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NOTICE

Thistechnical report does not necessarily represent final EPA decisions or positions.

It isintended to present technical analysis of issues using data that are currently available.
The purpose in the release of such reportsis to facilitate the exchange of
technical information and to inform the public of technical developments which
may form the basis for a final EPA decision, position, or regulatory action.



EXECUTIVE SUMMARY

List of Issues, Key Points, Assumptions and User Inputs
Regarding MOBILES6 I/M Credits

The methodol ogy described in this document (M6.1M.001) covers 1981-95 model
year cars and light-duty trucks. No significant FTP based datawere availablefor the 1994
and 1995 model year vehicles, but these were included for I/M purposes with the earlier
model years because of their general lack of On-Board Diagnostic (OBD) systems. The
document also discusses I/M creditsfor running and start emissions. I/M credits are based
on asimple distribution model in which every vehicle in the fleet is either a high emitter
(FTP emission greater than 2 times HC or NOx standards or 3 times CO standards) or a
normal emitter. Theemissionlevelsof the high and normal emittersare based on FTP data
collected independently by EPA, AAMA and API as part of the organizations' in-use
vehicle emission assessment programs. Thefreguency and distribution of high and normal
emittersin the fleet is based on alarge database of IM240 data collected in Dayton, Ohio
in 1996 and 1997. The basic emission levels used in the model are afunction of vehicle
mileage, vehicle technology, and model year.

The basic assumption behind I/M isthat afraction of the high emittersin the fleet
are identified and repaired down to lower emission levels during the I/M process. This
process reduces the average emission level of the fleet by reducing the fraction of High
emittersinthefleet. Thel/M benefitisthedifferencein fleet emission levelsbetween the
No I/M baseline emission level and the after I/M fleet average.

MOBILE6 will allow various|/M scenariosto be modeled. Some of these are new
to the MOBILE model series. The others have been changed or revamped in asignificant
manner. MOBILEG will allow for some new features.

New Features:

1 Internal operation - Except for the constant ASM / IM 240 ratio file, used to model
an ASM based I/M program, and the TECH12 credit file used to model pre-1981
model year vehicles, there are No external I/M credit files to attach to the main
program for 1981 and later model year vehicles.

2. I/M creditsgiven for the IM240 test, the ASM tests, the ldletestsand OBD testing.

3. Custom user supplied cutpoints for IM240 can now be entered directly in the
program. For example, the combination (1.5 g/mi HC, 55 g/mi CO, and 3.2 g/mi



NOX) can be entered for an IM240 scenario. Custom ASM test cutpoints cannot
be entered directly into MOBILES.

Ability to model up to seven different exhaust and evaporative I/M programs
simultaneously.

Ability to model the exemption of the first “n” model years / ages in an I/M
program. The“n” can be up to the first 25 model years/ ages.

User input and default values for non-compliance with testing requirements, and
cost waivers on failures can be specified.

I/M credits given for cost waivered vehicles.

Development of Important Parameters

1.

The I/M methodology and associated parameters presented in this document are
heavily based on four other EPA documents. Theseare* Determination of Running
Emissions as a Function of Mileage for 1981-93 Model Year LDV and LDT
Vehicles’ - M6.EXH.001, and “ Determination of Start Emissions as aFunction of
Mileage and Soak Time for 1981-93 Model Year Light Duty Vehicles.” -
M6.STE.003. Also, the OBD and OBD I/M assumptionsare discussed in the EPA
MOBILE6.0 documents M6.EXH.007 and M6.EXH.009. The ‘007" document
covers the Hydrocarbon (HC) and Nitrogen Dioxide (NOX) pollutants, and the
‘009" document covers the Carbon Monoxide (CO) pollutant. The reader is
encouraged to obtain these documents from the EPA Web site and review them.
Thepaper M6.STE.003 contai nsthe start emission parameters (average normal and
high start emission level), and the associated statistics.

Grouping Parameters - Most of the grouping of the data was done by model year
and technology groups. Ported fuel injection (PFl) technology was split from
throttle body injection (TBI) and carbureted technology. Model year groups were
chosen based on engineering judgement regarding technology changes, or were
grouped based on similar certification emission standards.

Basic emission rate and I/M analyses were done for both cars and light trucks
separately. The same analysis approach was used for each vehicle type; however,
different model year grouping were selected for cars and trucks because of the



different certification standardswhichwerein effect. Also, MOBILEG containsthe
MOBILES I/M estimates for Heavy-Duty Gasoline Vehicles. These were NOT
updated in MOBILES®.

Basic Emission Rates - FTP emission factor data comes from significant EPA and
industry testing (3,000+ FTP tests). It was corrected for recruitment bias (see
M6.EXH.001) based on IM 240 testing from Dayton, Ohio (211,000 IM240 tests).

Average emissions of Normals and Highs for start and running emissions - EPA
/ AAMA FTP data sample was used.

Identification Rate of High emitters - These are based on a sizeable database (900
vehicles) which received both the FTP and IM240 tests at an EPA contractor
facility.

After I/M Repair Effects for running emissions - These are based on thousands of
IM240 tests from Arizona on vehicles which were repaired to pass I/M.

After I/M Repair Effect for start emissions - These are based on FTP data collected
by EPA.

Sawtooth Methodology - The Sawtooth algorithm has been removed from the
MOBILE6 model exhaust I/M calculationsfor the 1981 and later model years. This
change is a new and important feature of MOBILE6 since the previous Draft
version of this document (EPA420-P-99-007) was released. The * Sawtooth’ was
originally devel oped as part of the MOBILE2 model and wasused inthe MOBILES
model. It was a methodology that attempted to account for fleet deterioration
between successivel/M programs, and the standard practice of the auto industry to
introduce its new model of vehiclein October of the previous calendar year.

The Sawtooth algorithm was dropped from the exhaust model for a number of
reasons. The primary reason is that it cannot accurately be programmed into the
MOBILE6 model. Thisis because the sawtooth algorithm requires knowledge of
emission levels and high emitter rates from one subsequent and two previous
calendar years. Unfortunately, the structure of the MOBILE6 model is such that



only the current calendar year is available to the program in agiven run. Changes
to this structure to incorporate a multiple calendar run algorithm would require a
complete re-design and re-write of the MOBILEG code. Without a complete re-
design, incorporation of a more accurate version of the ‘ sawtooth’ would have an
extremely adverse effect on the execution time of MOBILES.

Also, one of theimportant assumptions underlying the sawtooth methodol ogy was
the assumption that the emission deterioration of afleet that did not have I/M was
the same as the emission deterioration of afleet between I/M inspections. On the
surface, this sounds like a reasonable assumption given that no data to prove or
disproveit currently exists. However, another line of reasoning suggests that once
avehicle hasfailed, it potentialy could have ahigher propensity to fail again even
if it is brought back to specifications. This higher propensity is likely due to
conditions beyond an I/M program’ s ability to control, such as poor manufacturer
design, build, etc. (‘alemon’), or poor general maintenance or careless operation
by theowner. To get an accurate picture of vehicledeteriorationinan /M program,
adetailed multi-year study is required which tracksindividual failures and passing
vehicles, and determines the proper level of re-failure and its emission effects. In
the absence of such a study, EPA now believes that the assumption of equal
deterioration rates between the fleet ‘on average’ and the previously repaired
vehiclesisnot likely valid, and has chosen to removeit from the MOBILE6 model .

A proper study of the long term behavior of vehiclesin I/M has never been done.
However, some limited work in this area has been done by Tom Wenzel at
Lawrence Berkeley Labs using Arizona I/M and remote sensing data. This new
work now suggeststhat I/M failuresre-occur at ahigher rate than the general fleet.
For example, the work suggests that the re-failure rate is in the range of 30 to 40
percent; whereas the overal fleet failure rate isin the range of 15 to 20 percent.
(Wenzel, Tom. “Evaluation of Arizona s Enhanced I/M Program”, presentation at
the 9" CRC On-Road V ehicle EmissionsWorkshop, April 21, 1999). Thesehigher
rates suggest that repaired failures are not as stable as assumed, or that many
failures are not repaired as completely in first place as assumed.

The sensitivity of the emission result to the sawtooth algorithm was also
investigated. It was discovered in the course of testing that the sawtooth
methodology has only avery marginal effect on the size of the I/M benefits or the
after repair emission levels. For example, it reduces them dlightly, typically only
one or two percent, to account for deterioration between calendar years. The
changein I/M benefits from the Sawtooth is so marginal because the slope of the
emission deterioration between calendar yearsis small. Itisthis‘slope between
inspections that the Sawtooth is attempting to model.
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11.

12.

Despite the theoretical and practical problems associated with the Sawtooth
algorithm, it was retained in the MOBILE6 model in three minor areas. Firdt, itis
still present in the I/M Evaporative calculations. Second, it is still present in the
exhaust I/M calculations for pre-1981 model year vehicles. Finadly, it is still
present to an extremely limited degreeinthe Biennial I/M correction factorsfor the
1981 and later model years (see Point #10 below). Although, retention of the
Sawtooth in these areas of the model produces some inconsistency, it was
maintained in the model primarily because its removal would require considerable
additional engineering analysis and re-programming. Also, in the case of the pre-
1981 model years and the Biennia 1/M correction factors, its effect will likely be
non- existent for most current calendar year runs of the MOBILE6 model, or have
an otherwise negligible effect.

One of the reasonsto use the Sawtooth methodology in MOBILE6 was to account
for the effects of a Biennia 1/M program. In the absence of the Sawtooth, a new
methodology was used that ratioed the Biennial I/M reductions from MOBILES
with the Annual I/M reductionsfrom MOBILES6. The resulting factor was applied
to the annual 1I/M benefits in MOBILES6 to produce the reduced Biennia I/M
reductions.

Waiver Repair Levels - In MOBILES, cost waivered I/M failures will get some
repair benefit. A value of a 20 percent reduction has been chosen. Thisvalue may
updated in the future, if real data provides another value.

High Emitter Non-Compliance Rate - The definition of this parameter has been
changed. Inthedraft version of thisdocument, Non Compliance wasdefined asthe
fraction of the fleet which either do not show up for the I/M test in the first place
(non participants), and the fraction of the failures which show up for the test, fail
thetest, but never show up again with either asuccessful repair or awaiver. Inthis
case, the non participating vehicleswere assumed to have the same emissionsasthe
fleet average, and the fraction of thefailuresthat did not show up were assumed to
beHigh emitters. Inthefinal version, vehiclesin non-compliancewill only include
those vehicles which do not show up for the test, and it is assumed that they have
the fleet average emission level. Vehicles that do not show up for the retest may
also be considered non-compliant, and be assumed equivalent to those that do not
show up for the initial test. MOBILE6 does not contain a default value for this
parameter, but requires the user to specify one. The valid range is from 0 to 50
percent.
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High Emitter Waiver Rate - Thisisnow arequired user input. It isthe percent of
I/M FAILURES that received a cost or hardship waiver to the full requirements of
anI/M program. Thebasisfor thisrateisNOT the percent of thetotal fleet or the
percent of the tested fleet.

MOBILE6 will assumethat the ASM testswill havethe samerel ative performance
to the IM240 that they did in MOBILES. Thisis necessary because no new ASM
I/M test data matched with FTP data are available since MOBILES was rel eased.
New Idleand 2500RPM/Idletest dataare available and new performance estimates
have been computed, and will beinstalled in the MOBILE6 model. The ASM and
Idle I/M test performance in comparison to the IM240 will be computed in the
MOBILE6 model by adjusting the I/M test identification rate (IDR) factors.

The ASM testsassumethe sameafter I/M repair emissionlevelsasthe M 240 tests.
Only the IDR rates are different. Theldletest after repair rates are the same asthe
MOBILES Idletest repair rates, and these are generally higher (less effective) than
the corresponding ASM and 1M 240 repair rates.

TheMOBILE6 model will not havethe capability of modeling aremote sensing test
based program or achange of ownership I/M program. Thisomission isthe result
of insufficient time and resources to create this feature in the model. Code was
developed to model RSD and change of ownership I/M. However, it proved to be
unreliable and was removed from the MOBILEG6 program development at the end
of the process. If futureversionsof MOBILEG6 are devel oped, they may containthe
capability to model non-periodic inspection programs.

The MOBILE6 model WILL HAVE the capability to model 1996 and later model
years using an exhaust I/M program. However, MOBILE6 will NOT have the
capability of modeling an OBD type I/M program on pre-1996 model years. This
change is a new and important feature of MOBILE6 since the previous Draft
version of this document (EPA420-P-99-007) was rel eased.



1.0 INTRODUCTION

Thisdocument describes EPA’ snew methodol ogy for estimating exhaust emission
Inspection / Maintenance (I/M) credits. This includes the methodology for various tests
such asthe IM 240, the Idle test, the 2500 RPM/Idle test, and the ASM test. It includesthe
methodology used for all carsand light trucksfor model years 1981 through 1995. Thel/M
creditsfor the pre-1981 model years are not being revised for MOBILEG6. Thel/M credits
for post-1995 model yearswith OBD systems, and the evaporativeemission I/M test credits
will be discussed in a separate documents “ Determination of Emissions, OBD, and I/M
Effects for Tierl, TLEV, LEV, and ULEV Vehicles’ - EPA documents M6.EXH.007,
M6.EXH.009, and “Inspection / Maintenance Credits for Evaporative Control System
Tests’ - EPA document M6.IM.003.

MOBILE6 will handlel/M creditsdifferently than previousM OBILE models. One
major difference is the discontinuation of the TECH5 model. The TECH5 model was a
complex external FORTRAN program which cal culated and exported the exact I/M credit
values. These credit values were then built into the MOBILES block data code or read as
anexternal file. Thenew credit methodology will instead be built into the MOBILE6 code,
and will operate automatically every time an I/M program is caled by the MOBILE6
program. This change will give the MOBILEG6 user the ability to vary the effect of
cutpoints and other program parameters through changes to the MOBILESG input file. No
longer will it be necessary to develop special I/M credits using the TECH5 model, and
attach them to the MOBILE program.

The new I/M credit methodology will also be updated to reflect the new basic
emission rates (see “Determination of Running Emissions as a Function of Mileage for
1981-1993 Modé Y ear Light-Duty V ehicles- Report Number M6.EXH.001"). Inaddition
to being lower in magnitude, the new emission rates separate start and running emissions.
MOBILE6 will account for these emissions separately, and produce separate start and
running I/M credits.

This document is structured into six primary sections, and an Appendix section.
Section 2 briefly describes the databases used in the analysis and development of the
credits. Section 3 describes the methodology for development of the running exhaust 1/M
credits based on the IM 240 test. Section 4 describesthe periodic I/M credit calculationis
mostly mathematical terms. Section 5 describes the methodology for devel opment of the
start exhaust I/M credits. Section 6 describes the methodology for the development of
creditsfor the other typesof I/M tests (Idle, 2500/1dle, and ASM). Section 7 presents user
and peer review technical commentsand EPA’ sresponse to the comments. The document
also contains an Appendix section which is listed A through D. Appendix A contains



sample data plots, Appendix B contains sample calculations, and Appendices C and D
contain statistical diagnostics for many of the parameters used in this model.

