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Introduction and Study Motivation

The U.S. Environmental Protection Agency (EPA) estimates that 60% of carbon monoxide (CO), 44% of hydrocarbons (HC), and 31% of oxides of nitrogen (NOx) in the U.S. emissions inventory are attributed to on-road motor vehicles, making them the single largest contributor of major atmospheric pollutants (EPA, 2000).  Research has also long documented that a relatively small fraction of the light duty vehicle (LDV) fleet is responsible for a relatively large fraction of the mobile source emissions (NRC, 2001).  These statistics reveal why high-emitting vehicles, also known as gross polluters, garner a great deal of attention from researchers and regulators.  

The EPA currently defines high-emitting vehicles as: vehicles which have emissions two or three times the emission standards of new vehicles (Table 1).  However, the agency also acknowledges that these cutpoints were not obtained empirically through formal analysis (p. 11, EPA, 2002):

The selection of twice or thrice FTP certification standards for the boundary level between normals and highs is an engineering choice based on the literature on I/M [inspection and maintenance] and repair. Other reasonable boundary levels could also have been chosen. No formal analysis was done to prove that these levels were optimum. One of the reasons they were chosen is because they were used in MOBILE5, and have generally been shown in the past to be a good dividing point between high emitting broken vehicles and lower emitting vehicles which are not broken.

Table 1. Emission Regime Classifications as Defined by EPA in MOBILE6 Model

	Emission Regime
	HC
	CO
	HC

	Normal
	< 2 × Standard
	< 3 × CO Standard
	< 2 × Standard

	High
	> 2 × Standard
	> 3 × CO Standard
	> 2 × Standard


Source: EPA, 2002.

Researchers and policymakers use the definition of gross-polluting vehicles to prioritize cost-effective methods for identifying and repairing (or removing) gross polluting vehicles from the fleet.  The thresholds used to define gross-polluters thus importantly affect the technical decisions that inform policy.  For example, OBD-II equipment is programmed to identify when vehicle emissions exceed 1.5 times certification standards (NRC, 2001).
  Yet, the OBD threshold is quite different from most existing I/M program pass/fail thresholds.  The EPA has recommended pass/fail thresholds for tailpipe tests that are approximately two to three times original certification standards, depending on the model year group (Santos, 1999).  Even with thresholds at two to three times certification standards, states have gradually phased in testing cutpoints to avoid motorist complaints and repair industry problems (e.g., NJDEP, 1997).   Nevertheless, given the history of I/M implementation, states that have employed EPA thresholds are concerned that the OBD threshold will be too stringent, which will ultimately result in unacceptably high and overly costly I/M failure rates (CAAAC, 2002). 

This paper is a chronological review of the research on gross polluters from the past two decades.  Most of the initial work on gross polluters concentrated on emissions “outliers” and was conducted by researchers who worked with automobile manufacturers in the late 1980s; they began intensive emissions testing after the promulgation of federal regulation in the 1970s.  The next group of studies was devoted to systematically identifying and quantifying the impacts of high-emitting vehicles.  This line of research is associated with advancements in remote sensing device (RSD) technology which, beginning in the 1980s, allowed simplified random roadside sampling of in-use vehicles.  Many of the most widely cited RSD studies were authored by Stedman and Bishop at the University of Denver (e.g., Stedman and Bishop, 1990).  In the early 1990s, additional research focused on more rigorous inspection and maintenance (I/M) testing.  More recently, the research emphasizes the transition from primarily tailpipe testing to on-board diagnostic (OBD) testing.  In all cases, the goal remains the same, namely, to identify and ultimately repair the subset of vehicles in the fleet that produces the highest emissions.  

This review contributes to the existing body of knowledge in two ways: (1) it illustrates the wide variability in the criteria different researchers and agencies have used to identify gross-polluting vehicles, and (2) it produces a roadmap for completing additional analyses that will more systematically link gross-polluter definitions to specific control program objectives.

The review is organized into three sections:  a brief background that outlines the relationship between gross polluters and state implementation plan (SIP) inventories; reviews of specific studies, in chronological order, to demonstrate how the methodologies and accompanying definitions of gross emitter have evolved; an exploration of the impacts of gross polluting vehicles on mobile source inventories throughout California.  The review concludes with a summary of results and a discussion of potential policy and testing implications.  

Background: Contribution of Gross POlluters to overall LDV Emissions

Most researchers agree that a relatively small proportion of the fleet (about 10%) is responsible for the majority (about 50%) of the mobile source emissions (NRC, 2001).  For example, the National Research Council (NRC) summarized research from the 1990s that consistently revealed approximately 10% of vehicles are responsible for 50% to 60% of on-road light duty vehicle (LDV) emissions; moreover, the findings were robust across various sampling techniques, including remote sensing, I/M, and roadside pullover programs.  As NRC also notes, more recent data suggests that, with increased penetration of advanced technology vehicles into the vehicle fleet, 10% of vehicles may be responsible for an even larger fraction of total vehicular emissions (pp. 32-35, NRC, 2001).  

As a result of their disproportionate contribution to the on-road emissions inventory, gross polluters play an important role in the anticipated emission reductions that state implementation plans (SIP) hope to achieve through control of in-use vehicles.  In the Sacramento, California 1994 ozone SIP, for example, the state’s I/M program –known as Smog Check – produced 17% of all hydrocarbon (HC) and 27% of all oxides of nitrogen (NOx) emission reductions forecasted for 2005 (SMAQMD, 2002).  Evaluations of the California I/M program demonstrate that Smog Check emission reduction benefits derive largely from the repair or replacement of gross emitting vehicles (Eisinger, 2004; IMRC, 2000).

Defining Gross Emitters: Literature Review

This section chronologically highlights past studies and identifies how each has defined gross polluting vehicles.  In 1983, Wayne and Horie (1983) reported to the California Air Resources Board (CARB) that 47% of the CO emissions were produced by only 12% of the vehicles undergoing emissions testing.  This study is often cited as one of the first to recognize the degree to which gross emitters contribute to overall vehicle emissions.  

Automotive manufacturers were also working with the EPA during this period to implement in-use vehicle emissions testing programs.  In 1983, General Motors (GM) developed a set of protocols to procure, inspect, and test in-use vehicles (Haskew & Gumbleton, 1988).  GM was primarily interested in the on-going adjustments for new emissions control equipment because it improves engine performance (Haskew & Gumbleton, 1988).  In 1986, GM researchers Haskew and Gumbleton identified various anomalies in vehicle emissions – these included faulty adjustments, tampering, and failed components, all of which resulted in emissions failures.  Vehicles were classified as outliers if idle I/M emissions exceeded ten times the existing federal standard for CO and HC (Haskew et al., 1987).  For 1980 models, federal exhaust emission standards were 0.41 g/mi for HC, 7.0 g/mi for CO, and 1.0 g/mi for NOx. Haskew et al. identified gross emitters as having HC emissions greater than 4.1 g/mi and CO emissions greater than 70 g/mi.  In 1981, the CO standard for new vehicles was changed to 3.4 g/mi, so the gross emitter cutpoint was reduced to 34 g/mi.  Haskew et al. did not apply the ten-times-the-federal-standard criterion to NOx emissions, because 10 g/mi (ten times 1.0 g/mi) for NOx was a “value that has never been exceeded in the GM experience” (p. 16, Haskew & Gumbleton, 1988).  

