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1.0 Introduction

Under Task Assignment 8 of the Arizona Alternative Compliance and Testing
Study (AZACTS — ADEQ Contract # EV01-0094), ERG was tasked with preparation of a
Interim Report summarizing all work performed to date under the AZACTS, along with
conclusions and recommendations regarding additional work which would contribute to
attaining other AZACTS program goals. This report summarizes the analyses,
conclusions and recommendations for each of the following Tasks Assignments
conducted to date:

o Task Assignment 1 — Initial Planning and Implementation Steps for
AZACTS
. Task Assignment 2 — Baseline Assessment and Evaluation of Alternative

Testing Technologies for the AZACTS
J Task Assignment 3 — 2002 Bridging Activities
. Task Assignment 4 — Assessment of Compliance Behavior

. Task Assignment 5 — Methods for Improving Compliance with I/M
Requirements

o Task Assignment 6 — Evaluation of Arizona I/M Program by Using 2002
Random Sample Data

. Task Assignment 7 — 2003 Bridging Activities
. Task Assignment 8 — 2004 Bridging Activities
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2.0 Task Assignment 1 - Initial Planning and Implementation
Steps for AZACTS

The purpose of this Task Assignment (TA) work was to finalize details of work to
be done during the remainder of the project. The ERG Team also began negotiating with
the companies who would perform the remote sensing data collection, and wrote a draft
Task Assignment Work Order 2 (TASOW?2) and the Task Assignment Offer 2 (TAO2).

ERG began this TA by organizing a Kickoff Meeting. The meeting was held on
April 20, 2001 in Phoenix. The purpose of the meeting was to allow the ERG team to
meet with ADEQ and its Contractor Oversight Committee to begin establishing the
working relationship and to plan Contract Task 1 (CT1) and CT2. CT1 was referred to as
the "Baseline Evaluations," and CT2 as the "Detailed Evaluation of Alternative
Technology Options" in ERG’s original proposal.

During the Kickoff Meeting, the ERG Team presented their proposal to ADEQ
and the Contractor Oversight Committee. ERG also elaborated on some of the main
points of their proposal and answered questions posed by ADEQ and the Contractor
Oversight Committee. ERG assembled meeting minutes after the meeting, included in a
deliverable submitted to ADEQ. ERG also prepared Task Assignment Offer #2 under this
TA. In preparation for work under TA2, ERG prepared a draft version of a web site for
the project. The web site provided another forum for communication between ERG, its
subcontractors, ADEQ, and the Contractor Oversight Committee.
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3.0 Task Assignment 2 - Baseline Assessment and Evaluation
of Alternative Testing Technologies

The purpose of this TA was to conduct the Baseline Analyses and Evaluation of
Alternative Control Technology tasks, including the following subtasks:

Subtask 1: Baseline Analysis (Contract Task #1) —-ERG developed an estimate of
the baseline levels of compliance and non-compliance, and the resulting impact on
emission reductions. ERG also evaluated the emission reductions attributable to the
current I/M program. Finally, we conducted an overview of the “State of the Science” in
alternative control technologies and identified those technologies that would be the focus
of Subtask #2.

Subtask 2: Alternative Technology Evaluation (Contract Task #2) — ERG
evaluated selected alternative control technologies to determine their applicability and
effectiveness in enhancing Arizona’s I/M program.

Subtask 3: Logistical Support Activities — ERG performed logistical activities in
support of Subtasks 1 and 2.

Subtask 4: Preparation of TAO #3 -- ERG prepared a draft TASOW, and a TAO
in response for the next task of the project.

At the completion of the TA ERG prepared a summary Preliminary Progress
Report.