20 DATA

Four databaseswere utilized to devel op the IM 240 based credits. Thefirst database
was alarge emission factor database which contained over 5,000 initial FTP testson 1981
through 1993 model year cars. It was used in the I/M credit analysis to determine the
average emissions of the “Normal” emitting vehicles and the “High” emitting vehicles.
Thisisthe same database which was used to generate the basic emission rates prior to the
application of the High Emitter Correction Factor. It is described in greater detail in
“Determination of Running EmissionsasaFunction of Mileagefor 1981-1993 Model Y ear
Light-Duty Vehicles’ - report number M6.EXH.001.

The second database wasasmaller I/M database. It was used to determinethe high
emitter identification rates for the IM240 test. It contained 910, 1981 and later cars and
trucks which had both an IM240 test and arunning LA4 test (derived from the FTP test).
It contained datafrom EPA emission factor testing in Ann Arbor, Indianaand Arizonain
which vehicleswererandomly recruited and tested on both the FTPtest and theIM 240 test.

Thissecond vehicle emission database containsmany of thesame FTP/ laneIM 240
test pairs that were used for the MOBILES I/M credits. In an attempt to update the
MOBILESG credits with newer model year data, additional vehicle data with FTP / lab
IM240 test pairs were added where FTP / lane IM240 were not available. Use of alab
IM240 versusalaneIM240for I/M credit purposesintroduces some additional uncertainty
intheanalysissincealab IM240 test islesssimilar to an actual state conducted IM240 1/M
test than alane IM 240. However, inclusion of the FTP/ |ab test data, enabled the analysis
to include some post 1991 model year vehicles and additional light trucks rather than
extrapolate these points. Thus, it was concluded that these benefits outwei ghed the slight
increase in uncertainty caused by using lab IM240 data.

The third database was the Arizona IM 240 database obtained from official state
testing. It contained several thousand before-and after-repair IM 240 tests, and was used to
determine the repair effects for the running LA4 IM240 credits. It contains data from a
special test program that the State of Arizona conducts on a continuous basis to evaluate
the performance of their I/M program. In this program, vehicles are randomly selected to
receivethefull IM240 test both initially, and if they fail, after all subsequent repair cycles
until they pass. EPA document - EPA 420-R-97-001 “ Analysisof the ArizonalM240 Test
Program and Comparison with the TECH5 Model” provides some detail regarding this
testing.



The fourth database of about 970 EPA tested vehicles contained both IM240 and
FTP data before and after repair. It was used to calculate the effects of repair on start
emissions.

30 I/M ALGORITHM FOR RUNNING EMISSIONS

31 Definition of Categories

Thebasicpurposeof I/M istoidentify and repair high emitting vehicleswith broken
emission control systems. These types of vehicles are termed “High” emitters, and
typically have average emission level swhich are considerably higher thanthe overall mean
emission levels. The remainder of the fleet is considered to be the “Normal” emitters.
These are low and average emitting vehicles, and their emission control systems are
generally functioning properly. The overal fleet emission factor is assumed to be a
weighted average of the high and normal emitters. For comparison, the use of two emitter
classes differsfrom the methodol ogy used in the previous TECH5 and MOBILES models.
In those models, there were four emitter classifications (Normal, High, Very High, and
Super).

The MOBILE6 model will generate specific I/M credits based on pollutant, model
year group, and technology type. Credits for the three pollutants HC, CO, and NOX will
be produced. Also, credits for the 1981 through 1993 model years will be stratified into
seven separate groups. These are: 1988-93 (PFI), 1988-93 (TBI), 1983-87 (Fl), 1986+
(CARB), 1983-85 (CARB), 1981-82 (FI), and 1981-82 (CARB). PFI means ported fuel
injection, TBI means throttle body fuel injection, (FI) means all closed-loop fuel injected,
and (CARB) means closed-loop carbureted and all open-loop vehicles combined together.

3.2 General I/M Algorithm

Figure 1 is a genera graphical view of the I/M algorithm for running emissions.
Specific algorithms for each of the model year / technology / pollutant groups will be
programed into the MOBILE6 model. Four lines are shown in Figure 1 which show the
basic emission rate, the normal emitter emission rate, the high emitter emission level, and
theafter repair emission levelsof thehigh emitterswhichwereidentified and repaired. The
basic emission rateis shown asLine A. Thisline represents the average emissions of the
fleet without an I/M test. It includes both the normal vehicles and the high emitting
vehicles.
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Line B in Figure 1 represents the average emissions of the normal vehicles. These
are the vehicles which are very unlikely to fail any 1M 240 test cutpoint in the range used
by I/M programs, and should not require any significant emission related repair if they did
fail. Thelineisshown asalinear function of mileage to reflect the gradual deterioration
that normal vehicles experience due to general wear. In the data analysis these vehicles
weredefined asnormal emittersfor aspecific pollutant if their FTPHC emissionswereless
than twice the applicable new car certification standard, or their FTP CO emissions were
less than three times the applicable new car certification standard, or their FTP NOX
emissions were less than twice times the new car certification standard. In MOBILES, it
is assumed that these vehicles never fail 1/M; no repair adjustment are made to them.

LineCinFigure 1 representsthe average emissions of thehigh vehicles. Theseare
the vehicleswhich likely have “ broken” emission control systems, and that should fail the
IM240 test cutpoint, and receiverepair. Inthedataanalysisthese vehicleswere defined as
high emitters for a specific pollutant if their FTP HC emissions or FTP CO emissions
exceeded twice or three times the applicable new car certification standard, respectively,
or their FTP NOX emissions were two times the new car certification standard. Because
high NOX emissions often occur with low HC and/or low CO emissions, and sometimes
even HC can be high and CO normal, the three categories were kept separate. Thus, a
vehicle could be a high HC emitter, but anormal CO and NOX emitter.

The selection of twice or thrice FTP certification standards for the boundary level
between normals and highs is an engineering choice based on the literature on I/M and
repair. Other reasonable boundary levelscould also have been chosen. No formal analysis
was done to prove that these levels were optimum. One of the reasons they were chosen
is because they were used in MOBILES, and have generally been shown in the past to be
agood dividing point between high emitting broken vehicles and lower emitting vehicles
which are not broken. Simple statistical analysis done on the data indicate that the two
means are statistically different.

LineD representsthe average emissionsof the portion of high emitting vehiclesthat
areidentified and repaired because of thel/M process. Thislineiscalculated asafunction
of vehicle age, and is a percentage (e.g., 150%) of Line B. The portion of the fleet which
isidentified by I/M will be repaired to alower level on average. However, this level is
generally not aslow on average asthe average of the normal vehicles. Thejustification for
this assumption was an analysis of Arizona IM240 before and after repair data collected
during 1995 and 1996. (See EPA report EPA-420-R-97-001 “Analysis of the Arizona
IM240 Test Program and Comparison with the TECH5 Model” for a description of this
dataset).
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33 Calculation of Basic Running LA4 Emission Rates

Line A in Figure 1 represents the basic non-I/M emission rate for a given
combination of vehicle type/ pollutant / model year group / technology group. The units
represented in Figure 1 are running LA4 emissions in grams / mile. The calculation
methodology and databases used to determine these emission rates are fully documented
inthereport “ Determination of Running EmissionsasaFunction of Mileagefor 1981-1993
Mode Year Light-Duty Vehicles,” report M6.EXH.001. The reader is encouraged to
review this document for more details. Selected emission rates were taken from
M6.EXH.001 and used in this current report as examples.

FIGURE 1
GENERAL I/M CREDITS SCHEMATIC

LA4
EMISSIONS

MILEAGE
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34 Caculation of Running LA4 Emission Rates for Normal Emitters

LineBinFigurelrepresentstheaverageemissionratesfor Normal emitters. These
arethelow emitting vehiclesin the fleet which should not fail an1/M program. LineB was
calculated by least squares regression of the emissions of the normal emitters versus
mileageinthe FTPdataset. Samplesizesweresatisfactory inall cases. Theregressionwas
done for each pollutant / model year / technology group. The regression coefficients for
carsareshownin Table laand light trucksin Table 1b. Thecolumnlabeled ZML contains
the zero mile coefficients, and the column DET contains the deterioration coefficients
(slope) from the regressions (unitsare grams per mile per 1K miles). A sample scatterplot
of the car data and the regression lineis shown in Figure A-1 through A-3in Appendix A.

Regression Coefficients for RUNNI NT(gtI)_liiaEmi ssions from Normal Emitter Cars
MY Tech

Group | Group HC Coefficients CO Coefficients NOX Coefficients

ZML DET ZML DET ZML DET
1988-93 | PFI 0.0214 | 0.001385 | 0.4588 | 0.02293 | 0.2006 | 0.00376
1988-93 | TBI 0.0042 | 0.001701 | 0.0000 | 0.01990 | 0.2253 | 0.00381
1983-87 | FI 0.0942 | 0.001439 | 1.4448 | 0.01959 | 04798 | 0.00188
1986-89 | Carb 0.0774 | 0.000812 | 05666 | 0.01371 | 0490 | 0.00170
1983-85 | Carb 0.1266 | 0.001214 | 0.7276 | 0.01691 | 05555 | 0.00273
1981-82 | FI 0.0970 | 0.002250 | 15762 | 0.02150 | 04597 | 0.00633
1981-82 | Carb 0.1539 | 0001271 | 1.3932 | 0.01389 | 05834 | 0.00233
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Table 1b
Regression Coefficients for RUNNING LA4 Emissions from
Normal Emitter Light Trucks

MY Tech
Group | Group HC Coefficients CO Coefficients NOX Coefficients
ZML DET ZML DET ZML DET
1988-93 | PFI 0.029089 | 0.002376 | 0.4927 | 0.02678 | 0.3024 | 0.003904
1988-93 | TBI 0.04664 | 0.002998 | 0.7663 | 0.03442 | 0.3150 | 0.003171
1981-87 | FI 0.13384 | 0.003280 | 1.6222 | 0.04311 | 0.3150 | 0.003171
1984-93 | Carb 0.26835 | 0.002701 | 1.3553 | 0.06660 1.2872 | 0.00010
1981-83 | Carb 0.49182 | 0.006485 | 7.4202 | 0.03293 1.6159 | 0.000025

35 Calculation of Running LA4 Emission Rates for High Emitters

Line Cin Figure 1 represents the average emission rates for High emitters. These
arethevehiclesinthefleet which likely have problemswith their emission control systems,
and haveemissionlevelswhich are considerably higher than the vehicleswhich do not have
problems. Inthe analysisthey were defined as those vehicles exceeding either twice FTP
standards for HC or three times FTP standards for CO or twice NOX standards. Theline
used in MOBILEG6 isaflat horizontal line (constant emission level) because the emissions
of a high emitter were not found through regression analysis to be a strong function of
mileage. One possiblereason for the poor correlation isan insufficient sasmple size of high
emitters over alarge mileage range. This sample size makes the regression determined
mileage coefficients statistically unreliable. The other possible reason is that the
relationship does not exist, and that high emitter emission levelsarefairly constant values
(at high rates).

Various analyzes of failing cars in EPA test programs support the use of a flat
emission ratefor high emitters. Typically, what wasfound during the test programs on the
newer closed loop vehicles is that if something goes seriously wrong with the emission
control system it is likely to be catastrophic, and immediately leads to high emissions.
Furthermore, the problems are likely to be fairly discrete in their occurrence (i.e., not
mechanical wear in the carburetor that creates|arge numbers of high emittersover time, or
built-in obsolescence at a particular mileage).
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The weaknesses of this simplified approach are: (1) that a certain percentage
(extremely small) of the brand new vehicleswill be modeled as being high emitters. This
result occurs because at zero miles, the regression devel oped estimate of normal emitter’s
emission level is below the FTP and Ohio data devel oped estimate of the corresponding
mean fleet emission level; and (2) massive quantities of state IM240 data on failing
vehicles suggest that the average IM240 emission level of afailure is afunction of age
rather than aflat line. However, these dataare unpreconditioned IM 240 resultsrather than
fully preconditioned FTP results. They are strongly influenced by the pass/fail cutpoint
whichisafunction of model year, and may or may not completely represent ahigh emitter
as defined in this document. Nevertheless, because of the importance of this assumption,
future generations of the MOBILE6 model may use a non constant average high emitter
level if the datawarrants .

Table 2a shows the average emissions of the high emitters (cars only) for the 21
pollutant / model year / tech groups. Trucks are shown in Table 2b. Because of the small
sample size of high emittersin most groups, some model year / technology groups were
combined into another model year group and across technology groups, and an overall
mean was computed for the combined group. This combination was particularly true for
NOX emissions. For the cars and for each pollutant, the 1986-89 Carb and the 1983-85
Carb were combined and averaged together. Likewise the 1981-82 Carb and 1981-82 Fl
Car groups were combined and the emissions from the high emitters were averaged
together. For thetrucks, in some cases thefuel injected truckswere combined together and
a common mean high emitter emission level was computed for each pollutant. This
combination had the effect of producing more consistent means across groups. The high
emitter HC emission level for the 1988-93 MY PFI group is also aspecial case. Dueto a
relatively small sample size of 1988-93 model year high emitters, and a very low average
high emitter HC emission level (theaverage high emitter HC emissionlevel waslower than
the average emitter HC emission level at moderate mileages), the 1986 and 1987 model
year PFl vehicles were added to the sub-sample of 1988-93 model year PFI vehicles. The
principal effects of thisoperation wereto almost double the number of high emittersin the
sub-sample, increase the average high emission HC level from 1.10 g/mi HC to 1.74
g/mile, and to reduce the fraction of HC high emitters in the fleet from a theoretical 100
percent to a more reasonable level.

The impact of this approach of averaging between groups and adding selected
vehiclesto particular groups is that some high emitting vehicles contribute to the average
high emitter level of their own model year group, and to another model year group. This
does not affect the average non-1/M running emission estimates because the normal and
high emitter split isnot used to calculate the average non-I/M estimates. However, it does
affect the /M emission rate and I/M benefits because it changes the portion of aparticular
model year group’s emission distribution between normals and highs. This changed
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emission distribution will affect the fraction of fleet emissions in MOBILE6 which are
identified and repaired by I/M. It is difficult to predict the size of the overall emission
impact (I/M and Non I/M) from this data combination because it simultaneously increases
the average high emitter emission level, but decreases the fraction of high emittersin the
fleet. This change also impacts (increases) the start emissions and the start I/M credits
because it changes the fraction of high start emitters in the fleet (fraction of start high
emitters is equal to the fraction of running LA4 high emitters), but does not affect the
average start high emitter level.

