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1.  INTRODUCTION
The 1995 National Highway System Designation Act (NHSDA) allowed states implementing decentralized or hybrid vehicle emissions inspection and maintenance (I/M) programs to submit a State Implementation Plan (SIP) revision by March 27, 1996, that claimed more emissions credit than allowed by EPA policy for those programs.  In response, New Jersey submitted a SIP to EPA on March 27, 1996, that claimed the decentralized portion of its I/M network was 80% as effective as the centralized portion.  The NHSDA also provided that such states submit an interim, short-term evaluation of the program to EPA within 18 months of SIP approval.  

The results presented in this report are based on an initial set of program data collected during the period July 1 through December 31, 2000.*  This analysis is a repeat of a similar analysis of data collected from March 1 through June 30, 2000.  Use of the latest data will, however, provide a more accurate evaluation of current program performance.  Unlike the previous submittal, this submittal also includes the evaluation of six full months of I/M data from New Jersey’s enhanced program.  
Given its qualitative nature, this assessment is not designed to prove the validity of New Jersey’s claim of 80% centralized credit for the private inspection facility (PIF) network.  Its purpose is instead to show whether the enhanced program is “on the right track.”  A more comprehensive biennial program evaluation will provide the quantitative analysis needed to verify the State’s SIP credit claim.

This report describes the detailed steps that were followed in tabulating, analyzing, and comparing test data obtained from the PIFs and centralized inspection facilities (CIFs).  Data used in the analysis were transmitted electronically to the Vehicle Information Database (VID) that was created as part of the enhanced program implementation.  

Specific test results that were compared between the two networks include the following:

1. Initial and after-repair emissions scores;

2. Emissions reductions due to repairs that were performed;

3. Failure rate; and

4. Repair success rate (i.e., the rate at which vehicles pass the test following repair).

The above parameters were compared between the following two I/M facility types:

· Test-Only (T/O) Facilities, referred to in New Jersey as CIFs; and

· Test and Repair (T&R) Facilities, referred to in New Jersey as PIFs.

Under the analysis protocol used in this short-term NHSDA evaluation, the CIF network is being used as the T/O control group, with the performance of the PIF network compared to this standard.  That is, the performance of New Jersey’s CIF network is used as the benchmark for assessing the performance of the PIF network.  Although the analysis conducted was consistent with available EPA guidance, the lack of specific criteria for determining whether a program passes the qualitative evaluation makes it unclear precisely how available program data should be analyzed, and Sierra was not asked to develop such criteria.  This report therefore presents the results of our analysis without any conclusions regarding whether the private inspection element of the New Jersey program should be considered to have passed or failed the qualitative test.

Organization of the Report

Following this introduction, Sections 2 and 3 describe the data collection and analysis methods that were used to evaluate the comparative performance of the CIFs and PIFs.  Section 3 is focused on the evaluation of emissions test scores and failure rates, while Section 4 looks at repair success rates.  Each section describes the data that were analyzed, how they were collected, and the analysis methodology and results.  In addition, Appendix A contains a listing of more detailed analysis results produced during the evaluation and Appendix B describes the content and format of separate ASCII data files that were generated as part of the analysis.

###
2.  EMISSIONS TEST SCORES AND FAILURE RATES
Data Collected
The database for I/M emissions test results analyzed under this section consisted of test data for enhanced emissions inspections (i.e., involving the ASM5015 test) performed during the period July 1 through December 31, 2000, that were collected and electronically stored on the VID.  As discussed in more detail below, data collected from May 1 through June 30, 2000, were also used to determine initial test events.  The enhanced emissions inspection is performed on all 1981 and newer non-Diesel passenger cars and light-duty trucks; i.e., up to 8,500 pounds gross vehicle weight rating (GVWR), except for those vehicles that are determined to not be testable on a two-wheel-drive dynamometer.  (For the purpose of the NHSDA evaluation, only those vehicles receiving the ASM5015 test were included in the required analyses.)  This inspection currently includes performance of the ASM5015 tailpipe test, gas cap pressure test, and visual catalyst check.  While included in the original program design, the State has not yet implemented a fuel system pressure test.  (Both the gas cap and fuel system pressure tests have visual and functional inspection components.)  Data collected and recorded on the VID at the end of each enhanced inspection include the following items: 



Facility and Lane (if applicable) ID;



Inspector ID;



Analyzer ID;



Vehicle License Plate Number and VIN;



Test Date and Time (both starting and ending);



Vehicle Information (vehicle type, make, model year, etc.);



Test Type (initial, after repair, and waiver);



Emissions Standards Category and Cutpoints;



Emission Test Scores (ASM5015 HC, CO, and NO emissions); 

· Test Results (pass or fail), both overall and separately for all test components; and

· Repair information (for after-repair tests).

Collection Method

All I/M test data recorded on the VID for the specified period were transferred to Sierra via compact diskette (CD) in *.DBF format, which was chosen to minimize data errors downstream from MCI.  While the original analysis protocol specified that the data submitted to Sierra be identical to those originally transmitted to the VID, MCI was unable to provide those data since they are immediately processed (i.e., converted to database format) upon their upload from the CIF and PIF emissions test systems.  Nonetheless, MCI indicated that, beyond the initial formatting, the data provided were processed only to the extent necessary to convert them to *.DBF format.  Based upon an examination of the data, this appears to be the case since they contain both “good” and “bad” records, according to how they were classified when received at the VID.  MCI defines bad records as those that contain improperly formatted data or “illegal” (non-allowed) characters for given fields.

Analysis Methodology and Results

Several “pre-processing” steps were applied to the raw New Jersey records before the emission score stratifications required under this evaluation factor were compiled.  Each of these steps is described below.

Step 1 – Removal of Bad Test Records – As mentioned above, the data set provided by MCI consisted of both good and bad records.  A review of the data showed that most of the bad records resulted from data being improperly formatted or misaligned by varying degrees.  This may be caused by anomalies such as missing fields, improper field lengths when transmitted by the analyzer, etc.  After performing a few basic checks, bad records were easily eliminated from the data set.  These checks were, for the most part, the same checks used in the previous analysis that reviewed data collected during the months from March to June 2000.  The checks consisted of looking at a few select single-character fields having a finite number of possible entries and verifying that the entries were allowable.  If these fields did not conform to allowable entries, the record was identified as a bad record.  The specific tests consisted of the following:

Field



Allowable Entries
TRANS_TYPE

A, M

DUAL_EXH


Y, N

DYN_TEST


Y, N

RES_OV_SAF

P, F, Z, 4

RES_OV_TST

P, F, Z

NO_OF_CYL
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, R  (for either character, in 2 character field)

ST_ID
CIF, PIF (for first 3 characters)

VHC_MOD_YR
Not blank or equal to zero

In addition, there were three checks for illegal characters in the VIN and license plate fields.  Records that contained these characters in these fields were eliminated.

Field



Non-Allowable Entries
VIN



[ , ] , \ , / , + , - , .   (for the first character)

VIN



000, JAN, 111 (for the first three characters)

LIC_NO


\  (for the first character)

VINs beginning with the characters “+”, “-”, or “.” were exceptions to the above rules.  For the most part, these VINs appeared to be valid once the first character was stripped off.  Once this was done, the VIN was then run through the above checks.  In the few cases where the original VIN began with consecutive illegal characters such as “++”, the record was removed from the sample.

Even after performing these checks, some irregular VINs can still be found in the data.  Since this data set covers 1981 and newer vehicles, further data cleaning could be performed using VIN decoder-based or VIN check-digit validation algorithms to identify obvious invalid VINs.  (A standard SAE protocol was adopted and has been used by all vehicle manufacturers for 1981 and newer model years.)  However, as much as 1% or more of the remaining records, most of which contain valid test results, would be eliminated using this approach.  As a result, no VIN validation algorithms were used in this analysis.  This is consistent with the State’s earlier decision not to include any such algorithms in the actual inspection software.

In addition to the above tests, VIN and license plate frequency distributions were examined to determine if there were any regularly appearing entries that might result from sample tests rather than from actual consumer tests.  Obvious records in this category included ones in which the license plate began with the word “TEST” or the VIN began with “TEST”, “ESPTEST”, “INL”, or “DONDON.”  These are the same tests as performed in the previous study.

After performing the above data “cleaning,” the overall number of test records in the data set (for the period July 1 – December 31, 2000) was reduced from 1,459,728 to 1,429,829 good records.  The 29,899 bad records represented 2.0% of the total tests.  This is an improvement over the previous study data, which contained approximately 2.7% bad records using essentially the same criteria.  The 1,429,829 good records were then further reduced to 1,062,171 records by eliminating non-ASM and covert vehicle test records from the sample.  Covert vehicle test records are discussed later in the report.

An analysis was then performed of the vehicle model year distribution of initial tests in the data set.  The results are shown in Figures 2-1 and 2-2.  Figure 2-1 shows the percent of CIF and PIF inspections performed for each model year, while Figure 2-2 shows the cumulative number of each type of inspection by model year.  The results displayed in the two figures illustrate the impact of the program’s biennial inspection frequency on vehicle model year distributions (i.e., mostly even model years were inspected since the data were collected during an even calendar year).  The figures also show that the model year distribution for the CIFs is skewed toward newer vehicles when compared to that for the PIFs.  

Figure 2-1
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Figure 2-2
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The difference in model year distributions between the CIFs and PIFs is likely due to socioeconomic and other differences among typical drivers of certain model year vehicles that affect motorists’ decisions regarding the type of facility at which to have their vehicle tested.  CIF inspections are free, whereas PIFs are allowed to charge market rates.  The cost of PIF inspections ranged from $20-$75 during the analysis period, with up to $25 of that cost subsidized by the State.  Another $10/inspection was subsidized by the CIF contractor (Parsons Infrastructure).*  This cost difference would be expected to cause lower-income motorists to favor the CIFs.  However, lower-income motorists typically own older vehicles, which are likely to be higher polluting.  These motorists may therefore tend to go to the PIFs due to the convenience associated with being able to get a vehicle tested and, if necessary, repaired at the same location.  This latter effect appears to be the more dominant of the two, as demonstrated by the results shown in the above figures.

