiiiiiiiiii i 81
FIGURE 33: MICRO SD TO USB CONVERTER .....ciiiiiiiiiiiiiiiiiiiiciiiic it 81
FIGURE 34: TASCAM AUDIO RECORDER WITHOUT WINDSCREEN .....cccccoviiiiiiiiiiiiiiiiiiccc e 82
FIGURE 35: TASCAM AUDIO RECORDER WITH WINDSCREEN .....cccciiiiiiiiiiiiiiiiiiiiiiin e 82
FIGURE 36: CAR ALARM ..ottt s b s s ab s s b s ae e st 101
FIGURE 37: MOTORCYCLES ......cuttiiiiiiiiiiiiii ittt sab e e sb b s s aa s s s saan e s s sabaeessans 102
FIGURE 38: AIRPLANE ..ottt bbb bbb bbb s b s bt 102
FIGURE 39: AIRPLANE ...oiiiitiiiiiii ittt s e e s e b e s ba e e s sba e e e s sabaeessans 103
FIGURE 40: AIRPLANE 1 AT NORTHEAST CREEK .....coiiiiiiiiiiiiiiiii i 104
FIGURE 41: AIRPLANE 2 AT NORTHEAST CREEK .....cviiiiiiiiiiiiiiiiiiiiciinci e 104
FIGURE 42: AIRPLANE 3 AT NORTHEAST CREEK .....ooiiiiiiiiiiiiiiii s 105
FIGURE 43: AIRPLANE 4 AT NORTHEAST CREEK .....cviiiiiiiiiiiiiiiiiiiitinci e 105
FIGURE 44: AIRPLANE 5 AT NORTHEAST CREEK .....ooiiiiiiiiiiiiiii i 106



FIGURE 45:
FIGURE 46:
FIGURE 47:
FIGURE 48:
FIGURE 49:
FIGURE 50:
FIGURE 51:
FIGURE 52:

AIRPLANE 6 AT NORTHEAST CREEK ....ooiniiiiiiiciii e 106
AIRPLANE 7 AT NORTHEAST CREEK ..ottt 107
AIRPLANE 8 AT NORTHEAST CREEK ....ooiiiiiiiiiiiii i 107
AIRPLANE 9 AT NORTHEAST CREEK .....ooiiiiiiiiiiiiici e 108
CADILLAC 1/3 OCTAVE BAND FREQUENCY PROFILE ......couecveririeeererieiereneeeereseeeere st seeeee e sreeenesnenees 109
PINE HILL 1/3 OCTAVE BAND FREQUENCY PROFILE .....cc.eruiuirieieienienieienienieiesie ettt 110
BERNARD MOUNTAIN 1/3 OCTAVE BAND FREQUENCY PROFILE .......ccoienieinreeeinreeeeereneeese e 111
NORTHEAST CREEK 1/3 OCTAVE BAND FREQUENCY PROFILE.......cccerteirteieinienieienieniee st 112



List of Tables

TABLE 1: GPS COORDINATES OF SITES......oiiiiiiiiiiiiiiiii it s VIl
TABLE 2: OVERALL AND DAYTIME VS. NIGHTTIME DECIBEL AVERAGES........ccoiiiiiiiiiiiiieeciee X
TABLE 3: HOURLY DECIBEL READINGS FOR EACH SITE (Lagg DBA) c.eviiiiieieeieieiesttere sttt e X1
TABLE 4: HOURLY DECIBEL READINGS FOR EACH SITE (Lgg DBA) ....eoiuiiiiiiiiiiiiiiiieniinn e Xl
TABLE 5: HOURLY DECIBEL READINGS FOR EACH SITE (Lsg DBA) ..cuviivieiiriieiiiieieie sttt e X1
TABLE 6: PERCENT DIFFERENCES ......ootiiiiiiiiie ittt X1l
TABLE 7: GPS COORDINATES OF ACOUSTIC LOCATIONS ..ottt 21
TABLE 8: OVERALL AND DAYTIME VS. NIGHTTIME DECIBEL AVERAGES........cooiiiiiiiiiiiiiiicicc 36
TABLE 9: HOURLY DECIBEL READINGS FOR EACH SITE (Lapg DBA) .cviiiiiieiiiieecterieseeeeetee et e 36
TABLE 10: HOURLY DECIBEL READINGS FOR EACH SITE (Lgg DBA) ...eiviiiiiiiiiiiieniirectee e 36
TABLE 11: HOURLY DECIBEL READINGS FOR EACH SITE (Lsg DBA) ..cuvieviriieiiiieieiertiererieeeeeetere sttt e 36
TABLE 12: FREQUENCY PROFILE FOR EACH SITE......oiiiiiiiiiiiiiiiiiiciii e 37
TABLE 13: PERCENT ERRORS ... ..ottt san e 40
TABLE 14: CADILLAC MOUNTAIN ID CHART ...ooitiiitiiitii ittt 46
TABLE 15: PINE HILL ID CHART .ottt aa e a s e saa e saa s e aa e snae s 50
TABLE 16: BERNARD MOUNTAIN SITE ID CHART ..ttt 54
TABLE 17: GILMORE MEADOW ID TABLE.......ciiiiiiiiiiiiiicci e 58
TABLE 18: GILMORE MEADOW SETUP......ciiiiiiiiiiitiiiii i 58
TABLE 19: 1/3 OCTAVE BAND FREQUENCIES (2010) ....ceverveuteuerieteierieieiesieneesiestestsseste st eseste e esesbeeesesbesaesessenaenesneneene 74

