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About one hundredcities in the United Statesand else-
where(eg.,Mexico City) experienceepisodeswhereozone
concentrationsexceedthe United Statesstandardof 0.12
ppm. Emissionsof reactiveOrganicgases(ROG) areakey
precursorto ozone formation in theseurban areas,and
regulationshavetargetedreducingthemassemissionrates
of ROG. However, the same massemission rate of cvo
organiccompoundscancontributevery differentamouats
to thetotal ozoneformationin anurbanbasin.Reasonsfor
thedifferencesincludetheindividual compound’soxidation
rate (particularly the reactionwith the hydroxyl radical,
OH), the products of the reactionsand the prevailing
ambientconditions.In aneffort to improveair quality in
thenation’smostpollutedcities, regulatorsandmanufac-
turersareconsideringtaking advantageof thedifferences
in reactivity by using alternativefuels and reformulated
gasolinesfor usein automobiles.Thesealternativefuels,
and the emissionsfrom vehicles using thesefuels, are
intended to promote less ozone formation than using
conventionalgasoline.In thenearterm, thesealternatives
include methanol,methanolblends,naturalgas, etharol,
ethanol blends, and reformulatedgasoline, which inay
containsubstantialquantitiesof oxygenates.A key ques-
tion arisesasto how to comparethe relativebenefitsof the
various fuels in terms of their atmosphericimpact, and
provideascientificallyjustified, equitablepolicyregulating
alternatively fueled vehicle.(AFV) emissions.While there
havebeenproposalsto includethecompounds’netreactiv-
ity, or “ozoneformationpotential,” to accountfor reactiv-
ity differences,until recently regulationshave followed a
two-tieredapproachclassifyingorganicgasesasreactiveor
unreactive,and if they are reactive they are givenequal
weighting. Recently, the California Air ResourcesBoard
adoptedorganicgasexhaustethissionstandardsfor autorr.o-
bileswith aproposedreactivity-weightingof theemissior:s.
This paperaddressesissuesassociatedwith reactivity, or
“ozone forming potential” of organic gases,and issues
associatedwith therecentCalifornia regulations.
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the ozone (on a carbon mass basis) as alkenes, aldehydes,
non-toluene aromatics and ethene. On a per-carbon basis,
formaldehyde added about ten times as much ozone as the -~ast
reactive organicstested.The results of the trajectory mLdel.

basedstudy usuallycomparewell with thosefound here.The
pollution formation potentials oan now be used in assessing the
relativeimpactof variousexhaustgascompositions.

In responseto thedesire to allow the useof cleaner-burning
automotivefuels,and at the same time to provide an equitable
regulatoryframeworkfor comparingspecific fuel/vehicle combi-
nations, recentaction by the California Air ResourcesBoard

proposeda reactivity-weighting for calculating the allowable
automobileexhaustmass emission rate of non-methaneorganic
gases. The ozone-forming potentials” of individual organic

compounds,timesthemassfractionof thosecomponentsin the
exhaust,aresUmmedto find thenetozonefarmingpotentialfor
a fuel/vehiclecombination. In this way, the ozoneproduction
potentialsof variousalternativefuels (andreformulatedgaso-
lines) can be directly compared.Currently,the ozone-forming
potentialsof individualorganicsarecalculatedusingtheresults
of anaverageof about35 episodessimulatedwith achemically
detailed,1-dimensionalmodel over short (lessthan one day)
modeling periods.At questionis whetherusing a physically

detailed,three-dimensionalmodelandmulti-day simulationsof
a single severeepisodegivescomparablecalculatedozone
formation sensitivity, and also what the impact of changing
emissionswould haveanotherpollutantssuchasNO2, PAN and

formaldehyde.
This study usesa 3-D Eulerianphotochemicalmodel andan

advancedchemicalreactionmechanismto evaluatethesensitiv-
ity of pollutant levelsto changesin emissions.In particular,the
ozoneforming potenti?lsof classesof organiccompoundsare

calculated,with particularemphasison oxygenatedorganics
associatedwith alternativefuels. Methanol, ethanol, MTBE,
alkaneandtolueneemissionswerefoundto addaboutone-fifth
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Implications

