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EXECUTIVE SUMMARY

TheUniver sty of Denver remote sensor for motor vehicle carbon monoxide (CO) and hydr ocarbon
(HC) emissionswas utilized for seven daysin the Chicago areain October, 1990. The system
alsorecorded vehicle speed, an estimateof acceler ation and afreeze-framevideo pictureof the
rear of thevehiclefrom which thelicenseplatewasread. Theremotesensor measuresthe CO/CO,
(carbon dioxide) and HC/CO, ratio from which the exhaust % CO and % HC are calculated
which would have been measured had the vehicle been equipped with a tailpipe probe. The
instantaneous mass emissions in grams CO or HC per gallon of gasoline used can also be
determined.

For fiveof thedaysthe syssem wasused to monitor theon and off freeway rampsat theinter section
of 1-290 (the Eisenhower Expressway) with Central Avenuein Cicero. In addition, two more
daysof CO only measurementsweremadeat thel-88 eastbound to 1-355 southbound inter change
on August 25and 26, 1990. Over 21,000 valid CO and HC emission measur ementsweremade.

When thevideotapeshad been read and returned to the State for matching, thetotal number
of vehiclesboth measur ed and matched with thelicenseplatedatabasewasover 13,000. When
the data were analyzed, overall half the CO was emitted by 9.4% per cent of the vehicles, the
grosspolluters, with % CO greater than 3.5%. Most new vehicleswer eso clean that their emissions
werealmost negligible. Half of theHC wasemitted by 14.25 per cent of thevehicleswith%oHC
greater than 0.23%. Again, asmall fraction of thefleet isresponsiblefor most of theHC emissons.
Most of thedeteriorationin air quality arisesfrom theemissionsof thedirtiest 20% of thevehicles.
However, new vehicleswerenot asunifor mly clean aswasfound for % CO, and in fact the%HC
showed only aslight model year dependence. TheaverageCO emissionsfor themeasur ed fleet
was 1.10 % CO, which corresponds to approximately 425 grams CO per gallon of gasoline
consumed. Theaverageemission of hydrocarbons (in propane equivalents) was0.139 % HC,
or 84 gramsHC per gallon of gasoline. For both HC and CO thedirtiest 20% of the one year
old fleet wasdirtier than the cleanest 20% of all model yearsregar dless of age and emissions
control technology.

Comparison of 1-290 with |-88/1-355 data suggeststhat nomor ethan 38% of themeasured CO
emissionscould arisefrom vehiclesin either acold start or an off-cycleacceleration mode. An
independent agebased analysisof thedataindicatesan upper limit of 46% . Other datasuggests
that 15% isa morenearly correct fraction.

An analysisof the235 vehiclesmeasured for HC four or moretimesrevealed that only 38 (16%)
exceeded the 0.23 % HC cut point two or moretimes. This16% of thefleet contributed 33%
of thetotal HC emissions. Of the subfleet of 235 vehiclesmeasured four or moretimes, there
wer e 187 vehicles(80% ) which never exceeded the CO grosspolluter cut point, and an additional
28 which exceeded the cut point only once. Only 30 vehicles(13% ) exceeded the cut point two
or moretimes, but this 13% contributed 50% of thetotal CO emitted.
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Although the speed/acceler ation system wasmor eerror pronethan theemissionsmeasur ement
an analysis of several thousand vehicle emissions could be carried out in comparison to valid
speed/acceleration data. Theresults werethat the dependence of aver age fleet emissions on
speed and acceleration at thissitewassmall, and in thedirection of higher emissionsat lower
speed/acceleration. At theon-ramp site, because of theramp metering in the morning, speed
and acceleration were well correlated and thus could not be separated in their effects. Since
high CO emissionsar ewell correlated with tamper ed emission contr ol systemsthehigher than
average CO readingsfor late model vehiclesat thissite may be a result of higher tampering
rates compared with other U.S. cities.

Theseresultsimply that an inspection and maintenance program incor por ating remotesensing
hasthe potential to identify a significant fraction of the on-road CO and HC emissionswhile
inconveniencing only a small fraction of all vehicle owners. If the pass/fail cut points are set
to a per centage of thetotal observed emissionsat a given site, thefailureratewould be fixed,
and the program would automatically tighten up the absolute standards as the emissions of
thefleet arereduced. Thisstudy isafollow up tothe 1989 study of CO emissionsonly, theaddition
of hydrocar bon data addsa new dimension scientifically although the essential conclusonsremain
the same.

Theon road data have been compar ed tothelllinois|/M emissionsdatafor the samevehicles.
Theresultsconfirm Califor niastudiesthat on-road and reported | /M emissionsreadingsshow
nosignificant correlation. Notwithstandingthelack of on-road emissionscorrelation, vehicles
identified by thel/M program ashaving problemsdo show higher on-road emissionsthan the
remainder of thefleet.
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|. INTRODUCTION

Urban air quality does not meet the federal standardsin many cities. Violations of the ozone
standard arisefrom photochemical transfor mation of oxidesof nitrogen (NO,) and hydr ocar bons
(HC). Carbon monoxide (CO) standardsareprimarily violated asaresult of direct emission
of thegas. Although thereare differ ences between compounds, and between different urban
ar eas, mobilesour cesareamajor factor in all urban emissionsinventoriesfor carbon monoxide,
hydrocarbons, and oxides of nitrogen.

Air pollution control measurestaken to mitigate maobile sour ce emissionsin non-attainment
areas include inspection and maintenance (I/M) programs, oxygenated fuels mandates and
transportation control measures. Nonetheless many ar eas of non-attainment remained after
the 1987 deadline, and somear e projected toremain in non-attainment for several moreyears
despitethe measures currently undertaken. Theremote sensing techniquesdiscussed in this
report may havethepotential to contributetofurther control measuresin non-compliancear eas.

The1990 U. S. Clean Air Act amendmentsrequirenon-attainment areastoinclude" on-road
emissions monitoring” in their post-1990 I/M programs. Thislanguage, the " Barton Clean
Air Smog Trap Amendment" wasincluded based on literatureand demonstrationsof remote
sensing tothe U. S. Congress by the University of Denver.

With initial support from the Color ado Office of Energy Conservation in 1987, the Univer sity
of Denver developed an infra-red (IR) remotemonitoring system for automaobile carbon monoxide
(CO) exhaust emissions. Significant fuel economy improvementsresult if rich-burning (high
CO emissions) or misfiring (high HC emissions) vehicles are tuned to a mor e stoichiometric
and more efficient air/fuel (A/F) ratio. Therefore, the University of Denver CO/HC remote
sensor isnamed Fuel Efficiency AutomobileTest (FEAT). Thebasicinstrument measuresthe
car bon monoxideto carbon dioxideratio (CO/CO,) in theexhaust of any vehiclepassing through
an Infra-Red (IR) light beam which istransmitted acrossa singlelaneof roadway. An additional
channel to measur e hydrocar bon emissions has been developed and tested successfully.

Figurelshowsaschematicdiagram of theinstrument. Thel R sour cesendsahorizontal beam
of radiation acrossa singletraffic lane, approximately 10 inchesabovetheroad surface. This
beam ispicked up by thedetector on theoppositesideand split intofour wavelength channels;
CO, CO,, HC, and reference. Datafrom all four channelsarefed to acomputer for analysis.
Thecalibration gases(mixturesof CO, propaneand CO,in nitrogen) areused asadaily quality
assurance check on the system.

Theinstrument determinesthe CO/CO,and HC/CO, ratios. Thisratioisitsaf auseful parameter
to describe the combustion system. Most vehicles show ratios close to zero. When CO/CO,
ratiosgreater than zeroar eobser ved theenginemust beoper atingwith afuel rich air/fue ratio.
Inthecaseof alargeHC/CO, ratio, afuel lean air/fuel ratiowhich iscausingamisfireisalso
apossibility, particularly under deceler ation conditions. In addition, for either casetheemission
control system isnot fully operational.



CO and HC Remote Sensing

Calibiration

UNIVERSITY of DENVER

Figurel. A schematic diagram of the University of Denver on-road emissions monitor. Itis
capableof monitoring emissionsat vehiclespeedsbetween 2.5and 150 mph in under onesecond
per vehicle.

With afundamental knowledge of combustion chemistry, many parameter sof thevehicleand
its emissions system can be determined, including the instantaneous air/fuel ratio, grams of
CO or HC emitted per gallon of gasolineand the per centage of CO or HC which would bemeasured
by atailpipe probe.

A. Chemistry of CO and HC Emissions from Automobiles

Thissection isashort summary of the parameter swhich influencetheHC and CO emissions
from automabiles. Thereader should consult one of thetext bookson thesubject, for instance
Heywood (1988) for mor edetails. HC and CO emissionsintheexhaust manifold areafunction
of theair tofuel ratioat which theengineisoperating. These" engineout" emissionsarefurther
alter ed by any tailpipeemission contr olswhich may bepresent. Figure2 showsan approximate
diagram of engine out emissionsasa function of air tofuel ratiowhere7.09 (14.7% air to fuel
by weight) isthe stoichiometricratio at which thereisexactly enough air to fully burn thefuel
tocarbon dioxideand water. Carbon monoxideemissions, asexplained in another report (Stedman
and Bishop, 1990, pp. 3-6), arecaused solely by thelack of adequateair for complete combustion.
TheCO isformed uniformly throughout the volume of the combustion chamber if theair /fuel
mix isuniform.
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Figure 2. An approximatediagram showingtherelative concentrationsof CO and HC produced
by a spark ignited engine asa function of air/fuel ratio by moles. Air to fuel ratio by weight
isapproximately double.

For HC thesituationismorecomplex. Inthemain part of thecombustion chamber away from
the walls essentially all the HC isburnt, however the flame front initiated by the spark plug
can not continueto propagatewithin about onemillimeter of therelatively cold cylinder walls.
This phenomenon causesa " quench layer” next to thewallswhich isathin layer of unburnt
air/fuel mix. Theopening exhaust valveand therising piston scrapethislayer off thewallsand
send it out the exhaust manifold. Asthe mixture becomesricher, the quench layer contains
more HC, thusmore HC is emitted when the vehicleis operating with rich mixtures. There
isa second peak in HC emissionsindicated on theright hand (fuel lean) side of the diagram.
Thisphenomenon isknown as" lean burn misfire" or " lean miss', it isthecauseof thehesitation
experienced at idle before a cold vehicle has fully warmed up. When thismisfiring occurs a
wholecylinder full of unburnt air/fuel mixisemitted intotheexhaust manifold. Misfiringalso
occursif aspark pluglead ismissing, or theignition system to onecylinder isotherwisefatally
compromised. Severe gas mileage loss occur s when significant misfiring istaking place.

Thefact that therearetworegionsof high HC and only oneof high CO already showsthat one
would not expect a high correlation between HC and CO. High HC would beexpected for very
low CO vehiclesaswell asfor high CO vehicles. Onewould not expect to seevery many very
low HC readingsin the presence of high CO. Thisconclusion of lack of correlation isfurther



confounded by the presence of catalytic convertorsin the exhaust system. If a vehicle which
isrunning with arich mixture has a functioning air injection system and catalyst then both
theHC and CO will beremoved. If thecatalyst isfunctioningbut thereisnoair injection then
someor all of theHC will be converted to CO but the CO will remain sincethereisinadequate
oxygen for itsoxidation. For thisreason it ispossiblefor a catalyst equipped vehiclewhich is
in fact in thelean burn misfireregion to emit CO intotheair even though it was not emitting
CO intoits own exhaust manifold.

B. Remote Sensing Equations

FEAT can measuretheCO and HC emissionsin all vehicles, including gasolineand diesdl-power ed
vehicles, aslong asthe exhaust plume exitsthe vehicle within a few feet of the ground. Dueto
thecurrent height of thesensingbeam, FEAT will not register emissionsfrom exhaustswhich
exit from thetop of vehiclessuch asheavy duty diesd vehicles. Carbon monoxide and hydrocarbon
emissions from diesel vehiclesarein any caserelatively negligible.

Themechanism by which FEAT measuresaratioisexplained in Bishop et al. (1989). TheCO/CO,
and HC/CO, ratios can be deter mined by remote sensing, independent of wind, temperature,
and turbulencein 0.9 seconds per passing car. Other peer-reviewed publications describing
remotesensing arelisted inthereferences. FEAT hasbeen shown to give correct readingsfor
CO by meansof double-blind studiesof vehiclesboth on ther oad and on dynamometer s(L awson
et al. 1990; Stedman and Bishop, 1991). TheHC channel hasbeen subjected tosimilar rigorous
testing in Californiain May of 1991. Thedata arein the process of analysis.

