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ABSTRACT

Vehicularemissionsin closeproximity to schoolscanhavedetrimentalhealth
effectson children. TheSafeRoutesto Schoolprogramclaimsto improveair quality
throughimplementationdueto reducedvolumeof traffic generatedto schools.While a
reducedvolumeof traffic mayreducetheamountof emittedpollutants,theprogramlacks
theability to quantitativelytrackthis air quality improvement.A schoolparticipatingin
theSafeRoutesto Schoolprogramwasselectedbasedoff of healthrisksassociatedwith
ahigh vehicularvolumeandtheproximity of thattraffic to theschool. A surveywas
utilized to generateavehicleinventoryof faculty andparentdriversof this school. The
inventorywasappliedto EPA equationsto demonstratetheamountof emissions
generatedon adaily, weekly,monthlyandschoolyearbasis. Theequationwas
successfulin generatingquantitativedatathatdemonstratethetotal emissionsgenerated
by theschool. This equationcanestablishpreemissionlevelsversuspostemissions
levels. This comparisondemonstratestheeffecttheprogramhasonreducingemission
levelsof traffic generatedto theschool. Onceappliedon a largerscale,trendsand
applicabilityof theprogramin differentregions,demographicareasandcommunitytypes
(rural, suburbanandurban)canbe identified. This identificationwill enableSafeRoutes
to Schoolusersto investin individual initiativesthathavebeensuccessfulin similar
areas.
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CHAPTER 1

Introduction

SafeRoutesto SchoolGoalsand Challenges

Safe Routesto School Programis a Federalprogram to improve the health of children by

enablingwalking andbicycling to school. The programis fundedunderSafe,Accountable,Flexible,

Efficient, TransportationEquity Act a Legacyfor UsersAct (SAFETY-LV), andwas awarded$612

million dollarsfrom 2005-20091.Stateshaveindividual SafeRoutesto Schoolcoordinatorswho help

administerandassistwith theseprojects. Most projectscanreceiveadditionalfundsfrom thestateand

local sources.

SafeRoutesto Schoolhasthreemajorgoalswhich areto decreaseobesityof thestudent

population,increasesafetyfor childrento walking or biking to schoolandlastly to improvetheair

quality for childrenandteachersattendingschools.Themainrouteto achievingthesegoalsis to, most

oftenthroughtheconstructionof sidewalks,therebyenablingchildrento walk or bike to school. For

the first goalof decreasingstudentobesity,thelogic is unimpeachable,but thereareno studiesto date

thatactuallyprovetheconnectionbetweenthis specificprogramandchildhoodobesity. Their second

goal is to increasethesafetyof the roadwaysthatchildren'sandparentsuseto accesstheschools.As

will bedescribedin thenext section,therearestudiesthatdemonstratetherelationshipbetween

prescribedtraffic improvements(usuallysidewalks)andactualincreasedsafety.Their lastclaim is an

improvementin air quality,which is inferredby anincreasein morechildrenwalking or biking to

school.Therearevery few resourcesor toolsdevelopedto understandtheactualimprovementsin air

quality for theschool. This researchseeksspecificallyto contributeto knowledgeaboutthis third goal,

improvedair quality.
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CHAPTER 2

Literature Review

Schoolsand Emissions

Suburbanform has promotedchildren's' dependencyon parentsbeing the sole providers of

transportationto variousactivities. The suburbsaresprawlingwhich increasesthe amountof distance

many individuals arerequiredto travel eachday. In classicconstructionof suburbansprawl,usesof

land are carefully segregated.Zoning regulationshave creatednew communitieswhere families

moving in have only one mode choice--theautomobile--toreachthe "big box" stores,parks, and

schools2.Theresultis that "sprawl consistsof the milesof pavementthat arenecessaryto connectthe

four disassociated(residential,office andbusinessparks,shoppingcenters,civic) components.Since

eachpieceof suburbiaservesonly onetype of activity, andsincedaily life involves a wide varietyof

activities,the residentsof suburbiaspendan unprecedentedamountof time andmoneymoving from

oneplaceto thenext?" The outcomeof thesetypesof zoningpracticesalongwith lifestyle choicesis

that Americansare now driving 88 percent farther than they did in 1969 to go shoppingand an

overwhelming137percentfartherto accomplishfamily andpersonalerrands4.

SafeRoutesto Schoolsclaims that 20 to 30 percentof morning traffic is causedby parents

driving their childrento schools.Within eachcommunity,schoolsaretypically oneof thehighesttrip

generators.Trip generationis amodelthatquantifiestheamountof traffic thatwould eachuseor zone

of thetownwould attract.

Parentsdo not feel safe allowing their children to bike or walk to school due to lack of

sidewalksandsafecrossingopportunities.Federalfunding in saferoutesto schoolrequiresthat 70-90

percentfundsbe spenton the infrastructure(sidewalks,bike lanes,trails, well markedintersections,

traffic calming) within two miles of the school6.This two mile requirementfor infrastructure

2



investmentonly enhancesthe areain direct proximity to the schoolwhich createsa smallercritical

mass of kids and parents walking and biking. "Certain developmentpatterns, such as a lack of

sidewalks,long distancesto schools,andtheneedto crossbusystreets,discouragewalking andbiking

to school.Eliminating suchbarrierscanincreaseratesof activecommuting?,whereactivecommuting

is definedasnon-motorizedmodes(walking,biking).

Beyondthe immediatehealthbenefitsof exercise,reductionsin automobiletravel to schools

havean air quality benefit that alsopositively impactshealth. The schoolcreatesa nucleusof travel,

andthemanyvehiclescommutingto theschoolemitspollutantsinto the local environment,which can

affect children's health. Providing an environmentwith reducedemissionsaround school zonesis

importantfor properchildren's' healthdevelopment. Lung developmentof childrencanbe damaged

when the individual is subjectedto exposure of higher level of air pollution and emissions.

Furthermore,children are naturally at a higher risk of receivingnegativeeffects from air pollution,

largely dueto their natural lack of lung developmentandlack of naturaldefensesfrom theseinhaled

pollutants8.Childrenalsohavea highermetabolicrate. This increasedrateresultsin morebreathsper

minute which means an increasedairway exposure to the surrounding elements in the local

environment9. If schools are located near major roadways or are exposed to pollutants, the

schoolchildrenwill breathein thoseair bornechemicalsat ahigherrateof speed.

Researchon thecorrelationbetweenchildren's'healthandproximity to roadsbeganin the later

half of the 1990's1011.This researchspecifically connectedrespiratoryhealth issues,suchas asthma

with major roadways. Furtherresearchhasshownthat childrenwho live in areaswith higher traffic

volumes have been found to be more susceptiblein having bronchitis symptomsand physician

diagnosedasthma12. "Alternatively, repeateddaily exposuresfor 6-8 hoursduring the schoolyear

may themselvesrepresentbiologically important influenceson somechildren's respiratoryhealth,

analogousto occupationalexposuresfor susceptibleadults13."Repeateddaily exposureat schoolscan

be dangerousfor health developmentof a child, limiting their exposureto emissionsis important.

3



While completeeffectsandmeasurementsof emissionsandchildren's'healtharestill beingdeveloped,

thereis strongdatathat indicatesa negativerelationshipbetweenchildren's'healthandtheir proximity

to high volume roadsl4 1516.

Schoolproximity to major flows of traffic is a decisivevariablein reducingexposureto these

harmful air borne pollutants. Exhaust is most concentratednear the roadway itself; the pollutant

decreasesexponentiallyasthedistancefrom theroadwaygrows17.Studieshavefoundthat 150meters

is the distancefrom the point of the exhaustemissionto personsat which healtheffectsappearto be

minimal18.Many schoolsdo not achievethis distance,however. In a studyanalyzingthe exposureof

public schoolsto major roadways,researchersfoundthat in thenine MetropolitanStatisticalArea 10%

of schoolswere locatedwithin 100m, and30% within 400m19.The importanceof correctingthis for

new schoolsitings this hasbeenrecognizedin policy. The EPA SchoolSiting Guidelinesrecognizes

this distance150m, andwherepossiblerecommendsa furtherdistanceasa bestmanagementpractice.

Emissionsreductionmaybeapassiveapproachto increasingthehealthof children,but is animportant

partof helpingchildrento attainoptimalhealthpotential.