An analysis of the Ohio IM240 data was aso done to try and estimate the high
emitter levels for running LA4 and start emissions. This was done because of the small
numbers of high emitters in the EPA and AAMA FTP (running LA4 and Start) data
samples. Inthisanalysis, alarge sample of Ohio vehicleswere segregated into normal and
high emitters, and the average high emitter emission level swere determined and compared
with the FTP based estimates. They compared favorably. However, the analysis was
plagued with uncertainties such as how to separate the normals from the highs when FTP
data are not available, the inability to split PFI from TBI in the Ohio IM240 data, a
guestionable transformation of IM240 resultsinto running LA4 and start emissions, and
unknown and possibly inconsi stent conditions between lab testing and IM 240 lane testing.
Because of these problemsthe Ohio IM 240 datawere not used to estimate the average high
emitter emission levels.

Table 2a
Mean RUNNING Emissions of High Emitter Cars
Tech
MY Group Group HC Mean CO Mean NOX Mean
1988-93 PFI 1.740 36.106 2.846
1988-93 TBI 3.3%4 46.527 2.872
1983-87 Fi 2.372 37.933 2.951
1986-89 Carb 1.845 27.653 2.872
1983-85 Carb 1.845 27.653 2.872
1981-82 Fi 2.372 37.933 2.951
1981-82 Carb 2.372 37.933 2.951
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Table 2b
Mean RUNNING Emissions of High Emitter Light Trucks
Tech
MY Group Group HC Mean CO Mean NOX Mean
1988-93 PF 2.120 33.283 2.846
1988-93 TBI 3.241 33.283 2.846
1981-87 FI 2.446 43.870 2.846
1984-93 Carb 2.012 39.415 4.988
1981-83 Carb 3.710 80.726 5.014

3.6 Calculation of After Repair Percentages and Emission Levels

LineDinFigurelrepresentstheaverageafter repair emissionlevel of highemitters
that are properly identified and repaired. In comparison, Line C represents those high
emitting vehicles that are not identified and repaired properly, or belong to owners who
evade the program after failing the initial test. Line D is calculated by scaling up the
normal emitter emission level (Line B) using a multiplicative factor process which is a
function of age, pollutant and cutpoint level (derived from Arizona IM240 data). The
normal emitter emission level is the basis for the after repair emission level, and is the
lowest emission level to which high emitting vehicles can be repaired after adjustment for
ageand mileage. Thisassumesthat the I/M process on average does not turn aged vehicles
into brand new ones.

3.6.1 After I/M Repair Multiplicative Adjustment Factor

Theafter I/M repair multiplicative adjustment factor isafunction of vehicleageand
I/M cutpoint. It is calculated using atwo step process. Thefirst step isto calculate the
multiplicative adjustment factor for the standard set of 1M 240 cutpoints which the State of
Arizonaused in itsIM240 program. These are the phase-in cutpoints of 1.2 g/mi HC/ 20
g/mi CO and 3.0 g/mi NOX. The second step involves computing and applying another
ratio which isafunction of IM240 cutpoint. It will allow the MOBILEG6 program to assign
adifferent after repair emission level asafunction of IM240 cutpoint. The combined after
I/M repair multiplicative adjustment factor is multiplied by the normal emitter emission
level to calculate the after repair emission levels.
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Phase-in Cutpoints

Equations 1 through 3 arethemultiplicativeadjustment factorsused to cal cul atethe
after repair emission level for HC, CO and NOX under phase-in cutpoints. They were
calculated from alarge sample of ArizonalM240 data. The same coefficientsare used for
both carsand light trucks. The percent after repair I/M emission levelsfor the high emitters
which were identified by I/M and repaired were developed by: (1) Stratifying the sample
by ageinto 15 groups (ages 1 through 15); (2) Computing for each age group the average
emission level of thevehiclespassingtheir initial Arizonal/M test; (3) Computingfor each
age group the after repair passing emission values of the Arizona I/M failures; (4)
Computing for each age group theratio of the emissions of the repaired high emitters over
the emissions of the initial passing vehicles,; (5) Regressing the ratios versus age for each
of the three pollutants to produce Equations 1 through 3.

Equations 1 through 3 are used to produce Line D for the phase-in cutpoints
(1.2/20/3.0) by following the two steps.

First, Line D is calculated as a percentage of Line B using Equations 1 through 3.

HC ratio = 2.2400 - 0.07595 * (vehicle age) Egn 1
COratio = 2.1582 - 0.07825 * (vehicle age) Egn 2
NOX ratio = 1.6410 - 0.04348 * (vehicle age) Egn 3

In these equations, vehicle age ranges between 1 and 15 years, and the percentage
value at 15 yearsis used for all ages greater than 15. A value of 1.0 used in cases where
the computed value is less than 1.0.

Second, the percentage values calculated in Eqns 1 through 3 (i percentage in Egn
4) aretransformed into emission units by multiplying the percentage values by theemission

valuesin LineB (average emission of thenormal emitters) using Eqn4. Theemissionlevel
of the Normalsis afunction of mileage.

After repair emissions pollutant i =i percentage * Emissions of Normals Egn 4
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Other Cutpoint Combinations

Equations 1 through 4 are used to produce the after repair emission levels for an
IM240 program which uses the phase-in cutpoints of 1.2/20/3 for HC, CO, and NOX
respectively. Another adjustment factor isused to compute after repair emission levelsfor
other cutpoints. Itisamultiplicativefactor which proportionally increases or decreasesthe
after repair emission level computed for the 1.2/20/3 phase-in cutpoints to account for
tighter or looser cutpoints.

The factor used to compute the after repair emission level for cutpoints other than
1.2/20/3 phase-in cutpointsis based on a limited amount of vehicle repair data collected
by EPA in past testing programs. It was utilized to overcome the limitation of repair data
collected at only one set of cutpointsin Arizona. This dataset was the same one used to
develop MOBILES repair effects and technician training I/M credits. The repair effects
dataset which was used consists of 273 vehicles from model years 1981 through 1992
tested by an EPA contractor in South Bend, Indianaand at the EPA labin Ann Arbor, M.
All of these vehicles had before and after repair IM240 and FTP tests. The sample of
vehicles were repaired to various FTP emission level targets. None of the after repair
resultsincluded a catalyst replacement.

The principal goa of the data analysis was to determine as a function of IM240
cutpoint, the FTP after repair emission levels of vehicleswhich initially failed the IM240
tests and were repaired to pass the IM240 test. For MOBILES, this analysis was done for
seven different HC/CO cutpoint combinations and for five NOX cutpoints. These
combinations are repeated in this document because they are the only after repair FTP data
for avariety of cutpoints which currently exists. These cutpoint combinations are shown
in Tables2c and 2d. Also, shown in Tables 2c and 2d are the after repair emission levels
for each cutpoint combination group, and theratio of agiven after repair emission level to
the after repair emission level at 1.20 g/mi HC / 20 g/mi CO. For NOX, the individual
cutpoint groups are ratioed to the 3.0 g/mi NOX group.

It also needs to be noted that the MOBILEG6.0 program cannot model IM240
programs where the cutpoint is lower than 0.8 g/mi HC, 15 g/mi CO or 2.0 g/mi NOX.
Table 2c and 2d contain values for low cutpoints that are not allowed to be modeled in
MOBILE6. They are shown for purposes of completeness of the document.
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Table 2c
FTP After Repair HC and CO Emission Levels and Ratios
versus IM240 HC/CO Cutpoint Combination

After After
HC Cutpt CO Cutpt Repair Repair HC Ratio CO Ratio
(g/mi) (g/mi) HC (g/mi) [ CO (g/mi)
12 20 1.26 13.46 1.00 1.00
0.8 15 1 11.85 0.79 0.88
0.6 15 0.88 11.94 0.70 0.89
0.6 12 0.87 11.15 0.69 0.83
0.6 10 0.86 10.50 0.68 0.78
0.4 10 0.78 11.30 0.62 0.84
0.4 15 0.74 11.71 0.59 0.87
Table 2d
FTP After Repair NOX Emission Levels and Ratios
Versus NOX IM240 Cutpoint
NOX Cutpt After Repair
(g/mi) NOX (g/mi) NOX Ratio

1 0.91 0.489
15 1.22 0.656

2 1.48 0.796
25 1.68 0.903
3.0 1.86 1.000

For MOBILES, the ratios datain Tables 2c and 2d were regressed versusHC, CO
and NOX cutpoint to produce an after repair emission level ratio for any HC, CO or NOX
cutpoint (within the range alowed by MOBILEG) which the user may enter in MOBILE6
(the MOBILES user isnolonger restricted to aset of seven cutpoint combinations). A least




sgquares linear regression was used to produce the relationships for both HC/CO and NOX.
The regression coefficients are shown in Table 2e.  The equation form for the HC Ratio
and the CO Ratio are:

Ratio = A * HCCut + B * COCut + C Egn 3b
For NOX itis:
Ratio = B* NOCut + C Eon 3k

A linear regression was used instead of some other functional form because it produced
high r-squared values (0.99 for HC and NOX and 0.95 for CO). Also, notethat the highest
IM240 cutpoint for HC and CO are 1.2 and 20 g/mi. Repair effectsat cutpoints higher than
these will be linear extrapolation.

Table 2e
Regression Coefficients for Repair Effects Ratios
Ratio A B C M2
HC Ratio 0.4990 -1.011e-04 0.398 0.996
CO Ratio 0.0249 0.0168 0.620 0.950
NOX Ratio 0.2538 0.2613 0.993

3.6.2 Application of the After Repair Adjustment Factors

The ratio equations are used in MOBILEG to compute the after repair emission
levels for cutpoints which are different from the standard 1.2 / 20 / 2.0 cutpoints used by
Arizona. Thisisdoneby multiplying Equations 1 or 2 or 3 by Equation 3b or 3c to produce
the repair effectsratio for the non standard (1.2/20/2.0) cutpoint. Thefinal repair level is
obtained by multiplying this ratio by the appropriate normal emitter emission level line
(LineB). Thenormal emitter emission level isused asthefinal after repair emission level
if itislarger than the calculated after repair emission.

The following example calculation of the after repair HC emission level for an
HC/CO cutpoint combination of 0.80g/mi HC and 15 g/mi CO is shown below for clarity.
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Aft Repair HC = (2.24-0.07595* age) * (0.4990%0.8¢/mi - 1.01e-04* 15.0g/mi + 0.398) * Norm_ave

where

Norm_aveisthe average emissions of the normal emitters. It isafunction of mileage and
technology/model year group. For an eight year old 1990 PFI vehicle at 100,000 milesit
is. 0.0214 + 0.001385 * 100 = 0.159 g/mi Running HC.

0.8g/mi HC isthe HC cutpoint; 15.0g/mi is the CO cutpoint.

Substituting the value of 0.159 g/mi and 8 years old into the After Repair HC
equation produces an after repair emission level of 0.206 g/mi running HC at a cutpoint of
0.80 g/mi HC and 15 g/mi CO for an eight year old vehicle with 100,000 miles. This
compares with an after repair emission level for the same age and mileage of 0.260 g/mi
running HC at a cutpoint combination of 1.2/20 g/mi HC/CO. In this example, the after
repair emission level (0.206 g/mi HC) isabovethe value of the normal emitter (0.159 g/mi
HC). However, if the calculation produced a vaue which was lower, then the normal
emitter value would be used.

3.6.3 Discussion of the After Repair Adjustment Factors

Thisapproach attemptsto utilize the large sample of before and after repair IM240
datacollectedin Arizona. Thesedataare animprovement over the M OBILES assumptions
sincethey are alarge sample, and are representative of the actual I/M experience. The in
use data reflects the fact that regular commercial mechanics performed the repairs under
actual cost conditions. Also, the repairs were targeted to passing the actual state IM240
test. Many of these technicians also received some training and orientation to the IM 240
program provided or encouraged by the State of Arizonaprior toitsimplementation. The
principal assumption underlying this approach isthe ratio between the after repair IM240
emission level and the emission level of the vehicles passing the state IM 240 test is the
same as the ratio of the after repair running LA4 emission level and the normal emitter
running LA4 emission level. Thisis not an unreasonable assumption; however, there are
potential differences between the unpreconditioned IIM 240 and the preconditioned running
LA4 test.

One drawback to the approach isthat the Arizonadata (and other states’ data) were
available at only one cutpoint level (phase-in cutpoints). This made it impossible to
determine the sensitivity of repair levelsto the IM 240 cutpoint. To overcomethisobstacle
the previous FTP databases used for MOBILES were used to make the after repair effects
afunction of cutpoint. A drawback to the use of these FTP dataisthat they are arelatively
small sample, the repairs were often performed by expert emission control system
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techniciansrather than commercial technicians, cost was usually not afactor intherepairs,
and specified numerical repair targets based onthe FTPtest were used. Also, running LA4
were not available so the FTP data were used directly under the assumption that the ratio
between cutpointsis same for the FTP and the running LAA4.

3.6.4 Technician Training Effects

MOBILES had built-in1/M creditsavailablefor IM240 programswhich conducted
someform of techniciantrainingfor peopleinvolvedinl/M repairs. InMOBILES, the after
repair emission levels discussed previously in Section 3.6 aready include the effects of
techniciantraining. Thisisbecause Arizonaconducted atechnician training program prior
and during implementation of their 1M 240 program from which the repair effects dataare
based.

MOBILES6 will use as adefault, after repair emission levels which are those ‘with
technician training’. For I/M programs which do not conduct a technician’s training
program - ‘w/o technician training’, the after I/M repair emission levelswill be increased
by the percentages shown in Table 2f.

The percentages shown in Table 2f are based on alimited study done by EPA to
evaluate technician training in an IM240 program. In the program, eleven experienced
technicians in Arizona were trained on the eve of the IM240 implementation in 1995 to
repair emission failures using atraining program devel oped by Aspire, Inc., and taught by
an expert emission control system technician/trainer under EPA contract. Each participant
received the training and three vehicles to repair following the training. Unfortunately,
budget limitations prevented a good pre-training baseline of the technicians' performance
to be established. The study is fully documented in SAE Paper 960091.

The emission results shown in columns 2 and 3 of Table 2f are IM240 test results
in units of grams per mile. The Student Tech column shows two numbers. The first
number is the before any repair emission level. It is shown for comparison only, and to
demonstrate that the technicians made sizeable emission reductions from repairs. The
second number is the average after repair IM 240 emission levels of the vehicles after the
students completed their work. The Master Tech column shows the average after repair
IM240 levels after the instructor completed any additional repairs which were needed to
bring thevehicleinto completecompliance. Onafew vehiclesthisincluded anew catalytic
converter.

The % Difference column isthe percent difference between the after repair student
tech and the after repair master tech emission resultswith theafter repair master tech results
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asthebasis. It demonstratesthe potential differencein performance between amaster tech
and a trainee (journeyman) tech. It is proposed for MOBILES to calculate the *w/o tech
training’ after repair levels(w/o meanswithout) by increasingthe* withtechtraining’ values
by the % Difference valuesin Table 2f.