The massemissionsin grams CO per gallon of gasoline burned can be derived from
gCO/gal = 15,800 * % CO/(42 - 1.07 * % CO)
The gHC/gal can be estimated from
gHC/gal = 1.57 * gCO/gal * %HC / % CO

The average % CO for thefleet of 13,640 vehicles measured in October 1990is1.10%. This
trandatesinto 425 gCO/gallon. If mass emissionsin g/mile arerequired then g/gallon must
be converted to g/mile by means of gas mileage data. 1f we assume an aver age gas mileage of
17 mpg, then the average emissions of 1.10 % CO corresponds to an average emission of 25
gCO/mile. Themean %HC is0.139. Thisconvertsto 84 gHC/gal and 5 gHC/mile. For the
pur posesof obtaining emissionsinventoriesit islikely that accur atedata on gallonsof gasoline
sold are more easily obtainable than accur ate vehicle milestravelled data.

The FEAT remote sensor isaccompanied by avideo system when license plateinformation is
required. Thevideocameraiscoupled directly intothedataanalysiscomputer sothat theimage
of each passing vehicleisfrozen ontothevideo screen. Thecomputer writesthedate, timeand



thecalculated exhaust CO,HC, and CO, per centageconcentr ationsat thebottom of theimage.
These images ar e stored on videotape or digital storage media.

A radar system has also been developed which is capable of deter mining both the speed and
acceleration of passing vehicles during the same fraction of a second that the emissions are
measured. Theradar readingsarestored inthedatabasewith theother emissionsinfor mation.
The speed data arereasonably reliable. Theacceleration data are moredifficult to interpret
becauseincorrect readingsof appar ent acceler ation arisefrom the necessary placement of the
radar at thesideof theroad, and the changing angle at which theradar beam hitsthevehicle.

FEAT iseffective acrosstraffic lanes of up to 40 feet in width. However, it can only operate
acrossasinglelaneof traffic if onewishesto positively identify and video-r ecor d each vehicle
with itsexhaust. FEAT operatesmost effectively on dry pavement. Rain, snow, and very wet
pavement cause scattering of thel R beam. Theseinterferencescausethefrequency of invalid
readingsto increase, ultimately to the point that all data arerejected as being contaminated
bytoomuch" noise" . At suitablelocationswehavemonitor ed exhaust from over onethousand
vehiclesper hour. FEAT hasbeen used to measur etheemissionsof mor ethan 500,000 vehicles
in Denver, Chicago, the Los Angeles Basin, Toronto, the United Kingdom, and Mexico.

HC dataarecalibrated with and reported asper cent propane. Themorecommonly used " hexane
equivalent” can be obtained approximately by division of the propane per centage values by
an interconversion factor of 1.8.

Thepurposeof thisreport isto describethe measurements made by means of remote sensing
intheChicagoareainthefall of 1990 and compar etheresultsfrom thosefrom 1989, from other
locations, and to provideinfor mation potentially useful for decision makerscharged with the
responsibility to both evaluate and reduce on-road motor vehicle emissions.






II. RESULTS AND DISCUSSION

In October, 1990, fivedaysof measurementswer ecarried out at theinter section between 1-290
(Eisenhower Expressway) and Central Avenuein Cicerolllinois(see Figure3). Themorning
location was the same as studied in 1989 and reported in |LENR/RE-AQ-90/05 by Stedman
and Bishop (1990). Theafter noon location wasthe cor r esponding off-ramp for vehiclesreturning
in theevening from thedowntown area. Each beam block initiatesan analysisfor vehicleexhaust.
Error checkingroutinesinthe FEAT computer eliminateinvalid data caused by pedestrians,
bicyclists, etc. The video tapeswereread for license plate identification and the plates which
appear ed tobein-stateand readablewer eforwar ded tothe Stateto deter minemakeand model
year information. Thisresulted in 13,640 recordswith makeand model year infor mation and
valid CO and HC data. In view of the large data set we chose only to analyze data for which
both parameterswerevalid.

ThelllinoisEPA supplied 12,200 I nspection and M aintenance (1/M) recor dsfor 8,971 of these
vehicles which wer e analyzed for their comparison to the on-road readings.

Thetwodaysin Napervilleat thel-88and 1-355inter changein August resulted in 1980r ecor ds
with valid % CO and make and model year information. Thissiteisquite different than the
Central and Eisenhower site; therearecomparatively fewer records, and only CO datawere
taken. Therefore, thesedatawer eanalyzed separ ately from the October data. Except asnoted,
all referencesaretothe 13,640 valid recordswith make and model year information taken at
the on and off-rampsin October.

A. Oveall Results

Figure4 showsthedistribution of CO emissions(solid bars) by per cent CO category from the
set of 13,640 vehicles measured at the two rampsin the Chicago areain October, 1990. The
hatched bar sshow theoverall CO emissionsfor each category. Themean % CO is1.10%, with
avariance of 3.3%, whilethe median isonly 0.37 % CO. Not only are morethan 70% of the
13,640 vehiclesvery low emitter s, the skewed natur eof thedistribution issuch that morethan
half the emissionscomefrom 9.4 per cent of thevehicleswith emissionsgreater than 3.5% CO
or 1446 gCO per gallon of gasoline. Weusetheterm " gross CO polluters® for those vehicles
identified in that category. For comparison, the later panelsin Figure 4 show that the 1990
Chicago CO data arevery similar in distribution to that from Chicago in 1989, Denver, and
Los Angeles (Stedman et al, 1991a).

Asillustrated by Figure4, motor vehicleemissonsaregammadistributed rather than gaussian
distributed. Therefore, outlierscan not be eliminated based on classical (normal) statistics.
Robust analysisof emissionsdatarequireslargepopulation N valuessincetheemissionspicture
isdominated by only a small number of high emitters.

Figure5illustratesthefleet shownin Figure4in adifferent way. Theten barsshow theemissions
which afleet of ten vehicleswould havein order to exactly match the statistics of the observed

7
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data. 1n each casethelowest 70% of thefleet (the leftmost seven bars) all represent vehicles
with CO emissionslessthan 1%. All seven have been given theaverage sincewedo not claim
that the small distinctions which would arise from oneto the next are significant. The later
panelsagain show that the Chicagofleet emissionsarevery similar tothosefrom other locations,
even though the altitude (5,000 ft) in Denver and the /M programs are quite different. The
I/M programsin Denver and L A aredecentralized, annual in Denver, biennial inLA. Thel/M
program in the Chicago areaiscentralized, and at thetimeof thisstudy wasannual for all vehicles.

Figure 6 showsthedistribution of HC emissions (clear bars) by percent HC category for the
Chicago, 1990 data set. The average % HC in propane equivalentsis 0.139% with a median
valueof 0.087. Thehatched bar sshow theoverall HC emissionsfor each category. Aswith the
CO emissions, thedistribution isskewed such that mor ethan half theemissionscomefrom 14.25
per cent of thevehicleswith emissionsgreater than 0.23% HC or 150gHC per gallon of gasoline
(thegrossHC paolluters).

B. Representativeness of the Data

Thisanalysisistodeter minetheextent towhich thedistribution of emissonsin thefinal registration
matched datasetisthesameasthedistributionintheentiredataset. Thatis, after eliminating
measur ementsfor which wecould not find Stater egistration infor mation, istheremainingdata
Set a representative sample?

Unreadableplateswer esometimesther esult of thevehicleposition in thevideofield at theinstant
of instrument triggering. Thiseffect randomly removesvehicles, and sowill not affect thestatistics
of theremaining data. However, older vehicleshaveahigher probability of damaged or unreadable
plates. Thiswill removeolder and ther efor eon averagehigher polluting cars. Thethird principle
cause of unreadable plates was lighting difficulties during the low light periods of operation.
Overall then, thereisacumulativeeffect of removal of older or dirtier carsand thusalowering
of themeans. Analysisof datafrom taken from theChicagoand L osAngelesar easrevealsthat
although thedifferenceissmall, it isdetectable. Thesmall differencewhich accumulatesthrough
thehigh pollutingtail of the population can show up asaconsider abledifferencein themeans
of thetwo data sets. Thecorrected FEAT mean % CO for Chicagois1.13%. Thisisthedata
with only invalid recor dsremoved, and corrected for thedaily calibration factors. Thisishigher
than thefinal license platematched data set at 1.10% CO. Asthelater analysisof thedata will
show, this effect would be observed if the carslost were only an aver age of two months older
than theaveragecar matched. TheFEAT corrected mean %HC is0.148, and thematched fleet
mean is0.139%HC. Thisanalysisshowsthat unreadableplatesdo correspond to higher emitting
vehicles, however most high emitting vehicles do have readable license plates.

The matched Chicago fleet of 13,640 recordsisbelieved to be arepresentative sample of the
total fleet except that therearelikely to beafew moredirty vehiclesin thetotal fleet than in
thematched fleet. Inview of thefact that we measure statistically smilar data everywherein
North Americawe believethat our resultsarerepresentative of thetotal fleet in the Chicago
area. Theonly correction necessary would befor therelativeageof thefleet at any other location.
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Figure 6. Normalized histogram showing asblack barsthe percentage of the fleet of vehicles
with emissionslessthan thestated % HC (propaneequivalents) category. Clear barsshow the
per centage of emissions.

The 1990 Chicago data baseis available upon request in electronic format from Dr. William
Denham of thelllinois Department of Energy and Natural Resour ces.

C. Differences Between Locations

Remotesensing on-road data setsarenow availablefrom several locationsintheUS. Thedata
arebrokenintoblocksof onehour collection timesbeginningon thehalf hour. All theavailable
dataasof April 1,1991areshownin Figure7awith last year’ sChicagodatahighlighted. Using
only thedata collected below 7,000 feet altitudeand for thosesetscontainingat least 100 ecor ds,
aweighted correlation was run of mean % CO ver sus aver age age weighted by the number
of vehiclesin each hourly bin. Thedataareshownin Figure7b. A regression lineof slope0.23
% CO per year and an intercept at 1.1 yearshasan r? of 0.78. Figure 7awhich showsall data
irrespectiveof altitude, load and number of vehiclesmeasured in thegiven hour, not surprisingly
evidencesmor e scatter, but theunderlying correlation isstill clear. Figure 7c showsthe 1990
Chicagodataand thedatafrom theNapervillesitewith theregression linesuperimposed. The
datacluster around theregression line, and arewithin therangesof all theprior measur ed data
givenin Figure7b. Thefact that aver ageageisthedominant variable effecting CO emissions
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Figure 7a. Hourly averaged % CO emissions plotted against hourly aver aged fleet agefor all
of the available data from US siteswith data from Chicago, IL 1989 highlighted as squares.
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Figure7b. A subset of Figure 7a, where only hourly averages which contain morethan 100
vehicles and wer e collected below 7000 ft. in altitude remain. Theregression lineisweighted
according to the number of vehiclesin each point.
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isapparent. Thereisnoevidenceof significantly different averageemission factorsamongLA,
Denver, Chicago or Toronto when ageistaken into account.

In Chicagoin 1989 the data all camefrom asinglesite. Oneday wasdifferent from the other
four in mean % CO. All datawer ecollected from themor ning rush hour through thenoon % CO
peak. On oneday, an hour waslost around noon. Thisshowed up asa seemingly anomalous
low CO day (Thursday). In Chicago, aswe have also discovered in Los Angeles, variation in
sampling times can lead to a different fleet aver age age, and henceto different CO meansfor
theday. Startinglateor stopping early for theremote sensor measurementswill change the
aver age age of the sampled fleet and correspondingly alter the mean emissions.

The1990 Chicago measurementsar esepar ated intothoser ecor dstaken duringthemor ning/noon
timedot at theon-ramp and thoser ecor dstaken duringtheevening at theoff-ramp. Themorning
(on-ramp) recor dswer etypically taken from 0600to 1330 hour s, resultingin 9,997 r ecor dswith
valid CO and HC data. It wasan uphill on-ramp tothe Eisenhower Expressway from Central
Avenuewith thevehiclesaccelerating. The evening (off-ramp) data wer etaken from 1500 to
1800 hour s, resultingin 3663 recor dswith valid CO and HC data. Thevehiclesweredecelerating
to merge while approaching a traffic light controlled inter section.

A comparison of theon and off-ramp dataisgiven in Tablel. The off-ramp data have fewer
records, and thevehiclesaredightly older, on average, than the on-ramp data. Asexpected,
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Figure 7c. The1990 data plotted on theregression lineshown in Figure7b. Theplussymbols
(+) aredata from Central and Eisenhower and the solid squar es (=) are data collected at the
Naperville sites.
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Tablel. Chicago, 1990 data for the on-ramp and off-ramp sites.