In 1988, Haskew and Gumbleton proposed that the criteria for identifying outliers be changed from ten times the federal standard (10 × STD) to six standard deviations from the mean of the sampled data set (
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) (Haskew and Gumbleton, 1988).  With this change, they hoped to provide a quantitative standard for identifying gross emitters.  However, according to Haskew and Gumbleton, the new criteria were based on a visual inspection of plotted emissions distributions for 1981 through 1986 model year in-use GM passenger cars (Haskew and Gumbelton, 1988).  The outlier cutpoints identified using the 
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 criteria were classified by model year and are reproduced in Table 2.  Based on data provided in the study, we computed weighted average 1988 cutpoints of 1.4 for HC, 19.4 for CO, and 3.0 for NOx based on the number of vehicles tested, which were compared to the 1987 cutpoints based on the federal certification standards.
  As expected, we can show that the weighted 1988 cutpoints (
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 + 6() are more stringent than the 1987 cutpoints (10 × STD) by 65% for HC, between 43% and 72% for CO, and 70% for NOx.
  
Table 2.  Gross Emitter Cutpoints Identified in General Motor Studies

	Model Year
	Sample Size
	1988 Cutpoints (g/mi)
	1987 Cutpoints (g/mi)

	
	
	HC
	CO
	NOx
	HC
	CO
	NOx

	1981
	390
	2.026
	31.89
	4.874
	4.1
	70.0
	-

	1982
	533
	2.029
	26.56
	3.794
	4.1
	70.0
	-

	1983
	538
	1.363
	16.69
	2.438
	4.1
	34.0
	-

	1984
	390
	1.068
	15.17
	2.904
	4.1
	34.0
	-

	1985
	532
	1.018
	14.63
	2.206
	4.1
	34.0
	-

	1986
	333
	0.878
	10.18
	1.992
	4.1
	34.0
	-

	Weighted Average
	1.42
	19.4
	3.02
	


One of the first studies to use remote sensing device (RSD) measurements reveals  that, in a test program to assess the effectiveness of the state’s oxygenated fuels program, “10% of the vehicles produce more than 50% of the CO [emissions]” (p. 147, Stedman, 1989).  Stedman’s paper remains among the most widely cited publications because it was one of the first to characterize gross emitters as a percentage of vehicles responsible for 50% of CO emissions.   

An expansion of Stedman’s 1989 analysis can be found in a 1990 paper by Bishop and Stedman, in which they evaluate the effectiveness of Colorado’s 1988-1989 Oxygenated Fuels Program.  More than 117,000 in-use vehicle exhaust measurements were taken at two locations in the Denver area, 4,900 of which were identified by vehicle make and model through license plate registration information.  In this study, gross emitters were again defined as the proportion of vehicles accounting for half of the CO emissions, which in this case ranged from 7.0% to 10.2% of the vehicles tested, depending on location and measurement period (Bishop and Stedman, 1990).

Concomitantly, Stephens and Cadle used a new General Motors-built RSD prototype to provide additional evidence that a small fraction of vehicles accounted for a majority of the mobile-source CO emissions, thus supporting the findings of Stedman and Bishop.  By matching observed vehicles with state vehicle registration records, Stephens and Cadle hypothesized that older vehicles, with older emission control technology, contributed a disproportionate share of the CO emissions; most new vehicles had less overall impact on observed emissions (Stephens and Cadle, 1991).
  In roadside tests conducted in Denver, Colorado, they found that 50% of the CO emissions were produced by approximately 8% to 9% of the 3,243 passenger cars tested.
  Here, vehicles were classified as a low CO emitter (“a clean car”) or a high CO emitter (“a dirty car”) if emissions concentrations measured less than one percent or greater than five percent, respectively (p. 42, Stephens and Cadle, 1991).
  Only 5.3% of the vehicles were classified as high emitters, but this percentage is simply a function of the cutoffs assigned by the authors.  

In 1990, Lawson et al (1990) evaluated the RSD’s ability to identify vehicles with high CO concentrations in Los Angeles.  The authors were particularly focused on identifying factors that might be associated with high CO-emissions, such as mileage accumulation and vehicle age.  They recorded CO volume percent concentrations for 2,771 vehicles and defined a low-emitting car as emitting 1.3% CO, a high-emitting car as emitting 8.5% CO, and a super-emitting car as emitting 17% CO to correspond with CO/CO2 ratios of 1:12.1, 1:1, and 4.96:1, respectively; yet, there is no indication why these values were chosen by the authors.  The results indicated that 7.8% of the vehicles tested accounted for half of the emissions with observed concentrations of 4.6% CO or higher, but the authors did not establish how this result related to “low,” “high,” or “super” emitters.  

In 1991, Glover and Clemmens began a study that compared RSD observations with dynamometer measurements.  The goal of this study was to determine if a vehicle with high observed RSD concentrations would also produce high IM240 mass emissions, and vice-versa.
,
  They defined a vehicle as a high emitter if its IM240 emissions or RSD test exceeded defined cutpoints (Table 3).  The cutpoints were obtained by adding two standard deviations to the mean of the observed IM240 emissions of the sample, citing the federal MOBILE4 mobile emissions model as justification.  The cutpoints in Table 3 are based on a sample of 135 vehicles.  

Table 3.  High Emitter Cutpoints Computed by Glover and Clemmens (1991)

	Model Year Group
	Pollutant (g/mi)

	
	CO
	HC

	1976 – 1980
	30
	2.0

	1981 – 1982
	20
	1.0

	1983 +
	10
	1.0


Source: Glover and Clemmens, 1991.

Glover and Clemmens provided a cost-effectiveness rationalization for selecting certain gross emitter cutpoints.  Based on their experience, Glover and Clemmens argued that vehicles with emissions above these cutpoints “can usually be repaired to meet the standards quite effectively, while those below the cutpoints can be difficult to repair in a cost-effective manner” (p. 8, Glover and Clemmens, 1991).  In other words, vehicles exceeding these emissions thresholds usually achieved substantial reductions in emissions from repairs, while vehicles with emissions below these thresholds often yielded little emissions reductions from repair.  The notion that gross emitter cutpoints are defined based on the vehicle’s ability to be repaired and meet standards represents an extension from definitions established in previous tests that were based only on emissions levels.  

In 1993, a group of researchers representing General Motors, Ford, and Chrysler and several major gasoline producers (Amoco, Mobil, Exxon, Arco, and Texaco) collaborated on a study for the Society of Automotive Engineers to explore the effects of fuel on exhaust emissions (Knepper et al, 1993).  Specifically, this study focused on the effects of various fuel compositions (i.e. sulfur content, aromatics content, olefins content, RVP, T90, and oxygenate content including MTBE and ethanol) on the emissions of seven “high emitting” vehicles, which were then compared with the emissions of ten “normal emitting” vehicles.
  They defined a high emitting vehicle as having IM240 emissions in excess of 1.1 g/mi for HC and 15.0 g/mi for CO, which was identified as being consistent with earlier work by Leppard et al (1992) (Knepper et al, 1993).  Using this definition, emissions were about 50 times greater in high emitters than in normal emitters (Knepper et al, 1993).
  