One important difference in this study versus the previous analysis is that hybrid inspection facilities (HIFs) are not included in this analysis.  The term HIF was used to describe an interim type of inspection facility in which CIF stations not yet equipped with centralized test systems equipment were equipped with decentralized test systems until the centralized equipment could be installed.  All of these stations were closed and replaced with new CIFs prior to July 1, 2000.

Step 2 - Identification of Covert Tests – Only 43 covert inspections were performed during the analysis period.  Test results from the covert inspections were excluded from the data set used for the emissions and repair effectiveness portions of this analysis.  The covert inspections are discussed in more detail as part of the covert audit evaluation results presented in Section 4 of the report. 

Step 3 - Sorting and Cycle Flagging  - The original protocol required identifying initial tests and unique test cycles that could then be used for subsequent analysis later in the study.  The protocol also outlined criteria that could be used to make these determinations provided the data set spanned a longer period of time (e.g., 12 months).  For example, a test was considered the “first” initial test on a vehicle for the current inspection cycle if no other inspection was conducted on the vehicle during the preceding 60 days.  

In this study, data collected between May 1 and June 30, 2000, inclusive, were used to determine if an inspection was an initial inspection.  Any VINs appearing in the May –June 2000 data set were removed from the July – December 2000 data set.  As a result, all data collected during the period July 1 – December 31, 2000, could be included in the analysis without having to discard any initial tests identified during the first 60 days of this period.

The original analysis protocol also indicated that vehicles not completing a full test cycle (i.e., those not receiving either a passing or waiver result) within 90 days were to be excluded from the analysis.  This element was incorporated to avoid the possibility of the results being biased by multiple test cycles (e.g., due to change of ownership “courtesy” inspections) or so-called “disappearing” vehicles (i.e., those that never receive a passing test after being failed initially).  Limiting the inspection window to 90 days minimizes the inclusion of such non-representative test cycles in the data set.  

In this analysis, records occurring chronologically after a pass or waiver for each vehicle were thrown out.  As a result, only the first test cycle was considered for each vehicle.  That is, any test results that were recorded during the analysis period for a vehicle after it received a pass or a waiver were discarded.  Regarding the occurrence of incomplete cycles, since this data set comprised only six months of data there was little concern that protracted test cycles would affect the results of the analysis.  It was therefore decided that data occurring more than 90 days after the initial inspection did not need to be removed in order to preserve the integrity of the data.  

Step 4 – Removal of Multiple Initial Tests - Multiple initial tests for some vehicles during the same I/M cycle were present in the data set.  They may reflect instances in which a vehicle is taken to more than one I/M facility in an attempt to pass, or where the vehicle owner may conduct undocumented repairs and the vehicle is retested as an initial test.  In these cases, only the first initial test within the I/M cycle is considered the initial test since it more likely represents the baseline condition of the vehicle for that I/M cycle.  

The initial test was identified by sorting the data set by VIN, test date, and test time, to determine the chronologically first test.  If the test type for the first test record was identified as an “I” (for initial), the record was considered to be the initial test.  Conversely, if the test type was identified as an “R” (for reinspection) the record was not considered to be the initial test.  In the latter case, the initial test was assumed to have occurred before the data for this study were collected and therefore the vehicle was not included in the study.  

Next, VINs appearing as initial inspections after July 1, 2000, were compared to VINs appearing during May – June 2000 (i.e., the 60 days prior to July 1) as mentioned under Step 3.  If a VIN identified as an initial test also appeared in the May – June 2000 data set, it was removed from the data set.  This increased the likelihood that tests identified as initial tests were, in fact, actual initial tests. 

Step 5 - Removal of Invalid Emissions Data – As described above, Step 1 consisted of removing bad test records from the data set.  Those were records where correct data may have been recorded but were not formatted properly when transmitted to the VID.  This step (Step 5) involved removing emissions data that may have been formatted and communicated correctly to the VID, but that were invalid for some reason.  Given the wide range of possible emissions readings, it can be difficult to determine which readings are plausible.  For example, the protocol notes that emission readings populated entirely with 9s are probably invalid.  While there were too few readings with all 9s to suggest any pattern of problems, there were a fair number of readings populated with negative values.

From a physical standpoint, negative readings make no sense.  From the analyzer standpoint, however, negative values are possible and are typically caused by analyzer drift or an erroneous zero calibration.  For example, if the zero setting on the analyzer (which is supposed to be zeroed prior to each test) drifts up +4 ppm over the course of testing a clean vehicle, an emissions value of +1 ppm will be interpreted as -3 ppm.  According to the equipment specifications, these readings should be corrected to zero prior to printing a VIR or reporting them to the VID.  Therefore, the negative readings, most of which originated at the CIFs, should have been zeroed out prior to being uploaded to the VID.  

While minor drift adjustments are not a significant issue, some readings were identified that were substantially negative and therefore needed to be excluded from the analysis.  In these cases, it is reasonable to assume that there was probably an equipment malfunction or a faulty zero prior to testing.  For example, there were NO readings as low as -908 ppm and HC readings as low as -930.  Clearly, these did not result from simple drift problems.  In such cases, it makes sense to remove the records from the sample to avoid possible bias in the analysis results.  The criteria for removing bad emission readings were as follows:

Pollutant
Threshold
HC

< -25 ppm

CO

< -0.25 %

NO

< -50 ppm

As an example of the criteria used to delete records or adjust negative readings, a record for HC would have been removed if the reading were less than -25 ppm (e.g., -26 ppm).  If it were greater than or equal to -25, and less than zero, the reading would be set to zero and the adjusted record retained for analysis.  Otherwise, emission readings were accepted as valid.  

Of the 4,132 records that were eliminated for negative readings, 236 were for HC, none for CO, and 3,996 were for NO.  All but 8 of the eliminated records were from CIFs.  

In addition to negative readings, there were some anomalously high CO readings, the highest of which was 93%.  The PIF analyzers are required to be BAR97-certified, which includes a maximum CO analyzer range of 14%.  Seventy-six test records containing readings above 14% CO were therefore excluded from the analysis.  

There were 135,355 test records that contained a dilution correction factor (DCF) value of less than 1.0.*  This included approximately 19,000 PIF records from Maxwell analyzers that had DCF values equal to zero.**  The remaining records (roughly 116,000) with DCFs of less than 1.0* were generated by both PIF analyzers (including SPX and ESP but not Snap-On or Worldwide units) and the CIF test systems.  Approximately 13% of the CIF records contained ASM DCF values less than one, whereas approximately 7% of both the ESP and SPX records contained ASM DCFs less than one.  It is unclear whether these analyzers recorded an incorrectly calculated DCF (according to the specifications) and then used a DCF of 1.0 for the final emissions calculations, or if the incorrect DCF was used in the calculations as well.  The Maxwell DCF values of zero were clearly not used in the calculations since the resulting emissions scores were not all equal to zero.  However, this does not necessarily mean the correct DCFs were used in calculating the Maxwell scores.  

In considering how to deal with this issue in the context of the current analysis, it was decided the affected test records should not be excluded, for the following three reasons:

1. Both the PIF and CIF results were affected (albeit not equally), thus reducing the degree of resulting bias in the relative comparison between the two network types.

2. While at least some of the resulting test scores may be in error, they are the values that were used to make pass/fail decisions and thus represent actual PIF versus CIF results.  From this perspective, removing these records would bias the current attempt to compare the real-world performance of the two network types.  

3. Given the large fraction of total test records (i.e., over 10%) falling into this category, removing the records could clearly result in unwanted bias in the results.  

Step 6 - Calculation of Fleet-Average Emissions Results - Average emission scores (in ppm for HC and NO, and % for CO) were calculated from the pre-processed VID records and stratified by model year and vehicle type.  

Initial Readings – Tables 2-1 through 2-3 contain average emissions readings measured during initial tests by facility type and pass/fail status.  (These results are further broken down by model year in Appendix A.)  As mentioned above, only tests conducted after June 30, 2000, and marked as initial tests were considered to be initial tests for this analysis.  The pass/fail determination was based upon the ASM5015 emissions test result.

As expected, LDGV emissions are generally lower than emissions of LDGT1s and LDGT2s for most pollutants.  (This reflects the difference in certification standards among the three vehicle classes.)  LDGT2 emissions are often, but not always, the highest for the three vehicle types.  For example, NO emissions from failing LDGT2s are significantly lower than from the other vehicle classes for both station types (PIFs, CIFs).  The reason for this anomaly is unclear.