On-ramp Afternoon Off-ramp
%CO %HC %CO %HC
Mean 1.08 0.119 1.15 0.198
Median 0.37 0.077 0.40 0.134
Per cent of total
emissions from dirtiest 73 58 73 53
20% of fleet
Per cent of fleet
responsible for 50% of 9.3 141 9.7 17.9
emissions
Fleet emission 50 343 0.185 3.80 0.323
per cent cut points
Number of records 9,977 3,663
Aver age fleet age(year s) 52 6.3

the off-ramp data are dlightly dirtier for both CO and HC. Consideringthat the average age
of theoff-ramp fleet isabout 1.1 year solder than that of theon-ramp fleet, it would beexpected
to have an increased % CO emission of 0.25%, based upon theformula given earlier. In fact,
thedifferenceis0.07%. The small discrepancy ismost likely due differencesin vehicle load
asmentioned above. Theon-ramp fleet wasacceler ating, whiletheoff-ramp fleet wasdeceler ating,
giving riseto dlightly greater or lesser emissions, respectively, than would be expected under
a steady cruise.

The off-ramp data for HC isalso higher than the on-ramp data. We do not yet have enough
data to determine any age-related increase in % HC. Thisdata set impliesonly a dight age
dependence for on-road fleet HC emissions.

Figure 8 showsthe per centage of vehiclesin each CO category and the per centage of thetotal
emissions due to each CO category for the on-ramp and off-ramp data, respectively. Most
noteworthy arethe similarities between the 2 sites: over 70% of the vehicles are quite clean,
emitting lessthan 1% CO and contributing only 15-20% of thetotal emissions.

Figure9 showsthemean and median CO emissionsasafunction of model year. Figure10shows
similar datafor HC. Figure 11 showsthecontribution tothetotal CO emission for each quintile,
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the 1990 Chicago fleet.
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weighted by thevehiclepopulation. Figurellagivestheage/% CO quintiledistribution. When
thisismultiplied by the fleet age distribution (Figure 11b) theresult isthe per centage of the
total CO emitted for each quintileof each model year, Figurellc. Thisshowsthat thecleanest
40% of thevehicles, regardlessof themodel year, make an essentially negligible contribution
totheCO emitted at thissite. Thegreatest contribution isfrom thedirtiest 20% of thevehicles
newer than 1980. Thisisduetothelargenumber of vehiclesdating from 1980, combined with
therelatively high emission of the dirtiest 20% of these vehicles. Figure 12 isan equivalent
presentation of HC dataasthe CO data presented in Figure11. Thedataand conclusionsare
quite similar.

Figure 12 showsthequintile plotsfor theHC data. Thedirtiest 20% of thenew carsisdirtier
than the cleanest 40% of any model year. Thisclean 40% makesa negligible contribution to
thetotal HC emitted, when weighted for vehicle population. Sincethemen % HC showsvery
littlevariation with age, theper centage of total emission showsadistribution similar totheage
distribution.

For HC, thedirtiest 20% of the on-ramp records contributes 58% of the total HC emitted,
compared to53% for theoff-ramp fleet. TheHC cut points(Tablel) differ only dightly between
the two sites, with lessthan 18% of either fleet contributing 50% of thetotal HC emitted.

In both cases, thedirtiest 20% of the fleet contributesnearly 3/4 of thetotal CO emitted, and
encompassesboth new and old vehicles. TheCO grosspolluter cut pointsaresimilar for both
data sets: 3.43% and 3.80%. Lessthan 10% of either fleet exceedstheir respective cut point.
Figurel1l3showsthat theCO dataobtained in Chicagoin 1990 ar every compar abletothedata
obtained in Chicago in 1989, and to other studiesin LA and Denver. The major noticeable
differenceisthat the newest vehiclesin Chicago arenot asoverall clean asthey arein Denver
and LA.

D. Comparison of Data to Chicago, 1989 and to Other L ocations.

Among the three cities Chicago, Denver, and L os Angeles, examination of the % CO quintile
distributions(Figure 13) from thethreecitiesshowsthat for each model year theemission factors
aresimilar.

Thethreefleetsarevery similar when compared on amodel year basis. TheDenver dataare
mor e variable because the sample sizeissmaller. Among the older cars, L.A. emissionsare
greater than Chicago, but appar ently not sgnificantly different than the Denver flegt. In summary,
the major differences between locationstested isthe aver age age of the tested fleet. Driving
mode, presenceor absenceof an |/M program, and possibly altitude of the measur ementswhen
above 7,000 ft show lesser effects. Tablell comparesthe Chicago, 1989 datatothecurrent 1990
data taken at the same site. The 1990 fleet is slightly newer and dlightly cleaner. Itisnearly
identical when adjusted for fleet age according to the equation given in Figure 7b. The 1990
fleet is, however,onemodel year newer. Therefore, someold pre-control car shavebeen replaced
by emission controlled vehicles, and somepr evioudly controlled vehiclesar enow sufferingfrom
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Figure 11. The top panel is the CO emission factors divided into quintiles. The middle panel
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Tablell. Chicago 1989 data and Chicago 1990 mor ning data collected at the same site.

Fleet 1990 1989 1989 Age
On-ramp Adjusted
Number of records 9,977 11,818
Aver age fleet age(years) 5.35 55 5.35
Mean % CO 1.08 117 113
Per cent of fleet responsible 9.3 8.2
for 50% of emissions
Fleet emission percentage 343 4.48
gross polluter cut points

Thedatataken at theinterchangein August aregivenin Tablelll, alongwith theoverall October
data. Only CO data weretaken at the August site. Thisfleet isnewer, and cleaner than the
Central and Eisenhower fleet. AdjustingtheAugust datafor theaver ageageeliminatesabout
half of thedifferencein themean % CO measured. Thereisnopossibility of either cold vehicle
operation or hard acceleration at theinter changesite. If all theresidual differencewer eascribed
to cold vehicle or hard acceleration effectsthen an upper limit of 35% of the CO observed in
October arisesfrom these causes.

E. Repeat Measurements of the Same Vehicle.

During the study, 235 vehicles were detected four or more times with valid CO and HC
measur ements. The mean of thissubfleet is1.23 % CO and 0.153 % HC, with an average age
of 5.75years. Thissubfleet isdlightly older and subsequently slightly higher in emissionslevels
than theentirefleet. Thesevehiclesarelisted in Appendix A.

Of these235 vehicles, 89 (38% ) never emitted morethan 1% CO. This38% of thevehiclesemit
only 6.25% of thetotal CO. At theother extremelie 10 vehicles(4.25% of the subfleet) which
wer ealwaysin thegrosspolluting category (greater than 3.5% CO). These10vehiclesemitted
mor e CO than all the 89 clean vehicles put together and wereresponsiblefor 20% of thetotal
CO emissions. Therewere48vehicleswhich had variableemissions, meaningthat somereadings
were over the cut point and some readings wer e below the cut point. Of these, 20 were over
the grosspolluter cut point at least twice. These vehiclesmeasured asgross pollutersat least
twice areresponsiblefor 30% of thetotal CO emissions. Aswill be discussed later, it can be
shown that only afraction of the vehiclesidentified ashighly variable can be ascribed to cold
start or to off-cycle hard accelerations.
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Tablelll. Chicago 1990 (Central and Eisenhower) and Naperville 1990 (1-88 and [-355) data.

Chicago Naperville Age adjusted
1990 1990 Naperville data
Number of records 13,640 1,548
Aver age fleet age(years) 55 4.1 55
Mean % CO 1.10 0.44 0.76
Median 0.37 0.08
Per centage of total emissions 73
from dirtiest 88
20% of Fleet
Per centage of fleet
responsible for 50% 9.4 5.0
of emissions
Fleet emissions 50 35 2.33
per cent cut points

Theanalysisof the multiply measured vehiclesfor HC emissionsshowed that only 58 vehicles
(16% of thefleet) exceeded thegrosspolluter cut point twoor moretimes. TheHC distribution
isnot quiteasskewed astheCO distribution, neverthelessthis16% of thefleet contribute 33%
of thetotal HC emitted.

Thesedataindicatethat nearly half of the CO and onethird of the HC emissonscould beeiminated
if thesmall number of vehiclesthat have been measured in excessof the cut point two or more
timeswererepaired. Thesecond report inthisvolumediscussesoptionsand systemsby means
of which a notification and repair program might becarried out (Lyonsand Stedman, 1991).
If the cut point for notification is defined as a constant fraction of the measured fleet, rather
than afixed emissionsrate, then asthefleet emissionsar e cleaned up, asimilar small fraction
of thevehicleownerswould receivenotification, and theabsolutevaluesof thestandar dswould
gradually tighten asthefleet emissions arereduced.

AccordingtoAustin et al (1988) many vehiclesenter a" power enrichment” modewhen under
heavy acceleration. The next section indicates that the power enrichment effect is probably
not a dominant contributor tothesedata. Power enrichment isalso termed " off cycle”, since
the Federal Test Procedure cycle used to certify new vehicle emissions does not include hard
(> 3.3mph/sec) accelerations. Wepresent evidencethat thedataarenot dominated by vehicles
whose emissions ar e lar ge only because of anomalous conditions occurring at the time of the
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measur ement. Inshort vehiclesare" grosspolluters’ when they aremalmaintained, not when
they are merely accelerating.

F. Radar System and Power Enrichment

Theradar system to monitor speed and acceler ation has been built and tested. Theunit was
based on astandard policeradar model K15-2 by MPH Industries. Despitethefact that M PH
stated that thisunit had an analog output which could bedirectly inter faced to our dataacquisition
system theretur ned out to bea continuing seriesof difficultieswhich necessitated our rebuilding
anumber of the circuitswhich had been originally sold to us. The major problem was that
theradar suffered from too much signal when looking at vehiclesfrom the short range (20to
50 ft) which we use. The option to go to longer rangesis not usable at busy ramps since the
beam spreadsenough that any oneof arow of vehiclescould betheonewhich theradar islooking
at. Theradar gun responseto signal overload isto drop the output level to zero occasionally
then return thesignal tothe correct speed. Sincetheinternal gun logic providesareadout of
the maximum speed in agiven timeinterval, thisdropout isno problem for law enfor cement.
Itisamajor problem if onewishes (aswedid) to takefifty speed readingsin 0.5 seconds, and
plot them versustime. Thecomputer then determined the slope of the resultant scatter plot,
and if within acceptableerror boundsreported asuccessful measur ement of acceleration. When
werewired thesystem todecr easetheinput gain, and partially eliminated thedr opout problem,
the system was then usable. Speed measur ements can be obtained easily on mor e than 80%
of the passing vehicles. Acceleration determination dependson the ability to determine, with
reasonable accuracy, the first derivative of the (already fairly noisy) speed information.
Accelerationis, therefore, reported on approximately 50% of thefleet. In view of thesedifficulties
and thefact that angle, change, and heavy traffic also interferewith the data, we believe that
a two-beam optical system under construction will be an improvement.

Theanglechange causes problemsbecause of thelimited rangethat weemploy in themeasurement
of the speed of the automobiles, in the time taken for theradar to collect the speed data the
automobile can travel asmuch as40 feet. The computer startsto collect data when theinfra
red light beam isblocked and continuesthe data collection for the duration of the half second
period after the beam is cleared by the automobile. Therefore we can seethat a fifteen foot
automobile moving at 30 milesan hour can move 37 feet in thetimethat the datais collected.
If the vehicle point of radar reflection ismoving parallel to the side of theroad at a distance
of fivefeet, then the approach angle(®) to theradar gun will changefrom 5.7°to 21°. Since
themeasured speed isproportional tocosine®it will changefrom 29.8 mphto28.0mph during
thetimeelapsed for thedata collection (0.84 seconds). A crude calculation letsusestimatethat
theapproximatedeceleration is2.1 mph/second. However if wedothesameseriesof calculations
for thesamevehiclefollowingthesamepath at forty mph then weget an appar ent deceleration
of 12 mph/sec. These calculations are approximate since theradar reflection isnot from an
infinitesimal point. Similar appar ent acceler ationsar ecalculated if theradar beamislooking
at therear of thevehiclereceding. Figure 14 shows a seriesof curves calculated for vehicles
travelingat different speedsand distancesfrom thesideof ther oad, theappar ent decelerations
wer edeter mined from a series of pointscalculated for the vehiclesasthey moved along their
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Figure 14. Graph showing the relationship between speed, distance from the side of the road
and the apparent deceleration.

is looking at the rear of the vehicle receding. Figure 14 shows a series of curves calculated for
vehicles traveling at different speeds and distances from the side of the road, the apparent
decelerations were determined from a series of points calculated for the vehicles as they moved
along their path during the data collection period. The apparent deceleration effect becomes
severe at higher speeds and distances from the side of the road.