In 1993, CARB conducted a study specifically designed to identify the gross emitter population and their emissions characteristics using traffic screening in Southern California.  For the purposes of this study, a “high emitting” vehicle was defined as one with emissions of 60 g/mi in excess of CO, which corresponded to the “very high” and “super” emitting categories for 1981 and newer model year vehicles in CALIFMAC, California’s I/M benefits model (Carlock, 1993).  The 5% cutpoint properly identified vehicles exceeding 60 g/mi of CO approximately 77% of the time after 451 vehicles underwent RSD and dynamometer testing; CARB thus determined that a vehicle exceeding 5% CO in the RSD study would likely exceed the 60 g/mi CO cutpoint for additional I/M testing.  Using these cutpoints, CARB recorded over 250,000 RSD readings with 3.31% of the vehicles (over 7,500) exceeding the 5% cutpoint.  CARB also found that older vehicles (ten years old or more) comprised 66 percent of the high-emitting vehicles.  

In 1994, Slott referred to four recent repair studies to test the effectiveness of I/M programs.  Cumulative emissions benefits from vehicle repairs in each of the four studies were plotted against the cumulative number of vehicles repaired.  Slott discovered that as much as 80% of the HC and CO emissions reductions from I/M programs resulted from the repair of the 40% highest emitting vehicles.  Attempts to repair the 25% lowest emitting vehicles produced almost no benefit (Slott, 1994).  Slott defined a “super emitter” as a vehicle that emits 150 g/mi or more of CO, or 10 g/mi or more of HC.  He also noted that these vehicles are able to generate over two orders of magnitude more pollution than new vehicles.  The 1994 emissions standard was 3.4 g/mi for CO and 0.41 g/mi for HC, both of which are only one order of magnitude less than the gross emitter cutpoints identified. 

Also in 1994, Stephens published a paper using RSD data collected in California in 1991 and identified high emitters as the top 10% worst polluting cars of the fleet.  Based on this definition, he concluded that 10% of the fleet generated approximately 58% of CO emissions and that another 10% of the fleet generated approximately 65% of HC emissions, (Stephens, 1994).  Alternatively, about half of the CO emissions were emitted by only about 7.8% of cars, which is similar to results found by Stedman (1989), and about half of the HC emissions were emitted by about 5.2% of the vehicles.
  Stephens also concluded that CO high emitters were not necessarily HC high emitters.  Only about 36% of the highest CO-emitting cars (10% of the fleet) were also among the highest HC-emitting cars.  

In 1994, Stephens et al. published a Society of Automotive Engineers (SAE) paper using 1992 RSD data from Michigan; they classified “high emitters” as vehicles that exceeded 4% CO and “low emitters” as vehicles that emit less than 2% CO (Stephens et al, 1994).  These cutpoints were used to study the frequency of “flippers,” or vehicles that are sometimes high emitters and sometimes low.  It appears that these cutpoints were selected, in part, because the RSD devices in use at the time had an accuracy of 1%, so it was possible that a 2% difference in CO emissions could be attributed to the sensors alone.  The study concluded that flipper frequency increases with model year (age).
  

In his 1995 study, Lawson used 681 vehicles that failed California’s Smog Check Program to identify the proportion of vehicles responsible for the most emissions.  Citing Knapp (1992) as the source of his definition, Lawson defined high emitters as vehicles emitting 113 g/mi or more of CO and 28 g/mi or more of HC (Lawson, 1995).  

Knapp performed 80 IM240 tests on 1973 to 1990 model year in-use vehicles (Knapp, 1992).  Knapp did not explicitly define “gross” or “high” emitters, however he did present emissions from the ten worst-offending vehicles for each pollutant.  Only one vehicle tested by Knapp produced HC emissions greater than 28 g/mi; this single vehicle accounted for 1.25% of Knapp’s sample size but 6.1% of the total HC emissions (Knapp, 1992).  At the same time, a total of 18 vehicles exhibited CO emissions exceeding 113 g/mi.  These 18 vehicles accounted for approximately 44% of the total CO emissions.  In other words, a review of Knapp’s 1992 data leaves the basis for Lawson’s cutpoints unclear (Lawson, 1995).  

To further explore the relationship between Knapp’s work and Lawson’s findings, we generated histograms (Figures 1 through 3), calculated basic summary statistics, and made comparisons to Lawson’s 1995 cutpoints (Table 4).  
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Figure 1. Histogram of CO Emissions Data in Knapp (1992)

[image: image7.png]El

B3

2 ean = 59962
St Dev. - 619261

> Neg0

2

H

s

g

I

10

150
HC (g/mi)




Figure 2. Histogram of HC Emissions Data in Knapp (1992)
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Figure 3. Histogram of NOx Emissions Data in Knapp (1992)

Table 4. Descriptive Statistics of Emissions Data in Knapp (1992) Compared with Cutpoints Cited in Lawson (1995) 

	Source
	Pollutant (g/mi)

	Calculated from Knapp (1992) Data
	CO 
	HC
	NOx

	
Range
	0.1 - 236.6
	0.0 - 29.2
	0.1 - 13.6

	
Mean
	77.9
	6.0
	2.4

	
Standard Deviation
	54.7
	6.2
	2.5

	
50th Percentile
	107.6
	8.4
	4.3

	
"Dirtiest” 10th Percentile
	191.1
	24.6
	10.4

	Lawson (1995) High Emitter Cutpoints
	113.0
	28.0
	N/A


Calculations from data in Knapp (1992), compared with the cutpoints referenced by Lawson (1995). Sample size in Knapp, N = 80 vehicles.

Lawson found that the dirtiest 10% of the 681 vehicles produced 113.8 g/mi of CO and 16.1 g/mi of HC (compared to 28 g/mi defined in Table 4), on average, before repairs.  Using both FTP and idle emissions tests, Lawson found that the dirtiest 10% accounted for 67% and 55% of the total HC and CO emissions reductions based on the idle test, and 53% and 49% of the total HC and CO emissions based on the FTP test.  Lawson suggested three basic emissions categories: high emitters (about 10 – 15% of the fleet) as responsible for half the tailpipe CO and HC emissions and 60% of idle emissions, marginal emitters (about 20% of the fleet) as those failing I/M but responsible for only about 30% of emissions, and “clean cars” (about 70% of the fleet) as those vehicles producing about 10% of idle emissions.  

In 1997, Stephens et al. combined 1991 RSD data from California with 1992 RSD data from Michigan to conclude that in Michigan, the worst polluting 5% of passenger cars generated 45% of CO emissions, and in California the worst polluting 5% of passenger cars generated 38% of CO emissions (Stephens et al, 1997).  Comparable to the Stephens et al study in 1997 (but unlike the Stephens 1994 study), high emitters were defined as vehicles exceeding 4% CO.  This cutoff was used to show that the fraction of high emitters (5.9% overall), when categorized by model year, was similar in California to the fractions observed in Michigan.  The authors also used this definition of high emitters to conclude that vehicle age corresponded better to the frequency of high emitters than new vehicle emission standards for the corresponding model year (Stephens et al, 1997).  

In 1997, the Coordinating Research Council (CRC) commissioned a five-year study of remote sensing measurements aimed at identifying real-world high exhaust emitters.  The studies indicate that the dirtiest 10% of the sampled vehicle fleets produced 60% to 78% of the total CO, 42% to 79% of the total HC, and 32% to 80% of the total NO in the sampled fleet.  A recent study by Mazzoleni et al was not sponsored by the CRC but presented similar results in Las Vegas using different RSD technology.
  A synthesis of the RSD reports is shown in Table 5.  

