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Abstract

Efforts to control noise pollution have focused primarily on urban areas, and there has
been little rese@h on noise in parks and nature reseeues very few regulations as result
Sponsored by the Junta de Calidad Ambiental, the goal of this projetd degelop an
understanding of how nematural sounds affect visitor experienceomr parksin PuertoRico.
The project team developed sound profiles for each park and conducted visitor surveys to
determine visitor perceptiors and attitudes towards noise. The team found that traffic,
airplanes, angeoplewere common sources of annoying nolsat eah park has its own
particularb6 noi se probl em. 6 Consequent | y, -speciice t eam
recommendations to help address the problems.
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Executive Summary

Noise pollution reduces the quality of life, causes hgalilems and can limit
economic growth. Often viewesban unwanted side effect of urban living, the Environmental
Protection Agency estimates thirty million United States citizens may be at risk of hearing loss
from normal ambient noise in a typical arbenvironmenfwww.epa.gov) Federal, state and
local agencies have been aware of the problem for many years and have passed a wide range of
regulations to control noise from the most common sources such as industry, traffic,
construction, social evenssd the natural environment.

National forests, parks, and nature reserveplas people go to seek refuge from the
stresses of urban living. Ranging frone trast open spacestbk NationalParks like
Yellowstone to smaller urban parks, interacsiovith nature have distinbiealth benefits and are
a provenrstress reducer. Unfortunately, noisa igrowingproblem in many parkand reserves
both urban and rural. In urban areas the sounds from construction, traffic and industry may
intrude, wheresiin rural areas overhead airplanes, snowmobiles, motor boats-aewlaaii
vehicles are increasingly of concern. Thesanaturalsoundsare interfeing with the natural
guiet andserenity thanhature haso offer.

The goal of this project was to déee an understanding of how nmatural sounds and
unwanted noises affected visitor experiences in the national forests and nature reserves of Puerto
Rico. To reach this goal, three main objectmese identified The first objective was to assess
the natire and magnitude of namatural sounds in four selectpdrksusing fixed and hantield
monitory devices. The second objective was to determine public awareness of and level of
concern about nenatural sounds in the selected parks. This measurempuablid awareness
and concern was conducted simultaneously with the noise measurements and accomplished
through visitor questionnaires. Understanding public opinion on noise pollution in nature
provided an understanding of which noises, in particularctffational forest and reserve
visitors the most. The final objective wasdevelop and present a sere€ommendations about
how to address the problesfinonnatural noisen Puerto Ricamarks

To complete the first objective, four parf@&fiones, EYunque, Humacao and Monagas)
were selected based on factors such as visitor attendance, proximity to Samdwdifferences
in expected sources of naatural sounds. In each of the parks, the project team completed thirty

minute observational soundds using the Bruel & Kjaer 2232 to determine a basic list of the
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nonnatural sounds present and a rough decibel level range for each source. In addition to the
sound logs, sound profiles of the park were developed using NoiEdhistationary monitoring
equipment that was placed in the parks for periods of-faght hours. Fronthesedata, graphs
showing the sound levels atypical twentyfour hour period wereonstructedor each park.

Using the observational logs and the sound level graphs, tleepteam was able to interpret

and develop an accurate soundscape for each of the four chosen parks.

In order to determine public awareness and level of concern abocuatunal sounds
present in parks, the project team developed, pretested, and impdenaequestionnaire about
the impact of these nematural sounds on visitor experience in each of the paHes.
guestionnaire was modeled on previous questionnaires developtairis; Miller, Miller and
Hanson Incfor use by the National Park Servias well as @uestionnaire developed by the
Junta de Calidad Ambientr use in parks in Puerto Rico. The team also compared the survey
with 1ISO standardsThe final questionnaire focused on three broad groups of questions. The first
group dealtwithtae det ai ls of the participantds current
focused on the presence ofmorat ur al sounds i n parks and t heir
experienceThe third group was about the overall level of concern of the issue efpolisition
in Puerto Rico and background information of the participants.

In order for the questionnaire to be completed as accurately as possible, the project team
stood at the exit of the main trails ensure thatisitors would have spent an adeguamount of
time experiencing the parld team member would approach the visitors in either Spanish or
English, reciting a preamble that ensured them the questionnaire was optional, confidential and
anonymous. The collected data was tbeterednto a daabaseand codedNon-natural sound
sourcesdentified by the visitorsvere codednto five main categorieautomobiles,
maintenance, people and radios.

Based on the analysis of the sound profiles and survey data, the project team identified
severaimportant conclusions. The first, and possibly the most important conclusion, is that park
visitors in generalfeel that noise pollution is an important issue that needs to be addressed.

Over 91 % of those surveygBigure |)ratednoise contaminationaskite r A moder at el vy
i mportant , 0 fAvery important, 0 or fdAextremely i

continuedresearclonnoise contamination.
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Figurel - Importance of the Issue of Noise Pollution in Puerto Rico

The overall data indates thatautomobileéand@eopléare the nomatural sound
sources abowvhich people complaimost. Figurdl, indicates the overall percentage of visitors

complaining about each sound source and the average annoyance level associated with each.
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Figurell - Percent of Overall Visitors Complaining by Sound Source

While more people complained abautomobiles and peopleisitors indicated higher
levels of annoyance with the noise frarcraft, maintenanceork, and radios.The noise
profiles am visitor surveys indicate thaach park has its own specific noise problems, as best

illustrated below in Figurdl .
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Figurelll - Percent of Visitors Complaining by Sound Source with Average Annoyance

Levels

In Pifiones, aircraft and radios are thest annoying sources of noise while in El
Yunque, Humacao and Monagasitors complain most often about the nois@aafomobiles.
Only in El Yunque is the noise generated by people an issue. By looking at the average
annoyance levels associated with eaclse source, a trend emerges. With the exception of
automobiles in Monagas, there is a near direct correlation of the percent of visitors complaining
about a source with its average annoyance level. In Pifiones, for example, aircraft have an
average ann@nce rating of 3.62 with 42% of visitors complaining while radios have an average
annoyance rating of 4.21 with over 45% of visitors complaining. This shawes people
complain about noises that havigher the levels of annoyance.

The specificsoundgcapewvary by park according tpark size, location, activities and
other factors such as proximity to noise sources. From the thirty minute observational logs that
were completed, it is clear each park has a different sound profileegbelow, whid shows
the percentage of each noatural sound source heard in each park, demonstrates the dominant

noise sources for each pdr&sed on the sound logs.
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FigurelV - Percentage of Sound Sources from Logs by Park

In Pifiones, the most common Rpaturd sound source is aircraft, which make up over

65% of the nomatural sound. This is compared to El Yunque and Humacao where the

dominant source of sound is people, and Monagas where the mamatuvalsounds are due to

automobilesNot surprisingly, tle particular soundscapes in each metermine what noises

cause most concern to visitors

The researh literature indicates and orgsearch corroborates thasitor expectations

also shape the levels of annoyance expressed by visitors about pantdsea: If visitors

expected to hear a soufidm a particulasource, they had lower averadgeel ofannoyance

levels than visitors who did not expect to hear sosificom thosesources
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FigureV - Annoyance Levels of Sound Sources Based on Expentatio

Figure V shows thaf visitors expected to hear radios and then actually heard them, they
had annoyance levels that weoe average8% lowerthan visitors that did not expect to hear
radios in the parKThissame pattern is foundith automobiles ashaircraft Surprisingly
visitors who expected to hear other people in the park had higher levels of annoyance with this
source of noise than did visitors who indicated they did not expect to hear other. péeple
project team attributes this to thetfélcat even if visitors expected to hear people talking, they
may still have be surprised and annoyed at how loud people actually Wexenonitoring data
indicate that the noise of people screaming and shouting nearby often exceeds the noise of
aircraftor automobiles.

It is difficult to avoid many of the nenatural sounds such as aircraft noise and people
park settingsbut there are still ways to diminish the impacts of noise and enhance visitor
experiences. The following are recommendationscasehe data and results of this project.

1 Denyor limit vehicle access to park roads, except for wdiesolutelynecessary.

Instituting a park shuttle system to avoid personal automobile traffic inside or around the

park would significantly reduce the aomt of automobile noise.

1 Challenge visitors to listen fahe natural sundscape of the park and seleat natural
noises they can identifyThismayencourageisitorsto bequieter enhance their own

park experience, and avoid annoying otbeople.
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1 Schedule maintenance work either during raperating hours for the park oonpeak
hours of visitationdr the park.

1 Whennoise is unavoidable, informisitors of what noises to expect prior to their visit in
the park Thiswill help reduce annoyance legednd keep enjoyment levels high.

1 Continue research and conduct further studies to develop and defend previous works.
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Introduction

Noise pollution is a worldwide problenkspecially noticeable in cities and other dense
areas, noise pollution reduces the quality of life, causes health problems and can limit economic
growth. Often viewedaisan unwanted side effect of urban living, the Environmental Protection
Agency estimates thirty million United States citizens may be at risk of hearing loss from normal
ambient noise in a typical urban environmémivw.epa.gov) Fedeal, state and local agencies
have been aware of the problem for many years and have passed a wide range of regulations to
control noise from the most common sources such as industry, tcaffistructionsocial events
and the natural environment.

National forests, parks, and nature reservegéaess people go to seek refuge from the
stresses of urban living. Ranging frone trast open spaces of Nationatls like Yellowstone
to smaller urban parks, interactions with nature have didtgeith benetls and are a proven
stress reducer. Unfortunately, noisa igrowingproblem in many parkand reservesoth
urban and rural. In urban areas the sounds from construction, traffic and industry may intrude,
whereas in rural areas overhead airplanesysmbiles, motor boats and dérrain vehicles are
increasingly of concern. Thesennatural soundare interfering with the natural quiet and
natural serenity thatature haso offer.

As a commonwealth of the United States, Puerto Rico is subjemiéoal regulations on
noise in addition to its own specific policies. Locally in Puerto Rico, the Junta de Calidad
Ambiental(JCA), or Environmental Quality Board, is the government agency responsible for
protecting the environment and natural resourdé® noise control division of the JCA is in
charge of promoting noise policies in addition to establishing and enforcing regulation for the
control of noise pollution. There have been a number of previous studies on noise, but only
recently has the JCAelgun to turrits attention to noise in nature reserves and national forests
The goal of our project is toegtelop an understanding of how roatural soundand unwanted
noises affect visitor experiences in the national forests and nature reservesmRuge This
goalwasaccomplished by the completiontbfeeobjectivesassess the nature and magnitude of

non-natural sounds in four selected reserves and forests using fixed and handheld monitory
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devices, to determine public awareness and levelrdferm about nomatural sounds in selected
parks, and to present the results and provide recommendations of how to address the noise

problem in Puerto Rican reserves and forests.
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Background Information

Definition of Sound

Often ti mes, the words o6énoised and O6sound?d
an i mportant distinction t oSinplgstated dorndliset we e n
defined as pressure variations that can be detected by humans or animalspswaov)n Sound
is experienced by the human ear through changes in frequency and amplitude.

Noise on the other hands described as loud, unwanted, undesired, or unexpected
sounds. Noise pollution referred toeasessivainwanted sounds created agsult of human
activities. The term noise can be rather subjective in the sense that sounds that some people do
not notice can be regarded as annoying and bothersome by others.

Noise is measured by amplitude and decibels. There are several tidesds of
decibel measurements, including thg, which is discussed here, and thg &nd Lo, which will
be discussetater on.

Amplitude is defined as the difference between the peaks and troughs in a sound wave.
Amplitude is normally referred tdné loudness of volume of a sound and is typically measured in
decibels (dB).In humanbeings thehreshold of hearing begins at 0 dB and the threshold of pain
is at around.20-140 dB(http://library.thinkquest.a; http://www.saskatoon.ca/org/municipal

_engineering/attenuation).

Leg Or equivalent sound level, is a very common method of measuring sound levels over
time and is recorded in decibels. Sound levels are extremely variable over time, going up and
down continuously, making it difficult to record sound measurements. The use of equivalent
sound levels is a simple, single sound value for a desired time period averaging the varying
sound levels over that time period. Thg&an substitute all variation sound with one single
value of the noise level. For example, a reading of 60 dB indicates that all of the peaks and
troughs of sound in a time period is equal to a continuous sound level of @PABLO74).
Equivalent sound levels are an easy wagampare averageound levels to one another.

Leaves rustling is right around 20 dB(A) , while a typical conversation between people is about
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http://library.thinkquest.org/

60 dB(A) and a jet taking off would be above the threshold of pain at 150 dBgble 1shows
typical sound levis in dB(A).

Tablel - Typical Sound Levels (http://library.thinkquest.org)

Sound Source Decibels Description

0 Hearing Threshold

Normal Breathing 10 Barely Audible

Rustling Leaves 20

Soft Whisper 30 Very Quiet

Library 40

Quiet Office 50 Quiet

Conversation 60

Busy Traffic 70

Average Factory 80

Niagara Falls 90 Constant Exposure

Train 100 Endangers Hearing

Construction Noise 110

Rock Concert 120

Machine Gun 130 Pain Threshold

Jet Takeoff 150

Rocket Engne 180

Health Effects of Noise

Noise is everywhere people go, day and night. While the definition of noise is simply
unwanted or undesired sound, noise can be more than just annoying, it can have significant
negative effects on health. The typicadponse to noise is to just ignore it, but the ear and the
body still responds. Extended exposure to noise can lead to hearing loss and non auditory effects
such as high blood pressure, headaches, fatigue and loss of seSdnvedt2005). All of

theseeffects can be attributed to stress as a result of noise exposure. Stress is the most common
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result of the constant noise that humans experience and no one is immune to stress (EPA 1978).
Stress decreases t he body étien. Matuie fesetwwandtforests i g h t
are placefor people to escape from stresst ibthere is noise in the aréabecomes difficult to

do so. Therefore, it is imperative thihe reserveés nat ur al qui et i s mainta

Whenexternal noises intrudendhe soundscape aéture reserves and forestsitors
often experience annoyance (Sfefts2003). Annoyance can cause feelings of fear, anger, and
increased stress levels, usually because noise is viewed as an intrusion of personal privacy
(Stansfeld2003). Annoyance cagtetract fronthe visitor experience, and may preveisitors
from returning to the sitbvww.nps.goy. For this reason, the National Park Service recognizes
the importance of protecting the naturalisdscapes iNational Forests and nature resatve
One objective of the National Park Service is to minimize all noise that may adversely affect the
natural soundscape or impact visitor experience in any waw(nps.goy.

The National Park Service defines a sounds
areao (www.nps.gov). Soundscapes can vary fr
varying ecosystems, number of visitors, and location. If there iga \Veaterfall in a specific
reserve or forest for example, then visitors expect to hear louder sounds in that reserve than one
without a waterfall. This sort of sound source may be loud, but it is not regarded as intrusive
because it is part of the natusalundscape. Soundscapes vary from season to season and from
changes in the number of visitor§he level of marmade nois¢ypically increases with an
increase in the number of visitors to a park, and ironicallyddigadeshe natural soundscape
thatmany come to experienceén 1998, the National Park Service administered a survey asking
visitors to identify the most important reasons for having national parks and reserves and
Aseventy t waoovigirgoppeatonitiessoaexperiengepnatysabce and the sounds of

nat uwvwevings.gqy.

Noise Control
Federal, state and local agencies have been aware of the paflriersefor many years
and have passed a wide range of regulations to control noise from the most common sources

such as indstry, traffic,constructionculture and the natural environment.
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Federal and International Organizations
The Office of Noise Abatement and Contreascreated withirthe Environmental
Protection AgencyEPA) at the same time that the agency was estealiin 197GEPA 2007).
Noise contrglhoweverwasnoone of t he agen.dnyl®7dwhenthgb.8.st conc
Federal Budget was over $200 billiamly $40 millionwas designatefbr noise pollution
control whichwas 1/8' of what was budgeted ffair pollution control and 1/40of that
budgeted fowater pollution control (Bragdon 1971). In 1972, the Noise ControgageEPA
full responsibilityto controlenvironmental noisthroughresearchmonitoring,andregulation
The Agency was charggdo pr ot ect the populationds health
presented by noise. The Noise Control Act was amended in 1978 by the Quiet Communities Act
but by1982the Office of Noise Abatement and Control was phase@odithe responsibility fo
noise control shifted to state and local governm@diBA 2007) Of all the states, California was
the first to makea great effort in addressing concerns witiise pollution. In doing so, the state
established several codes regarding motor vehiclgsvanked with the government to approae
noise abatement program for airports (Bragdon 198hprtly thereafter, other states and
communities followed suit, creating their own regulations on nd@arently, the EPA has
jurisdiction over alifederalnoisepsuch as that from airports, but state and local governments
have control over community noiseu ch as a nei ghbor 68s(NRCoud r adi c
2007).

