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1 Glossary

Decibel B} a unit of sound level

L10: The sound level that was exceeded during 10% of the measuring time in dB(A).

L90: The sound level that was exceeded during 90% of the measuring time in dB(A).

Lcpeak: The "Peak" levslthe maximum instantaneaisound pressure leveleasured with the
'C' frequency weightinglt is an important descriptor for an impulsive noise wave front
especially with regard to the assessment of hearing hazard dysead,impact or explosive

Nnoises.

Leq:The continuous equalent sound levelhich isthe single sound pressure level (SPL) that, if
constant over the stated measurement period, would contain the same sound energy as the

actual monitoredfluctuatingsoundlevelover the measurement period.

Lmax: The maximum sodnpressure level (SPL) value measured during the duration of

monitoring.

Lmin: The minimum sound pressure level (SPL) value measured during the duration of

monitoring.

Sound pressureelel (SP)- Alogarithmic measuref the effective sound pressure ofsaund
relative to a reference value. It is measuredlatibels(dB) above a standard reference level.



2 [Executive Summary

Bridgetownis a diverse and dense urban ardaat a significant number of persoriezquent on a daily
basis The various land useor activities such asresidential, industrial, commerciadnd mass
transportation terminals coupled with the number of personéving, working, passing through and

shoppingthere result in noise beingenerated

In generalit is possible that many people are exposed to dangerous levels of imovseying durations
without realizing it whether it is from loud music, a motorcycle, airplane or a piece of equipment.
According tothe World Health Organization Guidelines forn@ounity Noise, exposure to high noise
levels can lead to temporary or permanent hearing loss, increased blood pressure, increased risk for
hypertension, intensification of the development of latent mental disorders and annoyance. Excessive
noise levels caralso cause stress related illnesses, sleep deprivation and may interrupt activities

requiring concentration.

The Environmental Protection Department (EPD) designed and implemented this Bridgetown Noise
Characterization Study in order to assess the sdawudls which persons were exposed to while working

or shopping in Bridgetown as well as to gather baseline dataummarythe formal survey involved

24-hr sound level monitoring, collecting meteorological data, surveillance of activities and monibdring

traffic counts at or near sixnonitoring sites. The six monitoring locations were Barbados Port Inc
(University Row), Berean Bible Church (Baxters Road), BIDC Small Business Centre (Fontabelle), General
Post Office (Cheapside), Colonnade Mall (Broade§trand NVN Plaza (Victoria Streefhe noise
descriptors collected during monitoring wergyLlnayx Lmin, Lio, Loo ON the Ascale and Lcpeak on the C

Scale.

For the six sitgeghe Lq ranged from 55.3 to 70.2dBA, thed.from 82.8 to 106.2dBA, thedfrom 55.5
to 74.0, and the Lg.ranged from 106.4 to 127.0dBdth the typical noise sources being traffic and
people generated noiseéA strongrelationshipexisted between sound leveland traffic countsas high
traffic countswere found to beassociated with high sound level3he L., values recorded on Sundays
were found to bestatistically different to those during the week at any given wiih the Sunday values
being typically lower.When compared to WHO guidelines teeund levels in athe areas monitored
were generaly within the guidelin& limits. A preliminarynoisemap was also createtb give a visual of

the sound level data collected.



3 Introduction

Environmental noise RSTAY SR I & & d@owany199ivd carthalay Huénful impacts on
people exposed to ith generalit is possible that rany people are exposed to dangerous levels of noise
without realizing it whether from loud music, motorcyceairplanes or everydayequipment.According

to the World Health Organization Guidelines for Community Noise, exposure to high noise levels can
lead to temporary or permanent hearing loss, increased blood pressure, increased risk for hypertension,
intensification of the development of latémental disorders and annoyandéxcessive noise levels can
also cause stress related illnesses, sleep deprivation and may interrupt activities requiring concentration
(Cowan, 1994)The risk of hearing impairment would begligible for Lq, 24hrfor valuesup to 70dB

over a lifetime(World Health Organization, 1999)o avoid hearing impairmemnoise exposures should
never exceed 140dB for adults and 12GdBchildren.

According to Bartdoa Q t Keé 4 A OF f R80@Bdrmdaty Foyini and Gotngfy Development
Planning Office, 2008) . NJA R 3 S (i 2yéexytddd from 2heéziiverdity of the West Indies to the
north along Cave Hill road, generally follows the bordethefZone 1 Water Protection Area jugast
the Belle Tenantry, down Two Mile Hill road and to the east side of the Garrison and CharlgeEort

Appendix2)

Bridgetownis a diverse and dense urban area. Thxedusearea resuls in many land uses including
residential, industrial, commercial, mass transportatiterminals, educational institutions, parks/
recreational areas, fish markets, offices and government buildings within close proximity to each other.
Some tourist are also attracted to Bridgetownrecent designation as a World Heritage Site as well as
its rich history, which include it being the home to one of the oldest operational parliaments in the

Commonwealth.

Within the City of Bridgetown constituenchdre are six thousand, nine hundred and fifteen9(@5)
registered voters(Barbados Electoral and Boundaries Commission, 28f6&8) approximately B0OO
businesse¢Barbados Chamber of Commerce, 2018jditionally it was estimated that approximately
40% of the islands transport passes througid@etown (Barbados Town and Country Development
Planning Office, 2003Though these values would not accurately account for persons working, passing
through the city residentsbelow voting age or touristshey areindicativeof the fact that a number of

persons could contributeo as well abe affected by the sound levels within the city.



The Environmental Protection Department (EPD) designed and implemented this Bridgetown Noise
Characterization Study in order to assesssband levels which persons were exposed to while working

or shopping in Bridgetowras well as to gather baseline datd@his project focused on Central
Bridgetown, aglelineated inAppendix3, as this area would have the highest people counts and activity
levels and should provide the highest ambient sound levels for Bridgetown as well as the highest
number ofpersonsthat could be affectedA presurvey was carried ourom the 6" -13" December

2011 to gauge the noise levelswsll as provide guidance fohe formal surveywhich was carried out

from 1% June 2012 to "8 February 2013. In summary, the psarvey involvedfifteen (15) minute
samples being taken at ti¢en locations while the formal survey involvd-hour samples being taken

at six locations. This document focuses primarily on the formal survelar(@bnitoring). For further
information on the presurvey 0 KS NB L2 NI Sy (dAidf SR edeatibldRSBVEY2 6y b 2
WSLI2NIEé aK2dAZ R 0SS NBFSNBYOSR®

It may be interesting to note that the Air and Noise section also cordiobnitoring of the air quality
in the Bridgetown areaduring June 202 to May 20B; it was envisioned that thigroject would

complement the air quality project.

4 Project Objectives & Outline

4.1 Goal

To determine the background sound levels within a specified area of Bridgetown and identify the main

contributing sources.

4.2 Objectives

The objectives of the projectere:
1. To obtainfour, twenty-four hour samplesfér three week daysand a Sunday) for each of the six
selected sitesusing he noise descriptors on the-gcale: Lo, Lo, Leg, Lmax and on the €Scale:
Lepeate
2. To characterize the locations selected in terms of land uge @mmercial, residentiabr
mixed
3. To identify the main sources contributing to the sound levels.

4. To obtain traffic countat the selected monitoring sites.



5. To compare the sound levedsults withWorld Health Organizatiostandards.
6. To submit a written report on the findings of the Bridgetown Noise Characteriz&tiaay.

7. To disseminate relevant information to the applicable agencies.

4.3 Scope

The assessment foocedon:
1 Recording, analysing and reportirtge sound levels (&cale: ko, Loo, Leg, Lmax and on the €
Scale: lea at the six specified sitewithin Central Bridgetown, adelineated inAppendix3,

during the period T June 2012 to '8 February 2013

The assessmertid not focus on:
9 Other sections of Bridgetown that are outside of the specified section or boundaries created for
this project.
1 Other possible noise descriptors.

9 Other time periods

4.4 ResearchQuestions

1. Whatwere the noisedescriptors (on the Acale: Lo, Lo, Leg, Lmax and on the €Scale: kyeay)
for the six monitoring sites?

2. What were the major sources of noise identified?

3. What was the land use of or activities carried out at the six sites?

4. How dd the noise levels recorded compare with WHO guideline values for community
noise?

5. Were the noise levels fouh during the week statisticalldifferent to those recordecn
Sunday8

6. How didthe pre-survey values compare to those from the formal survey?

7. Wasthere a correlation between the traffic counts and the noise levels recorded?

10



4.5 Limitations, Assumptions and Risks

The following limitations, assumptions and risks were inherent to the project:

Assumptions
w The period ofmonitoring produced data that was representative of typical sound levels in
Bridgetown.
Limitations
w Theavailability ofequipment during themonitoring period was a challengéecausesome of the
equipmenthad to besentoverseas foannualfactory calibratiorand this process wésngthy.
w Some activities were dependent on tlimeliness of the responsieom stakeholdes.
w The staff assigned to conduct the projeshd other substantive taskand this led to ime
constraintsdue toincreasedvorkloadin those areas
w An environmental enclosure/as necessary during monitoring to protect the sound level meters.
Only one site could be monitored at any point in tilnecausethe team only hadne enclosure
w Anyunusua) noisy events or activities occurring near the monitgrsitewould skew the resultdn
these instancesmonitoring at that sitewas re-scheduledor carcelled. For example dring the
monitoring period fetes were held on Sundays at the Barbados PortAsica result Sunday
monitoringwas notpossible at thisocationor any other nearby locatian
w Bad weaher over a weekend resulted damage to the sound level meter. Thlislayed the project
becausehe equpment had to be shipped oversg#or repairs
w Noise readings should not be taken during heavy raihigh winds above 5m/s.
w Theavailable sound level metelid not have an autetop function awl this resulted in thesample
times beingapproximately 24 hours in length
w The availability of suitable,esure locations with flat roofs was a challenge wsidal Barbadian
residential homesand most buildingsvere not built with flat roofs.As a result24hr monitoring
within a residential areavas not conducted asuitable locatios were not identified.
w The availability of financial resources affected #peed at which repairs and overseas calibration
could occur.
Risks
w Destructive interference by members of the general public.
w Insufficient resources to conduct all the activities of the project.
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4.6 Overview of Noise

Some of the typical noise sources witlBridgetownwere traffic and people generated noisBelowis a
generaldescription of the typical noise sourcesthin towns andthe impact they ould have on sound

levels.