Table 5. RSD Study Comparison – The “Dirtiest 10%” of the Sample Fleet

	Source
	Location
	Sample 

Size1
	% of Total Emissions

	
	
	
	CO
	HC
	NO

	Mazzoleni et al, 2004
	Las Vegas
	40,245
	76%
	42%
	80%

	Williams et al, 2003
	Brea (CA)
	20,300
	72%
	65%
	57%

	Pokharel et al, 2002b
	Phoenix
	20,800
	75%
	71%
	53%

	Pokharel et al, 2002c
	Los Angeles
	19,800
	64%
	66%
	52%

	Pokharel et al, 2002a
	Denver
	26,100
	73%
	77%
	51%

	Pokharel et al, 2001b
	Phoenix
	18,500
	78%
	79%
	49%

	Pokharel et al, 2001d
	Chicago
	21,100
	69%
	48%
	55%

	Pokharel et al, 2001a
	Denver
	23,000
	65%
	55%
	48%

	Pokharel et al, 2001c
	Los Angeles
	23,200
	73%
	78%
	51%

	Pokharel et al, 2000
	Chicago
	23,000
	63%
	47%
	51%

	Bishop et al, 2000
	Los Angeles
	18,800
	70%
	53%
	51%

	Popp et al, 2000
	Denver
	26,100
	66%
	64%
	45%

	Popp et al, 1999
	Chicago
	22,900
	60%
	58%
	47%

	Bishop et al, 1999
	Phoenix
	11,900
	71%
	66%
	56%

	McClintock, 1999
	Denver
	52,500
	63%
	47%
	32%

	Popp et al, 1998
	Chicago
	17,500 
	60%
	44%
	47%


1. Note: The sample sizes are not exact, because they were slightly different for the determination of the different pollutants. 

One CRC study specifically focused on high-emitter identification criteria.  McClintock’s comparison of emissions results when different high-emitter cutpoints were used, is somewhat similar to Stephens’ 1994 study.  Using RSD and IM240 test data from 1997 and 1998, McClintock developed two high-emitter identification criteria, one for a single-RSD measurement (Table 6), and one for an averaged pair of RSD measurements (Table 7).  He then computed the excess IM240 emissions above the permitted I/M test emissions, and concluded that defining results using two RSD readings versus one did not significantly affect the findings.  In general, the excess emissions increase as cutpoints get more stringent. 

Table 6. Single RSD Measurement High Emitter Identification

	Cutpoint
	Excess HC (%)
	Excess CO (%)

	CO > 4.0%

CO > 3.5%

CO > 3.0%

CO > 2.5%

CO > 2.0%
	12.5%

15.8%

19.0%

22.4%

26.3%
	25.2%

28.6%

33.2%

40.4%

43.8%

	HC > 2000 ppm

HC > 1000 ppm

HC > 750 ppm 

HC > 500 ppm

HC > 400 ppm

HC > 300 ppm

HC > 250 ppm

HC > 200 ppm
	4.7%

4.9%

5.5%

10.4%

15.9%

26.6%

37.2%

46.9%
	0.2%

0.2%

0.4%

5.9%

11.9%

27.2%

38.7%

44.9%

	CO > 3.0% and HC > 250 ppm

CO > 2.0% and HC > 200 ppm
	15.0%

21.7%
	24.4%

31.4%

	CO > 3.0% or HC > 250 ppm
	41.2%
	47.6%


Source: McClintock, 1999.

Table 7. Two RSD Measurement High Emitter Identification

	Cutpoint
	Excess HC (%)
	Excess CO (%)

	CO > 4.0%

CO > 2.4%
	7.9%

16.0%
	14.9%

32.9%

	HC > 500 ppm

HC > 300 ppm

HC > 200 ppm
	3.0%

21.2%

37.1%
	0.0%

9.3%

20.3%

	CO > 3.0% or HC > 250 ppm
	37.8%
	35.3%


Source: McClintock, 1999.

McClintock also found that the worst-polluting 10% of vehicles for each pollutant emitted 63% of total CO, 47% of total HC, and 32% of total NO emissions.  Emission levels for the dirtiest 10% were six times higher for HC and CO than the fleet average of 3.5% CO and 446 ppm HC, respectively.  The 10% of vehicles with the highest NO levels had values three times higher than average.  

Summary of past studies

Table 8 clearly shows that various emission cutpoints and criteria have been used to identify high emitters.  Many definitions stem from the use of cumulative frequency distributions that typically identify the proportion of vehicles (~ 10%) responsible for the majority of emissions (~ 50%).  Studies that explicitly define cutpoints seem to be motivated by the existing federal new vehicle certification standards.  Other cutpoints appear to have been chosen qualitatively.  

Table 8.  Chronological Summary of Gross Emitter Cutpoints in Literature

	Study (Date)
	Study

Type
	Major Finding
	Cutpoint or Threshold
	Cutpoint/Threshold

Criteria

	Wayne & Horie, 1983
	I/M 

(Idle)
	47% of the CO emissions produced by 12% of sample, “outliers” contribute disproportionately to emissions. 
	N/A
	N/A

	Haskew et al, 1987
	I/M 

(240)
	Vehicles produced with closed-loop engines and emission controls yield significant emissions reductions, but “outliers” can distort emission trends.  
	HC > 4.1 g/mi, 

CO > 70 & 34 g/mi 
NOx > 10 g/mi
	Ten times federal emissions standard.

	Haskew & Gumbleton, 1988
	
	
	Varies by model year.
	Six times the standard deviation of sample mean emissions.

	Stedman, 1989
	RSD
	“50% of emissions come from 10% of vehicles.”
	N/A
	N/A

	Bishop & Stedman, 1990
	RSD
	50% of emissions come from 7% to 10% of vehicles
	N/A
	N/A

	Lawson et al, 1990
	RSD & 

I/M 

(TSI)
	RSD can be used to identify CO high emitters; RSD emissions were greater than last Smog Check.
	“low” = 1.3% CO,

“high” = 8.5% CO, “super” = 17.0% CO
	N/A

	Stephens and Cadle (1991)
	RSD
	50% CO emissions come from 8% to 9% of vehicles. 
	N/A
	N/A

	Glover and Clemmens (1991)
	RSD & I/M240
	RSD results poorly correlated with IM240 results.
	HC: 10 – 30 g/mi, CO: 1.0 – 2.0 g/mi
	N/A

	Knepper et al, 1993
	I/M240
	High emitting vehicles may be the source of a significant portion of automobile exhaust. 
	HC > 1.1 g/mi, 

CO > 15 g/mi
	N/A

	Carlock, 1993
	RSD
	3.3% of vehicles exceed 60 g/mi CO.
	CO > 60 g/mi
	“Very high” and “super” CALIFMAC emission regimes. 