Another agency that helps regulate noise pollution is the Occupational Safety Health
Administration (OSHA). OSHA sets forth regulations concerning noise, specifically in regards
to work environments (OSHA 2007). One of OSH
noise in the work place as well as set certain noise regulations to prdieet wor ker s 6 hea
do meet this objective, OSHA has implemented as$tage program. The first stage is
implementing a hearing conservation program in work places where workers are exposed to
sound levels above 85 dBinath8 ur p er i o éaring is Wbe tdsted oacé a year and
employers are to require their employees to wear hearing protection devices such as ear plugs.
The second stage of this program requires that in work environments where noise levels exceed
90 dB, there must be eithan engineering or administrative method of noise control. These

methods can include such means as reconfiguring the work space to make machinery quieter,
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replacing machinery with quieter replacements, or mandating how long an employee can be
exposedtosc h noise | evel s. Failure to comply with
costly with penalties ranging in fines from $5,000 to $70,000 (www.oshanoise.com 2003).

The World Health Organization (WHO) has atgment a great deal of time conducting
resarch in the area of noise control. WHO has created the World Health Organization
Guidelines on Community Noise. The introduction in the guidelines statgsthat c ont r ast
many other environmental problems, noise pollution continues to grow, acceohfgran
increasing number of ¢ o mgBurglund ¢t al. 1999)6inalizedinf ect e d
1999, these guidelines include identification of noise sources and measurement, adverse health
effects, guideline valuesJong withnoise managemeand recommendationsor example, the
guidelines foroutdooractivities during the day decibel limit of 55B over a period of 16
hoursis recommendedT he <critical effect that 1is cause f¢
annoyance. 0 T h eifor managemnentnckide dhaihtleigad and engineering actions
as well as education (WHO 1999 hese guidelines are an excellent resource for local

governments whose goal is to implement noise ordinances in their communities.

State and Local Noise Regulatons
State and local regulatory agencies have issued numesguiations over many years to
control noise from various sources. The regulations differ among regulatory agencies, although
they typically establish allowable limits for residential, comni@kcand industrial settings.
Table2 below illustrates how the zoning is set up in Colorado, for example. It distinguishes
between the different zones, the times of day, and decibel level allowed. (NPC 2007)
Table2 - Maximum Pemissible Noise Levels in Colorado (NPC 2007)

Zone Day time (7am- 7pm) | Night time (7pm - 7pm)
Residential 55 dB(A) 50 dB(A)
Commercial 60 dB(A) 55 dB(A)
Light Industrial 70 dB(A) 65 dB(A)
Industrial 80 dB(A) 75 dB(A)
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Residential areas are areas veheumans dwell or consider a place of tranquility such as
a church. Commercial areas contain places of business or education while industrial areas are
considered warehouses, factories, or military baBesh the EPA and the WHO have set sound
limits of 55 dB(A) as the 24r Leqfor outside areas to minimize annoyance.

Noise from motor vehicles is one of the most commonly regulated solwd¢&serto
Rico, a group knownn English,as the Interagency Committee and Citizens Above the Noise
(CICAR) gatlered public opinion through a survey about environmental noise. They found that
the most common noise complaint was motor vehicle noise (Junta de Calidad Ambiental, 2007).
Accordingly,Junta de Calidad Ambiental, has placed some regulations on motclesehi
response to the number of complaints they have received. In January of 2000, Ley de Vehiculos
y Transito de Puerto Rico, which translates to Vehicle and Transportation Law of Puerto Rico,
was put into effect. This law covers all of the mattelstee to traffic and motor vehicles. For
example, the law stated that anyone who modifies the muffler on a vehicle to make it louder will
be issued a fine (AliceRou 2004).0ther policy options include controlling the speed of
vehicles in designatealaces such as residential areas or parks, since reducing vehicle speed has
a dramatic impact on noise. For examgkenes Cowan (1994. 150) notesth@r educi ng
vehicle speeds from 40 to 30 mph is as effecivieeducing noisas removing one half ohé
vehicles from the roadway. o

Besides motor vehicles, regulations have been issued to control noisedfisical
devices, pets, construction, places of entertainment, and firearms/explosives. Violation of the
laws concerning these items also variesanh state. Usually a complaint must be made in order
for legal action to take place. A fine or other penalty may be issued depending on the severity of
the action. (NPC 2007).

There are many similaritidsetween noise legislati@nactedn Puerto Ricaand the
continental United Stated-or example, Junta de Calidad Ambiental hasase leveldor
residential, commercial and industrial zoi€able 3) that are similar to those set in Colorado
(Table 3. JCA has established regulations for an additibon z o n e . Zone 4 is th
and includes areas such as hospitals and courts of justice. The JCA defines emitting source as
Afany object, device, or sound wave originatin
p or t a bTalde.3dhe zohedelow the emitting source are where the sound source is located

while the zones below the receiving zones are where the emitting source is heard.

Worcester Polytechnic Institute Page8



Table3¢ Noise Level Limits in Puerto Rico (JCA 1987)

RECEIVING ZONES

EMITTING ZONE1 ZONE 1 (Commercial) ZONE 3 ZONE 4
SOURCE (Residential) (Industrial) (Quiet)
Davtitme | Nighttime | Daytime | Nighttime | Davytime | Nighttime Davtitne Nighttime
ZONE1
(Residential) 60dB S0dB 65dB S5dB TodB 60dB S0dB 45dB
ZONE 2
(Commercial) 65dB s0dB 70dB 60dB 75dB 65dB s0dB 45dB
ZONE 3
(Industrial) 65dB 50dB T0dB 65dB 75dB 75dB s50dB 45dB

Most of the regulationthat have been discussiulis farhave to do with urban and
residential areasVery little has been done to regulate noise contamination in,gadkggh. In
fact, nd many studies have been done in parks and resemegace the lack of regulationlore
research regarding neratural sounds in nature needs to be ddre following section
discusses the importance of parks and natural quiet along with common noise sources and how

noisehasa negative impact on visitor experience.

Benefits of Nature

Natural resoures, such as national forests and nature reseave very important for a
variety of reasons. One aspect that is very important, if not most important, to most people is a
reservé s ability to relieve s tGramansl1l999Maivereetal. Bel |
1991). In fact, according to Wolf (2000) when nature has been used as a remedy for stress,
people have shown both psychological and physiological improvements. In a study conducted
by Ulrich et al. (1991), time spent viewingdiexperiencing nature had been shown to reduce
blood pressure, reduce muscle tension, and restore concentration and attention spans. Even small
doses and short visits teserves or forestcan have valuable affects (Wolf 2000). It is a very
common thera in scholarly reports that nature reservesratinal forestare beneficial and
restorative environments (Berto 2005; Kaplan 1995; Mace, Bell, and Loomis 2004; Ulrich et al.
1991; and Wolf 2000). In fact, it is mentioned in Berto (2005) that parks, @ban parks,
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reserves, and foresése restorative environments while cities and other urban areas are stressful
environments.Thus,parksarevery important fothealthy, liveableommunities.

The natural quiet afiature reserand national forestis a great value to people both
after stressful evenend prior to them. Wolf (2000ont es an Ai mmuni zati on e
experienced after a visit to a nature reservi@st The stress relief and calmnéekat is
offeredcarries over into futurevents, making stressful situations less stressful. This
Ai mmuni zation effectod can r e alevelyNedattvamevdnisin o ne 6
life can lead to increased stress, which will then lead to worse physical and mental health as
shown inFigure 1. Avoiding the full consequences of these negative events is one of the most

important benefits a natural setting, such as a nature reserve, can provide.

NEGATIVE e

LIFE EVENTS
INCREASED
STRESS
LEISURE
GENERATED
/SOCIAL SUPPORT e
LEISURE *f | buniared
SELF-DETERMINATION == A
A DISPOSITION x
MAINTAINED WORSE

PHYSICAL and
MENTAL HEALTH

Figurel - Leisurestress buffering cycle

Healthbenefitsare not the only benesibf visiting reserve and foress. Having a scenic
view as part of oneébés daily routine can al so
studycompletedoy Tennessen and Cimprich (1995, as cited in Berto 280&)ens who had a
more scenic view performed better on exams than students with a less scenic view.

According to McDonald, Baumgartner and lachan (1995, as cited in Mace, Bell, and

Loomis 2004), ninetypne percent ohature reserve and national foresttorsfelt that natural
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quiet and natural sounds very vadig areason to visit parks. Almost every person has their own
personal reasons for visitimgserve, whether it is to relieve stress, to exercise, or even to just
enjoy the beauty of the landscapénfortunately, thdoss of natural quiet and natural sounds
createsubstantiabnnoyance to the nature reserve and national forest vigioasnann 1999)
Avoiding the consequences and thsslof reservexperience that accompanies lack of nature is
very important. External noises are directly correlated with the loss of natural qresemves

and forests Too much automobile traffic, air traffic, loud music, and other unnatural noises can
drown out the sounds visitors associate with nature. Tdwsequences from external noises
lead to noise regulations and other techniques to keep unwanted noisesatutefeserves and
national forests

Sources of Noise

It is clear that external noise often has a negative impact on visitor experience and
interferes with the positive effects of parks and nature reserves. External noise can come from
any number of sources depending on the park itself. The folloparagraphslescribe in more

detailsome of theeommonsources ohoise thamany parkvisitorsfind bothersome.

Characterization of Noise in Nature Reserves

As stated before, noise is considered unwanted, unexpected, and annoying sounds. In
parks, noise is anything that takes away froenrtatural soundscape of the nature resefve
types ofoises that are most commonly complained about in reserves and national forests
include aircraft overflights, traffic, and construction noiséable 4providesexamples of

different levels of sound heard in National Parks.
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Table4 ¢ Amplitude Leves

Sound dBA
Threshold of human hearing 0
Haleakala NP: Volcano crater 10
Canyonlands NP: Leaves rustling 20
Zion NP: Crickets (5 m) 40

Whitman Mission: Conversational speech (5 m) 60
Yellowstone NP: Snowcoach (30 m) 80
Arches NP: Thunder 100

Yukon-Charley Rivers NP: Military jet (100 m AGI /120

Each National Park has its own distinguishing characteristics and with these come other noise

SOource.

Aircraft Noise

The most common and most studied source of external moisservess aircraft
engines. The number of commercial passenger flights, general aviation, military and emergency
operations have all increased dramatically in recent yeavs/(hps.gov). Many of the flights
over the National Parks are helicopterplanes giving aerial tours. These tours are limited by
The National Parks Air Tour Management Act of 2000 which requires all paserves, and
forestswith aerial tours to have a Commercial Air Tour Management Plan but are becoming
more and more popula

Airplanes flying overreserves and foresése an annoyance and a distraction to many
visitors. According to a report to congress by the National Park Service, 53% of 273,465,349
recreational park visitors reported consamboutaircraft overflights (National Park Service,
1994). The Nationaldtk Service estimated that there are over 35,000-flights in national
parks per week. There are a few options to look at that would successfully reduce the impact

aircraft overflights have omature resrve and national foresixperiences.
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1 Flight-free zoms can be established over reserves and forésis problem with
this idea is that the zones would have to be larg&®Miles in each direction
(National Park Service, 1994).

1 Increase the numbef passengers per fliglaind thereby reduce the number of
flights. Thischangedoes not take away the noise, but the intrusions would be less
frequent.

1 Breaking the line of sight between the aircraft and the visitor will effectively
reduce the maximum ise levels heard by the visitor.

1 Set limitations on oveflight altitudes. Enforcing a minimum altitude would help
the issue, but it is very unlikely that this implementation alone will solve the noise
problem presented by aircratfts.

In regard to federaloise legislation, the U.S. government has launched a few acts in
response to airflightsln 1987, the Parks Overflight Act was established to reduce the amount of
tours and commercial flights flying over national parks during the ttayas not enfored
enough to show overall improvement in natural sounds being,leatdgh(Faehner 2007)The
natural sounds in such national parks as the Grand Canyon has actually decreased since the act
was installed.A decade latera new National Parks Overflighict was built upon the previous
legislation to give equal authority to the National Park Service instead of sole authority of the
Secretary of the Interior (Robinson 199Ti).2000, the Air Tour Management Act was set up
and required that all commercidbpes and helicopter tours authorize themselves with the
Federal Avation Administration (FAA) However, the FAA had been uncooperative with the
National Park Service concerning all such enforcement (Faehner 280Gther attempt in 2000
was an amendmeto the Aviation Noise Abatement Policy. The FAA expressed interest in
using new technology to alleviate the impact of noise. One specific goal was to design air traffic
routes with respect to noise sensitive areas, such as national parks (Connoimkedederal
Aviation Administration has the authority to determine how airport noise should be managed, but
reducing aircraft noise conflicts with the FA
aviation industry (Schmidt 2005).
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Traffic Noise

Motor vehicles are a major source of noise complaints. The noise from vehicles is often
caused by loud or altered mufflers, car horns, and simply high traffic volumes. There are several
options in mitigating traffic noise that should be considered such as traifie barriers and
reducing the speed limit.

Highway traffic noise barrieraresimply solid objects that are built between a highway
and whatever happens to be borderingvit.fhwa.dot.goy. Sound barriers do not make the
noise disappear, they onlgduce it. An effective barrier can reduce noise, though, by up to 10
deci bels (dB) . These barriers are usually ei’
or vertical wooden walls. Earth mounds are much more aesthetically pleasing ang siaykt|
effective, reducing 3 dB more noise than walls of the same height, but require more earthwork,
especially if they are really tall. Wooden walls are much easier to construct and require a lot less
land.

Noise barriers alongside busy highways amEsessful in reducing noise to residents
living on the other side of the barrier provided it is constructed properly. In order to be effective,
barriers much be higher than the receiveros |

above the lin®f sight, 1 dB of sound is reduced.

Each additional 1m height 1m
= 1.5 dB(A) agditional
attenvation

Source f

im Receiver

Ling of sight
blockage = 5dB{A)

Figure2 - Noise BarrierEffectiveness (www.fhwa.dot.goy
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They must also be 8 times as long as the distance between the receiver and the barrier in
order to avoid noise congraround the sides of the barrier. Any openings in the barrier would
completely destroy the effectiveness of the barrier.

Public opinion on noise barriers is, for the most part, positive.dBais with homes near
a highwaywith a sound barrier seemfiad the barriers effective in reducing noise, allowing
them to open their windows more, sleep better, and feel more privacy.thwa.dot.goy.
There are, of course, some negative feelings towards such barriers like feelings of confinement,

obstructionof view, and loss of sunlight.

Another option in mitigating noise caused by traffic is to make sure drivers are aware that
they are near a nature reserve or national forest. Roadside signs should be used to inform drivers
that the use of horns is proltéd in areas near reserves and forests (Zannin 2005). An
alternative idea, currently being employed at Zion National park, is the use of a shuttle system
for park visitors (www.nps.gov). Visitors park their vehicles further away from the park and a
bustransports park goers to the entrance of the park. The shuttle system has resulted in a
noticeable reduction in motor vehicle sound levels. As stated before, reducing the speed limit

can have a dramatic impact on the sound level caused by traffic (A®®4h

Construction

Construction is certainly part of the noise problem, yet many people do not always think of it
as a problem because for the most part, construction projects are temposamat easy to
determine exactly how much construction trdnutes to noise pollution due to the day to day
variations and varying shift lengths (Eaton, S., 2000), but when construction is occurring it
certainly does not go unnoticed by people nearby. Noise from gotistr projects in or near
naturereservean easily interf er eAddréssirythanoigeicausetdloyr 6 s e >
various construction projects in or around nature reserves is very impokrding to a
report done for the Workerso6é6 Compe siBlanbiseon Boa
mitigation options include:

1 Requiting tools used on construction sites to follow guide lines indicating

maximum noise emissions.
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1 Requiing thaton-site inspectors make sure that tools are maintained and that
workers do not work outside site lnadaries.