A Quick Reviewof the Scienceof Emissions

Emissionsfrom automobilesoccur in the tropospherewhich is the lowest atmosphericregion,

theonethatpossessescities,towns,roads,andmosthumanactivities2o.Thetroposphereextendsfrom

the earthup 8 to 14.5km (dependenton season),to thetropopause. Almost all weatheroccursin this

part of the atmosphere2l.VOC's, C02 andNOx, areall emittedfrom vehicleswhich leadto complex

interactionsbetweenthesechemicalcompoundsoften resulting in the creationof ozone. Ozoneis

createdat the groundlevel by a reactionbetweenNOx andVOC's in the presenceof sunlight. The

harm of this chemicalreactiondependson its locationwithin the atmosphere22."Ozone is known to

have adverseon health,vegetationandmaterials23."Ozoneis naturally occurringthe upper levelsof

the atmospherewhich createsearth'satmosphere;howeverhumanactivity of industryandtransportin

the troposphereproducesozonepollution commonlyseenassmog. Thechemistryof theatmosphereis
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pollution commonlyseenassmog. The chemistryof the atmosphereis very fragile, manypollutants

thatarecreatedby humanactivity havedetrimentaleffectson theatmosphericprocessesandreactions.

The creationof ozoneandothergaseshavebeenfoundto contributeto acid rain, ozonedepletion,and

globalwarming.

"The troposphereis well-mixed andits compositionis 78%N2, 21%02, 1% Ar, 0.036%C02,

varying amountsof water vapor dependingon altitude and temperature,and minute amountsof a

number of trace gases23". Introduction of C02, NOx, and VOC's directly impact this chemical

compositionof the troposphere,which is subjectedto vertical mixing. "Vertical mixing often takes

placein the lower stratosphericlayers.Cold air displaceswarmair. As thecold air hasahigherdensity

andis heavier(accordingto thegeneralgaslaw), thewarm air is pushedup steeplyandlargeportions

of the tropospherein theNorth-Atlantic, andeventhe lower stratosphere,aremixed24." This vertical

mixing allows pollutantsto be introducedinto the atmosphere.However"...a temperatureinversion

acts to limit the vertical mixing of pollutants, which allows concentrationsto build25." This

temperatureinversion occurswhen a pocket of warm air is layered above a pocket of cool air.

Nocturnal inversionsarethe most common,wherethe air nearthe groundstayscooler the air in the

uppertroposphere. This trapsemissionscloserto the ground,but the emissionsaretypically mixed

vertically oncetheultraviolet rayshavebeenintroducedduringthemorningperiod26.

Three pollutants most commonly related to automobile pollutants are Volatile organIc

Compounds(VOC's), Nitrogen Oxides (NOx), CarbonMonoxide (CO) and CarbonDioxide (C02).

Thesepollutantsareproducedduring the combustionprocessof automobiles. The emittedpollutants

aredepositedinto the local environment,which in turn affectthehealthof thechildrenandpeople.

VOC's are producedby a variety of paints and lacquers,paint strippers,cleaningsupplies,

pesticides,building materialsandfurnishings,office equipmentsuchascopiersandprinters,correction

fluids and carbon-lesscopy paper, graphics and craft materials including glues and adhesives,

permanentmarkers,andphotographicsolutions27."VOC's aremost prevalentindoors,the EPA has
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conductedmany studieswhich demonstratethat the presenceof VOC's is muchhigher indoor which

haslead to healthcomplicationsfor thosewho were exposedto the pollutant. They arealsocreated

through the combustionprocessof the car and emitted through the tailpipe. Respiratoryailments,

allergic reactionsanddecreasedimmunity havebeenassociatedwith childrenwho havebeenexposed

to VOC'S28.

The carbonmonoxideemissionsprocessresultsin harmful healtheffects. Carbonmonoxide

elevatesthe concentrationof Methane (CH4) in the atmospheredue to chemical reactionswith

hydroxyl and OH which would otherwisenaturally combatthe methane29."When inhaled, carbon

monoxidereactsvery rapidlywith hemoglobinin theblood,preventinguptakeandtransportof oxygen.

Becausecarbon monoxide readily and firmly attachesto hemoglobin, it stays in the blood for a

relatively long time. Thus,during an exposurecarbonmonoxideconcentrationsin blood canrise in a

matterof minutes,thenstayhigh for hours3o."Carboxyhemoglobin(carbonmonoxideandhemoglobin

afterchemicalreaction)reducesthe amountof oxygenthat is providedto theorganswithin thebody3).

"Throughnaturalprocessesin theatmosphere,it is eventuallyoxidizedto C0232."

The transportationsector is the second largest source of C02 emissions in the U.S....

Automobilesandlight-duty trucks accountfor almosttwo-thirdsof emissionsfrom the transportation

sectorandemissionshavesteadilygrownsince199033.Carbondioxidehasvery similar healtheffects

as carbonmonoxidewhich mainly attacksthe respiratorysystem. However, it also has someother

effectssuchasheadache,dizziness,nauseaandothersymptoms34.

NOx representssevencompounds,the EPA only regulatesnitrogen dioxide. " (Nitrogen

dioxide) is the most prevalentform of NOX in the atmospherethat is generatedby anthropogenic

activities35.ThemainanthropogenicactivitiesproducingN20 in theUnited Statesareagriculturalsoil

management,fuel combustionin motor vehicles,nitric acid production, stationaryfuel combustion,

manuremanagement,and adipic acid production36."Nitric oxide reactswith oxygen in the air to

producenitrogendioxide (N02). Furtheroxidationduring theday causesthenitrogendioxideto form

6
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N02) are indirect and result from their role in promoting the formation of ozone in the

troposphere 39." Nitrogen dioxide has multiple health impactsif subjectedto long term exposure:

emphysema,damageto respiratorytract, loss of ability to producepathogensandweakenedimmune

system40.

Methods for Measuring EmissionFactors

An emissionfactor is arepresentativevaluethatrelatesthequantityof apollutantreleasedto

theatmospherewith anactivity associatedwith thereleaseof thatpollutant41.Therearetwo main

methodsfor estimatingemissionfactors. 1)Theycanbegeneratedfrom avehicleemissionsmodel

suchastheEPAMOBILE 6.2or MOVES models. 2) EmissionFactorscanalsobederivedfrom speed

Emissionfactorscanbegeneratedfrom avehicleemissionmodelsuchasMOBILE6, MOVES and

EMFAC42.Mobile6 wastheEPA'smodelusedto testfor air quality conformity in State

ImplementationPlans."MOBILE6 is a computerprogramthatestimateshydrocarbon(HC),carbon

monoxide(CO),oxidesof nitrogen(NOx), exhaustparticulatematter(which consistsof several

components),tire wearparticulatematter,brakewearparticulatematter,sulfurdioxide(S02),

ammonia(NH3), six hazardousair pollutant(HAP), andcarbondioxide (C02) emissionfactorsfor

gasoline-fueledanddieselhighwaymotorvehicles,andfor certainspecializedvehiclessuchasnatural-

gas-fueledor electricvehiclesthatmayreplacethem43."Mobile 6.2waslimited by its lackof

specificity. "This meansthatMobile 6.2doesnot havetheability to predictemissionfactorsfor a

specificvehicleoperatingat aspecificlocationat aspecifictime44."Furthermorethemodelhasa

limited ability to capturedatafrom a smallchangein thetransportationnetwork. In 2010it hasbeen

replacedby thenewEPAMOVES model."In themodelingprocess(forMOVES), theuserspecifies

vehicletypes,time periods,geographicalareas,pollutants,vehicleoperatingcharacteristics,androad

typesto bemodeled.Themodelthenperformsa seriesof calculations,which havebeencarefully

developedto accuratelyreflectvehicleoperatingprocesses,suchascold startor extendedidle, and

provideestimatesof bulk emissionsor emissionrates45."TheMOVES modelis now usedto testfor

7



confonnity with air quality regulations.

Thesecondmethodto establishemissionfactorscanbederivedfrom aspeed-emissionscurve,

tablesor equations46.A speedemissionscurvegraphsagivenvehiclesdriving speedandthe

correlatingratesof specificemissions."The impactof speedonengineefficiencyis anon-linear

relationship,with disproportionatelygreaterimpactsastravelingspeedmovesfurtherawayfrom the

optimumlevel of around50mph47."An exampleof aspeed-emissionscurvecanbeseenin figure-l in

appendix.Emissionstablestypically assignvehiclesto acertainvehicletypesuchaspassengercar,

light duty trucksandheavyduty vehicles. Oncecategorizedthevehicleis assignedthegivenemission

ratefor theyearit wasproduced.This categorizationallowsfor accurateestimationof vehicle

emissions.Thesetableshavebeenusedto developemissionoutputguidelinesfor stateinspectionsof

motorvehiclesandtheCaliforniaAir Resourceboardhasusedit to evaluateCongestionMitigation and

Air Quality Improvement(CMAQ) Projectsthatoccurwithin thestate. Equationscanalsobeusedto

estimateemissionfactors. Typicalvariablesneededin theseequationsincludebut arenot limited to:

distanceof travel,speedof vehicle,vehicleclassification,andnumberof trips madeperday. These

emissionequationscanbedonefor specificpollutantsascanbeseenin Figure-I. This equationwas

developedfor theAmericanBusAssociationin 200748.Thefocusof this equationwasto calculatethe

CarbonDioxide emissionsof passengersonabus. Establishingtheamountof C02 emittedper

passengermile by vehicletypedemonstratestheefficiencyof certainmodesto movepeople.