Table 8.  Chronological Summary of Gross Emitter Cutpoints in Literature (continued)

	Study (Date)
	Study

Type
	Major Finding
	Cutpoint or Threshold
	Cutpoint/Threshold

Criteria

	Slott, 1994
	I/M240
	80% of HC and CO emissions reductions from I/M programs would come from the 40% highest emitting vehicles.  The 25% lowest emitting vehicles would yield almost no benefit. 
	“super emitters” = 
HC > 10 g/mi, 

CO > 150 g/mi
	N/A

	Stephens, 1994
	RSD
	58% of CO come from 10% of vehicles.  

65% of HC come from 10% of vehicles.  
	N/A
	N/A

	Stephens et al, 1994
	RSD, I/M240
	“Flipper” frequency increases with model year (age). 
	“high emitters” = 

> 4% CO , “low emitters” < 2% CO
	2% difference between “high” and “low” to account for sensor error.

	Beaton et al, 1995
	RSD
	Gross Polluters:

50% of CO emissions come from 7% of vehicles.

50% of HC emissions come from 10% of vehicles.

Both CO and HC gross polluters in 5% of vehicles.
	N/A
	N/A

	Lawson, 1995
	I/M240
	61% of HC and 41% of CO emissions benefits come from 10% of failing Smog Check vehicles.  
	“High emitters”:

HC > 28 g/mi, 

CO > 113 g/mi
	N/A

	Stephens et al, 1997
	RSD & I/M240
	The distribution of high emitters when categorized by model year was similar in California and Michigan.  50% of CO emissions come from 7.8% of vehicles in Michigan.; 45% of CO emissions come from 5% of vehicles in California. 
	“high emitters” 

CO > 4% CO
	N/A

	McClintock, 1999
	RSD & I/M240
	63% of CO, 47% of HC, and 32% of NO emissions come from 10% of vehicles. RSD measurements correlated well with IM240 measurements.
	Varies.
	N/A


Exploratory analysis of gross polluter impacts on mobile-Source Inventories

Continually improving the identification rates of gross polluting vehicles can help state and regional governments meet conformity requirements.  To demonstrate the potential impacts of the sustained reduction of gross polluting vehicles by the California air district, we identified the percentage of gross polluting vehicles in each air district by matching station identification numbers from one month of I/M test data in October 2002 with zip codes (Table 9).  

The data used in this analysis come from one month of California state I/M testing data collected in October of 2002 by the Bureau of Automotive Repair (BAR).  The data set contains 816,326 valid test observations, each of which has one of two pairs of emissions (tailpipe) tests used to measure exhaust emissions (BAR, 2003).  When vehicles are brought in for testing, either a pair of “loaded”—acceleration simulation mode (ASM)—tests or a pair of “unloaded”—two-speed idle (TSI)—tests are conducted on each vehicle.  In the loaded ASM tests, vehicles are placed on a dynamometer and run first at 50% of the maximum engine load encountered on the federal test procedure (FTP) at 15 mph (known as an “ASM5015” test), and then at 25% of the maximum engine load encountered on the FTP at 25 mph (known as an “ASM2525” test).  If a vehicle cannot be tested on a dynamometer, a pair of two speed idle (TSI) tests is performed.  In the TSI tests, emissions are measured while the vehicle is at 2500 rpm (known as a “TSI2500” test) and at idle usually between 400 and 1250 rpm (known as a TSI Idle test).  While all of these tests are conducted, the engine load (in rpm) is simultaneously recorded with emissions measurements.  

The gross polluter identification rates in Table 9 vary, in part, because of different I/M testing requirements.  In the State of California, a gross polluting vehicle is defined by the Bureau of Automobile Repair (BAR) emitting at least two times the level allowed for the particular make and model of the vehicle (BAR, 1998).  Moreover, California is divided into three test-related categories: Enhanced, Basic and Change of Ownership, all of which have different testing requirements (BAR, 2003).  Enhanced areas do not meet federal or state air quality standards for ozone, and biennial Smog Checks are required with vehicles undergoing ASM testing on dynamometers.  In Basic areas, which are typically less populated areas, vehicles are permitted to undergo TSI tests if they cannot be tested on a dynamometer.  In the more rural Change of Ownership areas, the state requires emissions testing only when a vehicle changes ownership or is registered for the first time in California--TSI testing is permitted.  As a result of these different testing requirements, some air districts in Table 9 will have only ASM test results, some will have only TSI test results, and some areas will have both TSI and ASM testing.  Importantly, some ASM tests, which are typically performed in Enhanced Areas, were occasionally conducted in non-enhanced areas (Table 9).  Detailed analysis of these 435 (0.7%) ASM tests revealed that the tests were performed at only 19 (<0.1%) of the test stations.
 

Table 9.  Gross Polluters by Test Type and Air Management District 

	Air District
	Non-Gross Polluters

[Gross Polluters]
	Total

	
	ASM
	TSI
	

	Amador County APCD 1
	- (0%)

[- (0%)]
	8 (100.0%)

[- (0%)]
	8 (0.0%)

	Antelope Valley AQMD 3
	4,883 (80.6%)

[271 (4.5%)]
	856 (14.1%)

[49 (0.8%)]
	6,059 

(0.7%)

	Bay Area AQMD 4
	3,470(12.8%)

[129 (0.5%)]
	23,027 (84.8%)

[537 (2.0%)]
	27,163 

(3.3%)

	Butte County AQMD 2*
	4 (0.3%)

[- (0%)]
	1,358 (97.4%)

[32 (2.3%)]
	1,394 

(0.2%)

	Calaveras County APCD 3
	-
	-
	- (0%)

	Colusa County APCD 2
	-
	-
	- (0%)

	El Dorado County APCD 4*
	4 (0.4%)

[- (0%)]
	946 (98.3%)

[12 (1.2%)]
	962 

(0.1%)

	Feather River AQMD 2
	- (0%)

[- (0%)]
	886 (96.5%)

[32 (3.5%)]
	918 

(0.1%)

	Glenn County APCD 2
	-
	-
	- (0%)

	Great Basin Unified APCD 1
	-
	-
	- (0%)

	Imperial County APCD 1
	- (0%)

[- (0%)]
	192 (97.0%)

[6 (3.0%)]
	198 

(0.0%)

	Kern County APCD 2*
	14 (4.6%)

[- (0%)]
	280 (91.5%)

[12 (3.9%)]
	306 

(0.0%)

	Lake County AQMD 1
	-
	-
	- (0%)

	Lassen County APCD 1
	- (0%)

[- (0%)]
	113 (96.6%)

[4 (3.4%)]
	117 

(0.0%)

	Mariposa County APCD 1
	- (0%)

[- (0%)]
	70 (100%)

[- (0%)]
	70 

(0.0%)

	Mendocino County AQMD 1
	- (0%)

[- (0%)]
	59 (100%)

[- (0%)]
	59 

(0.0%)

	Modoc County APCD 1
	- (0%)

[- (0%)]
	- (0%)

[- (0%)]
	- (0%)

	Mojave Desert AQMD 4
	852 (23.4%)

[15 (0.4%)]
	2,628 (72.3%)

[139 (3.8%)]
	3,634 

(0.4%)

	Monterey Bay Unified APCD 2*
	47 (1.7%)

[1 (0.0%)]
	2,615 (96.1%)

[57 (2.1%)]
	2,720 

(0.3%)

	North Coast Unified AQMD 1
	9 (4.1%)

[- (0%)]
	184 (84.8%)

[24 (11.1%)]
	217 

(0.0%)