3.1 Baseline Analysis of Historical Remote Sensing and I/M Emissions
Data in Arizona

The following summarizes the ERG Team’s analysis of over six years of I/M test
results and remote sensing measurements. Two geographic regions were evaluated,
termed Area A (Phoenix) and Area B (Tucson). Our findings are divided into three
groups: characterization of the fleet of vehicles observed on-road in the Phoenix area and
those reporting for I/M testing in the Phoenix and Tucson I/M areas; detailed analysis of
the previous Smog Dog remote sensing measurements; and estimation of the
effectiveness of the historical I/M program, using I/M test results. Our most important
findings include:

. 25% of new vehicles are heavy light-duty trucks, and the use of these
vehicles is increasing (see Figure 3-1). Because these vehicles are subject
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to less stringent emissions certification standards when new, and less
stringent I/M cut points, their increased use may pose a problem for
improving air quality in the state.

Some of the historical Smog Dog remote sensing measurements are
biased; this is shown in Figure 3-2 and 3-3, which compares emissions of
the same vehicles measured by two instruments located only several feet
apart, at two different sites. The historical measurements were not subject
to consistent quality assurance procedures, which limited their accuracy in
identifying suspected high emitters, and limits their usefulness in
retrospective program analysis. For example, the roadway grade at the
site of each measurement was not recorded, so the vehicle load at the time
could not be estimated. We recommend that any new remote sensing
measurements should be subject to strict quality assurance procedures.
Any future analysis of the Smog Dog measurements should either attempt
to correct for the biased measurements, or estimate the sensitivity of the
results to using the measurements.

The new IM147 test adopted in January 2000 results in lower emissions
than the previous IM240 test. This can be seen in Figure 4, which
compares the initial tests in the last year of IM240 testing (1999) with
initial tests in the first year of IM147 testing (2000), by model year. Even
though the vehicles given the IM147 test are one year older, most have
lower IM147 emissions than vehicles given the IM240 test. The
difference in IM147 and IM240 emissions could be due to real differences
in the test procedures, or could be due to the separate methods used to
convert fast-pass/-fail emissions in each test to full-IM240 equivalents. In
any event, the emissions and failure rates under each test are not directly
comparable.

14% to 18% of 1981 and newer vehicles that failed their initial test in
Phoenix (Area A) never passed a retest; 12% to 13% of these vehicles in
Tucson (Area B) never passed a retest (see Figure 3-5). Whether these
vehicles represent an improvement in air quality depends on whether they
have been permanently removed from the I/M areas or whether they
continue to be driven in the I/M areas. Substantial number of remote
sensing measurements, or unmanned license plate records, are needed to
estimate what fraction of the no-final-pass vehicles continue to be driven
in the I/M areas.

6% of vehicles in each area took more than two years to pass a retest.
Because these vehicles eventually pass a retest, they likely were driven in
the I/M areas without meeting program requirements. It is likely that
program effectiveness and air quality could be improved by tightening
motorist compliance with program requirements.

Only 42% of 1981 and newer vehicles tested in Phoenix in 1995 were
tested again in 1999; 55% of these vehicles in Tucson were tested again in
1999 (see Figure 3-6). (Note that 1999 represented the last full biennium
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of data available at the time of this analysis in 2002.) It is not clear
whether these vehicles have been permanently removed from 1/M areas, or
continue to be driven in the areas without complying with program
requirements. A substantial number of remote sensing measurements, or
unmanned license plate records, is needed to estimate what fraction of
these vehicles continue to be driven in the I/M areas.

65% of Phoenix vehicles that failed in 1995 failed again in at least one
subsequent I/M cycle. In each cycle, over 30% of failed vehicles fail
again in the next cycle. This finding suggests that program effectiveness
is compromised by vehicles repeatedly failing their I/M test. Possible
causes of repeat failures are: the previous repair was not sufficient or
durable; the vehicle passed its last I/M test without any repair being made
(taking advantage of intrinsic test-to-test emissions variability); or the
repeat failure was due to a problem unrelated to the initial failure and
repair. We recommend that ADEQ consider more frequent 1/M testing of
vehicles that failed their previous I/M test, in order to identify sooner, and
hopefully permanently repair, vehicles with ineffective repairs.