Useof organiccompoundreactivitiesis beingpromul-
gatedby theCaliforniaAir ResourcesBoardfor provid-
ing a level playing field for comparisonand taking
advantageof the differencesbetweenalternativefuels.
Theseregulationsarebeingconsideredfor adoptionby
other states.This study investigateshow results ob-
tained using a comprehensivethree-dimensionalair
quality model comparewith speciesreactivities devel-
opedfrom the EKMA-type model beingused in the
regulatoi-yprocess.In general,theresultscomparewell,
thoughsomemarkeddifferencesareapparent.
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tively, how fuel changeswill improve (or harm)air quality
in urbanbasins.First, the forecastexhaustcomposition
andemissionratesfrom vehicletypes[e.g., thoserunning
on a methanol-gasolineblend (M85), compressednabiral
gas (CNG), or reformulatedgasoline)may be usedwith
advancedphotochemicalmodelsto predict what impact
using a new fuel in motor vehicles will haveon smog
formation (see, for example,References1—3). While this
procedureis the most appropriatefor determiningthe
effects of the exhaustfrom the “assumed” vehicle (or
vehicle fleet), it suffersfrom two shortcomings.First, the
compositionof emissionsfrom future vehiclesusingdif-
ferent fuels is unknown, and forecastsare debated.A
secondshortcomingis that this routedoesnot determine
the role individual exhaustcomponentshaveon forming
ozoneandotherpollutants.However,thisdirectdetermina-
tion doesaccountfor the non-linearinteractionsbetween
theemittedcompounds.

A seconddirection is to test the sensitivity of ozone
•formation, and other secondaryspecies,to changesin
entiiisions of individual compoundsor classesof corn-
pounds.This information canthenbe pieced togetherto
estimatethe effects of manyof thesecompoundsemitted
simultaneously.Thisrouteis takenhere,andis themotiva-
tion of the work of Carter and Atkinson,4 Carter,6 and
Chang and Rudy.6 This is also the basis behind recent
proposalsby the CaliforniaAir ResourcesBoard7for devel-
oping reactivity-basedstandardsfor mobile source emis-
sions.However,summingindividualcompoundreactivities
toestimatetheimpactofthecombinedmixtureneglectsthe
synergismsbetweenspecies,andmaynotfully accountfor
non-lineareffectsof thechemistry.Forsmallperturbations
in emissions,theselimitations shouldbe minor, though
would he significant for, say,shifting anentirefleet to the
use c alternatively-fueledvehicles (AFVs). This paper
discussesthe use of a 3-D grid-basedairshedmodel to
developa relativereactivityscalefor both individual com-
pounds(e.g., methanol,ethene,formaldehyde,etc.), and
lumped organicclasses(e.g., aroinatics,higheraldehydes,
alkanes,etc.).Thisinformation canbe usedfor regulatory
purposesand for comparisonwith similar calculations
conductedusing chemicallymore detailedandphysically
lesscompletemodels.4-6Of noteis thatthereactivityscale
currently proposedby the CARB (i.e., developed by
Carter4’5’7), was derived from a suite of 35 single day,
trajectory simulations (effectively less than 1$ hours),
Using a pseudo-idimensionalmodel. Onequestionbeing
addressedhere is the importanceof consideringmulti-day
effects.Thisis importantbecausemostsmogepisodesare
tulti-dayevents,andthecarryoverof pollutantsfrom one
day to thenext is critically important.A greaterfractionof
the lessreactiveorganicswill remainon following days.A.
Secondissue is if there are significant differenceswhen
sockingat exposurebasedresultsversuspeakozoneforma-
tonresults.

In previ~1~studies2’8the 3-dimensional,Eulerian,Cali-
Ornia/CarnegieInstitute~fTechnolo~,(CIT) photochemi-

airshedmodel was used to simulatethe evolutionof
• ~o utaj)ts during a multi-day smog episodein the Los

• ~s l!s, California Basin. The period chosenfor detailed
,,hng wasAugust 30 to September1, 1982, andwas
• ~tu because:

L ~eteo~0l lial ~ presentduringthethree-day
• • • ~nod wereconduciveto forming ozone.By the third

Y of the 1982 episode,ozoneconcentrationsb~tup
ppm, which is comparableto thehighestlevels

t~corded in recentyears
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relativelyunpolluted.This, andtheuse of a three-day
modelingperiod, makespredictedpollutantconcentra-
tions on the third day relatively insensitiveto initial
conditions(This was tested,and the resultsare given
elsewhere8).