1 Prohibiting construction activity by time of day and specific dates.

1 Creatng guidelines as to when trucks can come through and how many trucks are
allowed.

1 Requiling construction sites to use proper sound barrier techniques to reduce the

noise keard outside of site boundaries.

Other Noise Sources

Depending on the location and type of nature reserve or national forest, there are several
other sources of noise.opular sources for noissmplaints includesnow mobiles, personal
water crafts likget-skis, recreatinal boating and automobiles (www.nps.gov

Personal watercrafts such asg&ts produce sound levels in between 85 and 105 dB(A)
(www.nps.gov). Jeski noise emissions have been such an issue in some parks that some have
banned theise of jetskis. Acadia National park in Maine was the first national park to ban jet
skis in 1998 because of the number of noise complaints (Bangor Daily News 1998). Currently,
66 national parks do not allow the use of personal watercrafts becauseuptidndue to
excessivenoise (Www.nps.gov).

Snowmobiles are another commoause of visitocomplains in several national parks
throughout North America. The National Park Service attempted to phase out the use of
snowmobiles in Yellowstone NationRhrk in 200Go control both noise and air pollutiomhe
plan was to replace the use of snowmobiles with snow coaches, but in 2004, the National Park
Service issued a report that there was not any significant difference as a result of using snow
coaches Currently, up to 720 snowmobiles are allowed in Yellowstone, all commercially guided
though (www.nps.gov). The NPS is still working on coming up with alternative methods of

managing snowmobile use.

Conclusion
Noise pollution is a serious problenatmeeds to continue to be dealt with. Noise has

adverse consequences on humans and has a tendency to raise already high stress levels. It seems
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that noise is everywhere we go and there needs to be some sort of escape. Nature reserves and
national forets should be able to provide that break from the noisy world that people need, but it
appears that these areas are unable to do so. Noise pollution is infiltrating reserve and forest
boundaries, ruining the natural quiet people have come to expectr Asau |l t , Vvi si t or s ¢

experiences in nature reserves and national forests are often negatively impacted.
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Methodology

Noise is generally viewed as unpleasant and annoying, especiadjuire Forests and
nature reserveare expected to @eaceful and to have a natural quiet, but this is often not the
case. Non-natural sounds and unwanted na@sgersnatureand damages the natural quiet.
Noi se detract s dutdammxperiences. tThergsabof tlusvsewsstd develop
anunderstanding ofion-naturalnoise innational forests and nature reserves as weibassuch
noises affecthe overall visitor experience in selectedervesn Puerto Rico.

In order to reach this goal, three main objectivese identified The firstobjectivewas
to assess the nature and magnitude of extraneous noises in four gelsetees and forests
using fixed and hantield monitory devices. The second objectiasto determine public
awareness of and level of concern about-natural noise in the selected parks. This
measurement of public awareness and conwasiconductedimultaneously with the noise
measurements and accomplished through visitor surveys. Understanding public opinion on noise
pollution innatureprovided an understandg of which noises, in particular, affetational forest
and reserveisitors the most. The final objectiveasto present our results and provide

recommendations about how to address the noise problem in PuertddResasand reserves.

Noise Assessment
In this section, methods regarding noise assessment such as the seldotiestoaind

reserve®f interest and techniques of noise monitoring will be discussed in depth.

Park Selection

In Puerto Ricothere is one national forest, El Yunque, about seventeen other
protected reserves throughout the islafmtie complete list of parks and reserves is documented
in the matrix shown in Appendix Bin consultation with staff ahe JCA, wechosefour
parkgreservesvhere wemonitorednoise levels ad survegdvisitors.  The parks were
selected based on a set of criteria, includprgximity to major highways and airportke size

of the park ecosystems representaaid theannualnumber of visitors.As shown inthe matrix,
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the parks in Puertoi€b cover a wide range of ecosystem types from tropical rainforest to dry
forest and mangrove swampSince El Yunque is the only true tropical rainfoiaghe United
Statesit was the first location we selecteth selecting the other three parkse firoject team

had to consider other factors including proximity to San Juan and visitor attendance. The team at
one point considered using Bahia de Jobos, but after visiting the reserve, it was cteanthat
would be unable to gather sufficient datahe time available since the park is located more than
50 miles from San Juan and has relatively few visitditse threeotherparksthatwereselected
werePifiones Humacao, antMonagas Each of these three locations were within an hour drive
of San Jan and had enough visitors, specifically on the weekends, to complete suBeeys.
appendices G through J forore generahformation on the selected locationsSigure3 is a

map of Puerto Ricthe location of the selected parks

Legend

Protected Natural Areas HIGHWAYS
\w Julio E. Monagas Park - 1 El Yunque National Forest - 3

- Pifiones - 2 - Humacao Natural Reserve - 4

Division de Geoinformatica

Figure3 - Location of Selected Parks in Puerto Rico
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Table5, shown below, lists the four locations selected for this project along with a little
bit of information about each. Pifiones, for example, has a moist tropical ecosystem and is
exposed taircraft noise as well as traffic noise, while EIl Yunque is a tropical forest with traffic
noise but no exposure to aircraft noise. Having parks and reserves that are exposed to sound
sources such as aircraft and traffic was important in order to seebolwsuch noise sources

interfere with visitor experience.

Table5 - Park Selection Matrix

Park Ecosystem Visitation | Air craft Noise | Traffic Noise | Distance
from San
Juan (mls)
Pinones | Moist Tropical Low Severe Yes ~5
Forest
El Yunque | Tropical High Minimal Yes ~25
Rainforest
Humacao | Pterocarpus Fores Moderate | Minimal Yes ~45
& Lagoons
Monagas | Moist Tropical Low Moderate Yes ~10
Forest

Noise Monitoring

The first step in ensuring an accurate and complete noise profile is méterthe best
location for the monitoring devices. Prior to setting up the monitoring devicgs;djeet team
andJCA staffwalkedaround each location and obseatwehere the visitors spend their time,
placing the devices near the busier areas. inip®rtant to note that the more out of sight the
recording devicewerethe better. If the devices are set up in plain view, many of the visitors
will take an interest in the device and the results could be jeopatuizbe visitoranterfering

with themonitoring devices oaskingquestions of the survey teanfhis conversation would be
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picked upand would jeopardize the data collecticd®onsequentlytheteam set up theound
equipmentlose tothe path, yet wehliddenfrom parkvisitors.

The thre noise monitoring devices the project teased wergéhe Nosonic121, a Bruel
& Kjaer 2236 and the Bruel & Kjaer 2232 (Figurds5, & 6 respectivelybelow). The
Norsonic121 is a larger device that is used to record the sound level of an areafidedxte
periods of time. The Nspnic1216 werechained to an anchor, such as a tree, to ensure that it
was notstolen. All sound levelgererecorded by their Aveighted values continuoushyvera
48-72 hour period. The Norsonics were set up in theiresgted locations and left there foi32
days. Atthe end of the recording period, they wacked up and the data was saved to a
computer to be analyzed at a later tinfdis system takes into account the different effects
variouslevels ofsoundcan hae and is the best system for mimicking the way the human ear
hears. The Norsoniel21 records sound data on various different scales and levels, but the
project team was only concerned with the, lLgo, and Leq levels which are explained in the
results chpter. The team recorded data with the Norsa8its on the dates indicated Bable
6.

Once data was collected, the Norseti®d data was broken up into separate 24 hour
periods and then averaged together to produce one single graph depicting 24yp@mai sound
level graph based on four to ten separate 24 hour periodadiag on the locationTable 6

illustratesthe amount oflatathatwas collectdin each reserve or forest.

Table6 - Norsonic 121 Data Collected

Location Dates RecordedNumber of Stations Number of 24 hour period

Pinones 3/15 - 3/17 1 2
4/13 - 4/15 1 2

Total - ¢

El Yunque 3/18- 3/20 4 7
4/1 - 4/2 2 2

Total - ¢

Humacao 3/26 - 3/28 3 6
Total - €

Monagas 4/9-4/11 2 4
Total - ¢
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It is important to distinguish thalhé data obtained from the Norsoi21 was used to
create a general soundscape of the location while the observationdlddogsed the Bruel &
Kjaer handheld monitorsvere used to identify partidar noise sources and decibel rangékse
Bruel & Kjaer 2236 is a handheld device that monitors the environmental noise and frequency
analysis of sound sources.wiasused as a reference and for the following observation logging
in Pilonesonly. After monitoring inPiflonesthe project team switched from the Bruel & Kjaer
2236 to the Bruel & Kjaer 2232 for the remainder of the parks due to technical issues with the
Bruel & Kjaer 2236. The monitoring devicewereprovided by the Junta de Calidad Amtti!
and the procedureas completeth cooperation with the agencapcorporating any changesath
weredeened necessary.

Figured ¢ Norsonic121

Figure5 - Bruel & Kjaer 2236
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Hgure6 - Bruel & Kjaer 2232

Simultaneosly with the noise monitoring, twieam membey kepta sound log. This log
contairs the source of the sounds heard by our group member and what time thegsoa@ir
as the sound level @B(A). Two team members walked just a few feet from the side of a trail
used by nature reserve visitors so that the sound log reflected actual data heard by visitors
walking along the paths in the reserves. Each log was kept for 30 minutes at a toné Pr
starting each sound log, location, time of dayJ weather was noted sample log can be
found inAppendixE. One team member held the Bruel & Kjaer hand held sound reader while
the other team member kept the |4 the start of the thirty mimes, the background sound
level was recorded. The background sound level was recorded when there were no other sounds
except for those that were constant. A sound source was recorded whenever the Bruel & Kjaer
registered sounds louder than the backgdourise level The sound source itself was noted
alongside the decibel readingdha as was already mentioned, this went on for thirty minutes at a
time. Once the logs were completed, the data was entered in to a computer for easyTderess.
logs proviced the team with an understanding of what the specific sound sources were in each
specific location. Table7 belowshows the amount of log data accumulated as well as on which

date and location.
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Table7 - Sound Log Collected Data

Location Dates Number of Logs
Pinones 13-Mar 2
20-Apr 2
Total - 4
El Yunque 18-Mar 3
2-Apr 2
Total - £
Humacao 24-Mar 2
27-Mar 3
31-Mar 1
Total -€
Monagas 29-Mar 2
4-Apr 2
19-Apr 1
Total -E

Determination of Public Awareness

In this section, methods regarding the determination of public awareness are discussed in
more detail. These methods include interviews, contiauelivalresearch, and the
development, imiementation and content of questionnaires. This section also discusses the data

coding and analysis for this project.

Interviews and Continued Research

Researching public awareness of noise pollution has been an ongoing study for
numerous years. Thehave been many reports and standards written about noise pollution and
how it affects park visitors. Continuous research of these previous reports, projects, and their
findings was crucial for our project team. Knowledge of previous successes and falilonesd
our group to have a better understanding of the ms&igt and an opportunity for a more
successful projectinformation gathered from these remoaind other continued research of
previous studies and resutislpedwith understanding currenégulations and analyzing data

thatwascollected.
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Survey Development

With the help of the JCA and other expetk® teanctreatel and preesteda
guestionnaire to distribute to park goers in order to gain feedback ondrematural sounds
affectedtheir outdoorexperience.This survey, as shown in Appendixand D, English and
Spanish version, respectivelg,modeled on questionnaires distributed by agencies such as the
National Park Service, tt@und consultantdarris Miller Miller & Hanson Inc., ath the JCA.

The team pretested and modified this questionnaire with members of the JCA by comparing the
project teamds sthousesuvey.wlihe guestiormaire WaS &sd sompared to
the 1SO standards as showrAppendixN.

In the forestand nature reserves, team members approachdtvisitorsto seek their
participation in the survey. The members of the survey team introduced themselves as students
from WPI and explained the nature and purpose of the suiMag.content of this predste was
modeled on examples provided by Harris Miller Miller & Hanson Inc.iastiown in Appendix
Cand D The preamble was also printed at the beginning of the survey in order to allow the
participant to return to it if they wished to read the prearab#n. If the visitor refused to
participate, the team thanked them for their time and marked down that there was a refusal.
Marking down refusals allowed our group to determine a refusal rate for each park and then
determine how much the refusal ratfeeted data collection. If the visitor agreed to fill out the
guestionnaire, then the team members handed them the survey on a clip board and asked that the
participant answer the questions immediately and then return the questionnaire with their
answerdo the team member. With the help of the JG®%, surveyand preamble wengritten in
both English and Spanish which alledfor visitors speakingither language to participate.

Providing both an English and a Spanish version of the questionnairealfmxticipants to fill
out the survey in whatever language was more comfort@#ether way tahe team brke
through thdanguage barriewasby having both a student wispoke English and a studemtho
spokeSpanish conduct the surveyinBeing familar and comfortable with both languages
allowedfor easy communication if the visitor dhany questions or concerabout the survey

Our method of distributiomwasanonrpr obabi I ity met hod. The fAc
described in Berg (2007), is a gaying technique used to survey any participants that are

available. Since there was not much park visitation in any of the chosen parks, the team
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surveyed every visitor that was available. When there was a larger group of visitors, the team
concentratedn the adults in the group in order to allow for more educated responses and more
participation. A younger visitor might have been more hesitant to participate in our project and
had less of an understanding what the project entailed.

Survey Implementati on

The project tearpositiored themselves eithély theparkexitsor the exits to major trails
in the parkin order to survey visitors after their visit.he choices of locations were directly
dependent on the park layouts. Some parks had well defiiesdwhile others did not. The
different park layouts were brought into consideration when deciding where to conduct the
surveys and it was necessary to interview the park personnel on the best locations. The park
personnel were helpful because they ti@most knowledge on the park layout and attendance
rates. Occasionally, the problem of refusals occurred when attempting to speak with visitors as
they were leaving. It was difficult to survey park visitors when they were in a rush to leave the
park. When this problem occurred, the visitors who did not participate in the survey were
recorded as refusals.

The project tearsurveyedany visitors thatverein the paks during our visits that agreed
to fill out the questionnaireThe team performed anompus surveys and did not request names
or specific addressedn order to have #best selection of visitors, the project team spoke with
park personnel to determine when the parksvibersiest. The teanthen schedutéthe
surveyingto be conducted dury the times when the most peoplerevisiting the park.

Working during the busiest hours in parks allowed for a rapid collection of a sufficient amount of
surveys to compensate for the short term of the project. This often meant working on weekends
in the reserves that had low visitor attendance during the week.

The team spent about a week in each of the four chosen parks. After original discussions
with the JCA, the project team decided to set a goal of one hundred completed surveys per park.
The number of questionnaires used was strongly determined by the results the JCA expected
from the project and also the results the team expedteel finalnumberof surveys wasimited
by how many visitoreompletel the questionnaieduring thaime availabé for the team to
conduct surveys aach site After initial struggles with the amount of park attendaand

availability of transportatiorthe goal of the project team walsimatelylowered to thirty
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guestionnaires per parlOn each survethe projet teanrecorcedthe time, the d&, and the

location in which the questionnaiveas completed Table8 shows the number of surveys

collected in each location and on which dates. The team collected sound data simultaneously
with sound monitoring, whichllowed the team toomparethe survey information to the

recording logs and monitoredund data.The comparison of this informati@ilowed us to

analyze how ffferent locations and times weadfected by different levels afon-natural

sounds

Table8 - Survey Collected Data

Location  Dates Number of Surveys
Pinones 6-Apr 5
13-Apr 17
20-Apr 8
Total - 3(
El Yunque 17-Mar 28
18-Mar 42
2-Apr 28
Total - 9¢
Humacao 24-Mar 10
27-Mar 4
31-Mar 3
5-Apr 21
Total - 3¢
Monagas 29-Mar 16
5-Apr 2
19-Apr 13
Total - 3.

Survey Content

The complete survey, which can be found in Appe@landD, consised of numerous
guestions which gavas information on how noise levasid noise sourcesdfecteddifferent
people and different locationg:irst, the survey asked the date and time of arrival for the current
visit of the participant. Knowing the time of the interview, we were able to calculate the amount

of time the participant was at the parldahe period during which the visitor was at the park,
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which allowed the project team to compare the sounds the participant recorded on the survey to
the monitored sounds from the equipmenihe surveyalso inquirel about how many visitthe
participant lad made to the park of concerimformation on the number of visits to a park

allowed the team to determine whether orthetmoreone visiteda park, the morene was

familiar with thenonnatural sounds, and the less one was annoyed by the sdun@s also
important to ask what activés the visitors participated in during their visit to the park. When
compared to thaoise level datapformation on types of park visits gave the group a
relationshipshowing how the noise leveland noise sourcedfected different park activities in
different ways The survey also askebe visitor to rate howenjoyabletheir visit was on a scale

from 1 to 5, 1 being not at all enjoyable and 5 being extremely enjoyable.