Traffic Noise

Traffic noisds a combination of the noises produced bghicle engines, exhaust, atitk interaction of
0KS Y2 3AY Hres@BHK theOrbasl arke level of trafficnoise depends orvarious factors
(Washington State Department of Transportatieoch as:

1 Traffic volumes Roadswith more vehicles are generally louder

1 Traffic speeds Traffic is louder at higher speeds

1 The percent of heavy trucks on the road.arger vehicles are generally louder

9 Theterrain - A steep inclinecauses heavy lalwing of vehicle enginesvhich increases traffic

noise levels.

Other factors which affectthe traffic noise wee: the condition of vehicles e.gf there are any defective
mufflers vegetation the use of hornoralarms G KS O NJ NJaRdiafyaturabenianinade

obstades.

PeopleGeneratedNoise

Peopleare also sources of soundimple activities such as walking and talkimgy generate noise. In
addition, within towns there are often persons solicitingcustomes loudly, sometimes with loud
speakers,to buy theirwares Recreational activities such as children playing games, adults playing

dominoes or friadly heated discussions occur within the city agbcontribute to noise levels.
Other Sources

Other source®f noisewithin Bridgetown include amplified mus frombars or businessefiumming air

conditioning unitsandin someareas animalnoises e.g.dogs barkingr birds chirping.

12



Noise Level Measurement

Noiseis measured in decibsl(dB) the zero on a decibel scalkeat the threshold of hearinghe lowest
sound pressure that can be heapg a person with healthy hearingowan, 1994)Some typical sound
levels of common sourcese about 30dBfor a whisper,about 60dBfor typical conversatiorand about

130dBfor a jackhammer(American SpeechanguageHearing Association (ASHA) )

Noiseis measured using different frequency weightings (e.g. A or C scale) or time weightings (e.g. fast,
impact, slow).The W ! fr@quencyweightingis based on human hearing sensitivity to sound pressure
levels below 70dB. Especially for sound pressure levels greater thanf@fdBnfrequency sensitivities

level off at lower frequencies such that thew@ighting may be more appropriate to quantify human
sound perception. Most agencies and rating methods however uaeighting exclusively for noise
assessment, independent of the sound pressure level, for ease of data taking and consistency of results
(Cowan, 1994)As a reult, the ¥! Q F NB |j dzS ywas selectSdh farKnibhitgtigThe noise

descriptors collected during monitorinvgere Leg, Lmax Lmin, Lio, Loo @Nd lepea

Noise Level Standardsaws and_egal Blicies

As ofJuly 2014there were noBarbadiamational laws oistandards which specificallyaddresgd noise
pollution. However, theEnvironmental Protection DepartmeEPD had prepared aNoise Abatement
and Discussion Concepts Papeat was accepted by Parliament in 200/he policy indicated that
World Health Organization Guidelines on Community Nabkeuld be usedin assessing noise
levels/complaints In the absence of national laws or standatlis acceptednational policyis referred

to when assessing noise levels

5 Study Area

The sixmonitoring locations were Barbados Port Inc (University Row), Berean Bible Church (Baxters
Road), BIDC Small Business Centre (Fontabelle), General Post Office (Cheapside), Colonnade Mall (Broad
Street) and NVN Plaza (Victoria Stre@t)elist of the contat persons and contact informatidior the

sites is showrin Appendix8. The descriptionand pictures of the monitoring locationsare provided

below:

13



Barbados Port Infniversity Row/Prescod Boulevard):

Barbados Port Inc. (BPI) was located approximately 45 metres Presscod Boulevard, a road which
was heavily used during the day, and approximatelyné@ers from aroundabout. The GPS coordinates
were 13° 6'18.30"N, $37'33.55"W. The area was industrial/ commercial with businessesthar
entities nearby suclas BICO, Rainbow Paper Products, the Bridgetown Port (sea port) where many
trailers passed during the day, a marina where boats were repaisetviced and vamus offices.
Prescod Boulevardias alsopart of the route used by the following buses: Rock Hall, Rock Dundo, St.
I Y RNB ¢ Q aShdrel WihgizKChalky Mouahd was one of the main roads used to enter or leave
Bridgeown. This location was monitored dhe 25", 26" and 27" of June, 2012. Monitoring on Sunday

was not possible as fetes were held at that location every Sunday during the monitoring period.

The BPbuilding wa an office where mostly paperwork or poliagministrationwith respect to cago or
persons entering Barbados via seas conducted The roof of the building was flat, 25ft above the

ground and access waavailablevia a ladder.Pictures of the building as weéls the monitoring

equipment on the roof of the buildingre shown ir(Figurel).

s = e

Inc (BPI)

Figure 1: Barbados Po

Berean Bible Church (Baxters Road):

Berean Bible Churchas located about 25 metres fromteaffic lightsintersection. The GPS coordinates
were 13° 6'15.64"N, 59°37'1.90"Whe area was primarily commercehd the adjacent road was on
many bus routes and was used often Inavy vehicles anttailers. Businesses in the area included
small bakées, food stallsfestaurants, a pavilion and pasture for sporting activities, supermarkets and
bars. Nightlife includé selling atfood stalls and music. This site was monitoredtioa 13", 14", 16"

and 17" of January 2013. Monitoring was conductedrfr an elevated roof deck/patio. The roof deck

14



was 14ft 9 inches above the ground and accessible filstafloor window. Pictures of the building as

well asthe monitoring equipment on the roof of the buildirsge shown in(Figure2)

Figure2: Berean Bible Church

BIDC Small Business Centre (Fontabelle):

The building was located approximately 40 metres from a road which was heavily TisedGPS
coordinates were 13° 6'4.06"N, 59°37'25.58"W. The area was commercial with businesses such the
Nation newspaper, the Advocate newspaper, First Caribbetamnational Bank and Brankers (a home
accessory retail business). The site was monitorether28", 29", 30" and 3f' of January 2013 and on

the 3" of Felyuary 2013.

BIDC Small Business Centre was an office where small businesses were facilitated or received assistance.
The roof of the building had three levels. The highest part of théwas used for the monitoring
activity. It was 25ft 2.5 inches above the ground and was accessible via a ladder. Pictures of the building

as wellasthe monitoring equipment on the roof of the building are showriRigure3)

15



Figure 3: BIDC Small Business Centre

General Post Office (Cheapside)

The General Post Office (GPO) was located approximatahef@s fromthe Cheapsideviarket, along
Cheapsidegoad. The GPS coordinates were 13° 5'53.84"N, 59°37'15.55"W. It was also attjawent

bus terminals (one for government owned buses and another for privately owned buses). The area was
primarily commercial with businesses/entities nearby sushaastationer a market with stalls/booths,

and other shops.

This location was monitoteon the 3%, 4", 5" and 6" of June 2012. The GP@ss an office building
where mailwasprocessed and other postal related activities ocedr The building had several roofs
and the one chosen was flat, 32ft 7inches above the ground and digleaga a spiral staircase. Pictures
of the building as welésthe monitoring equipment on the roof of the buildiraye shown in(Figure

4)Error! Reference source not found.

= — —

b . g
| e TN

Figure 4: General Post Office
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ColonnadeMall (Broad Street)

The Colonnade Mall was located on Broad Street, in the heart of Bridgetown. The GPS coordinates were
13° 5'651.24"N, 59°36'58.51"W. The area was commercial with many retail stores in the immediate

vicinity.

This location was monitored oiie 17", 19", 20" and 21% of Jure 2aL2. The Colonnade Mallas a
three storey mall where therevere various retail stores e.g. clothing, jewellery, a supermarket and a
food court on the first two floors and office spawen the third floor. The roof of the buildingald flat
areas, was 32ft 10inches above the ground and adugesga an elevator. Pictures of the building as
well asthe monitoring equipment on the roof of the buildiraye shown in(Figure5)Error! Reference

source not found.

Figure 5: Colonnade Mall

NVN Plaza (Victoria Street)
NVN Plaza (NVN) was located between two parallel roads (High Street and Middle Street). The GPS
coordinaes were 13° 5'51.94"N, 59°36'53.44"W. The sound level meter was set up on the side of the

roof closest to Middle Street. The area was commercial with various retail shags parkiearbyand

mostly pedestrian activity.
This location was monitored athe 1%, 2", 3, 4™ and 5™ of July 2012NVN is a twestorey mall with

various retail stores on the ground floor aatlthe time of monitoring there waan unoccupied space

on the first floor. The roof of the building was flat, 21ft 10 inches abovegtbeind and accefisle via

18



stairs.Pictures of the building agell asthe monitoring equipment on the roof of the buildirrge shown

in (Figure6)Error! Reference sowe not found.

—

Figure 6: NVN Plaza

6 Methodology

Thesurveymethodology wadased primarily orthe following documents
i. 1SO 19961-1982Acoustics Description, measurement and assessment of environmental noise
-- Part 1: Basic quantities and assessment procedures
ii. ISO 199€: 1987 Acousticsg Description andneasurement of environmental noisgPart 2:
Acquisition of data pertinent to land usedn
iii. ISO 19963: 1987 Acousticg Description andneasurement of environmental noise Part 3:

Application to noise limits.

In summarythe formal survey involve@4-hr sound levelmonitoring, collectingmeteorologicaldata,

surveillanceof activitiesand monitoring oftraffic count ator near the six sites.

Based on the information from the prgurvey, six sitewere selected for further monitoringising the

following criteria:

1. Representation oflifferent zones: It was desired to have at least one of each type of zone
represented (e.g. central Bridgetown, residential, commercial, heavily trafficked areas, high
pedestrian count aregs

2. Expected degree of stakeholder interebloise levels in@ne areas such as Broad Street and

Swan Street are anticipated to be of interest to stakeholders.

19



3. Based on thesquivalent sound levels {J) measured during the prsurveysites were selected
suchthat notwo areashadsimilar l.,sand activities
4. The identification of potential suitable locatisrfor formal monitoringtaking into account

factors such as sedty, accessibility, roof type anof height

5. The expected change in activity during theyd{ 2 YS | NS & &dzOK | & . | E{ SN

for their active nightlife especially on weekends.

The sixsites chosen andnonitored in the formal studyvere Barbados Port In¢University Row), Berean

Bible Church (Baxters Road), BIDC Small Business Centre (Fontabelle), General Post Office (Cheapside),
Colonnade Mall (Broad Streednd NVN PlazdVictoria Street)The Google Earth aerial map Figure

TError! Reference source not founghowsthe six sites useth the formal surveyAt each of the sites

the sound level meter was set op a rooffor at leastthree (3) 24hour periods

The monitoring techniques employed duringnitoringwere:

1. The microphone was positied 3m-11m above the ground and Ir21.5m above the roof level.
The microphone waaslsoplacedat least 3.5m away from any reflecting structure other than the
ground.