The emissions of vehicles tested in Arizona for the first time were used to
estimate what emissions would have been if an I/M program were never
adopted in the state. The difference in emissions between these “out-of-
state” vehicles and “native” Arizona vehicles provides an estimate of the
cumulative benefit of the Arizona I/M program over several years. The
Arizona vehicles had HC, CO and NOx emissions 8%, 1% and 6% lower
(respectively) than the out-of-state fleet in Phoenix in 1999 (see Figure 3-
7). Because some of the out-of-state vehicles were subject to an I/M
program in their previous state, this analysis represents the minimum
cumulative benefit of the Arizona I/M program.

Emissions of 1981 and newer vehicles in Phoenix were reduced 17%,
21%, and 10% for HC, CO and NOx (respectively) between their initial
and final I/M test in the 1999 I/M cycle (see Figure 7). These reductions
do not include any additional reductions from repairs performed prior to
the initial I/M test, or any benefit from failing vehicles permanently
removed from the I/M areas. On the other hand, these reductions are the
maximum reductions as measured immediately after vehicles passed their
last I/M test, and do not account for increases in emissions due to vehicles
passing without being repaired, or vehicles receiving inadequate repairs.



Figure 3-1. Percent Heavy Light-Duty Trucks (LDT3-4) in each I/M Area and
On-Road, by Model Year
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Figure 3-2. Example of Good Agreement in Matched Readings by Two Co-
Located Remote Sensing Vans

Site 74, Cars, Matched RSD, 1996
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Figure 3-3. Example of Poor Agreement in Matched Readings by Two Co-
Located Remote Sensing Vans
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Figure 3-4. Average 1999 and 2000 Initial Emissions of Passenger Cars, by
Pollutant, Model Year and Year

3.0
o —e— 1999 IM240 HC
o) —=—1999 IM240 CO / 10
€ 25 —e— 1999 IM240 NOx
8 — - 2000 IM147 HC
0 - 0- 2000 IM147 CO / 10
g 2.0 1 —0- 2000 IM147 NOx
©
2
(%3]
35
= 15
8
(2]
C
i)
3 1.0
£
()
(]
g
S 0.5 -
>
<
0.0 T T T T T T T
80 82 84 86 88 90 92 94 96

Model year

Figure 3-5. No-Final-Pass Rate of Light-Duty Vehicles, by I/M Area, Model
Year and Year
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Figure 3-6. Fraction of 1981-94 Light-Duty Vehicles First Tested in 1995
that were Tested in Subsequent Years, by I/M Area
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years in Area B.

Figure 3-7. Average HC and CO Emissions of 1981-94 Cars Tested over
Multiple I/M Cycles, by I/M Area
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3.2 Baseline Analysis of Compliance with I/M and Registration
Requirements in Arizona

Using a combination of an extract of the registration database, 1/M test records,
and on-road measurements, the fraction of vehicles that were not complying with I/M
testing or registration requirements was estimated. Because of discrepancies in the test
and registration data (such as differences in vehicle type and year, and last passing I/M
test date), as well as how non-compliance rates are expressed (statewide, or as a fraction
of each I/M area), we presented a range of estimates of the non-compliance rate.

We estimated that 3% to 7% of I/M-eligible 1967 to 1996 gasoline light-duty
vehicles in Arizona were non-compliant with I/M and/or registration requirements. The
range is large because many vehicles that were last tested in an I/M area were later
registered in a non-1/M area; the higher estimate assumes that all of these vehicles will
continue to be regularly driven in I/M areas, non-compliant with program requirements.
Nearly half of all vehicles in the registration extract had expired registrations; assuming
that all of these vehicles were permanently relocated out of Arizona, then the estimate of
the non-compliance rate rises to between 6% and 10% of the remaining vehicles. Some
of these vehicles with expired registrations may have been renewed in subsequent
months, after the registration data were extracted; accordingly, a second registration data
extract would be needed to determine how many vehicles renew once their registration
expires. If this is the case, then the non-compliance rates would be lower. On the other
hand, some of these vehicles may continue to be driven in I/M areas, or elsewhere in the
state, with expired registration; if so, the non-compliance rates would be even higher than
the High Estimate.

The non-compliance rates listed above are statewide estimates; if we estimate
what fraction of vehicles registered in I/M areas are non-compliant, the rates would be
slightly higher (5% to 11% of all vehicles, 7% to 14% of currently registered vehicles

only).