After the preliminary questions,wasimportant to ask whichon-natural soundsreatel
the most disturbances tioe park. With the data from tipersonal noise characterizatiand
logging, the project team had expected categories ofiadaral sounds and left three blanks for
the participanto fill in with the nonnatural sounds they expected to hear prior to their visit to
the park. To avoid a bias, there was also a choice for no expecteatunal sounds.

Next, the surveyguestioedwhat nonnatural sounds were heard by the particigzamt
the evel of annoyance created by each-natural sound. This allowed the project team to
determine which nomatural sounds were heard the most often, and which created the most
annoyance to park visitors. There was also a question asking theheewennatural sounds
interfered with the guests park activities, whether it m@sat all, slightly, moderately, very
much, or extremely These questiongrovided the project teamith extremely valuable
information on hownon-natural soundaffectedthe experiences of visitors in parks.

Lastly, the survey inquired the level of awareness and concern the participant had for the
noise pollution in Puerto Rico. The questions asked how important the participant felt the
problem of noise pollution in PuerRico was and then asked if the participant had any other
comments or suggestions related to the noise pollution. Also, the survey asked the gender and
date of birthof the visitors to see how this celated to noise annoyance. The questionnaire also
requesedthat the visitos provide their zip codes which allowed the project team to determine
where the participant lived, whether it wadPuerto Ricaor if they werea tourist. Tle answers
to the previously stated questions allowed the team to gaimderstanding on how nenatural

soundlevelsaffect residents of Puerto Ri@mmpared to tourists.

Worcester Polytechnic Institute Page28



Data Coding

In order to code the data, the team used tables to log the noise information in, agdl enter
the collected data intblicrosoft Excel In thedatabase containing all of the data from the
surveys, a coding systewasdeveloped.Each separate surveying and logging statlasgiven
a code to separate the different locations. These ceelenumerical ancireshown on a
satellite image of eachapk in theResults Chapteiln the database, each pavksgrouped
together and each survey from that padsgiven a number. Also includedasthe date,
weather and location code of each surW¥ithin the database, the sound sources were grouped
into five broader categories; peopdich includes conversations and children yelling
autamobiles such as cars, vans and bussiesraftlike helicopters and airplanesiandheld
radios, and maintenancgich as vehicles and grounds keepiAgsample of thisygstem is

included in theAppendixO.
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Results and Analysis

The main goal of this project was to develop an understanding of howatoral sounds
and unwanted noise affect visitor experiences in the parks analraserve of Puerto Rico.
This sectiorpresents he project teamds results as well as
the Norsoniel21 sound recordings, the thirty minute sound logs using the Bruel & Kjaer 2232,
and the completed visitor surveyshe project team felt that the results would make more sense
to the reader if the analysis of the results were presented alongside the findings. The findings
from each individual park and reserve are presented first followed by the overall findiegs bas
on all four parks and reserve$able9 shows the amount of each type of data that was collected

in each location.

Table9 - Acquired Data

Reserve/Forest Surveys Observational Logs Norsonic-121
Pifiones 31 4 4 days
El Yunque 98 5 9 days
Humacao 38 6 6 days
Monagas 36 5 2 days
Pifiones

In Pifiones, two Norsonid21 monitors were set up in two separate locations along the
board walk as shown dfigure10. Table6 in the Methodology sectiogietails which dates the
Norsorc-121 monitors recorded. Each recording period started at 7:00am and ended at 7:00am
either twentyfour or forty-eight hours later. Station 1 was located 0.43 mile from the main road,
route 187 while Station 2 was much closer to the road being onhynl®@@away from route 187.

The project team decided it would be best to set up tlisdd@ 121s a second time becauthe
Norsonic121set up at Station 2 did not record as it was supposed to. The Station locations

remained exactly the same each timeNbesonic121s were set up. The first set of Norsenic
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121 readings provided us with a sound level every half hour for the entireefghttyhour
period. Figure 7, below, is graph below showsypical L1, Leq, and Lgp sound levels for

Pifiones based dourtwenty-four hour recording periods.
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Figure7 - Leq, L10 and L90 Levels from Pifiones

The Lio, Legand Lgo are the standard indicators used when analyzing decibel dats.. L
the decibel level that was exceeded 10% oftithe during a given period, and therefore
indicates the pattern of the louder noisesg id-the decibel level that was exceeded 90% of the
time during a given period and indicates the relative proportion of quieter noises that make up
the soundscapelqis the equivalent sound level. This means that if you heardstheviel for
the entire time period it would be equivalent to the range of levels in the same time period. In a

laboratory situation, with a constant level of noise no measurable variatitecibel levels o,
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Legand Lgo would become one line. In most reebrid settings, the 1o and Leq levels would be
higher than the dgbecause there is typically a range of soft and loud noises.

As shown inFigure7, the Lio and Leqlevels in Pilones are substantially higher than the
Lgo level between the hours of 7:00am and 7:00pm. diiference between thesdand the Lo
and Leqare smaller late at night when the lines almost convefge project team interprets this
as loud sound sources ttaae not constalyt present These sound sources are only heard at
certain times, only during the day in this case. In other words, when the lines converge, it means
that the sounds heard do not fluctuate much. When the lines separate, it meapssthaidh
heard do fluctuate a lot, going high and low frequentlye b thefact that thegreatest
difference in levels occaduring the daytime hours arle leastdifference occursluring the
night, along withthe proximity to thd_uis Mufioz Marin Inernational Airportaircraft are the
most likelycause. Aircraft flying over Pifioneshad atypical decibel range 0561 73 dB(A), as
recorded inTable10. Howeverdepending on factors suchlsw low the aircraftvasflying,
size of the aircraftand low close the aircraft was to the receiver, aircraft sewmtasionally
fell out of the typical range, registeriag low a$4.0 dB(A) and as loud &2.3dB(A). The
project team logged that there were aircraft overflights eeee to five minutes iRifiones
This would greatly increase thgdand Leq levels while not affecting thegk.level nearly as
much.Pifioness locatedust about twamiles from the airporand, & you can see, the sound
levels begin to converge around 8:00 P.M., when air ¢rafiuld begin to dimiish. They
continue to converggroughout the night and by 11:00pm are close to within 5 dB(A). The L
and Ly levels do not lower a significant amount from their daytime levels but the increase in the
Loo shows that this heighteneaise level is most likely due to increased background noise from
fauna in the reserve.

The project team completé@o observational logs using the Bruel & Kjaer 228&l
two more using the Bruel & Kjaer 2232 he reason behind the change in equipres that
the JCA felt that the Bruel & Kjaer 2236 was not necessary for the observational logs because
data did not need to be saved and using the Bruel & Kjaer 2232 would be much Basikrgs
were completed near the Norsod21 stations also showm&igure 10. All four half hour logs
supported the previous statem#mdt aicraft overflights are the main source of Apatural
noise in the reseryas shown ofrigure8. This is shown by calculating the percentage of sound

sources in our logs thatere from aircraft compared to the total number of sound sources heard
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in the logs. Of all the nenatural sounds listed in the logs, 66.7 % of the-matural sounds
were due to aircraft as shownhkigure8. The observational logadicatedthat on aveage an
airplane was heard every three tiwe minutes within a half an hour time period ogieen day
Vehicles and people weedsoobserved afequentnoise sources Pifiones.Table10 shows
the typical decibel range that at le@6%6 of a specift sound source fell intoFor example, 9%
of vehicle noise fell a range 00%0 57 dB(A), while 90% of sounds made by people talking,
exercising, or yelling registered betweehand & dB(A).

Noise Log Composition by Sound Sour

m Aircraft- 66.7%
m Auto- 15.1%
m People- 18.2%

Figure8 - Noise Log Componés by Sound Source in Pifiones

Table10- Sound Sources iRifiones

Sound Source Decibel RanggdB(A)]
Environmental Sound Level 42 - 47
Aircraft 56-73
Auto 50- 57
People 51-65
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Originally, the team planned on collectingitor surveys on the boardwalk where stun
data was collected, but during site visits it became clear that very few visitors on the boardwalk
were willing to complete surveysCongquently, the noise monitors were set up along the
boardwalk, as indicateid Figure10, but surveys had to be conducted at the entrance of the
boardwalk, next to the parking loThirty-one surveys were completedRifionesandFigure 9

showswha noise sources visitors mentioned and how annoying they felt each specific noise

source was
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Figure9 - Histogram of Sound Source Annoyance in Pinofres 31)

Figure 9shows thaPifioneshas three main noise sources that cause anngyanadft,
autos, and radiosust over5 %of Pifiones visitors qudashed found radios bothersonseyveral
respondents indicated that radios were very or extremely annoying resukingwerage
annoyance ratingf 4.21on a 1to 5 scalewhere 1 is not at all annoying and 5 is extremely
annoying.(Note that the averadevel of annoyance was calculated by omitting those
respondents giving a score of Mhe mostfrequently notedource of annoyand®y visitorswas
automobilesvith over 74 %of visitors mentioning vehickasanannoyane of either 2 or higher

onthe 16 5 scale.The average annoyance level of autos &@47on the same 1 to 5 scale
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The final major cause of annoyance was aircraft, which had an aseraggance level .62
out of a possible &nd almos#2% of visitorsnotedaircraft asannoying. These numbers are
extremely high when compared with the other parks that the project team andigzether
location had thresoundsourcesabout which more thait0% of visitors complainedin
addition, Piiones has foudifferent soundsources that ese annoyance levels either a 3, 4, or
5 on the 1 to 5 scalevhile no other park has more thamo suchsoundsources

Figure10shows a satellite image of Pifiones, taken from Google Earth (2008). The
thumbtacks represent locations that were eif@sonic121 recording stations, locations where
observational logs were completed, areas where visitors were surveyed, or a combination of the

three.
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El Yunque

Four norsoniel21 monitors wes set up in El Yunque recording 48 hours of sound levels
starting again at 7:00am on the dates listedabvle6 in the methodology chaptand ending at
7:00am. The locations of the Norso#ii2z1l monitors are shown on the map of El Yunqure
Figurel4. Sation 1, 2, and 3 were located just a few feet from the road while Station 4 was
located at a bird sanctuary 0.11 mile from the main r@ad more Norsonikl21s were set up
again at Stations 1 and 2 on the dates indicatélthble6. It is important tonote that traffic
noise was inevitably a dominant noise recorded by the Nord@idienonitors due to their
proximity to route 191. This site was chosen as appropriate for monitoring because traffic noise
is a part of the normal daily background noiséhm visitor areas in El Yunque. The graph of El
Yunqueds natural soundscapenneddsperiotsdnd by takin
averaginghem into one graph, creating a typical sound profiigure11 shows the Lo, Loo,
and Leq for El Yunque.
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El Yunque
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Figurell- Leq, L10 and L90 Levels from El Yunque

From the graph it is evident that the general background noise level is lower during the
daytime hours, increasing at around 6:00pm and falling off again throughout the earilygnor
hours. The project team believes that this pattern is a result of noises made bgueal s
frogs, that tend to vocalize during the nighttime hours.

Five halfhour observational logs were taken using the Bruel & Kjaer 2232. The
environmental aise level wabetween 41 and 5dB(A). Four logs were taken just off to the
side of paths and three of those four logs showed that conversations among visitors was the
dominant nomatural noisemaking up 72.1% of the sound sources recorded in the lugsas
shown inFigure 2. The percentages for this graph were calculated by totaling the number of
sounds recorded in the observational logs at each given phektotal number of recorded
airplane overflights was then divided into the total nundéeéecorded sounds to receive a
percentage of how frequently aircrafts were heard in comparison to the other recorded
noises. This process was done in each park to get percentages of aircraft, auto, people, and

maintenance noiseJust ove90% of the saindlevelscaused by people registeibetwee8
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and70dB(A) (Table1l). The range is rather broad becausedcoustics produced by people

varied from mild conversations to yelling and many times involved small childrea.fourth

log completed midrail also showed that conversations were a frequent source -ofatoral

noise, but the loudest sourceof Prat ur al noi se was a park servic
forth doing trail maintenancei t h al |l of the noi se ehidevalings caus
between 73 and 78 dB(A)lable11 shows the decibel ranges of each sound sotiteefifth

log was taken at a trail head next to a parking lot where cars were the main source cAnoise.

times, nearby cars and buses generated noise tteetityty decibels higher than the
environmentabackground noise. While vehicle sounds normally fell betwddn 32 dB(A),

occasionally the sound level would reach as high as 83 dB(A) due toroaahd loud

acceleratioroccurring in close proximityo the Bruel & Kjaer 2232 The decibel ranges in El

Yunque are somewhat different than the ranges of sound found in Pifiones due to the proximity

of the sound sources to the park. For example, in El Yunque, auasdght next to the trail

heads, wh@ in Pifiones the road is farther from the trails.

Noise Log Composition by Sound Sour

m Auto-22.1%
® Maintenance 5.1%
1 People- 72.1%

Figurel2- Noise Log Components by Sound Source in El Yunque
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Tablell- Sound Sources from El Yunque

Sound Source Decibel RanggdB(A)]
EnvironmentaSound Level 41-51
Auto 54-72
Maintenance 73-78
People 48-70

Of the visitors approached, there were a total of 98 visitor surveys completed with only
five refusals to participate in EI Yunque. The surveys completed indicatenbibatfrom
automobilesand other visitorare themost commonly mentioneahnoyancein El Yunque
(Figure 13) Of the visitors surveyedl2.86 percent nazdthat autos interfered with their
enjoyment of the parkAs indicated in Figure 13, most of these peopleawaatly slightly or
moderately annoyed by the noise of automobiles, but a substantial number were very or
extremely annoyedTheaverage annoyance level was 208ila sale of 1 to 5, 1 being not at all
annoyed and 5 being extremely annoyerthis findingis not at all surprising considering that all
of the trail heads are located in either a parking lot or on the side of the main road that runs up

the mountain.
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Figurel3- Histogram of Sound Source Annoyance Levels in El e ig=98)

Twenty five percent of respondents complaiabdut the noise people made talking,
yelling, or screaming Figure 13 indicates that most of these respondents were only slightly or
moderately annoyed, resultingdan average annoyance level a22 out of 5. On April 2!
2008 there was a park maintenance vehicle going back and forth at the La Mina trail head and
forty percent of visitors surveyed in that area on fH@®April noted noise from a maintenance
vehicle as their main complaint. sAndicated in Table 11, noise from the maintenance vehicle
exceeded 73 dB(A). Excluding these 28 respondents, no other visitors surveyed mentioned noise

from maintenance work as an issue.
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Figure 4 is a map a satellite map of El Yunque taken from Go&grth (2008). Each
thumb tack represents an area where either the Noréo2id 6 s r ecor ded, obser v:
taken, visitors were surveyed, or a combination of the three.

oo 2]

[ g-)uan::.|ﬁ|wu

e |
inter 18°19'00°07=N 65°46'32.80°W elev 2

Figurel4 - Monitoring and Surveying Locationis El Yunque National Forest

Humacao

The project team set up three Norseti®l monitors in three locations in Humacao as
shown on the Figur#8. Station 1 wafcated jus0.07 miles from main road, Station 2 0.15
miles, and Station 3 was 0.45 milesay from the road. The monitors recorded 48 hours worth
of sound data starting at 7:00am on the dates indicated on@iabike Methodology chapter,

and ending again at 7:00arRigure 15 is a graph of the averageol-Leg and lgolevels of
Humacao.
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Humacao
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Figurel5- Leq, L10 and L90 Levels from Humacao