Thesemethodscanbeusedindependentlyor combinedto establishemissionfactors. This

combinationof methodsis critical to thedevelopmentof emissionmodels.Thesecomputerbased

modelsrequireinputsfrom tables,equationsandgraphs.Emissionfactorsareconstantlyimproving

dueto technologicaladvancement,andgrowinginterestof pollutantproductionandeffects.

The SafeRoutesto SchoolProgram

TheSafeRoutesto Schoolprogramwasestablishedin 2005undersection1404under

8
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modelsrequireinputsfrom tables,equationsandgraphs.Emissionfactorsareconstantlyimproving

dueto technologicaladvancement,andgrowinginterestof pollutantproductionandeffects.

The SafeRoutesto SchoolProgram

TheSafeRoutesto Schoolprogramwasestablishedin 2005undersection1404under

SAFETY-Lu. Thesaferoutesprogramwasawarded$612million dollarsfrom 2005to 2009. Funds

areawardedthroughstatesDepartmentof Transportationthento individual schools.Eachstateis

requiredto havea SafeRoutesto SchoolCoordinator,developa SafeRoutesto Schoolprogram,and

dispersefundsequitablyandin accordancewith federalpoliciesandlaws44."The purposeofthis

fundingis to allow andencouragemorechildrento safelywalk andbicycleto school.Thebulk(70to

90%)of thesegrantsallow schoolsandcommunitiesto retrofit andbuild roads,sidewalks,bike lanes

andpathwaysto allow childrento moresafelywalk andbicycleto school.A smallerpercentageof

funding(10to 30%)supportsnon-infrastructureactivities,includingwalking andbicycling safety

education,driver awarenesscampaigns,morerobustenforcementof speedlimits andtraffic safety

rules,promotionaleventsto encouragemorechildrento walk andbicycle,andmore45."More schools

applyeveryyear,theavailablefundscanonly aid a smallpercentof theseprojects.Simply,thedemand

for thisprogramoutweighstheavailablefederalfundsgivento thestates.Somestatesandlocal towns

havecreatedandallocatedadditionalsourcesof revenueby involving theprograminto theannual

operatingbudgetsor by inclusioninto thecapitalimprovementsprojectsplan. Privatefundshavebeen

generatedby corporationsor businessesin thecommunity,foundationsandgrants,individuals,events,

andparentteacherassociations.Theseprivatefundsaregeneratedthroughasharedinterestin the

improvementsandconditionsof thecommunity.Thesefundsareuseddirectly to accomplishthesafe

routesto schoolsgoalsof increasedsafety,reducedobesityandimprovedair quality.

Saferoutesto schoolsclaimsof air quality improvementsaretypically basedon increasedrates

of alternativemodesof travelandeliminationof automobiletrips to school46.Increasednumberof

9
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initiatives cannot evaluatetheir contributionto theimprovementof air quality. SafeRoutesto school

programshaveaclearneedfor implementationof asystemto quantifytheimprovementsmadeto air

quality. In "a recentGovernmentsAccountabilityOffice reporton the SRTSprogramcalledfor

evaluatingtheprogramrigorouslyacrossarangeof outcomesincluding"safety,benefits,behavior

changes,...improvedstudenthealth,improvedair quality,decreasedtraffic congestionandothers52.The

programhasdemonstratedits abilities andpopularity,but requiresimprovementsto thestatisticaldata

on its air quality improvementclaims.

Oneof thesecurrentinitiatives to decreasetheamountof parentsdriving is thewalking school

bus. Thewalking schoolbusallows groupsof studentsto beaccompaniedby oneor moreadultswhen

travelingto school. Thereis awide rangeof organizationfor thiswalking schoolbus,it canbe formal

schoolgeneratedsystemor aparentdrivenprogramwherefamilieswalk together.Theflexibility and

easeof theprogramhasmadeit oneofthe mostsuccessfulinitiatives for SafeRoutesto School. Safe

Routesto Schoolclaimsthatthewalking schoolbusaccomplishesall of its goals,parentalsupervision

leadsto increasedsafety,walking to schoolincreasesstudentactivity, andreducesthenumberof

studentsreliantonmotorizedvehicleswhich improvesair quality. Thecurrentevaluationdoesnot

includeanyquestionsonair quality improvements(seeevaluationform figure-2in theappendix).

However,respondentsarerequestedto answerquestionson safetyandphysicalactivity improvements

by thewalking schoolbus. Theevaluationof air quality improvementlacksinput from theparentsand

childrenof theparticipatingschool. Air quality is adifficult topic, andrequiresmoredetailed

knowledgethansafetyor activity level. Air quality is challengingto evaluatedueto the lack of

perceivedimpact. Lackof safetyandobesityareobviousproblems,pollutantslacksthis visibility

component.Thewalking schoolbushasinspiredasimiliar conceptof bicycletrains. A bicycle train

operatesin a similarmannerto walking schoolbuses,agroupof studentsareaccompaniedby adultsto

schoolbut usingtheirbicyclesasamodeof transport.An adultis requiredto travelin front andis
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perceivedimpact. Lack of safetyandobesityareobviousproblems,pollutantslacksthisvisibility

component.Thewalking schoolbushasinspireda similiar conceptof bicycle trains. A bicycletrain

operatesin asimilar mannerto walking schoolbuses,agroupof studentsareaccompaniedby adultsto

schoolbut usingtheirbicyclesasamodeof transport.An adultis requiredto travel in front andis

referredto asthe train engineer,anadult is alsoin therearandoperatesasthecaboose.No current

evaluationform on theSafeRoutesto School.

Theparkandwalk initiative provideanopportunityfor parentsandstudentsto parkin acentral

locationthencompletethetrip to schoolon foot or bike. This ideawasinspiredby theconceptof park

andride lots,wherecommutersparktheir vehiclesin a lot andcarpoolor usetransitto completetheir

trip. Schoolsthatsufferfrom congestionissuescanincorporatethis initiative to reducethenumberof

motorvehiclesin closeproximity to theschool. Typically theseparkandwalk lots areusedby

familieswho live furtherawayfrom school. As aforementioned,thefundsaredesignatedfor

infrastructureimprovementswithin two milesof theschool. Many schooldistrictsaremuchlarger

than2 miles, andservepopulationsfrom greaterdistances.Thesepark andwalk lotsareableto reduce

theamountof emittedpollutantsto theschoolzonespecifically.Air pollution from roadwaystypically

dissipatesby 150meters,andthemajority of theseparkandwalk lots arelocatedfurtherawaythanthat

distance.Presentlythereis no evaluationform for this initiative on theSafeRoutesto Schoolwebsite.

Provisionof alternativesmodesof travel reducesautomobiletrips andcorrelatingemitted

pollutantsto schoolsandcommunities.However,theseair quality gainsareambiguousandlackany

measurableimprovement. SafeRoutesto Schoolmustestablishtheability to quantifythereductionof

child exposureto motorvehicleemissionsin orderto continuetheclaim of air quality improvement.

Theirbasicassumptionsof improvedair quality is correct,but lack impactandadequateevaluation

methodsunlessthegainsarequantifiable.This advancementis thenaturalprogressionSafeRoutesto

Schoolsneedsfor overallprogramimprovementandjustification.
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Summary

This chaptersbroadoutline of schoolsandemissions,atmosphericemissions,measurementof

emissions, and safe routes to school program was necessaryto identify current.practices and

demonstratea needfor advancement.The chapterbeganby outlining the currentliteratureon school

proximity to roadway traffic volumes. The processof atmosphericemissionsdemonstratedhow

pollutants operateand the harmful heatlh effects they have on respiratory systems. Methods of

measurementwere introducedto displaycurrenttoolsutilized to estimateemissions.Finally, a review

of the SafeRoutesto Schoolprogramandemissionsreductioninitiatives. Researchof thesefour areas

is necessaryfor evaluatingandcreatinga toll that is adequateandappropriatefor the SafeRoutesto

SchoolProgram.
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CHAPTER 3

Proiect Goal

Project Goal

To createa simple, easily appliedmethodologyto quantify vehicular emissionsgeneratedby

schoolsparticipatingin the saferoutesprogram. This methodwill quantifythe pollutantsof nitrogen

oxide, carbondioxide andvolatile organiccompounds,productionof a typical trip to and from school

for the respondent.The SafeRoutesto Schoolprogramslack theability to quantitativelydemonstrate

their initiatives improve the participating schoolsair quality. The study will initially establishthe

existingconditionsof generatedemissions,thenwill enabletheschoolto tracktheir individual progress

in reduction.