Table 2-1
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Vehicle 

Type

 5015 HC 

(ppm)

 5015 NO 

(ppm)

 5015 CO 

(%) # Vehicles

LDGV 149.7 1522.2 1.565 41658

LDGT1 161.7 1385.7 1.641 11625

LDGT2 220.7 1275.7 1.724 2372

All 155.2 1483.2 1.588 55655

LDGV 172.3 1559.9 1.571 16354

LDGT1 195.8 1540.3 1.852 3946

LDGT2 226.8 1350.6 1.714 1165

All 179.6 1544.9 1.630 21465

LDGV 156.1 1532.9 1.567 58012

LDGT1 170.4 1424.9 1.694 15571

LDGT2 222.7 1300.4 1.721 3537

All 162.0 1500.4 1.600 77120

PIF

ALL 

STATIONS

New Jersey Initial ASM Test Average Emission Scores

Initial Test Result = Fail

Vehicle Receiving Initial Test between 7/1/00 and 12/31/00

CIF


Table 2-2
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Vehicle 

Type

 5015 HC 

(ppm)

 5015 NO 

(ppm)

 5015 CO 

(%) # Vehicles

LDGV 27.7 322.9 0.103 499364

LDGT1 27.1 352.9 0.122 140954

LDGT2 35.0 396.6 0.134 38607

All 28.0 333.3 0.109 678925

LDGV 54.2 424.0 0.170 117473

LDGT1 58.2 513.9 0.226 32606

LDGT2 62.8 476.4 0.230 8718

All 55.5 445.3 0.185 158797

LDGV 32.7 342.2 0.116 616837

LDGT1 33.0 383.2 0.141 173560

LDGT2 40.1 411.3 0.152 47325

All 33.2 354.6 0.123 837722

New Jersey Initial ASM Test Average Emission Scores

Vehicle Receiving Initial Test between 7/1/00 and 12/31/00

Initial Test Result = Pass

CIF

PIF

ALL 

STATIONS


Table 2-3
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Vehicle 

Type

 5015 HC 

(ppm)

 5015 NO 

(ppm)

 5015 CO 

(%) # Vehicles

LDGV 37.1 415.2 0.216 541022

LDGT1 37.4 431.6 0.238 152579

LDGT2 45.7 447.5 0.226 40979

All 37.6 420.4 0.221 734580

LDGV 68.6 562.8 0.341 133827

LDGT1 73.1 624.7 0.402 36552

LDGT2 82.1 579.4 0.405 9883

All 70.3 576.2 0.357 180262

LDGV 43.3 444.6 0.241 674849

LDGT1 44.3 469.0 0.269 189131

LDGT2 52.8 473.1 0.261 50862

All 44.1 451.2 0.248 914842

New Jersey Initial ASM Test Average Emission Scores

Vehicle Receiving Initial Test between 7/1/00 and 12/31/00

Initial Test Result = All Initial Tests

CIF
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The most noticeable trend in the data is how much higher average initial PIF emissions are than CIF emissions.  For example, Table 2-3 shows that the average HC reading for all initial PIF tests is 87% higher than the corresponding average CIF reading.  This is up from the previous study that showed a 67% difference between the two station types.  Initial NO and CO PIF scores are 37% and 62% higher than the respective CIF readings.  This is up from the 26% and 53% of the previous analysis.  It is unclear why the disparity between the two station types for all pollutants has grown in this latter analysis.  Possible reasons could include seasonal effects as well as consumer behavior changes as the program matures. 

While the disparity between station types seems surprising, as discussed in the previous analysis, there are potentially valid reasons for the difference.  Intuitively, it is expected that CIFs would have higher average initial test scores since the PIFs are likely to try to lower emissions prior to the initial test (i.e., through preinspection repairs, extra preconditioning, and/or fraudulent means) in order to get their customers’ vehicles to pass.  However, there are other factors not readily apparent from a simple comparison of average test scores, the most dominant of which is the effect of differences in vehicle model year distributions among the test networks.  

Regarding this latter issue, Figures 2-4 through 2-6 show average emissions by model year and station type.  To aid in interpreting these results, Figure 2-3 is first provided to show the relative number of initial tests by vehicle type (i.e., LDGV, LDGT1, and LDGT2) and model year contained in the data set used to generate the figures.  Note that different scales are used in Figure 2-3 to show the number of tests for each vehicle type.  (If this were not done, it would be nearly impossible to distinguish model year differences among LDGT2 test volumes in particular.)  

Figure 2-3
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Figure 2-4
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Figure 2-5

[image: image12.emf]Average Initial Test Emission Scores

By Model Year, Station Type

LDGT1 HC

0

50

100

150

200

250

300

350

400

450

1980 1985 1990 1995 2000

Model Year

HC (ppm)

CIF

PIF

[image: image13.emf]Average Initial Test Emission Scores

By Model Year, Station Type

LDGT1 CO

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1980 1985 1990 1995 2000

Model Year

CO (%)

CIF

PIF

[image: image14.emf]Average Initial Test Emission Scores

By Model Year, Station Type

LDGT1 NO

0

200

400

600

800

1000

1200

1400

1600

1800

1980 1985 1990 1995 2000

Model Year

NO (ppm)

CIF

PIF


Figure 2-6
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Figure 2-3 shows that LDGT1 test volumes are only about 20-40% of LDGV test volumes on an individual model year basis.  LDGT2 model year test volumes are even lower, representing 10% or less of LDGV test volumes.  The large saw-tooth pattern in test frequencies seen in the figure is the result of the biennial inspection frequency previously illustrated in Figures 2-1 and 2-2.  After accounting for this effect, it can be seen that PIF model year distributions are relatively even among 1985 and newer vehicles for all three vehicle types.  CIF model year distributions are very different and skewed heavily toward the newer models.  

These emissions results shown in Figures 2-4 through 2-6 reveal much less disparity among the station types than the average test scores presented above.  Instead, average emissions by model year appear to be more closely matched between the CIFs and PIFs.  However, certain anomalies remain.  For all three vehicle types, average initial PIF scores of all three pollutants (HC, CO, and NO) are slightly higher than the respective CIF scores for newer model years, with average CIF readings higher for older models.  The breakpoint for this switchover varies by pollutant and vehicle type, but is typically in the 1986–1990 model year range.  A similar trend was seen in the previous data set.

The reasons for this trend are unclear, but could include socioeconomic factors influencing the type and repair state of vehicles being inspected at the various station types, and equipment differences between the station types.  It may also at least partially be an anomaly of how the data are presented.  For example, the average PIF scores for all initial tests shown in the figures would be expected to be somewhat higher since the overall average PIF failure rate is higher.  That is, a higher fraction of dirtier vehicles are being inspected relative to the CIFs.  

Failure Rates – In an attempt to determine the cause of the anomalous results described above, an analysis was conducted of the difference in initial test failure rates between the station types.*  There is a significant difference in overall average ASM5015 Initial Test failure rates:  7.6% for CIFs and 11.9% for PIFs.  These are down from 8.1% and 13.6%, respectively, in the previous study.  Figure 2-7 shows the difference in CIF versus PIF failure rates on a model-year-specific basis.  (The data used to generate the figure are the same as those whose vehicle type and model year distributions were previously shown in Figure 2-3.)  For LDGVs, Figure 2-7 shows that average PIF failure rates are slightly higher for all 1990 and later model years, but significantly lower for the older models.

Figure 2-7
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Similar trends are also shown for the other two vehicle categories.  LDGT1 PIF failure rates are similar to CIF failure rates for 1990 and later models but significantly lower than CIF failure rates for older models.  LDGT2 PIF failure rates for pre-1986 models are also significantly lower than the CIF failure rates; however, PIF failure rates are a fair amount higher for PIF stations between the 1987 and 1995 model years.**    

These trends are consistent with the initial emissions scores displayed previously (i.e., higher average emissions and failure rates are being recorded at the CIFs for the earlier model years, with slightly lower average emissions and failure rates for the newer models).  This also appears consistent with the expectation that the PIFs are lowering emissions and failure rates on the older models prior to the initial test, i.e., through preinspection repairs, extra preconditioning, and/or fraudulent means designed to get their customers’ vehicles to pass.  However, it is unclear why PIF failure rates for newer vehicles are slightly higher than CIF failure rates.  While this difference is relatively small, it is still significant, particularly since it has been seen in both this and the previous analysis.  
Emissions Reductions – Before- and after-repair emissions differences for vehicles failing the initial test were determined next.  Before-repair/after-repair differences are defined on the basis of initial failing tests, rather than all tests. As such, the reductions calculated are the average for only vehicles that initially failed and were then repaired and retested, and not for all vehicles being inspected.  They therefore do not represent the average reductions in emissions for all vehicles participating in the inspection program.  As with the initial test emission scores, before-repair emissions are based on the first initial test when multiple initial tests are present.  After-repair emissions are based upon the first test following an initial failing test where one of the following was true:  the test was marked as a retest (either passing or failing), or the overall test result was marked as passing.  The latter criterion was used despite the uncertainty of whether actual repairs resulted in an initial pass following a failure.  For example, such “fail-then-pass” events could instead be caused by differences in vehicle preconditioning status, test equipment, inspection fraud, or vehicle operation (e.g., an intermittent emissions defect that is not manifested on the latter test).

Table 2-4 details emissions reductions occurring between the initial inspection and the first such retest, by retest facility and vehicle type.  Vehicles having their initial retest performed at a PIF station show far greater emission reductions than vehicles tested at the CIFs.  When compared to results from the previous study, the magnitude of reductions detailed in this study was generally larger for both CIF and PIF stations; however, the disparity between CIF and PIF reductions shrank.  It is unclear why the magnitude of the emissions reduction grew from the previous test.  Reasons may include improved repair technician proficiency, seasonal effects, or fraud-related issues.

There are several possible reasons for the difference in emissions reductions between the centralized (CIF) and decentralized (PIF) stations.  One potential explanation is that PIFs licensed for repairs may be performing multiple interim tests in the manual inspection mode to verify the efficacy of their repairs, prior to performing the official retest.  (This analyzer feature enables technicians to quickly evaluate repair effectiveness without having to perform an entire inspection.) 