This graph shows the typical sound level in any given twéniy hour period. It was
made using data from six twernkyur hour periodgtwo twentyfour hour periods from each of
the three stations). During daylight hours, the background noise leygli$ right around 43
dB(A). From 6:30 pm to 7:30 pm, there is a dramatic increase in the sound levels, wih the L
jumping up to 52 dB(A), and then graduallgcreasindpack davn to 43 dB(A). This pattern is
very similar to the pattern in EI Yunque and again probably reflects the nocturnal fauna sounds.
The difference between thedand the Igis a little smallerabout 5 dB(A) lower,in Humacao
than it is in EI Yunque This is likely because El Yunque has a much more diverse soundscape
due to the vast fauna and frequent rainfall which would cause many different sound sources
resulting in a much larger range of sounds compared to Humacao. The wide sound range would

cause darger difference in thejgand Lylevels.
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The team completesix observational logs in Humacao in six locations. The
observational logs revealed that automobiles, aircraft, and people generate the rmagtiradn
noise inHumacaaas shown irFigure 16. The graph irFigure B shows thaabout 65 % of the
nontnatural sounds heard in the logs were caused by people, making up the majority of the
sounds heardTable12 shows the sound level range of #iideast90% of each specifisound
sourcefell into in Humacao The background noise was normally right aroundiB4A) when
no wind was present. All aircraft sounds fell between 50 and 65 dB{#&) surprisingly, his
rangeis alower than the range usedRifioneswhere planes are landing or tagfioff at the
nearby San Juan International Airpofithere are no airports near Humacao, and the aircraft
recorded are at much higher altitudes than they are near Piffdoesds from people talking or
yelling ranged from 50 dB(A) tol6dB(A). The majoity of the sounds caused by people were
recreational fishermen either talking or moving around their equipmBPoe to the proximity to
Route 3 however traffic was an almdsconstant identifiable source. Unfortunatetye Bruel &
Kjaer 2232 could noalways separate the traffic sounds from the background environmental
noise unless the car sounds, such as car horns and scra&ekingere especially loud. Sounds
such as these from the highway or parking lot &ypigally fell betweerb0dB(A) and &
dB(A). Depending on distanchpwever, the team did recovehicle noise as high as 83.7
dB(A), especially if the vehicle drove into the reserve on the trails. This happened on one
occasion while the team was completing a log. A DRNA truck was drihirough the trails,

causingelevatedsound readings.
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Noise Log Composition by Sound Sour

m Aircraft- 11.3%
H Auto- 24.2
m People 64.5%

Figurel6- Noise Log Components by Sound Source in Humacao

Table12- Sound Sources from Humacao

Sound Source Decibel RangedB(A)]
EnvironmentaSound Level 40- 50
Aircraft 50- 65
Autos 50- 65
People 50- 61

In Humacao, the team asked 40 visitors to participate in the survey; 2 people refused and
38 completed surveys. As in El Yunque, respondents complained most about the noise of
autonobiles and other visitors. Thirtgnepercent of respondents indicated that they were

bothered by vehicle noisas shown ofigurel?.
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Figurel? - Histogram of Sound Source Annoyance Levels in Hum#oa88)

Figure 17 Bows that automobiles were the dominant source of annoying noise at
Humacao, although ost respondents were only slightly or moderately annoyed resulting in an
average level of annoyance of 2.92 on a scale of 1 to 5. Several people expressed a slight
anno/ance about noise made by others at the park, although several others said they were not at
all annoyed by such noise.

Figure B below is a trail map of Humacao. The blue dots indicate Norddiic
recording stations, red dots represent locations whsitervsurveys were administered, and

green dots indicate locations where observational log were completed.

Worcester Polytechnic Institute Page45



Figurel8- Humacao Natural Reserve

@® Norsonic Station

@® Questionnaire Station %Uﬂn‘m

® Observational Logging
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Monagas

The project team set uptwo Norsedi2 1 6s i n t wo

twenty-four hours each. Station 1 and 2 shown on a map of Monagasfagure22. The
monitorsstarted recording at 7:00 am and ended at 7:00 pm on the dates indicated @i able
the Methodology chapteifigure19, shown below, is a graypof a typical sound profile of
Monagas for a twentfour hour period. The grapkas made by averagirige sound levels

recorded by the Norsonit21s.
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Figurel9- Leq, L10 and L90 Levels from Monagas

Figure19 shows that tl difference between thedis and the Lyis much larger during
the daytime hours. Around 6:30pm, thg $tarts to converge with thedand the g What this

means is that during the day, there is an increased amount of loud Hmatral® not a paof

| oc a

the normal background sounds. At the same time that the lines converge, the overall sound level

increases dramatically. The increase inlthgmeans that the background noise gets louder, as
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at least 90% of the sound levels increashisis, agan, likely due to increased sounds from the
nocturnal fauna living in Monagas.

Six observational noise logs were completed in Monagas using the Bruel & Kjaer 2232
monitor. Data from one of the first two logs recorded on Maréh 2908 had to be disaded
because one of the Bruel & Kjaer monitors malfunctioned due to a microphone obstruction. This
left the project tem with five usable noise logslable13 shows the sound ranges t88@6 of
eachspecificsound sourcéell into in Monagas.All aircraft sounds registered sound levels
between 2 dB(A) and ® dB(A). Like Humacao, Monagas is not as close to the major airport as
Pifioness, hence the lower sound range3n the lower recreational area of Monagas, there is a
road for visitors to drive on. &hicle sounds in this area were louder, but less frequent, while up
by the observational tower (Station 2) there was not a road running through, but there was
highway in sight. The vehicle sounds heard up by the towerslightly quieter yetonstant
traffic sounds blended in with the background noise and any screeching brakes or honking from
the highwayon top of that Automobile sounds made up the biggest percentage of sound sources

recorded in the sound logs making up 44.2% of the logsHigeeec20).

Tablel3- Sound Sources from Monagas

Sound Source Decibel RanggdB(A)]
Environmental Noise Level 46- 50
Aircraft 52- 60
Auto 51-60
Maintenance 73-78
People 51-70
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Noise Log Composition by Sound Sour

m Aircraft- 20.9%

m Auto- 44.2%

1 Maintenance 5.8%
H People-29.1%

Figure20- Noise Log @mponents by Sound Source in Monagas

Monagas yielde®@6 completedvisitor surveys withjust threerejections. Almost half of
the visitors the team questioned listed autos as one of their main noise complaints. The average
annoyance level was a3Z.o0f 5, 5 being extremely annoying and 1 being not at all annoying.
The second most commonly mentioned noise problem waswislke made by peopleThe
average level of interference wass out of 5 and mentioned 8/56% of those surveyed.
Anothernoise surce mentioned in the surveys wascraft, with anannoyance level of.2.
Radios were mentioned by 2.78% of visitors surveyed, but because they indicated an annoyance

level of 1, not at all annoyed, it was not included when figuring out the averaggaace level.
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Figure21- Annoyance Level of Sound Sources in Mona(jes36)

Figure 2lindicates that automobiles were the most annoying source of noise at Monagas,
although most visitors were only slightly or moderately ann@etia small number indicated
that they heard the noise but were not at all annoyed. Given the small number of responses in the
park, it would be helpful to conduct further research to see if these same patterns are affirmed in
a larger sample.

Figure22 shows a trail map of Monagas. The blue dots represent Noikdhic
recording stations, red dots are places where observational logs were taken, and the green dots

are place where visitor surveys were administered.
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Figure22 - Map of Monagas

Overall Results

The 30minute sound logs were used to indicate what sounds sources interfere with the
natural sound level of each parkion-natural sund sources common to all four resssy
included autos and peopldable14, shownbebw, illustratesthe various noise sources and
decibel ranges indentified in each locatiming the observational logs. At le&606 of the
soundlevels emittedrom each source listed fell into the decibel rasgecified. The categories
included aircrét, auto, maintenance, and people. The decibel ranges fluctuate greatly because in
such categories as people, the noise source varies from quiet conversation to loud screaming
children. The auto category is also contrasting from cars to trucks and sohudiéer noise as
well as horns.The closer the sound source was to the receiver, the louder the decibel reading.
Aircraft is a large range as well, especially when talking about all of the location put together.
This is because aircradtrelouder inPiflonesbecause the airplanes fly at a lower altitude either

landing into or taking off from the airpoabout 2miles away from the reservéls mentioned
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earlier, n Humacao and Monagas, any aircraft flying over, is doing so at a higher altitude, i.e.

further away from the receiver, therefore they do not sound nearly as loud.

Tablel4- Decibel Ranges of Common Noise Sources

\ SOUND SOURCE RESERVE/FOREST DECIBEL RANGE
Background Noise Pifiones 42- 47
El Yunque 41-51
Humacao 4071 50
Monagas 4671 50
Aircraft Pifiones 56-73
El Yunque N/A
Humacao 50- 65
Monagas 52-60
Autos Pifiones 50- 57
El Yunque 54-72
Humacao 50-65
Monagas 51-60
Maintenance Pifiones N/A
El Yunque 73-78
Humacao N/A
Monagas 73-78
People Pifiones 51-65
El Yunque 48-70
Humacao 50-61
Monagas 51-71

The obserational logs indicated that theur most common, nenaturalsourcesof
sound in the reserves were frpaircraft, automobiles, maintenanoews and peom. Figure

23 clearly indicates which sound sources dominated in each park. In Pifiones, noise emitted by
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aircraft overflights made up the majority, about 65 %, ofnatural sounds recorded in the

noise logs while aircraft noise was mattednoted in EIYunque. Sounds made by people,
ranging from soft conversations to yelling, made/@pb6 and 64 %f noises recordem

Humacao and El YunqueMonagas had some aircraft noise (22%), but was dominated by noise
from automobiles (45%) and people (28%).

9 100
£ 90
o
"g): 80
o 70
3 60 = Radio
N
T 30 m People
>
3 40 = Maintenance
s 30 )
o 20 B Automobiles
£ 10 ® Aircraft
[}
o 0
()
o Pinones ElYungque Humacao Monagas
Park

Figure 23 - Percentage of Sound Sources from Observational Logs by Park

The project group gathered and analyzed questionnaires from the previously mentioned
parks and reserves in Puerto Rico. The following tables and graphsiits sesnmarize some of
the principalfindings of interest Figure24 shows tlat theaveragdevel ofvisitor enjoyment
varied little among the parks ranging from a high of 4.55 in Humacao to a low of 4.16 in
Pifionespased oma scaleof 1-to-5with 1 beinginot at all enjoyableo and
e nj oy Adthegragh ifrigure24 illustrates, average level of visitor enjoyment in each park

is very high, despite the noise complaints listed in the visitor surveys.
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Figure24 - Enjoyment Levels in Selected Parks

The questionnaire asked participants to indicate how important viewing the natural

scenery, hiking or exercising, and enjoying the natural quiet was in their decision to visit the park

based on a five pointscakeh er e 1

S

Anot

at

al

i mportanto

The next set of graphs shows the differences of the importance of the mentioned park activities

and the interference of noise within these activitiegure25 shows a bar graph dispiag the

average importance levels reported in the different parks.
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Figure25- Importance of Park Activities

From the results, it is evident that overall viewing the natural scenery and experiencing
the natural quiet are weimportant for visitors, and respondent ratings on these items vary little
among parks.The averagémportanceof viewing the natural scenergnged from 4.45in
Pifionedo 4.67in Monagas, while the average importance for experiencing the natural quiet
ranged frond.23in Pifionedo 4.67in Humacao. Generally, respondents rated exercise as less
important, except those respondents in Monagas.

The guestionnaire asked what Agatural sounds the park visitor expected to hear prior
to their visit to the prk. The answers were separated by the project group into five different
categories; aircraft, automobiles, maintenance, people, and radios. Shown Heigue26
are the percentages of visitors in each park who responded on their questionndiegy/that t
expected to heany of the categorized noises.
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Figure26 ¢ Non-natural Sounds Visitors Expected to Hear

From the graph, one can determine that automobiles were by far the most expected non
natural noise. In fact, in albtir of the parks over 20% of respondents listed automobiles as an
expected source of namatural sound Almost 40% of respondents expected to hear aircraft
noises in Pifilones, which is not surprising given its proximity to San Juan International Airport.

An even higher percentage (54.8%) expected also to hear automobiles, however, which may
seem surprising except when one remembers that a prime coastal road traverses the entire length
of the park.The graphalsoshows that few people expected their vigibe interrupted by the

noise of maintenance work. This shows that although mamnatural sounds were expected,

visitors felt the sounds would be caused by external sources and not the park personnel

themselves.

The following question the surveynquired aboutvhat nonnatural soundthat
participantdound annoyingluring their current visit to the park. Shown belowrigure27 are
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the percentages of visitors in each park wémorted being annoyed layy of the categorized
noises; aircraft, aomobiles, maintenance, people and radios.

50

45.2

m Aircraft

m Auto

= Maintenance

m People

m Radios

Percent of Visitors Complaining

Pinones (n=31) EIlYunque (n=98 Humaca' (n=38) Monagas (n=36)

Sound Source

Figure27 - Percent of Visitor Complaints by Sound Source

There are a few important conclusions that can be made from this data. One very
obvious conclusion is the difference betw@&iionesand the rest of the parks, Humacao, El
Yunque, and Monagad?ifioness the only park were a large percentage of visitors responded
that theywere annoyed bgircraft and radios. In fact, 41.9% of visitors complained about
hearing aircraft ifPifioreswhile 45.2% complained about hearing radios. This is likely due to
the close proximity of the airport and the main usiébnedor exercising. In Humacao, El
Yunque, and Monagas, the main complaints were automobiles and people. This is shown by a
level as high as 41.7% of complaints about automobiles in Monagas and 25.5% of complaints
about people in El Yunque. & high percentages are most likely due to the closeness of roads
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around and within these three parks. Maintenance was only slightifaned and can be seen
as a problem only occasionally.

In order to determine how bothersome the-natural sound sources actually were to
park visitor experiences, the questionnaire asked the participants to rate the level of annoyance
caused by eaclon-natural sound sourdbat they were annoyed byn order to provide more
meaningful results, the project group only calculated the annoyance levels of sources heard by at
least 25% of the visitors for each park. The data from these calculationsvis Isblowin
Figure28 where the average annoyance level for each sound for each park is shown separated by

source.
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Figure28- Average Annoyance Levels for Commonly Heard Sound SourcEsimce

As stated previously, the amowftrespondents complaining about hearing maintenance
was not enough to make any conclusioRgure28 does show, however, that in El Yungque

Humacacand Monagas, automobiles were claimed to be around a level of 3 out of 5 for
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annoyance to the park expmarce. A level of 3 on the 1 to 5 scale is equal to a moderate level of
annoyance. The highest level of annoyance was caused by raRiGsmesvith a 4.2 average.
Pifioneswvas also the only park where aircraft were found to be annoying with a le¥@l. of

Finally, the only park where people were a slight problem was EIl Yunque where the level of
annoyance was 2.8&igure 29 shows that this in a slightly different marstiQwing the

annoyance levels by park.

4.5

3.5

3 m Aircraft
2.5 - = Automobiles
2 Maintenance
1.5 m People
1 m Radios
0.5 -
O |

Pinones (n=31) El Yunque (n=98Humacao (n= 38‘Monagas (n=36)

Average Annoyance Level (min 25% visitol
complaints)

Park

Figure29- Average Annoyance Levels for Commonly Heard Sound Sources by Park

Another question asked respondents to rate how much noise frenatwal sounds
interfered with their enjoyment of the natural scenery, their enjoyment of hiking and exercising,
and theirenjoyment of the natural quiet. This question was also based on a five point scale
where 1 was fAnot at all i nt e FigueeBOdalotv shawsd 5 was

graphic example of interference levels by park of the main park activities.
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Figure30- Noise Interference of Park Activities by Park

Even though the level of importance for park activities was either very or extremely
important, previously shown irigure 30, the levels of interference of naratural sonds on
these activities were only slightly interfering. The only park which had a level of interference
3.0 or higher wa®ifiones This data is a clear example that even though visitors might finrd non
natural sounds annoying to their visit, there i$ stit a noteworthy level of interference on the
main park activities conducted by visitors.
In order to gain feedback on the level of concern visitors to parks in Puerto Rico had for
the problem of noise pollution throughout the island, the questioraskesl the participants to
rate how important the study of noise pollution was. This level of importance was rated on a 1 to
5 scale where 1 was finot at al |l Figumplobeldwant 0 an

shows the number of responses fattelevel of importance.
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Figure31- Responses to the Issue of Noise Pollution in Puerto Ricel99)
As shown in Figur&1, mostparticipanty73%) responded that studying noise pollution
in Puerto Rico wasmel yber mpoetwator Mkt 1 s

it gives reason and backing to the projects and research conducted by the JCA and other
organizations completing similar studies. This data shows that visitors are aware and concerned

about the leels of noise pollution in the parks and across the entire island of Puerto Rico.
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Discussion and Conclusion

In order to determine whether or not visitor experience is affected byatonal noise in
parks, the project team gathered sound profiitam each park using the Norsoifiel. The
team also manually identified noise sources and decibel levels of sound sources using the Bruel
& Kjaer 2232 while completing thirty minute sound logs. The data collected by the Nersonic
121s provided the prageteam and the JCA with an average sound profile for each of the four
parks and reserves in our study. The team also administered a total of 203 visitor surveys
collectively in Piflones, El Yunque, Humacao, and Monagas. The surveys provided a basic
undestanding of hownoise affected park visitor experience, as well as what noise sources were
the most bothersome to park visitors. Based on all of the data collected through these three
methods, the teaimas drawrseveral conclusiorthatare discussed imé following paragraphs.