List of Equations

EQUATION 1: PERCENT DIFFERENCE FORMULA ........cccuuuauaamaaaaaaaaaaassssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 39
EQUATION 2: DB EQUATION w..cccoeceaeeaaaaaamaasaaaaassssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 73
EQUATION 3: CENTRAL FREQUENCY EQUATION ......ccccuuuuaaaaaaaaaaaaasassssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 73
EQUATION 4: 1/3 UPPER AND LOWER OCTAVE FREQUENCY BANDS .....ccccuuumummamamaaaaassssssssssssssssssssssssssssssssssssssssss 73
List of Graphs
GRAPH L5 SITE DATES ...vv1vv1vvvveveeeeeeee IX
GRAPH 2: SITE DATES....oovvvvvvvveeeeeeeessee e 22
GRAPH 3: STANDARD 1/3 OCTAVE BAND SPECTRUM ("[ONE THIRD OCTAVE BAND GRAPH].") .eceveeeieieieierieniennens 75
GRAPH 4: A-WEIGHTED FREQUENCY RESPONSE CURVE ......oovvvvvvvvveresrsnnssesessssensesssssssssssssssess s 75



Executive Summary

In 2005 the Volpe Center assisted the National Parks Service (NPS) in conducting sound study
research inside of the Acadia National Park (ANP) to determine the baseline ambient sound
levels of the park to further understand the park’s soundscape. The purpose of this study was to
continue where the 2005 study left off by replicating the study as closely as possible as a means

of comparison in order to do the following:

e Do a proof of concept on the accuracy and usability of newer methods and technologies

e Collect sound level data (both dBA and frequency based) to establish an updated ambient
sound level baseline of the park

e Analyze the data and compare it to the 2005 data to look for trends and differences over

time

This document summarizes the sound level study that was conducted inside of Acadia National
Park located on Mount Desert Island in Maine. This study was conducted for seven weeks from
June 17" to August 2" of 2013 where seven days of recording were measured at five different
sites located throughout Acadia. These five sites were selected from the original nine sites used
in the 2005 study. This study selected only five sites due to the seven week time frame and some
accessibility concerns. The original nine sites were selected based on a variety of factors. They
were primarily selected through the determining of the “acoustic zones” present inside of Acadia
using the National Land Cover Database (NLCD). These zones determined by the NPS and

Volpe are described below:

Vi



o Wetlands (Zone 1 — approximately 35 percent of the park) — includes the NLCD Woody
and Emergent Wetlands and Water land cover categories;

e Evergreen Forest (Zone 2 — approximately 37 percent of the park) — includes the NLCD
Evergreen Forest land cover category;

e Hardwood Forest (Zone 3 — approximately 7 percent of the park) — includes the NLCD
Deciduous Forest land cover category;

e Mixed Forest (Zone 4 — approximately 17 percent of the park) — includes the NLCD
Mixed Forest land cover category;

e Alpine (Zone 5 — approximately 1 percent of the park) — includes the NLCD Bare
Rock/Sand/Clay and Transitional land cover categories;

e Shrubland (Zone 6 — approximately 1 percent of the park) — includes the NLCD
Shrubland, Grasslands, Pasture/Hay, and Urban Grasses land cover categories; and

e Developed (Zone 7 — approximately 1 percent of the park) — includes the NLCD

Developed land cover category.

Figure 1 shows a labeled map of the 5 recording sites of this project. Table 1 below it is a chart
with each site’s name and GPS coordinates. A timetable of when each site was recorded can be

seen in graph 1.

vii



Figure 1: Acoustic Locations

Site ID Site Name Latitude Longitude
(decimal degrees) (decimal degrees)

1 Bernard Mountain 44.30038 - 68.36605

2 Pine Hill 44.31484 - 68.35428

3 Northeast Creek 44.41876 - 68.31795

4 Gilmore Meadow 44.36273 - 68.27729

5 Cadillac Mountain 44.34983 - 68.22575

Table 1: GPS Coordinates of sites
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Graph 1: Site Dates

To match the 2005 study as closely as possible, the same types of readings were recorded. These

types of recordings are:

e Decibel Levels: Continuous, one second readings using A weighting

1/3 Octave Band: Continuous, one second readings of A weighed levels, split into 1/3
octave frequencies from 20 — 20,000 Hz

Audio Recordings: Used for recording audio simultaneously with the acoustic data for

cross-referencing. This is especially useful for identifying what the sound levels actually

are (e.g. planes, birds, motorcycles, etc).

To obtain this data, the XL2 sound level meter by NTI Audio was chosen as it collects both the

decibel levels and 1/3 octave band data needed. Furthermore it is portable and more affordable.



The audio data was recorded with a different device, which was the DR — 40 by Tascam Audio.
It was capable of recording up to around 13 hours of audio on a battery charge which was
enough to record from the afternoon into early morning. A picture of both the XI.2 and DR — 40

is shown in figure 2 below.