Historical remote sensing and I/M data were used to examine some aspects of the
historical compliance rate in the Phoenix area. This analysis supports earlier findings that
many vehicles that failed an initial I/M test and never passed a retest continued to be
driven in I/M areas for several years after failing their initial test. However, an extensive



analysis of the current degree of non-compliance requires large numbers of observations
of vehicles on the road.!

The registration data were also used to estimate that about one-third of the light-
duty vehicle fleet currently registered in I/M areas is exempted from 1/M testing because
of their age. Nearly all of these vehicles are exempted because they are within the first
five model years.

3.3 Baseline Assessment of the State of the Science for Alternative
Technology Options

Under TA2 the ERG team was directed to perform a baseline assessment of the
“State of the Science” regarding alternative technologies and methods for controlling
vehicle emissions. The main purpose of this report was to identify and recommend
specific technologies or programmatic strategies worthy of future study and evaluation.

The current contract with the 1/M testing provider in Arizona expires in 20009.
Therefore, options selected for evaluation have a reasonable potential for incrementally
improving the current program, or serving as an outright replacement for the program
after 2009. While certain technology options may have the potential to completely
replace the current program in the long-run (e.g., OBDII without tailpipe testing), the
state of alternative testing technologies in 2009 is highly uncertain. Therefore, this report
was limited to evaluating incremental program improvement options based on currently,
or soon to be, available technologies rather than future options for replacement of the
program in the long-run.

The technologies and strategies considered in this report included:

. Ways to increase emission reductions;

. Ways to improve cost-effectiveness;

. Strategies to improve the performance of On-Board Diagnostic Systems
(OBDII);

. Methods to reduce fleet emissions outside of I/M and OBDII inspections;
and,

o Strategies to improve program evaluation methods.

1 A subsequent evaluation using on road data was performed under TA5.
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Strategies to improve compliance with current program requirements were
investigated under Task Assignment #4 (Behavioral Assessment).

The State of the Science report served as one of the primary deliverables under
Contract Task 1, as well as a key interim deliverable for the AZACTS as a whole. The
findings from this report were used to guide the AZACTS project in developing potential
enhancements to the current program.

Methodology

For this effort we used our team's industry and government contacts, readily
available literature, and other sources to determine what strategies had been implemented
or were under consideration in the U.S. and Canada. We then solicited expert opinions
about the effectiveness, costs, public acceptance, and ability to verify both costs and
benefits of each strategy. Our assessments focused on the general benefits and
drawbacks rather than a detailed quantitative analysis of each option relative to the
current I/M program. Finally, we used the judgment of our team members to recommend
areas for further investigation under the AZACTS study.

Outputs of the Study

More than 20 specific technologies and program options were identified and
analyzed in this report. While some data on costs and benefits of existing I/M programs
in the aggregate were available, very little data were available on the marginal costs and
benefits of incremental improvements to these programs. Therefore, many of the findings
and recommendations presented in this report were qualitative in nature, based largely on
anecdotal information from researchers and program administrators in other areas and on
our own judgment. Nevertheless, the findings provided a reasonable basis for focusing
subsequent data gathering and analysis efforts under the AZACTS.

In addition to specific recommendations for additional research under the
AZACTS, this study provided Arizona with a comprehensive list of previous research
conducted, contacts for ongoing programs, vendors of specific technologies, and service
providers. ADEQ can use this information to further assess specific program options,
implementation issues, or as the basis for developing RFPs.
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Summary and Recommendations

This study identified 24 distinct options for improving the emission reductions,
cost-effectiveness, and/or public acceptance of the current I/M program in Areas A
(Phoenix) and B (Tucson). The report also provided recommendations for further
evaluation of each of these options, considering available data, level of effort and other
constraints. In addition, recommendations were provided for evaluating the OBDII and
heavy diesel particulate matter (PM) testing components of the current program. OBDI|I
and opacity test performance baselines will ultimately be necessary to estimate any
incremental improvements to these programs.