The first,andpossibly the most important conclusidiat can benadefrom this project
is that park visitors in general do feel that noise pollution is an important issue that needs to be
addressed. Over 91 % of those suedkgaid that they would rate the issue of np@éution as
fieither moderately importaitfivery important or fiextremely importand. This statistic
provides justification for future researoh noisepollution.

Visitor surveys indicated that noisaused by motor vehicles was the principal source of
noise annoyance in the parks and reserves that the project team skiglied 32 showswhat
percentage of visitors noted each specific sound sourenaying (i.e. rated is as 2 or above on
a 5 pointscale) The average annoyance level of each soisrlisted above each bar on the

graph
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Figure32 - Percent of Visitor Complaints by Noise Source with Average Annoyance

Level(n=203)

While Figure32 shows that autos dwot have the highest annoyareeel, it is the most
frequentcomplaint. Almost half of all visitors surveyed, indicated motor vehicles as a noise
issue. Radios had the highest average annoyance level, but less than 10% of visitors complained
about themleading the project team to conclude that radios are not as big of an issue as cars or
people for example.

Through the surveys and observational logs, many noise sources were identified. Much
of the project has sought to which noise sources interfithevisitor experience and the average
annoyance level of each source and the team did just that. Just about every visitor survey yielded
a noise complaint, but despite all of the complaints, the team found that visitors still enjoy their
visits. Oneof the questions on the survey asked the respondent to rate their overall park
experience on a scale of 1 to 5 with 1 being not at all enjoyable and 5 being extremely enjoyable.

Figure33 shows the overall level of enjoyment of all 203 surveys combined.
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Figure33- Enjoyment Level by Visitor Responge= 193

As Figure33 shows, the vast majority of park visitors found their visit either very
enjoyable or extremely enjoyabld his means that despite noise complaints, visiwe still
enjoying their visits to the parks and reserves. Noise may not completely interfere with a park
visit, but visitors still find noise annoying to their visit and work in the area of noise control is
still important.

The project team founsibstantial differences between and among the pukso
differerces inlocations, ecosystems, weather patterns, etc. Each sound profile was different, the
sound sources differed, and #waind levels varied from park to parkherefore, the project
teamconcluded that concise, general statements often cannot be made for parks in Puerto Rico
overall. The recommendations discussed in the next section may not necessarily apply to each
and every park and reserve in Puerto Rico. Each park is differerft@seldifferences must be

taken into accountvhen deciding how to deal with possible noise issues in parks or reserves.
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Recommendations

The project team feels that the most important recommendation that can be made in
regards to this study is more rasgh. Eight weeks was not enough time to gather a lot of data.
The team ran into several obstacles, especially with the Nor$8midata, and more time would
have allowed for more data collection. It is recommended that in the future when attempting to
gather information on visitor experiengeerceptionsandattitudes abouboise in parks and
reserves more surveyeed to be conducted over an extended peride team found that it was
much more efficient to survey on the weekends rather than ordesgek This is because in
most parks and reserves, visitor attendance is much higher on a Saturday or a Sunedtaye
constraints made it difficult to gather many surveagpecially inparks with a low visitor
attendance. More surveys would make tésults a research project such as this much more
compellingand would allow for greater differentiation by potentially important characteristics,
such as age and gender. It will also be important to gather both monitoring and survey data on
weekdays, wekends, and holidays since the characteristics of the visitors as well as the sound
profiles of the parks will vary
1 It was evident thain generglthe biggest problem when it comes to noise in parks according

to public opinion gathered inthe prog t eamds surveys i S nhoise
This was the most commonly noted annoyance in all four reserves that were surveyed. All
parks studied had a road or allowed vehicles to operate where visitors frequeviad.

though autos were noteéhmost frequently noted sound source in the observational logs, it
was the most frequently noted in visitor surveys. The focus of this project was on visitor
experience, therefore the opinions voiced on the visitor surveys trump the observational logs
conpleted by the project teanBSeveral suggestions left at the end of the swhgyisitors
mentioned not allowing vehicles to drive near the-tnaéd or within the park at alDne

option that could help with the noise problem caused by vehicle neigefi@ave only one

parking lot at the very beginning of the park. Deny vehicle access into the park, except for
park shuttles, which can take visitors from the parking lot to other parts of the park. This
suggestion could be best implemented in El Yurgjuen the arrangement of the trail heads

and access roadsf there was just one parking lot at the bottom of the mountain and a
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shuttle to drive visitors up and down the mountain, then a large amount of traffic noise would
be eliminated. The shuttleiders could be instructed to not honk theirtmor play loud
music.

1 PifionesandMonagasare both located near highways adding traffic sounds to the normal
background noise. The Bruel & Kjaer 2232 could not separate the background traffic noise
apart fom the natural soundscape because the traffic noise was constant. The only time
vehicle sounds reallstood out was when a car horn beeped or a large tractor trailer was
shifting gears, otherwise the traffic sounds blended into the backgasuad ashe Bruel &

Kjaer 2232 was concernedeven though the technology could not separate the sounds, the
human ear can and therefore, traffic noise datesfere with thevisitor experience. Our
recommendation folPifiones would be to put up a sound barriethenside of the main road.

A sound barrier made of wood or concrete would not be very aesthetically pleasing, but one
made out of dirt mounds would look more natural. A sound barrier is the best option in
Pifionesbecause the road is just a few feet frihv reservand would be highly effective in

mitigating the noise.

A barrier in Monagas, though, would not at all be effedbgeause the highway sounds
that are heard are from a far away highway. Up on the hills, away from the lower
recreational are of Monagas, the traffic sounds can be heaodt clearly sincenothing
exceptair is blocking the noise. A barrier cannot be built high enough to help mitigate the
noise because the hills are much higher than the highwathe lower area of the resse,
there are plenty of trees to block a lot of the noise, creating a natural sound barrier for the
nearby highway.Our recommendation for dealing with traffic sounds in a park or reserve
with in a situation such as the one in Monagas is simply moeanas inpossiblenoise

attenuating techniques.

1 Noise caused by people, including yelling, talking, and radios, were the second most
frequentlymentioned noise soursthe visitors found bothersome. The noise logspleted
by the project team suppolti$ finding because 46.3 %of the nonnatural sounds recorded
werenoises madéy peoplegalking, shouting, and screaming.is not feasible opolite to

just tell people to be quiet because visitors may feel they are not welcome into the reserve or
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that they cannot enjoy the visit by talking with their friends and family. They only viable
option in dealing with visitor noise is to just inform people with signs and brochures about
how noise affects visitor experiencAlso, challengingvisitors to ligen to the natural
soundscapand see what noises they can identify (such as birds, frogs, running mvayer)
keep visitors quieterPutting up friendly signs in parks and reserves that briefly inform
visitors that the natural soundscape of the area pagt @f the visit and of the park itself will
not necessarily keep people quiet but it may help visitors to think twice before turning up a
radio or start yelling. It may not be the most effective approach, but it will not offend visitors
or make them & unwelcome whilestill informing them that the soundscape is important.
More research is needed to explore what techniques help to encourage visitors tcebe quiet
in park settings.

1 Noise caused by routine maintenance in a park or natural reseeletiigely infrequent, but
very bothersome to visitors. Whileud maintenancectivities are sporadithe survey
indicates thapeople are very annoydxy such activities The noise logs also indicdieat
sounds frommaintenance and vehiclean beveryloud. Consequently, the project team
recommendreducing maintenanactivities anchoise to a minimum duringggk visiting
hourswhenever possiblelf maintenance work cannot be completed before or after visiting
hours, then such work should be doneyaarly in the day before most visitors arrive or late
in that day as the leave. Also, putting up signs aettieanceof the reserve informing
visitors that maintenance work is being done in certain areas of the resendealter visitor
expectations.Such informatiorcould allow them to adjust their hiking routes, choice or
picnic area, and so forth to minimize the level of interference with their enjoyment of the
park Figure34 compares annoyance levels of specific sound sources when visitcegtaéadi
that they expected to hear that specific sound before they entered the park versus those that

did not expect to hear the sound.
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Figure34 - Expected vs Nomxpected Annoyance Reactions to Sources of Noise
The graph shoes that in all categories, excemtise fromipeopl eo, t he aver a

annoyance level was higher when visitors did not expect to hear that specific noise. There are
many reasons why the fApeopl eo céthisielgecausghe does n
types of noises caused by people range greatly from quiet conversations to loud yelling. Visitors
may have expected to hear conversations, but not yellingaadmingAndersKjellberg

(1996)says

A predictable stressor offers greater possibiliteprepare oneself
for the stressor, and the predictor also implicates that there are
periods during which the person does not have to be prepared for
the stressor. Accordingly, a variable noise should be less annoying
when the changes are expected theemthey are unexpected.
Similarly, the person who operates a machine and, this, controls its
noise should be less annoyed by it than are other people exposed to
the same noise.

Kjellberg is saying that when a noise is expected by soméwerethat peson will be less

annoyed by that noiseConverselyjf anoise is unexpected, thaperson will find that noise
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more annoyinghan they would have had they expected to hear this noise. As an example, if
somebody expects to hear vehicle sounds in aigextea of a park, then they will be less
annoyed by the vehicle noise than they would had they not expected to hear it before they
walked into the park. fAis statements what the data from this projestshowing

1 Airplane noise was another sourceaohoyance in Humacao, Monagas, &iibnes
Aircraft overflights were not often mentioned in visitor surveys in EI Yunque. The team
noticed flights were not recorded in the sound logs in El Yunque either.la€kis likely
because the natural soundseaf EI Yunque islightly louder than other parks due to the
increased amounts cdin, waterfalls, andauna. The massive amount of tree cover would
also naturally help abate noise caused by any aircraft flying over. There is not too much that
can bedone inPiflonego stop the noise by aircraft B#ionegust outside the boundary
fence ofin San Juamnternational Airport As for Humacao and Monagas, and many other
parks and reserves, the most feasible option is again to inform visitors of wisabtype
sounds they will hear in the reserve including the occasional airplane flying over. It is not
realistic to ask the FAA to redirect flights so that they do not fly over these reserves mainly
because the parks and reserves the team studied are mgaietb Working with the FAA
to reduce airplane noise may be a possibility for large, national parks, but not for small
reserves that arattered around the island of Puerto Rico andsharéome to endangered
species of fauna. However, airplane mantifeers are doing their best to design airplanes to
be quieter so that they are less bothersome to anybody within e@visimiel, 2005)

The project team feels that agéiatthe most important recommendatitmat can be
made as a result of this projesthat JCA and other need to condowire research. The more
surveys completed in regata visitor opinion on noise in parks and reserves, as well as the more
sound dad collected, the stronger the results and findings will be. Other than morectesea
education is key. Informing park visitors of what sounds they can expect to hear, whether it be
aircraft, maintenance, or recreational vehicle noise for example, will help bring the annoyance
level down and the level of enjoyment up. Proper sigiadgee entrance of reserves and parks
are a simple and polite way of keeping visitors informed and, most importantly, pleased with

their visit.
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Appendix A - Sponsorship by Junta de Calidad Ambiental

The Junta de Calidad Ambiental (JCA) or Environmental Quality Board, is a government
agency responsible foremvo n ment al protection inisPuerto Ric

AProtecting the quality of the environment

water and soil, and noise pollution; use all means and practical measures to create

and maintain conditions undeshich man and nature can exist in productive

harmony, and fulfill the social and economic needs and any others that may arise

with the present and future generations of

2008).

The vision of Junta de Calidad is tod@ublic service board that develops policies that
protect the environment and natural resources and move Puerto Rico towart#srong
sustainable development. The JCA tries to accomplish this mission by working with other
government agencies, businessacademic institutions, and other organizations involved in
managing environmental conditions in Puerto Rico,.

Junta de Calidad was formed in reaction to a growing concern about the rapid
development of Puerto Rico during the 1960s and the adversetithgadevelopment was
having on the environment and natural resources of the commonwealth. This growing concern
lead the Puerto Rican House of Representatives to set up a committee dedicated to environmental
concerns. The Office of the Secretary of INat Resources was in charge of this committee. By
1970, the House realized that it was imperative to create a unified public policy for the island,
resulting in the passage of the Public Environmental Policy Act of Puerto Rico. This concern, in
turn, lead to the creation of the Junta de Calidad Ambiental or Environmental Quality Board.
The main function of this board was to create public policies that protect the environment and the
health of the residents of Puerto Rico. The Junta de Calidad Ambentatle up of several
areas such as the department of water quality, air quality, pollution control, noise control, and
scientific advisory. The Board has been active in these areas as well as in establishing a public

policy that enhances environmentakbdjty for the last 30 years and continues to do so today.
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The Puerto Rican government has proposed a budget of $31,690,000 for Junta de Calidad
in the 2008 fiscal year. Figure 5 shows that 36% of these funds go towards federal funds, 38%
of these funds@towards joint resolution, and 26% of these funds go towards state special funds.

(www.presupuesto.gobierno.pr 2008).

Distribution of Budget Funds

Federal Funds
36%

Figure35- Distribution of Budget Funds

Federal Funds refer to Federal grants, while Special State Eangsfrom state permits,
fines, and bills, in accordance with Law No. 416, the Law on Public Policy Environment. This
funding will allow the agency to carry out all of its commitments in protecting and maintaining
environmental quality.

The Governing Boal oversees the operations of the Junta de Calidad. The Board
comprises three associate members and one alternate member each of whom serves a four year
term. The members are appointed by the Governor of Puerto Rico and approved by the Senate.
The Boardmeets at least once a week and operates on a majority vote. This board acts as an
advisor to the Governor on all environmental public policy issues. The JCA ensures that the
environmental laws and standards are met in addition to promoting regulatitaisipg to the
quality of the environment. They manage the delegation of any legislation and actively pursue

violators of laws or regulations.
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Noise is one of the many problems with which the JCA is concerned, and is the focus of
the proposed projectThe JCA has set up @ise control ouncil to address problems with noise
pollution. Thecouncil defines noise as undesirable sounds not made in nature. The noise
problem is viewed as a great inconvenience to the people of Puerto Rico. Accordinlicto pub
opinion surveys completed by the JCA, the most annoying noise sources include various modes
of transportation, radios, televisions, businesses, machineries, electric plants, and heavy
equipment. However, the noise is not just considered an inconeeniaut it also contributes to
health problems such as stress, headaches, sleep deprivation, and cases of partial or total hearing
loss (wvww.jca.gobierno.p200§. In public places like parks, outdoor cafes, and beaches, the
noise significantly reducesetexperience and enjoyment that these places are meant to offer. It
is the goal of the Noise Control Council to perform studies on noise, develop ordinances

regarding noise, and determining the effectiveness of such ordinances.
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Appendix B - Park Selection Matrix

The Matrix shown on Table 15 is the original park matrix used to help compare and

contrast many of the different parks in Puerto Rico when the project team was decided which

locations to use for this project.