Table 2f
Technician Training Emission Effects
Pollutant Master Tech Student Tech
IM240 (g/mi) IM240 (g/mi) % Difference
HC 0.38 2.16/0.68 78 %
CcoO 3.00 26.4/8.21 174 %
NOX 111 3.66/1.54 39 %

Use of these limited datain MOBILEG for technician training effects requirestwo
important assumptions. First, that the after repair level sdevel oped in the previous sections
already contain the effects of technician training. This is a reasonable assumption since
Arizonadid institute atechnician training program, and the after repair emission levelsare
a relatively low levels. Second, that the difference on a percentage basis between the
master tech performance and the student tech performance is the same as the percentage
difference between the with and w/o technician training in the overal fleet. This
assumption is alittle tenuous since the performance of typical trained technician is not as
high as the master tech in this study. This would have a tendency to produce a larger
percentage increase than in actuality. On the other hand, the student tech results were
collected after the training rather than before the training, and do not strictly represent un-
trained technicians. This factor would have a tendency to produce a smaller percentage
increase than in actuality.

37 Waiver Repair Line

Not shown in Figure 1 is the waiver vehicle repair line. However, thislinefalls
between the high emitter level and the after proper repairsline. Thesearefailing vehicles
whichreceived awaiver from program requirements because aminimum amount of money
was spent on unsuccessful or only partially successful repairs. Typically, in most I/M
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programs this meansthat between $200 and $450 was spent on the vehicle, and it still fails
the I/M test. The waiver repair line is below the high emitter line, despite the vehicle's
failing status, because even some limited or ineffective repair trandates into reduced
emissions on average.

Because no analysis has yet been conducted on data from operating 1M240
programsto estimate the after I/M emission level of vehicles which were waived from the
reguirement to pass the test, an assumed reduction percentage will have to be used, or the
individual user will have to provide a value. The default value will be a 20 percent
reduction from the high emitter line for all pollutants.

38 Percentage of High and Norma Emittersin the Fleet

Figure 1 shows in a general sense the overall fleet average emission level, the
average emissions of the normal emitters, and the average emissions of the high emitters.
The fleet average emission level was developed independent of the I/M credits, and the
methodol ogy for itsdevel opment isdocumented in EPA document M6.EXH.001. In-order
to computethel/M credits, the percentage of high emitters and normal emittersin thefleet
must also be calculated. Fortunately, thisis an easy task since the average emission rate
is a weighted average of the normal emission rate and the high emission rate. The
weighting factors are simply back calculated to make this true at all odometers.

The fraction of High and Normal emitters is calculated for each combination of
vehicle type / pollutant / model year / technology group using the following general
equations.

Where:
Highs = fraction of High emitters at each age point
Normals = fraction of Normal emitters at each age point
LA4 isthe average emission rate at each age point (determined in M6.EXH.001)
High aveisthe high emitter emission average at each age point
Norm_ave isthe normal emitter emission average at each age point
Highs + Normals=1 Egn 5

and
LA4 =High_ave* Highs+ Norm_ave* Normals Egn 6

Solving for the variables Highs and Normals produces:
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Highs= (LA4 - Norm_ave) / (Highave - Norm_ave) Egn7

Normals=1 - Highs Egn 8

For the model year groups of 1981-82 and 1983-85 HC and CO emissions, it was
found that the base emission factors at higher mileage levels become higher than the
average emissions of the high emitters. It occurs because at high mileages the basic
emission factors are data extrapolations. However, under the structure of the model, this
isnot possible, and it implies that the fleet contains more than 100 percent high emitters.
To overcome this inconsistency, it was assumed that the average base emission factors
could not continueto rise after it reachesthe average of the high emitters, and that it would
be set to the average of the high emitters. Typicaly, the cross-over point is between
150,000 and 200,000 miles, and after thispoint isreached, it isassumed that the percentage
of highsin thefleet for thismodel year group / technology is 100 percent. Thisflattening
of the emission factor line at very high mileages is consistent with some remote sensing
studies. A physical explanation would be that while some surviving vehicles continue to
deteriorate, theworst emittersare progressively scrapped out of thefleet inthehigh mileage
range.

39 High Emitter Identification Rates

The high emitter identification rate (IDR) represents the ability of an I/M test to
identify (fail) vehicles which are high emitters. It is represented as the percentage of the
total sum of emissionsfrom the high emittersinthefleet. For example, the IDR would be
100 percent if it identified all of the running LA4 emissions from the high emittersin the
fleet. For the HC and CO I/M credits, the IDR is a function of the IM240 HC and CO
cutpoints. For NOX I/M credits, it isafunction of the NOX cutpointsonly. In MOBILES,
the user will be able to supply the exact IM240 cutpoints which are desired, and the
program will automatically calculate the IDR and the credits. The IM240 cutpoints will
need to be in the ranges. HC: 0.80 to 5.0 grams/mile; CO: 15.0 to 100.0 grams/mile; and
NOX: 2.0to 5.0 grams/mile.

The I/M IDRs equations were calculated from the 910 vehicle database that
contained vehicle emission data from both running LA4 tests (FTP tests) and IM240 tests
on lanefuel on carsand trucks. Carsand truckswill havethesame DR ratesin MOBILEG
at agiven cutpoint. However, separate cutpoints will be allowed for cars and trucks and
for each model year inagiven MOBILEG run. Theanalysisto develop the IDRs consisted
of severa steps:
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(1) The sample was split into two groups - the high HC and CO emitters, and the
high NOX emitters. Therewas some overlap between the groups. Thesetwo groupswere
kept separate throughout the rest of the IDR analysis. (2) The total HC, CO, and NOX
emissionsfrom al of the High emittersin the samplewas calculated. (3) A total of 75 HC
/ CO cutpoint combinationswere developed. Theseranged from (0.5g/mi HC/ 5g/mi CO)
to (5.0g/mi HC/ 100g/mi CO). For NOX, eight cutpoints were used that ranged from 1.0
g/mi to 5.0 g/mi. (4) Therunning LA4 emissionsidentification rate (IDR) wasdetermined
for each cutpoint combination. For example, the strict cutpoint combination of 0.5 g/mi
HC / 5.0 g/mi CO might identify 90 percent of the total emissions of the high emitters
whereasthelenient cutpoint combination of 5.0 g/mi HC/ 100 g/mi CO might identify only
10 percent of thetotal emissions. (5) Theidentification rate (IDR) were calculated for 75
HC/CO cutpoint combinations, and these points were |least squared regressed versus the
natural logarithms of the HC and CO cutpoint. Natural log regressions were used because
they produced better fits, and better satisfied theinherent assumptions behind least squares
linear regression. The logarithm form also makes sense physically given the skewed
distribution of emissions. For example, a change of the HC cutpoint from 1.0to 1.5 g/mi
has alarger effect on IDR than a change from 4.0 to 4.5 g/mi. Theregression coefficients
are shown in Equations 9 and 10. (6) The NOX emission identification rate (IDR) were
also calculated for eight cutpoints and fitted to a cubic equation. The cubic form was
chosen because it provides a very good fit, and does not create anomalous results such as
an IDR decrease as the cutpoint gets more stringent (See Appendix D). Simpler, linear fits
for both the HC/CO cutpoint and the NOX cutpoint IDR, and a fit including all three
pollutants simultaneously were also investigated. These were rejected due to poor
statistical correlation, and anomalous results for the case of al three pollutants.

In MOBILES, the IDRsfor all 1981 and later cars and light trucks are represented
by Equations 9 through 11. Where In(HCcut), In(COcut), and In(NOcut) are the cutpoints
transformed into natural logarithm space.

HC IDR = 1.1451 - 0.1365* In(HCcut) - 0.1069* In(COcut) Eqn 9

COIDR = 1.1880 - 0.1073*In(HCcut) - 0.1298* In(COcut) En 10

The NOX IDR eguation is acubic form:

NOX IDR = 0.5453 + 0.7568* NOcut - 0.3687* NOcut? + 0.0406* NOcut® Eoh 11

The statistics for both the logarithmic fit and the cubic fit are shown in Appendix D.
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3.10 I/M Non-Compliance Rates

One potential problemin /M isthat of non-compliant vehicles. By definition, the
compliancerateisthe percentage of vehiclesinthefleet that completethel/M program and
receive either a certificate of compliance or a waiver. The Non-Compliance rate is
therefore, the percentage of vehiclesin the fleet that do NOT complete the I/M program
with either a certificate or awaiver.

A non-compliant vehicle may occur in one of two mechanisms. Inthefirst method
vehicles ssmply do not show up for their initial test (ownersignore I/M or go out of their
way to avoid it). If these vehicles are normal emitting vehicles (passing the I/M test) they
have no effect on the result; however, if they are high emitters then they should have the
same effect astheinitial failureswhich never pass or get waived. Unfortunately, because
they do not show up for I/M it is impossible to determine these statistics. As an
approximation, the model assumes that a non-compliant vehicle emits at the level of the
average vehiclein the fleet (i.e., mixture of failures and passes).

In the second method, vehicles show up for theinitial test, fail theinitial test, but
never return for a successful retest or awaiver. Clearly, these vehicles are failures, and
getting them and other failures repaired isthe goa of I/M. Failureto repair such vehicles
should seemingly impose alarger credit loss than a simple random participation loss that
isimposed for non-compliance mechanism one. Nevertheless, the one mitigating factor in
this case is the fact that the outcome of such vehicles is unknown. For example, some
research done by Colorado and Arizonato identify and track such vehicles, suggests that
many are sold outside of the /M program areaor are scrapped. If suchisthe case, then the
excess emissions created by these vehicles has been eliminated by the /M program. Thus,
as an approximation, the MOBILE6 model assumes that a non-compliant vehicle of
mechanism two emitsat thelevel of theaveragevehicleinthefleet (i.e., mixtureof failures
and passes).
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40 |/M Credit Calculation

4.1 Genera Considerations of the /M _Algorithm

In this section all of the individual parameters discussed in previous sections such
as High and Normal emitter rates and emission levels, waiver and non-compliance rates,
and I/M identification rates are shown in mathematical form, and utilized together to
calculate the I/M benefits. This section supercedes Section 4.0 in previous Draft versions
of this document that discussed the ‘Sawtooth” methodology.  The ‘Sawtooth”
methodol ogy has been replaced in favor of thisnew simpler methodology. The Executive
summary of this document contains a brief rationale for this decision.

Throughout the calculations, the MOBILE6 program does not use “continuous’
regression lines of emissionsversusmileage (No I/M and I/M) or thefleet fraction of High
emittersversusmileage. Instead, al of thecalculationsaredoneat discrete pointson these
lines. Each point on the line represents a particular vehicle age that ranges from 1 to 26
years and a corresponding mileage that is associated with each age.

4.2 M athematical Description of the |/M Algorithm

The MOBILE6 model generates separate I/M credits for each combination of
vehicle type/ pollutant / model year group / technology class/ EPA certification standard
type for al 1981 and later model years. The I/M credits (percent reduction) for each
combination are generated by computing the percent difference between the basic emission
rate line with No I/M (No I/M EF) and the average emission line with the effects of I/M
included (WithI/M EF). Mathematically, thisisshown in Equation 12aand Equation 12b.

I/M Benefit

(No I/M EF - With I/M EF) Eqn 12a

%I/M Credit I/M Benefit/ No I/M EF Eqgn 12b

The ‘1I/M Benefit’ in units of grams per mile (or grams for start emissions) is
calculated using Equation 13a and 13b (Equation 13b isasimplified version of Equation
134). Equation 13ashowsthat theoretically the M Benefit isthe sum of therepair benefits
of the high emitting vehicles and the normal emitting vehicles.

I/M Benefit = (HIighEF - Repair_Net) * High +
(NormEF - NormRepair) * (1.0 - High) Egn 13a
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Where, ‘HighEF is the high emitter emission level, ‘Repair_Net’ is the net after repair
emission level for the high emitters, ‘NormEF is the normal emitter emission level,
‘NormRepair’ is the after repair emission level of the normal emitters, and ‘High' is the
fraction of high emittersin the fleet prior to I/M.

In MOBILES, it is assumed that overall an I/M program has no effect on the
emission level of normal emitters. Thus, the terms NormEF and NormRepair are
equivalent and cancel each out. This alows the smplified form of Equation 13a to be
written as Equation 13b, and allowsthe I/M benefit to be stated as the difference between
the High emitter emission level (HighEF) and a “Composite’” Repaired High emitter
emission level (Repair_Net). Theterm BienADJis also added to equation 13b to correct
for program inspection frequency. Anannual frequency program hasavalueof 1.0for this
term. Thevaluesfor abiennial program are discussed in Section 4.4.

I/M Benefit = (HIighEF - Repair_Net) * High * BienADJ Egn 13b

Theterm ‘Repair_Net’ isthe weighted composite after repair emission level based
on four possible outcomes in an I/M scenario. Equation 14 shows the mathematical
equation used to calculate ‘Repair_Net’. The four possible outcomes are described as
follows, and are shown in Equation 14 asthe ‘RepairX’ variables.

Repair Net = Repairl + Repair2 + Repair3 + Repaird Egn 14

1. High emitters NOT identified by the I/M process and remain in the fleet (Equation
15a).

2. High emittersin general non-compliance of the I/M test requirements (i.e., they do
not show up for the initial test (Equation 15b).

3. High emitters properly identified by the I/M process, but are not repaired
sufficiently to pass the test (Waivered). However, they are assumed to receive
some effective repair (Equation 15c). In MOBILESG this is assumed to be a 20
percent reduction from the High emitter level. (WAVRDC=1.0- 0.20=0.80). See
Section 3.7 for more discussion.

4, High emitters properly identified by the I/M process, and are effectively repaired.
These vehiclesare responsible for the majority of the I/M benefits (Equation 15d).

Repairl HighEF * %NTIDD Egn 15a

Repair2 HighEF * %NCOMP Eqgn 15b
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Repair3 HighEF * WAVRDC * %WVRS Eqgn 15c

Repair4 Repaired * %Repaired Eqgn 15d

Thevaluesfor the variable ' Repaired’ emissionsin Equations 15athrough 15d are
presented and discussed in detail in Section 3.6 of this document.

Thevariables* %X XXX’ in Equation 15athrough 15d are the weighting factorsfor
each of theRepair outcomes. They are mathematically shown (asfractionsnot percentages)
and described in Equations 16a through 16d.

%NTIDD isthe weighting factor used to account for the High emitting vehicleswhich are
not identified by the l/M process. Mathematically, itisshownin Equation 16a. Theterms
‘IDR’ and ‘NonCom’ aretheidentification rate for the I/M test (described in Section 3.9),
and the non compliance rate (described in Section 3.10).

%NTIDD = (1.0 - IDR) * (1.0 - NonCom) Egn 16a
%NCOMP isthe weighting factor used to account for the vehicles which do not show up
for the I/M test and for those vehicles which disappear from the I/M process immediately
after the first failing test. Mathematically, it is shown in Equation 16b.

%NCOMP = NonCom Eqgn 16b
%WV RS isthe weighting factor used to account for the vehicleswhich fail theinitial I/M,
get somerepair, but do not passthefinal test. Mathematicaly, itisshownin Equation 16c.
Theterm ‘Waiver’ is defined as the waiver rate of the program (See Section 3.7).
%WVRS = IDR * Waiver * (1.0 - NonCom) Eqgn 16c
%Repaired istheweighting factor used to account for thevehicleswhichfail theinitial 1/M
test, and are effectively repaired to pass the final test. Mathematically, it is shown in

Equation 16d.