Problem Statement

The SafeRoutesto Schoolprogramclaims to help reducevehicularemissionsaroundschool

zones,but lacks supportingevidenceor systemsto monitor schoolsprogress. The SafeRoutesto

Schoolsclaims of obesityreductionand safetyimprovementshavestrongerevaluationandmethods

analysis. The intention of this researchis to createa method to track Safe Routes to School's

achievementsin reducingthe amountof emissionsgeneratedby motor vehicle trips. This methodis

purposelymadeuserfriendly for SafeRouteto Schooladministersor schoolfaculty to implementand

easilyreplicate. Thetool will establishabaselineof whatschoolsgeneratein motorvehicleemissions.

The tool can receivenew inputs once the programhas been implementedand then the difference

between baseline and post-implementationemissionswill demonstratethe effectivenessof the

program.

Research Question

What are the baselineemissionsof Nitrogen Dioxide, CarbonDioxide and Volatile Organic

Compoundsgeneratedby vehiclestravelingto theschoolsin thestudy?
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FocusedResearchQuestion

How muchemissionsper dayaregeneratedby Parentdriver/teachers?
How muchemissionsdoesanaverageparentdriver produce?

How manyparentdriversandteacherscarpool?
How manycarsarereducedby by carpooling?

How muchemissionsaresavedby studentswho walk or bike to school?

SpecificObjectives

1. Quantifythe lengthof trip madeby motorvehiclestravelingto andttom theschool
2. Quantify and categorizethe type and correlating??total numberof vehiclesfor each

category
3. Averagethe lengthof trips for eachcategory
4. Apply EPA model for school siting for motor vehicle emissions. This numberwill

becomethebaselineemissionsof school
5. Detenninenumberof walkersandbikers.Representsavingsof emissions
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CHAPTER 4

Methodolol!V

Introduction

This study analyzedthe emissionsgeneratedat the SouthamptonRoadElementarySchoolin

Westfield,MA which participatesin the SafeRoutesto Schoolprogram. Emissionsgeneratedis a

conceptwhich estimatesthe emissionscreatedby individuals traveling to the school In order to

calculatetheamountof emissionsgeneratedby theschoolavoluntaryfive questionsurveywasusedto

quantify andcategorizethesemotor vehicletrips. This surveyrequiredinformation on vehicletypes

andif they carpooledin orderto categorizethedifferent groups.The surveyrequirednumericalvalues

about averagedistanceto school. These categoriesand numerical values acted as inputs when

calculatingemissionsgeneratedby themotorvehicles.

GeneratedEmissions

Emissionsgeneratedis auniqueconceptcreatedfor this study.Thismeasurewill establishhow

muchC02, NOx andVOC's areproducedby vehiclestravelingto school. Publicschoolshavelittle

controlovervolumethatroadwaysin closeproximity carry. Theschoolscanonly influencethe

behaviorandvolumeof motoriststhattravelto theschool. Theschoolcaneasilyquantifythetotal

numberof vehicles,type of vehicles,yearof vehiclesandaccessemissionrates. Usingthis collected

dataasinputsemissionscanbeestimatedto daily,weekly,monthlyandyearlytotals. While the

generatedemissionsmaynot effecttheschoolzonealone,andwould ratherbedispersedalongthe

individual trip, theschoolshouldmakeeffortsin reducingtheautomobiletrips andcorrelating

emissionstheygenerate.
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Survey

This voluntary surveywas distributedby the Elementaryschool in eachclassroom. The full

surveyinstrumentcan be seenin figure-3 in the appendix. Productionandprinting was paid by the

researcher,no costswere placedonto SouthamptonRoadElementarySchool. The studentsbrought

home the survey to completewith their parents. Then returnedand collectedby the school. 450

surveyswere distributedto the studentand50 surveysto the faculty. 84 surveyswerereturnedby the

students,and21 surveyswerereturnedby the faculty.The surveysresponsesproducea sampleof the

vehicularcommutersof the individual school. This sampleis importantin extrapolatingthepollutants

of the total fleet aswell asproducinga typical commutervehicleemittedpollutants. Furthermore,this

sampleenablesdaily,weekly,monthlyandyearlypredictionof anticipatedpollutants.

Non-ResponseBias

The sampleproducedthrough the surveywas comparedto the MassachusettsDepartmentof

Transportation,geographicinformation analysisand Censusstatisticalinformation. The Registryof

Motor Vehiclesdepartmentis within theMassachusettsDepartmentof Transportation.This department

producesa report which calculatesthe percentageshareof vehiclesfor both light duty trucks and

passengerautosfor eachcommunity. Additionally, thesereportscalculatethe averageageof vehicles

for eachcommunity.

VehiclePercentage Share

The Statereportedthe percentageshareof passengervehiclesand light duty trucks/suvswere

51.4%and 35.7% respectively. The surveyresultsindicatedthat 67.6% of vehiclestraveling to the

schoolwerepassengercarswhile the remaining31.4%were SUV/Truck or Van. The reasonfor the

discrepancybetweenthe passengercarpercentagesharereportedby the stateversusthe surveyis the

type of vehicles that schoolsgenerate. The statesnumbersinclude all registeredvehicles,which

includes trailers, heavy duty trucks, motorcycles.Inclusion of thesevehicle types reducesthe total
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percentageshareof passengervehicles. Heavyduty trucks,trailersandmotorcyclesaretypically not a

modeusedto transportstudentsto school. Passengercars,Trucks,SUV's andVansarethe primary

carriersof studentsto schools. Thepercentageshareof SUV/TrucksandVanshada 4.3%difference

betweenthesurveycalculationsandthestatesnumbers.

VehicleAverage Age

The surveyresultsindicatedthatthe averagepassengercarswere6 yearsold while theaverage

SUV/Trucksandvanswere5 yearsold.Accordingto the2008figuresreportedby thestate,theaverage

registeredvehicle was 10 yearsold. This averageageis double the surveypredictedtotal for the

vehicletypesaverageage. This averageageproducedby the statedoesincludeall registeredvehicles

types,andis two yearsold. This prediction in the surveyof moremodemvehiclesproducesa more

conservativeemissionsestimatefor the school. This predictionis moreconservativebecauseit usesa

2005 vehicle emissionsper mile rate for prediction which has lower emissionratesthan an older

vehiclesfrom 2000.

AverageDistanceto School

The distancetraveledby studentsto the SouthamptonRoadSchoolaveraged3.5 miles. This

distance is produced by totaling all parent drivers responses. The Westfield Public School

Adminstrationproduceda list of all streetsthat the SouthamptonRoadSchoolserves. This list was

used to create a road network. Overlaying this road network onto an orthographicimage from

MassGIS(MassachusettsGIS Inventory) displayedresidentialclusters and main intersectsfor less

denseresidential areas. Some residential clustersand neighborhoodsare easy to identify in the

SouthamptonSchoolDistrict servicearea. Major intersectionsfor the neighborhoodswere identified

on the roadnetwork for theselocations. This schoolalsoservesareasof the communitythat are less

denseor rural. For theselessdenselocationsa main intersecton the roadnetworkwasidentified that

residentswould use to accessthe school. A shortestpath tool was then usedto calculatethe least
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segmentlengthsneededto travel to the school from theseidentified residentialclustersand main

intersects. The distancefor these6 identified residentialclustersand main intersectsaveraged3.2

miles. Table1 in theappendixidentifiesidentifiestheselectedlocationsandcorrelatingdistances.

Carpooling

According to the 2000decennialcensus5.4%of Westfieldresidentscarpooledto work with a

truck, van, suv or passengercar. Of the 105surveys3 reportedto carpoolor 2.8% of respondents.

Westfielddoesnot havea largecarpoolingpopulation,andthesurveyindicatedevenlessparticipation.

The low shareof carpoolingcalculatedby the surveyreflectsthe low percentageproducedin the2000

survey.

Emissions

The emissionsper mile was generatedthroughtheEPAMobile 6.2program. This programcalculates

emissionsof hydrocarbons,nitrogen oxide, and carbon dioxide for different vehicle classes(Ire.

motorcycle,passengercar,truck). Theprogramis typically usedin StateImplementationplanswhen

addressingfederalCleanAir Act Standards.Onefunction of Mobile 6.2 is to generateemissionsper

mile. These emissions per mile outputs are produced by the MassachusettsDepartment of

Transportation.To increasereplicability, the Mobile 6.2 programwill usetheseEPAnumbers,which

will (enableindividual usersto usethe softwarewithout needingadditionaltraining) avoid individual

usersneedingto learnandrun theMobile 6.2software.