2. A windscreerwasused during monitoring.

3. It was preferred thathe wind speedvasbetween 1 and 5m/s, measured at a height of &
11m above the ground

4. Samples were taken whdherewas no heavy precipitation.

5. In-field calibration was done prior tand aftertaking any readings.

Four (4) twenty-four hour samplesdn three weekdaysand one Sunday) wre taken for each of the six
selected sitesWeekdaysvere chosen to determine theaise levels that personsould be exposed to
while working or shoppingvhile Sundays would give an idea of the sound levels during low actidgty
be indicative of the noise levels on bank holiddyshould be noted thathlte schedule oévents to be
held at the KensingtonOval was also obtained so that crop over events did not clash with the

monitoring days.

The noise descriptors collected were on thaaale, fast responseid- Ly, Leg Lmnax and on the &Scale:

Lepeae The range wesd during monitoring was 3010dB or 40-120dB as appropriate and the metetas

20



set to log every ten (10) secondBhe logged data was downloaded from the sound level meter to a
laptop. An external power supply (6V 10Ah) was used as the primary power supplever AA
batteries were also placed in the monitor as a backup and to facilitate changihg ekternalbatteries

if necessaryThe portable noise monitoring optiagiType 3571 was used as this fseaclosure designed

to facilitate outdoor monitoringover long periods. It protected the sound level meter from rain and

other elements of the weather

Surveillance of the activities occurring at each sigsdone from 16" April 2012 to 28 May 2013 in

order to identify the potential sources of noiseStaff of the Environmental Protection Department
visited each site fortywo randomlyselectedtimes toobserve the activitigsvhichtypicallyoccurred at

each of the sitesEach day of the week was assessed during the day and at night in triplicate resulting in
twenty-one (21) day time (6 am to 6pm) observation times and twemntg (21) night time observation

times (6pm to 6am) for each site.

The meteorological data was d¢ained usingthe Kestrel 400, a portable weather meterThe Kestrel
was set up next to the sound level meter during monitoring. The meteorological data colleeted w
temperature, wind direction, wind speed, relative humidity, barometric pressure andiaover. Other
data collectedduring the projectincluded thetype of instrumentationused start and stop timesGPS
location, description ofany source(s)f noiseand thetype of aea or zone. The survey form used to

record the datds shown inAppendixl.

At9t 5 Q& KB NinizSyofiPublic Works andransportplacedtraffic counters on the roads near
to the monitoring sites. The schedule outlining wh the traffic counters wereeployedat the various
locations is shown in Appendix4. Where possible the traffic data was collected while sound level
monitoring occurred.However, thiswas not alwayspossibledue to various reasons such as the

malfunction of thecounters.
Thecollecteddatawasanalyzed and areliminary noisemapwas crated. The softwaregpackagesised

were Minitab 15 Statistical Software, SEB&istics andMicrosoft Excel. The aerial maps were produced

using @ogle EarthThe colour scheme usedasthe same as that identified in ISO 199&ection 7.
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7 Results and Discussion

7.1 Meteorological data

Localized rateorological data was collected using the Kestrel weather monilibis was in accordae

with 1ISG1996, whichrequired that wind speed, temperature, relative humidity and atmospheric
pressure be recorded during monitoring. The standard indicated that the wind speed should be between
1-5 m/s during monitoringFor all sitesthe average wind speed fell withthe 0.8-1.9 m/srangeand the
maximum wind speed varied from 312.9 m/s. Awind speed cannot be controlled a windscreen was
used during monitoring to reduce the effect on the sound level due to the wifide standardalso
indicated that there should be nleeavy rainfall during monitoring. This was assessed informally by using
national weather reports as well as assessing the dampness of the surrounding areas at the site. It is
agreed that a more rigorous method of determining the amount of rainfall (esgngua rain gauge)
would be better for future projects. It should be noted thabwed cover was only recorded once per day

(early morning) The meteorological conditions recorded are tabulated below for each site.
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Table 1: Meteorological data collected at the General Post Office
Date (start) Relative Temperature Atmospheric Cloud
humidity (%) (degC) Pressure (mbar) Cover

39June 2012 Max: 6.3 Range: 435 Range: 24 Range:1014018.1 6/8

Avg:0.8 85.3 335 Average: 1013.1
Average: 67.9 Average: 24
4" June 2012 Max: 6.7 Range: 439 Range: 253 Range: 10136 2/8
Avg:0.9 80.7 32.8 1016.6
Average: 64.7 Average: 28.1 Average: 1015.0
5" June 2012 Max: 9.2 Range: 51.0 Range: 26.4 Range: 10143 5/8
Avg: 1.7 85.7 32.1 1017.0 Average:
Average: 74.6 Average: 28.2 1015.5
6" June 2012 Max 1.7 Range: 514 Range: 269 Range: 10148 6/8
Avg 0.8 79.1 32.3 1016.1

Average: 68.3 Average: 28.8 Average: 1017.3

Table 2: Meteorological datacollected at the Colonnade Mall
Date (start) Wind Relative Temperature  Atmospheric

Speed humidity (%) (degC) Pressure (mbar)
e 11—
17th June 2012 Max: 7.8 Range: 456 Range: 25.5 Range: 10129 2/8
Avg:1.6 86.2 Average: 34.9 1015.1
69.5 Average: 29  Average: 1016.7
19th June 2012 Max: 9.1 Range: 402 Range: 25.4 Range: 10143 5/8
Avg: 1.8 915 35.0 1017.3
Average: 66.8 Average: 29.1 Average: 1015.8
20th June 2012 Max: 7.9 Range: 46.5 Range: 26.3 Range: 10136 3/8
Avg:1.9 84.0 34.7 1016.4 Average
Average: 70.2 Average29.4 1014.9
21st June 2012 Max: 8.0 Range: 435 Range: 250 Range: 10133 1/8
Avg: 1.6 854 35.2 1016.1
Average: 66.4 Average: 29.0 Average: 1014.9

Table 3: Meteorological data collected at theBarbados Port Inc (BPI)
Date (start) Relative Temperature  Atmospheric

humidity (%) (degC) Pressure (mbar)
26h June 2012 Max: 11.9 Range: 509 Range: 26.5 Range: 10150 2/8
Avg:1.9 82.0 Average: 32.5 1018.3
68.9 Average: 28.9 Average: 1016.7
27th June 2012 Max: 11.7 Range: 455 Range: 2541 Range: 1016-3 3/8
Avg: 1.7 923 33.8 1018.5
Average: 67.6 Average: 28.9 Average: 1017.4
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Table 4: Meteorological data collected at NVN Plaza

Date (start) Relative Temperature Atmospheric Cloud
humidity (%) (degC) Pressure (mbar) Cover
1st July 2012 Max: 6.3 Range:39.4 Range: 23.3 Range: 10128 4/8
Avg:1.1 98.0 Average: 36.7 1019.2
63.6 Average: 28.2 Average: 1015.1
2nd July 2012 Max: 6.7 Range: 445 Range: 259 Range: 10129 5/8
Avg: 0.9 823 34.6 1015.9
Average: 66.1 Average: 29.5 Average: 1014.6
3rd July 2012 Max: 6.2 Range:48.2 Range: 24.0 Range: 10119 overcast
Avg: 0.9 97.1 35.5 1014.3 Average
Average: 77.8 Average: 27.9 1013.3
4th July 2012 Max: 4.8 Range: 540 Range: 252 Range: 10125
Avg: 1.0 93.7 33.4 1015.6
Average: 78.1 Average: 27.9 Average: 1013.8
5th July 20129 Max: 6.7 Range: 478 Range: 26.2 Range: 10119
Avg: 1.2  79.0 34.7 1014.71

Average: 65.9 Average: 29.5

Average: 1013.5

Table 5: Meteorological data collected at Berean Bible Church
Temperature  Atmospheric

Relative

Cloud

Date (start) humidity (%) (degC) Pressure (mbar) Cover
13th Jan 2013 Max: 3.7 Range:25.4 Range: 207 Range: 10114 clear
Avg:0.1 89.9 Average: 44.9 1015.7
61.2 Average: 26.6 Average: 1013.5
14th Jan 2013 Max: 4.2 Range: 365 Range: 204 Range: 1013.6 clear
Avg: 0.2 844 35.9 1016.7
Average: 62.6 Average: 26.3 Average: 1015.0
16th Jan 2013 Max: 5.6 Range:34.7 Range: 20.3 Range: 10128 clear
Avg: 0.2 815 36.6 1016.3 Average
Average: 61.2 Average: 27.2 1014.6
17th Jan 2013 Max: 3.6 Range: 312 Range: 214 Range: 10135 clear
Avg: 0.2 88.4 36.9 1017.8

Average: 61.7 Average: 27.6

Average: 1015.5

24



Table 6: Meteorological data collected at the BIDC Small Business Centre

Relative

Date (start) humidity (%)

Temperature
(degC)

Cloud
Cover

Atmospheric
Pressurgmbar)

28th Jan 2013  Not Range:43.7 Range: 22.3 Range: 1014:7 7/8
recorded 96.3 Average: 33.3 1018.4
73.3 Average: 26.1 Average: 1016.4
29h Jan 2013 Max: 8.6 Range: 442 Range: 2438 Range: 1015.2 1/8
Avg:19 764 33.6 1016.3
Average: 65.4 Average: 27.1 Average: 1019.0
30th Jan 2013 Max: 6.7 Range:46.7 Range: 22.3 Range: 10140 3/8
Avg: 1.0 93.8 324 1015.6 Average
Average: 68.6 Average:26.5 1017.4
31st Jan 2013 Max: 9.2 Range: 473 Range: 220 Range: 10137 1/8
Avg: 1.7 707 32.3 1015.4
Average: 91.4 Average: 26.3 Average: 1017.5
3rd Feb 2013 Max: 9.8 Range: 370 Range: 217 Range: 10124 overcast
Avg: 1.1 97.6 33.9 1014.5

Average: 66.2

Average: 25.8

Average: 1016.7

7.2 What are the noise descriptors for the six monitoring sites?

For the six sites the.kranged from55.3 to 70.2dBAthe Ly. from 82.8to 106.2dBA the L from 55.5
to 74.0, the Ly ranged from 46.0 to 59.9 dBAnd the lsypearanged from106.4to 127.00BC

The tablesbelow summarizel the decibel readings obtained during monitoriag each site The raw

data can be found iAppendix5.