%Repaired = IDR* (1.0 - Waiver) * (1.0 - NonCom) Eqgn 16d
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4.3 Effect of Exemptions on I/M Credits

I/M exemptions are a provision granted to some vehicles which would ordinarily
be subject to an I/M inspection that excuses them from all of the testing and repair
requirements of I/M. In practice, this means that the motorist does not have to bring the
vehicleinfor an /M test; however, it may require the motorist to have received aroadside
remote sensing device (RSD) “clean screening” test(s), or to have paid afeein-lieu of the
test.

4.4 Biennial I/M Credits

One of the benefits of the previous ‘ sawtooth’ I/M methodology was its explicit
ability to account for vehicle deterioration between inspection cycles. This explicit
deterioration function made it possible to account for biennial or even longer inspection
cycles by varying the deterioration function over time. In the new methodology the
‘sawtooth’ has been replaced with amultiplicative correction factor. Thisfactor issimply
the ratio of the biennial and annual credits from the MOBILES model. It was created by
averaging by model year the MOBILES biennial and annual 1/M credits from the IM240
test with phase-in cutpoints to create a single set of multiplicative correction factors that
isafunction of age and pollutant. Theseare shownin Table 3a- “Annual to Biennia I/M
Correction Factors’.

The biennial credits are applied in the MOBILE6 model by first calculating the
respectiveannual credits (See Section 4.2), and then applying thebiennial correctionfactors
in Table3a. Thiswasshownin Section 4.2 in Equation 13. The values of 0.0000 for the
biennial test correction factors in Table 3a reflect the MOBILES (and MOBILES)
assumption that vehiclesless than one year in age are exempt from program requirements.

The reader should also note that the biennial adjustments gradually rise with age, and
become almost equivalent for vehicle ages 15 and greater.
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Table 3a
Annual to Biennia I/M Correction Factors

Age HC (6(0) NOX
0 0.0000 0.0000 0.0000
1 0.4966 0.4976 0.5167
2 0.5877 0.5991 0.6136
3 0.6900 0.7100 0.7000
4 0.7400 0.7600 0.7500
5 0.7773 0.8000 0.7804
6 0.8000 0.8300 0.8100
7 0.8356 0.8640 0.8372
8 0.8740 0.8943 0.8730
9 0.8914 0.9083 0.8966

10 0.9200 0.9300 0.9134
11 0.9393 0.9469 0.9246
12 0.9468 0.9530 0.9353
13 0.9532 0.9589 0.9439
14 0.9595 0.9632 0.9515
15 0.9648 0.9673 0.9568
16 0.9689 0.9709 0.9615
17 0.9729 0.9744 0.9670
18 0.9755 0.9769 0.9720
19 0.9776 0.9788 0.9741
20 0.9794 0.9813 0.9757
21 0.9810 0.9829 0.9781
22 0.9828 0.9836 0.9793
23 0.9844 0.9849 0.9815
24 0.9852 0.9864 0.9826
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50 /M ALGORITHM FOR START EMISSIONS

51 General I/M Algorithm

The MOBILE6 model will also compute I/M credit reductions for start emissions
in additionto therunning LA4 emissions. Thestart I/M creditswill be small in magnitude
since the typical I/M test (i.e., IM240, idle, etc) does not intentionally involve testing a
vehicle during start or warm-up. The I/M credits for start emissions will reflect this fact
by assuming that vehicles with high start emissions are identified in conjunction with a
running emission failure.

The generalized structure of the start I/M credit algorithm is the same structure as
used for the running LA4 emission credits (See Figure 1). However, the Y -axisrepresents
start emissionsin units of gramsper start and the X-axisrepresents mileage. Line A shows
the basic start emission factor line beforean I/M reduction. Line B showsthe average start
emissionsof thenormal emitting vehicles. Line C showsthe average start emissionsof the
high emitting vehicles.

5.2 I/M Start Emission Rates

The basic emission rates for start emissions (Line A of Figure 1) and the
methodology used to develop them can be found in the EPA document * Determination of
Start EmissionsasaFunction of Mileage and Soak Timefor 1981-1993 Model Y ear Light-
Duty Vehicles” - Report Number M6.STE.003.

Table 4 contains the start emission regression coefficients for the normal emitting
vehiclesfor all seventechnology and model year groups. Table5 containsthe average start
emissions (grams per start) from the high emitting vehicles (high emitters are defined
based on twice or thrice FTP standards - see Section 3.2). Table 6 showsthe average after
repair level of the high emitting vehiclesin units of grams per start. The values shown in
Table 6 are based on after repair emission testing. In these cases high emitting vehicles
(high FTP emissions or IM240 failures) were tested, repaired and retested.



Table4a
Regression Coefficientsfor START Emissions from Normal Emitter CARS

MY Tech
Group Group HC Coefficients CO Coefficients NOX Coefficients
ZML DET ZML DET ZML DET
1988-93 PFI 1.9987 | 0.006830 | 18.972 0.00703 1.444 0.00220
1988-93 TBI 19019 | 0.002679 | 19.233 0.00000 2.300 0.00000
1983-87 Fl 2.3589 | 0.001388 | 19.949 0.00000 1461 0.00141
1986-89 Carb 14934 | 0.018238 | 24.698 0.10947 1.405 0.00000
1983-85 Carb 15892 [ 0.009408 | 24.442 0.10577 0.748 0.00524
1981-82 Fl 2.3543 | 0.008533 | 20.038 0.22673 1530 0.00059
1981-82 Carb 2.1213 | 0.013610 | 28.637 0.22673 1.601 0.00000
Table4b
Mean START Emissions of High Emitter CARS
Tech
MY Group Group HC Mean CO Mean NOX Mean

1988-93 PFI 4.829 38.06 Same as

Normals

1988-93 TBI 3.293 27.16 Same as

Normals

1983-87 F 5.313 65.31 Same as

Normals

1986-89 Carb 10.520 92.82 Same as

Normals
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1983-85 Carb 10.520 92.82 Same as

Normals

1981-82 FI 5.313 92.82 Same as

Normals

1981-82 Carb 10.520 92.82 Same as

Normals

Table5a
Regression Coefficientsfor START Emissionsfrom
Normal Emitter Light Trucks
MY Tech
Group Group HC Coefficients CO Coefficients NOX Coefficients
ZML DET ZML DET ZML DET

1988-93 PFI 2.873 | 0.00000 | 32.178 | 0.0168 1.597 | 0.00000
1988-93 TBI 4,073 | 0.01309 | 42.456 | 0.1411 4294 | 0.00324
1981-87 FI 2599 | 0.00964 | 23.497 | 0.0613 1.384 | 0.00000
1984-93 Carb 3916 | 0.00854 | 78.286 | 0.2564 0.143 | 0.00436
1981-83 Carb 6.817 | 0.00154 | 98.432 | 0.3240 1.082 | 0.00000
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Table5b
Mean START Emissions of High Emitter Trucks

Tech
MY Group Group HC Mean CO Mean NOX Mean
1988-93 PFI 5.212 83.862 Same as
Normals
1988-93 TBI 5.212 83.862 Same as
Normals
1981-87 Fl 5.826 60.319 Same as
Normals
1984-93 Carb 9.406 162.115 Same as
Normals
1981-83 Carb 17.865 179.549 Same as
Normals
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START Emission Regression Coéfrﬁgilgn?sfor High Emitters After Repair
Carsand Trucks
MY Tech HC Coefficients CO Cosefficients NOX Coefficients
Group Group (g/start) (g/start) (g/start)
ZML DET ZML DET ZML DET
1990-93 | PFI 2.60 0.00000 | 18.90 | 0.00000 1.48 0.00000
1990-93 | TBI 2.60 0.00000 | 18.90 | 0.00000 1.48 0.00000
1986-89 | FI 311 0.00000 | 30.05 | 0.00000 1.49 0.00000
1986-89 | Carb 311 0.00000 | 30.05 | 0.00000 1.49 0.00000
1983-85 | FI 2.70 0.00000 | 28.33 | 0.00000 1.84 0.00000
1983-85 | Carb 2.70 0.00000 | 28.33 | 0.00000 1.84 0.00000
1981-82 | FI 2.70 0.00000 | 28.33 | 0.00000 1.84 0.00000
1981-82 | Carb 2.70 0.00000 | 28.33 0.0000 1.84 0.00000

53 Fraction of High and Normal Emittersin the Fleet

The basic start emission factor is computed from a weighted average of the highs
and normals. Thefraction of high emitters(fraction of normal emitters=1- fractionof high
emitters) in thefleet isthe weighting factor. The fraction of high start emittersis assumed
to be the same fraction as the one used for the running emissions calculations. Tables 3a
and 3b and Appendix A in EPA document M6.STE.003“ Determination of Start Emissions
as aFunction of Mileage and Soak Timefor 1981-1993 Model Y ear Light-duty Vehicles’
show and explain thefraction of HC and CO high emittersin the fleet at sel ected mileages
/ agesfor each pollutant. Thefraction of NOX high emittersisnot shown becausefor NOX
the Normals and Highs are assumed to have the same emission rate (no start NOX highs
are assumed to exist).

54 I/M Start Identification Rates

The agorithm for start emissionsis based on test data that indicates that a portion
of the vehicles with high running emissionsthat are identified by the I/M processwill also
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have high start emissions, and that these will be identified and corrected in conjunction
withtherepairsto passthel/M test. Also, becausesignificant NOX emissionsusually form
only after the vehicleiswarm, it was assumed that an I/M program could only reduce HC
and CO start emissions.

A mathematical function that relates HC / CO cutpoint with the start emissions
identification rate (IDR) was developed from the 910 vehicle sample used to develop the
running emissions IDR.  The same methodology was used to develop the Start emission
IDR aswas used to devel op the running emission IDR (See Section 3.9 for amore detailed
explanation). Thisfunction also has the same range of HC and CO cutpoints (HC ranges
from 0.80 g/mi to 5.0 g/mi and CO rangesfrom 15.0 g/mi to 100 g/mi) used in the running
emission analysis. It predicts the percentage of start emissions from high emitters which
areidentified at a specific HC/CO cutpoint level. Thisisthe percentage of the emissions
from high emitters at Line C in Figure 1 that are reduced down to average fleet emission
levels(LineA inFigurel). Thestatistical resultsare shownin Appendix D. Thefunctions
are:

StartHC IDR = 0.9814 - 0.1590* In(HCCUT) - 0.1409* In(COCUT) Eon32
Start CO IDR = 1.1460 - 0.1593* In(HCCUT) - 0.1707*In(COCUT) Eon33

55 Average Start Emissions After I/M

The equation used to cal culate the average start emissions after I/M isvery similar
inform to Equation 12aused to cal cul ate the average running emissions after I/M. Several
of the parameters are the same such as the fraction of high emittersin thefleet, the waiver
rate, the waiver repair percentage, and the non-compliancerate. The principal differences
are the different IDR rates (the start IDRs are calculated in Equations 32 and 33), and the
different after repair emission levels. Equation 34 is used to calculate the After I/M start
emissions (S_EIM). S IDR is the start emission IDR from Equations 32 and 33, and
S RLEV isthe after successful repair emission level (in units of grams per start) givenin
Table6. Theafter repair start emission levelsin gramsper start (S_RLEV) shownin Table
6 areusedtomodel I/M start emissionsinstead of the running emission algorithm discussed
in Section 3.6.
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6.0 |/M Creditsfor Non-1M240 Tests

The previous sections discussed the general algorithm and methodology used to
developthel/M creditsfor MOBILEG6. ThelM240 test was used asthe basisfor the credits
because of the large amount of IM240 data which are available to develop the IDR
estimates and the after repair levels. I/M creditsfor other tests are al so needed such asthe
Idle test, the 2500 RPM / Idle test, and the ASM tests. The agorithm used to
mathematically implement these test types in MOBILESG is analogous to the IM240
algorithm. The difference between the various I/M test typesin MOBILEG will be based
on the differences in the IDRs for each test.

6.1  Other I/M Tests

The MOBILE6 model will also compute I/M creditsfor tests other than the IM240
test. The test options which will be built into the model are (1) Idle test, (2) 2500 RPM
/ Idle test and the Loaded / Idle test, (3) ASM tests, and (4) On-board Diagnostic (OBD)
I/M tests. The OBD I/M test parameters and algorithm are discussed in EPA papers
M6.EXH.007 and M6.EXH.009.

The default I/M tests in addition to the IM240 test which MOBILE6 will able to
modd are:

1. Annua Two-Mode ASM 2525/5015 with Phase-in Cutpoints
2. Annua Two-Mode ASM 2525/5015 with Final Cutpoints

3. Annual Single-Mode ASM 5015 with Phase-in Cutpoints

4. Annual Single-Mode ASM 5015 with Final Cutpoints

5. Annual Single-Mode ASM 2525 with Phase-in Cutpoints

6. Annual Single-Mode ASM 2525 with Final Cutpoints

7. Annual Idle Test

8. Annual 2500 RPM / Idle Test

9. Annual Loaded / Idle Test

10.  Biennia Two-Mode ASM 2525/5015 with Phase-in Cutpoints
11.  Biennia Two-Mode ASM 2525/5015 with Final Cutpoints
12.  Biennia Single-Mode ASM 5015 with Phase-in Cutpoints
13.  Biennia Single-Mode ASM 5015 with Final Cutpoints

14.  Biennia Single-Mode ASM 2525 with Phase-in Cutpoints
15.  Biennia Single-Mode ASM 2525 with Final Cutpoints

16. Biennial Idle Test

17.  Biennial 2500 RPM / Idle Test



18. Biennial Loaded / Idle Test
19. OBD I/M

6.2 ASM Tests

Unfortunately, new paired ASM and FTP test data are not available on any ASM
I/M testsin-order to compute new and specific IDR rates or repair effectivenessrates. As
aresult, therelative size of the I/M credits of these tests versus the IM240 will remain the
same between MOBILES and MOBILEG. Thiswas accomplished by first computing the
ratio of theMOBILES I/M credit valuefor an aternative ASM test over the MOBILES I/M
credit valuefor the IM240 at final cutpointsof 0.8 HC/ 15 CO/ 2.0 NOX. When donefor
each combination of model year, age and pollutant, this producesalarge array of ratios (25
ages x 18 model year x 3 pollutants). Separate arrays of ASM/IM 240 credit ratios were
calculated for three ASM tests (ASM 5015, ASM 2525 and ASM Two Mode), and for both
Phase-in and Final ASM cutpoint combinations. A large array containing all six test
type/cutpoint combinations was then assembled for usein MOBILE6. Rather than store
all those ratios in the MOBILES6 program, the ratio data are read into the program from a
separate datafileif MOBILEG isasked to calculate the effectsof ASM I/M. Theratiosare
usedinMOBILEGto calculate ASM IDR rates. Thisisdoneby multiplying the appropriate
ASM ratio by the IM240 ratio.