Table 2-4
New Jersey ASM Test After Repairs Emission Reduction

Initial Failing Test Result vs. Initial After Repairs Test Result (Not Necessarily Pass) 

By After Repairs Facility Type, Vehicle Type
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LDGV 136.0 1406.4 1.466 90.9 1060.2 0.811 45.1 346.2 0.655 33.2% 24.6% 44.7% 10792

LDGT1 124.3 1143.3 1.242 88.0 937.2 0.783 36.4 206.1 0.458 29.3% 18.0% 36.9% 4015

LDGT2 152.2 1067.1 1.234 96.5 863.5 0.819 55.7 203.6 0.414 36.6% 19.1% 33.5% 868

All                                    133.9 1320.2 1.396 90.5 1017.8 0.804 43.4 302.4 0.592 32.4% 22.9% 42.4% 15675

LDGV 142.2 1513.0 1.475 76.4 693.3 0.407 65.8 819.7 1.069 46.3% 54.2% 72.5% 29489

LDGT1 162.7 1504.7 1.663 83.5 777.7 0.494 79.2 727.0 1.169 48.7% 48.3% 70.3% 7304

LDGT2 211.8 1321.0 1.784 94.3 746.2 0.572 117.5 574.8 1.212 55.5% 43.5% 67.9% 1687

All                                    149.1 1503.0 1.525 78.5 711.6 0.43 70.6 791.4 1.094 47.4% 52.7% 71.7% 38480

LDGV 140.5 1484.5 1.473 80.3 791.6 0.515 60.2 692.9 0.958 42.8% 46.7% 65.0% 40283

LDGT1 149.1 1376.5 1.514 85.1 834.3 0.597 64.0 542.2 0.917 42.9% 39.4% 60.6% 11319

LDGT2 191.6 1234.7 1.597 95.1 786.1 0.656 96.5 448.7 0.941 50.4% 36.3% 58.9% 2555

All                                    144.7 1450.1 1.487 82.0 800.2 0.539 62.7 649.9 0.949 43.3% 44.8% 63.8% 54157

ALL

PIF

Percent Reduction Initial Test Repaired Difference

CIF


Another reason that PIF emissions reductions may exceed those recorded at the CIFs is the quality of vehicle repairs being performed.  Most of the PIF stations are licensed for repairs,* which makes it more likely that repairs were performed by a licensed technician as opposed to the vehicle owner or an unqualified technician.  Given that the CIF inspections are free, this factor could be very significant.  As discussed in more detail below, additional evidence also supports the view that owner repairs are a significant issue in the differences observed between the CIF and PIF test results.  

A third possible factor is the disparity in the distribution (e.g., by model year) of vehicles being tested at the PIFs versus the CIFs.  The difference in emissions reductions shown in Table 2-4 could simply be another manifestation of that same issue.  That is, a greater fraction of vehicles being tested at PIFs are older and thus likely to have higher emissions.  In turn, vehicles with higher emissions might be expected to achieve proportionately larger emissions reductions as a result of repairs.  Figures 2-9 through 2‑11 were therefore developed to show CIF versus PIF emissions reductions by model year, in order to provide insight into this issue.**  

For reference, model year frequency distributions for initial after-repairs tests are shown first in Figure 2-8.  As expected, these distributions are quite different from those previously shown for initial tests in Figure 2-3.  It is also noted that the sample sizes for the newest model years are quite small, which may account for some of the variability in the results for these model years seen in Figures 2-2 through 2-11.  

An examination of Figures 2-9 through 2-11 shows that the difference in model year distributions does not appear to be a significant factor in explaining the variance in emissions reductions between the CIFs and PIFs.  The figures show that emission reductions for almost all model years and vehicle types were greater at the PIFs relative to the CIFs.

This is further reinforced when examining repaired emission levels after the initial repair.  While PIF facilities have higher initial test emission averages, the higher effectiveness of the repair results in after-initial-repair emissions levels at PIF stations actually being lower than their CIF counterparts.

To further investigate the possible influence of differences in model year distributions on CIF versus PIF emissions reductions, weighted average reductions were also computed.  This simply involved averaging individual reductions for each model year to produce averages for each station type that were independent of the actual model year distributions.  However, the overall impact on the relationship between the CIF and PIF reductions was relatively insignificant and in fact resulted in a slightly greater disparity in  the results.  After applying this weighting, the PIF emissions reductions (based on the initial after-repairs test results) were more than double the CIF reductions for all three pollutants for LDGVs and nearly double for LDGT1/LDGT2s in most cases.  

Figure 2-8
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Figure 2-9
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Figure 2-10
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Figure 2-11
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As discussed in the original analysis protocol, it is also possible to evaluate repair effectiveness based upon the final test result rather than the first retest after repair.  This approach would be expected to provide a better measure of program effectiveness than the results from the first repair alone.  Accordingly, Table 2-5 shows the emissions reductions occurring between the initial and final inspections, provided that the initial inspection resulted in an emissions failure.  The final inspection was the chronologically first inspection having either a passing or waiver result.  

Table 2-5
New Jersey ASM Test Final Inspection Emission Reduction

Initial Failing Test Result vs. Final Test Result (Pass or Waiver)

By After Repairs Facility Type, Vehicle Type
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LDGV 125.1 1335.3 1.327 51.9 680.2 0.211 73.2 655.1 1.116 58.5% 49.1% 84.1% 7134

LDGT1 103.4 1019.5 0.999 49.7 659.0 0.256 53.7 360.6 0.743 51.9% 35.4% 74.4% 3018

LDGT2 141.0 985.1 0.943 60.4 691.5 0.297 80.6 293.6 0.646 57.2% 29.8% 68.5% 692

All                                    120.1 1225.1 1.211 51.8 675.0 0.229 68.3 550.1 0.982 56.9% 44.9% 81.1% 10844

LDGV 141.9 1514.9 1.481 64.8 566.0 0.223 77.1 948.9 1.258 54.3% 62.6% 84.9% 30800

LDGT1 163.5 1504.0 1.690 73.0 652.1 0.312 90.5 851.9 1.379 55.4% 56.6% 81.6% 7686

LDGT2 211.0 1320.0 1.808 82.3 637.0 0.344 128.7 683.0 1.465 61.0% 51.7% 81.0% 1732

All                                    149.0 1504.4 1.535 67.1 585.5 0.245 81.9 918.9 1.290 55.0% 61.1% 84.0% 40218

LDGV 138.7 1481.1 1.452 62.3 587.4 0.221 76.4 893.7 1.232 55.1% 60.3% 84.8% 37936

LDGT1 146.6 1367.4 1.495 66.4 654.1 0.296 80.1 713.4 1.199 54.6% 52.2% 80.2% 10704

LDGT2 191.0 1224.4 1.562 76.0 652.5 0.330 114.9 571.9 1.231 60.2% 46.7% 78.8% 2424

All                                    142.8 1445.1 1.466 63.9 604.5 0.242 79.0 840.6 1.225 55.3% 58.2% 83.6% 51064

ALL

PIF

Percent Reduction Initial Test Final (Pass or Waiver) Difference

CIF


When compared to the emissions reduction after the initial inspection, the final inspections results show that an additional 5.5% to 39% reduction, depending on the pollutant and station type, occurred between the initial retest and the final inspection for those vehicles that concluded the inspection process.  For example, an additional 7.6% reduction in average HC emissions (for all vehicle types) occurred at the PIFs, while average CO emissions at the CIFs declined by an additional 38.7%.  Interestingly, these final reductions fall in line reasonably well with the final reductions of the previous study.  The fact that a greater portion of the total emissions reduction is being obtained during the initial after repair inspection may suggest that technicians are more proficient now than they were earlier in the program at initially diagnosing and repairing emissions-related defects.  

Regarding Tables 2-4 and 2-5, it is also interesting to note that a greater percentage of motorists in the latest data set utilized the CIFs than was the case in the previous data set.  Figure 2-12 shows the percentage of vehicles tested at the CIFs for both the initial inspection as well as the initial and final after-repair inspections.  Results are shown for the current (July – December 2000) and previous (March – June 2000) data sets.

Figure 2-12
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The figure shows that the fraction of initial inspections being performed at the CIFs has risen from just over 70% in the last data set to 80% in the latest data set.  The fraction of after-repair inspections occurring at the CIFs has also increased by about 5% for both initial and final after-repair tests.  One likely reason for this is the improvement in CIF convenience.  As inspection wait times have decreased, more consumers may wish to take advantage of the free inspections offered at the CIFs.

Interestingly, while a greater percentage of motorists are opting to have their vehicles tested initially at the CIFs, the ratio of vehicles receiving their initial inspection at CIFs to those receiving their initial after-repair inspection at CIFs is remarkably similar between the two data sets (i.e., 35.3% for March – June 2000 and 36.0% for July – December 2000).  In short, while more motorists are receiving their initial inspection at CIF facilities, those who fail are no more or less likely to have their retest at a PIF facility than in the previous data set.  The higher CIF fraction of after-repair inspections in the latest data set thus simply seems to be due to the increase in the CIF fraction of initial inspections.

If the contents of Tables 2-4 and 2-5 are compared, it can be seen that the total vehicle counts for all facilities in the right-hand column of Table 2-5 are less than those shown in Table 2-4.  This is because not all failing vehicles received either a passing or waiver result during the analysis period.  There is also a significant shift in the distribution of vehicle counts from the CIFs to the PIFs between the two tables.  This results in the PIF counts for all vehicle types actually being slightly higher in Table 2-5 than in Table 2-4.  The shift in distribution is due to the fact that some vehicles were assigned to different test facility types in the two tables, based on where they were last tested.  One possible cause of the shift from the CIFs to the PIFs is failed repairs by vehicle owners.  It is likely that such vehicles would be initially retested at the CIFs, but may then be taken to the PIFs for further repair.  This would cause the distribution of after-repair tests to shift from the CIFs to the PIFs, which is exactly the effect seen in the two tables. 

Table 2-5 also shows that, relative to Table 2-4, the difference in average emissions reductions between the PIFs and CIFs is largely reduced.  The only exception is the NO channel, for which the PIF stations still show a larger reduction.  To provide additional insight into this issue, Table 2-6 summarizes the relative results on an absolute basis (i.e., in ppm for HC and NO, and % for CO) between the first and subsequent repairs for each station type.  In addition, Figure 2-13 presents a graphical summary of the relative emissions reductions on a percentage basis for each pollutant between the first and subsequent repairs for the CIFs, PIFs, and overall combined inspection network.  