Table 7: Noise descriptor results

Leq
General Post ColonnadeMall Barbados Berean Bble BIDC  Smal
Office Port Inc. Church Business
Centre
Weekday 60.370.2 62.1-:63.0 60.262.4 58.663.4 60.561.2 58.563.4
Range
Sunday Value 58.5 60.9 ’ 55.3 61.9 60.5
Lio
General Post ColonnadeMall Barbados Berean Bble BIDC  Smal
Office Port Inc. Church Business
Centre
Weekday 62.574.0 645-64.5 63.065.5 61.565.5 63.7-64.3 60.6-62.8
Range
Sunday Value 61.0 62.5 * 55.5 64.1 61.3

" Sunday monitoring at this location was not possible as fetes were held at this location on Sundays during the monitodng peri
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General Post ColonnadeMall Barbados Berean Bble BIDC  Smal

Office Port Inc. Church Business
Centre
Weekday 46.054.5 50.052.0 50.551.5 50.551.0 51.552.3 54.859.9
Range
Sunday Value 485 50.5 * 50.5 52.1 59.5
Lmin
General Post ColonnadeMall Barbados Berean Bble BIDC  Smal
Office Port Inc. Church Business
Centre
Weekday 41.943.2 48.448.6 47.649.2 43.9445 36.438.3 49.7-51.3
Range
Sunday Value 535 3 * 449 37.9 50.4
Lmax
General Post ColonnadeMall Barbados Berean Bble BIDC  Smal
Office Port Inc. Church Business
Centre
Weekday 87.390.6 87.895.4 88.493.5 83.286.8 93.394.1 82.8106.2
Range
Sunday Value 89.1 92.6 * 83.1 92.7 84.6
I-ceak
General Post ColonnadeMall Barbados (NAVAN Berean Bble BIDC  Smal
Office Port Inc. Plaza Church Business
Centre
Weekday 112.0112.8 106.4108.2 113.0116.5 108.9 115.2116.5 111.2127.0
Range 118.1
Sunday Value 108.7 121.1 * 111.7 110.2 109.1

In general for any particular sitethe 24hr L, measurementsvaried by approxnately 1 to 5dBA For
example theColonnadea | t {,@adied from 62.1 to 63@BAfor the three weeklays monitored and
the BIDC Small Business Centre from 53.8dBA.The exceptiorwasthe GPO where a difference of
approximately 10dBA was noted betwetre lowest and highest.} for the three weekdays monitored.
Similaty, for most siteghe weekday24hr Lyymeasuremensvaried byl-5dBAexcept for theGPQwhich
showed a difference ofapproximately 12dBAThe weekday dy 24hr measurementsalso exhibited
differences of 15dBA excepat the GPO \ere the difference was BdBA. The weekday 24hrka, Linax
and lgeakmeasurements varied by approximately €8B@BA 0.823.4dBA and 0-85.8dBA respectively
for all sites incluoshg GPO.

§ The minimum sound level was lower than the range that the meter was set at.
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It was noted that @ae day of monitoring 6th June 2012was the reason for taanomalesin the noise
descriptors (Lg Lio,Loo) Observed at the GPQt is possible that on'6June 2012 an extraneous activity or
sound, which was nohormal, caused the variance. Givehe anomdy, this day was removed from
further analysisTheremaining two week days monitoreat GPO showedonsistencyn the results as
differenceof 1 to 3dBAwvasnoted between the noise descriptotsiken over 24hrgleq, Lio,Log). The lin,
Lmaxand Lepeakare all instantaneous values thabuld not bevery sensitive to changes in the sound level
patterns over the entire monitoring periodat any site While important to record these values, they
would not necessarily refle@ny anomalous trendover the maitoring periodat GPO sitas they are

instantaneous measurements.

7.3 What were the major sources of noise identified?

Traffic and people related activities were the most fregpt sources of noise identified.

The tables and figuresbelow shows the number ofihes each location was surveyedhettypes of
activities observed as well as the frequency withiah they were observed.The sources of noise
observed included traffic, people related activities such as talking or playing, animal noises,
construction, music and bus terminal activitieds expectedthe most frequent surces of noise
observed were traffic and people relatedires such as talking and liming/recreational activitfes:,
example the top three sources of noise observatithe General Post Office wetgaffic, peoplerelated
activitiesand busterminal activities Sourceghat were observedrifrequently or at rektively few sites
werelLJt  OSR Ay { K Sfor@danipie $iNdch bllls, &k chitds, boat repairs or landscaping

with motorizedequipment. The observed activities are displayed in the talaledbar chars below.

27



No. of times observed

m BIDC Small Business
Centre

m Barbados Port Authority
General Post Office

= NVN Plaza

m Colonnade Mall

m Berean Bible Churct

c
A

0 J M
Barbados Port Authority 36 27 7 4 0 0 O 2. 1 1 3.
Berean Bible Church 36 26 20 0O O 2 13 6 0 0 0
BIDC Small Business Centre 36 22 13 7 1 0 4 1 0 10 O 0
Colonnade Mall 36 33 22 1 0 2 1 3 0 0 1 6
General Post Office 36 21 19 2 1 1 3 4 12 2 1 2
NVN Plaza 36 17 18 0O 1 o0 1 2 0 0 15 3

Figure 8: Weekday activities at each location

28



c

o)
=2 ®)
o _ @
£ 3 gy

(&)

S oS5 C —
< S 5 = &
s O 3T O
S o>y
L 5T ol w
gadEQT S
T c 0w c 8 §gF
© © C o
o 009 g5 2~
rlrIDI
C O = O O >
monomoO OO0 =2
E B B EEN

13410
8uijasny saauy

dIshwi Jay1Q

Jisnw Jeq /ax0eue)
diIsnw Jej pno

e co_tzbm:o_w !

® " s5510u Jewiuy

® " funipe 9|doad

el

O<TANO

PaAIasSqo Sauwi JO "ON

1UN 2’V Sulwwiny

SI1IAIIDE [BUIWIR) SNY

Activity

JElTe)

N o'V BulwwnH P
Buipsny saall ~

saniAnoe

aisnw Jayio P

aISnwW Jeq /exoe.e)| I
aisnwre) pno- s
uononnsuoD

S8siou [ewiuy il

Annnoe sjdoad

oyes 8

Total number of
times observed

Barbados Port Authority
Berean Bible Church

c
o
=
©
(&}
o
-

6

BIDC Small Business Centre

Colonnade Mall

General Post Office

NVN Plaza

Figure 9: Sunday activities at each location
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7.4 What are the land use characteristic s of the six sites?

As expected the main land use was for commercial activities

A range of activitiesvas carried out at or near the monitoring sitesvith commercial activity being
dominant The land use around the various siteshown inTable8. The Barbados Port Inwas located

in an area wherdoth industrialand commerciahctivitiesoccurredand heavyduty vehicles passedhe

Berean Bible Church wéscated in a commercial arghat was known to have an active nightlif€Ehe

BIDC Small Business Centre was located in a commercial area and near a heavily trafficked road. The
Colonnade Mall was located in the heart of Bridgetown Broad Streetone ofthe most well known

streets. The General Post Office was located in a commercial area, near to two bus terminals where
persons boardd and disembarkd masspublic transport There werealsomany vendors nearbywho

vocally soliciéd persons to buy their was. The NVN Plaza was located in a commerciah avith

mostly pedestrians andfew vehicles most of whichwere delivery vehicles.

Table 8: Land use characteristics of the monitoring sites

Location Type of area/land use

Barbados Portnc. ~ Commercial/ Industrial

Berean Bible Church Commercial with active night life
BIDC Small Business Cent Commercial with busy road
Colonnade Mall Central town

General Post Office Commercial with bus terminals neark
NVN Plaza Commercial with mostly pedestrians

7.5 How do the noise levels compare with WHO guideline values for community
noise?

In general thesound levels irall the areas monitored were within the WHO guidelines.
The Worldl S+ £ G K h NELF y A fotinilustdiay, Ebinmedcidhdp@rig And Baffic areagmdoors
and outdoorsis an Leq of 70dB with a ke 0f 110dBover a 24 hr periodit was noted that the diverse

land usewithin Bridgetowncould present a problem when comparing it to many internationahstards
AyOf dzZRAY3a GKS 22NIR ISHEGK hNBFYATFGA2YQa [/ 2YYdzyA
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use areas but provide noise limits for individual zones/ar=g.residential, industrial or commercial. As
Bridgetown was largely a commerciakarthe noise limits used were for commercial areas i.e. 70dBA

over a 24hr period.

In generalall the areas monitored were within the WHO guidelifesindustrial, commercial shopping
and traffic areasTherewas one dayluring the monitoring period6th June 2012)vhere the I for the
General Post Office site marginally excegdhe limit (70.2dB). All other values were within the
specified limits Aspreviouslyindicated the values obtained that dawere irregular when compared to
other noise levels thatvere recordedat that location during that week and had therefore been

removed from further analysis.

7.6 Are the noise levels during the week statistically different to those recorded on
Sundays?
Theleq values recorded on Sundays were statistically different to those during the week at any given

site. The values on Sundays were generally lower than those during the week

In generalthe data (Table7) showed thatthe weekday values of the variousise descriptors were
higher thanthose recorded orSundayslt was noted thaBereanBible Churctand BIDGmall Business
Centreeach had one day where the weekday and L, valueswere slightly lower thartheir respective

Sundaymeasurements

Forthe analysighe Sundaylatafor each sitevascompared toag S S | R &f@ that particular site
The data wadirst tested for normalityusing histograms, the Kolmogw¢Smirnov (KStatistic and
probability plots.The histograms, & graphs and distribution plots are displayedtie Appendix7.
Based on the testzonducted the data was not found to be normally distributeghd the non
parametricWilcoxon Signed Rankest wasusedfor the comparison analysis. In general iasnfound
that the difference between the noise levels (weekl vs. weekday)was statically ggnificantas the
significance level (Asymp. Sig-téHled)) was below 0.05Thusif for a specific site the Sunday reading
was compared tahe weekday readingooth taken at the saméme of day there would bea statistical
difference between the two @lues.The{ dzy RI & Qa @ehdratig®wier thiarsthelveekday values

The results of th&Vilcoxon Signe®Rank Tesare shown inTable9. As mentioned earlier no sound level
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monitoring was done at the Barbados Port Inc. site on Susdeyfetes were heldn the vicinityon

Sundaysluring the monitoring period

Table 9: Results of Wilcoxon Signed Rank Testcomparingwe e k day Leqg val ues with Sunda
Test Statistics(c)

GPO (Tueg) Colonnade Mall (Wed) Berean (Wed)- BIDC (Tues) NVN (Mon) -

GPO (Sunday) Colonnade Mall (Sun) Berean (Sun) BIDC (Sun) NVN (Sun)

Z -32.600(a) -25.344(a) -12.009(b) -71.698(b) -42.218(a)
Asymp. Sig. .000 .000 .000 .000 .000
(2-tailed)

a Based on negative ranks.
b Based on positive ranks.
¢ Wilcoxon Signed Ranks Test

7.7 How do the pre-survey values compare to those from the formal survey?

For most sites the 15 minute pisurvey kqand Lo values were approximately 40dBA higher than

the respective 24hr values

The presurvey monitoring was done during weekday mornings between 9a.m. and 1Taisnperiod

was busier than the overall 24hr period which would include the quieter evening and night time periods.