Theadvantage of thisapproachisthat it enablesthe ASM 1/M test procedurecredits
to be easily assimilated into the MOBILEG I/M approach. It also preserves a similar
relative effectiveness of ASM versus 1M 240 aswas present in the MOBILES model. This
isreasonable since no new ASM dataare available in conjunction with FTP datato update
the ASM credits. One drawback of this approach is that it does not update the effect of
different after repair levels, and assumes that the ASM after repair levels are the same as
thosefor the IM240. Thismeansthat the after repair levelsfor the 0.8/15/2.0 HC, CO and
NOX [IM240 cutpoints will be used for the final ASM cutpoint after repair levels.
Similarly, the 1.2/20/3.0 HC, CO and NOX IM 240 cutpoints will be used for the phase-in
ASM cutpoint after repair levels. Also, it assumes that the ratio between the ASM and
IM240 credits in MOBILES5 based on FTP emissions can be equally applied for both
running and start ASM creditsin MOBILES.

6.3 Idle and 2500RPM/Idle Tests

The I/M credits for the Idle and 2500RPM/Idle tests were not developed like the
ASM credits by ratioing the MOBILES Idle test results with the MOBILES IM 240 results
and applying theratio to the MOBILEG IM 240 resultsto get the MOBILESG Idletest credits.
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Instead, theldleand 1dle/2500 RPM test credits were devel oped from anew analysisof the
available paired Idle / 2500RPM/Idle and FTP data sources collected by EPA from 1981
through 1998. TheLoaded/ Idlel/M test creditswere developed in acompletely anal ogous
fashion to the ASM 1/M test credits by ratioing the MOBILES credits. No new datawere
available on the Loaded / Idle test.

6.3.1 Available Data

Two primary EPA datasets were available. Thefirst dataset is called the “4MID”
dataset. The abbreviation “4MID” stands for “Four Mode Idle dataset”. It contains
virtually all of EPA’spaired Idle and FTP data collected at EPA’ svarious labsfrom 1981
through 1998. The four mode test isa specia EPA Idle 1/M test procedure developed for
research work that smulatesin-use Idletests. Thefirst modeisan unpreconditioned idle,
the second mode is a 2500 RPM segment used to precondition the third Idle mode, and
used to passor fail vehiclesfor the 2500RPM/Idletest. Thethird modeisapreconditioned
Idle, and thefourth modeisanidlein drive mode. Only the 2500 RPM mode and the third
mode (pre-conditioned Idle) were used to devel op the credits. Only the HC emissionsfrom
the 2500 RPR mode were used in the development of the 2500RPM/Idle credits. The
analogous CO 2500 RPM mode readings were not used because of their tendency to
produce false failures due to evaporative canister purge during the 2500 RPM mode. The
preconditioned Idle test was used in both the Idle test and the 2500RPM/Idle test credits.
The unpreconditioned Idle mode and the Idle in Drive modes were not used for the I/M
credit development.

Test results from the Restart /1dle test used to test some early 1980's Ford vehicles
were not used inthisanalysisdueto their inconsistent avail ability inthe dataset. Theeffect
of thisisthought to be very negligible. However, since the basis of the IDR consists only
of High emitting vehicles, use of the Four mode test instead of the Restart / Idle test for
Ford vehicles could potentially overstate the Idle test credits dlightly if the higher readings
from the Four Mode test identify more high emitters that the Restart / Idle test would
identify.

Thesecond primary dataset wasthe®IMLane” dataset. It consisted of I/M laneldle
and 2500RPM/Idle test results from EPA’s pilot I/M lane test program conducted in both
Hammond, IN and Phoenix, AR by ATL. These data were paired with vehicle FTP data
collected at ATL’s laboratory. The test procedure consisted of a 2500RPM mode, and a
subsequent preconditioned Idle mode. The unpreconditioned Idie and the Idle in Drive
modeswere not performed. The advantage of these dataover the 4MID sampleisthat they
were collected in an actual I/M lane rather than in the EPA laboratory like the 4MID
sample.
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For thefinal results, both databaseswere combined together to produceoverall IDR
rates for the Idle test and the 2500RPM/Idletest. Despite the slight differencesin the I/M
test procedures, the combination of the data makes sense for severa reasons. First, it
produces alarger sample of vehicles. Thisisimportant because for this analysisonly the
High emittersare used to compute the IDRs, and the number of High emitterscan get small
in some model year groups. Also, both databases seem to complement each other in terms
of model year coverage. For example, the“4MID” sample hasalarge preponderance of its
datain the 1981 and 1982 model years; however, it does have some newer mid 1990's
vehiclesand trucks. The ATL sample on the other hand contains only cars, and is mostly
represented by late 1980'sto early 1990's cars. Tables 8aand 8b show the model year and
technology breakdown for both databases.



Table 8a

Four Mode Idle/ 2500RPM Idle and FTP Test Pairs

Cars Trucks

MY CARB TBI PFI CARB TBI PFI
1981 962 15 29 120 4
1982 125 66 5 45
1983 87 122 59 10
1984 32 a4 34 438 1
1985 90 52 61 63 13 6
1986 41 52 86 17 23 41
1987 16 64 92
1988 15 60 103
1989 22 35 82
1990 46 85
1991 4 59 2
1992 2 37
1993 4 16 2
1994 27 1 1
1995 2




Table 8b
IM Lane ldle/ 2500RPM Idle and FTP Test Pairs
Idle Test 2500 RPM / Idle Test
MY CARB TBI PFI CARB TBI PFI
1981 39 1 2 39 1 2
1982 37 3 1 37 3 1
1983 22 18 11 22 18 10
1984 21 56 29 21 56 29
1985 14 65 48 14 63 47
1986 11 61 47 11 61 47
1987 9 39 48 9 39 48
1988 4 41 61 4 40 60
1989 1 34 53 1 34 53
1990 1 25 33 1 25 33
1991 6 17 5 17
1992 2 18 2 18
1993 6 6

6.3.2 |dle and 2500RPM/Idle Test IDRs

The calculation of the IDRsfor the Idle and 2500RPM/Idle testsis very similar to
the calculation donefor IM240 IDRsin Section 3.9. Onedifferenceisthat IDRsfor arange
of cutpoints was not performed. Instead only one set of 1dle and 2500RPM/Idle cutpoints
were developed. Thesewere at the CO/HC cutpoints of 1.2%CO and 220ppm HC. Also,
IDRs for only HC and CO emissions for running and start were developed. Idle and
2500RPM/Idle IDRs for NOX emissions were not developed. Neither the Idle Test or the
2500RPM/Idle test will produce NOX benefits or NOX “Dis-benefits’ for MOBILES. In
comparison, MOBILES contained NOX “Dis-benefits’ if an Idle or 2500RPM Idle test
were performed.



Table 9a
|dle and 2500RPM / Idle Test IDRs for Each Sample
IDRs Based on I/M Lane Sample
Hot Running LA4 HC Hot Running LA4 CO
Test Carb PFI TBI Carb PFI TBI
Idle 63.3 58.7 53.2 54.9 57.5 60.6
2500/1dle 76.5 59.3 53.9 68.8 57.5 60.6
Cold Start HC Cold Start CO
Test Carb PFI TBI Carb PFI TBI
Idle 41.9 39.1 33.9 20.1 23.6 20.9
2500/1dle 48.6 40.2 34.8 20.1 23.6 20.9
IDRs Based on Four Mode Sample
Hot Running LA4 HC Hot Running LA4 CO
Test Carb PFI TBI Carb PFI TBI
Idle 48.8 74.3 52.2 53.4 81.1 40.7
2500/1dle 66.1 74.3 61.6 63.8 81.1 55.7
Cold Start HC Cold Start CO
Test Carb PFI TBI Carb PFI TBI
Idle 20.2 42.6 17.7 214 57.8 30.1
2500/1dle 24.4 42.6 25.4 27.1 57.8 33.9

Table 9a shows the Hot Running LA4 and Cold Start IDR rates for the Idle and
2500RPM/Idle tests for each of the two datasets.
technology groups. These are Carbureted, Throttle Body Injection (TBI), and Ported Fuel
Injection (PFI). The IDRs were not made a function of model year because of the small
sample sizes in many individual model years. Table 9b shows the IDR results for the
combined dataset. Thetwo datasetswere combined together based on total emissionsfrom
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the high emittersrather than on the number of vehiclesin the sample. ThelDRsare shown
as apercentage in both tables, but will be programmed into MOBILEG asfractions. They
represent the fraction of emissions from high emitters which are identified by the
prospectivel/M test. Separate IDRsfor each pollutant and technol ogy were devel oped for
Hot Running LA4 emissions and Start emissions based on Bagged FTP data. The PFI and
TBI Identification rates were subsequently combined together for analysisto createalarger
and more statistically significant samplesize. Table9b showstheresultsseparately for PFI
and TBI, and Table 9c shows the average value used in MOBILEG6. The valuesin Table
9b wereweighted together by the overall sample sizeto producethe valuesshownin Table
9c.

Idle and 2500RPM / Idle Test I-[I;??bsleB%Zed on the COMBINED Sample
IDRs Based on I/M Lane Sample
Hot Running LA4 HC Hot Running LA4 CO
Test Carb PFI TBI Carb PFI TBI
Idle 54.6 63.5 52.8 54.0 63.0 53.5
2500/1dle 70.2 63.9 56.8 65.9 62.9 58.8
Cold Start HC Cold Start CO
Test Carb PFI TBI Carb PFI TBI
Idle 25.5 40.8 29.5 23.3 37.8 25.1
2500/1dle 30.3 41.3 32.3 27.6 37.8 26.8
Table 9c
Idle and 2500RPM / Idle Test IDRs Based on the COMBINED Sample
IDRs Based on I/M Lane Sample
Hot Running LA4 HC Hot Running LA4 CO
Test Carb PFI TBI Carb PFI TBI
Idle 54.6 58.3 58.3 54.0 58.4 58.4
2500/1dle 70.2 60.5 60.5 65.9 60.9 60.9
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Cold Start HC Cold Start CO
Test Carb PFI TBI Carb PFI TBI
Idle 25.5 353 353 23.3 31.7 317
2500/1dle 30.3 36.9 36.9 27.6 32.5 32.5

6.3.3 After Repair Emission Level for Idle and 1dle/2500 Tests

The Idle Test after repair emission levels for MOBILEG were calculated from a
dataset which was used for MOBILES development. It consisted of 36, 1981 and later
vehicleswhich initialy failed the idle test, were repaired, and passed the final idle test at
standard cutpoints. These data were collected as part of an EPA test program conducted
to evaluatetheeffect of repair onidletest failures. Therepairswereconducted by qualified
technicians. The vehicle sample mean FTP emission values after Idletest I/M repair were
found to be 1.89 g/mi HC and 20.0 g/mi CO. These comparewith meansof 1.26 g/mi HC
and 13.46 g/mi CO for the IM240 at the 1.2/20 HC and CO cutpoint. Idletest repair effects
for NOX emissions are not computed because MOBILEG6 will not give NOX benefits or
disbenefits to an idle test program.

Theratio of theidletest after repair FTP emission level to the IM240 after repair
FTPemission level at 1.2/20/3.0 cutpointsis computed from the data and used to generate
the after repair idletest emissionlevel for running LA4 emissions. A consistent ratio based
onthe FTPwill be used for all mileages, vehicletypes, and model years. Theratioswhich
are used for HC and CO are:

HC Ratio:
CO Ratio:

15
15

1.89 g/mi / 1.26 g/mi
20.0 g/mi / 13.46 g/mi

They are used in MOBILESG to generate the idle test after repair running LA4
emission level by multiplying the ratio by the IM240 after repair emission level at
1.2/20/3.0 cutpoints. The sameafter repair emission levelswill beused for the ldletest and
the 1dle/2500 RPM test.

6.4 OBDI/M Tests

Thisdocument does not explicitly cover vehicleswhich are equipped with an OBD
system. However, most OBD equipped vehicleswill continueto receive exhaust based I/M
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tests such as the IM240 or the Idle test for much of their early lives. Thus, the topic is
mentioned briefly inthisdocument asan introduction. For morecompletedetailson EPA’s
modeling of OBD equipped vehicles (1996+ model years) please read EPA document
M6.EXH.007 “ Determination of Emissions, OBD, and I/M Effectsfor Tierl, TLEV,LEV,
and ULEV Vehicles’ and EPA document M6.EXH.009.

The OBD system is an electronic diagnostic system built into most 1996 and later
and some 1994 and 1995 model year vehicles. Itisdesignedto (1) continuously monitor
the performance of the car’ semission control system, and detect serious problem(s) which
causethevehicle' sFTPemissionsto exceed 1.5timesitsapplicable certification standards,
(2) register acodeinthevehicle’ scomputer and turn on adashboard warning light to notify
the owner. The system will also have the capability to be electronically accessed inan I/M
lane. The vehicle will be required to pass the OBD test (no trouble codes are present) in-
order to pass the state I/M program requirements.

INMOBILE6 an1/M program conducting an OBD check on properly equipped OBD
vehicles will be assigned an IDR of 85 percent (fraction 0.85). This value will be given
regardless of whether an exhaust I/M test such asthe IM240 or the ASM test is performed
or not performed. Also, the with and without technician training levelsin an OBD I/M
program will be equivalent. It is assumed that the technicians specializing in OBD
diagnosis and repair will either be fully qualified, or not involved in the industry.

6.5 Tampering Rates and Anti-Tampering Program Creditsin MOBILEBG.

V ehicle Tampering and Anti- Tampering Programs (ATP) havel ong been associated
with Inspection / Maintenance programs (I/M). Thisis because for many years tampering
was often the cause of excessemissionsfrom vehicles. To help understand the nature and
extent of the tampering problem numerous field studies were done by EPA during the
1970sand 1980sto quantify the problem. Theresultsfrom these studieswereincorporated
into the MOBILE series models.

Unfortunately, for MOBILES, no new studieswereavail ablethat quantify the extent
of vehicle tampering in the fleet. Thisis largely the result of the belief that deliberate
vehicle emission control system tampering is no longer much of anissue. Also, itisnow
felt that much of the effects of tampering are properly captured in the High Emitter rates,
High Emitter emission levels, and the High Emitter Correction Factor that are discussed
earlier inthisdocument and in other MOBILE6 documents. (M6.EXH.002 - M6.EXH.005).
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As a background, the High Emitter Correction Factor was a multiplicative factor
that was added to the Base Emission rates originally devel oped for the MOBILE6 model.
It was developed because it was thought that the underlying vehicle data used to develop
the base emission factors contained adisproportionate percentage of low emitting vehicles
and consequently did not contain a high enough percentage of High emitting vehicles. It
was developed by comparing the Base Emission factor data collected in the EPA and
AAMA labs with alarge sample of in-use IM240 data collected in Dayton, Ohio.

The tampering algorithm used in MOBILESG is as follows:

1 For the Pre-1981 model year vehiclesthereisno changefromthe MOBILES model
in terms of the tampering rates or ATP effectiveness assumptions.

2. For the 1981 through 1995 model year vehicles, there is atampering offset that is
built into the emission factors (i.e., high emitter correction factor). Thus, the
tampering subroutines do not add any additional tampering correction factorslike
in MOBILES. However, the same subroutines are still used in the MOBILE6G
model to calculate the ATP and I/M benefits in reducing the occurrence of
tampering. These subroutines subtract a portion of the high emitter correction
factor.