As shown in the table, initial retests conducted at the PIFs show significantly higher emissions reductions than at the test-only facilities, but much smaller subsequent incremental increases in emissions reductions for all three pollutants.  The primary cause of this difference is believed to be the prevalence of repairs performed by vehicle owners or unqualified technicians.  Because CIF inspections are free, it is likely that such individuals utilize these facilities almost exclusively.  They are not as skilled at performing the required repairs and often do not have access to analyzers to verify the effectiveness of the repairs that are made.  

Table 2-6
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LDGV 45.1 28.1 73.2 346.2 308.9 655.1 0.655 0.461 1.116

LDGT1 36.4 17.3 53.7 206.1 154.5 360.6 0.458 0.285 0.743

LDGT2 55.7 24.9 80.6 203.6 90.0 293.6 0.414 0.232 0.646

All                                    43.4 24.9 68.3 302.4 247.7 550.1 0.592 0.390 0.982

LDGV 65.8 11.3 77.1 819.7 129.2 948.9 1.069 0.189 1.258

LDGT1 79.2 11.3 90.5 727.0 124.9 851.9 1.169 0.210 1.379

LDGT2 117.5 11.2 128.7 574.8 108.2 683.0 1.212 0.253 1.465

All                                    70.6 11.3 81.9 791.4 127.5 918.9 1.094 0.196 1.290

LDGV 60.2 16.2 76.4 692.9 200.8 893.7 0.958 0.274 1.232

LDGT1 64.0 16.1 80.1 542.2 171.2 713.4 0.917 0.282 1.199

LDGT2 96.5 18.4 114.9 448.7 123.2 571.9 0.941 0.290 1.231

All                                    62.7 16.3 79.0 649.9 190.7 840.6 0.949 0.276 1.225
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Figure 2-13
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(Sample sizes include 15,675 initial CIF retests, 38,480 initial PIF retests, 10,844 subsequent CIF retests, and 40,218 subsequent PIF retests.)  

This results in much lower initial emissions reductions at the CIFs, but considerably greater incremental reductions over time.  However, even with these greater incremental reductions, the CIF results still show significantly lower cumulative emissions reductions than the PIFs.  This is consistent with the view that these repairs are being performed by lesser skilled individuals, which results in less effective repairs on average.  

When the CIF and PIF results are compared on a percentage rather than an absolute basis, Figure 2-13 shows similar but somewhat different findings.  Average fleetwide reductions based on initial retests are significantly greater for all three pollutants at the PIFs.  When subsequent repairs are also considered, overall percentage reductions for HC and CO are nearly identical.  However, overall NO reductions are significantly lower (i.e., by more than 15%) at the CIFs than the PIFs.  The figure also shows that CO emissions reductions are much higher than HC or NO reductions on a percentage basis, and PIF emissions reductions tend to dominate the overall network results.  This latter finding is due to the fact that 70-80% of after-repair tests occur at these facilities.

Change Over Time – In addition to the two data analysis periods (i.e., March 1 – June 30, 2000, and July 1 – December 31, 2000) described previously, Sierra analyzed a third data set that was collected during the period from program start-up on December 13, 1999, through February 29, 2000.  It is therefore possible to look at average emissions reductions observed in the three data sets to assess trends in network performance over time.  Figures 2-14 and 2-15, respectively, show PIF and CIF performance for each of the three analysis periods.  The individual dates shown in the figures for each data column are the ending date of each analysis period.  
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In addition to the sample sizes for the July 1 – December 31, 2000 data set previously shown for Figure 2-13, the following sample sizes are applicable to the earlier data sets:

1. December 13, 1999 – February 29, 2000 analysis period:

a. Initial CIF retests = 489

b. Initial PIF retests = 3,712

c. Subsequent CIF retests = 264

d. Subsequent PIF retests = 3,356

2. March 1 – June 30, 2000 analysis period:

a. Initial CIF retests = 7,461

b. Initial PIF retests = 23,299

c. Subsequent CIF retests = 4,433

d. Subsequent PIF retests = 23,434

Figure 2-14 shows that there has been a small improvement in initial emissions reductions at the PIFs for all three pollutants over the three analysis periods.  Initial PIF repairs are also achieving a higher fraction of overall emissions reductions over time.  Both of these findings are positive indicators of an improvement in PIF repair effectiveness over the evaluation period.  

Figure 2-15 shows significant improvements in both initial and overall HC and CO emissions reductions at the CIFs over the three analysis periods.  However, the figure also shows small but significant decreases in initial and overall NO emissions reductions over the evaluation period.  Initial emissions reductions remain very low relative to overall reductions for all pollutants and analysis periods.  

It is cautioned that the results shown in the above figures need to be interpreted carefully.  Implementation problems that were experienced during the first and even second analysis period, which affected the CIFs more than the PIFs, may have resulted in certain anomalies in the underlying data that were not identified in this analysis.  Some degree of improper testing may also be occurring in one or both of the networks that could produce test results that differ from reality.  For these reasons, the above results should not be considered definitive.  

The results may also be influenced by the fact that some vehicles do not complete the inspection cycle.  This issue is difficult to quantify based on a data set of relatively short duration, because many vehicles simply have not had time to complete their cycle.  It is also possible that socioeconomic differences between motorists that frequent PIFs versus CIFs may factor into the disparate emissions reductions.  Lastly, differences between the CIF and PIF test procedures may explain some of the differences as well.  One of these procedures (tire drying) is analyzed below.

Tire Drying – The tire drying routine incorporated into the New Jersey test software allows technicians to run vehicles on the unloaded dynamometer for an unlimited amount of time in order to dry the tires prior to an ASM5015 test.  While vehicles must idle for 30 seconds after tire drying, this procedure could still be used to perform extended preconditioning on vehicles.  The PIF inspectors can also precondition vehicles using the repair and diagnostic software applications provided by the equipment manufacturers.  Such preconditioning is expected to occur almost exclusively at the PIFs for the following reasons:

· Most PIFs will want to maximize the fraction of passing vehicles in order to keep their customers happy.

· The lack of an automatic mechanism for extended testing (or preconditioning and retesting) of failing vehicles is likely to cause some PIFs to begin routine preconditioning of vehicles prior to beginning the ASM test.

· There is no incentive for the CIFs to maximize the fraction of passing vehicles.

To determine if such preconditioning may have a significant impact, average emissions scores were generated based upon the recorded value in the Tire Drying field, which indicates the vehicles on which the tire drying routine was used.  It is noted, however, that this will not address any bias in the results that may be introduced by inspectors using some other approach to precondition vehicles.  The data may also be biased by how vehicles are not preconditioned.  For example, vehicles tested at the CIFs have either just been driven to the facilities or have typically sat idling in the queuing lanes waiting for inspection.  They are therefore more likely to be warmed up than vehicles that have been parked with their engine off at the PIFs for a period of time before being tested.  Unfortunately, there is no way to structure the analysis to eliminate the possibility of bias due to these latter two factors (i.e., undocumented or inadequate preconditioning).

Table 2-7 shows how initial test emissions results varied as a function of whether the vehicle was operated using the tire-drying procedure programmed into the test software.  The results shown in the table indicate that a small percentage (approximately 0.7%) of the initial tests utilized the tire-drying procedure.  For comparison, Tables 2-8 and 2-9, respectively, show the tire drying fractions seen in test results collected during (1) March 1 through June 30, 2000; and (2) December 13, 1999, through February 29, 2000.  These results show that 1.2% of initial tests during March – June 2000 involved the tire-drying procedure, while 7% involved tire drying during December 13, 1999, through February 29, 2000.  An important factor in the very low fraction of tire drying seen in the latest data set relative to these previous results is that no tire drying was recorded as having been performed in any CIF inspections.  

Table 2-7
New Jersey Initial Test Results

By Tire Drying, Vehicle Type

Data Collected July 1, 2000 through December 31, 2000
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Vehicle 

Type

 5015 HC 

(ppm)

 5015 NO 

(ppm)

 5015 CO 

(%) Count

LDGV 43.2 444.1 0.241 669707

LDGT1 44.2 468.5 0.269 187722

LDGT2 52.8 472.8 0.261 50404

ALL 44.0 450.7 0.247 907833

LDGV 55.7 508.7 0.302 4937

LDGT1 57.5 540.7 0.336 1375

LDGT2 61.9 521.1 0.332 443

ALL 56.5 516.1 0.311 6755

LDGV 43.3 444.6 0.241 674644

LDGT1 44.3 469 0.269 189097

LDGT2 52.9 473.2 0.261 50847

ALL 44.1 451.2 0.248 914588

No

Yes

ALL


Table 2-8
New Jersey Initial Test Results

By Tire Drying, Vehicle Type

Data Collected March 1, 2000 through June 30, 2000
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Vehicle 

Type

 5015 HC 

(ppm)

 5015 NO 

(ppm)

 5015 CO 

(%) Count

LDGV 50.0 483.8 0.269 385473

LDGT1 51.4 519.1 0.309 108697

LDGT2 61.8 531.7 0.305 26321

ALL 50.9 493.6 0.279 520491

LDGV 58.1 529.2 0.328 4836

LDGT1 63.9 582.9 0.396 1322

LDGT2 70.4 609.6 0.360 349

ALL 59.9 544.4 0.344 6507

LDGV 50.1 484.4 0.269 390309

LDGT1 51.5 519.8 0.310 110019

LDGT2 61.9 532.8 0.306 26670

ALL 51.0 494.2 0.280 526998

No

Yes

ALL


Table 2-9
New Jersey Initial Test Results

By Tire Drying, Vehicle Type

Data Collected December 13, 1999 through February 29, 2000
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Vehicle 

Type

 5015 HC 

(ppm)

 5015 NO 

(ppm)

 5015 CO 

(%) Count

LDGV 57.2 541.5 0.305 72531

LDGT1 58.5 601.7 0.34 21389

LDGT2 68.3 613.1 0.334 5104

ALL 58.1 558.2 0.314 99024

LDGV 54.8 528.5 0.341 5251

LDGT1 57.1 571.8 0.377 1679

LDGT2 59.2 594.1 0.312 456

ALL 55.6 542.4 0.348 7386

LDGV 57 540.6 0.307 77782

LDGT1 58.4 599.6 0.342 23068

LDGT2 67.6 611.6 0.332 5560

ALL 57.9 557.1 0.316 106410

No

Yes

ALL


The tables also show that average emissions were higher for all pollutants and vehicle types when tire drying occurred in both this study’s data sample and the March through June data sample.  Interestingly, when this same analysis was conducted using the December 1999 through February 2000 data (as shown in Table 2-9), HC and NO emissions generally decreased for vehicles using tire drying.  