For most sitesthe 15minute presurvey kg and Lo values were approximately-BOdBA higher than the

respective 24hr values (Séegurel0 and FigurellError! Reference source not foundand the by pre-

survey values were approximately15dBA higher than the 24hrglvalues (See Figure 12Error!

Reference source not founiip ¢ KS SEOSLIiA2Y 6 & b =sbrvey daluds wedas & A (G S
marginallyhigher (by less than 1dBA The difference between thegd values recorded at NVN plaza

during the presurvey and the 24hr monitoring wa®weversimilar to other sites.

For the NVN Plaza monitoring site, the difference of less than 1dBA between tiserpey and survey
values, was minimal when compared to othecations. Thigould be due to the fact that, unlike the

other sites, the activities near NVN plaza did not change as dramatically during the day when compared
to the evening/nightPedestrians usually frequent the area near NVt limited vehicles pssing. The
difference between day and night/evening activities would not be as substantial when compared to
other sites which have high traffic counts and more persons during the day and significantly lower traffic
and people counts at night. This was eeted in the traffic count data collected from the Ministry of
Transport and WorkSeeAppendix6).
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As previously indicatechere were no presurvey values for BID@n&ll Business Centre as it had not
been initially identified as a monitoring sit€heaverage Leq for each sitesed in the 24hr monitoring
was calculated using the equatitwelow:

Leql Leg? Leg3 Legn
10 10 [3] 10
Leq=10Iog(10 +10 +1[r]1‘ *+...+10

74
72 4
70
—~ 68 468
66

— 64
62 B 62.68

60 B 604 % 80ds mM61.06 m 081
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General Post Colonnade NVN PlazaBarbados PorBerean Bible
Office Mall Inc Church
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~
N

® 714 ¢ 718

dBA

Leq

@ Presurvey M Formal Survey

Figure 10: Comparison of pre-survey to formal survey L¢qvalues at eachise
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Figure 11: Comparison of pre-survey to formal survey Ljpvalues at eachise

33



70

® 665
65
60 60 © 605
® 585
s ¢ 565
50 B 5077 goegqo  M5L02 ML
W 47.43
45 T T T T 1

General Post Colonnade NVN Plaza Barbados PortBerean Bible
Office Mall Inc Church

@ Presurvey mFormal Survey

Figure 12 Comparison of Presurvey to Formal Survey L90 Values at Each Site

Forfuture studies the observation thatshortterm sample value®f Le, Lo and ly taken during busy
periodswere higher than 24hr valuefor a given sitecan informeffective use of resourcef®epending
on the purpose of the study/investigatiofyrther monitoringmay only be required foareas wherethe

short-term sample valugs) of interest e.g.Leq, Lo and Ly during the busiest/noisiest periodsxceeds

desired limits

7.8 Is there a correlation between the traffic counts and the noise levels re corded?

The relationship betweend,l YR G NI FFAO O2dzyda ¢l a Ay@dSadAdal G§SR dz
correlation. There was a strong, positive correlation between the two variables with high traffic

counts being associated with highds

The correlation between traffic counts and noise levels way @S a4 A 3 6 SR dzaAy 3 (GKS
order correlationfor each site as well as overall (for all site®gpreviously indicated ifsection?.6, the

soundlevel data was not found to be normally distributed and as such apaoametric correlation,
{LSINYIFYyQa NIyl 2 NREdstbrigeNdsErength ang giréctios of the rdiztidiship
betweenthe two variables The sign (positive or negative) indicated the direction of the relationship.

The ranges suggested by Cohen (1988) were used to describe the strength of the relationshab{See

10).
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Table 10: Ranges used in description of the strength of the relationshifCohen 1988)

Range of r values _Interpretation
r=.10 to .29 or r=10 to-.29 small

r=.30 to .49 or r=30 to-.49 medium
r=.50 to 1.0 or r=50 to-.1.0 large

Before the raw data could banalyzedsome manipulation of the data waequiredas the trafficdata

and the sound level data wetegged at different rates. The traffic counts were logged every hour and
the noise level data every 10 secontdbere wasalsoa challengen aligning the data as the sound level
meter did not begin monitoringat the same time as the traffic counteré significant amount of
computationwould havebeen requiredto convertall data fromthe 10second Lgsto 1 hour Legs and
align all the datalt was notedhowever,that it would be easier to align all the sound level data collected
on Sundays with the tffic dataas both started at the same time (i.e. midnight\sthe Sunday data
required the least amount of computation the Sunday deddected at each site was used to investigate
the correlation between {y and traffic countsThebasic L, equationwasused to convert the 10 second
Legsto 1hour lgsandis statedbelow:

Leql Leg? Leg? Legn
10 10 10 10
Leq=1UI0g(10 +10 +1ErJ] +...+10 )

In most instances there was a strong, positive correlation. The exceptigithe BIDC Small Business
Centre monitoring site where there was a weak positive correlation. Scatter wlere also used to give
a visual of the raw dataTablell1to Tablel6 andFigurel3Error! Reference source not fountb Figure

18Error! Reference source not foundghow the results of the correlation analysis and the scatter plots.

At the General Post Office (GP<€ite there was a strong, positive correlation between the hourly Leqgs
and the hourly traffic countfr=0.710, n=24, p<0.00p5Thereforeas traffic counts increased so did the

Legs The results of the analysend the scatter ploare below:

Table 11: Correlation analysis of hourly Legswith hourly traffic counts at GPO
GPO_LEC GPO_TRAI

Spearman's rho GPO_LEQ Correlation Coefficient 1.000 .710(**)
Sig. (Zailed) . .000
N 24 24
GPO_TRAI Correlation Coefficient .710(**)  1.000
Sig. (2ailed) .000 .
N 24 24
** Correlation is significant at the .01 level {@iled).
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GPO's Hourly LEQ

Figure 13: Scatter plot of hourly L .qsat GPO versushourly traffic counts at GPO
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At the ColonnadeMall site there was a strong, positive correlation between the hougly dnd the

hourly traffic counts [r=0.742, n=24, p<0.0005). Therefore as traffic counts increased so dig. thbe_

results of the analysis and the scatter plot are below:

Table 12: Correlation analysis of hourly Leqswith hourly traffic counts at ColonnadeMall
COLL_LEC COLL_TR/

Spearman's rho COLL_LEC Correlation Coefficient 1.000 T742(*%)
Sig. (2ailed) . .000
N 24 24
COLL_TRs CorrelationCoefficient .742(**) 1.000
Sig. (Zailed) .000 .
N 24 24

** Correlation is significant at the .01 level {@iled).

Colonnad Mall's Hourly LEQ

Figure 14: Scatterplot of hourly L qsversushourly traffic counts at the ColonnadeMall
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At the NVN Plaza site there was a strong, positive correlation between the hgurgnd the hourly
traffic counts [r=0.620, n=24, p<0.0005). Therefore as traffic counts increased so digtfitaé results

of the analysis and the scattelot are below:

Table 13: Correlation analysis of hourly Legswith hourly traffic counts at NVN Plaza
NVN_LEQ NVN_TRAH

Spearman's rho NVN_LEQ Correlation Coefficient 1.000 .620(**)
Sig. (Zailed) . .001
N 24 24
NVN_TRAF Correlation Coefficient .620(**)  1.000
Sig. (Zailed) .001 .
N 24 24
** Correlation is significant at the .01 level {@iled).
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Figure 15: Scatter plot of hourly L ¢qsversushourly traffic counts at the NVN Plaza

At the Berean Bible Church site there was a strong, positive correlation between the hgualyd.the
hourly traffic counts [r=0.710, n=24, p<0.0005). Therefore as traffic counts increased so digl thed.

results of the analysis and the scatter plot are below:

Table 14: Correlation analysis of hourly Legswith hourly traffic counts at Berean Bible Church
BER_LEC BER_TRA

Spearman's rho BER_LEQ Correlation Coefficient 1.000 .786(**)
Sig. (2ailed) . .000
N 24 24
BER_TRA Correlation Coefficient .786(**)  1.000
Sig. (2tailed) .000 .
N 24 24
** Correlation is significant at the .01 level {@iled).
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Figure 16: Scatterplot of hourly Leqsversushourly traffic counts at Berean Bible Church
At the BIDC Small Business Centre site there was a weak, positive correlation between thecpourly L
and the hourly traffic counts [r=0.278, n=2%.188. Therefore as traffic counts increased so tthiel Le,s
but the relationship between the two variables was we@ke results of the analysis and the scatter plot

are below:

Table 15: Correlation analysis of hourly Legswith hourly traffic counts at BIDC Small Business Centre
BIDC_LEC BIDC_TR#

Spearman's rho BIDC_LEC Correlation Coefficient 1.000 .278
Sig. (2ailed) . .188
N 24 24
BIDC_TR/ Correlation Coefficieni .278 1.000
Sig. (2ailed) .188
N 24
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BIDC's Hourly Traffic Counts
Figure 17: Scattemlot of hourly L ¢sversushourly traffic counts at the BIDC Small Business Centre
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All of the Sunday hourly traffic data and associategs lwere compiled and an overall correlation
analysis was done. It was foutftht there was astrong, positive correlation betwen theoverallhourly
Legsand the hourly traffic counts [r=079, n=120, p<0.0003. Therefore as traffic counts increased so did

the Leqs The results of the analysis and the scatter plot are below:

Table 16: Correlation analysis of hourly L ¢,swith hourly traffic counts for all sites combined

LEQ TRAFFIC

Spearman's rho LEQ Correlation Coefficient 1.000 T79(*%%)
Sig. (Zailed) .000
N 120 120
TRAFFIC Correlation Coefficient .779(**) 1.000
Sig. (2ailed) .000 .
N 120 120