EmissionModels

Once the survey has been analyzed and the Mobile 6.2 emissionsper mile have been

determinedthesequantitiesandcategoriescanbe inputtedinto the EPA'sSchoolSiting Calculation.

This school siting equation seenin figure-l will be used to determinethe amount of emissions

generatedby motor vehicle trips to or from the school. While the EPAwill apply to the schoolas a

whole, this particularmethodwill applytheequationto eachtransportationmodeandthepopulationof
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usersof thatspecificmodeoftravel(Figure-2). Theequationwill bedoneseparatelyfor parentdrivers,

teachersandthe schoolbusesto demonstrateeachgroupsemissionsto the school. The datawill also

be broken down further by vehicle type (to illustrate the differencein emissionsper mile) due to the

differencein emissionspermile. Theequationfirst requiresthatemissionsper trip beestablished.The

frequencyrequiredfor that trip can be appliedandsummedwith other inputs to calculatethe totals.

Schoolbusemissionsdiffer greatlyfrom a passengercar,applyingthe sameemissionsper mile would

leadto erroneousresults.

Figure l-EPA School Siting Calculation

Enrolhnent* automode split * averagetrip length* emissions/mile* 2 trips/day= emissions/day-fora car

Figure 2-Equation Usedfor Study
.-.-.--------.---.-----...-.---.-..-.---......--....-.-...--.. ....-.-....-.--..---..-----.---.-------

(Emissions/mile* Trip Length (in miles» * Frequency of Trips = emissionsper chosen fi-equency

Site Location

The schoolthatwill be assessedin this studywill be SouthamptonRoadElementarySchoolin

Westfield,MA. This schoolparticipatesin the saferoutesto schoolprogramand is locatednext to

numberedrouteroadswhich havethe capacityto carryheavyvolumesof traffic. SouthamptonRoad

ElementarySchoolis locatedonRoute202/10, andahalf mile from theexit 3 MassachusettsInterstate

90(MassPike). In 2006 SouthamptonRoadnorth of this interchangecarriedan annualaveragedaily

traffic (AADT) of 18,900vehiclesaccordingto MassDOT'straffic countrecords. The schoolentrance

is locatedroughly 60 metersto theRoute201202,the two backendsof the schoolarelocated143and

126 meters away, which is well within 150 meter distancestudied by Venn, 2001 and Green,

2004(Figure-3). The children who attendthis school are also locatedless than 1000metersform

BarnesAirport. Furthermorea major industrialsectorof Westfield,which requiresheavydieseltrucks

to transportgoods. While not included in the study,North Middle School is locatedbehind the
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to transportgoods. While not included in the study,North Middle School is locatedbehind the

elementaryschool. The studentwho attendthis school are exposedto exhaustemissionsfIom a

variety of modesof transport. If the schoolcanreducethe amountof trips madeby parents,they are

proactivelyreducingtheir childrenexposurerates.

This school have regional air quality hurdles to overcome as well to provide optimal

environmentalconditions. HampdenCounty has beenconsidereda non attainmentzone under the

CleanAir Act Amendmentsof 1990. This designationindicatesthattheregionalair quality exceedsthe

maximumvaluesallowedundertheNationalAmbientAir Quality Standards.TheseEPAstandardsare

establishedto improveandprotecthumanhealth. Thesesitelocationsarevulnerableto emissionsfIom

vehicular use and pre existing regional challenges
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How to Further Testing Method

This testmethodcouldbeaidedby calculationof cold startandevaporativeemissionsproduced

by vehiclestravelingto theschool. Cold startemissionscouldhavea largeimpactdueto thenatureof
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trips madeto school. Typically thesearethe first trips of theday,vehiclessit overnightanddonot

operateasefficiently on its first trip ofthe day. Oncetheengineis warmandtheenginehasbeen

lubricatedemissionslevelsimprovedueto theincreaseefficiency. The impactof thesecold start

emissionsarenot identified in this study. Facultytrips typically originateathomethentravelandpark

at their school. Facultyproduceemissionsfrom cold startemissionsandalsoparkingatschoolwhich

producesevaporativeemissions.Emissionsevaporateoff ofthe engineandexhaustasit coolsdown

from thetrip. Evaporativeemissionsarenot estimatedin this study.

A largecontributorof emissionsgeneratedby schoolsaretheschoolbusemissions.Dueto

largervehiclesize,moreenergyis neededto propelthevehicle,theselargermechanicalJ?artsproduce

moreemissions.Dieselenginesareusedin themajority of schoolbuseswhich producemore

emissionsthannormalpassengercaremissions.Schoolbusesemissionswerenot calculatedin this

study. This additionalinformationcouldbeutilized to calculatethetotal amountof emissions

generatedby all vehiclestravelingto school.

Exposureratestravelingto schoolarenot includedin this study.Theratesof childrenwalking

to school,childrenriding in abuscabin,andchildrenriding in personaltransportarenot calculatedin

thestudy. Childrenwalking alongroadwaysarevulnerableto inhalepollutantsfrom thevehicles

passingby. Thecloseproximity of childrento roadwaysandexhaustemissionsallowsinhalationof the

toxins. Childrenriding on schoolbusesareexposedto dieselpollutantswithin thebuscabin. The

cabinis composedof theseatingareafor thechildrenanddriver. Schoolbuscabinsarenot sealedto

thesamestandardsaspassengercarsallowing for pollutantsto infiltrate theseatingarea. Children

riding in thesecabinsareexposedandinhalethesetoxins. This cabinexposureis not studied,

knowledgeof this exposureamountwould provideacomprehensiveunderstandingof children

exposureduringschooltrips. Lastly,childrenriding in passengercarscanbeexposedto emissions

however,aspreviouslynotedthesecabinshavemuchbettersealingtechniques.
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CHAPTER 5

Analvsis of Statistics

Categorization by EmissionsRatesand Vehicle Type

Vehicleswerecategorizedby estimatedgramsper mile andmodel yearto indicatethe amount

of generatedemissions.TheEPAhasproducedemissionfact sheetsthat estimatespassengercarsand

light duty trucks,SUYs,vans,motorcycles,etc for theyearsof 2000,2005 and2008. Thesenumbers

were producedusing the Mobile 6 programs. To preventoverestimationof emissions,the vehicles

were given conservativeestimates(Table-l).Using this methodallowed for vehiclesto be attributed

grams/mileestimationsfor future year vehicles (e.g. 2003 uses2005 emissionsrates). While the

precedingmodel year may have had slightly higher rates, the difference in actual rate versusthe

attributedrateis minimal. Surveysthatreportedmodelyearsfrom 2006to 2010mayhavesomeslight

overestimation. Vehiclesfrom 2009and2010were subjectedto the 2008 emissionsrates. The EPA

hasnot comeoutwith anupdatedversionof this informationsincethis 2008paper.

Table i-Grams/Mile Categorization

For purposesof applyingthecorrectemissionsrates,respondentsto thesurveywereaskedfor

vehicletypeinformation(PassengerCar,SUY/Truck,Motorcycle,other). All ofthe surveysreported

driving apassengercaror a sportutility vehicle/truck/van.Sportutilities, light duty trucksandvans

emit pollutantsatahigherratethanpassengercars. Thesevehiclestypically havelargerenginesand

chassiswhich producemorepollutants.
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Grams/MileCategorization
Model Year FactSheetUsed
2000and Earlier EPAFactSheet2000
2001-2005 EPAFactSheet2005"--...--
2005-2010 EPAFactSheet 2008



Emission Rates

Carbondioxide,Nitrogen OxidesandVolatileOrganicCompoundemissionratespermile were

usedto calculatethe generatedemissionsby yearandmotorvehicletype. TheEPAfact sheetsreport

thesenumbersasgramspermiles. For increasedconsistencythenumberswerequantifiedin

pounds(lb)permile. WhentransferringtheEPAratesinto thespreadsheets,thegramspermile were

convertedinto poundspermile usingtheconversionfactorthatonegramequals.0022pounds. Once

thenumberswereconverted,Table-2wascreatedto applythecorrectratesto theappropriatecategory.

Carbondioxidepermile ratesremainednearlyconstantbetween2005and2008accordingto

theseEPAdocuments.2005passengercarsemitted0.813505lbs/milewhile in 2008passengercars

emitted0.812182Ibs/mile. SUV/Trucksandvanssawaminimal increasefrom 1.12656lbs/milein

2005to 1.13097lbs/milein 2008. Notwithstanding,therewasmarkedimprovementin ratereduction

from 2000 to 2005.