There are several possible explanations for the differences in the emission results between the latest two data sets and the initial data set.  First, there may be preconditioning-related factors.  That is, the December 1999 through February 2000 test results involving no tire drying may be higher because vehicles are more likely to have elevated emissions due to colder ambient temperatures and therefore a greater lack of adequate preconditioning.  While the latest data set does extend into December, the majority of the results were collected during the summer and fall when the temperatures are typically warmer.  Even December, though considered a winter month, is not typically as cold or snowy as January or February.  A comparison of the average emissions results shown in the tables appears to support this hypothesis (i.e., wintertime tests involving no tire drying had higher average emissions for all pollutants); however, no detailed analysis was performed to further investigate the issue.  

A second possible factor affecting the first and subsequent data sets is differences in the use of the tire drying routine.  To better understand this issue, it helps to divide tire drying into two separate cases:  legitimate and illegitimate tire drying.  Legitimate tire drying occurs because of moisture at the interface between the vehicle’s tires and the dynamometer rolls.  Unless this moisture is removed, tire slippage may occur and result in an invalid test.  To eliminate the moisture, the technician drives the vehicle on the unloaded dynamometer until the moisture is thrown off the tires and rollers.  Illegitimate tire drying, on the other hand, occurs when a technician wishes to precondition a vehicle on the dynamometer to enhance the vehicle’s chance of passing the test.  While not prohibited, this clearly is not the intended purpose of the tire drying routine and can skew the test results.  

Legitimate and illegitimate tire drying also differ in the effect each would have on average emissions for vehicles that receive tire drying.  Legitimate tire drying would likely reduce emissions since vehicles that would otherwise be tested in the as-received condition would be subjected to additional preconditioning prior to testing.  Illegitimate tire drying, on the other hand, would most likely occur on vehicles that the technician suspects are likely to fail the inspection and might therefore benefit from preconditioning.  This would, in turn, mean that average emissions for vehicles receiving illegitimate preconditioning would tend to be higher than otherwise average vehicle emissions.

Given these two definitions, it seems reasonable that a greater fraction of vehicles receiving tire drying during seasons likely to produce wet tires would be legitimate.  Conversely, it is likely that a greater fraction of tests utilizing tire drying during drier seasons would be illegitimate.  If this is the case, it makes sense that average emissions when tire drying is used would be lower than the overall average during the winter months and higher during the drier months, which is exactly what the three tables show.

Figure 2-16 further explores this issue by breaking down the frequency of tire drying usage by vehicle model year and station type.  As the figure shows, between 2.75% and 4.25% (depending on vehicle model year) of initial ASM inspections performed at the PIFs during July – December 2000 included tire drying.  The figure also reflects what was indicated previously:  no tire drying occurred at the CIFs in the latest data set. 

Figure 2-16
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As discussed in the previous analysis, the higher PIF usage may suggest that PIF inspectors are using the procedure to illegitimately precondition vehicles; however, the total lack of usage by CIF stations indicates a different problem.  Although there were no reported usages of CIF tire drying in the latest data set, there were obviously CIF tests conducted on days of inclement weather.  For example, on July 25, 2000, out of 1,379 initial inspections conducted at PIF stations, 415 (30%) utilized the tire drying routine.  While these results indicate that there was most likely rain for at least part of the day, no tire drying was recorded for any initial CIF tests on the same date.  

There appear to be three possible reasons for the CIF results recorded in the latest data set:  (1) the CIF inspection software has been modified to delete the tire drying procedure; (2) a bug has been introduced into the software that results in occurrences of tire drying not being properly recorded in the test data; or (3) the inspection contractor has implemented a policy of no tire drying, i.e., in order to maximize test throughput.  While not explaining the total lack of tire drying, procedural differences between the CIF and PIF stations may also factor into reduced tire drying at CIF stations.  For example, the dynamometers are located at Position 2 in the CIF lanes; therefore, vehicles have to drive partway through the facility prior to testing.  This may provide adequate tire drying for most (though not likely all) vehicles.  Another possible reason is that pressure on the CIF contractor to increase throughput and reduce wait times may be causing inspectors to forego tire drying unless absolutely necessary.  Further investigation is needed to identify the reason(s) for the total lack of CIF tire drying in the latest data set.  

In the previous study, it was suggested that an important factor in the overall (PIF and CIF) decrease in tire drying between the December 1999 – February 2000 and March – June 2000 analysis periods was a reduction in the frequency of inclement weather events, i.e, involving snow, ice, and/or rain.  Given the latest results, the State may wish to further explore the illegitimate use of tire drying in PIF stations as well as the total lack of tire drying in CIF stations.  One method that could be implemented to discourage illegitimate use of the tire drying routine is a tire drying routine used in other states such as California.  This procedure requires that the vehicle idle prior to beginning an inspection for the same amount of time that the vehicle was operated using the tire drying routine.  This can be contrasted with the New Jersey requirement that the vehicle not be compelled to idle longer than 30 seconds.  Under the New Jersey test procedures, a technician may perform significant preconditioning without any significant deterrent.  While the California procedure may seem somewhat punitive, it minimizes overzealous use of the tire drying routine.

Step 7 – Analysis of Test Results at Both Types of Facilities - The design of the New Jersey program (i.e., the combination of a T/O network at which tests are free and a T&R network where motorists pay for inspections) provides the opportunity for some vehicles to be tested at both types of facilities.  For example, some vehicles may be taken to a CIF for retest after going through the test and (in some cases) repair process at a PIF.  Reasons for a motorist doing this may include simple curiosity, concern that a PIF has not correctly tested the vehicle, or an attempt to shop around for a passing test result.  Similarly, there will be many failing vehicles that get tested at a CIF and then at a PIF.  However, under the “business rules” established for the program, all vehicles that fail a CIF inspection and are taken to a PIF for repair and retest are supposed to be repaired prior to retest.  Therefore, few vehicles that fail their CIF inspection are likely to receive a parallel pre-repair test at the PIFs.   

Any such parallel test results that are available would allow the direct comparison of PIF and CIF emissions readings on an individual vehicle basis.  As mentioned in the original protocol, the primary concern with the comparison of PIF and CIF results is that there is no easy method for determining whether any repairs are performed on a vehicle between sequential PIF and CIF tests.  While inspectors are prompted to enter any available repair information at the beginning of all retests, there is no requirement that these data be entered.  Given the lack of such a requirement, the absence of such data does not conclusively indicate that no repairs were performed.  

As was the case with previous analyses, emission test results from each facility type were compared and showed a significant emission reduction between the first and second inspections.  This substantial reduction likely resulted from emission repairs performed between the first and second inspections.  Table 2-10 shows the results of the analysis on a 21,171-vehicle data set collected from July 1 through December 31, 2000.  

Table 2-10

[image: image40.emf]                                      

Vehicle 

Type

 5015 

HC 

(ppm)

 5015 

NO 

(ppm)

 5015    

CO   

(%)

 5015 
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(ppm)

 5015 
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(ppm)

 5015    

CO   

(%)

 5015 
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(ppm)

 5015 

NO 

(ppm)

 5015    

CO   

(%)

 5015 

HC 

(ppm)

 5015 

NO 

(ppm)

 5015    

CO   

(%)

 Count 

LDGV 130.6 1508.3 1.458 77.3 732.1 0.433 53.3 776.2 1.025 40.8% 51.5% 70.3% 16535

LDGT1 153.4 1493.8 1.611 81.3 800.1 0.483 72.2 693.6 1.128 47.1% 46.4% 70.0% 4043

LDGT2 221.6 1316.7 1.931 95.1 792.2 0.636 126.5 524.5 1.295 57.1% 39.8% 67.1% 736

All                                    138.1 1499.0 1.503 78.7 747.1 0.449 59.4 751.8 1.054 43.0% 50.2% 70.1% 21314

Vehicles Failing Initial Inspection At CIF Facility Followed By Second Test At PIF Facility

Regardless of Amount of Time Between First and Second Inspection

Initial Test Second Test Difference Percent Reduction


The data contained in the table clearly show that there were significant emission differences between the two tests for this new data set as well.  The natural assumption from this is that repairs were performed between the inspections, which caused the dramatic emissions reduction.  In previous analyses, an attempt to address this concern was made by reducing the larger data set to those vehicles for which one day or less elapsed between the initial CIF inspection and the second PIF inspection.  While previous analyses showed little difference between the larger and smaller data set, the same analysis was conducted for this analysis for comparison purposes.  Those results are shown in Table 2-11.