354 MRS MEC MoDE

PLAY RECORD

Figure 2: NTI XL2 with M2230 Microphone (left) and Tascam DR-40 Recorder (right)

Table 2 contains a summary of all the acoustical sound level (dBA) data statistics for overall,
daytime, and nighttime. These values were calculated for each of the recording sites. The rows
of the table are organized by the site number. The upper five grouped columns of the table are

explained below:

e Site ID: The site ID assigned to each site. See table 1 to see which site ID correlates to
each site name
e Overall: The overall sound levels which takes into account all of the data from the entire

7 day period



e Daytime: The daytime sound levels - for this study between 7am and 7pm. Only data in
this timeframe were used

e Nighttime: The nighttime sound levels — for this study between 7pm and 7am. Only data
in this timeframe were used

e Delta: The difference between the daytime and nighttime sound level data

The three columns in each of the four grouped columns in table 2 are three kinds of statistics that

were calculated for every group. The meaning of these three statistics is explained below:

e L, This is the average of the data set, acquired by dividing the sum of the data points
by the size of the data set
e L,: This is the median of the data set, acquired by sorting the data points from lowest to
highest and then selecting the midpoint
e L, This is the 90th percentile of the data set, acquired by sorting the data points from
highest to lowest and then selecting the data point that marks the 90th percentile of the
data set
Table 3, 4, and 5 show the Laeq, Loo, and Lso values, respectively, for each hour of the day at each
site. The first column lists the site ID of each site, and every other column to the right is the

corresponding hour of the day in the 24 hour format.

Due to an unfortunate power failure at Gilmore Meadow (site ID 4), no readings were

collected at this site.
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Sa T Overall (entire 7 day period) Daytime (7 AM - 7 PM) Nighttime (7 PM - 7 AM) Delta (Daytime - Nighttime)
e Laeq (dBA) | Lso (dBA) | Lgo (dBA) | Laeq (dBA) | Lso (dBA) | Lgg (ABA) | Laeq (ABA) | Lsg (dBA) | Loo (dBA) | Laeq (dBA) | Lso (dBA) | Lo (dBA)
1 37.7 35.2 27.6 36.5 34.5 28.6 39.1 36.3 26.7 -2.6 -1.8 1.9
2 35.2 33.8 28.2 355 34.0 29.9 34.9 334 27.4 0.6 0.6 2.5
3 30.0 28.9 26.6 30.1 29.2 37.0 30.1 28.5 26.4 0 0.7 3.6
4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
5 37.2 371 29.5 39.5 39.0 324 34.9 34.7 28.0 4.6 4.3 4.4
Table 2: Overall and Daytime VS. Nighttime Decibel Averages
site ID Hours of The Day
0 2 3 4 5 6 7 8 9 10 11 12 14 15 16 17 18 19 20 21 22 23
1 41.1 39.4 |389|37.8| 38 | 336 |30.7|31.3|328|33.2 (328351385 |39.5|39.1 382375402 |39.1|396 423|426 |42.1 | 414
2 34.0 334 |342|343| 379 | 374 |37.0|37.1 363|352 365|351 347|344 |343|353 354|365 357|338 338|336 (337|352
3 28.9 29.8 |29.4|29.5| 325 | 33.5 | 323|314 | 315|307 | 31.7 | 30.7 | 30.2 | 30.4 | 29.8 | 28.2 | 28.5 | 28.2 | 28.4 | 28.9 | 30.6 | 28.5 | 28.3 | 28.2
4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
5 32.3 30.8 |30.7|320| 36.2 | 36.8 | 38.2 | 41.0 | 41.1 | 41.4 | 41.5 | 41.6 | 38.1 | 39.7 | 38.0 | 38.0 | 38.3 | 37.1 | 36.6 | 36.3 | 38.2 | 36.8 | 36.3 | 34.9
Table 3: Hourly Decibel Readings For Each Site (Lx.q dBA)
Site Hours of The Day
ID 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
1 26.6 | 25.9 | 25.7 | 26.0 | 28.9 | 27.5 | 26.9 | 27.5 | 27.9 | 28.9 | 28.3 | 28.4 | 29.7 | 29.2 | 29.2 | 29.0 | 29.0 | 28.8 | 29.5 | 29.5 | 30.2 | 29.5 | 28.3 | 28.0
2 34.0 | 29.9 | 31.0 | 30.5 | 38.8 | 37.2 | 35.7 | 35.6 | 35.1 | 34.2 | 34.5 | 33.5 | 33.9 | 33.6 | 33.0 | 34.1 | 34.9 | 34.1 | 33.1 | 31.9 | 32.1 | 32.1 | 32.8 | 34.0
3 26.3 | 26.3 | 26.3 | 26.3 | 27.1 | 27.5 | 27.6 | 27.6 | 27.1 | 27.5 | 28.0 | 28.0 | 27.4 | 27.7 | 27.5 | 27.0 | 26.9 | 26.6 | 26.5 | 26.6 | 26.5 | 26.5 | 26.5 | 26.3
4 NA | NA | NAa | NA | NA | NA CINA INA A | NA ] NA | NA ] NA | NA | NA ] NA | NA ] NnA | NA | NA | NA | NA | NA ] N/A
5 27.0 | 26.6 | 26.8 | 26.9 | 29.1 | 30.1 | 32.5 | 34.8 | 34.7 | 33.4 | 35.2 | 34.6 | 33.4 | 33.0 | 31.4 | 31.7 | 32.1 | 30.7 | 30.1 | 30.1 | 31.8 | 31.4 | 30.9 | 29.5
Table 4: Hourly Decibel Readings For Each Site (Lo dBA)
Site Hours of The Day
ID 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
1 38.8 | 34.8 | 32.1 | 29.5 | 36.3 | 32.2 | 29.3 | 30.0 | 32.0 | 32.5 | 32.2 | 33.7 | 37.8 | 39.4 | 375 | 35.2 | 35.1 | 40.4 | 383 | 38.7 | 42.3 | 42.6 | 40.6 | 38.0
2 27.0 | 26.9 | 26.6 | 26.6 | 29.0 | 29.5 | 29.7 | 30.0 | 30.6 | 29.7 | 30.0 | 30.0 | 30.2 | 30.0 | 29.6 | 30.3 | 30.2 | 29.4 | 28.9 | 28.4 | 28.4 | 28.2 | 28.4 | 27.8
3 27.9 | 30.4 | 29.1 | 28.3 | 31.5 | 32.0 | 30.3 | 30.1 | 30.3 | 30.2 | 30.8 | 30.0 | 29.9 | 29.6 | 29.0 | 28.6 | 28.2 | 27.5 | 27.6 | 27.8 | 279 | 27.2 | 27.3 | 27.1
4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
5 31.6 | 30.0 | 29.5 | 30.4 | 36.1 | 36.6 | 38.3 | 40.7 | 40.9 | 41.0 | 41.7 | 41.3 | 37.8 | 38.1 | 38.2 | 38.6 | 38.7 | 37.5 | 36.7 | 36.3 | 38.9 | 365 | 36.3 | 34.8