Table 2-EmissionslMile by VehicleTypeand Year

Accordingto theseEPAreportsNitrogenOxidesrateshavereducedconsistentlyfrom theyear

2000to 2008. This ratewasreduced.44and.59g/milebetween2000 and2005for passengercarsand

SUVITrucksNansrespectively.Between2005and2008theratewasreduced.35and.27g/mile for

passengercarsandSUVITrucksNansrespectively.Therewasa largerreductionbetween2000and

2005ascomparedto 2005to 2008canbeattributedto a longertimeperiodfor technological

advancementto impactemissionrates.
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Emissions/Mileby VehicleYear andType
PassengerCar(g/mile) SUV/TruckjVan (g/mi Ie)

Year CO2 Nox VOC Year CO2 Nox VOC
2000 415 1.39 1.36 2000 521.6 1.81 1.61
2005 369 0.95 1.36 2005 511 1.22 1.61
2008 368.4 0.693 1.034 2008 513.5 0.95 1.224
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inconsistentresults.Thereshouldonly beaminimal impacton thetotal estimatedemissionsdueto the

minimal numberof vehiclesreportedfrom before2000.

Faculty Emissions

21Facultyrespondedto thesurvey. 10drovepassengervehiclesand11droveSUV/TrucklVan.

Almost all faculty commuteseverydayto theschoolandin this particularsurvey20of 21 drove

everydayto thestudyschool. Thetotal emissionsgeneratedby faculty canbeseenin table-3. This

emissionsoutputwasbasedon a 36weekschoolyear. Theaverageteachercommutes1854milesper

schoolyear.Accordingto theEPA,theaverageAmericandrives12000milesayear,which would

meancommutingto work for theseteacherswould accountfor just fewerthan16%of their yearly

driving. This mileageis muchhigherthanthepupil's vehiclesources,which accountsfor theteacher's

largerpercentagesharein total emittedpollutants.

Table 3-Faculty Emissions by VehicleType

Basedoff of thereportedsurveys,anaveragevehiclefor eachvehicletypewascreated(table-

4). Averagingtogethertheresponsesprovidedasampleof anticipatedpollutantsemittedduringa

typical commuteby vehicletype. Averagingtogetherthemodelyearsanddividing by thetotal number

of vehicletypes,anaveragemodelyearcouldbedeterminedfor the fleetof vehicles. Passengercars

emissionsrateswould becomparableto 2005EPAfactsheetandtheSUV-Truck andvancategory

would relateto 2008. Thedaily emissionstotalsmeasuredin lbsweredeterminedby multiplying the

trip distanceby thegramsemittedpermile. Theseaveragesrepresentwhatanormalteacherwould

emit on their commuteto theschool.

25

Vehicle Source C02/SchoolYear NOx/SchoolYear VOC/SchoolYear

FacultyPassengerCar 8867952 23177 29902

FacultySUVIVan/Truck 7986687 16827 21965
Grams 16854639 40004 51867
Pounds 37080 88 114
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Table 4-Faculty Average Fleet Emissions

Thepurposeof creatingthis calculationis to enhancereplicability by simplifying themethods

of datacollection. Onceanaveragevehiclehasbeenestablished,a simplevehiclecountcanbe

conductedto determinetheamountof generatedemissions.This vehicledatacollectionof teachers

would separatelycategorizepassengercarsandSUV/TrucksNansin orderto applytheaverage

estimatedemissionsfor thetrip. This sameprocedurecanbeappliedto parentdropoffs. A yearly

surveywould beneededto quantifytheaveragevehiclewithin the fleet.

Accordingto thesurvey,teacherscommutelongerdistancesthanparentsandparktheir vehicles

on schoolgrounds.Thesedriving practicesproduceavarietyof pollutantsin additionto exhaust

emissions."With today'sefficientexhaustemissioncontrolsandgasolineformulations,evaporative

lossescanaccount,onhot days,for amajority of thetotal VOC pollution from currentmodelcars.

Evaporativeemissionsoccurin severalways:Hot soak (Cooling Down) -Theengineremainshot for

aperiodof time afterthevehicleis turnedoff, andgasolineevaporationcontinueswhenthecaris

parkedwhile coolingdown.Diurnal Emissions(Emissionswhile Parked and Engine is Cooling) -

Evenwhenthevehicleis parkedfor longperiodsof time,gasolineevaporationoccursasthe

temperaturerisesduringtheday(AutomobileEmissions:An Overview,EPA,2000)."

Parent Drivers of Pupils

84parentdriversrespondedto thesurveyreportingthat61pupils weretransportedin passenger

vehicleswhile 22weretransportedin SUV/TrucksNans(table-5). Nearlyall teachersdriveto school

daily,however,parentshaveagreaterrangein thenumberof daystheydrivetheir childrento school.

39out of the84pupilswerereportedto bedriveneverydaywhile 19of the84weretransportedonly
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AverageFleetEmissionsOutput
C02Trip NoxTrip VOCTrip

Total#of Emissions Emissions Emissions
Source Year Distance(miles) Vehicles (grams) (grams) (grams)

Teacher-PassengerCar 2002 12.97 10 4926.64 12.88 16.61
Teacher-SUV-Truck-Van 2006 7.89 11 4043.02 8.52 11.12



daily, however, parents have a greater rangein thenumberof daystheydrive their childrento school.

39out ofthe 84pupilswerereportedto bedriveneverydaywhile 19of the84weretransportedonly

onceaweek. This rangeshowshow muchfluctuationoccursin pupil dropoff procedures;however,

this sampledeterminesthe totalpercentagethateachrangewould possess.Childrentypically live

closerto theschoolsthantheir teachercounterparts.On averageparentsdrive 454miles to the

elementaryschooleachyear. In comparison,theteachers'shareof milesdrivento schoolwas4 times

greater.However,dueto thenumberof parentdriverstheir emissionstotalsarerelativelysimilar in

comparisonto theteachers.

Table 5-Parent Driver Emissions by VehicleType

An averagevehicletypewascreatedfor parentdrivenvehiclesaswell(table-6). As previously

mentionedthis averagevehiclecanbeusedto categorizeandcounttotal arrivingvehicles. The

numberswerecalculatedwith thesamemethodusedfor teachers.Theaveragedistancefor these

vehiclesis againnoticeablyshorterthantheteachersdueto childrenliving in closerproximity to the

school. Despitetheshortercommute,thereareagreatertotal numberof parentdriverswhich increases

thetotal emittedpollutants.

Table 6-Parent Driver AverageEmissions

Dueto parent'sshortercommutes,their emissionsaresubjectedto aconceptknownas"cold

starts." Most of thesetrips would originateat thehomeandtheschoolwould mostlikely be thefirst

destination.Tripsoriginatingat thehousearetypically subjectedto thesecold startincreased
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Vehicle Source C02/School Year Nox/School Year VOC/School Year
Pupil PassenQerCar 10579638.96 25056.57 35947.84
Pupil SUVfTruckNan 4607744.40 10613.20 13586.52
Grams 15187383.36 35669.77 49534.36
Pounds 33412.24 78.47 108.98

Average Fleet EmissionsOutput

C02Trip Nox Trip VOCTrip
Total # of Emissions Emissions Emissions

Source Year Distance (miles) Vehicles (grams) (grams) (grams)

Pupil-PassengerCar 2005 3.65 62 1346.85 3.10 4.48

Pupil-SUV 2004 3.45 22 1769.95 3.91 5.26



resultsin higheremissionsbecausetheemissionscontrolequipmenthasnot yet reachedits optimal

operatingtemperature.

Total Emissions-PassengerCar versusSUV/Truck/Van Emissions

71ofthose surveyedreportedthattheydroveapassengercar,representing68%ofthe total

vehiclefleet.Theremaining33werereportedto fit underthetruck/SUYIvancategory,which accounts

for 32%ofthe vehiclefleet. Thetotal Carbondioxide emittedwascalculatedat slightly over33 tons.

Passengervehiclesaccountedfor 58%of thesepollutantswhile SUY/Trucksandvansaccountedfor

theremaining42%. ThesepercentagesharesshowthatSUY/trucksandvanscontributea largershare

dueto theenergyneededto operatethevehicle. The SUY/Trucksandvanscategoryaccountsfor 35%

of bothnitrogenoxideandvolatile organiccompoundgeneratedby schooltrips. This percentageshare

of emissionsis only 3% greaterthanthevehiclefleet share.