We conclude that the speed reported for the vehicles is largely unaffected by the cosine © effect
since the difference in the speeds reported, except in extreme cases, is changed by only 1 or
2 mph, but the acceleration data except for slow moving vehicles does not have the degree of
accuracy which one would like.

A two beam optical system could measure speed from the front and then the rear of each vehicle,
and hence determine from the average, the speed and from the difference, the acceleration.
Further development of this system will be a valuable addition to the current CO/HC remote
sensing capability.

Despite these problems we have recorded a large database of successful measurements of speed
and acceleration from the 1990 Illinois study. Table IV shows a summary of some of the data
obtained. Accelerations are in mph/sec and speeds in mph. In this data set of over 3,000 vehicles
the bias on the acceleration data is not large since most vehicles are observed between zero
and two mph/sec. Not surprisingly in view of the controlled nature of the on-ramp there is
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TablelV. Datasummariesshowing theeffect of acceleration and speed onin-use CO and HC
emissions. Chicago 1990, on-ramp with traffic control at Entry

Range | Count Speed Acceleration % CO %HC
of Accel Mph M ph/Sec

AVG o AVG o AVG o’ AVG o’
<-6 1 29.4 -6.7 1.01 0.1
<-5 4 20.6 5.4 -55 0.3 0.59 04 0.15 0.02
<-4 3 15.3 35 -4.3 0.2 1.54 1.2 0.1 0
<-3 11 17.7 55 -3.3 0.2 1.64 13 0.28 0.14
<-2 56 18.1 3.8 -2.4 0.3 1.48 14 0.18 0.06
<-1 202 195 4 -1.4 0.3 1.72 15 0.19 0.07
<0 581 195 39 -0.4 0.3 1.45 15 0.17 0.08

<1 1260 20.8 34 0.6 0.3 0.89 12 0.11 0.04
<2 1197 22.2 31 14 0.3 0.95 13 0.10 0.02

<3 285 23.7 33 2.4 0.3 0.98 1.3 0.11 0.07
<4 55 22.8 4.4 3.3 0.3 0.7 0.9 0.08 0.02
<5 18 23.8 4 4.4 0.3 16 14 0.11 0.07
<6 6 22.5 5 53 0.1 0.37 0.6 0.07 0.02
<7 1 29.6 6.1 0.47 0.02
<8 4 21,6 6 7.3 0.3 0.7 0.6 0.07 0
<9 3 20.7 3.3 8.4 0.4 3.32 2.1 0.14 0.02
<10 1 23.3 9.1 4.05 1.07

Range | Count Speed Acceleration %CO %HC

of Mph M ph/Sec
Speed

AVG o AVG o AVG o° AVG o°

10-15 266 131 1.1 -0.1 15 1.24 14 0.15 0.13
<20 920 17.9 1.4 0.3 1.2 1.17 14 0.11 0.17
<25 1964 22.4 1.4 0.9 11 0.99 13 0.11 0.03
<30 534 26.3 1.1 13 1.3 1.05 13 0.12 0.01
<35 6 30.8 0.5 2.2 1.6 2.00 1.9 0.13 0.01

emissionson aver agewith incr easing speed/acceler ation. No conclusiveinfer encescan bedrawn
from aver age emissions numbersfor data setswith lessthan fifty data entries. Thefact that
ninevehicleswer eassigned accelerationsgreater than seven mph/secisquitelikely torepresent
errorsin our ability to determine acceleration rather than a few high performance vehicles
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operatingin aflat-out mode. Data summarizing theeffect of acceler ation and speed on in-use
CO and HC emissionsare shown in Table1V.

Thisleavesuswith CO emission measur ementswhich arehigher on averagefor latemodel cars
in Chicago than in any of the other U.S. citiesthat measur ements have been made and speed
and accelerations cannot be used to explain them. We are convinced that high CO readings
arehighly correlated with tamper ed vehicles (L awson et al 1990). It isthereforepossible, since
[llinoishasonly recently instituted atamper survey initsl/M program, that tamper ratesare
higher for late model carsin Chicago than in the other U. S. cities.

G. Vehicle Emissions After One Y ear

In order to evaluatetheeffect of aging on afleet, a subset of 70 vehicleswasexamined. These
vehicleswere measured 7 or mor e times, with somerecords from 1989 and some from 1990.
An analysis of the difference in means (pair ed) showed a change in emissions of -0.071 % CO
with agtandard deviation of 1.559% CO. Thisdifferenceissatistically insgnificant. Itisgenerally
assumed that therate of emissionsof afleet of vehicleswill increaseasthefleet getsolder. The
paired analysis difference of meansis small and negative. Thereisno sign that the fleet has
becomedirtier.

A closer look at theindividual differencein meansshows7 of the seventy vehicleshad absolute
difference of meansgreater than 2.0. Six of these vehicles showed significant improvement in
mean CO emission rate, whileonly oneappear ed todeteriorate. Elimination of asinglevehicle,
an unidentified 1988 vehiclelicensenumber MY 2834, would changethe aver age differencein
meansfrom -0.071t0+0.049% CO. Thevehiclesin thissmall samplehavehad thesameowner
for thetimeperiodin question and appear at similar timesand locationsoneyear later. Inthat
year themean emissionsshowed essentially nochange. Thefleet measured in 1990in Chicago
isdlightly cleaner than the fleet measured in 1989. It isalso slightly newer. Thedeterioration
with age appliesto fleet averages. From thelimited study of 70 vehiclesit does not appear to
apply toindividual vehicles aslong asthe owner and usage remainsthe same.

Another study wascarried out looking at 135 vehiclesmeasur ed at least twice on theon-ramp
both in 1989 and 1990. Thechangein % CO was+ 0.077 £ 1.4. Whilelooking at thisfleet we
noticed that 27 vehicleshad thesamelicenseplatesbut wer ein fact different vehicles. Twenty-six
of twenty-seven wer enewer models. Thisfleet of " updated vehiclesreduced their % CO emissions
by 0.106 + 1.2, aswould be expected.
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H. Video Tape Reading Errors.

There are several waysto check on the accuracy with which the video tapes have been read,
and theaccur acy with which the Secr etary of State’ srecor dsr eflect theon-road fleet. Previous
studies have shown that the combined rate of tapereading errorsand registration errorsin
Illinoiswas less than 3%.
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1. INSPECTION AND MAINTENANCE

Oneof theprinciplesof I/M programsistheideathat avehicle’semission rate might increase
with time from the last check-up and repair. Periodic inspectionsand prescribed emissions
maintenancear eintended to keep thelevel of emissionsbelow amaximum limit. If thisistrue
then therewill bearelationship between theemission rateand thetimesincethelast I/M test.
Usingthedatagathered in the Chicago 1990 study, 8971 vehicleemission readingswer ecorrelated
with timesincetheir most recent I/M results. Theemission rateswer ethemean % CO and ppmHC
corrected to hexane. Thedatashow no correlation between timefrom last I/M test and theon-road
measur ed rateof emission for either CO or total HC. Thelllinoisl/M recordsincludeemissions
dataat idle(IdleCO) and at 2500rpm (High CO). Wesear ched for a correation between on-road
COandbothHigh CO and 1dleCO, aswell astheequivalent HC measurements. Thedatashow
no correlation between any of the I/M test variables and on-road measured rate of emission
for either CO or total HC.

From thegammadistribution of emission rates, alargemajority of vehicleshavevery low emissons
that vary through a small range. This large number of clean vehicles will dominate any
determination of correlation for theentirefleet. Morevariable carscould berepresented by
those car sthat havefailed topassthel/M test at least twicebeforepassingthemost recent test.
If some vehiclesfail with time, then those vehicle should be members of this subfleet. The
correlation between elapsed time since last |/M test vs on-road measured CO and HC were
determined for thissubfleet. Thelow valuesof the statistical parameters, r?=0.001, 0.005; df
=401, respectively, again show no evidence of correlation.

For over 10% of the vehiclesthelast reported I/M test wasfailed. High emission rateson a
failed 1/M test with no proof of repair or maintenanceshould correatewith high on-road emission
rates. Thegreatest correlation isbetween IdleHC and on-road HC (r?=0.085; df = 914). $till
thereisabetter than 90% probability that this correlation could be randomly generated.

Although thereisno correlation between 1/M test valuesand equivalent on-road measur ements,
thel/M behavior doeshave somepredictivepower. Thevehiclesthat passed thel/M test after
failingat least twice, passed I/M with valuesmor ethat 100% higher than theaver agepassvalues
(see Table V). These same vehicleshad 50% higher on-road readings. These average values
wer ealmost ashigh asthevaluesfor the subfleet that had failed themost recent I/M test. This
result isencour agingsinceit indicatesthat vehicleswhich, accor dingtotherecor ds, havetrouble
passing the /M have a reasonable likelihood of higher average on-road emissions.

Thisstudy hasshown that theboth the CO and HC distributionsarehighly skewed, with most
vehiclesoperating cleanly, and only afew vehicles contributing a dispropor tionate amount of
thetotal CO or HC emitted into the Chicago area. It thereforewould seem to beagood idea
to attack this high-emission tail of the distribution, which remote sensing can accomplish.

Thedatahereinimply that thelllinoisl/M programiscorrectly identifying vehicleswith emisson
problems, but on-road emissionsarenot beingreduced. Recent datafrom Californiaalso show
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TableV. Datashowingthat thelllinoisl/M program identifiesby failurevehicleswith higher
than average on-road emissions.

Mean Values
All Failed > Twice Failed Last
On-road CO (1) 1.02 15 16
High CO 0.57 2.2 2.6
IdleCO 0.64 15 23
On-road HC (2) 673 969 850
High HC 61 125 199
ldleHC 136 300 400

(1) All CO data arereported as % CO.
(2) On-road HC data converted to ppm hexane, |/M data in ppm hexane.

that their I/M program doesnot effect on-road emissions(Ashbaugh et al 1990, C.A.R.B. 1990,
and C.A.R.B. 1991). When aremotesensing study wascarried out in Colorado therewasalso
much lessdifference between | /M and non-I/M fleetsthan predicted by the EPA computer models
(Stedman et al 1991b). Cheating and the" Passthe Test" mentality are some of the potential
reasonsthat on-road emission levels are not effected by scheduled I/M programs. If remote
sensing were a major component of an I/M program it would be much harder to cheat.

The other major advantage of remote sensing asa component of an I/M program isthat the
data(i.e. thefleet aver ageemissions) can beused asatest of theefficacy of theprogram. Remote
sensing can providethenecessary infor mation over timeto deter minewhether theactionstaken
areproducingthedesired reductionintotal vehicleemissions. Also, thisevaluativeinfor mation
would come from direct measurement of on-road emissionsrather than a computer model.

Appendix B liststhefifty cleanest, dirtiest, oldest and newest vehicles measured in October.
Notethat for thedirtiest HC it ispossibleto beclean for CO, even though many arequitedirty
whilethedirtiest for CO arealmost never clean for HC. Thisresult arisesfrom thefact that
the high CO (rich) side of engine operation almost always entails high HC, whereas high HC
can also arisefrom the lean side of the diagram where CO emission may be negligible. Even
though theoldest vehiclesarecertainly higher emittersfor CO and HC than the aver agefleet,
itisinterestingtonotethat only two of thefifty dirtiest CO and adiffer ent two of thefifty dirtiest
HC vehiclesareold.
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Amongst thelisted dirtiest HC vehiclesare 16 which are 1989 or 1990 model year. In view of
thefact that these vehiclesshould havefunctional catalystswedo not know how they have managed
toget intothiscategory. Non-catalyst equipped vehiclesor vehicleswhosecatalystsarenolonger
oper ational show high HC (often > 1% HC) and no CO emissionswhen an intentional ignition
misfireisinduced. On late model vehicleswith three-way catalyststhe vast majority of cars
areno longer equipped with air pumps. Thismight lead to a situation wherea misfireor an
excessive evapor ative canister purge can overload the catalyst with fuel and no excess air to
oxidize thefuel, in effect shutting the catalyst off and allowing the unburned fuel to exit the
vehicle. All of these new vehicles were measured at the on-ramp during mor ning rush hour
and thuswer einvolved in an entrancewait of oneto fiveminutes. Thismay bea contributing
causefor theseobservations. Similar emissionsof high HC with low CO on latemodel vehicles
have been reported by Austin et al (1988).
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APPENDIX A: Repeat Vehicles

235 vehicleswhich wer e measur ed mor ethan four timesat the Central Ave. and 1-290 on and
off-ramps from 10/22/90 to 10/26/90.
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Dat e

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 23/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90