Table 5: Hourly Decibel Readings For Each Site (L5, dBA)
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To compare the results from this study to the results of the 2005 study, percent differences were
calculated for overall and daytime statistics as shown in table 6. Percentages over 10% are
highlighted in yellow. These percent differences gave insight both into how accurate this study
was, and shows that sound levels have potentially changed since 2005. The Leq percent
differences for both overall and daytime values were very low. They were as low at 0% and as
high as 15.5%. This means that the newly used equipment and redesigned methodology was
fairly scientifically accurate. The Lsy and Lo percent differences were much higher, however.
There are two hypotheses for why this might be. The first is that not enough data was collected,
and further data would be needed to get the same results. The 2005 study recorded for usually
twenty-five days at each site, where this study used a seven day recording window. The other
hypothesis is that sound levels in Acadia National Park have changed since the 2005 study.
Higher Lso and Lo values are a good metric for this since they are not skewed by outliers as

heavily as averages.

Site ID Overall (entire 7 day period) Daytime (7 AM - 7 PM)
Laeq (%error) | Lso (%error) | Log (%error) | Laeq (%error) | Lso (%error) | Lo (%error)
1 0% 21.8% 39.4% 7.1% 15.4% 23.8%
2 0.3% 20.4% 101.4% 1.1% 16.0% 29.4%
3 15.5% 24.6% 106.2% 14.7% 12.3% 46.7%
4 N/A N/A N/A N/A N/A N/A
5 11.4% 4.5% 10.1% 9.8% 2.9% 0%

Table 6: Percent Differences
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Chapter 1: Introduction

Sound can be a beautiful thing, especially when arrays of different pitches and tones are
harmoniously mixed together as in a natural environment. However, with an increase in
population and technology, an abundance of artificially created sounds from humans and
machinery is blended into the collection. This unwanted and damaging noise affects the sound
makeup of a land area. Such a sound makeup is known as a soundscape. This project aims to
help Acadia National Park in Maine to maintain its soundscape by fighting the addition of
synthetic noise into the environment. This was be done by monitoring the Park’s sound levels in

different areas of the park.

Soundscapes in national parks are a concern because sound pollution compromises them. Sound
pollution drowns out the natural sounds of the environment and distracts visitors who seek
peaceful and natural aural experiences. Visitors end up finding these parks noisier than they
hoped. Furthermore, sound pollution forces wildlife species to alter their behaviors. These
include communication, ability to hear predators, find food, and reproduce (NPS 101). These

alterations can have major impacts on vegetation and entire habitats.

Therefore, baseline sound levels have been recorded and analyzed at Acadia National
Park. These levels, when compared with subsequent measurements, can determine how sound
has changed over time. To this end, in 2005 the Department of Transportation (DOT) researched

time and frequency based sound characteristics inside of Acadia National Park to establish such



baselines. In addition, DOT identified the sources that contributed to the soundscapes within

Acadia (Lee, MacDonald et al. 99).

Since that study, there has been little follow up research. Today’s soundscape is not
known. One possible reason for this hiatus in research and data collection is the cost associated
with hiring personnel and the amount of effort required to gather such data. Many of these parks

do not have the resources to efficiently gather audio data on their own.

Over time there have been improvements in technology and decreases in cost. For example, with
the increase in mobile smart phone capability, there are now applications that can make
recordings and analysis similar to those of more expensive equipment. Another technological
improvement shows that abatement equipment can be placed inside parks to reduce noise

pollution.

This project tested and utilized some of these technologies while also raising awareness of the
importance of sound quality. Specifically, the team monitored ambient noise levels over time
within the Park. This determined which parts of the Park are most impacted and why. With this
information the team helped Acadia National Park enhance its soundscape and raise awareness
about unwanted sounds. Research from this project provided a source for methodologies and
equipment, and a data benchmark for future projects. This will allow all establishments, in
addition to Acadia and other parks, to assess and analyze their soundscapes, while also educating

the public.



Chapter 2: Background

Nature preservation is a national problem that has become more significant over the years. It is
why many national parks strive to protect nature and the environment. Acadia National Park in
Maine is one example of many parks that exists to preserve nature. One of the aspects of nature
that Acadia National Park is currently attempting to better understand is sound. Sound is an

important part of nature that contributes to the overall quality of Acadia National Park.

It is important to understand the impact ambient sound makes on nature and its

surroundings. This section (2.1) will examine sound preservation within US National Parks and
then specifically Acadia National Park. Next, this project will explain the social implications of
sound preservation and the motivations for preserving natural sounds (2.2). Finally, a
description of the technical term for the sound makeup in a natural environment, soundscape,

will be explored (2.3).