Table 7-Vehiclular Emissions by VehicleType

Thesetotalsseenin table7 only attributefor thereportednumbers.Thenumberof teachersand

parentdriversis knownto begreaterthanthe 104respondents.Tables8 presentsemissionsexpectedif

therewere 10%,50%or 100%moreteachersor parentsof pupils driving. This would increasethe

teachertotal to 23,32, or 42 respectively,while increasingtheparentdriver total to 91, 125,or 166.
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SouthamptonRoadSchoolVehicularGeneratedEmissionsby VehicleType
Vehicle Source C02/SchoolYear NOx/SchoolYear IVOC/SchoolYear
PassengerCar 42785 1061 145
SUV/Truck/Van 27708 60j 78
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Table 8-Predicted YearlyFleet Emissions

Therearemorethanjust 104parentdriversandteacherswhotransportthemselvesto theschool.As

thetwo precedingtablesdisplaythetotal emissionson ayearlyaveragecanincreasedramaticallywith

ahigherquantityof drivers.Thesepredictionsarebasedoff of thesampleandassumethatteachersand

studentvehiclefleet averageswould remainsimilar.

29

PupilTransportAverageFleet Yearly EmissionsMultiplied by 10%

VehicleSOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb) VOC/SchoolYear(lb)
PupilPassengerCar 25798.69 61.01 90.266
PupilSUVNan 11178.33 25.27 34.265
Totals 36977.02 86.29 124.53

PupilTransportAverageFleet Yearly EmissionsMultiplied by 50%

Vehicle SOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb) VOC/SchoolYear(lb)
PupilPassengerCar 35180.02 83.2 123.09
PupilSUVNan 15243.18 34.47 46.725
Totals 50423.2 117.67 169.81

PupilTransportAverageFleet Yearly EmissionsMultiplied by 100%

VehicleSOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb) VOC/SchoolYear(lb)
PupilPassengerCar 46906.7 110.94 164.12
PupilSUVNan 20324.24 45.96 62.3
Totals 67230.94 156.9 226.42

TeacherAverageFleet Yearly EmissionsMultiplied by 10%

Vehicle SOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb) VOC/SchoolYear(lb)
TeacherPassengerCar 16399.36 60.709 93.94
TeacherSUVNan 19358.51 40.799 54.197
Totals 35757.87 101.5 148.13

TeacherAverage Fleet Daily Yearly Multiplied by 50%

VehicleSOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb) VOC/SchoolYear(lb)
TeacherPassengerCar 22362.76 82.78 128.1
TeacherSUVNan 26397.97 55.63 73.9
Totals 48760.74 138.42 202

TeacherAverageFleet Daily Yearly Multiplied by 100%

VehicleSOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb) VOC/SchoolYear(lb)
TeacherPassengerCar 29817.02 110.38 170.8
TeacherSUVNan 35197.3 74.18 98.54
Totals 65014.32 184.56 269.34
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What could carpooling do?

Very few of thesurveyrespondentsreportedthattheycarpooled.In fact,6 of the 104recordedthat

theytransportedanotherchild to theschool. Thesecarpoolsareanessentialway to reducethe

emissionsgeneratedby a school. Providingtransportationfor anotherpupil ofthe schoolimmediately

reducesthenumberof vehiclestravelingto theschool.A reductionin thetotal vehiclestravelingto

schoolwould decreasetheoverall emittedpollutants. It is assumedfor this studythatchildrenbeing

carpooledwould travelthroughthesamemode(motorvehicle)if not carpooling. Emissionsreduction

couldbeattainedeasilythroughacarpoolinginitiative fromparentsandfrom theteachers.Carpooling

reducesthenumberof carsneededto transportstudentsto schoolsandthenumberof cold startvehicles

travelingto theschool. Sincemorningtrips usuallyarethefirst trip madeby thevehicle,thevehicles

donot operateasefficiently in turnproducingmoreemissions.Facultycouldreducetheamountof

evaporativeandcold startemissionsif therewasmorecarpooling. Thecold startemissionswould be

reducedby reducingthe totalnumberof vehicles. Evaporativeemissionsreductionis linkedto the

generatingfewer facultymotorvehiclesthatparkin closeproximity to schools. Thestudyschoolhas

very little controlor poweroverthetraffic volumeonRoute10-202immediatelyadjacentto the

school. Theycannotcontroltheemissionstheyreceivefrom BarnesAirport or fromtheMassPike.

However,theschoolcanpromoteareductionin theemissionsthattheygenerate.Carpoolingmaybe

themosteffectivemethodin attainingimmediatereductionin emissions. Table9 displaysthesaving

a 10%or 25%increasein carpoolingwould decreasetotal emissions.
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Table 9-Emissions Reductions with Increase Rate of Carpooling

31

Average Fleet Daily Emissions Swveyed Conditions
C02/School Nox/School VOC/School

Vehide Source Year (lb) Year (lb) Year (lb)
Teacher

PassengerCar 19509.49 50.99 65.78
Teacher
SUVNan 17570.71 37.02 48.32

Pupil
PassengerCar 23275.21 55.12 79.09
Pupil 10137.04 23.35 29.89

Totals 70492.45 166.48 223.08

Average Fleet Daily Emissions 10% Carpool
C02/School Nox/School VOC/School

Vehide Source Year (lb) Year (lb) Year (lb)

Teacher

PassengerCar 13417.66 49.67 76.86
Teacher 15838.79 33.38 44.35

Pupil
PassengerCar 21108.02 49.92 73.86

Pupil
SUVNan 9145.91 20.68 28.03
Totals 59510.37 153.65 223.1

Average Fleet Daily Emissions 25% Carpool
Vehide Source C02/School N ox/School VOC/School
Teacher

PassengerCar 11181.38 41.39 64.05

Teacher
SUVNan 13198.99 27.82 36.96

Pupil
PassengerCar 17590.02 41.6 61.55

Pupil
SUVNan 7621.59 17.23 23.36
Totals 49591.97 128.04 185.92



Emissionssavingscanbeeasilyattainedthroughcarpoolinitiatives. Many of theseshorttrips

couldbeaccomplishedby neighborswith children,andcould limit theemittedpollutantsto nearby

schools. Theschoolhasfew optionsto curbtheemissionsgeneratedby thehighway,route10-202,

andBarnesAirport. Teachersmayhaveahardertime arrangingfor carpoolsdueto theincreased

distancemosttravel. A largerrangein traveldistancetypically would meana largerareaof habitation,

sotrips cannotbeplannedaseasilyaswith theparentdrivers.
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CHAPTER 5

Conclusions

Application of this equationwill enableschoolsto measureemissionsandtrackdaily,weekly,

monthly,andfor theschoolyearprogressquantitatively.Theneedof quantitativeinformationis

necessaryfor thecontinuationof theclaim of improvedair quality andwould beanimprovementfrom

theassumptionsthat SafeRoutesto Schoolcurrentlyclaims. Thisjustification will comefrom the

ability to produceabaselineof emissionsbeforeinitiativesor theprogramhasbeenimplementedanda

postimplementationstudyto tracktheactualemissionsreduced.Furthermore,schoolsandSafe

Routesto Schoolwill havegreaterknowledgeof thepollutantsthatarebeinggeneratedandtheir

contributionto regionalair qualityproblems.

Most importantlythis quantitativemethodwill allow for comparisonbetweenstates,towns,city

andtowns,andrural andurbanareas.This comparisonis vital to understandtheeffectivenessof

initiativesimplementedin certaingeographicareasandbuilt forms(urban,suburbanandrural). The

calculationwill provideamethodto determinewherecertaininitiativeswork andwheretheydonot

work for reductionof emissionsgeneratedby theschool. A walking schoolbusmaynothavethesame

effectivenessin a suburbantownversusacity. A parkandwalk programmaynot beapplicablein a

rural areabut is moreappropriatein asuburbantown. Thecalculatedemissionswill establishthe

ability to determinepatternsandwhatprogramswork well in specificcommunities.This knowledge

identifieswhatprogramsareapplicableto thesecommunitiesfor reductionof motorvehiclesandtheir

correlatingair quality improvements.Thesespecificprogramsthathavebeenidentifiedwill reducethe

costsof programimplementationby decreasingtheamountof energyneededto identify initiativesto

implement. This identificationwill aid in productionof bestmanagementpracticesfor implementation

of determiningwhat individual initiativeswill work for theschoolthathasapplied. Yearlytrackingof

theprogramandpost implementationwill produceaplethoraof datafor this typeof analysis.This
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quantitativemethodremovesthecurrentassumptionbasedclaimwhile improvingthedataavailablefor

futureapplicationof theSafeRoutesto SchoolProgram.
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CHAPTER 6

Recommendations

New Schools

For schoolsthatareapplyingfor SafeRoutesto Schoolit is anidealtime for thecalculationto

beperfonnedto detenninebaselineemissions.After programimplementation,inftastructure

improvementandeducationalprogramsthestudyshouldbeconductedagainto assesstheamountof

emissionsreduced.Vehiclecountscanbeperfonnedmonthlyandappliedto theaveragesproducedby

thesurveyto trackmonthlyprogress.Thesurveyshouldbeconductedat thebeginningof eachsurvey

to produceanewsampleto applyfor thesemonthlyaverages.If anewSafeRoutesto schoolinitiative

is appliedto theschool,thesurveycanbeconductedto detennineits impactonemissionsreduction.