** Correlation is significant at the .01 level {&iled).
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Figure 18: Scatterplot of hourly L¢qsversushourly traffic counts for all sites combined

It should be noted that the above results only indigatbat hightraffic counts andhigh sound levels

tend to occur together. Although Wwasvery likely that the traffic volume caused the changes in sound
level the study was not designed to look at what caused the increase in sound level. For example
increased traft counts could mean an increase in ethsources of noise.g.,person related sounds
and general business activityhich couldinsteadbe the direct factofs)for increased sound level§he
study did not aim to determine which of the sources caused the changes in sound levels. So in
summary the study cledy found that an increase of traffic volume is associated with an increase in
noise leveldhowever, the study was not designed tdentify if the link was a direct or indirect lirde

merely acoincidence
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7.9 Preliminary Noise Map

The target areaas shown imAppendix3, was dividednto zones using the grid function with{Boogle

Earth, the program used to obtain the satellite imagerfhis was done as the ISO 19&tandard
recommended that monitoring sites be well spaced and suggested the use of a grid in determining
monitoring stes. Each zone was square, approximately ¥ mile by ¥ Pnésurvey monitoring was

then conducted invarious zone$o provide guidance in the selection of the 24hr monitoring sites as well

as other information. For further information on the preurveyr G KS NBLR2 NI Sy idAidf SR
Characterization Pk dzZNJ3S@ wSLI2NIi¢é &aK2dZ R 60S NBFSNBYOSR®

Based on the data collected during the gmervey, zones or areas with simiteativities had very similar
sound level readings. Using this informati@aoneswhich had not been monitored during the formal
survey werggiven the same sound level range as a zone with siauiid@ritiesthat had been measured.
The average weekdaydwas used tareate thepreliminary or rough noise mapased on the dour
codesin ISQ19962 (Sed-igurel9). The range of Leq valuesctuallyrecorded at each site during the

weekwasalsoindicated on the mapThe equation usetb calculate the averageis stated below.

Leql Log? Leg3 Legn
10 10 0 10
Leq=1ﬂlog(10 t10” +107 .. P10

n

This map is only preliminary in nature and can serve as a starting point for further study as it can identify
possible hotspots. If @one or a similarzone was not measured during monitoringo colar was
applied. This occurred for residential areas as no suitable locatiaid be found with a flat roofTo
produce a more scientific map further training in noise mapping and data on the topography would be

needed.

Table 17: ISO 19962 colour codes

Noise Zone Colour Colours of ranges observed
Below 35 Light Green

3540 Green

40-45 Dark Green

4550 Yellow

50-55 Ochre

55-60 Orange

60-65 Cinnabar I
6570 Carmine I
70-75 Lilac red

75-80 Blue

80-85 Dark blue
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GPRO) 60:3-60:5d BA

NVN: 5816-63"4d BAI
CMall#62:1-63d BAW" &

~
|

Image © 2013 DigitalGlobe

BP{ Barbados Port Inc, BBEerean Bible| BIDG Barbados Investment Development Corporatif
Church, Small Business Centre

GPQ General Post Office, CMalt Colonnade Mall

NVN NVN Plaza BBGBerean Bible Church

Figure 19: Preliminary Noise Map based on Activity within Zones for Weekdays

7.10 Discussion

For industrial, commercial shopping and traffic areas, (indoors and outdoors) the World Health
hNBFYATFGA2YyQad FdZARSEAYySad AYRAOI G SRofiHBaid ahdl S y 2 A &
(maximum) of 110dB. In genersihe sound levels imll the areas monitoreanet the WHO guidelines.

There was one day during the monitoring period (6th June 2012) wherecjHferLthe General Post

Office site marginally exceed the limit (28B). All other values were within the specified limits. The
equivalent noise level{,) for the six sites ranged from 55.3 to 70.2dBA, thgfrom 82.8 to 106.2dBA,

the Liofrom 55.5 to 74.0, and theleacranged from 106.4 dBA to 127.0.
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The two mosobserved sources of noise were traffic and people related sounds (e.g. talking or soliciting
of customers). As would be typical in towns, the areas were mainly used for commercial activities with
some having added types of activities e.g. industrialegatnment or mass transportation activities.

The intent of the studyvas to monitor at least one of the residential areas but no suitable location with

a flat, secure space could be identifigks expectegthe L, values recorded on Sundays were generally
lower than those during the week andylalues increased with higher traffic counts. addition, pre-
surveyvaluesthat were taken during busy periods a particular sitevere generally higherthan the

24hr valies taken at the same site.

8 Conclusion & Recommendations

8.1 Conclusions
The following conclusions wersade

1 In general the noise levels personsre@xposed tavhile in Bridgetownat the sites monitored,
were within W.H.O. guidelines for community noi$er industrial, commercial shopping and
traffic areas

9 Traffic noiseand people related noises were the main observed activities near the monitoring
sites.

1 In generalthe weekday values of the various noise descriptors we8edBA higher than those
recorded on Sundays.

1 In generalthere was a strong, positive correlation between thg and traffic counts. In other

words, high l.qswere associated with high traffic counts.

8.2 Recommendations

The following recommendations are made:
1 In order to maintainthe sound levels in Bridgetown acceptable levelsfuture projects or
programmes planned for Bridgetown should take sound levels into consideration.
1 Similar aseline data should be collected for other areas in Barbados.
1 Depending on the purpose of th&tudy/investigation only areas whereshortterm sampling
during the busiest/noisiest periods exceeds desired limits may require further-téwny
monitoring. This could bpart of thecriteriafor site selectionas it would increase the efficiency

with which resources are used.
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9 In future projects/programmes where traffic counts will be analyzed with the sound levels it
would be best if both devices start at the same time and log at the same ratewdtid allow
for easier data analysis and reduce @reount of data manipulation necessary.

9 At least oneadditionalportable noise monitoring optiomr noise monitoring station should be
purchased Currently Jan, 201pthere is only ongortable noise monitoring optionThis Kit is
necessary for monitoring noiskevels outdoors as it protects the sound level meter from
damage due tahe weather and provides some security against vandalism/theft. As a result
only onesite can bamonitored at any point in time theby decreasing efficiency.

1 A rain gauge should be purchased as this would provide information on how much rain fell
during monitoring. During sound level monitoring there should be no heavy rain and preferably
no rain asincreased noise such as noise associat@ vehicle tyres passing through puddles,
the whistling/howling of wind or rustling of treamay impact on the resultsAdditionally sound
level meters have good accuracy over manufacturer specified relative huiadgls According
to Bruel and Kjaerthe manufacturers of the sound level meters used, sound level reattings
this device have an error d3.5dB or less when the relative humidisybetween 30% and 90%.

9 Further training and resources should be obtained to allow continuous or at least ragular
monitoring of sound levels in Barbados. Options suclpermanent monitoring sites, remote
data collection and the production afcientific noise maps should beonsidered forfuture

endeavours
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10 Appendices

Appendix1: Data collection form used during monitoring
Environmental Protection Department

Noise Measurement Report
Bridgetown Noise Characterization Stuglyvey2012

Dt { /22NRAYI (i$a YDaXXHEHEKRRHEKRRPDDDPPDPDPPDPDDP 5F 8YXX.
I RRNBaak [20F GA 2y Y X BOBOKKIKKK KRR KKX

Zond X X X X X Record #inmetdh X X X X X X X X X X X X

hTFAOSNEY XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXPD

Site Description:
Description 6 location(Type of area/zone, activities conducted, topography, nature of ground):

XXXXXXKRRXAXKXXXXXXKXXXXXXXEEXKE IO XXXXX XXX XXX XXX

XXXXXXXXXXXXXXXXXXX

Sound Description:
Description anddcation of (major) sources of ambient noisécars, amplified music, steady tone,

impulsive, etd: X X X X X X XX K X X X X X X X X X X X XXADX X
XXXXXXXXXXXXXXXKAKK XXX XXX XXX XXXXXXDOD

Description and dcation of extraneous sources of ambient noise(e.g. parade, etg:
XXXXXXEEEXXXXXXXXXXX R XXX DD
XXXXXXXXXXXXX XXX XXX XXXXXXXXXXXXDOD

Instruments used:
[ |Briiel & Kjee236 [ |Brilel & Kjee2238 [ ]Quest SoundPro SP-RL

[ |BruelKjaer 4231 Calibrator [ ]QG10 calibrator [ ] Windscreen
[ ]Kestrel Weather monitor [ ]Dosimeer
[ ]Portable noise monitoring optioqType 3571

[JhPGKSNDEUOXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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Equpment Calibration

Time of calibration (before monitorinNg) X X X X X X X X X X X X X X X PP DPDPX X P DD
Time of calibration check (after monitoriN) X X X X X X X X X X X X P PX X PP X PP D

CommentsX X X X X X X X X X X X X X X X X X XXX XXX XXXXXXXX®P

General Weather Description:

Date Date Date Date

Precipitation (Y/N)

Wind Direction

Wind speed

Relative humidity

Temperature

Atmospheric Pressure

Cloud Cover

Sketch of Site (showing sampling location)




Measurement of Ambient Noise Levels

Time
(StartFinish

Leq
(dBA)

L10
(dBA)

L90
(dBA)

Lmin
(dBA)

Lmax
(dBA)

Lcpeak
(dBO)

Height above
ground level

Distance from nearest
reflective surface (not
the ground)
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Noiselog sheet

TIME

COMMENTS
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Tour Guide

Appendix4: Dates the Traffic Counters were Deployed

Site

Dates deployed

General Post Office (Cheapside)

15" June 20123 June 2012

ColonnadeMall (Broad Street) 11" July 201222 July 2012
Barbados Pornc (Prescod Boulevard) 22" June 20122™ July 2012
NVN Plaza (Victoria Street) 4™ July 2012, 12"July 2012

Berean Bible Church (Barbarees Hill) 14" July2012 17" July 2012

BIDC Small Business Centren(gbelle)

24" July 20122™ August 2012
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Appendix5: Raw dataof sound levels observed at each location

General Post Offic&™ June 2012
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General Post Officel™ June 2012

Inadvertently the sound level meter was only set to log the overall results

Briiel & Kjeer and not the 10second data required to plot the graphs.