2.1 Sound Preservation

The amount of artificial and man-made sounds has been rising. This rise directly results from
increased population, urbanization, and technology such as airplanes, cars, and other
transportation and machinery. In large cities there are many loud noises heard twenty-four hours
a day, seven days a week. Worldwide, the amount of sounds being heard and created is

increasing.



As technology advances, many daily activities and other essential products become

habits. Many appliances like garbage disposals, dishwashers, clothes washers and dryers,
refrigerators, furnaces and many more are all considered necessary. However, all of these result
in introducing more noise into the environment (Goines and Hagler 99). In addition, increased
aircraft traffic in the United States contributes to increased sound levels (Suter 101). What most
people do not realize are the aesthetic, social, and medical ramifications that increased exposure
to greater levels of sounds can have on humans. The level of sound will continue to rise as the

population grows, man-made noise increases, and a lack of education remains.

Soundscape preservation is a problem throughout national parks in the US. As specialist in
natural resources, Wes Henry put it, "A lot of parks look like they did 200 years ago, but they
don't sound like they did" (David Foster 98). Over the years, these parks have been making big
steps towards preserving natural sounds to alleviate this problem. With an average of over 300
million yearly visitors to these Natural Parks, and an expected increase to 367 million by 2020
(NPS 101), these parks must adapt new technologies to combat the unwanted man-made noises

from their visitors.

A large source of this noise comes from automobiles, “a highly mobile and varied source of
noise” (Goines and Hagler 99). Traffic congestion can cause serious damage to "fragile natural
and cultural resources, especially when vehicles are parked in undesignated areas” (NPS

101). Parks have begun implementing custom public “green” buses that operate more quietly
than the standard bus to reduce the noise generated by vehicles on the roads. For example, Zion

National Park’s bus service in Utah accomplished the noise reduction equivalent of erecting a 12



to 15 foot tall highway noise barrier, with an estimated cost of $1,000,000 per mile, for
significantly less money and significantly less negative visual obstruction (Roof, Kim et al.
101). Another example is the Island Explorer Shuttle Bus that is provided by Acadia National

Park for visitors during the summer season.

Although this is a great first step, more work still needs to be done. Not every park has an
effective public bus service, and even if every park did, that still would not reduce sound levels

enough. In spite of a lot of research, the problem remains unsolved (Warren, Katti et al. 101).

2.1.1 Sound Preservation in Acadia National Park

Sound plays a very important role in many national parks around the U.S. It gives each park its
own culture and significance, and distinguishes it from other parks. Acadia National Park is
devoted to protect natural sounds not only for the park visitors, but also for its wildlife. With
more than 47,000 acres and with the number of visitors increasing, sound preservation becomes
more and more challenging. Acadia National Park is the home for many different species and
natural wonders that give pleasant listening experiences. As a result, Acadia National Park is
employing outsourced consultants to help maintain the beautiful sounds for which it is known

(Region 100).

One of the several ways Acadia National Park protects its environment is through measuring the
ambient sound level of the Park. This can be used to keep track of how sound is changing over
time. The measuring of ambient sound levels was completed in 2005 with the help of the U.S.

Department of Transportation (DOT). They catalogued the variety of sounds in different



locations and recorded the frequencies that characterize the sound makeup. This information
helped create a baseline for sound levels that is used by Acadia National Park to determine what

areas most need improvement (Lee, MacDonald et al. 99).

Another way that Acadia National Park has helped reduce noise in the park is by implementing a
system of public transportation that reduces the number of vehicles. A free bus service not only
protects the environment but also makes it easier for visitors to travel from one location to
another. The Island Explorer Shuttle Bus System promotes a better park experience by offering
eight different routes that include the most attractive sights of the park. Seeking to better the stay
of its visitors and the environment, Acadia National Park has made a step towards its goals to

reduce sound with these buses and routes.

2.2 Social Implications

The effects of unhealthy sounds can damage humans and the environment alike. This has
increased concern in social awareness groups. Noiseoff, Noise Free America, and Noise
Pollution Clearinghouse are examples of nonprofit organizations taking the initiative to raise
concern of these adverse effects of noise pollution (NoiseOFF 100). People visit national parks
for a “sense of place, cultural significance, [interacting] with landscape perceptions”, values that
can be attributed to the natural sounds in the environment (Dumyahn and Pijanowski 98). It is

important for the public to realize how critical sound is to the natural environment as a whole.



2.2.1 Motivational Factors

The reason behind the extra attention and care for sound preservation lays in twofold - human
health and environment quality. Large amounts of research have been done to elaborate both,

and the results are conclusive.

Elevated noise has received considerable attention from researchers who are interested in human
well-being (Warren, Katti et al. 101). Noise stresses people, causing detrimental effects on
human health (Passchier-Vermeer and Passchier 100), interfering with complex task
performance, modifying social behavior, and causing annoyance (Stansfeld and Matheson

101). The visitors of national parks are trying to “escape the fast pace of daily life,” to relax and
de-stress (NPS 101). When they are subjected to copious amounts of unwanted noise, this

quickly becomes impossible.

In addition, sound is the main means by which many animals communicate. Many species are
physiologically constrained to produce specific sounding calls, while many bird and insect
species are capable of altering their signals to escape unwanted noise (Warren, Katti et al.

101). By going in and invading these natural communications with man-made sounds, some of
these species are forced to adapt to a new noisy environment, “potentially impairing their ability

to communicate” (Rabin and Greene 100).