Li cense

122
- 15
142
1 25

10065
10065
10065
10065

103666
103666
103666
103666

160472
160472
160472
160472
160472

211631
211631
211631
211631

235469
235469
235469
235469

27770
27770
27770
27770

384372
384372
384372
384372

4007AC-B
4007AC-B
4007AC-B
4007AC-B
4007AC-B

401998
401998
401998
401998

Make Year %CO
FORD 86
CHEVROLET 89
VOLKSWAGEN 87
CHEVROLET 86 -

85
TOYOTA 82
BUI CK 85
CHEVROLET 87
MAZDA 86
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POON 00000 FOOO OREO ROOR OROO 00000 0000 0000

%AC( pr opane)
10 0.108
04 0.028
97 0.460
34 0.190
00 0.085
51 0.073
45 0. 182
29 0.009
06 0.063
57 0.079
65 0.388
84 0.089
13 0.052
06 0.019
07 0.020
49 0.057
89 0.431
31 0.160
08 0.027
36 0.078
81 0.054
59 0.261
90 0.064
60 0.146
91 0.056
15 0.046
02 0.023
07 0.085
67 0.065
65 0.193
20 0.036
15 0.051
55 0.047
26 0.018
36 0.338
25 0.061
33 0.217
82 0.132



10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90

413461
413461
413461
413461

416668
416668
416668
416668
416668

443024
443024
443024
443024

467253
467253
467253
467253
467253

592225
592225
592225
592225

598669
598669
598669
598669
598669

601474
601474
601474
601474
601474

608983
608983
608983
608983

6113FE-B
6113FE-B
6113FE-B
6113FE-B
6113FE-B

HONDA

FORD

FORD

HONDA

TOYOTA

VOLKSWAGEN

FORD

39

86

86

86

88

89

86

86

90

e

COO00O 0000 00000 00000 0000 00000 NORO 0000R 0000

COOO0O0O OO0OO0O0O OO0OO0O0CO0O OO0OO0OO0OO OO0OO0O0O OO0OO0OO0OO0O OO0 OO0OO0OO0OO oOooo

. 103
. 054
. 063
. 076

. 651
. 158
. 144
. 052
. 039

. 092
111
. 503
. 712

. 019
. 044
. 109
. 383
. 027

. 062
. 349
. 091
. 008

. 015
. 114
. 203
. 033
. 161

. 200
. 044
. 211
. 077
. 239

. 099
. 263
. 075
171

. 029
. 116
. 047
. 071
. 333



10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90
10/ 26/ 90

10/ 23/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 24/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90

10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

61709
61709
61709
61709
61709

672026
672026
672026
672026

6780EG B
6780EG B
6780EG B
6780EG B

79013RV
79013RV
79013RV
79013RV

814686
814686
814686
814686

8191EC-B
8191EC-B
8191EC-B
8191EC-B
8191EC-B
8191EC-B

819DT-B
819DT-B
819DT-B
819DT-B
819DT-B

977298
977298
977298
977298

AN748
AN748
AN748
AN748

HONDA

M TCHELL

CHEVROLET

FORD

BU CK

40

86

85

85

87

89

89

88

88

COOO 0000 OOROR 000000 QOUINUT 0000 ROOR WOWO 00000

=
w

OCOO0OO0O OO0OO0OO0O OO0O0O0O0O OO0O0OO0OO0O0 OO0OO0O0O OO0OO0OO0O OO0OO0OO0O OO0 oOooooo

. 057
. 046
. 024
. 011
. 105

. 323
. 085
. 034
. 216

. 086
. 242
. 009
. 299

. 152
. 380
. 038
. 046

. 233
. 086
171
. 192

. 036
. 029
. 210
. 125
. 035
. 104

. 804
. 060
. 643
. 084
. 077

. 217
. 038
. 078
. 090

. 056
. 155
. 297
. 215



10/ 24/ 90
10/ 25/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 25/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90

AU9129
AU9129
AU9129
AU9129

BAZ82
BAZ82
BAZ82
BAZ82
BAZ82

BF1993
BF1993
BF1993
BF1993
BF1993

B&0443
B&0443
B&0443
B&0443
B&0443

BPA431
BPA431
BPA431
BPA431

BT5033
BT5033
BT5033
BT5033

BT9015
BT9015
BT9015
BT9015

BY2141
BY2141
BY2141
BY2141

CAR316
CAR316
CAR316
CAR316

BU CK

PONTI AC

FORD

MAZDA

FORD

FORD

VOLKSWAGEN

OLDSMCBI LE

CHEVROLET

41

(o]
(o]

87

89

88

90

88

86

CO0O 0000 OORO 0000 OOUID WORON ORROO 00000 0000

OCOO0OO0O OO0OO0O0O O00O0 OO0O0O0O OO0O0O0O FPPRPROOO OO0O0O0O0O OO0OO0OO0OO0O OO0OO0oOo

. 011
. 012
. 086
. 028

. 091
. 152
. 052
. 386
. 036

. 007
. 019
. 128
. 658
. 058

. 958
. 144
. 139
. 229
. 562

. 076
. 338
. 083
. 047

. 040
. 008
. 166
. 129

. 215
. 228
. 092
. 584

. 110
. 080
. 049
. 023

. 061
. 050
. 161
. 243



10/ 23/ 90 18: 38: 05 CK4324 OLDSMCBI LE 78 2.29 0.185
10/ 24/ 90 10: 18:56 CK4324 -0.02 0.060
10/ 25/ 90 10: 24: 06 CK4324 -0.09 0.055
10/ 26/ 90 10: 26: 29 CK4324 2.31 0.060
10/ 22/ 90 17:18:38 CL7858 CHEVROLET 86 0.00 0.056
10/ 24/ 90 07:52:34 CL7858 0.15 0.028
10/ 24/ 90 17:14:21 CL7858 -0.34 0.038
10/ 25/ 90 07:46:08 CL7858 -0.01 0.036
10/ 25/ 90 17:16:56 CL7858 0.57 0.155
10/ 26/ 90 17:23:56 CL7858 1.62 0.193
10/ 24/ 90 07:59:14 CWb671 FORD 91 0.39 0.132
10/ 24/ 90 17:38:17 CMVb671 0.35 0.138
10/ 25/ 90 07:56:16 CMVb671 -0.08 0.045
10/ 26/ 90 07:52:38 CWb671 -0.01 0.087
10/ 23/ 90 17:03: 00 Cvb448 HONDA 88 0.66 0.266
10/ 24/ 90 09: 54: 03 Cvb448 -0.17 0.105
10/ 25/ 90 09:52: 24 C\vb448 0.24 0.066
10/ 25/ 90 16:54: 22 C\Vb448 0.89 0.083
10/ 22/ 90 18: 04: 01 CR6467 PLYMOUTH 88 0.14 0.112
10/ 24/ 90 17: 46: 14 CR6467 0.74 0.335
10/ 25/ 90 18:10: 45 CR6467 0.96 0.303
10/ 26/ 90 07:07: 48 CR6467 4.69 0.214
10/ 22/ 90 16: 48: 25 CVZ195 BU CK 84 -0.11 0.074
10/ 24/ 90 07:19: 45 CVZ195 0.82 0.066
10/ 25/ 90 16: 49: 24 CVZ195 0.86 0.361
10/ 26/ 90 07:14:25 CVZ195 0.97 0.065
10/ 26/ 90 16:56:55 CVZ195 -0.23 0.119
10/ 24/ 90 07:24:10 CX8554 FORD 83 0.31 0.081
10/ 24/ 90 17:21: 32 CX8554 -0.14 0.059
10/ 25/ 90 17:29:23 CX8554 -0.50 0.133
10/ 26/ 90 17: 31: 36 CX8554 0.04 0.031
10/ 22/ 90 16:56:19 DA2217 PLYMOUTH 89 0.25 0.040
10/ 23/ 90 16:47:31 DA2217 0.22 0.039
10/ 25/ 90 16:57: 48 DA2217 0.51 0.142
10/ 26/ 90 17:07: 25 DA2217 2.77 0.253
10/ 24/ 90 07:28:57 DA5309 CADI LLAC 90 -0.09 0.009
10/ 24/ 90 17:48: 32 DA5309 1.31 0.243
10/ 25/ 90 08:16: 34 DA5309 -0.05 0.045
10/ 26/ 90 07:28:53 DA5309 0.19 0.023
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10/ 23/ 90
10/ 24/ 90
10/ 24/ 90
10/ 26/ 90

10/ 23/ 90
10/ 24/ 90
10/ 24/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90

10/ 23/ 90
10/ 24/ 90
10/ 24/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

DANEEN
DANEEN
DANEEN
DANEEN

DCA976
DCA976
DCA976
DCA976

DLB306
DLB306
DLB306
DLB306

DS2868
DS2868
DS2868
DS2868

DW5089
DW5089
DW5089
DW5089

DZ2646
DZ2646
DZ2646
DZ2646
DZ2646

EA5568
EA5568
EA5568
EA5568

EB5698
EB5698
EB5698
EB5698

EB6709
EB6709
EB6709
EB6709
EB6709

ECX539
ECX539
ECX539
ECX539

PONTI AC

OLDSMCBI LE

TOYOTA

VERCEDES- BENZ

OLDSMCBI LE

CHEVROLET

CHEVROLET

CHEVROLET

BU CK

CHEVROLET

86

86

88

86

87

89

COO0O NOOOO 0000 NOOR 00000 OROR ©OON WOON 000R 0000

OCQOOO0O OO0OO0OO0OO0O OO0OO0OO0O O0O00O0 OO0OO0OO0OO0O O0OO0O0O OO0OO0O0O OO0 OO0OO0OO oooo

. 073
. 076
. 087
. 119

. 515
. 068
. 029
. 033

. 170
. 082
. 037
. 650

. 358
. 086
. 147
. 289

. 945
. 052
. 123
. 126

. 189
. 059
. 042
. 044
. 081

. 565
. 055
. 130
. 137

. 066
. 053
. 015
. 131

. 025
. 138
. 099
111
. 025

. 034
. 076
. 140
111



10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 24/ 90

10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90
10/ 26/ 90

10/ 24/ 90
10/ 25/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 24/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 26/ 90