SLM Type 2236

SETTINGS:
F 4020 dB
RMS: A Peak: C

OVERALL RESULTS:

6/4/2012 8:48
Elapsed Time 0024:02:4
Pauses 0

Overload 0.0%

MaxP 112.4 dB
MaxL 87.3dB
MinL 41.9dB
Leq 60.3 dB
SEL 109.7 dB

LEPd (Te= 7h30) 60.0 d

L10 62.5 dB
L50 58.5dB
L90 46.0 dB
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Peak: C

NVN-3 July 2012
Bruel & Kjaer
SLM Type 2236

4020 dB

SETTINGS:
F
RMS: A

OVERALL RESULTS:

7/3/2012 8:06
0.0 %
113.8 dB
90.7 dB
—--dB
59.2 dB
108.5 dB
7h30) 58.9

Elapsed Time
0023:31:59
Pauses
Overload
MaxP

MaxL

MinL

Leq

SEL

LEPd (Te

61.5dB
54.5 dB
49.0 dB

L10
L50
L90

64




NVN 4™ July 2012

FTiEFD FTiEFD FTiEFD
FEitSs FEitSs FEibsis
FEIBS FEIBS FEIES
= FEiD = FEiD = Frir0
= FSIE0E - FSIE0E - FSIE0E
= FOIGTIE = FOIGTIE = FOISTZ
.__.m___ FTI0ZT .__..m FTI0ZT ._m__ FTI0Z2:T
~ FZi5z:0 ~ FZi5z:0 y vziszio
- FEIEIET i FEIEIET - FEIDEIEE
o FlIGE LT o FlIGE LT o PriGEEE
~ FSI0FiTE ~ FSI0FiTE ~ FSi0FITE
= F019ti0Z - F019ti0Z - I T
Iu. FPTITSIET = FPTITSIET = FTTSET
- vziaseT M vziaseT M tziag8T
] FEITOET ] FEITOET pree] FEITORT
= bria0isT = bria0isT = briaoisT
ﬁ FSITTIaT ﬂ FSITTIaT ﬂ FSITTIaT
- FOILTIST - FOILTIST - FOILTIST
b FTITE T Pl FTITE T = FTIEZ T
m FEILTIET m FEILTIET m FTILTIET
] vEiZETT ) vEiZETT 7] FEIZEITT
.n_._l. FliLEiTT ._Ul FliLEiTT ._n_._l FliLETT
o FaizEi0T = FaizEi0T & PSizRiOT
| FOETIE il FOETIE il rOBFIE
FTIESE FTIESE FTiESE
o wm O ownm o own O w0 =) =]
@ M M= W oo i = e = =
0
O ;e o =) m ~.
< |2 IR | T8 lal o8B |mo| |o
© s o N eel mx4lPl Tls S| O
= |9 S| 2]ig °l dls|2] INsl@] [w|z|e
L | o @ & gl® |3 @O |R < lo |3
Sl Slo el = © re}
X | o - g 14 X ~ N~
> |0 T N|= 9 I 0
o) T < =
L= =z < < o398 s =
c | [ & o 25l Q= Q|| e
m | - LLl QNSO X | X 0o ol|lo|o
w = > S T > Q|3 |.E 3| |w — (O |
wn W | O wo|a O === a0 |a B I

65



NVN 5" July 2012

Epifgig EbifEg Epifgig
£1:95:5 ETi915 £1:95:5
EbiE EbibE it EbiE
= ETIESIE = ETIESIE = ETIESIE
,....Nu. EPiTET > EPITET > EPiTET
< ETI0ET < ETIDEIT = ETI0ET
o EF8TI0 -] E4i2Z0 - EF8TI0
~ ETiLZIET ~ ETiTIET ~ ETiLZIET
m_ Ebi5ZIZZ m_ X G TAT A m_ Ebi5ZIZZ
2 cvize 07 N crizgion N cvize 07
: H L) : H o : N L)
= o E > - > et g
S ETITZIET £ S ETITZIET = S ETITZIET £
-— EFIETIET - EFETET -_— EFIETET
= ETETHUT = ETETUT = ETETUT
Frt E4iaTi9T = £Fi9TiaT Frt EFi9T:aT
- ETISTIST - ETISTIST - ETISTIST
U EET T (7] EFIET T L EIETIFT
2 ETITTIET o ETITTIET - ETITTIET
m EFOTIZT m EF0TIZT m EFOTIZT
@ ETIE0ITT b ETB0ITT by ETIE0ITT
= EFIL0I0T = EFiL000T = EFIL0I0T
o ET:90:6 o ET:90'6 o ET:90:6
) Lo (=]
— — —
<
O N o =) m b
= ) - X m m
2| |F| |6 ol 2178 |2|T|d| |@|m|x
© m|® — o~ ) | T [~ T |T|T
= & S| @ D |d ol @lgl? |flclel |wlole
N [l o el Ko} A=) ) 1@ <@
L | o N & Do |RQ ™| |® 0[O |
Slo S w 51 e N ©|d|E © |© |
g | > 2 1 ~IED ]]
2|~ (O] O 7 - [}
oIs| (2 <| IS RS £
c | [ & o 2G5l B|= Q|| e
0 n = W NS x|%X|e oo olo|o
w = > S T > C | ©|.= o |W|w — (O |
wn W | O wola |0 === a0 |a B I

66



Berean Bible ChurdiBBG)YL3" Jan 2013

Start End Elapsed | Overloa | LAe | LA1 | LA1 | LA5 | LA9 | LAFma | LAFmi | LCpea | No.
d q 0 0 0 X n k
time time time [%] [dB] | [dB] | [dB] | [dB] | [dB] | [dB] [dB] [dB] of
Cpeaks
Value 0 619 | 73. | 64.1 | 57.8 | 52.1 | 92.7 37.9 1102 | O
2
Time 12:00:00 | 7:36:10 31:36:1
AM AM 0
Date 1/13/201 | 1/14/2013
3
Leq recorded 18Jan 2013 at BBC
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L10recorded 18 Jan 2013 at BBC
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—— LAF10
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Cursor: 01/14/2013 07:30:50 AM - 07:31:00 AM _LAeq=65.0 dB LAF10=68.0 dB LAF90=61.0 dB
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L90 recorded 18Jan 2013 at BBC

IM“ |
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Cursor: 01/14/2013 07:30:50 AM - 07:31:00 AM_LAeg=65.0dB LAF10=68.0 dB LAF90=61.0 dB

02:00:00 AM
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Berean Bible Church (BB Jan 2013

Start End Elapsed | Overloa | LAe | LAl | LA1 | LA5 | LA9 | LAFma | LAFmi | LCpea | No.
d q 0 0 0 X n k
time time time [%] [dB] | [dB] | [dB] | [dB] | [dB] | [dB] [dB] [dB] of
Cpeaks
Value 0 61.2 | 70. | 643 | 57.2 | 51.5 | 941 36.4 1165 | O
5

Time 8:04:45 7:48:48 23:44:0

AM AM 3
Date 1/14/201 | 1/15/2013

3

Leq recorded 14Jan 2013 at BBC
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L90 recorded 14 Jan 2013 at BBC
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Berean Bible Church (BBIH" Jan 2013

Start End Elapsed | Overloa | LAe | LAl | LA1 | LA5 | LA9 | LAFma | LAFmi | LCpea | No.
d q 0 0 0 X n k
time time time [%] [dB] | [dB] | [dB] | [dB] | [dB] | [dB] [dB] [dB] of
Cpeaks
Value 0 60.7 | 69. | 63.8 | 575 | 52.3 | 934 38.3 1152 | O
6

Time 7:55:19 | 7:39:31 23:44:1

AM AM 2
Date 1/16/20 | 1/17/2013

13

Leq recorded 18Jan 2013 at BBC
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Berean Bible Chureh7" January 2013

Start End Elapsed | Overloa | LAe | LA1 | LA1 | LA5 | LA9 | LAFma | LAFmi | LCpea | No
d q 0 0 0 X n k .

time time time [%] [dB] | [dB] | [dB] | [dB] | [dB] | [dB] [dB] [dB] of Cpeaks

Value 0 60.5 | 69. | 63.7 | 57.1 | 51.9 | 93.3 38 1157 | O
8

Time 8:05:11 | 7:49:22 23:44:1

AM AM 1
Date 1/17/20 | 1/18/2013

13
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BIDC Small Business Cen88 February, 2013

Start End Elapsed | Overloa | LAeq| LA1 | LA1 | LA50| LA | LAFmax | LAF | LCpeak| No.
d 0 90 min
time time time [%] [dB] | [dB] | [dB] | [dB] | [dB | [dB] [dB] | [dB] of
] Cpeaks
Value 0 60.5 | 63.5 | 61.3 | 60.2 | 59. | 84.6 50.4 | 109.1 0
5

Time 12:00:00 7:54:13 7:54:13
AM AM

Date 2/3/2013 2/4/2013
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BIDC Small Business Ceng@" January, 2013

Start End Elapsed | Overload | LAeq | LA1 | LA10 LA50 LA90 LAFma | LAFmin| LCpeak| No.
X
time time time [%] [dB] | [dB] | [dB] [dB] [dB] [dB] [dB] [dB] of
Cpeaks
Value 0.02 58.8 | 63. | 60.6 58.3 55.8 83.6 50.8 112.9 0
9

Time 8:17:16 | 7:43:06 23:25:5

AM AM 0
Date 1/28/20 | 1/29/2013

13
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BIDC Small Business Ceng@" January, 2013

Start

End

Elapsed | Overloa | LAe | LAl | LA1 | LA5 | LA9 | LAFma | LAFmi | LCpea | No.
d q 0 0 0 X n k
time time time [%] [dB] | [dB] | [dB] | [dB] | [dB] | [dB] [dB] [dB] of
Cpeaks

Valu 0.07 58.5 | 63. | 60.6 | 58.1 | 54.8 | 87.1 49.7 1128 | O
e 4
Time | 8:10:23 8:10:18 23:59:5

AM AM 5
Date | 1/29/2013 | 1/30/2013
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Appendix6: Road Traffic Data

General Post Office 8" -24" June, 2012)