Each strategy has a unique combination of advantages and disadvantages.
Nevertheless, some general observations can be gleaned from this analysis. First,
substantial (but as yet unquantified) emission reductions still appear to be possible for
certain measures beyond the reductions resulting from the current program. However,
most of these measures are also quite resource intensive (e.g., targeting high emitters for
increased testing using remote sensing). Second, certain relatively small-scale strategies
may be justified based on their low cost and positive public acceptance even though
resulting benefits may be difficult to quantify (e.g., voluntary programs such as
accelerated retrofit of diesel trucks with NO reduction Kits).

Most importantly, there is considerable uncertainty associated with estimating the
potential emission reductions, program costs, public acceptance, and other factors for
many of these options. Therefore, most of these strategies need additional evaluation
before reasonable assessments of effectiveness and other final evaluation criteria can be
made.

In all, the ERG team identified over 50 different specific recommendations for
further evaluation of these measures, an overview of which is provided below.

Conclusions

Comparative ranking of potential control options using the several evaluation
criteria was outside the scope of this report. Nevertheless, based on our findings we
grouped the strategies into six primary categories for prioritizing future data gathering
and analysis efforts. These categories considered the potential costs, benefits, and
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uncertainties associated with each strategy, as well as the anticipated level of effort
required for further analysis and quantification®.

Each strategy is listed below, with the corresponding report section referenced.

Strateqgies Expected to Have High Costs, with Potentially Large but
Uncertain Benefits

These strategies include:

. High emitter identification using Remote Sensing Devices (RSD) -- 83.1.1

In order to obtain reasonable fleet coverage, operation and administration costs
for this measure are high. RSD technology has improved significantly since the previous
Arizona “Smog Dog” program but additional analyses are needed to assess potential
benefits. Given the potentially substantial benefits we believe this option merits
continued investigation.

Strateqies with Highly Uncertain Costs and Benefits

These strategies include:

. Identifying heavy diesel trucks with high NO, emissions -- 83.1.4
. Heavy diesel truck loaded transient opacity testing -- 83.1.5

While remote sensing of heavy-duty diesel NOy has been clearly demonstrated,
the potential costs and benefits of diesel truck repairs remain highly uncertain at this
time. (In addition, the screening accuracy of opacity measurements have yet to be
demonstrated convincingly.) Similarly, the benefit of transient cycle testing and
subsequent repair for opacity failures needs further evaluation®. Also, the additional data
collection required for evaluating these strategies, especially repair effectiveness, could
be somewhat daunting. Therefore, proof of concept demonstrations and quantification of
emissions levels for these tests could be done, but the more involved process of
determining SIP creditable reductions that could be derived from a full-scale heavy-duty

2 Please note that the assessments of available data for similar programs and the costs are primarily
qualitative, based on the ERG team’s past experience with similar programs.

3 Note that the incremental costs associated with actual transient opacity testing should be low, since I/M
stations in both Areas A and B already have the required heavy-duty dynamometers in place.
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diesel vehicles (HDDV) I/M program may need to be left to other agencies already
investigating these options.

Low Cost Strateqgies with Uncertain Benefits

These include:

. Adopting a gross liquid leaker I/M check -- 83.1.6

. Identifying smoking vehicles using roadside video cameras -- 83.1.5

. Improving repair data collection -- 83.2.1

. Developing a repair quality index for repair stations -- 83.2.2

. Conducting “pattern failure” evaluations to improve repair effectiveness --
83.2.3

. Developing separate 1/M cutpoints for retests -- §3.2.4

. Performing dual OBDII/IM147 tests -- §4.3

For the most part these strategies should be able to utilize existing equipment and
infrastructure, keeping incremental capital costs low.4 In addition, most of these
strategies should have relatively low operating costs once they are up and running.’
Therefore, the majority of the costs would be associated with up-front data collection,
analysis, and program development. On the other hand, these strategies currently lack the
data and analysis necessary to determine their likely impact on emission reductions or
cost-effectiveness. However, given their relatively low evaluation and implementation
costs, we believe further evaluation of these measures is a relatively low-risk
undertaking.