	Northern Sonoma County APCD 1
	- (0%)

[- (0%)]
	275 (96.2%)

[11 (3.8%)]
	286 

(0.0%)

	Northern Sierra AQMD 1
	- (0%)

[- (0%)]
	- (0%)

[- (0%)]
	- (0%)

	Placer County APCD 4
	6,695 (68.9%)

[196 (2.0%)]
	2,744 (28.2%)

[83 (0.9%)]
	9,718 

(1.2%)

	Sacramento Metropolitan AQMD 4
	38,937 (81.3%)

[1,689 (3.5%)]
	7,033 (14.7%)

[229 (0.5%)]
	47,888 

(5.8%)

	San Diego County APCD 4
	86,509 (86.2%)

[3,854 (3.8%)]
	9,743 (9.7%)

[284 (0.3%)]
	100,390 

(12.2%)

	San Joaquin Valley Unified APCD 4
	87,454 (80.4%)

[4,963 (4.6%)]
	15,700 (14.4%)

[645 (0.6%)]
	108,762 

(13.2%)

	San Luis Obispo County APCD 2*
	111 (9.3%)

[3 (0.3%)]
	1,052 (88.3%)

[26 (2.2%)]
	1,192 

(0.1%)

	Santa Barbara County APCD 2*
	134 (40.7%)

[5 (1.5%)]
	187 (56.8%)

[3 (0.9%)]
	329 

(0.0%)

	Shasta County AQMD 2*
	105 (3.2%)

[2 (0.1%)]
	3,032 (92.3%)

[147 (4.5%)]
	3,286 

(0.4%)

	Siskiyou County APCD 1
	- (0%)

[- (0%)]
	- (0%)

[- (0%)]
	- (0%)

	South Coast AQMD 4
	410,414 (85.8%)

[21,419 (4.5%)]
	45,280 (9.5%)

[1,478 (0.3%)]
	478,591 

(58.0%)

	Tehama County APCD 2
	- (0%)

[- (0%)]
	514 (96.1%)

[21 (0.3%)]
	535 

(0.1%)

	Tuolumne County APCD 1
	- (0%)

[- (0%)]
	- (0%)

[- (0%)]
	- (0%)

	Ventura County APCD 4
	22,204 (86.6%)

[953 (3.7%)]
	2,390 (9.3%)

[87 (0.3%)]
	25,634 

(3.1%)

	Yolo/Solano AQMD 4
	3,626 (68.9%)

[117 (2.2%)]
	1,462 (27.8%)

[55 (1.0%)]
	5,260 

(0.6%)

	TOTAL
	665,472 (80.6%)

[33,617 (4.1%)]
	122,634 (14.9%)

[3,973 (0.5%)]
	825,696 (100%)


Notes: N = 372 missing cases.  1 = Change of Ownership Area, 2 = Basic Area, 3 = Enhanced Area, 4 = Mixed Areas. * - Denotes ASM tests in a non-Enhanced Area.  A gross polluter is defined as a vehicle that emits at least two times the emissions level allowed.  
We explored the impacts of reducing gross polluters by approximating the effects on air district emission inventories using California’s BURDEN model.  BURDEN is a module within CARB’s EMFAC2002 mobile emissions model used to calculate the emissions inventory (tons/day) for a specified county or air basin in the state (CARB, 2003).  While there are a number of user-defined inputs available in BURDEN, the program does not allow the user to specify the gross polluter identification rate to specify the impacts of changing numbers of gross polluters for a particular county or air district.  As a result, to directly estimate the impacts of the numbers of gross polluting vehicles using BURDEN is difficult.  However, BURDEN output can be assembled such that we can estimate the impacts on emissions within each air district due to exhaust gross polluters.
  

Using the I/M data, we calculated the percent change in emissions attributable to gross polluters for each pollutant (HC, CO, or NOx) and each emissions test (ASM5015, ASM2525, TSI2500, and TSI-Idle), by each air district.  Within each air district, we calculated the change in total emissions (E) produced by taking the difference between a modified fleet (TEmod) that has no gross polluters and the existing sample fleet (TEexist), which included gross polluters.  The total emissions of the modified fleet (TEmod) were calculated by taking the existing sample fleet (TEexist), subtracting out the gross polluter emissions (EGP), and replacing those emissions with average non-gross polluter emissions ([image: image9.wmf]E

NGP) for all gross polluters (NGP) in the district.  This process was completed controlling for pollutant (HC, CO, or NOx), emissions test (ASM5015, ASM2525, TSI2500, and TSI-Idle), and air district: 

E = (TEmod - TEexist), 

and

TEmod = TEexist - EGP + (NGP × [image: image10.wmf]E

NGP).

The percent change in total emissions for each air district was calculated by dividing the change in total emissions (E) by the total emissions from the sample fleet (TEexist), which was then subtracted from 100% for all districts:

% Change = 100% - (E/ TEexist)

Finally, test results for each pollutant within each air district were averaged among similar emissions tests. For example, the change in HC emissions was calculated as the average change between both ASM5015 and ASM2525 emissions tests:  

% Change HCASM = (%Change HC ASM5015 + %Change HC ASM2525) ÷2

The results indicate that as much as 68% of the total I/M vehicle emissions in any particular air district could be eliminated if gross polluting vehicles were replaced with non-gross polluting vehicles (Table 10).  The results, however, should be interpreted with caution, because some air districts had no gross polluting vehicles in the October I/M sample (Calaveras, Colusa, Glenn, Great Basin, Mendocino, Northern Sonoma, Siskiyou, and Tuolumne).  We doubt that these counties have zero gross polluting vehicles and another month’s sample would likely contain some observations.  Other air districts in the I/M data contained very few gross polluting vehicles, such as Imperial (6), Lassen (4), North Sierra (11), and Santa Barbara (3).  For these reasons, these study results are exploratory and have been couched to represent conservative estimates as much as possible.  

The emissions reductions observed in the I/M data were then applied proportionally to the inventory of running exhaust emissions in BURDEN for each district (Table 11).  BURDEN produces emissions inventories for each air district, classified by pollutant, process (e.g. exhaust or evaporative), and vehicle class (e.g. gasoline light duty auto, gasoline light duty truck, etc.).  We approximated the impact of gross polluters by assuming that observed emission differences between gross polluters and non-gross polluters in the I/M data was representative of the inventory of running exhaust emissions for gasoline vehicles in BURDEN.  For air districts with both ASM and TSI test results, we applied the lower, more conservative emissions reduction estimate.  Because I/M tests should represent a random sample of vehicles for any given month within each air district, we assumed that this observed difference would be proportional to the estimated running exhaust emissions attributable to those same vehicles within each air district as represented in BURDEN.
  One advantage of this assumption is that we use actual vehicle emissions data and modify only the exhaust emissions inventory using a representative sample of vehicles from each air district.  This approach may be limited, however, in that the relationship between emissions observed from the I/M test cycle and running exhaust emissions in BURDEN is possibly more complicated than we have posited, and consequently, this work should be considered exploratory.  