ED9233
ED9233
ED9233
ED9233

EDWL16
EDWL16
EDWL16
EDWL16
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10/ 23/ 90 17:28: 44 FJ5942 OLDSMCBI LE 88 1.08 0.382
10/ 24/ 90 07:03: 27 FJ5942 0.43 0.055
10/ 24/ 90 17:09: 00 FJ5942 0.27 0.158
10/ 26/ 90 07:08:11 FJ5942 -0.12 0.092
10/ 22/ 90 16:57:55 FNB265 OLDSMCBI LE 85 0.32 0.170
10/ 24/ 90 06: 56: 07 FNB265 0.14 0.083
10/ 24/ 90 17:27:02 FNB265 0.92 0.208
10/ 26/ 90 17:07:48 FNB265 1.30 0.153
10/ 23/ 90 16: 44: 02 CGCY138 CADI LLAC 78 5.59 0.179
10/ 24/ 90 16: 07:15 GCY138 2.73 0.142
10/ 25/ 90 15:56: 23 GCY138 3.05 0.160
10/ 26/ 90 16: 09: 32 GCY138 2.01 0.160
10/ 22/ 90 17:28:46 GL4670 DCODGE 85 0.47 0.148
10/ 25/ 90 08:10: 02 G.4670 -0.02 0.070
10/ 25/ 90 16:27:35 GL4670 1.09 0.326
10/ 26/ 90 08: 06:17 G.4670 -0.23 -0.063
10/ 23/ 90 16:59: 35 GI1640 SUBARU 89 0.32 0.064
10/ 24/ 90 07:06:10 GI1640 0.17 0.073
10/ 25/ 90 17: 35:48 GI1640 -0.26 0.051
10/ 26/ 90 07:07:45 GI1640 0.14 0.066
10/ 22/ 90 16: 44:51 GNA256 CHEVROLET 84 3.42 0.034
10/ 24/ 90 08: 02: 38 GWNA256 0.51 0.076
10/ 24/ 90 16: 45: 28 GWNA256 0.29 0.128
10/ 26/ 90 07:59: 07 GNA256 0.35 0.044
10/ 23/ 90 18:01: 46 HIML41 FORD 88 0.20 -0.051
10/ 24/ 90 09: 05: 42 HIML41 1.80 0.038
10/ 24/ 90 17:45:10 HIML41 2.43 0.194
10/ 25/ 90 08:55: 25 HIML41 3.62 0.243
10/ 25/ 90 18:12:46 HIML41 1.81 0.330
10/ 26/ 90 18:08:10 HIML41 1.87 0.323
10/ 23/ 90 17:51:32 HKWL81 FORD 88 0.72 0.057
10/ 24/ 90 07:28:26 HKWL81 1.51 0.102
10/ 24/ 90 17:59:58 HKWL81 0.53 0.152
10/ 26/ 90 07:28:23 HKWL81 0.76 0.068
10/ 22/ 90 17:17:04 HL6375 FORD 87 1.07 0.448
10/ 24/ 90 07:41:29 HL6375 2.01 0.047
10/ 24/ 90 17:19: 38 HL6375 0.16 0.157
10/ 25/ 90 07:43:11 HL6375 1.74 0.216
10/ 26/ 90 07:39:41 HL6375 1.61 0.081
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10/ 23/ 90 16:54:28 03131 OLDSMCBI LE 87 0.05 0.028
10/ 24/ 90 11:13:44 03131 -0.03 0.057
10/ 25/ 90 10:58:45 03131 0.08 0.050
10/ 26/ 90 10:42:18 03131 0.02 0.083
10/ 24/ 90 08: 09: 07 OR9425 CHEVROLET 88 0.40 0.093
10/ 24/ 90 18:19: 28 OR9425 -0.36 -0.020
10/ 25/ 90 08: 05: 49 OR9425 -0.20 -0.030
10/ 25/ 90 17:15:53 OR9425 0.82 0.742
10/ 22/ 90 17: 25: 41 PEARCE CADI LLAC 90 0.02 O0.157
10/ 23/ 90 17:22:18 PEARCE 0.31 0.025
10/ 24/ 90 07:41: 04 PEARCE 0.09 0.059
10/ 24/ 90 17:23: 21 PEARCE 0.24 0.118
10/ 25/ 90 07:41: 42 PEARCE -0.18 0.134
10/ 26/ 90 07: 34:13 PEARCE 0.36 0.121
10/ 22/ 90 17:44:56 PJ106 CHRYSLER 81 4.23 0.274
10/ 23/ 90 17:18:06 PJ106 4.89 0.058
10/ 24/ 90 17:21:53 PJ106 7.34 0.271
10/ 25/ 90 17:25:29 PJ106 7.42 0.322
10/ 26/ 90 17:31:45 PJ106 7.32 0.447
10/ 23/ 90 16: 45: 25 PJGAD VOLVO 89 -0.19 0.041
10/ 24/ 90 09: 20: 15 PJGAD -0.06 0.067
10/ 24/ 90 16:57: 08 PJGAD 0.12 0.093
10/ 25/ 90 09: 02: 36 PJGAD 0.17 0.065
10/ 23/ 90 16: 44: 58 PN3584 BU CK 76 1.01 0.020
10/ 24/ 90 08:19: 33 PN3584 -0.10 -0.048
10/ 25/ 90 08: 21:55 PN3584 -0.05 0.020
10/ 26/ 90 08:16: 31 PN3584 0.02 0.099
10/ 24/ 90 08:29:32 PRB MERCEDES- BENZ 86 5.50 0.125
10/ 25/ 90 08: 34:31 PRB 3.43 0.176
10/ 26/ 90 08: 33: 36 PRB 6.54 0.135
10/ 26/ 90 17:18:21 PRB 3.48 0.351
10/ 23/ 90 17:20: 42 PRD387 CHEVROLET 88 0.19 0.027
10/ 24/ 90 08: 31: 46 PRD387 0.03 0.021
10/ 25/ 90 08: 30: 13 PRD387 0.92 0.079
10/ 26/ 90 08: 30: 49 PRD387 0.08 0.011
10/ 22/ 90 17: 36: 42 PS3256 PONTI AC 89 -0.03 0.095
10/ 24/ 90 08: 02: 09 PS3256 0.93 0.039
10/ 24/ 90 17:32:15 PS3256 -0.27 0.083
10/ 26/ 90 17:42:59 PS3256 1.11 0.112

52



10/ 23/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 23/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90

10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

PS8954
PS8954
PS8954
PS8954
PS8954
PS8954

PXX503
PXX503
PXX503
PXX503

QA5297
QA5297
QA5297
QA5297

QA7015
QA7015
QA7015
QA7015
QA7015
QA7015

QE882
QE882
QE882
QE882

QR5150
QR5150
QR5150
QR5150
QR5150

Q51895
Q51895
Q51895
Q51895

QX4085
Qx4085
Qx4085
Qx4085

QX952
QX952
QX952
QX952

FORD

FORD

CHEVROLET

FORD

MERCURY

CHEVROLET

TOYOTA

53

(o]
o

88

84

82

89

CO0O 0000 OONO RRERONE 0000 000000 ONO® O0WR 00000k

COO0OO0O OO0OO0O0O0 OO0O00O0 OO0OO0O0OO0O OO0O0O0O OO0OO0OO0OO0OO OO0OO0OO0O OO0OO0OO0O OOoOoOoOO0OOo

. 344
. 064
. 109
. 048
. 023
. 014

. 073
. 083
. 108
. 013

. 509
. 131
. 174
. 022

. 045
177
. 010
. 129
. 223
. 023

. 116
. 042
. 043
. 038

. 085
. 253
. 018
. 519
. 427

. 065
. 178
. 149
. 134

. 040
. 204
. 005
. 069

. 018
. 271
. 014
172



10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 26/ 90
10/ 26/ 90
10/ 26/ 90

10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 23/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 26/ 90

QY5108
QY5108
QY5108
QY5108

Qz4428
Qz4428
Qz4428
Qz4428

Qz520
Qz520
Qz520
Qz520

Qz908
Qz908
Qz908
Qz908

RB8237
RB8237
RB8237
RB8237

RB8993
RB8993
RB8993
RB8993
RB8993

RE2250
RE2250
RE2250
RE2250
RE2250
RE2250

R&539
R&539
R&539
R&539

RJ3823
RJ3823
RJ3823
RJ3823

FORD

FORD

CHRYSLER

CHEVROLET

MERCURY

FORD

79

84

82

89

84

89

87

POUIO 0000 OO00O0O0O REREO 0000 00WO 0000 000N OO

OCOO0OO0O OO0OO0OO0O OO0O0O00O0O OO0OO0OO0O0 OO0O0O0O OO0OO0O OO0OO0OO0O OO0 oOoooo

. 241
. 330
. 083
. 253

. 036
. 098
. 104
. 200

. 006
. 068
. 001
. 128

. 046
. 653
. 019
. 169

. 223
. 369
. 086
. 110

. 334
. 591
. 435
. 182
. 085

. 131
. 064
. 055
. 061
. 075
. 106

. 401
. 001
177
. 315

. 056
. 077
. 110
. 116



10/ 22/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 24/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 26/ 90

10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90

RJ6451
RJ6451
RJ6451
RJ6451

RI7841
RI7841
RI7841
RI7841

RL8019
RL8019
RL8019
RL8019

RZK444
RZK444
RZK444
RZK444
RZK444

RZT517
RZT517
RZT517
RZT517

RZz637
RZz637
RZz637
RZz637

SALS2
SALS2
SALS2
SALS2

SD3473
SD3473
SD3473
SD3473

SHULTS
SHULTS
SHULTS
SHULTS

SML442
SML442
SML442
SML442

LI NCOLN

BU CK

HONDA

FORD

CHEVROLET

OLDSMCBI LE

BU CK

FORD

PLYMOUTH

55

72

84

87

90

82

88

86

85

Or OO 0000 0000 0000 0000 0000 O0ONO NNWO UINAR 0000

OCOO0OO0O OO0OO0OO0O OO0O0O0 OO0O0O0O OO0OO0O OCO0OO0OO0O OO0OO0OO0OO OO0OO0OO0O OO0OO0OO oOoooo

. 092
. 055
. 116
. 103

. 204
. 354
. 685
. 691

. 188
. 162
. 269
. 299

. 090
. 490
. 064
. 014
. 055

. 271
. 034
. 249
. 077

. 265
. 063
. 339
. 207

. 075
. 272
. 075
. 251

. 009
. 127
. 040
. 056

. 026
. 208
. 089
. 063

. 068
. 204
117
. 359



10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 24/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 26/ 90