Table 2-11
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CO   
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 Count 

LDGV 112.6 1385.7 1.36 68.8 697.3 0.39 43.8 688.3 0.97 38.9% 49.7% 71.5% 1278

LDGT1 123.0 1403.7 1.47 80.6 762.0 0.48 42.4 641.7 0.99 34.5% 45.7% 67.2% 269

LDGT2 203.9 1336.5 1.76 88.6 701.2 0.52 115.3 635.2 1.24 56.5% 47.5% 70.3% 57

All                                    117.6 1386.9 1.39 71.5 708.3 0.41 46.1 678.6 0.98 39.2% 48.9% 70.7% 1604

Vehicles Failing Initial Inspection At CIF Facility Followed By Second Test At PIF Facility

Only Tests In Which Initial and Second Test Occurred Within 1 Day of Each Other

Initial Test Second Test Difference Percent Reduction


Judging by the similar emissions reduction shown in this smaller sample to that of the larger sample, the elimination of tests with an elapsed time greater than one day between the first and second tests did little to reduce the effects of repairs after the initial test.  

###
3.  REPAIR SUCCESS RATES

Data Collected

The data from which repair success rates were calculated are from the same electronically recorded data set compiled for analysis of I/M test emission scores, as described in Section 2.  In summary, repair success rates were computed and compared for all enhanced tests with completed I/M cycles that were performed from July 1 – December 31, 2000.  See Section 2 for a thorough discussion of what these data represent and how they were collected and validated.

Analysis Methodology and Results

The same pre-processed New Jersey VID data set described in Section 2 was used to calculate repair success rates.  This pre-processing consisted of the following items:

· Identification of covert vehicle test records;

· Sorting and “recent I/M cycle” flagging (e.g., removal of initial test records dated prior to July 1, 2000);

· Removal of multiple initial test records; and

· Removal of invalid emissions records.

Initial Repair Success – Two different methods were used to evaluate repair success.  Under the first method, repair success rates were determined by comparing all initial failing tests with the “first retest after repair.”  The initial test results were determined the same way as described in Section 2.  The first retest after repair was determined by selecting the first subsequent record for that VIN that was marked either as a retest or had a passing test result.  Table 3-1 details repair success rate results by facility type where the after-repair inspection was conducted.  The repair success rates shown in the table are based on the percentage of initial failing results that passed the initial after-repair retest.

Table 3-1
Repair Success Rates

Initial Retest Following Failure by Test Component

By After Repairs Facility Type
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Repair 

Success 

Rate Count

Repair 

Success 

Rate Count

Repair 

Success 
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Non-

Applicable 

on Retest

LDGV 10150 52.9% 20 100.0% 1188 95.5% 96

LGDT1 3824 64.7% 9 100.0% 310 93.5% 49

LDGT2 821 70.9% 5 100.0% 72 90.3% 14

ALL 14795 56.9% 34 100.0% 1570 94.8% 159

LDGV 27826 84.0% 29 96.6% 1553 98.5% 45

LGDT1 6891 84.2% 22 100.0% 414 99.3% 6

LDGT2 1561 81.9% 5 100.0% 102 99.0% 1

ALL 36278 83.9% 56 98.2% 2069 98.6% 52

LDGV 37978 75.7% 49 98.0% 2741 97.2% 141

LGDT1 10715 77.2% 31 100.0% 724 96.8% 55

LDGT2 2382 78.1% 10 100.0% 174 95.4% 15

ALL 51075 76.1% 90 98.9% 3639 97.0% 211

ALL

  After 5015   

PIF

   After Cat   

CIF

     After Fuel Cap Result     


ASM5015 Repair Success – As shown in Table 3-1, there are differences in repair success similar to those noted in the previous analysis covering March – June 2000.  For instance, an average ASM5015 repair success rate of roughly 83.9% (up from 79%) is shown for the PIFs, compared to an average rate of about 57.1% (up from 49%) for the CIFs.  These PIF versus CIF results are consistent with expectations given the dramatic difference in measured emissions readings and the presumed impact of repairs by vehicle owners previously discussed in Section 2.  The improvement in initial repair success compared to the previous analysis also supports the finding discussed in Section 2 that repair technicians appear to be more proficient now than they were earlier in the program in diagnosing and repairing emissions-related defects.  

Catalyst Repair Success – Regarding the results of the visual catalyst check shown in Table 3-1, only one vehicle failed the catalyst check after initially failing the same check.  Given that it is easy for vehicle owners to ensure that their vehicle will pass this test prior to retest, it is unclear why this one test, which was conducted at a PIF station, occurred.  The repair success rate should be 100%.  There appear to be two potential reasons for less than a 100% repair success rate:  (1) an erroneous “fail” entry on the retest; and (2) a vehicle owner that is unsuccessfully “shopping” for a facility that will pass a vehicle that received an initial fail.  The likelihood of the first type of occurrence seems minimal.  At any rate, since this occurred in only one case, it is clearly not a widespread problem.  

Fuel Cap Repair Success – There is a much smaller but still significant difference in fuel cap repair success rates between CIF and PIF stations, with repair success rates of 94.8% (up from 93.1%) and 98.6% (up from 98.0%), respectively.  One potential explanation for this difference is the performance of fraudulent inspections.  For example, inspectors in other programs have been found to be using the calibration pass cap in place of an actual defective fuel cap to fraudulently pass vehicles.  Another reason could be the poor quality of certain new fuel caps.  In some cases, brand-new fuel caps, particularly aftermarket caps, may not pass the inspection.  Since many PIF facilities are more likely to have alternative fuel caps on site, there is a greater likelihood that a passing cap can be selected without failing the entire inspection.  Also, it would be expected that PIFs will learn which new caps are likely to fail and avoid using these brands, whereas vehicle owners or unlicensed technicians are less likely to know this.  This would tend to lead to lower fuel cap repair success rates at the CIFs, which is exactly what is seen in Table 3-1.  

There is one other fuel cap test result that stands out in the table – the number of non-applicable entries on retests at the CIFs and PIFs.  A non-applicable result can mean that either the vehicle is not subject to the fuel cap test or a fuel cap test adapter was not available for the test vehicle.  Of all initial fuel cap failures, 10.2% versus 2.5% are shown as resulting in a non-applicable entry during CIF and PIF retests, respectively.  These results mirror those from the previous study.  They show a very significant difference, with the non-applicable CIF rate clearly appearing excessive.  If the fuel cap could be tested during an initial failing inspection, it should be testable upon retest.  Three potential factors for the anomalous test results are discussed below; they include differences in vehicle lookup table model year availability, test equipment, and inspector performance between the CIFs and PIFs.  

One possible explanation for the number of non-applicable gas cap results could be the availability of fuel cap data in the lookup table.  The New Jersey analyzers currently use a lookup table that includes vehicles only through the 1996 model year.  Accordingly, available fuel cap adapter information would also stop at 1996.  As a result, technicians would not have guidance on choosing the appropriate fuel cap adapter for an inspection.  This effect may result in more initial CIF inspections incorrectly failing a fuel cap when in fact the adapter was inappropriate for that fuel cap.  If this were the case, non-applicable fuel cap results would be elevated for model years newer than 1996.  The impact of this factor may also be mitigated in the PIFs since inspectors are generally better trained and more familiar with vehicle configurations.

Regarding differences in test equipment, all the CIFs use ESP test systems equipped with Waekon fuel cap adapters.  The PIF test systems may use either Waekon or Stant adapters, depending on the equipment vendor.  Any differences in which fuel caps are supported by the two sets of adapters could potentially contribute to the above anomaly.  For example, a vehicle fuel cap could be tested (and failed) initially using a Waekon adapter but be retested using a Stant test system.  If a Stant adapter is not available for the fuel cap retest, this would cause an instance of the above anomaly.  As is shown below, however, the majority (i.e., roughly 95%, which is up from 75% in the previous study) of the non-applicable fuel cap retest results are from vehicles that were initially tested and failed at CIF stations.  Of the caps initially failed at PIF stations, 3.6% result in a no-adapter-available retest result, versus 6% from CIF stations.  Since the Waekon adapters support a somewhat wider range of fuel caps than the Stant adapters, this factor appears to have had minimal influence on the test results.

Figure 3-1 details fuel cap non-applicable results during the second inspection as a percentage of the initial fuel cap failures on tests conducted at the CIFs.  Results are broken down by the type of retest facility.

Figure 3-1
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While the CIF non-applicable percentage does show a slight increase during the later model years, the chart is somewhat misleading due to a scarcity of inspections conducted on later model year vehicles.  Figure 3-2 shows the number of tests contained in the data set that were used to generate the results shown in Figure 3-1.  

Given the above conclusions, inspector performance is believed to be the likely cause of most of the non-applicable anomalies shown in Table 3-1.  That is, the inspectors appear to have entered non-applicable for the fuel cap test when in fact the cap was testable.  This could have occurred either unintentionally or intentionally, with the latter cause obviously of the greatest concern.  Intentional reasons would include attempts to both fraudulently pass vehicles and increase test throughput.  Test fraud may be the cause of some of the non-applicable PIF results.  Given the wait time problems previously experienced at the CIF facilities, it may be that some of non-applicable fuel cap results seen in Table 3-1 for these facilities are due to inspectors attempting to improve lane throughput.  

Figure 3-2
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The total number of non-applicable fuel cap retest results shown in the table (i.e., 211) is obviously very small compared to the total number of vehicles inspected during the analysis period.  However, the concern is that similar inspector actions could be occurring on all initial tests in addition to the retests shown in the table.  In particular, pressure to improve test throughput at the CIFs could potentially result in inspectors bypassing the fuel cap test on large numbers of test vehicles.  No attempt has been made to analyze the initial test results to see if this in fact did occur (this type of analysis was not within the scope of the current study).  However, it is strongly recommended that further analysis be performed to follow up these and other anomalous results identified in the current analysis.