Traffic counts vs time of day near the General Post Offic
(Cheapside)
800
700
% 600 = \onday
3 500 a
S 400 /I \ \ —— Tuesday
[8)
T 300 ———Wednesday
F 200 - e e 4\ ——Thursday
108 w = Friday
2888888558888288583888888 ——saturday
OHNO’)Q‘LD@I\OOCDOHOHNOO#LOOI\OO@OH
SO000000O00HAE00O00000OO Sunday
S S
Time of day
Monday Tuesday | Wednesday| Thursday | Friday Saturday | Sunday
12:00 AM 115 58 93 78 106 328 168
01:00 113 36 46 42 73 233 112
02:00 43 25 37 44 71 186 97
03:00 36 24 30 43 48 219 94
04:00 49 36 37 48 57 200 99
05:00 77 64 65 67 101 226 67
06:00 226 241 238 258 279 392 99
07:00 659 650 646 623 630 465 163
08:00 673 659 630 675 666 512 213
09:00 631 609 618 573 642 556 210
10:00 625 595 579 578 599 527 195
11:00 614 614 583 654 575 578 222
12:00 PM 603 624 667 639 639 581 191
01:00 645 593 610 599 645 556 217
02:00 605 592 615 620 603 506 206
03:00 524 523 553 603 633 488 200
04:00 619 599 584 601 633 441 191
05:00 503 568 582 605 609 380 203
06:00 329 388 384 397 514 399 237
07:00 339 314 347 351 472 361 234
08:00 234 231 257 271 352 256 234
09:00 182 206 216 244 302 253 208
10:00 158 164 176 207 250 210 178
11:00 127 119 166 146 291 198 145




Collonade Mal(16" -22" Juy, 2012

Traffic counts vs the time of day near Collonade Mal
(Broad Street)

1000
900
@ 800 +—————
= 700 7 Monday
8 600 v ——Tuesda
o 500 A \ y
£ 400 - — = \T = \Nednesday
= 300
200 - Thursday
108 % e Friday
2588858858588288588588888  ——saturday
OTNOINONONO—TAoTNNILOONONO
500000000 HHE00000000OHH Sunday
S S
Time of day
Monday | Tuesday | Wednesday| Thursday | Friday Saturday | Sunday
12:00 186 136 135 222 176 335 293
AM
01:00 131 72 91 128 96 280 254
02:00 233 47 61 187 89 225 147
03:00 109 49 61 528 59 216 134
04:00 79 61 64 174 57 166 132
05:00 171 148 165 163 178 266 144
06:00 374 376 380 363 391 443 193
07:00 903 866 800 840 873 550 255
08:00 877 917 897 902 862 683 405
09:00 843 795 794 800 852 696 388
10:00 766 752 761 740 772 705 384
11:00 753 749 691 742 661 689 460
12:00 767 732 673 665 667 570 524
PM
01:00 743 740 667 693 703 646 435
02:00 791 738 716 667 726 668 415
03:00 824 770 770 646 640 639 366
04:00 813 734 800 455 459 555 397
05:00 812 830 795 608 382 674 425
06:00 657 647 675 633 757 627 486
07:00 531 571 577 556 731 580 466
08:00 472 447 497 436 573 599 499
09:00 385 376 427 413 498 463 479
10:00 327 330 404 347 468 442 395
11:00 217 268 372 267 475 335 322




NVN Plaza4(™-10" July, 2012)

Traffic counts vs the time of day near NVN
(Victoria Street)
a
c = \Nednesday
>
o
O ==Thursday
[8)
E = Friday
= = Saturday
Sunday
= \onday
Tuesday
Time of day
Wednesday | Thursday | Friday Saturday | Sunday Monday | Tuesday
12:00 0 1 1 5 3 0 2
AM
01:00 0 2 1 0 2 0 0
02:00 1 1 0 0 0 0 0
03:00 0 0 1 2 3 0 0
04:00 1 0 0 0 2 2 1
05:00 1 3 2 1 0 0 2
06:00 9 9 2 3 2 8 4
07:00 15 28 29 17 2 24 18
08:00 32 30 22 22 8 48 32
09:00 21 30 20 19 8 17 29
10:00 20 17 41 16 7 29 26
11:00 31 31 18 12 12 17 21
12:00 11 14 23 18 7 20 12
PM
01:00 17 28 5 6 5 20 12
02:00 7 22 18 3 10 18 21
03:00 13 13 6 22 6 24 29
04:00 19 10 19 9 4 16 25
05:00 22 30 19 18 6 31 32
06:00 27 10 20 24 8 34 18
07:00 8 13 31 14 2 8 7
08:00 9 6 10 9 3 7 10
09:00 4 5 9 5 3 1 6
10:00 3 2 3 1 1 4 4
11:00 4 4 2 4 3 2 0
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Barbados Port Authority Inc. (25une, 20121% July, 2012)

Traffic counts vs the time of day near BPI (Presco
Boulevard)

1400

1200
(2]
= 1000 Monday
>
g8 800 /./\ \ ——Tuesday
[8)
b= 600 / \ ——\Wednesday
= 400 -\ —

=Thursday
200 - = )

0 = Friday
288888888888558585888888 ——saturday
OHNCOQ‘LO(DI\GDCDOHO\—!NOO#LOLOI\GDCDOH
SO0000000O0HHE0OO0O0O0O0OOHH Sunday
N N
— —

Time of day
Monday | Tuesday | Wednesday| Thursday | Friday Saturday | Sunday

12:00 252 78 112 102 114 436 322
AM

01:00 192 33 43 69 61 307 214
02:00 169 36 52 62 43 184 183
03:00 59 11 35 29 41 147 158
04:00 41 17 27 31 31 184 121
05:00 69 66 59 57 59 174 89
06:00 302 324 311 289 286 194 116
07:00 996 983 1078 975 892 357 159
08:00 1127 1094 1177 1151 1102 485 204
09:00 932 929 954 924 913 585 251
10:00 807 835 896 824 868 647 239
11:00 872 859 948 905 939 742 247
12:00 972 930 1001 949 950 729 326
PM

01:00 931 902 974 1003 1071 779 300
02:00 929 944 1016 926 1034 608 301
03:00 1008 977 1000 979 1063 586 293
04:00 1118 1068 1172 1061 1226 551 287
05:00 1093 1098 1101 1116 1083 533 352
06:00 647 638 729 651 830 518 439
07:00 465 514 557 551 706 444 421
08:00 335 414 422 430 531 461 503
09:00 282 326 371 357 476 458 520
10:00 226 253 310 329 431 422 446
11:00 150 210 186 236 451 386 382
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BereanBible Churct{14" -17" July, 202)

Traffic counts vs the time of day near Berean Bible
Church (Barbarees Hill)
700
600 m
(2]
= 17 \ S
3 400 A\ S
£ 300 NS _lé« — Saturday
§ 200 / = Sunday
100 - \ Monday
0 im———— T Tuesday
SO00000000000=00000000000
920020000002 00000020092
OHN(‘OQ’LDQOI\GDCDOHOHN(‘OQ‘LDLOI\QDCDOH
SO0 0C000CO00O0OTId15000000000OAH
S S
Time of day
Saturday | Sunday Monday | Tuesday
12:00 205 206 96 99
AM
01:00 141 150 68 50
02:00 71 90 41 45
03:00 70 53 38 27
04:00 68 66 36 33
05:00 117 74 106 102
06:00 212 146 235 246
07:00 368 275 477 490
08:00 482 393 497 495
09:00 531 323 498 566
10:00 594 334 547 558
11:00 599 441 557 581
12:00 621 331 602 592
PM
01:00 594 335 568 600
02:00 565 283 607 607
03:00 554 278 576 499
04:00 491 283 546 297
05:00 447 292 498 271
06:00 460 342 429 224
07:00 495 387 372 243
08:00 438 322 367 195
09:00 435 292 300 151
10:00 349 282 221 130
11:00 267 169 136 91
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BIDC Small Business Cenf4"(-30" duly 2012

Traffic counts vs the time of day near BIDC
(Fontabelle)
1000
900
«» 800 rA N/
S 700 4 \ Tuesday
5 19 1/ LN \N
O 500 I/ = L\ —\Wednesday
o | <
£ 400 ———Thursday
S 300 - — S _
200 - = Friday
108?%./.................._Saturday
S00000000000=200000000000
00000000000 00000000009  —Sunday
OHNO’)#LD(DI\OOOOHOHNO’)#LO(OI\CDOOH
OOOOOOOOOOHHOOOOOOOOOO\—IH Monday
S S
Time of day
Tuesday | Wednesday| Thursday | Friday Saturday | Sunday Monday
12:00 60 101 103 135 357 214 132
AM
01:00 42 72 108 84 318 164 90
02:00 44 52 57 65 303 131 138
03:00 37 49 61 98 260 154 92
04:00 45 68 63 88 283 121 66
05:00 83 88 129 141 296 163 9%
06:00 289 274 291 350 446 157 262
07:00 753 729 775 814 546 193 753
08:00 795 846 806 740 649 214 794
09:00 759 753 775 782 799 224 801
10:00 742 771 787 856 814 260 814
11:00 724 837 796 817 825 275 851
12:00 860 823 851 851 834 273 735
PM
01:00 841 843 814 824 788 226 850
02:00 803 836 809 888 719 242 813
03:00 733 760 757 837 576 191 770
04:00 794 794 826 896 569 215 896
05:00 689 720 760 818 481 271 810
06:00 480 510 493 649 455 248 481
07:00 353 380 405 513 408 294 370
08:00 250 302 320 397 302 224 305
09:00 235 257 261 367 276 235 232
10:00 221 209 257 291 285 207 196
11:00 122 229 188 358 285 169 127
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Appendix7: Normality Tests on Data Collected from Each Site

Figure 20: Histogram, Kolmogorovi Smirnov (KS) statistic and probability plots of sound levels collected
from GPO on Sunday 3 June 2012
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Figure 21: Histogram, Kolmogorovi Smirnov (KS) statistic and probability plots of sound levels collected

from GPO on Tuesday § June 2012
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Figure 22: Histogram, Kolmogorovi Smirnov (KS) statistic and probability plots of sound levels collected

from Colonnade Mall on Sunday 17" June 2012
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Figure 23: Histogram, Kolmogorovi Smirnov (KS) statistic and probability plots of sound levels collected

from Colonnade Mall on Wednesday 28 June 2012
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Figure 24: Histogram, Kolmogorovi Smirnov (KS) statistic and probability plots of sound levels collected

from Berean Bible Churchon Sunday13" Jan 2013
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Figure 25: Histogram, Kolmogorovi Smirnov (KS) statistic and probability plots of sound levels collected

from Berean Bible Church on Wednesday 18 Jan 2013
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Figure 26: Histogram, Kolmogorovi Smirnov (KS) statistic and probability plots of sound levels collected
from BIDC Small Business Centre on Sunday'3 February 2013
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Figure 27: Histogram, Kolmogorovi Smirnov (KS) statistic and probability plots of sound levels collected

from BIDC Small Business Centre on Tuesday 29Jan 2013
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