Table 10.  Emissions Reductions, Based on I/M GP Emissions Replacement 

	Air District
	ASM
	TSI

	
	HC
	CO
	NO
	HC
	CO

	Amador County APCD
	Not Applicable
	0%
	0%

	Antelope Valley AQMD
	26%
	49%
	12%
	33%
	37%

	Bay Area AQMD
	15%
	38%
	13%
	25%
	35%

	Butte County AQMD
	Not Applicable
	20%
	25%

	Calaveras County APCD
	Not Applicable
	-
	-

	Colusa County APCD
	Not Applicable
	-
	-

	El Dorado County APCD
	Not Applicable
	7%
	12%

	Feather River AQMD
	Not Applicable
	30%
	27%

	Glenn County APCD
	Not Applicable
	-
	-

	Great Basin Unified APCD
	Not Applicable
	-
	-

	Imperial County APCD
	Not Applicable
	32%
	43%

	Kern County APCD
	Not Applicable
	36%
	56%

	Lake County AQMD 
	Not Applicable
	-
	-

	Lassen County APCD
	Not Applicable
	15%
	38%

	Mariposa County APCD
	Not Applicable
	0%
	0%

	Mendocino County AQMD
	Not Applicable
	-
	-

	Modoc County APCD
	Not Applicable
	0%
	0%

	Mojave Desert AQMD
	9%
	26%
	9%
	36%
	37%

	Monterey Bay Unified APCD
	Not Applicable
	20%
	33%

	North Coast Unified AQMD
	Not Applicable
	68%
	58%

	Northern Sonoma County APCD
	Not Applicable
	29%
	49%

	Northern Sierra AQMD
	Not Applicable
	-
	-

	Placer County APCD
	14%
	32%
	10%
	42%
	38%

	Sacramento Metropolitan AQMD
	17%
	37%
	11%
	37%
	33%

	San Diego County APCD
	17%
	40%
	13%
	33%
	29%

	San Joaquin Valley Unified APCD
	21%
	43%
	13%
	36%
	31%

	San Luis Obispo County APCD
	Not Applicable
	19%
	30%

	Santa Barbara County APCD
	Not Applicable
	16%
	38%

	Shasta County AQMD
	Not Applicable
	37%
	44%

	Siskiyou County APCD
	Not Applicable
	-
	-

	South Coast AQMD
	19%
	42%
	13%
	34%
	30%

	Tehama County APCD
	Not Applicable
	33%
	36%

	Tuolumne County APCD
	Not Applicable
	-
	-

	Ventura County APCD
	16%
	37%
	12%
	33%
	30%

	Yolo/Solano AQMD
	10%
	34%
	9%
	33%
	33%


Notes: “Not applicable” emission tests were not performed in that air district at the time the data were collected (October 2002).  The symbol (-) indicates that there were no vehicles identified in the I/M sample test dataset from that air district.  A zero percentage (0%) indicates that there were no gross polluters in the sample from that air district as verified in Table 9. 

Table 11.  Running Exhaust Emissions With and Without Gross Polluting Vehicles 

	Air District
	Emissions With Gross Polluting Vehicles [tons/day]
	Emissions Without Gross Polluting Vehicles [tons/day]

	
	HC
	CO
	NO
	HC
	CO
	NO

	Amador County APCD
	0.57
	11.29
	1.53
	0.57
	11.29
	1.53

	Antelope Valley AQMD
	2.14
	46.81
	6.33
	1.58
	29.49
	3.99

	Bay Area AQMD
	53.38
	1,022.57
	142.83
	45.37
	664.67
	92.84

	Butte County AQMD
	2.06
	40.98
	5.03
	1.65
	30.74
	3.77

	Calaveras County APCD
	0.7
	13.11
	1.66
	0.70
	13.11
	1.66

	Colusa County APCD
	0.19
	4.36
	0.55
	0.19
	4.36
	0.55

	El Dorado County APCD
	1.14
	25.81
	3.43
	1.06
	22.71
	3.02

	Feather River AQMD
	1.41
	27.89
	3.43
	0.99
	20.36
	2.50

	Glenn County APCD
	0.33
	6.61
	0.76
	0.33
	6.61
	0.76

	Great Basin Unified APCD
	0.55
	10.2
	1.51
	0.55
	10.20
	1.51

	Imperial County APCD
	2.57
	47.65
	5.44
	1.75
	27.16
	3.10

	Kern County APCD
	1.79
	36.88
	5.1
	1.15
	16.23
	2.24

	Lake County AQMD 
	1.01
	18.94
	2.4
	1.01
	18.94
	2.40

	Lassen County APCD
	0.49
	8.87
	1.22
	0.42
	5.50
	0.76

	Mariposa County APCD
	0.33
	6.01
	0.71
	0.33
	6.01
	0.71

	Mendocino County AQMD
	1.29
	24.21
	3.28
	1.29
	24.21
	3.28

	Modoc County APCD
	0.24
	3.94
	0.46
	0.24
	3.94
	0.46

	Mojave Desert AQMD
	4.9
	100.36
	13.45
	4.46
	74.27
	8.47

	Monterey Bay Unified APCD
	7.45
	137.99
	19.64
	7.30
	140.75
	13.16

	North Coast Unified AQMD
	2.36
	43.07
	6.07
	0.76
	18.09
	2.55

	Northern Sonoma County APCD
	1.34
	26.86
	3.83
	0.95
	13.70
	1.95

	Northern Sierra AQMD
	1.27
	23.88
	3.38
	1.27
	23.88
	3.38

	Placer County APCD
	2.18
	48.15
	6.71
	1.87
	32.74
	4.16

	Sacramento Metropolitan AQMD
	8.09
	175.43
	23.64
	6.71
	117.54
	15.84

	San Diego County APCD
	23.84
	469.01
	61.72
	19.79
	333.00
	43.82

	San Joaquin Valley Unified APCD
	27.86
	596.8
	77.1
	22.01
	411.79
	53.20

	San Luis Obispo County APCD
	2.08
	42.94
	5.99
	2.06
	43.80
	4.19

	Santa Barbara County APCD
	4.24
	75.91
	10.58
	3.73
	51.62
	6.56

	Shasta County AQMD
	1.78
	35.66
	4.54
	1.80
	36.37
	2.54

	Siskiyou County APCD
	0.97
	16.98
	2.13
	0.97
	16.98
	2.13

	South Coast AQMD
	100.37
	2,071.4
	272.49
	81.30
	1,449.98
	190.74

	Tehama County APCD
	0.56
	11.1
	1.33
	0.38
	7.10
	0.85

	Tuolumne County APCD
	0.86
	15.72
	1.97
	0.86
	15.72
	1.97

	Ventura County APCD
	3.64
	82.04
	11.91
	3.06
	57.43
	8.34

	Yolo/Solano AQMD
	1.79
	39.52
	5.68
	1.61
	26.48
	3.81

	TOTAL 

(% Reduction)
	266
	5,369
	718
	220

(17%)
	3,787

(29%)
	493

(31%)


Using this methodology, the emissions from each gross polluting vehicle were replaced by the average non-gross polluter emissions within that air district, regardless of the technology group to which the gross polluting vehicles belonged.  Exploratory analysis of the six largest air districts indicates that total emissions by pollutant, emissions test, technology group, and air district yield results (Table 12) similar to those when technology group is not controlled (Table 9).  Based on the results in Table 12, we can characterize that the largest gains in emissions benefits occur in the Sacramento, South Coast, and San Joaquin districts, which are all non-attainment areas. 