3. For the 1996 and |ater model years there is assumed to be no tampering in the fleet
This assumption was made because strong engineering reasons and anecdotal
evidence suggests that deliberate tampering of emission control devices is not
common ontoday’ slate model vehicles. Thisisbecausethe reasonsfor tampering
such asthe ability to misfuel, perceived improved performance and perceived cost
savings on vehicle operation do not exist anymore. Also, the advent of OBD
systems should aso discourage tampering, because the immediate result of
tampering isan OBD warninglight. Theeffect of thisassumptionisthat tampering
effects will be completely removed from the MOBILE6 model by calendar year
2021.
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7.0 Responseto Peer Review and Stakeholder Comments

Section 7.0 discusses issues and comments submitted by interested parties during
the formal stakeholder review period, and by paid reviewers of this document.

1. A key element missing from the overall methodology isthe inability of the model
to account for any possible actions that vehicle owners may take to adjust their
vehiclesto just ‘look clean’ for the test.

It istrue that the so called phenomenon of ‘clean for aday’ isnot accounted for in
the MOBILE6 model. Part of the difficulty with modeling this phenomenon is
obtaining definitive dataon it. The problem stems from the fact that the vehicles
that only ‘look clean’ (adjusted only to pass the test) are identical in terms of
numerical test score to vehiclesthat pass either on their initial test or upon aretest.
Therefore, itisdifficult to identify these vehicles from standard test programs and
even from large scale I/M test samples. One possible way of determining the
impact of these vehicles (if they even exist) is through some type of very
sophisticated remote sensing program, and subsequent and immediate confirmation
test follow up. Multipletests might be necessary in-order to eliminate natural test-
to-test variability. Unfortunately, such data are not available.

Another factor influencing the clean for aday phenomenonisadvancing technology
in vehicles and in I/M programs. On-board diagnostic (OBD) tests make such
‘cleanfor aday’ strategiesby non-complying motorists moredifficult to achieveor
less cost effective. For example, it will be much more difficult and expensive for
amotorist to alter avehicle selectronic OBD system to obtain afal se passreading,
thanit would beto adjust avehicle scarburetor to obtain atemporary low emission
reading. Also, withtheadvent of advanced technol ogy and emission control system
designs that are fully integrated into the operation of the vehicle and significantly
affect the performance of the vehicle, one must ask the question “what are the real
and perceived benefits of fixing avehicleto pass atest only for ashort time versus
fixing it permanently?’

2. One peer reviewer suggested that the results from the statistical analysis be
presented in tabular form in the document. Thiswill allow for easier review.

EPA agreeswiththissuggestion. Therevised version of thisdocument will contain
important statistic results in tabular form.

3. One peer reviewer asked why, given the huge size of the Arizona M 240 database,
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the after repair analysis did not consider technology as an independent variable.

EPA agrees that technology might be an important variable in determining after
repair emissionlevels. Unfortunately, the database could not beresolved downinto
technology categoriesthat werefine enough for use. The necessary resolution was
by PFI, TBI and Carbureted technology. Some auto industry experts consider an
even finer breakdown of the PFI category to be useful. The VIN decoder used to
processthe 17 digitindividual vehicle VINscould not producefuel delivery system
resolution. Asaresult, the after repair emission levels were made a function of
model year. Model year implicitly contains technology information since the
progress of automotive technology has been steady for years. For example, most
1990's cars are PFI technology and many 1980's cars are TBI.

One peer reviewer expressed concern over the fact that only laboratory data that
may not bereplicatedin actual repair effectivenesswas used to determinetherepair
effects at lower cutpoints. They suggested that such data could lead to an
overestimation of the benefitsof lower cutpoints. For thenext version of MOBILE,
EPA should obtain data from vehicles that undergo actual field repairs to various
cutpoints for use in the model.

EPA recognizes that the use of lab repair data may be problematic. However,
obtaining actual field datafrom programsthat use substantially different cutpoints
may beaproblem, sincevirtually all states usethe sameor similar setsof cutpoints.

Onepeer reviewer pointsout that the cal culation methodol ogy (for the high emitter,
normal emitter, average fleet emission level and the Ohio data high emitter
correction factor) implicitly assumesthat the effect from the Ohio datahigh emitter
correction factor is only an increase in the number of high emitters. This
assumption in turn leads to the next assumption that the average emission level of
the high emitters are the same in Ohio and in the EPA/AAMA samples.

Mathematically, this observation is certainly true. The Ohio data high emitter
correction factor was devel oped based on the assumption that the EPA / AAMA
samples contained an under-representative fraction of high emitters. This under-
representation isthought to occur because motoristswho tamper (commit anillegal
act) and otherwise severely mal-maintain their vehicle are probably less likely to
lend it to the government or the auto industry for research purposes. However, the
EPA analysis did assume that the EPA / AAMA data base contained enough high
emitters so as to characterize the emission level of ahigh emitter, but could not be
reliably used to determine the frequency of such high emitters in the fleet.
Therefore, the effect of holding the average High emitter and average Normal
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emitter emission level constant while boosting the overall average emission higher
(high emitter correction factor) leadsto the mathematical result of agreater number
of high emittersin the fleet.

The assumption that the average high emitter emission level is constant before and
after adding the High Emitter correction factor to the algorithm is the same as
assuming that a high emitter in the EPA/AAMA database is equivalent to a high
emitter in the Dayton, Ohio database. Unfortunately, thisassumption could not be
determined directly, since the Dayton data is based on the IM240 and IM 240 fast
pass driving schedule, and the EPA/AAMA sampleis based on the FTP, running
LA4 and Start emission factors. However, the assumption that on average high
emitters have generally consistent emission levels can be investigated by looking
at various state IM 240 data on failing vehicles.

One stakeholder reviewer questioned the assumption of a constant High emitter
emission level with respect to mileage.

This assumption is in general sensitive to the definition of a High emitter.
However, given EPA’s definition, statistical analysis of the High emitter data
showed that theemission level of ahigh emitter was not afunction of mileage. The
rate of high emitters in the fleet was a function of mileage and is modeled in
MOBILES as such.

The peer and stakeholder reviewers state that the DRAFT /M algorithm made the
guestionabl e assumption that the deterioration rate of failed vehiclesisthe sameas
that of afleet average vehicle.

EPA issensitiveto thecriticism and widespread commentsthat have been received
regarding this assumption.  Clearly, sound logical arguments can be made for
revising it so that failed vehicles are given ahigher or possibly lower probability of
failing a subsequent test than a vehicle selected randomly from the overall fleet.
Thus, in the final version of MOBILES, this assumption was rejected.

However, in the next generation of models, EPA will likely take arigorous ook at
the overall question of deterioration rate between I/M failuresand the general fleet.
The overall model would probably benefit from a more sophisticated approach
regarding therole of repeat failure, non complying vehiclesand waivered vehicles.
Data sources that would prove useful for this analysis are (1) long term I/M test
results over three complete I/M cycles on a sizeable sample that show the progress
of both failing and passing vehicles over time, (2) good test data on the benefits of
partial repair of waivered vehiclesand thefrequency of such vehicles. (3) solid data
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10.

11.

12.

on the frequency, whereabouts and emission levels of non complying vehiclesand
non participating vehicles.

One peer reviewer mentioned thelack of information regarding start emissionsand
the lack of statistic results presented in atabular form.

EPA report M6.STE.003 has been updated to include regression statistics on start
emissions in tabular form.

The peer and stakeholder reviewers expressed concerns regarding the use of |east-
squared regressions to simulate ASM / IM 240 test credits. He felt that the actual
ratios should be built into the MOBILE6 program rather than the regression
coefficients from the ratios.

EPA agrees on this point. The actual ASM / IM240 ratios will be used in
MOBILE6. They will be read into the program from an external datafile. The
original approach of using regression coefficients to model the ASM credits
introduced unnecessary errorsinto the algorithms, and offered very little reduction
in the code size or flexibility in the programming.

One peer reviewer suggested that the ASM / IM240 ratio should be applied in
MOBILE6 as the overal I/M credit rather than as the relative ASM |I/M
identification rate (IDR).

Thisisareasonable suggestion. However, dueto thedesign of the MOBILEG code,
itisimpractical to implement and would require a substantial rewrite of the code.
In addition, the results from both methods (ASM/IM240 ratio as an overall
correction factor andthe ASM/IM 240 ratio asthe IDR) shouldyield essentially the
same results, since both the ASM tests and the IM240 test use similar after repair
rates.

The peer reviewer commented that Idle and 1dle/2500 RPM test credits were
available only at one set of I/M standards (i.e., 1.2% CO and 220 ppm HC).

This was done because these are the lowest Idle test I/M standards which are
covered by the 207(b) warranty provisions. Thus, itisbelieved that very few states
will want to use dternative ldle test standards.

A stakeholder reviewer wondered about theimpact of the new emission factorsand
I/M credit methodology on the size of the I/M performance standards and rate of
progress i ssues.



13.

14.

15.

16.

17.

Thisis not adirect MOBILEG issue, but instead fallsin the area of I/M and state
program guidance. Subsequent to the release of MOBILEG6, EPA will likely
develop the necessary policy guidance to resolve these types of questions.

Severa stakeholders commented that they would like the MOBILEG program to
have the capability of modeling a more exact I/M start date that can be resolved
down to the monthly level.

Unfortunately, the program code cannot model an I/M program start year to the
monthly level resolution. The user isencouraged to pick the closest January 1 start
calendar year date to the actual start date.

Severa users commented on the desire to better control 1/M IDR rates and other
parameters such as the fraction of High emittersin the fleet by using MOBILE6
inputs.

Unfortunately, the /M IDR rate and the fraction of High emitter in the fleet cannot
be directly changed in the model using standard inputs.

Severa reviewersmentioned the need for themodel to be ableto disabletheimpact
of the 1990 Clean Air Act for Rate of Progress SIPsand other I/M program issues.

Although, not mentioned in this document, this feature will be allowed in
MOBILES®.

One reviewer expressed concern about an I/M credit discount applied to
decentralized I/M program vis-a-vis centralized program. This discount was a
standard feature in MOBILES.

The MANDATORY 50 percent discount for decentralized I/M programs that was
built into MOBILES5 has been removed in MOBILESG. It has been replaced by a
new EFFECTIVENESS command that allows the user to set their own level of
program effectiveness or discount.

Several reviewerscommented on credit issuesif two ASM tests are performed and
wondered about the relative size of the ASM test credit and the IM 240 test credit.

The MOBILEG6 program will allow the modeling of the two mode ASM test, and
thetest will receive more /M creditsthan asingle mode ASM test. The ASM test
credit is not a function of the ASM cutpoint because there were too many ASM
cutpoints; however, the IM240 test is afunction of cutpoint. Thus, the answer to
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18.

19.

20.

the IM240 versus ASM test comparison is ... it depends on the IM240 cutpoint
under evaluation. However, at comparable phase-in or final cutpoints, thecreditis
almost the same for both tests with the IM240 receiving slightly more credit than
the ASM test.

Severa reviewers have asked if additional I/M credit will be given to a state that
conducts both exhaust 1/M testing and OBD I/M testing on the same vehicles.

Theoretically, some small additional credit may be possible by conducting two or
even morel/M testson agiven vehicle. However, because of alack of dataon this
topic, and the general inability of the MOBILE6 program to model two different
I/M program types on the same vehicle model year, no additional credit will be
given to States that conduct both tests.

Onestakeholder reviewer asked about “ Appropriatel/M”, andthe MOBILES5 policy
of given I/M credit to LEV vehicles by reducing their deterioration rate.

The concept of “Appropriate I/M” was not explicitly included in MOBILES.
However, LEV, Tier2 and other advanced vehicletechnol ogy typeswill still beable
toreceive I/M credit. After the release of MOBILEG6, EPA will provide guidance
and policy regarding the use of MOBILES.

One reviewer suggested that human behavior should be included in the MOBILE
I/M modeling process. This behavior might include the motorist taking advantage
of ‘test to test variability’ effects (i.e., continued retesting without repairs until the
vehicle passes the test), the effect of motorists registering outside of the I/M
program area, and the effect of motorist’ swho never show up for thetest inthefirst
place.

The effect of registering outside of the I/M area or never showing up for thetest in
the first place can be accounted for in MOBILE6 using the non compliance and
participation rate inputs.

Theoretically, test to test variability will always be an issue with an exhaust test
with adefined cutpoint standard. Every vehicleexhaust measurement hasanatural
uncertainty associated with it and upon multiple retesting this uncertainty could
overlap both the “pass’ level “fail”. The larger the variability the more likely an
untrue passing or failing reading could occur. However, it is believed that most
‘true’ High emitters will have a high enough emission level and small enough
variability so that repeated testing is not likely to produce afalse passing reading.
On the other hand, it is also hoped that multiple repeat testing eliminates false
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21.

22.

failures and lack of preconditioning failures before the repair process begins by
giving the vehicle another opportunity to pass.

The advent of OBD I/M testing should also help mitigate the issue of test to test
variability. Becauseitisan electronictest, it producesonly an objective passor fail
result. It is aso believed that the vehicle OBD systems and the OBD 1I/M test
equipment and procedureswill be designed properly to minimize both fal sepassing
testsand falsefailing tests. Only timeand yet to be collected datawill answer these
guestions.

One stakeholder reviewer wondered if the without technician training emission
levels are below the I/M cutpoints emission levels.

This comparison isnot particularly straightforward, because MOBILEG6 calcul ates
and reports emission in terms of FTP cycle ‘unit’, and typical I/M test reports
emissions in terms of concentration units or in the case of IM240 gram per mile
numbers based on a different cycle. Nevertheless, even with the increases in the
after repair levels due to the no technician training effects, these levels are lower
than afailing high emitter’s level.

OBD provided a special case for the no technician training effects since the
presence of the MIL light istriggered if the FTP emission are greater than 150% of
the certification standard. To solvethisdilemmathe no technician training effects
were eliminated for an OBD I/M program under the assumption that virtually all
techniciansthat repair modern vehicles equipped with OBD will haveto have some
training on the OBD systems, the use of the diagnostic tools, and genera
investigative and repair skills. Gone are the days when a virtually uneducated
mechanic could simply turn a few carburetor screws and replace an air filter and
call itan /M repair.

Asaresult of the need for MOBILEG Loaded / Idle I/M test credits by a couple of
State I/M programs, the Loaded / Idle test credits will be inserted into the
MOBILEG6 program. However, these creditswill beidentical in all respectsto the
2500/Idlel/M credits. Therational for thisassumption isthat thereare no new data
availableto develop special Loaded/ Idletest I/M credits, and in practicetheloaded
portion of thetest isjust apreconditioning phaserather than an additional pass/ fail
requirement. The pass/ fail determination for thetest is based solely on the results
of theidlemode. Thisiscompletely analogousto the 2500/ Idletest in which only
the idle portion of thetest is used to pass or fail avehicle.
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APPENDIX A
Running LA4 Emissions from 1990-93 MY PFI Normal Emitters
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Figure A-1
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APPENDIX B
Sample Calculations for Fleet High Emitter Rate

This sample calculation shows the steps for determining the percentage of High
Emittersinthefleet for HC running emissionsat an age of 5for 1988-1993 PFI technology
passenger cars.