Strateqies Likely to be Cost-Effective, with Costs and Benefits
Proportional to Program Scale

These strategies include:

. High emitter identification without RSD (using vehicle characteristics
and/or I/M history) — 83.1.1

4 Capital costs could be somewhat significant for improved repair data collection efforts if electronic links
to the centralized vehicle inspection database are established for participating repair stations.

5 Requiring dual OBDII/IM147 testing would increase I/M test times and motorist inconvenience
somewhat. Therefore costs associated with decreased vehicle throughput and impacts on I/M lane capacity
would have to be considered explicitly.
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. Exempting clean vehicles from I/M requirements (“clean screening”, with
or without RSD) -- §3.3.1

. Performing functional exhaust gas recirculation (EGR) system tests in lieu
of loaded tailpipe tests to identify high NO, emitters in Area B or regions
adjacent to I/M areas — 83.1.2

. Decentralized scanning of OBDII systems at repair stations or
dealerships6 -- §4.2

. Adopting a scrappage program for high emitting gasoline vehicles — §5.1

o Expanding the current diesel retrofit program for PM control — 85.2

The ERG team believes these options are likely to be cost-effective on a per-
vehicle basis, although total costs and emission reductions will vary depending on the
number of vehicles involved. (Of course behavioral factors such as compliance, fraud and
enforcement will need to be evaluated for these options as well to estimate total emission
reduction potential, especially for decentralized OBDII and EGR testing.) Therefore, we
believe further evaluation of these measures is merited to further quantify emission
reduction potentials as well as to evaluate costs and benefits.

Low Cost, Low Benefit Measures Likely to be Cost-Effective

These measures include:

. Increased inspection frequency for high-mileage vehicles — §3.1.1

. Voluntary accelerated NOy retrofits for heavy diesel trucks -- §3.1.3

. Improved use of the current Smoking Vehicle Hotline — 83.1.5

. Development of a web-based I/M history report for used car buyers --
85.3

. Expanded use of the current gasoline vehicle catalyst retrofit program —
85.2

. Evaluation of limited code-specific exemptions from OBDII requirements
--84.3

6 Although the cost-effectiveness of the baseline OBDII program has not been demonstrated at this time,
especially for vehicles beyond their warranty period, we believe that offering a decentralized scanning
option has the potential to improve the cost-effectiveness relative to the current program.
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At the current time we view these as “niche” measures targeting a relatively small
fraction of the fleet. Nevertheless, we expect these measures to be relatively cost-
effective.

Low Cost, Low Benefit Measures with Uncertain Cost-Effectiveness

These strategies include:

. Development of a used car buyer’s guide based on generic make/model
data -- 85.3

While this measure may prove to be cost-effective, it is likely to impact a very
small portion of the fleet. Therefore, we anticipate relatively small total emission
reductions from this measure. In addition, although program operation costs should be
low, quantification of benefits for this measure is likely to be difficult and costly.

3.4  Alternative Technology Evaluation

Additional analyses were performed for some of the more promising alternative
control options. Specific Alternative Technology Evaluation reports were developed for
remote sensing, OBDII, options for improving repair effectiveness, identifying high and
low emitters via “profiling,” and accelerated retirement of high emitting vehicles. These
evaluations utilized historical and new data to assess technical feasibility, likely
constraints, and potential emission reductions when possible.

Note that certain evaluations including the Retrofit, PM, and RSD analyses were
actually completed under TA3, but are presented here for consistency.

3.4.1 Profiling Analysis

Vehicle profiling can be used to improve the cost-effectiveness of an I/M
program. Profiling models can be built based on a vehicle’s generic characteristics
derived from decoded VIN information. Profiling models can also potentially benefit
from the use of vehicle-specific information. This could include I/M program emissions
and visual inspection results for the vehicle in the previous cycle, or from direct
measurement of a specific vehicle’s emissions using remote sensing. Improved cost-
effectiveness can be realized using vehicle profiling because not all vehicles would
necessarily need to receive a standard I/M program inspection test. For example, only a
small fraction of relatively new vehicles will fail the IM147 test. Thus, these vehicles
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have a high probability of passing. Also, vehicles that have very high RSD emissions are
highly likely to fail the IM147 test.