Table 12.  Emissions Reductions Based on I/M Gross Polluter Emissions Replacement (Controlling for Technology Group)

	Air District
	Sample Size
	ASM
	TSI

	
	
	HC
	CO
	NO
	HC
	CO

	Bay Area
	27,163 (3.3%)
	15%
	33%
	7%
	29%
	24%

	Sacramento 
	47,888 (5.8%)
	22%
	35%
	12%
	37%
	28%

	San Diego
	100,390 (12.2%)
	19%
	32%
	7%
	29%
	33%

	San Joaquin
	108,762 (13.2%)
	22%
	34%
	7%
	29%
	35%

	South Coast 
	478,591 (58.0%)
	22%
	35%
	11%
	32%
	30%

	Ventura
	25,634 (3.1%)
	14%
	27%
	8%
	29%
	30%


Discussion and Implications

The literature has clearly established that a large fraction of LDV emissions originates from gross polluting vehicles (NRC, 2001).  Further, existing California SIPs rely on I/M programs to reduce LDV emissions.  A number of SIPS need to be developed in the next several years and will almost assuredly rely on I/M (IMRC, 2004).  Because of the importance of I/M for meeting SIP goals, the sustained ability of California’s metropolitan areas to demonstrate conformity hinges on successful I/M implementation; I/M program effectiveness is a direct function of the I/M program’s ability to identify and repair or retire high- or gross-emitting vehicles.  Issues that are important for future studies include: 

· Defining gross-emitters as a function of model year and certification standards.  Are there important emerging trends among recent-technology vehicles that suggest our understanding of gross-emitters needs to change?  Are there important emerging trends related to older-technology vehicles that suggest a new understanding of gross-emitters?  How does EMFAC currently address these issues, and what modifications might be necessary when EMFAC is updated in 2005?  

· Defining gross-emitters as a function of the cost-effectiveness of repairs.  Is there substantial overlap between the vehicles that may be cost-effectively repaired and gross-polluters as a function of model year and technology type?

· Defining gross-emitters as a function of mileage driven.  Are there readily identifiable mileage thresholds that can be used to help identify gross-polluting vehicles, either independent of, or linked to, model year and technology type?

· Defining gross-emitters to minimize false failures during I/M testing.  Is there a statistically clear threshold for I/M pass/fail cutpoints that will help reduce the false failure rate among vehicles participating in I/M?  What overlap is there between the vehicles that might be identified using this definition of gross-polluter, and other definitions used to identify gross-polluters?

From this literature review, we can see that the definition of “gross emitter” has varied over time and between studies because many aspects of gross emitters are highly variable and difficult to characterize.  For example, there is a high degree of variability among gross emitters in terms of the type and quantity of pollutants emitted (NRC, 2000).  Researchers have widely accepted that a different fraction of the vehicle fleet may be responsible for gross emissions of different pollutants.  In other words, while a small fraction of the vehicles are responsible for the majority of the pollution, a different fraction may be gross emitters for HC, CO, NOx, particulates, and others.  Additionally, the quantity of pollutants that each gross emitter produces is highly variable.  
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� OBD-II is second-generation on-board diagnostic equipment, required in all 1996 and later model year vehicles.  


� The federal certification standard for 1981 to 1986 model year vehicles was 1.4 g/mi for HC and 1.0 g/mi for NOx.  The standard for CO was 7.0 for 1981 and 1982 model year vehicles and changed to 3.4 g/mi for 1983 to 1986 model year vehicles. 


� Weighted averages were computed for the 1988 cutpoints, based on data provided in Haskew & Gumbelton (p. 17, 1988), which were compared to 1987 cutpoints.  


� These results were also documented in Stedman and Bishop, 1990.


� These results were first documented in Stephens and Cadle, 1990. 


� On page 42 of their paper, Stephens and Cadle cite 8.1% of all cars as accounting for 50% of the CO emissions, but on page 46 they cited a value of 8.9%.  


� The high and low emitter classifications were used to study if the remnants from an exhaust plume from a high or low emitting vehicle correlate with vehicle emissions measurements, because many measurements were frequently made when vehicle headways were less than two seconds. 


� The authors imply that IM240 emissions were used for testing because the IM240 test does not include cold start operations.  As a result, it was assumed that the RSD measurements and IM test measurements were made on “warmed up” vehicles (p. 8, Glover and Clemmens, 1991).  


� This study was also among the first to attempt to incorporate HC into RSD test results, but the authors noted that: “the rate of invalid RSD HC readings was unacceptably high (56%), the HC RSD technology at the time needed improvement, and the HC results should be viewed with caution” (p. 7, Glover and Clemmens, 1991). 


� RVP is Reid Vapor Pressure; T90 is the 90 percent distillation temperature; MTBE is methyl tertiary-butyl ether, a fuel additive used in the U.S. to help gasoline burn more completely.  


� A review of a study by Leppard et al (1992) indicated that high emitting vehicles were not specifically discussed nor were cutpoints defined. Instead, it appears that these cutpoints were based on a sample of three vehicles tested using “industry average” gasoline (Leppard et al, 1992), with one vehicle supplied by each of the major U.S. automobile manufacturers.  Two fuel types were studied: the industry average and an oxygenated composite fuel.  The cutpoints from Knepper et al (1993) have been cited by others such as Bishop et al (1996).


� In the same paper, high emitters were defined as vehicles that emit at least 1% CO, 2% CO, etc., up to 5% CO (p. 1289, Stephens, 1994).  The definition of high emitter was changed to compare the distribution of high emitters as a function of model year for each cutpoint.  They concluded that the frequency of high-emitting vehicles increases with vehicle age for all high-emitter cutpoints.


� In this study, vehicles were also given IM240 emissions tests to determine how well the results corresponded with remote sensing tests.  The correlation (R2) for CO improved from 0.34 to 0.77 as the number of remote sensors increased from one to four, respectively, and the correlations were different for CO (R2 from 0.34 to 0.69) than they were for HC (R2 from 0.39 to 0.54) for one to three sensors.  


� Schifter et al (2003) also did similar work in Mexico City, finding that the “dirtiest” 10% of vehicles accounted for 45%, 25%, and 29% of the CO, HC, and NO emissions, respectively.  These results were excluded from � REF _Ref44879100 \h ��Table 5�, because of the lower emission standards that exist in Mexico.  


� The 19 test stations included: Butte (one station, four tests), El Dorado (one station, four tests), Kern County (two stations, 14 tests), Monterey (seven stations, 47 tests), North Coast (one station, nine tests), San Luis Obispo (two stations, 114 tests), Santa Barbara (two stations, 139 tests), and Shasta (four stations, 105 tests)).  The high number of ASM tests in Santa Barbara, San Luis Obispo, and Shasta, can be traced to two stations located in the City of Santa Barbara, two stations located in the City of San Luis Obispo, and two stations located in the City of Redding.  It is possible that these ASM tests were administered at stations located in Non-Enhanced Areas, but they were not considered to be representative of I/M tests in that air district and were excluded from the exploratory analysis that follows. 


� Chapter Five Section 44011 of the California Health and Safety Code specifies that all gasoline powered passenger vehicles, trucks (light, medium and heavy) and motorhomes that are 30 years old or less are subject to Smog Check requirements, excluding vehicles less than four years old. 


� We did not consider the effects of evaporative gross polluting vehicles. 
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