10/ 22/ 90
10/ 23/ 90
10/ 24/ 90
10/ 25/ 90

10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90

10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90
10/ 26/ 90

10/ 22/ 90
10/ 24/ 90
10/ 25/ 90
10/ 26/ 90

10/ 23/ 90
10/ 24/ 90
10/ 25/ 90
10/ 25/ 90
10/ 26/ 90

SOSEXY1
SOSEXY1
SOSEXY1
SOSEXY1

SP1090
SP1090
SP1090
SP1090
SP1090

SS2032
SS2032
SS2032
SS2032
SS2032

SS6438
SS6438
SS6438
SS6438

SS8808
SS8808
SS8808
SS8808

ST2578
ST2578
ST2578
ST2578

STR115
STR115
STR115
STR115
STR115

STRI VEN
STRI VEN
STRI VEN
STRI VEN

SUA945
SUA945
SUA945
SUA945
SUA945

MAZDA

CHEVROLET

CHRYSLER

CHEVROLET

CHEVROLET

PONTI AC

FORD

MAZDA

OLDSMCBI LE

56

90

86

85

89

80

NWWUO 0000 OOWOO ROOR 0000 FOO0O WHROO RAROO WOOW

OCOOO0O0O OO0OO0O0O OO0OO0O0O0O OO0OO0O OO0OO0OO0O OO0OO0OO0O OO0O0OO0OO0O OO0OO0OO0OO oOoooo

. 187
. 143
. 009
. 202

. 270
121
. 448
. 257
472

. 182
. 120
. 210
. 025
. 108

. 035
. 021
. 106
. 011

. 160
. 035
. 086
. 249

. 068
. 087
. 026
. 405

. 019
. 026
. 534
. 041
. 034

. 108
. 148
. 216
. 023

. 123
. 095
. 062
. 057
. 207



10/ 23/ 90 17:04:53 SV384 CHEVROLET 72 0.97 0.4083
10/ 25/ 90 07:58: 04 SV384 1.21 0.126
10/ 26/ 90 07:20:15 SV384 1.64 0.160
10/ 26/ 90 17:40: 26 SV384 0.42 0.103
10/ 23/ 90 16: 34: 08 SWh053 BU CK 84 0.54 0.048
10/ 24/ 90 07:46:57 SWh053 1.03 0.078
10/ 24/ 90 17:27:14 SWh053 1.03 0.342
10/ 25/ 90 08: 45: 42 SW053 2.98 0.111
10/ 24/ 90 07:54:49 SW376 OLDSMCBI LE 85 -0.03 0.006
10/ 24/ 90 17:01:11 SW376 0.31 0.175
10/ 25/ 90 07:44:07 SW376 0.29 0.089
10/ 26/ 90 07:59: 01 SW376 0.10 0.047
10/ 24/ 90 16:41:40 SY6764 BU CK 85 0.40 0.227
10/ 25/ 90 07:28:51 SY6764 0.47 0.023
10/ 25/ 90 16: 01: 40 SY6764 2.36 0.653
10/ 26/ 90 07:20:58 SY6764 0.71 0.144
10/ 22/ 90 17:08: 09 SZB556 CHEVROLET 87 0.42 0.052
10/ 23/ 90 16:59: 03 SZB556 0.19 0.014
10/ 25/ 90 07:27:42 SZB556 1.32 0.104
10/ 26/ 90 07: 31:13 SZB556 0.53 0.214
10/ 24/ 90 08:12:26 SZT651 CADI LLAC 84 0.82 0.129
10/ 25/ 90 07:59: 35 SZT651 0.51 0.168
10/ 25/ 90 17:38:39 SZT651 0.24 0.075
10/ 26/ 90 08: 03:55 SZT651 0.62 0.136
10/ 22/ 90 16:56: 22 TA8889 CHEVROLET 84 0.51 0.008
10/ 23/ 90 17:13:12 TA8889 -0.63 0.100
10/ 24/ 90 07:16: 04 TA8889 0.21 0.030
10/ 25/ 90 07:51:31 TA8889 0.06 0.046
10/ 24/ 90 07: 33:46 TCA745 FORD 89 0.16 0.070
10/ 24/ 90 18: 02: 37 TCA745 0.30 0.131
10/ 25/ 90 07:28:05 TCA745 0.49 0.086
10/ 26/ 90 07:20:05 TCA745 0.10 0.033
10/ 24/ 90 08:31:52 TFV115 TOYOTA 79 3.19 0.015
10/ 25/ 90 08:27:31 TFV115 5.16 0.100
10/ 25/ 90 18:24:55 TFV115 4.45 0.158
10/ 26/ 90 08: 07:52 TFV115 5.01 0.286
10/ 22/ 90 16:50: 12 TH5747 89 0.30 -0.034
10/ 24/ 90 07:54:15 TH5747 0.08 0.043
10/ 24/ 90 16:54:13 TH5747 1.88 0.169
10/ 25/ 90 08:07: 44 TH5747 0.12 0.059
10/ 26/ 90 07:37:19 TH5747 0.61 0.150
10/ 26/ 90 17:20:40 TH5747 1.44 0.300
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10/ 22/ 90 18:14:17 UD3327 CHEVROLET 81 4.15 0.292
10/ 23/ 90 18:19: 00 UD3327 3.88 0.178
10/ 24/ 90 17:46:52 UD3327 5.75 0.204
10/ 25/ 90 07:30: 42 UD3327 3.90 0.230
10/ 25/ 90 17:46: 31 UD3327 5.13 0.240
10/ 26/ 90 07:29:53 UD3327 3.31 0.179
10/ 24/ 90 11: 06: 24 UD5906 TOYOTA 84 0.19 0.058
10/ 25/ 90 09: 44: 33 UD5906 -0.18 0.006
10/ 26/ 90 12:11:10 UD5906 0.25 0.070
10/ 26/ 90 16: 34: 40 UD5906 -0.09 0.002
10/ 23/ 90 18:08: 46 UF9201 OLDSMCBI LE 90 1.05 0.312
10/ 24/ 90 07:59: 00 UF9201 0.36 0.081
10/ 24/ 90 17:57:12 UF9201 -0.11 0.077
10/ 25/ 90 08:01: 25 UF9201 -0.07 0.017
10/ 25/ 90 17:46:54 UF9201 -0.12 0. 158
10/ 26/ 90 08:02: 42 UF9201 0.15 0.064
10/ 26/ 90 17:54:38 UF9201 0.04 0.245
10/ 22/ 90 17:21:08 U712 VOLKSWAGEN 90 0.31 O0.216
10/ 23/90 17:07:17 U712 0.14 0.056
10/ 24/ 90 17:18:22 U712 0.23 0.044
10/ 25/ 90 17:25:21 U712 1.31 0.582
10/ 24/ 90 07:52:56 URBS2 MERCURY 85 1.54 0.137
10/ 25/ 90 07:50: 22 URBS2 1.60 0.076
10/ 25/ 90 17:25: 32 URBS2 0.96 0.336
10/ 26/ 90 07: 44:58 URBS2 0.25 0.093
10/ 22/ 90 17:33: 09 UX8235 BU CK 90 0.46 0.212
10/ 24/ 90 08: 01: 01 UX8235 -0.03 0.022
10/ 24/ 90 17:28:22 UX8235 0.06 0.061
10/ 25/ 90 08: 03: 28 UX8235 -0.04 0.021
10/ 26/ 90 08: 03: 18 UX8235 0.29 0.107
10/ 22/ 90 17:20:49 VJ4002 HONDA 86 0.25 0.300
10/ 24/ 90 07:52: 06 VJ4002 0.99 0.014
10/ 25/ 90 08: 25: 00 VJ4002 3.51 0.123
10/ 26/ 90 08: 34: 31 VJ4002 1.08 0.031
10/ 26/ 90 12:10: 22 VJ4002 0.31 0.013
10/ 24/ 90 08:13:51 VMB046 CHEVROLET 70 3.79 0.061
10/ 24/ 90 16: 56: 58 VMB046 8.73 0.312
10/ 25/ 90 08:41: 37 VMB046 10.20 0.294
10/ 25/ 90 16:57:16 VMB046 8.58 0.181
10/ 22/ 90 16:54: 42 VNVAO75 MERCURY 81 7.13 0.274
10/ 23/ 90 16:47:19 VMAO75 7.56 0.543
10/ 24/ 90 06:54:20 VMAO75 4.43 0.171
10/ 25/ 90 16:51:13 VMA075 6.58 0.177
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10/ 24/ 90 07:39: 46 VN3202 OLDSMCBI LE 85 0.04 0.110
10/ 25/ 90 16:58: 50 VN3202 0.16 0.194
10/ 26/ 90 08: 45: 03 VN3202 0.39 0.095
10/ 26/ 90 18:07: 37 VN3202 0.22 0.100
10/ 22/ 90 17:18:12 VR3225 90 0.42 0.149
10/ 23/ 90 17:11:40 VR3225 0.13 0.025
10/ 24/ 90 17:24:10 VR3225 0.18 0.130
10/ 25/ 90 08:47:20 VR3225 -0.03 -0.009
10/ 24/ 90 16: 46: 54 VR7270 FORD 89 1.13 0.271
10/ 25/ 90 09:41: 03 VR7270 0.57 0.271
10/ 25/ 90 17:19:35 VR7270 1.78 0.513
10/ 26/ 90 08:49:41 VR7270 -0.08 0.391
10/ 22/ 90 17: 33: 46 VS5141 DCODGE 86 -0.01 0.065
10/ 24/ 90 08:01: 36 VS5141 0.57 0.143
10/ 24/ 90 17:02:19 VS5141 0.49 0. 306
10/ 25/ 90 08: 03: 49 VS5141 0.50 0.184
10/ 25/ 90 07:40: 32 VS748 MERCEDES- BENZ 74 0.57 0.070
10/ 25/ 90 17:24:08 VS748 0.27 0.123
10/ 26/ 90 07:28:49 VS748 0.40 0.162
10/ 26/ 90 17:26: 34 VS748 3.93 0.276
10/ 22/ 90 17:04:08 VT5360 FORD 87 1.54 0.486
10/ 23/ 90 17:34:16 VT5360 1.36 0.155
10/ 24/ 90 16:14:13 VT5360 0.59 0.051
10/ 25/ 90 08: 00: 48 VT5360 1.02 0.144
10/ 25/ 90 16: 39: 15 VT5360 4.44 0. 345
10/ 24/ 90 06: 55: 48 VT8980 FORD 89 0.32 0.031
10/ 25/ 90 09:46: 01 V18980 0.90 0.126
10/ 26/ 90 08:14:53 VT8980 0.42 0.097
10/ 26/ 90 15:55:28 VT8980 2.32 0.364
10/ 24/ 90 08: 09: 42 VW5504 PLYMOUTH 88 0.40 O0.157
10/ 25/ 90 08:11:39 VW504 0.32 0.154
10/ 25/ 90 18:36:11 VW504 0.85 0.214
10/ 26/ 90 08: 09: 03 VW5504 0.13 -0.021
10/ 24/ 90 07:52:51 VX410 TOYOTA 85 2.39 0.120
10/ 24/ 90 17:07:49 VX410 1.60 0.318
10/ 25/ 90 08:12: 00 VX410 0.83 0.116
10/ 26/ 90 07:45: 07 VX410 0.20 -0.030
10/ 22/ 90 17:00: 01 VY2261 CHRYSLER 89 -0.14 0.003
10/ 24/ 90 07:47:50 VY2261 0.15 0.033
10/ 24/ 90 16:54:02 VY2261 0.37 0.149
10/ 25/ 90 07:48: 34 VY2261 0.29 0.037
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APPENDI X B: Oldest, Cleanest, and Dirtiest

For theentiremeasurement period, thefifty oldest, fifty cleanest (CO & HC) and fifty dirtiest
(CO & HC) vehiclesarelisted. Itisimportant tonotethat thecleanest vehicles, typically listed
asnegativevalues, areall zero % CO or %HC emitters. They arenot claimed to be either a)
cleaningtheair or b) any different from thelargenumber of vehiclesmeasur ed at or near zero.
They servetoillustratethemake, model year, and agedistribution of ther est of themany clean
vehicles. Thefifty oldest vehiclesarelisted to emphasizethat old vehiclesarenot necessarily
high emittersrelativetotherest of thefleet. Thislist can becompared tothefifty dirtiest, which
are by no meansall old.
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Li cense

SR5546
SR5546
XED764
FY7250
XED764
JRAT25
JRAT725
66 TRK- B
JRAT25
JRAT25
AE7376
AE7376
UB3537
7280DH B
5544EM B
SN3598
ART1967
XK9310
RT8951
NC1282
9720DM B
YKV400
J@@449
VF9270
VF9270
ON1720
ON1720
LTNG42
XJ7336
| 27483
ED4642
ED4642
VS7338
QOF523
46406D
Su331
SU331
FZ8346
VX2620
VNVB046
TES855
SMX191
VNVB046
VVB046
VMB046
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FVS394
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MG
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CHEVROLET
FORD

FORD

BUI CK

BUI CK
CHEVROLET
PLYMOUTH

FORD MJUSTANG

CHEVROLET
PLYMOUTH
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BUI CK

BUI CK
RAMBLER
RAMBLER
BUI CK

VERCEDES- BENZ

BUI CK

SAAB

SAAB
VOLKSWAGEN
CADI LLAC
FORD
VERCURY
VERCURY
VOLKSWAGEN
CADI LLAC
CHEVRCOLET
CHEVROLET
PLYMOUTH
CHEVRCLET
CHEVRCOLET
CHEVROLET
OLDSMCBI LE
PONTI AC

BUI CK
OLDSMOBI LE
PONTI AC

A dest

Model Year
COUPE 62
COUPE 62
4 DOOR 63
4 DOOR 63
4 DOOR 63
4 DOOR 66
4 DOOR 66
Pl CKUP 66
4 DOOR 66
4 DOOR 66
CONVTBLE 66
CONVTBLE 66
4 DOOR 66
PANEL 67
Pl CKUP 67
4 DOOR 67
CONVTBLE 67
4 DOOR 67
4 DOOR 67
CONVTBLE 68
Pl CKUP 68
SEDAN 68
4DR SEDAN 68
CONVTBLE 68
CONVTBLE 68
2 DOOR 68
2 DOCR 68
STA WAGON 69
2 DOOR 69
4 DOOR 69
2 DOCR 69
2 DOCR 69
2 DOOR 69
COUPE 70
Pl CKUP 70
2 DR HT 70
2 DR HT 70
2 DOOR 70
4 DR HT 70
COUPE 70
4 DOOR 70
4 DOOR 70
COUPE 70
COUPE 70
COUPE 70
2 DOOR 71
2 DR HT 71
STA WAGON 71
2 DOOR 71
2 DR HT 71

H
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%O

.81
. 88
.81
.33
. 60
.90
. 65
.69
. 26
.11
.43
.51
.21
.15
.71
. 78
.81
.43
.71
. 38
.91
.53
. 55
.94
. 06
.08
. 67
.25
. 34
.43
.47
.10
. 88
.10
. 20
.51
.27
.32
.10
.79
.09
.18
.58
.73
. 20
.07
. 06
.17
.17
.24

elelolololololololololololololololololololololo] Jol Velololololelololololololololololololololele e

%-C (propane)

. 119
. 361
. 080
. 413
. 259
. 127
. 088
177
. 316
. 140
. 163
. 406
. 830
. 020
. 071
. 164
. 064
. 278
. 385
. 154
. 132
. 007
. 063
. 332
. 468
. 768
. 616
. 084
177
. 068
. 139
. 191
. 267
. 071
. 106
. 153
. 233
. 173
. 057
. 061
. 288
. 204
. 181
. 312
. 294
. 083
. 014
. 049
. 023
. 053



Li cense

TAS889
XQT685
128650
TDLJR
UE7222
XE3818
HV2176
VH5445
MBH218
XJ9437
NN2438
FLY898
Q2089
CAR316
Wro75
592225
ST5534
MAY316
SAT133
XCN773
ST4569
CX8554
DATSCAR
DCML45
PN8151
DB8192
HB5293
ES4552
Al VB
CL7864
YXJ118
| C2403
FX5914
UBB163
TONL12
CP1901
SS5916
MA3447
HN1286
253929
JT5638
OV7155
478TX
JZH807
7173BR-B
FYX239
BCR4982
TOY107
FSB
SML442

MVake

CHEVROLET
CHEVRCLET
DCODGE
HONDA
FORD
FORD

VOLKSWAGEN

BUI CK

MAZDA
PONTI AC

DODGE
CHEVRCLET
FORD
DODGE
FORD
VAZDA
CADI LLAC
CHEVROLET

THUNDERBI RD

FORD
CHEVRCLET
CHEVRCOLET
HONDA
PONTI AC
DCDGE
FORD

VERCEDES- BENZ

CHEVRCLET
CHEVRCLET
FORD

BUI CK
CHEVRCLET
FCORD
VERCURY

ALFA ROVEO

FORD
VERCURY
CHEVRCOLET
CHEVROLET
PONTI AC
CHEVRCLET
CHEVRCOLET
CHEVROLET
VOLVO

LI NCOLN
TOYOTA

LI NCOLN
PLYMOUTH

Cl eanest CO

Model Year
HATCHBACK 84
STA WAGON 81
HATCHBACK 88
HATCHBACK 90
2 DOOR 81
4 DOOR 90
4 DOOR 87
4 DOOR 81
4DR SEDAN 89
HATCHBACK 90
HATCHBACK 88
STA WAGON 86
2 DR HT 83
COUPE 85
2 DOCR 89
VAN 89
HATCHBACK 84
HATCHBACK 89
COUPE 87
COUPE 90
2 DOOR 83
4 DOOR 83
4 DOOR 85
PANEL 91
4 DOOR 89
4 DOOR 90
4 DOOR 88
4 DOOR 85
4DR SEDAN 80
VAN 87
COUPE 85
HATCHBACK 88
4 DOOR 86
4 DOOR 78
HATCHBACK 89
4 DOOR 86
ROADSTER 89
4 DOOR 88
2 DOCR 84
STA WAGON 88
4 DOOR 85
4 DOOR 79
4 DOOR 90
4 DOOR 85
VAN 86
4 DOOR 90
4 DOOR 90
SEDAN 87
4 DOOR 89
VAN 90

%O

. 63
.62
.62
.61
. 58
. 58
.57
.97
. 57
.97
. 56
. 56
.55
.53
.53
.53
. 53
.51
.51
.51
.51
.50
.50
.49
.48
.48
.48

47

.47
.47
. 46
. 46
. 46
.45
.45
. 45
.45
.44
.44
.44
.44
.43
.43
.43
.42
.42

42

.42
.42
.42

1 1 1 1 1 1 1 1 1 1
olejololelololololololololololololololololololola] Jololololela] Velo] Joleo] dJolololelelele] o}

%-C (propane)
0.