Final Repair Success – Another analysis step included in the original study protocol was to determine repair effectiveness based upon the final test result, regardless of how it was labeled.  It was expected that this would provide a better measure of program effectiveness than the results from the first repair alone.  To perform the analysis, the final test, which ideally would either end in a pass or a waiver, must be identified.  According to the New Jersey equipment specifications, either of these outcomes should result in the overall test result field in the test record being recorded as a “P.”  (Only “P” or “F” is to be recorded in this field.)  This was therefore used as the determinant of the final test.  The emissions reductions resulting from this analysis were previously summarized in Table 2-5.  The pass/fail results based upon test component are shown in Table 3-2.  

Table 3-2
Repair Success Rates

Final Test Following Failure by Test Component

By After Repairs Facility Type
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LDGV 6509 100.0% 19 100.0% 875 100.0% 90

LGDT1 2833 100.0% 6 100.0% 233 100.0% 40

LDGT2 646 100.0% 4 100.0% 57 100.0% 13

ALL 9988 100.0% 29 100.0% 1165 100.0% 143

LDGV 29179 100.0% 27 100.0% 1659 100.0% 45

LGDT1 7270 100.0% 23 100.0% 441 100.0% 9

LDGT2 1610 100.0% 6 100.0% 0

ALL 38049 100.0% 56 100.0% 2201 100.0% 54

LDGV 35690 100.0% 46 100.0% 2534 100.0% 135

LGDT1 10103 100.0% 29 100.0% 674 100.0% 49

LDGT2 2256 100.0% 10 100.0% 158 100.0% 13

ALL 48039 100.0% 85 100.0% 3366 100.0% 197
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As this table shows, all initial failing results were either repaired or listed as non-applicable in subsequent tests.  As with the previous study, this clearly points to the fact that no waivers were assigned to the ASM inspections.  (Had some vehicles received an emissions waiver, the emissions repair success rate would have been less than 100%.)    According to the State, previously discovered problems with the waiver system had not yet been fixed as of the analysis period (they have since been corrected).  The waiver flag was supposed to be recorded in the emission test result field as a “W”; however, it was overwritten by a “P” in the test results analyzed in this evaluation.  In addition, in order to qualify for a waiver, a vehicle must pass a curb idle emissions test after failing its ASM test.  The passing curb idle results overwrite the failing ASM results, which means that no ASM emissions results are available in the data set for vehicles receiving a waiver even if they could be identified.  As a result, there is no way to verify the actual number of waiver vehicles present in the data set.  In short, the final test results shown in Table 3‑2 do not include results from waiver tests, only passing tests.

Repair Success Station Grouping – There are two concerns with the above analysis of repair success rates that should be pointed out.  First, there may be many “initial fail/first retest after repair” record pairs in the database where repairs are performed at an ERF and the vehicle is then taken to a CIF for its retest (e.g., in the case of repairs performed at ERF-only facilities).  As a result, it makes more sense to treat such retests as PIF-related rather than grouping success rate statistics by both CIFs and PIFs based on the facility where the retest occurred.  

For this reason, the original protocol proposed conducting the analysis in more than one way to see if the results were significantly different.  Specifically, it stated that an attempt would be made to assign certain CIF retest results to both the CIF and PIF networks in separate analysis elements to investigate the effect of this factor.  Accordingly, Table 3-3 shows repair success rates as a function of both the initial inspection station and the initial after-repairs inspection station.  

Table 3-3
Repair Success Rates

Initial Retest Following Failure by Test Component

By After Repairs Facility Type
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LDGV 9789 52.3% 18 100.0% 1181 95.4% 94

LGDT1 3748 64.5% 9 100.0% 307 93.5% 48

LDGT2 798 70.8% 4 100.0% 72 90.3% 14

ALL 14335 56.5% 31 100.0% 1560 94.8% 156

LDGV 16490 83.9% 11 100.0% 1357 98.8% 39

LGDT1 4026 84.4% 8 100.0% 346 99.1% 4

LDGT2 734 81.1% 1 100.0% 73 100.0% 1

ALL 21250 83.9% 20 100.0% 1776 98.9% 44

LDGV 361 69.3% 2 100.0% 7 100.0% 2

LGDT1 76 75.0% 0 3 100.0% 1

LDGT2 23 73.9% 1 100.0% 0 0

ALL 460 70.4% 3 100.0% 10 100.0% 3

LDGV 11336 84.0% 18 94.4% 196 95.9% 6

LGDT1 2865 84.0% 14 100.0% 68 100.0% 2

LDGT2 827 82.7% 4 100.0% 0 0

ALL 15028 83.9% 36 97.2% 293 96.9% 8

LDGV 37976 75.7% 49 98.0% 2741 97.2% 141

LGDT1 10715 77.2% 31 100.0% 724 96.8% 55

LDGT2 2382 78.1% 10 100.0% 174 95.4% 15

ALL 51073 76.1% 90 98.9% 3639 97.0% 211
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  After 5015       After Cat   
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As the table shows, emission repair success rates were much higher when the initial after-repairs inspection was conducted at a PIF facility, regardless of where the initial test was conducted.  This is consistent with the results previously presented in Table 3-1.  However, this latest analysis also shows a significant difference in CIF repair success rates for vehicles when they were initially tested at PIF versus CIF stations.  Vehicles undergoing a CIF retest had average repair success rates of 70.2% and 56.6%, respectively, depending on whether they were first tested at a PIF or CIF. 

The results presented in the table indicate that the quality of repairs for vehicles tested exclusively at CIFs is substandard compared to repairs administered when a vehicle had one or both tests performed at a PIF.  Several factors may be contributing to this disparate repair success result.  The most likely explanation appears to be related to the phenomenon described previously of self-repairs by vehicle owners.  If the vehicle is first failed at a PIF, it is likely that the vehicle owner is provided with at least some insight into the cause of the failure (e.g., through a repair estimate provided by the facility).  Without that initial PIF test, the owner is not as successful at repairing the vehicle on his/her own.  

Socioeconomic differences between the drivers frequenting the different station types may also play a factor in this issue.  For example, vehicle owners taking advantage of the free CIF inspections may have lower incomes on average and therefore may be less inclined to have more than just the minimally required repairs performed.

###
APPENDIX A

DETAILED ANALYSIS RESULTS
APPENDIX B

DATA FILE CONTENT AND FORMAT
One requirement in the current project was to create and document the format of ASCII data files that could be submitted to EPA, which would allow independent analysis of the New Jersey data.  Each of the following files was therefore created from the ASM5015 test records collected on the New Jersey VID between July 1, 2000 and December 31, 2000, inclusive.

INITIAL_TEST.DAT

This data set is comprised of the chronologically first record for each VIN provided that (1) the record was not generated prior to July 1, 2000; and (2) the record was not flagged as a reinspection.

SECOND_TEST.DAT

This data set is comprised of the chronologically second record for each VIN.  

INITIAL_AFTER_REPAIR.DAT

This data set is comprised of the chronologically first after-repair inspection for each VIN.  After-repair inspections were identified as the first non-initial record for each VIN where the inspection result was either passing or flagged as a reinspection.  When merged with the INITIAL_TEST.DAT, this file can be used to determine initial repair effectiveness.

INITIAL_PASS_TEST.DAT

This data set is comprised of the first test record following an initial failure for each VIN that resulted in either a pass or a waiver (excluding safety results).

FINAL_TEST.DAT

This data set is comprised of the first test record for each VIN that resulted in either a pass or a waiver (excluding safety results).

Each of the above files is recorded in the following fixed-width field, fixed-length record file format.  A fixed number of blank spaces were inserted between each field to improve the readability of the records.


Offset

Field Name



Field Width
Format

1

VIN




19

-


25

Station Type (CIF,PIF)

3

-


35

Test Start Time


8

hh:mm:ss


45

Test Start Date 


10

mm/dd/yyyy


60

Gas Cap Result (P/F)


1

-

70 Dilution Corrected HC (ppm)

4

XXXX

80

Dilution Corrected CO (%)

5

XX.XX


90

CO2 (%)



4

XX.X


100

Dilution Corrected NO (ppm)

4

XXXX


110

O2 (%)




4

XX.X


120

ASM 5015 Result (P/F)

1

-


130

Visible Smoke Test Result (P/F)
1

-


135

Catalytic Converter Result (P/F)
1

-


140

Overall Emission Result (P/F)
1

-


145

HC Emission Test Result (P/F)
1

-


150

CO Emission Test Result (P/F)
1

-


155

NO Emission Test Result (P/F)
1

-


160

Tire Drying (Y/N)


1

-

* As described in more detail in the body of the report, data collected prior to July 1, 2000, were also used to identify those vehicles that had a “first” initial test during the period July 1 – December 31, 2000.  


* These subsidies ended on September 30, 2000.


* DCF values of greater than 1.0 indicate dilution is occurring in the exhaust stream, while DCFs in the range of 0.8-1.0 are produced by non-stoichiometric operation.  Values of less than 0.8 are considered invalid; i.e., the emissions scores required to produce such DCFs are physically impossible.  Nonetheless, the New Jersey equipment specifications, consistent with the EPA ASM guidance, require that any calculated DCF less than 1.0 be recorded as 1.0.  As a result, all records with a recorded DCF less than 1.0 are non-compliant with the specifications.  


** This includes all Maxwell test records contained in the data set.  Since the calculation and recording of the proper DCF was verified during acceptance testing conducted at Sierra prior to program startup, a software bug must have been introduced during a software update subsequent to the acceptance testing process.  


* The large majority (all but 154) of these DCFs are in the 0.8-1.0 range, which means they are likely to be physically correct but are invalid values according to the specifications.


* Failure rate analysis was not part of the original analysis protocol.  It was added, however, to better investigate the cause of the anomalies seen in the New Jersey ASM5015 test results.


** It is unclear why PIF failure rates are substantially higher for the 1987-1995 LDGT2s, although this may be due to the relatively small sample sizes involved in the analysis.


* These are referred to in New Jersey as emission repair facilities, or ERFs.


** Tabular results of emission differences by model year are contained in Appendix A.  
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