Noise can also hinder reproduction within species. Research shows noise might “limit the
distributions of particular animal species that are intolerant of noise or negatively affect
reproductive success in species forced to breed in noisy environments” (Warren, Katti et al.

101). Species can be forced to move away from noisy environments they cannot live in. During



this process, mates might lose each other as they spread out, damaging entire habitats. This is
illustrated by birds, as lower densities and diversity of bird species are found in proximity to

roadways (Reijnen and Foppen 101).

These are just a few of the many damaging consequences of unwanted noise. These
consequences are what drive national parks and other groups interested in the preservation of

nature to take steps to reduce this damage.

2.3 Soundscape

It is important to make the distinction between noise pollution and a soundscape. While noise
pollution is considered a form of air pollution and a threat to health and well-being (Goines and
Hagler 99), a soundscape can be simply defined as “the collection of sounds that emanate from
landscapes” (Pijanowski, Villanueva-Rivera et al. 100). The overall layout or composition of a
soundscape is highly dependent on location. For example, the “living sounds of vocalizing and
stridulating animals and the non-biological sounds of running water and rustling wind emanate
from natural landscapes” (Pijanowski 100). Urban landscapes, in contrast, are dominated by
man-made sounds such as “machines, sirens, and the friction of tires rotating on pavement”

(Barber, Crooks et al. 98).

Ever since founder of the modern day environmental movement Rachel Carson discovered the
link between sound and environmental health, there has been “little universally appreciated
measure of a coupled natural-human system” (Liu, Dietz et al. 99). Although the ecological

significance of all sounds emanating from a landscape is still a developing theory, sound artist



such as R. Murray Schafer strongly agrees that a balanced soundscape could be a solution for

many ecological problems (Helmut Kallmann 99).

Therefore, the US National Park Service (NPS) has been developing the methods, processes, and
skills required for over seventeen years to effectively manage the soundscapes of the National
Parks (Miller 100). With this, protection of soundscapes has received growing attention from
managers and policy makers as a result of an increased understanding of its role in overall
ecosystem health and visitor enjoyment (NPS 101). Advanced computing systems and digital
processing have enabled researchers to analyze soundscapes all over the world in order to
determine the significance of sound in a natural landscape. These technologies were used in this

study to collect an acoustic record in order to analyze the soundscape of Acadia National Park.

2.3.1 Soundscape Analysis

To analyze a complete soundscape, various kinds of sound need to be recorded and processed for
analysis. The characteristics of sound that need to be considered are amplitude, pitch, and

weighting. Each of these were also collected and analyzed in the 2005 study.

A general description of amplitude is the level of loudness. Measuring the loudness is important
because it will determine the overall sound level of a soundscape. For example, the amplitude of
the sound waves emitted from a crying child is greater than that of a small chirping bird. A
measure of the amplitude of a sound wave is given by the relative measure of sound pressure
levels (SPL) with respect to a reference level (Eliopoulos, Drosopoulos et al. 99). The unit

associated with amplitude is the decibel, abbreviated as dB (Refer to Appendix A for the standard

9



dB equation and reference level). Figure 3 below gives a reference scale showing how loud

specific sounds are.
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Figure 3: Decibel Scale (dBA)

Another key feature of such an analysis is pitch or how high or low the sound is. Pitch is
measured through frequency. Frequency analysis is important in a soundscape because it can
explain the sources of sounds. For example, an airplane and a bird have very distinct and
different frequency profiles. A sound wave’s frequency can be defined by the number of
oscillations for every unit of time. Frequency is measured in the unit called the hertz,

abbreviated as Hz. Moreover, timbre can be used to further explore frequency components of a

10



sound. It defines the quality of a sound, and can distinguish between different qualities of sound

such as voices, wind, and musical instruments.

The manner by which humans perceive sound is interesting in that certain frequencies sound
louder than others. The middle range of frequencies that is within the range of human hearing
tends to be amplified, while extreme high and low frequencies sound quieter. This has been

scientifically proven through experiments. The experiments yield what is now known as

Fletcher-Munson curves that show how the human ear perceives different ranges of frequencies.

Figure 4 below shows a standard Fletcher-Munson curve.
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When conducting ambient sound level recordings, this bias should be taken into consideration.
Although there are many different weighting scales to measure this hearing phenomenon, this
study will be using the A - weighted scale. The team chose this because the A-weighting
network de-emphasizes the high (63,000 Hz and above) and low (below 1,000 Hz) frequencies,
and emphasizes the frequencies between 1,000 Hz and 63,000 Hz. This range will most closely
simulate the relative response of human hearing (Lee, MacDonald et al. 99) (Refer to Appendix

B for a standard A-weighted response curve).

12



Chapter 3: Methodology

More than two million people visit Acadia National Park each year to experience its natural
beauty and to escape from the fast pace of everyday life. As a result, this project established a
baseline of the sound levels within the park and compared the data to the report completed in
2005 by the DOT. The objective was to replicate the results of the 2005 study, and with this
comparison determine whether the soundscape is changing. This project required the seven

weeks between June 17" and August 2" where the following objectives were accomplished:

e Select sites to collect data
¢ Measure ambient sound levels in selected sites

e Analyze and compare data with the 2005 study

A visual representation of the methodology used is shown in Figure 5.