In ERG’s Profiling and Prediction of Individual Vehicle IM147 Pass/Fail Results,
prepared for the AZACTS under TA 2, we used a portion of the Arizona I/M program
dataset from the calendar year 2001 and a dataset of matched RSD and I/M program
emissions results to develop a set of models that could be used for “clean screening” or
“dirty screening” the fleet. These models were not necessarily the final models that
would be implemented in Arizona’s I/M program. They may require further refinement
and development. However, they serve as examples of the approaches that can be made
towards vehicle profiling.

Applications of these models could include using RSD at the point where vehicles
enter the 1/M station, to provide clean screening of vehicles so they don’t need to go
through the IM147 lanes. On-road RSD may be beneficial for identifying high emitting
vehicles for dirty screening purposes. These vehicles could be called in for inspection
and repair in an attempt to lower excess emissions of the highest emitting vehicles
immediately, rather than waiting for their next scheduled inspection. The cost-
effectiveness of the I/M program can be improved through clean screening by reducing
the number of vehicles that have a high probability of passing the test from receiving the
IM147 test. Costs are saved on the 1/M station side because the total number of vehicles
inspected is smaller. In addition, costs are saved on the consumer side because vehicles
that have a high likelihood of passing are not inconvenienced by requiring them to get an
IM147 test. On the other hand, dirty screening vehicles may improve I/M program cost-
effectiveness by preferentially targeting vehicles that have a higher probability of failing
the IM147 test by getting them tested and repaired as soon as possible.

The best vehicle profiling models would be able to reduce 1/M program costs
substantially while making a low, but acceptable, number of incorrect vehicle pass/fail
designations. In the study, five different types of vehicle profiling models were built and
evaluated for their performance on the Arizona fleet.

Conclusions

a. Profiling models built with remote sensing information gathered at the
entrance to I/M stations provided an incremental benefit for identifying vehicles that were
likely to fail the IM147 emissions test, relative to models that used only generic vehicle
information such as model year and other information (as decoded from the vehicle’s
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vehicle identification number, or VIN). In addition, positive benefit was observed only
when less than 30% of the vehicle fleet was screened. At higher screening percentages,
subsequent vehicle selections are essentially no better than random, and therefore provide
no incremental benefit over the base program.

b. The models developed in this study indicated that when used in a clean
screening mode, the RSD information provided no incremental benefit over models that
were built with generic vehicle information that could be obtained from the VIN.

C. Thus, this study indicates that if Arizona chooses to institute clean screen
profiling of vehicles to exempt them from IM147 testing, RSD measurements taken at the
entrance to I/M stations provide only marginal benefits. On the other hand, if Arizona
institutes a dirty vehicle screening program, RSD testing of vehicles at the entrance of
I/M stations provides an important incremental benefit that cannot be obtained by using
generic vehicle characteristics alone. However, this RSD benefit disappears if fleet
screening percentages of greater than 30% are desired.

These conclusions are based solely on the results of this study. However, they are
consistent with our knowledge of RSD measurements and with our experience on
profiling systems developed using other datasets. The models developed in this study are
good indicators of potential performance, but they are not highly refined, and it is
certainly possible that further refinement of the models could change the influence of
RSD emissions and other information on predicting IM147 results. A number of
opportunities for further development of the models and specifically for estimating the
costs and benefits of using profiling in Arizona exist.

3.4.2 Improving Repair Effectiveness

As part of TA 2, one activity was to analyze historical repair data collected in the
Arizona I/M program. The repair data was supplemented with emissions data from the
program to evaluate the program and demonstrate its effectiveness. Arizona repair data
for calendar years 1997 through 2001 was used to:

1. Make the association between the type of repairs and the apparent
emissions reductions produced by the repairs. This included a discussion
of the bias introduced in these apparent emission reductions by the I/M
program procedures used to designate passing and failing vehicles, and to
measure before-repair and after-repair emissions.
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2. Determine if before-repair emissions data are associated with the type of
repair that a vehicle eventually receives. These “emission fingerprints”
could possibly be used to identify vehicles that require repairs even though
emission levels are below I/M program cutpoints.