Calculating the average emission rate (A) for HC:
mileage <21,270 A =0.05158 + 0.0013 * M
21,270<mileage<100,000 A =0.05158 + 0.0013 * 21.27 + (X - 21.27) * 0.0036

mileage > 100,000 A= 0.05158 + 0.0013 * 21.27 + (100.0 - 21.27) * 0.0036 +
(M - 100.0) * 0.0036

Where ‘M’ isthe mileage divided by 1000. See the document “Determination of
Running Emissions as a Function of Mileage for 1981-1993 Model Year Light-Duty
Vehicles’ for the derivation of this equation.

From Table 3, the average mileage of passenger cars 5 years old is 67,547 miles.
A =0.05158 + 0.0013 * 21.27 + (67.547 - 21.27) * 0.0036
A =0.249 g/mi HC

Calculating the average normal emitter rate (B) for HC using the coefficients from Table
la and using the mileage from Table 3:

B =0.0214 + 0.001385 * 67.547
B = 0.115 g/mi HC

Choosing the high emitter rate (C) using the values from Table 2a:
C =1.740 g/mi HC

Calculating percentage of Highs using Equation 7 in Section 3.8.

High Fraction=(A - B) / © - B)
High Fraction = (0.249 - 0.115) / (1.740 - 0.115) = 0.0823 or 8.23
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Appendix C

Statistical Detail: Standard Errors, P values and Standard Deviations

TableC-1
Standard Deviations of M eans
RUNNING Emissions of High Emitter CARS
HC (6(0) HC CO NOX
Tech | Sample | Sample | Standard | Standard | Standard
MY Group | Group | Sz | Sz | Deviation | Deviation | Deviation
1988-93 PFI* 58 44 4.049 47.350 1.069/11
1988-93 TBI 38 43 6.487 53.284 1.012/15
1983-87 Fl 118 97 4.832 51.883 | 0.895/ 44*
1986-89 Carb 212 233 4.530 41593 | 0.768/ 60*
1983-85 Carb 212 233 4.530 41593 | 0.768/ 60*
1981-82 Fl 118 97 4.832 51.883 | 0.895/ 44*
1981-82 Carb 118 97 4.832 51.883 | 0.895/ 44*
* Second number isthe NOX high emitter sample size
TableC-2
Standard Deviations of Means
RUNNING Emissions of High Emitter TRUCKS
HC CcoO NOX
Tech HC CO Standard Standard Standard
MY Group | Group Sampl Sampl Deviation | Deviation | Deviation
eSize | eSize
1988-93 PFI 2 3 0.966 18.498 NA / 1*
1988-93 TBI 2 3 2.259 18.498 NA /1
1981-87 Fl 17 3 1.1776 3.502 NA /1
1984-93 Carb 18 11 1.244 25.000 NA /1
1981-83 Carb 10 4 1.482 21.314 NA /1

* Truck sanple had only one high enmitter in each group.
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Table C-3

Regression Statistics from Normal Emitting Cars - CO EMISSIONS

MY Tech | Sample SE SE SigT SigT

Group | Group Size Slope ZML Slope ZML
CO CO CO CO CO
1988-93 PFI 1590 0.00119 | 0.05662 0.0000 0.0000
1988-93 TBI 431 0.00233 | 0.13169 0.0000 0.8301
1983-87 Fl 640 0.00212 | 0.13010 0.0000 0.0000
1986-89 Carb 93 0.00340 | 0.21690 0.0001 0.0105
1983-85 Carb 233 0.00446 | 0.17510 0.0002 0.0000
1981-82 Fl 107 0.00612 | 0.30090 0.0007 0.0000
1981-82 Carb 815 0.00231 | 0.09617 0.0000 0.0000
Table C-4

Regression Statistics from Normal Emitting Cars- HC EMISSIONS

MY Tech | Sample SE SE SigT SigT
Group | Group Size Slope ZML Slope ZML

HC HC HC HC HC

1988-93 PFI 1582 7.066e-5 | 0.00335 | 0.0000 0.0000
1988-93 TBI 435 1.254e-4 | 0.00708 | 0.0000 0.5540
1983-87 FI 622 1.564e-4 | 0.00919 | 0.0000 0.0000
1986-89 Carb 91 3.306e-4 | 0.02050 | 0.0159 0.0000
1983-85 Carb 233 3.825¢-4 | 0.01490 | 0.0017 0.0000
1981-82 FI 104 3.786e-4 | 0.01887 | 0.0000 0.0000
1981-82 Carb 838 1.492e-4 | 0.00628 | 0.0000 0.0000
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Table C-5

Regression Statistics from Normal Emitting Cars - NOX EMISSIONS

MY Tech | Sample SE SE SigT SigT
Group | Group Size Slope ZML Slope ZML
NOX NOX NOX NOX NOX
1988-93 PFI 1610 2.210e-4 0.0106 0.0000 0.0000
1988-93 TBI 440 3.608e-4 0.0203 0.0000 0.0000
1983-87 Fl 693 3.777e-4 0.0235 0.0000 0.0000
1986-89 Carb 94 0.00106 0.0680 0.1120 0.0000
1983-85 Carb 247 0.00107 0.0442 0.0119 0.0000
1981-82 Fl 107 0.00136 0.0669 0.0000 0.0000
1981-82 Carb 973 4.281le-4 0.0193 0.0000 0.0000
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Table C-6

Regression Statistics from Normal Emitting TRUCKS - CO

EMISSIONS

MY Tech | Sample SE SE SigT SigT

Group | Group Size Slope ZML Slope ZML
CO CO CO CO CO
1988-93 PFI 329 0.00421 | 0.2045 0.0000 0.0166
1988-93 TBI 465 0.00298 | 0.1274 0.0000 0.0000
1981-87 FI 90 0.01184 | 0.8112 0.0005 0.0486
1984-93 Carb 122 0.01802 | 0.9354 0.0003 0.1500
1981-83 Carb 163 0.0274 1.2391 0.2319 0.0000
Table C-7
Regression Statistics from Normal Emitting TRUCKS - HC
EMISSIONS

MY Tech | Sample SE SE SigT SigT

Group | Group Size Slope ZML Slope ZML
HC HC HC HC HC

1988-93 PFI 330 3.479-4 | 0.01689 | 0.0000 0.0778
1988-93 TBI 464 2.486e-4 | 0.01061 | 0.0000 0.0000
1981-87 = 76 8.651e-4 | 0.05490 | 0.0003 0.0172
1984-93 Carb 115 8.258e-4 | 0.0407 0.0014 0.0000
1981-83 Carb 157 0.00150 | 0.06656 | 0.0000 0.0000




Table C-8

Regression Statistics from Normal Emitting TRUCKS - NOX

EMISSIONS

MY Tech | Sample| S.E SE SigT SigT

Group | Group Size Slope ZML Slope ZML
NOX NOX NOX NOX NOX

1988-93 PFI 331 9.091e-4 | 0.0441 0.0000 0.0000
1988-93 TBI 466 6.508e-4 | 0.0279 | 0.0000 | 0.0000
1981-87 Fl 93 0.00263 | 0.1825 0.0032 0.0478
1984-93 Carb 132 0.00205 | 0.1134 | 0.2511 | 0.0000
1981-83 Carb 166 0.00210 | 0.0960 0.9910 0.0000
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Appendix D
Statistical Diagnostics for Running and Start Emission I/M Identification
Rate Effectiveness (IDR) Determination

-> REGRESSI ON

-> |/ DESCRI PTI VES MEAN STDDEV CORR SIG N
-> /MSSING LI STWSE

-> [ STATI STICS CCEFF QUTS CI R ANOVA

-> /CRITERI A=PI N(. 05) PQUT(. 10)

-> /NOORIG N

-> [/ DEPENDENT hcrun_id

-> [/ METHOD=ENTER | n_hccut | n_cocut

*oxok o MULTI PLE REGRESSI ON * * * *
Equati on Nunber 1 Dependent Vari abl e. . HCRUN_ID HCRun ID
Descriptive Statistics are printed on Page 2

Bl ock Nunber 1. Method: Enter LN_HCCUT LN_Cocutr

Vari abl e(s) Entered on Step Nunber

1.. LN_cocut
2.. LN_HCCcuT
Miltiple R . 90947
R Square . 82713
Adj usted R Square . 82246
St andard Error . 06411
Anal ysi s of Variance
DF Sum of Squar es Mean Square
Regr essi on 2 1. 45516 . 72758
Resi dual 74 . 30413 . 00411
F = 177. 03226 Signif F = .0000
—————————————————————— Variables in the Equation -----------------------
Vari abl e B SE B 95% Confdnce Intrvl B Bet a
LN_HCcuT -. 136503 . 010483 -. 157390 -.115615 -.629362
LN_cocut -.106888 . 007869 -. 122568 -. 091209 -. 656531
(Const ant) 1. 145095 . 026063 1. 093164 1.197027
___________ in -—--ccceaono-
Vari abl e T SigT
LN_HCcuT -13.021 .0000
LN_cocut -13.583 . 0000

(Const ant) 43.936 . 0000

-> REGRESSI ON

-> / DESCRI PTI VES MEAN STDDEV CORR SIG N
-> /M SSING LI STW SE

-> | STATI STI CS COEFF OQUTS CI R ANOVA

-> /CRITERI A=PI N(. 05) PQOUT(. 10)

->  /NOORIG N

-> | DEPENDENT corun_id

-> [/ METHOD=ENTER | n_hccut | n_cocut

*oEoEox MULTI PLE REGRESSI ON * * * *

Equati on Nunber 1 Dependent Vari abl e. . CORUN_ID CORun ID
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Bl ock Nunber 1. Method: Enter LN_HCCUT LN_Cocutr

Vari abl e(s) Entered on Step Nunber

1.. LN_cocut
2.. LN_HCCUT
Miltiple R . 90658
R Square . 82188
Adj usted R Square . 81707
St andard Error . 06736
Anal ysi s of Variance
DF Sum of Squar es Mean Square
Regr essi on 2 1. 54920 . 77460
Resi dual 74 . 33574 . 00454
F = 170. 72789 Signif F = .0000
—————————————————————— Variables in the Equation --------------------
Vari abl e B SE B 95% Confdnce Intrvl B Bet a
LN_HCCcuT -. 107306 . 011014 -.129253 -.085360 -.477976
LN_cocut -.129819 . 008268 -. 146293 -.113344  -.770339
(Const ant) 1.188020 . 027384 1. 133456 1.242584
........... [T E
Vari abl e T SigT
LN_HccuTt -9.742 .0000
LN_cocut -15.702 .0000
(Const ant) 43.384 . 0000
-> * Curve Estimation.
-> TSET NEW/AR=NONE .
-> CURVEFI T / VARI ABLES=noid W TH nocut
-> | CONSTANT
-> [/ MODEL=CUBI C
-> / PRI NT ANOVA
-> /PLOT FIT.
Dependent variable.. NOD Met hod.. CUBIC
Li stwi se Del etion of Mssing Data
Miltiple R . 99902
R Square . 99805
Adj usted R Square . 99658
St andard Error . 01860
Anal ysi s of Variance:
DF  Sum of Squares Mean Square
Regr essi on 3 . 70707598 . 23569199
Resi dual s 4 . 00138343 . 00034586
F = 681. 46957 Signif F = .0000
-------------------- Variables in the Equation --------------------
Vari abl e B SE B Bet a T SigT
NoCUT . 756842 .102036 3. 175112 7.417 .0018
NOCUT* * 2 -.368671 . 037175 -9. 352562 -9.917 .0006
NOCUT* * 3 . 040631 . 004083  5.358327 9.951 .0006
(Const ant) . 545291 . 082060 6.645 .0027
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-> REGRESSI ON

-> /MSSING LI STWSE

-> [ STATI STICS CCEFF QUTS CI R ANOVA
-> /CRITERI A=PI N(. 05) PQUT(. 10)

-> /NOORIG N

-> /| DEPENDENT hc_strt_

-> [/ METHOD=ENTER | n_hccut | n_cocut

*oEoxox MULTI PLE REGRESSI ON * * * *

Li stwi se Del etion of Mssing Data
Equati on Nunber 1 Dependent Vari abl e. . HC_STRT_ HC Strt 1D

Bl ock Nunber 1. Method: Enter LN_HCCUT LN_Cocut

Vari abl e(s) Entered on Step Number
1.. LN_cocut

2.. LN_HCcouT
Miltiple R . 85506
R Square . 73113
Adj usted R Square . 70669
Standard Error . 11633
Anal ysi s of Variance
DF Sum of Squar es Mean Square
Regr essi on 2 . 80951 . 40476
Resi dual 22 . 29769 . 01353
F = 29.91216 Signif F = .0000
---------------------- Variables in the Equation -----------------------
Vari abl e B SE B 95% Confdnce Intrvl B Bet a
LN_Hccut -. 158962 . 028853 -.218799 -.099126  -.609838
LN_cocut -. 140941 . 024734 -.192237 -.089645 -.630732
(Const ant) . 981406 . 084067 . 807061 1. 155752
___________ [T ¢ D
Vari abl e T SigT
LN_HCcuT -5.509 .0000
LN_cocut -5.698 .0000

(Const ant) 11. 674 . 0000

-> REGRESSI ON

-> /MSSING LI STWSE

-> [ STATI STICS CCEFF QUTS CI R ANOVA
-> /CRITERI A=PI N(. 05) PQOUT(. 10)

-> /NOORIG N

-> /| DEPENDENT co_strt_
-> /| METHOD=ENTER | n_hccut | n_cocut

*oEoEox MULTI PLE REGRESSI ON * * * *

Li stwi se Del etion of Mssing Data
Equati on Nunber 1 Dependent Vari abl e. . COSTRT_ CO strt ID

Bl ock Nunber 1. Method: Enter LN_HCCUT LN_Cocut

Vari abl e(s) Entered on Step Number
1.. LN_cocuT
2. LN_HccuT
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Miltiple R . 84999
R Square . 72249
Adj usted R Square . 69726
Standard Error . 13266
Anal ysi s of Variance
DF Sum of Squar es Mean Square
Regr essi on 2 1. 00799 . 50399
Resi dual 22 . 38718 . 01760
F = 28. 63762 Signif F = .0000
---------------------- Variables in the Equation -----------------------
Vari abl e B SE B 95% Confdnce Intrvl B Bet a
LN_Hccut -. 159301 . 032905 -.227541 -. 091061  -.544428
LN_cocut -. 170728 . 028208 -.229228 -. 112229 -.680635
(Const ant) 1.145947 . 095873 . 947118 1.344777
___________ [T ¢ B,
Vari abl e T SigT
LN_Hccut -4.841 0001
LN_cocut -6.053 .0000
(Const ant) 11. 953 0000
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