3. Pollutant measurementsof trace species, including
PAN, HNO3, aerosolnitrate, and NH3, were made
during the first two daysof the period.9 Along with
routine monitoring data, this allowed for extensive
modelperformancetesting.Model resultsfor notonly
03 andMO2, butalso tracespeciessuchasnitrateand
PAN comparedwell with measurements.8

4. Winds duringthis periodweregenerallywesterlyfrom
over thePacific Ocean.Pollutantconcentrationsover
theoceanarelow, andif the modelingdomainextends
sufficiently far out, predictedconcentrationsin the
Basin are relatively independentof boundaryconch-
tions.’0

In this study,themeteorologicalinputs correspondto the
August30—September1, 1982period.MeteorologIcalfields
weredevelopedfrom observationsthroughoutthemodeling
domain(Figure1) usingobjectiveanalysistechniques.11

Basecaseemissioninputsusedin this studycorrespond
to theyear2010 forecastinventoryfor theSouthCoastAir
Basin(SoCAB)(TableI). Thisinventorydoesnotreflectthe
proposedcontrols developed as part of the recent Air
QualityManagementPlan’2 (AQMP), butdoesreflectmore
stringent mobile sourceregulations.The 2010 inventory
waschosenformodelingbecausethereis amarkedtimelag
betweenadoptinga sourcecontrol techniqueandthetime
that thecontrolis fully implemented.Forexample,it takes
morethan 10 yearsto turn over thevehiclefleet, andthe
oldervehiclescontributedisproportionatelyto mobilesource
emissions. -

The version of the CIT model used in this study has
implementedthe Lurmann, Carter Coyner,13or
condensedchemicalmechanism.Thismechanismwascho-
sento replacetheCaltechmechanismbecauseit represents
the state-of-the-artdescriptionof atmosphericphotochem-
istry at a l~velcompatiblewith three-dimensionalairshed
models. Correct implementationof the LCC mechanism
wasverifiedagainstthesuppliedtest caseJ3In this study,
thatmechanismwas extendedto include,explicitly, metha-
nol (METH) andethanol(ETOH):

METH + OH-. HCHO + HO2 K = 1360ppm~min’

ETOH + OH + Ill NO —>11922ALD2
+ 0.156HCHO + 0.1NO + HO2

K = 5040ppn,~xnin’

ALD2 is thelumpedaldehydeincludingacetaldehyde.The
ETOH chemistryandMTBE oxidationmechanismstaken
from Carter’4werealsoimplemented:

MTBE + OH -* 0.98RO2R+ 037R202
+ 1102RO2N + 1141MEK + 039HCHO

- IC = 4130ppm_imin’

Emissionswereprocessedtodevelopa spatiallyandtempo-
rally detailedinventory for use with the LCC chemical
mechanism(Table II). This inventory, along with the
meteorologicaland geographicalfields, provide the base
casepredictionsof O~,NO2,HCHO,PAN andotherpollut-
ants.

Localsensitivitiesto changesin emissionsare calculated
by perturbingthe emissioninventory,and re-runningthe
airshedmodel for the full three-dayperiod. Resultsfrom
the third day are used to minimize any dependenceon
initial conditions. In the perturbedsimulations,all other
inputs, including boundaryand initial conditions,were
unaltered.The sensitivityto a changein the emissionsof
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Figure 1. Map of calffornias South coastfijr Basin (socAB), showing the grid system used. The modeling region is denoted by the hea~tsolid (—) line.

speciesi, S1,is thendefinedas:

P(E,,~)—PW5)
-

whereP is thepredictedquantity(e.g,peakozoneor ozone
exposure),associatedwith eitherthei’th perturbedinven-
tory, ~ or thebaseinventory,E6. In this study~ andE5are measuredin moles (or kilograms) carbon of each
organicspeciesandCo. Thesensitivitiesarethenstatedon
apercarbonor pergrambasis.In mostcases,theincrease
in emissionsare allocated with the same spatial and
temporaldistribution as the original species.Exceptions
were made for methanol,ethanolandMTBE, which are
currentlyemittedfrom relatively few sources.However, if
thesecompoundsfind greaterusein transportationfuels,
thoseemissionscouldbecomewidespread.For this reason,
increasesin thoseemissionswere distributedproportion-
ally to the other organics.Emission perturbationlevels
werechosento give abouta5 to 10 percentchangein peak
ozone, but not severelychangethe total carbonconcentra-
tions.