Tablel5¢ OriginalPark Selection Matrix

Park Location | Size Ecosystems # of Visitors | Proximity | Proximity | Distance
to Airport | to Major | from
Highway | San
Juan
El Yunque | Northeast,| 28,000 | Tropical Rainforest| 600,000/year| ~25 miles | ~7 miles | ~31
near acres miles
Jimenez
Cerro El Vieques | 799 Mangrove Unknown ~4 miles None on | ~67
Buey acres | Beach island miles
Rocky Coast
Savannah
Coastal Dry Forest
Los Montes | Salinas 7,281 | Secondary Dry Privately ~21 miles | ~0.5 miles| ~50
Oscuros acres | Forest Ownedi miles
Volcanic Rock Unknown
Mountains Visitation
Coastal Flat Plains
Barrio Cidra 15 Secondary Forest | Unknown ~ 37 miles | ~10 miles | ~34
Rabanal acres miles
Rio Adjuntas | 42 Humid Forest Unknown ~18 miles | ~18 miles | ~76
Portugues acres | River miles
Punta Yabucoa | 280 Humid Forest Not opento | ~57 miles | ~4 miles | ~44
Yeguas acres | Beach public miles
Hacienda la | Manati 2,212 | Karst Forest Currently ~35 miles | ~5 miles | ~32
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Esperanza acres | Pterocarpus Forest being worked miles
Evergreen coastal | on tobe
humid Forest available to
Estuaries the public
Wetlands
Alluvial plains
La Parguera| Lajas 1,234 | Dry Forest Exact # ~14 miles | ~4 miles | ~107
acres | Salt Flats Unknown. miles
Mangrove Fringes | Popular
Rocky Coast Tourist Area
Bioluminescent
Bay
Bahia Guanica | 162 Dry Forest Unknown ~25 miles | ~3 miles | ~97
Ballena Yauco acres | Mangrove Forest miles
Inlets and Coves
Lagoons
Coastal Scrub
Beach
Punta Cabo Rojo| 313 Dry Forest Unknown. ~9 miles ~5 miles | ~116
Guaniquilla acres | Mangrove Fringes | Popular bird miles
Lagoons watching
Coastal Scrub location.
Jorge F. Caguas 63 Humid Tropical Unknown ~20 miles | ~0.5 ~21
Sotomayor acres | Forest miles miles
del Toro
Pterocarpus| Humacae | 766 Pterocarpus Forestl Unknown ~12 miles | ~1 miles |~41
Forest of Naguabo | acres | Lagoons miles
Humacao Mangrove Forest
Hacienda Ponce 79 Humid Subtropical | Unknown. ~4 miles | ~2miles | ~74
Buena Vista acres | Forest Open to the miles
public.
Las Cabezag Farjado 321 Dry Forest Unknown. ~4 miles | ~1miles |~38
de San Juan acres | Rocky Coast Open to the miles
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Bioluminescent
Lagoon
Mangrove Forest
Thalassia Beds

public.

Cristobal Aibonito- | 1,215 | Humid Subtropical | Unknown ~36 miles | ~ 8 miles | ~36

Canyon Barranquit| acres | Forest miles
as Rocky Islets

Rio Ciales 802 Karst Forest Unknown ~ 39 miles | ~ 8 miles | ~40

Encantado | Florida acres | Cave Systm miles
Manati

Pterocarpus| Dorado 31 Pterocarpus Forestl Unknown ~18 miles | ~ 3 miles | ~20

Forest of acres | Mangrove Forest miles

Dorado
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Appendix C z Visitor Survey (English)
Park Visitor Questionnaire

Environmental Quality Board

Worcester Polytechnic Institute

Hello. | am helping the Environmental Quality Board of Puerto Rico with a survey of visitors to (PARK
NAME). The information visitors give us will help managers identify any problems in the park arie teresi to
better serve you. | would appreciate a few minutes of your time to answer some questions about your visit. Your

participation in the survey is voluntary, and your answers are confidential and anonymous.

THIS FIRST GROUP OF QUESTIONS IS ABOUT YOUR CURRENT VISIT TO (NAME OF PARK).

1. On what date and time did you start your visit to (NAME OF PARK)? (FILL IN BLANK)

Date: Month Day:

Time: : a.m./p.m.

2. s this your first visit to (NAME OF PARK) or have you visited the park before? (CIRCLE ONE
NUMBER)

1 Firstvisit A (SKIP TO QUESTION 4)
2 Visited park before

3. If you have visited this park before, including this trip, approximately how many times have yai visite
(NAME OF PARK) in the last two years? (FILL IN BLANK)

Total times
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4. Overall, how enjoyable has your visit been to (NAME OF PARK) during this trip? Has your visit been not
at all, slightly, moderately, very, or extremely enjoyab{€?2RCLE ONE NUMBER)

Not at all enjoyable
Slightly enjoyable
Moderately enjoyable

Very enjoyable

ga b~ W N -

Extremely enjoyable

5. How important was each of the following reasons for visiting (NAME OF PARK)? Would you say that
each reason was not at all importastightly, moderately, very, or extremely important for your visit?
(CIRCLE ONE NUMBER FOR EACH REASON)

Not at All Slightly Moderately Very Extremely
Woul d you s i Important Important Important Important Important
viewing the natural
scenery wa é 1 2 3 4 5
exercising or hiking
was é 1 2 3 4 5
enjoying the natural quiet
and sounds of nature
was é 1 2 3 4 5
Other reason:

1 2 3 4 5
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YOU HEAR MANY NA TURAL SOUNDS IN PARKS, SUCH AS ANIMALS, RUNNING WATER, AND
LEAVES RUSTLING. OCCASIONALLY, YOU MAY ALSO HEAR NON -NATURAL SOUNDS IN
PARKS. THIS NEXT GROUP OF QUESTIONS IS ABOUT NON-NATURAL SOUNDS AT (NAME OF
PARK).

6. What nonnatural sounds, if any, diiyou expect to hear at (NAME OF PARK) prior to your current visit?
(FILL IN BLANKS)

1
2
3
4

None

7. Which nonnatural sounds, if any, did you hear during your current visit to (NAME SRKg? Also,
please classify each sound as not at all annoying, slightly, moderately, very, or extremely annoying. (FILL
IN BLANK AND CIRCLE THE NUMBER CORRESPONDING TO THE LEVEL OF ANNOYANCE
FOR EACH SOUND)

Not at All Slightly Moderately Very Much Extremely
1 2 3 4 5
1 2 3 4 5
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8. How much did noise from nenatural soundmterfere with each of the following aspects of your visit at
(NAME OF PARK)? Did the sound from external noises interfere with the aspect not at all, slightly,
moderately, very much, or extremely? (CIRCLE ONE NUMBER FOR EACH ASPECT)

Woul d you s i NotatAll Slightly Moderately Very Much Extremely

enjoyment of 1 2 3 4 5

enjoyment of exercising
or hikingé 1 2 3 4 5

appreciation of the nature
quiet and sounds of

natur eé 1 2 3 4 5

Other aspect:

9. In Puerto Rico there are numerous environmental issues, including noise contamination. Which level of

importance would you rate the issue of noise contamination? Would you say tisatighef noise
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contamination is not at all important, slightly, moderately, very, or extremely important for your visit?
(CIRCLE ONE NUMBER)

Not at all important

Slightly important

Moderately important

Very important

a b~ W N PP

Extremely important

10. Is there anythinglse you would like to tell us about your visit to (NAME OF PARK), including
suggestions on lowering the audible noise in the park? (FILL IN BLANK)

PLEASE COMPLETE THE FOLLOWING BACKGROUND INFORMATION:

Sex: Male Female
What year were you born? 19
Zip Code:

THANK YOU FOR YOUR TIME AND PARTICIPATION.

%

X

Environmental Quality Board Contact Information:
Noise Control and Environmental Complaint Area

Environmental Quality Board (78767-8181 ext 3115)
Sr. José A. Alicea Pou or Sra. Olga &fiCuriel
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Appendix D z Visitor Survey (Spanish)
Cuestionario Para el Visitante al Pargue

Junta de Calidad Ambiental

Worcester Polytechnic Institute

Hola. Estoy ayudando La Junta de Calidad Ambiental con una encuesta de los visitantes de (PARK NAME.
La informacion ofrecida por los visitantes ayudara a la Junta identificar cualquier problema en el parque y nos
permitira servirle mejor. Apreciaria unos minutos de su tiempo para contestar unas preguntas sobre su visita. Su

participacion en la encuestavesuntaria y sus contestaciones son confidenciales y anénimas.

ESTE PRIMER GRUPO DE PREGUNTAS TRATA SOBRE SU VISITA AL PARQUE (NAME OF PARK.

1. ¢En qué fechay a qué hora comenzd su visita al parque (NAME OF PARK)? (LLENE EL BLANCO)

Fecha: Mes Dia:

Hora: : a.m./p.m.

2. ¢Es su primera visita al parque (NAME OF PARK) o ha visitado el parque antes? (CIRCULAR UN
NUMERO)

1 Primervisita A (PASAR A LA PREGUNTA 4)

2 Visito al parque antes

3. Si usted ha visitado el parque antes, incluyendo este viaje, ¢ cuéntas veces visitd (NAME OF PARK) en los
pasados dos afios? (LLENE EL BLANCO)

Cantidad total de visitas
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4. En general, cuan agradable ha sido stavssiNAME OF PARK. ¢Ha sido su visita no agradable, poco
agradable, moderadamente agradable, bien agradable, o extremadamente agradable? (CIRCULAR UN
NUMERO)

No agradable
Pocoagradable
Moderadamente agradable

Bien agradable

ga b~ W N

Extremadamente agadable

5. ¢Cuan importante ha sido cada una de las siguientes razones para visitar (NAME OF PARK)? ¢ Diria usted
gue cada razoén es no importante, poco importante, moderadamente importante, bien importante, o
extremadamente importante a su visita? (CIRCELUN NUMERO PARA CADA RAZON)

No Poco Moderadamente Bien Extremadamente
Diria ust ed Importante Importante Importante Importante Importante
ver |l a nat

1 2 3 4 5
ejercitarse o caminar
esé 1 2 3 4 5
disfrutar del silencio
natur al e s

1 2 3 4 5
Otra razon:

1 2 3 4 5
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USTED PODRIA ESCUCHAR DISTINTOS SONIDOS NATURALES DURANTE SU VISITA COMO POR
EJEMPLO ANIMALES, CORRIENTES DE AGUA, Y EL MOVIMIENTO DE LAS HOJAS EN EL
VIENTO. OCACIONALMENTE, TAMBIEN PODRIA ESCUCHAR SONIDOS NO NATURALES EN
(NOMBRE DEL PARQUE. ESTAS PROXIMAS PREGUNTAS TRATAN SOBRE LOS SONIDOS NO
NATURALES EN (NOMBRE DEL PARQUE.

6. ¢Cudl sonido no natural, si alguno, esperaba usted esduchate su visita a ( NOMBRE DEL PARQUE)
antes de llegar?(CONTESTAR EN ESPACIOS EN BLANCO)

1
2
3
4

Ninguno

7. ¢Cual sonido no natural, si alguno, escucha usted durante su visita a (N@EBRREARQUE)? Favor
de clasificar cada sonido como no molestoso, poco molestoso, moderadamente molestoso, bien molestoso,
o0 extremadamente molestoso. (LLENE EL ESPACIO EN BLANCO Y CIRCULE EL NUMERO DQUE
CORRESPONDA AL NIVEL DE MOLESTIA)

No Poco Moderadame Bien Extremada
molestoso molestoso nte molestoso molestoso mente
molestoso
1 2 3 4 5
1 2 3 4 5
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8. Cuanta molestia ocasiono el ruido causado por sonidos no naturales en cada uno de los aspectos de su visita
a (NOMBRE DEL PARQUE) ElI ruido causado por sonidos no naturales interfirié en el aspecto nada, poco
moderadamente, muchextremadamente? (CIRCULEUN NUMERO PARA CADA ASPECTO
MENCIONADO)

Diria usted que Nada Poco Moderadame Mucho Extremada
interfiri - nte mente
Disfrute del 1 2 3 4 5

Disfrute del ejercicio y/o

caminat aé 1 2 3 4 5

Apreciacién dekilencio

natur al del

Otro:
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9. En Puerto Rico hay una serie de problemas ambientales incluyendo la contaminacién de ruido. ¢ Cuél es el
nivel de imporancia que usted le daria dicha contaminacion? (CIRCULE UNAOPCION)
1 Ninguna importancia
Poco importante
Moderadamente importante

Bien importante

a b~ W N

Extremadamente importante

10. Agradecemos sus sugerencias y comentarios sobre su visita y sobre este cuestmogeitlo

sugerencias sobre como disminuir el nivel de ruido no natural.

POR FAVOR COMPLETE LA SIGUIENTE INFORMACION DEMOGRAFICA:

Sexo: Masculino Femenino
Afo de nacimiento? 19
Cadigo Postal:

GRACIAS POR SU TIEMPO Y PARTICIPACION.

%

X

JUNTA DE CALIDAD AMBIENTAL:
Area de control de Ruido y Querellas Ambientales
Junta de Calidad Ambiental (7867-8181 ext 3115)

Sr. José A. Alicea Pou o Sra. Olga Vifias Curiel

Worcester Polytechnic Institute Page89



Appendix Ez Sample Noise Log

JUNTA DE CALIDAD AMBIENTAL
AREA CONTROL DE RUIDOS

RESERVE: Pifiones Coordenadas:
Weather: Sunny, Clear, Breezy

Date: 4-20-2008 Location: Station 1
Device:Bruel & Kjear 22321 17020

Notes:

Hora dB(A) Fuente Emisora

1:59pm 47.8 Environmental Noise

2:03pm 74.1 Bikers

2:04pm 50.7 Car horn

2:06pm 76.5 Airplane

2:08pm 58.1 Motorcycle

2:08pm 72.8 Airplane and Bikers simultaneously
2:09pm 62.3 Man walking bike

2:09pm 63.0 Airplane

2:14pm 63.8 Airplane

2:14pm 53.6 Motorcycle or a car

2:15pm 62.3 Airplane

2:17pm 63.9 Airplane

2:19pm 79.8 Airplane

2:20pm 64.0 Bikers

2:21pm 51.4 People yelling far off
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JUNTA DE CALIDAD AMBIENTAL
AREA CONTROL DE RUIDOS

Weather: Sunny, Clear, Breezy
Date: 4-20-2008
Device:Bruel & Kjear 2232 17020

Notes:

RESERVE: Pifones Coordenadas:Ashley y Christina
Location: 1
dB(A) Fuente Emisora

Hora

2:21pm
2:21pm
2:22pm
2:24pm
2:25pm

2:29pm

56.1

72.3

62.6

61.3

53.7

END

Scooter or Motorcycle
Airplane

Small airplane

Biker

Motorcycle
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Appendix Fz Information about Piflones

PifonedNatural Reserve is located east of this Mufioz Marin International Airport
and Isle Verde on the Northeast coast of Puerto Rico, right alongside Route 187. This proximity
to the highway and airport is cause for the daaghount of traffic and aircraft noise. For those
who visit the reserve, there is 6.8 miles of boardwalk that run through the forest, which is ideal
for walking or biking. Many locals and tourists alike use this area for exercise.

The ecosystem of theserve is classified as a strbpical moist forest and is one of the
largest sites of mangrove forest throughout the island. The four different species of mangroves
that grow inPifionesare the Buttonwood Mangrove, White Mangrove, Red Mangrove, and
Black Mangrove. Becaudeifionesnatural reserve is located at the coast, it is also home to the
nesting sites of leatherback sea turtles, along with many native and migratory birds. The varieties
of flora and fauna species are yet another reason why pesplifionesatural reserve.

The project team observed tliRifionesNatural Reserve was greatly affected by noise
from the bordering Route 187 and the closeness of the Luis Munoz Marin International Airport.
Because the mangrove trees do not grow veithey did not block out any of the external
noises. Across Route 187 is a popular beach visited by many locals, especially on Sundays. The
extensive crowd of people on the beach, along with their radios, added to the amount of noise
generated. The laodwalk within the reserve, though a nice place for exercisers, was not visited

as often as the beach across the road.
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Appendix Gz Information about El Yunque

El Yunque National Forest, also called the Caribbean National Forest, is theopidgltr
rainforest in the U.S. National Forest System. Annually, the forest receives anywhere between
fifty to two hundred fifty inches of rainfall depending on the elevation. It covers 28,000 acres
including the vast Luquillo Mountain Range. Known fgrvast biodiversity, there are over a
thousand different species of plants and hundreds small animals in the forest. Natively it is home
to the Puerto Rico Boa, the Coqui frog, and the Puerto Rican Parrot.