3. Evaluate the lifetime of repairs and discuss other measures of repair
effectiveness. Repeat inspection failures were discussed in terms of
“ping-ponging” and “shopping around.” Repair costs were examined in
terms of the distribution of costs for different repair types.

Conclusions

. The Arizona repair dataset by itself and in conjunction with the emissions
dataset useful in understanding the influence of repairs on emissions and
the characteristics of repairs. Many trends were found in the Arizona
repair data, indicating that the data are of high enough quality to resolve
differences in effectiveness among the various types of repairs. The repair
dataset does have some opportunities for improvement, however, which
are described below, and discussed in detail in the report. Some of the
analysis techniques described in the report are expected to yield additional
insights if higher quality repair data were obtained.

. For each group of vehicles of the same technology type, the before-repair
and after-repair emissions generally increased with vehicle age to levels
substantially above the new-car certification standards.

. ERG’s previous analysis of average before-repair emission levels on
British Columbia data indicated strong associations with the repair types
performed; however, the analysis of Arizona individual vehicle emissions
indicated weak associations with repair types performed. The variability
in before-repair emissions measurements among individual vehicles was
sufficiently large to cause emission fingerprints for different repair types
to have substantial overlap. Nevertheless, the properties of the emissions
fingerprints hinted that further analysis could lead to building models to
predict the probability of specific emission control system failures based
on emission fingerprints. If such models can be applied to the emissions
of vehicles with emissions below the I/M program cutpoints, the models
might be able to identify vehicles with specific malfunctioning emission
control systems. The fingerprints that were most distinct from the
emission patterns of vehicles as a whole were those for EGR system
repairs, catalytic converter repairs, and dwell/timing repairs, which were
also found to produce the largest reduction in NOx emissions.

. An analysis of repair durability indicated that for most types of repairs, the
duration of the effectiveness of the repair was relatively independent of
the age of the repair. That is, the frequency at which a given repair type is
made a second time is independent of the time between the first repair and
the second repair. This leads to the conclusion that the quality of repairs
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in the program are relatively consistent, and that the need for subsequent
repairs is most likely determined by component failures or other random
events.

In the process of performing the analyses, we identified several possible
improvements in the repair data collection system. Based on our analysis of the Arizona
data and analyses of the repair data of other states, we recommended that Arizona
undertake a two-phase program to upgrade the repair data collection system. In the first
phase, the repair data collection procedures currently in use should be audited to identify
the weak links in the collection of accurate repair data. Also in this first phase, the
current repair data collection system should be patched with several improvements to
rectify the weak links that are identified through the audit and through this report’s
analysis. In the second phase, we recommended that the current system be replaced with
a new generation repair data collection system that would incentivize the collection of
accurate, complete, and secure repair data from the I/M program. These system
improvements would result in improved repair data that would allow for better estimates
of the emissions benefit of the I/M program, and would provide a dataset from which
improvements to the I/M program could be made.

Recommendations

. In several ways, the analysis of the repair data was more a demonstration
of the types of analyses that can be performed, rather than an in-depth
analysis of the repair database. Therefore, several of the analyses
presented could be performed in more detail.

. The use of repair and emissions data to calculate emissions reductions is a
common practice. Unfortunately, important and potentially large biases in
the estimated emissions reductions are introduced in such an analysis
because of the effect known as “regression toward the mean” ’. Therefore,
we recommended that the size of these biases be either estimated through
simulation, or measured directly in the field so that the calculated
emissions reductions produced by repairs may be adjusted accordingly.

. Further analysis should be done to investigate whether emissions
fingerprints can be used to identify specific vehicles with specific
emission control system malfunctions. Comparisons between measured
before-repair emissions and expected emissions could lead to improved
fingerprints. We believe that such models may be possible and could lead

" Regression toward the mean is a statistical phenomenon that applies to measured values that co