100

0. 012

. 012
. 975
. 078
. 036
. 028
. 014
. 003
. 050
. 021
. 947
. 045
. 061
. 655
. 008
. 064
. 311
. 056
. 020
. 006
. 133
. 154
. 034
. 612
. 014
. 030
. 173
. 016
. 014
. 092
. 007
. 007
. 041
. 124
. 041
. 009
. 005
. 130
. 014
. 047
. 022
.014
. 053
. 011
. 024
. 140
. 044
. 046
. 359



Dirtiest CO

Li cense Make Model Year %O %-C (propane)
1469PT DODGE VAN 87 13.59 1.123
SDz803 CHEVROLET 4 DOOR 85 13. 26 0.201
984CT-B FORD Pl CKUP 75 13. 21 0. 487
NH6895 BUl CK COUPE 88 12. 96 0.293
Bl GL76 CADI LLAC 4 DOOR 78 12. 95 0.237
SU1517 BUl CK 4 DOOR 84 12. 88 0. 453
CE7404 FORD 2 DOOR 88 12. 73 0. 500
696032 OLDS CUTLASS 2 DOCR 80 12.72 0. 490
443024 FORD 4 DOOR 86 12. 33 0.712
MC3899 OLDSMOBI LE COUPE 79 12. 30 0. 261
VW6627 CHEVROLET 4 DOOR 78 12.19 0. 292
JLB431 4 DOOR 83 12. 00 0. 533
DR6821 BUl CK SEDAN 79 11. 98 0.227
XBL775 CHRYSLER HATCHBACK 86 11. 95 1.160
TRI B8O CHEVROLET 4 DOOR 78 11. 90 0. 371
XSH816 FORD STA WAGON 79 11. 83 0. 170
XAJ405 CHEVROLET HATCHBACK 84 11.75 0. 315
FC2199 BUl CK COUPE 86 11.73 0. 376
WHWL24 FORD STA WAGON 82 11.72 0. 227
QE1061 CHEVROLET COUPE 76 11.59 1.707
FYF598 2 DOOR 86 11. 41 0. 686
XGY481 CHEVROLET 4 DOOR 82 11. 37 0. 602
PT9264 FORD 2 DRHT 79 11. 27 0. 180
81017RV  CHEVROLET CAVPER 79 11. 26 0. 242
226210B  GENERAL MOTOR VAN 77 11. 24 2. 066
GODI S11 COUPE 87 11. 23 1.093
3101AN-B FORD TRUCK 79 11. 23 0. 197
CvB237 OLDSMOBI LE COUPE 81 11.18 0. 442
XL150 2 DOOR 89 11.18 0. 556
YB4778 VOLKSWAGEN HATCHBACK 83 11.12 0. 116
VN3934 DODGE VAN 79 11. 03 0. 365
RZH744 FORD 2 DOOR 86 11. 03 0. 354
DB3583 CHEVROLET HATCHBACK 80 10. 88 0. 366
ED60 L1 NCOLN 4 DOOR 82 10. 86 0. 559
XNJ268 VERCURY 4 DOOR 86 10. 80 0.243
PP312 CHEVROLET 4 DOOR 83 10. 80 0. 248
NE9813 PONTI AC 4 DOOR 79 10. 79 0.519
G-6861 MVERCURY 4 DOOR 78 10. 76 0. 553
WAB127 MERCURY 4 DOOR 85 10. 76 0. 601
NR6481 PLYMOUTH 2 DRHT 74 10. 70 0. 135
FYR291 FORD 2 DOOR 86 10. 68 0. 394
ON1720 RAMBLER 2 DOOR 68 10. 67 0.616
ON1721 FORD 4 DOOR 86 10. 64 0. 290
GE1524 FORD 2 DOOR 81 10. 61 0. 249
LYJ812 OLDS CUTLASS 4DR SEDAN 81 10. 57 0. 252
UWB383 FORD 2 DOOR 86 10. 55 0. 098
OR6871 FORD HATCHBACK 80 10. 51 0. 234
BT4537 LI NCOLN 4 DOOR 82 10.51 0. 301
GE1524 FORD 2 DOOR 81 10. 49 1.228
0ox3047 FORD 2 DRHT 79 10. 39 0. 498



Li cense

DKR182
OK587
PXK236
J3449
XE228
JJ7389
SECA9
G.4670
DTV898
RA8347
XG&J395
MZ3024
OK4838
ED7624
GD1868
ET399
BN4321
FNJ215
JTSI
SYZ827
CAR316
LBV/782
JK4663
PS1566
CZ4957
M\2276
LVJ956
ADS184
XF8652
XAE342
BF5170
RA2045
XDY638
7726EG B
JE5532
8447
W 17398
JJ8035
UHB005
RDZ830
61709
843989
LVB717
Xup871
FZH620
SD3473
8738DA- B
SAT133
NFZ629
JZL708

MVake

CHEVROLET
RENAULT
CHRYSLER
CHEVRCOLET
CHEVROLET
CHEVRCLET
VOLVO
DODGE
CHEVROLET
CHEVRCLET
CADI LLAC
CHEVROLET

OLDSMOBI LE

CHEVRCLET
FORD

OLDSMOBI LE

CHEVROLET
LI NCOLN

FORD
CHEVROLET
FORD
VERCURY
CHEVRCOLET
CADI LLAC
PEUGEOT
DCDGE
PLYMOUTH
FORD
CHEVRCLET
BUI CK
CADI LLAC
CHEVROLET
FORD
VOLVO
TOYOTA
DODGE
HONDA
DCODGE

BUI CK

CHEVRCLET
FORD
CHEVRCOLET
FORD
BUI CK
FORD
CADI LLAC
BUI CK

Cl eanest HC

Model Year
4 DOOR 91
2 DOOR 86
CONVTBLE 89
4DR SEDAN 68
4 DOOR 76
4 DOOR 88
PASSENGER 86
VAN 85
VAN 87
4 DOOR 86
4 DOOR 86
PASSENGER 84
4 DOOR 89
4 DOOR 89
HATCHBACK 89
4 DOOR 84
STA WAGON 87
4 DOOR 88
HATCHBACK 87
STA WAGON 90
COUPE 85
4 DOOR 88
4 DOOR 87
STA WAGON 85
4 DOOR 77
4 DOOR 85
VAN 87
VAN 87
HATCHBACK 85
4 DOOR 89
4 DOOR 84
4 DOOR 90
HATCHBACK 90
Pl CKUP 90
4 DOOR 88
VAN 89
Pl CKUP 83
4 DOOR 89
HATCHBACK 90
COUPE 83
2 DOOR 86
VAN 86
HATCHBACK 89
4 DOOR 84
HATCHBACK 89
4 DOOR 86
VAN 88
COUPE 87
4 DOOR 90
COUPE 83
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%O

. 69
.62
. 06
.95
.52
.19
.92
.23
. 03
. 38
.28
. 40
.32
.32
.16
. 06
.90
.14
.33
. 26
. 53
.23
.37
.04
.32
.08
.04
.10
.14
.08
.03
.23
. 03
.13
.25
.10
.17
.24
.52
.15
.13
.15
.25
. 28
.29
.29
.40
.51
.17
.33

elejoleolelolololololololololololololololololololololololololololololololololololololololololololele

%-C (propane)

. 064
. 063
. 063
. 063
. 063
. 063
. 063
. 063
. 062
. 062
. 062
. 062
. 062
. 062
. 061
. 061
. 061
. 061
. 061
. 061
. 061
. 060
. 060
. 060
. 060
. 060
. 060
. 060
. 060
. 060
. 060
. 060
. 059
. 059
. 059
. 058
. 058
. 058
. 057
. 057
. 057
. 056
. 056
. 056
. 056
. 056
. 056
. 056
. 055
. 055



Li cense

\V.J8686
XET276
XHF807
PE8529
ST6915
6451
TG2173
QL2873
EUV093
VF9270
MAY316
EVL204
| X9965
| B2722
FX6546
MX6309
DC5606
2262108
XNT461
MVB999
MBF54
HHT 4
CWALO5
PP266
\\BS566
FLY898
XCT533
VT2837
Qz5251
DW8178
BYY889
UMB749
HXH106
NWI944
ON1720
JLY603
TG8911
QE1061
BSL839
VL3181
DUV873
WFO75
CARNAC
102749
NKNB 46
PN8151
MUSAAB1
FFZ330
TRI MERL

Vake

DODGE
SUBARU
CHEVRCLET
HONDA
VERCURY
FORD
CHEVRCLET
FORD
HONDA

BUI CK
MAZDA

HONDA
TOYOTA
HONDA
FORD

BUI CK

GENERAL MOTOR

CHEVRCLET
BUI CK
TOYOTA
HONDA
CHEVRCLET
BUI CK

PONTI AC
TOYOTA
TOYOTA
TOYOTA
HONDA
HONDA

OLDSMCBI LE

HONDA
RAMBLER
TOYOTA
RENAULT
CHEVROLET
FORD
PLYMOUTH
HONDA
FORD
HONDA
HONDA
PLYMOUTH
HONDA
PLYMOUTH
HONDA
CHEVRCOLET

148976RV CHEVROLET

Dirtiest HC

Model Year
VAN 74
STA WAGON 79
4 DOOR 88
HATCHBACK 90
HATCHBACK 82
PASSENGER 87
4 DOOR 82
HATCHBACK 89
HATCHBACK 88
CONVTBLE 68
HATCHBACK 89
HATCHBACK 88
4 DOOR 88
STA WAGON 87
HATCHBACK 88
4 DOOR 85
COUPE 82
VAN 77
STA WAGON 79
4 DOOR 87
4 DOOR 89
STA WAGON 89
STA WAGON 87
4 DOOR 88
4 DOOR 90
STA WAGON 86
COUPE 78
2 DOCR 79
4 DOOR 88
4 DOOR 88
HATCHBACK 90
4 DOOR 90
4 DOOR 85
HATCHBACK 88
2 DOOR 68
STA WAGON 88
2 DOCR 86
COUPE 76
2 DOOR 79
COUPE 79
4 DOOR 89
2 DOOR 89
4 DOOR 90
HATCHBACK 89
HATCHBACK 89
4 DOOR 89
2 DOOR 79
4 DOOR 88
HATCHBACK 90
CAMPER 90
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.22
. 23
.90
. 86
. 87
.59
.18
. 26
.49
.94
.51
.04
.31
.05
. 88
.31
.32
.24
.30
.17
.16
.97
.10
.35
. 26
. 56
.01
.95
. 64
.27
.37
.54
.03
.35
.08
.76
.92
. 59
. 67
.13
.04
. 53
.01
.58
.11
.48
.23
.31
. 68
. 53
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%-C (pr opane)

. 031
VASTS)
. 643
. 539
. 466
. 419
. 374
. 362
. 357
. 332
. 311
. 289
. 275
. 165
. 164
. 113
. 108
. 066
. 065
. 008
. 985
. 978
. 961
. 954
. 952
. 947
. 909
. 884
. 882
. 870
. 808
. 788
. 7185
779
. 768
. 755
. 708
. 707
. 673
. 666
. 659
. 655
. 648
. 639
. 635
. 612
. 605
. 593
. 588
. 587



	On-Road Carbon Monoxide and Hydrocarbon Remote Sensing in the Chicago Area
	Authors

	tmp.1633714439.pdf.IQiRW