Methodology Flowchart
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Figure 5: Methodology Flowchart
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3.1 Assessing The Acoustical Needs of Acedia

The Acadia National Park has a mandate to reduce noise pollution. “In 1972, the Noise Control
Act required the federal government to establish and enforce noise controls in work and other
places, including national parks” (David Foster 98). National Parks have been trying to oppose
noise encroachment from “artificial” sources like automobiles, air traffic and human settlement
growth. In an effort to combat the problem, the National Park Service has been consulting with
various firms and groups to formulate an approach to this problem. This group was one of the
teams Acadia National Park asked to conduct analysis and provide recommendations regarding

soundscape.

One of Acadia’s concerns regarding sound preservation is the noise produced by the air tours
flying by Mount Desert Island. To respond, the project determined several objectives. First, the
project collected frequency and decibel readings twenty-four hours a day for one week at five
locations. The established baseline was compared with the 2005 study to test the validity of this
study with considerations to external factors. The established baseline also allows future studies
conducted within Acadia to have a comparison point for their studies. With such a baseline,
trends can be determined. Such trends can demonstrate what park policy is needed and how well
it works. From this point, additional steps can then be taken to regulate the sound inside the

park.

Additionally, the project provided the park with actual recordings of ambient sound that could be

used to further explain the decibel readings. They could also be used to identify the frequency

14



readings and assign them to what they represent such as motorcycles, automobiles, airplanes,

birds, and people.

Another objective sought to partially replicate the plan for recording sound levels in Acadia in

2005. However, it is not possible to completely replicate the testing completed at all of the sites

in the 2005 report due to having had a limit of only seven weeks inside the park and access to

just one complete set of equipment. The previous study was replicated as best as could be done

by following the timeline that is shown in Figure 6:

TASK

WEEK

Pre-
arrival

6/24 771

7/8

7/15

7/22

7/29

Determine & Test
Equipment

Select Sites

Collect Data

Analyze & Compare
Data

Present Findings

Finalize Report

3.2 Ethics

For every study to be successful, a certain ethical code must be kept. For example, it is

extremely important to maintain the confidentiality of all the human subjects that will be

involved in this project.

Figure 6: Timeline

15



The code of ethics was observed during this study. This ensured that setups were safe and did
not harm visitors. Furthermore, the team captured voices of the park’s visitors in the
recordings. This might cause an ethical issue because they did not consent to be

recorded. Filtering the recordings and eliminating the unwanted voices avoided this issue.

3.3 Site Selection

Acadia National Park extends to more than 47,000 acres (Park Statistics 98). This means that a
sound sample taken from one location does not represent the entirety of Acadia’s

soundscape. To appropriately assess the sound levels inside of the park, data had to be collected
from multiple locations. In determining these locations, the same criteria from the 2005 study

were used. These criteria considered the following:

1. Various environmental effects on sounds

2. Proximity to roads and flight paths

3. Popularity of location/amount of human traffic

In addition to the criteria used by the 2005 study, two more had to be used specifically for this

study in finalizing the locations that would be recorded. These additional criteria are:

1. Time Considerations

2. Accessibility to Locations

16



3.3.1 Environmental Effects

One of the most important factors that went into site selection in the 2005 report was the effect
that different environments have on sound. The environmental factors that were taken into
consideration are vegetation and land type, and climate because these all affect the behavior of
sound in the environment differently. For example, in forested areas sound will reflect from or
be attenuated by trees and leaves. Open and unobstructed areas have the opposite effect, since
sound travels much farther without attenuation. A location’s climate is also important to
consider. Locations with higher elevations tend to experience higher wind speeds, thereby
increasing sound levels (Lee, MacDonald et al. 99). Furthermore, temperature and humidity play
important roles in both the speed at which sound travels and the distance it can be heard at (Lee,

MacDonald et al. 99).

These exact environmental effects were examined and discussed thoroughly in a meeting during
august 2005 by Volpe and the NPS, and took into account various categories from the National
Land Cover Database (NLCD). They determined that Acadia is composed of seven “acoustic

zones”, which they originally described as below:

e Wetlands (Zone 1 — approximately 35 percent of the park) — includes the NLCD Woody
and Emergent Wetlands and Water land cover categories;

e Evergreen Forest (Zone 2 — approximately 37 percent of the park) — includes the NLCD
Evergreen Forest land cover category;

e Hardwood Forest (Zone 3 — approximately 7 percent of the park) — includes the NLCD

Deciduous Forest land cover category;

17



e Mixed Forest (Zone 4 — approximately 17 percent of the park) — includes the NLCD
Mixed Forest land cover category;

e Alpine (Zone 5 — approximately 1 percent of the park) — includes the NLCD Bare
Rock/Sand/Clay and Transitional land cover categories;

e Shrubland (Zone 6 — approximately 1 percent of the park) — includes the NLCD
Shrubland, Grasslands, Pasture/Hay, and Urban Grasses land cover categories; and

e Developed (Zone 7 — approximately 1 percent of the park) — includes the NLCD

Developed land cover category.

3.3.2 Proximity to Roads and Air Traffic

The main reason the 2005 study was conducted was because of increasing air traffic, and the
newly trending air concessions. Therefore the activity levels of each location, in terms of
aircraft, vehicles, and other machinery, were considered. Locations of the park that are under
these routes experience high amounts of artificial noise from the aircraft. The map in Figure 7
shows popular flight paths around Acadia National Park. The 2005 team selected areas that lie

under or near these routes to determine the impact of the air traffic.
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Figure 7: Flight paths of air tours in and around Acadia National Park (Lee 12)

3.3.3 Popularity and Human Traffic

Human traffic was also taken into account during site selection in the 2005 report. During the
summer months Acadia can become crowded with large concentrations of people on certain
trails and locations inside the park. Increased traffic means increased sound, so locations of high
popularity like Cadillac Mountain must be measured. Each location was given a category of

visitor use from high to medium to low.