While much concern is devoted to how peak ozone
concentrationsrespondto emissionchanges,theapproach
taken here considersa broader range of measures-In
addition to thesensitivityof thepeakozone,thesensitivi-
ties of the peakHCHO, PAN andNO2 arealsocalculated.
Oneadvantageof usingathree-dimensionalairshedmodel,
as comparedto a trajectory model, is that the spatial
distribution of pollutantsis alsopredicted.Thesefieldscan
be combinedwith the forecastpopulationdistribution to
provideanexposure-basedestimateoftheimpactof raising
speciesemissions.In addition to peaksensitivities,expo-
suresensitivitiesarealsocalculated. -

Tablet. Forecast2010emissions(i0~kg day).

CO NO~ ROG

On-Road 4274 430 • 355
StationaryandOffRoad 1843 436 1097
Total 6117 866 1452
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Results

Predictedpeakconcentrationsand exposuresfor 03,

HCHO, NO
2

and PAN are given in TableIII for the base
case.For0~,exposuresareonly consideredif thepredicted
concentrationis above(112 ppm, the national standard.
Therewas a slight changein the predictedconcentrations
of mostspecieswhenthechemicalmechanismwas changed
from the Caltechto LCC mechanism,thoughtherela~ve
spatialandtemporaldistributionsweresimilar. Compared
to similarsimulationsusingtheCIT modelandtheCaltech
chemistry,the predictedpeakozonein the centralportion
of theBasindecreasedby 9 percent.Exposuresresponded
similarly to thechangein mechanism.

Pollutant formationsensitivitiesto eachof the emitted
organicclassesusedin thecondensedLCC mechanismsare
given inTableIV. In addition,thesensitivitiesto methanol,
ethanol(ETOH) andMTBE are alsogiven. TableV gives
the “normalized”sensitivity of peakozoneandexposure,
N~,usingthesensitivityof ozonepeakandexposureto CO:

Si

This facilitates comparisonwith the results of different
modelformulationsandsensitivitymeasures.(It is imprac-
tical to try to define an incremental reactivity measure

TableII. Easecaseemissionsby chemicalclassin molescarbon.

Species Speciesdescription
(Emissions
jio~molesC

CO Carbonmonoalde 218295
ALD2 Higheraldehydes 850
ALICA > C3 alkanes 53601
ALICE > C

2
alkenes 5890

AROM Di- andtri-ailcyl aromatics 4193
ETHE Ethene 796
HCHO Formaldehyde 375
TOLU Toluene 9353
METH Methanol 445
MTBE Methyl t-Butyl ether 0
ETOH Ethanol 0
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emissions.

Emitted
Compoun
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CO

Aldehydes
Alkanes
Alkenes
Aromatics
Ethene
Formaldeh
Toluene
Methanol
Ethanol
MTBE
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NO2
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similar to that usedby CarterandAtkinson4 becausethat
measurewould dependon modeling domain. The peak
ozone doesnot respond equally to emissionsin various
partsof theBasin.)Similar quantitiesderivedfrom Carter5

andthosebasedon the OH-reactivityare alsoshown for
comparison.

Resultsshownin TablesIV andV canbeusedto estimate
theeffectivenessof changingthe compositionand mass
emission rates from sourcessuch as automobiles and
solvents.First, it is obvious from this analysisthat the
pollutant forming potential of a compoundis not ade-
quarely characterizedsolely by themassemissionrate or
the Liydroxyl radical reactivity or a simple combinationof
the two (eg.,Table V). The limited lifetimes of thehighly
reactivecompoundsdecreasetheir impact relativeto using
theOH-reactivity,overmulti-day episodes.

The rank ordering of the species in the per carbon
contribution to forming ozone (e.g., exposure)is found to
be, in ascendingorder: CO, MTBE, methanol,ALKA (a!-
kanes),ethanol,toluene,ethene,ALD2 (higheraldehydes),
ALICE (alkenes),AROM (di- and tri-alkyl benzenes)and

TableIV. Pollutantsensitivitiesto individual compounds
emissions.

Pollutantsensitivities
•

-Emitted
Compound

(in pergramof organiccompoundemitted)

Ozone HCHO

Peak Exposure Peak Exposure
Class (x109) (x104) 0<10°) 0<10~)

CO 0.95 1.0 0.0 —(110
Aldehydes 140 92 53 50
Ailcanes 49 27 2.6 3.0
Alkenes 190 150 156 85
Aromatics 170 200 • 43 45
Ethene 190 120 110 110
Formaldehyde 160 180 950 840
Toluene 65 58 17 15
M,,’hanol 18 10 11 10
Ethanol 23 17 7.7 7.0
MTBE • 21 13 &5 3.0