CurrentlyEnrolledSchools

Schoolsthatarealreadyenrolledcanusethis tool to calculatea startinglevel of emissions.

Emissionsreductioncannotbeexpectedto beasdrastic,asfundingfor theprogramhasbeenspentand

thereis little accessto newfundingsources.However,progresscanstill betrackedon amonthlybasis

asdiscussedabove. Similarly to new school,newSafeRoutesto schoolinitiative is appliedto the

school,thesurveycanbeconductedto detennineits impactonemissionsreduction.

SafeRoutesto SchoolAdministrators

Creationof awebsitecanbeutilized for schoolsto tracktheirprogress.Thewebsitecanposses

the figuresftom theEPAfact sheetsanduserscaninput theindividual surveyresults.Thewebsitecan

calculateandstorethesedatasetsfor theschoolandadministrativeuse. This would createa large

amountof datawith correlatingschoolinfonnation. This schoolinfonnationcanbegroupedinto

categoriesof urban,rural, suburban,city, asSafeRoutesto SchoolAdministratorsseefit. This tool

will allow theprogramto developpatternsandidentify thebestinitiatives for bothregionsandbuilt
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forms. Ultimately this collectionof datawill aid in thedeterminationof bestmanagementpracticesfor

specificgeographicregionsandbuilt forms.
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Appendix

Figure-l SpeedEmissionsCurve
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Figure-2

School
Dear Parentor Caregiver,
Your child's school wants to learn your thoughts about children walking and biking to school. This survey will take about 5 - 10 minutes to
complete. We ask that each family complete only one survey per school your Children attend. If more than one child from a school brings a
survey home, please fill out the survey for the child with the next birthday from today's date.

After you have completed this survey, send it back to the school with your child or give it to the teacher. Your responses will be kept
confidential and neither your name nor your child's name will be associated with any results.
Thank you for lJarticipating in this survey!

+ l~f=BLU£dIi8LAi?1
SchoolName:

1. What is the grade of the child who brought homethis survey? IT] Grade (PK,K,1,2,3...)

o Male 0 Female2. Is the child who brought home this survey male or female?

3. How many children do you have in Kindergarten through 8th grade? IT]
and

IJifacea..c;I~~i:.;x'-insid~JlPX,.If "yo!!makea RiiStake.Jifl]bi~ntir~'
5.How far doesyour child live from school?

o Lessthan v.. mile 0 'h mile up to 1 mile 0 More than 2 miles

o v.. mile up to 'h mile 0 1 mile up to 2 miles 0 Don't know

f'fajfti~ c!!'!ar:X~:inside"box. ~fYou .make.~..!t1i§tlt.!<e,Jll!.ttle'eptire.boX:~and thEm mark the c9rrest.b.oX::'
6. On most days, how doesyour child arrive and leave for school?(Select one choice per column, mark box with X)

+

Arrive at school

o Walk

o Bike

o School Bus

o Family vehicle (only children in your family)

o Carpool(Children from other families)

Diransit (city bus, subway, etc.)

o Other (skateboard, scooter, inline skates, etc.)

Leave from school

o Walk

o Bike

o School Bus

o Family vehicle (only children in your family)

o Carpool (Children from other families)

o Transit (city bus, subway, etc.)

o Other (skateboard, scooter, inline skates, etc.)

+ Placeitclear.;'.X'insidebox '0't ""akeami~ke, fill theeriljre' - anatlienm~ii:1hecorrect:box ~ +
7. How long does it normally take your child to get to/from school?(Selectone choice per column, mark box with X)

Travel time to school

o Lessthan 5 minutes

o 5 -10 minutes

o 11 - 20 minutes

o MOrethan 20 minutes

o Don't know / Not sure

Travel time from schoolo Lessthan5 minutes

o 5 - 10 minutes

o 11- 20 minutes

o More than 20 minutes

o Don't know I Not sure

38



Figure-2(continued)
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8. Hasyourchildaskedyoufor permissionto walk or biketo/from schoolin the last year?

9.At whatgradewouldyou:tllowyourchildto walk or biketo/from schoolwithout anadult?

(SelectagradebetweenPK,K,1,2,3,.)OJgrade (or) 0 I wouldnot feelcomfortableat anygrade

Piac.eaeJ"ir'x' inside'bcPc.1,;vo'("'.k,," ",ifilf" iit(nn9?(; ;;"irtJin l11arlc,C;9ctb9, .

10. What of the following issues affected your decision to 11. Would you probably let your child walk or bike to/from
allow, or not allow, your child to walk or bike to/from school if this problem were changed or improved? (Selectone
school? (SelectALLthat apply) choiceper line,markboxwith X)

o Mychildalreadywalksor bikesto/from school

o Distance.............................................................................................................0 Yes ONO D NotSure

o Convenienceofdriving.....................................................................................0 Yes ONO D NotSure

o Time..................................................................................................................0 Yes ONO D NotSure

o Child'sbeforeorafter-schoolactivities.............................................................0 Yes ONO o NotSure

o Speedoftrafficalongroute..............................................................................0 Yes ONo D NotSure

o Amountof trafficalongroute...........................................................................0 Yes ONO D NotSure

o Adults to walk or bike with...............................................................................0 Yes ONO D NotSure

o Sidewalksor pathways.........................................................,............................0 Yes ONo D NotSure

o Safetyof intersectionsandcrossings...............................................................0 Yes ONO D NotSure

o Crossingguards.................................................................................................0 Yes ONO D NotSure

o Violenceor crime..............................................................................................0 Yes ONO D NotSure

o Weatheror .climate...........................................................................................0 Yes ONO o NotSure

+ piacea clear 'X' inside box. Ifou'make a'miStake fill the'entire bo" and then mark the correct box
12. In your opinion, how much does your child's school encourage or discourage walking and biking to/from school?

o StronglyEncourages o Encourages o Neither o Discourages D StronglyDiscourages
13. How much fun is walking or biking to/from school for your child?

o Very Fun o Fun o Neutral o Boring o Very Boring

14. How healthy Is walking or biking to/from school for your child?

o Very Healthy o Healthy o Neutral o Unhealthy D VeryUnhealthy

+ 'pjace a cl"ear'X} Inside oX: If u a e I e l fthe +
15. What is the highest grade or year of school yoU completed?

o Grades 1 through 8 (Elementary) o College 1 to 3 years (Some college or technical school)

o Grades 9 through 11 (Some high school) o College 4 years or more (College graduate)

o Grade 12 or GED(High school graduate) o Prefer not to answer

16. Please provide any additional comments balow,



-- --

Figure-3(ParentSurveyandTeacherSurveytheSameexceptTeacherSurveyHeadingRead:

"SouthamptonRoadElementarySchool-TeacherSurvey"

SouthamptonRoad Elementary School-ParentDriver Survey

This survey is completely voluntary and there areno requirements to take this survey.Pleasedo not provide
names,survey should remain anonymous.The purpose of this survey is to estimatethe amount of vehicular
emissions that are being generatedby your school.

I. Whatkind of vehicledoyoudrive(pleasecircle)? 1)PassengerCar 2)Truck/SUY 3) Motorcycle
4) Other (pleaseSpecify)

2. What model year is your vehicle (i.e. 2004)7

3. Do you carpoolonatypicaltrip to or from school(PleaseCircle)? 1)No 2) Yes

4. If yesto # 3, howmanypupilsarein your carpool?

5. What is the distance of your typical trip to or from school (to the nearesttenth of a mile, e.g. 3.1 miles)?

6. How manydaysaweekdoyoutypically driveto school(PleaseCircle)? 1)OneDay 2) TwoDays
3) ThreeDays 4) FourDays 5)Everyday
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Table-1

AverageDistanceTraveledto Schoolfor SouthamptonRoadServiceArea
Location Miles Traveledto School
MontgomeryStreet/NotreDameStreet 1.8
WarfieldDrive/RootRoad 3.1
RussellvilleRoad/DeerPathLane 4.8
HawksCirc1e/ProspectStreetExtension 3.8
SpringdaleRoad/SandyHill Road 1.6
MontgomeryRoad/WestRoad 4
TotalDistance 19.1
AverageDistance 3.2
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