El Yunque is visited by more than half a naiti people each year. There are 24 miles of
trails available for hiking and two different lookout towers. The Yokahu tower is accessible by
driving but the Mt. Britton tower can only be accessed by hiking the trails. The difficulty of the
trails differsgreatly, with some of the more strenuous trails near the top of the mountains. The
map below shows several of the most commonly traveled trails.

The project team observed that Route 191 traveled through El Yunque National Forest,
allowing cars to pass lyailheads within a few feet. This proximity is cause for much of the
traffic noise heard by visitors. After the project team followed some of the trails, the traffic
noise disappeared behind the loudness of the waterfalls and the natural soundrbatgdrby
the trees. The trees also provided a sound barrier against aircraft noise. However, due to tour

groups and other visitors, noise from people was often heard within the trails of El Yunque.
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Appendix H z Information about Humacao

Humacao Natural Reserve is located on the southeast coast of Puerto Rico near Humacao
and Naguabo. Totaling approximately 3,000 acres, it has been managed by the Department of
Natural and Environmental Resources since 1984. It has several areas for Ikkigg aind
kayaking, as well as a beach and picnic area. Itis mostly visited by local fisherman during the
week because it is an area rich in crabs and fish. The weekends are more popular for tourist
activities like the kayaking that is offered.

The vrinity originated as a lagoon and was then drained to be used for sugar cane
production in the 19300s. After a Hurricane
full of lagoons and forest. The commonly visited areas of the reserve are paobylateer
thirty species of birds as well as many iguanas. The bird sanctuary nearby has over ninety
species of birds, leading the Humacao Nature Reserve to be one of the more popular bird
watching sites. Several species of ducks, herons, and egratsuadant. The beach bordering
the reserve is a nesting place for three endangered species of turtles.

The ecosystem of the natural reserve is classified ag@pical and is made up mainly
Pterocarpus forest along with the lagoons and estuariesuafythe reserve receives 88 inches
of precipitation on average. In the center of one of the lagoons, there is Monkey Island, named
for the monkeys that inhabit it. However, it has been recommended that visitors do not go to the
island because the monjsshave been known to be quite violent.

The project team noted that although Humacao Natural Reserve borders Route 3, only
official vehicles are allowed within the reserve itself. There is a parking lot at the entrance of the
reserve to limit the amouwf traffic noise. At the far end of the reserve, the waves from the
Caribbean Sea drown out a lot of the external noises. Due to many open spaces, such as the
lagoons, aircraft noise could be easily distinguished. Most of the visitors to the reserve we
locals and did not create a significant amount of noise unless they were fishing for crabs. On a

good note, many of the visitors felt that the reserve was quiet and relaxing.
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Appendix | z Information about Monagas

Julio Enrigue Monagas Park isclted in Bayamon, just west of San Juan, Puerto Rico.

It can be characterized as an urban park, featuring a playground, picnic area, and horse stable.
More popular on the weekends, equestrians can also be found practicing during the weekdays.
There areseveral paths throughout the park, avidly utilized by bicycle enthusiasts and hikers.
On the top of the hill within the park, there is a large observational tower. From the tower, Old
San Juan and the Condado can be observed on a clear day. Anothetimagide of the
observational tower leads to a cliffside and cave that are often visited by those who wish to
rappel.

The large amount of trees within the park tends to block out traffic noise from the
highway, but a road travelling through the parkhe horse stable creates closer auto noise.
Most of the fApeopled noise comes from childre
aircraft noise, it is not as noticeable in the main area of the park, but is very distinct at the

observational toer.
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Appendix Jz Survey Responses by Age

One question on the survey inquired about the date of birth of the visitor in order to
separate the participants into groups by age. The project group separated the participants into
groups by agef twenty years or less, twergne through thirty years, thidgne through forty
years, fortyone through fifty, and fifty or more yeargigures36 and37 show the levels of
importance and interference of the main park activities depending on théthgevisitor. It
can be seen in the graph that the age group with the highest level of importance for exercising in
parks were the participants who were thiotye through forty years of age. The level of
importance for exercising in the thirgne thraugh forty years old age group, 4.47, was slightly
higher than that of any other age groups, 4.13, 4.0, 4.0 and 3.8. Another interesting tendency
was the thirtyone through forty age group had one of the highest levels of importance for each
of the activites. Also shown in the data, is a trend of increasing amounts of interference as the
participants become older. An example of this increase is the levels of interference for
experiencing the natural scenery. The less than twenty year old group helsod 189, while
twenty-one through thirty has a level of 2.33, thidge through forty has a level of 2.63, forty
one through fifty has a level of 2.59 and above fifty has a level of only 2.92.
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Figure36 - Importance of MainPark Activities by Agén=184)
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Appendix K z Survey Responses by Gender

One variable the project team separated park visitors by was gendglldied the
team to determine whether there was a difference or not in how males and females responded to
the questionnaireFigures38 and39 show the level of importance and interference of the
mentioned park activities by gender. The importanceddwe viewing the natural scenery and
exercising are similar for both genders, while men place greater importance on the natural quiet
by 0.88. It is interesting to notice the trends for levels of interference between the two genders.
For all three parlactivities, the level of interference for females is less than the interference
levels for males. This is shown by a difference in interference level for females compared to
males 0f0.6 for viewing the natural scenei@.5 for exercising an@.33 enjoyirg the natural
quiet.

451 46

4.41

m Male

H Female

Level of Importance

Natural Scenery Exercise Natural Quiet

Park Activity

Figure38- Importance of Main Park Activities by Gendén=201)
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Figure39- Noise Interference of Main Park Activities by Gender=201)
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Appendix L z Survey Responses by Residency

By reviewing the zip codes provided by the participants, the project team was able to
separate respondents into groups of tourists and residents of Puerté-iBio@s40 and41
show the data collected on the levels of importanceratediérence of main park activities by
residency of the participant. The levels of importance are very interesting to compare between
these two variables. It is shown that both the locals and the tourists feel that viewing the natural
scenery and naturgliet are very important. There is not much difference between the two for
these activities. The importance level for exercising is slightly different, however. For
residents, the importance level for exercise is 4.23 while the importance leggéfoise for
tourists is only 3.77. This is expected because most tourists do not travel to exercise. This
reason will explain why tourists feel natural scenery and natural quiet are the most important
reasons for visiting a park. For both tourist amchls it is interesting to see that noatural
noises affected the natural quiet in the park more than anything, although there are still not very
high interference levels. There is a very low level of interference with exercise, only 2.05 for
tourists ad 2.33 for locals, and a slight interference level for the viewing of the natural scenery,
2.31 for tourists and 2.53 for locals. There is not a lot of difference in interference for these two

categories of tourists or residents.
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Figure40- Importance of Main Park Activities by Residen@y=192)
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Appendix M z Survey Responses by Number of Visits

The questionnaire askele participants about the number of times the visitor had been to
the park of concernFigures42 and43 show theevels of importance and interference separated
by the number of visits each visitor had made to the park, including the visit the sus/ey wa
completed. The importance levels for all number of visits are very similar, but the park visitors
in the one to three visit categories consistently had the lowest level of importance. This trend is
also consistent for the levels of interference. &hewery little difference in the interference
levels showing that the number of visits does not drastically affect the levels of importance and
interference.

451 464 4.68 4.59 4.63
45 ) 4.39

m 1-3 Visits
H 4-9 Visits
m 10+ Visits

Level of Enjoyment

Natural Scenery Exercise Natural Quiet

Park Activity

Figure42 - Importance of Main Park Activitieby Number of Visit{n=199)
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Appendix Nz ISO Standards for Surveying

Worcester Polytechnic Institute

TECHNICAL ISO/TS

. -SPECIFICATION 15666

First edition
2003-02-01

Acoustics — Assessment of noise
annoyance by means of social and
socio-acoustic surveys

Acoustique — Evaluation de la géne causée parle bruit au moyen
d'enquétes sociales et d'enquétes socio-acoustiques

Copyright by the International Organization for
Standardization (ISO). This material is reproduced with
permission of the American National Standards Institute
(ANSI) on behalf of ISO  No part of this publication
may be copied or reproduced in any form, including an
electronic 1etrieval system or be madc available on the
Internet, a public network, by satellite or otherwise
without the prior written permission of ANSI, 25 West
431d Street, New York, New York 10036

Reference number
1SO/TS 15666:2003(E)

©1S0 2003
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ISOITS 15666:2003(E)

Introduction

This Technicat Specification is proposed for provissanal application se that information and exparience of its
use in prectice may be gathered. Comments on the content of 1his document should be senl fo the 150
Central Secretariat

fany coundries have aready developed reguislions concerning e sccapiabiity of emdronmental noise
expoELre, whie cthers sre likely 1o do so In the future Such regulalions fien take into account relationships
batwesn noise exposune and noise-induced annoyance

teasurement of envireomentzl noise has been standardized For example, 1501996 conting cetailed
specifications about basic guantiies and procedures, about acquisition of (noiss) data, and about the
apolication of these data 1o set noise limits, |0 3891 specifies measurements of alrcraft noise heard on the
ground. Mo intermational Standard yel recommends praclices for mensuring the prevakencs of noise-induced
annoyanci, Rowever

The intent of this Technicsl Specification & fo provide epecilications for the assessment of nolsé anngyance
by seclal and soci-acoustic surveys When theee specifications are met, the statistically relevant possibilities
of comparing and pooling survey resuits will be insmased, thus cffering mere and betler quality informatian for

use by environmanial palicy makers

B0 2005 -~ All fights reseraed
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TECHNICAL SPECIFICATION ISO/TS 15666:2003(E)

Acoustics — Assessment of noise annoyance by means of
social and socio-acoustic surveys

1 Scope

This Technical Specification provides specifications for socio-acoustic surveys and social surveys which
include questions on noise effects (bricfly referred to hereafier as “sccial surveys’) Ms scope incudes
questions to be asked, response scales, key aspects of conducting the survey, and reporting the results. This
Technical Speciication does not prescribe methods for the analysis of data obtained from these questions

Il is recognized that specific requirements and protocols of some socia!l and socic-accustic studies may not
permit ihe use of some or all of the presant specifications  This Technical Specification in no way lessens the
morit, value or validity of such research studees

The scope of this Technical Spedification is restricted 10 surveys canducted (o obtain information about nolse
annoyance ‘at home”. Surveys conducted to obtain information about noise anneyance in other situations,
such as recreational areas, work environments and inside vehicles, are not included.

This Technical Specification concerns only the questions on noise annoyance used in a social survey and the
meost important additional specifications needed to accomplish @ high level of cemparability with other studies,
Other elements which ara required 1o provide high-guality social surveys, but which are not specific for social
surveys on noise (such as sampling methods), can be found in textbooks {e.g. see references [1] and [2))

Compliance with the recommencations of this Technical Specification does not guarantee the collection of
accwate, precise or refiable information about the prevalence of nolse-induced annoyance and ifs relationship
10 noise exposure. Other aspacts of study design, 88 well as uncentainties of estimation and measurement of
neise exposure, can influence the inlerpretability of survey findings to a great extent

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
reforences, only the edition ciled epplies. For undated referances, the latest edition of the referenced
document (including any amendments) applies

1SO 1898-1, Acoustics — Descrioton and measurernent of environmental froise — Part 1: Basic quarnlitios
and procedures

IS0 1996-2, Acoustics — Description and measurement of environmental norse — Part 2: Acquisition of data
pertinent fo fand use

150 18086-3, Acoustics — Descripion and measurement of environments! noise — Parl 3. Apphication fo noise
lirits

1S0 3891, Acoustics — Procedure for describing aircrafl noise heard on the ground

150 2003 — NI nights reserved
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ISOITS 15666:2003(E)

& Additional specifications for conducting soclal and socie-acoustic surveys when
asking about noise annoyance

General spacifications for conducting social surveys of any kind are found in numercus articles, papars and
tenibooks (g g references [1) and [2]} This clause does not give a comprehiensive overview of these general
specifications The focus in this clause is on edditionsl specifications with respect io the design of the
questonnaire when asking about neise annoyance Mors informalion i given in Annex A

#) Esch responden! shall be asked both gquestions specified in Clause 4 Respondents shall nol be
eliminsted on the basgis of some previous question ebout whether they “hear” the noise, nor on the basie
of length of residence. If i is necessary to determing whethar some respondenta do not hear the noise
saurce, 8 quesiion about the sudibility of he nuise may ba asked separstely later in the intervew

b) Respondents shall nat first be asked i they are annoyed of nol and than, i they are anncyed, about thair
degree of annoyance:

&) Tha questions shall be pleced early in the guestionnaira, unkess this conflicls with eiher sunsey objecties,
and bedoro oiher, more detaiked, questions sbout noise heve beon asked. If other guestions on noise
annoyanee ane more important for the survey’s purpozses, the specifled questions may be asked later

d) When asking a question aboul annoyance, do not imply hat the noise shoukd be present in lhe
respondent's situation st home Ask, for instance, sboul *noise from sircraft” instaad of "noise from the
alrgrafi”

¢} If pre-tests indicale thal the questions are percelved &s repotiticus, includs approprlale instructions An
exampie is presented in Annax A

f)  If show cerds sre used, the anewer categorios of the fve-point vertal scale shall be presented withoul
numbers, a8 lolows:

CARD QV

NOT AT ALL

SLIGHTLY

MODERATELY

VERY

EXTREMELY

The show card for the numernical scabe shall be as follows:

|cn.R|mN

|NOT AT ALL EXTREMELY

o |+ | 2 [ =2 | &« s | & | 7 | & | 8 [ 0|

The ehesan answer shall be marked cleady within cne box

@150 2003 — A righls meseried
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ISO/TS 15666:2003(E)

Takble 1 — Minimum specifications fer reporting core information from social and socio-acoustical
siirveys in sclentific repons

Tople ares | llem Topic Reguirsd infarmation

Crearall design 1 |Surey date Vear and months of social sursey

2 | Sile kezalicn Country and city of shady shes

3 | Sile selection Ay imporant, unusual characledstic of the sludy paricd or siles
Map or description of study sie keations reladive 1o the noisa source

| 4 |Snesize Raticnake lor si4e selection
Site setaction and exdusion crisria

5 | Siudy puipsse Mumbier of sludy siles

Mumber of respondents by site
| Siate original study gonls.
Social suney B |Sample seecton | Respondent somple selection mathod (probabity, judgmental, eic )
sample Fespandent anciusion criteria |&gpe, gender, length of residenca, atc.)
T |Sample size and| Response ree
| quualily
Rensong 1o non-Fesporse
Socinl survey B |Survay methods | Mathed (lsce-io-iace, ielephone, ebe)
gMa coflection ¢ |Cuwestionnaine | Exact werding by primery quesiicnnaire ems (including anevwer allarnaties)
winding
10 {Precision of Number of respenses ior men analyses
sampla eslimate
Acoustical | 11 |MNoise spuce iTg.-pe of primary nods source (aincralt, road tradlic, e |
condilicns Types of noise source operalions thet an Incuded of excluded
[
Protocole i defing tha noiee source (8 g, miremum level, oparsbions, days
al week)

12 |Mcise melic: Giive tha complats description of say noise melrc reparied, acconding 1o

150 1996-1, IS0 1908-2, 150 1996-3 or 150 3891 (if applicadle):

= ProvRde Lo L AR Ly (00 Loy by time-period) Tor &l lncslions
ar

—  provide conmversion rule(s) to esemate Ly say Ly, and i ., Under ha
speciiic study conditions fam the sludy's prelenad melic

—  Discuss tha adequacy of the conversicn rule(s)
i —  Provida mpulse and/or lene comections
13 | Timw pesiod Hours of dey repressentad by notse mathic

Period [months, yeans) represened by nolse metric
14 |Estimation’ Eslimalion aporoach {modeling, messureman during sampled periods, 682 )
rmsas ureman
i precadure
15 |Rafarenge Mg position relalive lo nose sowees and reflacting surtaces
posiinn Present gxposure {or ghve conversian mile ) for nalslest fagade, specitying
whether reflactions from the fagade are taken into acoourd af mot
18 | Precision of Best information avaikablea on precision of noise exposure aetimatas
noise ssdimala
Basic dosal 17 |Dosefresponse | Tabustion of frequency of ennoyance rafngs for esch cetagory of noass

rEEpORED redatonships AAPOEUE
analysis | |

150 2003 — Al righis reservad
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