NO2 • PAN

• Peak Exposure Peak Exposure
0<10~) (x104) (x10°) 0<10~)

CO —1.9 0.53 —0.62 —0.0
Aldehydes —154 57 22 23
Alkanes 3.6 11 0.43 20
Alkenes 168 90 —0.18 27
Arornatics —163 48 —10 30
Ethene —20 37 —7.4 9-5
ECHO 92 58 —24 14
Toulene 3.2 13 6.0 8.4
hi’rhaj-~ol 7.0 2.6 • —0.8 0.56
Ethanol 15 6.7 3.9 3.6
MTBE 11 3.7 —0.3 • 0.46
‘Peak sensitivity is in units of (10—°)ppm per gram organic
compound(or CO) emitted,andexposure sensitivity is in units of
(104) person-ppm-hoursper gram.Actualcompoundmolecular
weightswere usedwhen possible.For lumped species,molecular
weightis calculatedfrom averagecarbonnumber.Ozoneexposure
~5toconcentrations� 0.12ppm.
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basis):Comparisonofairshedresultsto EIGiIA-typemodel.

K0H/KoHco
Airshed

Peak Exposure
Per Per

molecule carbon
Carter

MOE1 MIR2

CO 1 1 1 1 1 1
ALD2 108 67 65 333 52~ 71
ALKA 27 14 21 4S° 76 9
ALICE 102 77 173 457 63
AROM 87 94 176 23° 3

2i0 75
ETHE 100 60 35 18 39 67
ECHO 176 188 41 41 63 162
TOLU 32 28 25 4 6 21
METE 21 12 4 4 6 11
Ethanol 20 14 15 8 10 16
MTBE 14 8 12 2.4 6 7

Incrementalozonereactivityat peakozonepredictedas defined
by Carter.’4
°Maximumincrementalreactivity,asdefinedby Carter.i4
3 Usedanaverageof 2.38atomsC/molecule.
4 Usedincrementalreactivityfor acetaldehyde.
An averageof4.27 atomsC/moleculeused.6Used50% C4-C5alkanes,and50%C6+ alkanesfromCarterY
Anaverageof &93 atomsC/moleculeused.8UsedC4-C5alkenesfromCarter.2

Anaverageof 7.8 atomsC/moleculeused.
‘°Usedequalportionsofdi- andtri-alkyl benzenesfromCarter.2

ECHO. (Thereasonfor usingapercarbonbasisis thatthe
ener~~contentof theorganicsis more closely associated
with theamountof carbon.)On amassbasis,thecontribu-
tion to forming ozone.of the non-aldehydeoxygenates
(methanol,ethanol,andMTBE) aresimilar, aridareabout
one tenth of the higher aldehydes, alkenes, aromatics,
ECHO and•ethene.(It shouldbe rememberedthat these
classesapproximatean averageof the reactivitiesin that
class,andindividual speciesmaybemoreor lessreactive.)

An interestingaspectof using an airshedmodel in this
typeof analysisis theability to comparetheexposure-based
andpeakozoneresults.As shown in TablesIV andV, the
relative sensitivity of peakozoneand ozoneexposurefor
each speciesis not identical. This is most striking for
ABOM andECHOthathaveagreaterimpact onexposure
than peak. Their high reactivity leads to rapid ozone
formation in the more densely populated,lower ozone
regions in the SoCAB. On the other hand, their limited
lifetimes and, very importantly, the formation of organic
nitrateslead to somewhatsmaller impactsin the down-
wind, peakozoneregion. Conversely,the lessreactiveand
longerlived methanol,MTBE andalkanescontributesome-
whatmoreto thedownwindpeakthanto exposure.

Contributions of individual compoundsto increasing
ECHO, NO

2
andPAN levelsdo not follow their contribu-

tion to forming03. Forexample,CO andmethanol(METH)
arenot precursorsto PAN, and substitutingthoseemis-
sionsfor othercompoundscan leadto reductionsin PAN
levels.Notunexpectedly,PAN formationis verysensitiveto
ALD2, ALICE andAROM. Of the organicstested,METH
contributedleastto increasingNO,, andALICE contributed
most.Sensitivityof HCHOformationis smallestfor MTBE,
CO and alkanes,andthegreatestsensitivity is found for
increasingECHO,ALICE andETHE (ethene)emissions.