3.3.4 Time Considerations

A difference between this study and the 2005 study is the duration of the project. With a seven-

week time frame and one set of equipment, certain considerations had to be made regarding

19



locations and durations of recordings. The number of locations that need to be analyzed is
critical to ensure that the soundscape represents the whole park. The 2005 research study took
measurements at nine locations, usually for twenty-five days each (they had a few “experimental

sites” that were recorded at for only a day or two as well).

With this limitation, two choices were available. First, the project could consider recording at
only one location. This might be preferable because “Acoustic literature shows that a minimum
25-day measurement period limits the measurement uncertainty of ambient data collected in
various national parks to less than three decibels” (NPS 101). This would achieve maximum

accuracy and guarantee the location is properly represented.

The other option was to record at multiple locations for shorter time periods. While this might
not be preferable, it means that more locations could be measured. More locations will provide a
better representation of Acadia National Park as a whole. However, using multiple locations for

shorter periods would serve more as a proof of concept for the new equipment.

3.3.5 Accessibility

Lastly, accessibility to the original locations was considered. There are a few locations the 2005
study recorded that were not on the island. Furthermore, they were off limits to park

visitors. Although it was possible to collect sound data from these locations the information was
not as relevant to this study. Moreover, it would have been difficult to easily access these
locations with the heavy equipment. Therefore, this project focused on locations on the island

that are open to the public.
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3.3.6 Final Selected Sites

With everything discussed above taken into consideration, five of the original nine locations
from the 2005 study were used. These sites are shown on a map in Figure 8, and listed in Table

7 below. A time chart of when each site was recorded is also shown in Graph 2.
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Figure 8: Acoustical Locations
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Site ID Site Name Latitude Longitude
(decimal degrees) (decimal degrees)

1 Bernard Mountain 44.30038 - 68.36605

2 Pine Hill 44.314384 -68.39428

3 Northeast Creek 44.41876 - 68.31795

4 Gilmore Meadow 44,36273 - 68.27729

5 Cadillac Mountain 44.34983 - 68.22575

Table 7: GPS coordinates of acoustic locations
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Graph 2: Site Dates

3.4 Instrumentation

Refer to Appendix C for complete step-by-step setup procedure used with instrumentation.

At each of these locations, various kinds of sound were recorded and processed for analysis
through specialized equipment and software. These sounds were then used to analyze the

baseline sound levels within the park.
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Acoustic equipment was selected in accordance with the following criteria:

1. Total cost under $2000

2. Compact and easy to setup

3. Modular and easy to utilize by future teams

4. Single audio analyzer capable of collecting both frequency and decibel readings
5. The ability to collect high quality data

6. The ability to read ambient sound amplitudes or decibels (dB)

7. The ability to analyze 1/3 octave band frequencies

8. The ability to perform A-scale weighting

9. The ability to log data with custom sample time intervals

10. Weather protected

3.4.1 Sound Meter

After taking the criteria into consideration, the team selected the XL2 Sound Analyzer with the

M4260 Microphone from NTI Audio, as show in Figure 9:
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Figure 9: NTI XLR with M2230 Microphone (2013)

For approximately $1,700 the XL2 Sound Analyzer, using the M2230 microphone, is perfect for

a complete soundscape analysis (Refer to Appendix D for data sheets and references).

One key feature of such a soundscape analysis is amplitude. The amplitude levels determined
can be compared to previous years’ levels in order to determine the change over time and to
predict future levels. The microphone the team used was the M2230 from NTI audio. The team
picked the M2230 because it has a good decibel range from 0 — 140 dB (Refer to Appendix D for

complete specs).
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By measuring ambient sound levels in Acadia, the team tracked decibels over
time. Furthermore, measurement allowed us to determine which parts of the island are most
affected by sound and therefore require the most attention. In order to determine a trend, the

team took the average decibel reading per day and compared that to the 2005 averages.

Another key feature of such an analysis is pitch or how high or low the sound is. Frequency
analysis is important in a soundscape because it can explain the sources of sounds. For example,
an airplane and a bird have very distinct and different frequency profiles. By using the M2230
microphone, the team was able to collect frequencies in the range from 12.5 Hz to 20,000 Hz

(Refer to Appendix D for complete specs).

By monitoring the frequencies present in Acadia, the team could determine which ranges are
most present and why, and what impacts they have on the surrounding environment. There are
many methods to collect frequency, however the degree of accuracy required determines what
method must be chosen. For this study’s needs, the team collected discrete ranges of frequencies
in a frequency range between 12.5 Hz and 20,000 Hz. These ranges are called '3 octave bands
(Refer to Appendix B for a table of the standard 1/3 octave band ranges, and refer to Appendix A
for the equations that govern them). Similar to the ambient dB readings, the team took the
average Hz reading of each frequency, and compared that to the averages found in the 2005

report.

The manner by which humans perceive sound is interesting in that certain frequencies sound
louder than others. The middle range of frequencies that is within the range of human hearing

tends to be amplified, while extreme high and low frequencies sound quieter. When conducting
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ambient sound level recordings, this bias should be taken into consideration. Although there are
many different weighting scales to measure this hearing phenomenon, this study will be using
the A - weighted scale. The team chose this because the A-weighting network de-emphasizes the
high (63,000 Hz and above) and low (below 1,000 Hz) frequencies, and emphasizes the
frequencies between 1,000 Hz and 63,000 Hz. This range will most closely simulate the relative
response of human hearing (Lee, Ma