Comparisonof theseresultswith thoseof Carter5(Table
V) showsrather strongagreementin most cases.ALKA,
METE andMTBE aremore reactivein thealrshedanaly-
sis. One likely reason for the differencesis that these
speciesarelessreactive,so agreaterfractioncanreactover
threedaysimulations.Otherpossibilitiesincludetheuseof
a 3-fl model, with greater physical detail (though less
detalledchemistry),spatially andte’mporallyexplicit emis-
sions,useof adifferentNO to NO2 ratio in emissions,the
use of a specific meteorologicalperiod, or the use of a

177



- lumped mechanism.It is interestingthat theALKA (al- Alto, airshedanalysis provides a measureof pollutant ~~~SSN104?
• kane)resultsherediffer sO markedlyfrom thosefoundfor exposure,whichasshowndoesnot behavethesameasthe •C

thechemicallydetailedanalysis.Reasotisfor thedifferences
arebeingexplored.

-- • One concern with using this, or the Carter5-typeof
analysisfor deterininingtheimpact Ofverylargeperturba-
tions in theinventoryis thenon-linearityofthechemistry.3

Thesensitivitiesdevelopedherearelocal;andthe response
will dependnot only on theorganicemissions,but alsoon
the magnitude of NO5 emissionsand the spatial and
temporaldistribution. CarterandAtkinsont showthat at
veryhigh ROG/NOXratios, theozonereactivityto certain
organiccompoundsma~’go negativeandtherelativereactiv-
ities changedramatically~However, ROGcontrolwill have
little effect in thoseregimesbecauseozone formation is
NO5-limited.’5 In the baseemissionsitiventory used,the
ROG/N0

5
ratiois about5.5ppthC/ppmNOz. This leadsto

an ambient9:00 amROG/N05ratio of aboutS in dense
sourceregions.DownwindROG/N05ratiosarehigher, and
canexceed20. Thus,theniodeledareaspansawide rangeof
conditions.Thepredittedpeakis in aregionwith a higher
ROG/N0

5
ratiO, so it is not áurprising that the peak

sensitivities found correspondmore closely with Carter’s
MOR• scalewhich also is found at higher ratios and is a
measureof thepeakozoneresponse.If therelatheamounts
of ROG andNO5 in the inventory wereto changesignifi-
cantly, thesensitivitieswouldlikely change.

The seeniinglysmall differencesin relath~ereactivities
betweenCarter’sresultsandthesecouldhavemajorimpli-
tations for control strate~ranalysisif thedifferenceleads
to aconsistentbiasin thereactivityof fuel types.The10 tO
20 percentdifferencesfoundfor mostspeciesaresimilar to
thereactivitydifferencesbetweenexhaustfrom somefuels.

Conclusions

A three-dimensionalair quality niodelhasbeenusedto
provide the relativesensitivitiesof pollutant formation to
changesin organiccompoundemissions.Resultsshowthe
benefitsof replacingthe morereactivearomatic,aldehyde
andalkenefractionsof emissionswith alkane~,methanol,
ethanol andMTBE. This is indicative of thebenefits of
reformulatinjgasolineto decreasethemassemissionrates
of the rdadtivecomponentswith alkanesarid MTBE (arid
possiblytoluene),andthatalternativefuels suchaámetha-
nol, naturalgasandLPG couldhelpdecreaseozOneconcen-
trations. Lower NO2, HCHO and PAN concentrations
would also result from decreasingthe reactivity of the
emissionsunlessethanolis substituted.

This analysisfound important similarities and differ-
ences with a similar set of studies by Carter and co-
workers4’5usinganEKMA-type model.Therelativereactiv-
ity of most compoundscomparequite favorablywith the
EIC\4A-basedresults. Toluene,MTBE, and alkaneswere
found to •be relatively more reactive.Further analysisis
requiredto understandall thereasonsfor thesedifferences.

Reactivitiesderivedby this typeofanalysiscanbeusedtO
help guideregulatorsandmanufacturersin improvingair
quality by loOkingat theuseof cleanerfuels.Theseresults
showthat the incrementalreactivityscaleof Carter5jiro-
-ndesareasonablefirst estimateof therelativeimportance
of compoundsin forming ozone in an alrshedlike Los
Angeles.This is important given that the reactivity ~cale
usedby Carteris for asuiteof sceriarios,typicalof multiple
cities. HOwever, the differencescan be significant, and
warrant the use of more detailed,robust, area specific
analysiswhen possible.Carter’S analysisdid dot provide
the sensitivities of other species,suchas PAN, NO2 and
HCHO. Thesespeciesdo not respondthesameasozone.
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