V.
SIP ANALYSIS

A.
SIP Commitment:  Emission Reductions Claimed 

As described in Chapter I, California’s SIP relies on emission reductions attributed to the Enhanced I/M program to demonstrate attainment in six nonattainment areas. The emission reductions associated with the Enhanced Smog Check program in the SIP are shown in Table V-1.  The reader should note that in this report, we use HC and reactive organic gases (ROG) interchangeably.  The emission reductions shown represent the additional benefit attributed to the Enhanced I/M program, beyond those benefits already claimed for the Basic I/M program.  As Table V-1 shows, the emission benefits attributed to Enhanced I/M in the SIP are highest in 1999.  Emission benefits attributed to Enhanced I/M are lower but still sizeable in subsequent years.  Because the Enhanced I/M commitment is largest in 1999, some of the tables in this chapter provide data for 1999 rather than for all years.

In 1999, the South Coast Air Quality Management District prepared a revised 1999 SIP for the federal ozone standard based on the EMFAC7G vehicle emissions model.  On April 10, U.S. EPA published approval of the revised 1999 SIP.  The emission reductions claimed for the South Coast in the 1999 SIP are shown in Table V‑1.

B.
SIP Commitment: Emission Reductions Achieved
We used roadside data and our current understanding of the emission impacts of the Enhanced I/M program to determine what portion of the reductions claimed in the SIP have been and will be achieved.  As mentioned in Chapter I, it is necessary to determine SIP credit in terms of “SIP currency.”  Since preparation of the SIP, we have learned that the EMFAC models that underlie the SIP underestimate motor vehicle emissions.  Thus, to reduce motor vehicle emissions by 1 ton per day in SIP currency, it is necessary to reduce motor vehicle emissions by more than 1 real-world ton per day.  

Therefore, the actual tons of pollution reduced calculated from the roadside test results cannot be compared to the tons of emission reductions cited in the SIP.

1.
Effectiveness in Reducing Emissions 

We had two main sources of information available to evaluate the effectiveness of the Enhanced I/M program in reducing exhaust and evaporative emissions:  (1) the results of roadside testing conducted in late 1998 and 1999 (which are described in Chapter III), and (2) ARB’s EMFAC2000 model (which is described in Chapter IV).  

Because roadside data is valid only for the years in which it was gathered, we used the draft EMFAC2000 model to estimate the effectiveness of the Enhanced I/M program in reducing both evaporative and exhaust emissions in future years.

Table V-1

 Emission Reductions (tons per day) from Enhanced I/M in the Approved Ozone SIP

by Nonattainment Area for Each Milestone Year

(EMFAC7F for all areas except South Coast; EMFAC7G for South Coast)
Nonattainment Area
1999
2002
2005
2008
2010


HC  
NOx
HC+

NOx
HC  
NOx
HC+

NOx
HC  
NOx
HC+

NOx
HC  
NOx
HC+

NOx
HC  
NOx
HC+

NOx

San Diego

  9.3
  7.3
16.6
--
--
--
--
--
--
--
--
--
--
--
--

San Joaquin Valley

  4.3
  5.0
  9.3
--
--
--
--
--
--
--
--
--
--
--
--


















Sacramento Region
 5.4
  5.7
11.1
6.3
6.5
12.9
5.2
6.4
11.5
--
--
--
--
--
--

Ventura
  1.6
  1.9
  3.5
1.8
 2.0
  3.9
1.4
1.9
  3.3
--
--
--
--
--
--


















Antelope
  0.5
  0.4
  0.9
  0.6
  0.5
1.1
0.5
0.4
0.9
--
--
--
--
--
--

Coachella
  1.9
  1.9
  3.8
  2.4
  2.1
4.5
2.1
2.4
4.4
--
--
--
--
--
--


















South Coast


32.5
32.4
64.9
33.3
25.8
59.1
32.8
18.0
50.8
32.0
11.7
43.7
31.6
8.7
40.3


















TOTAL


55
55
110
44
37
81
42
29
71
32
12
44
32
9
40

a. 
Roadside Testing

We used the roadside test results to determine the effectiveness of Enhanced I/M in 1999 for comparison to our SIP commitments.  We interpreted the roadside before/after test results as follows: 

· “Before” represents the fleet that had been tested only under the 1990 Basic I/M program; and 

· “After” represents the fleet that had been tested under Enhanced I/M in 1998-1999, i.e., the fleet after Enhanced I/M implemented.

We interpreted the percent reduction in emissions from “Before” to “After” as the percent reduction in emissions due to the implementation of Enhanced I/M.  Roadside testing included gasoline-powered light-duty passenger cars, light-duty trucks, and medium-duty vehicles.  It did not include heavy-duty gasoline-powered trucks (i.e., trucks greater than 8,500 pounds gross vehicle weight) or any diesel-powered vehicles. 

The overall percent reduction in fleet average emission rates in gram per mile (g/mi) results from many factors such as fail rate, fraud, repair effectiveness, etc.  The emission rates for model years exempted from biennial I/M (i.e., pre-1974 and newest four model years) are the same in the "After" fleet as in the "Before" fleet.  Because it compares the entire “Before” fleet to the entire “After” fleet, the roadside data takes into account the effect of model-year exemptions, as well as fraud and repair effectiveness.  

Roadside testing was conducted in late 1998 and 1999, when NOx cut points were set higher than their current levels.  However, at the tail end of the 1998-1999 roadside testing, BAR lowered NOx cut points to more stringent levels in October 1999.  Therefore, the roadside test results represent the effectiveness of the program in 1998 and 1999, but are not representative of the effectiveness of the program in reducing NOx after the tightening of the cut points in October 1999.  The draft EMFAC2000 model shows that tightening the cut points in October 1999 nearly tripled the NOx emission reductions achieved.       

b. 
EMFAC2000

As discussed in Chapter IV, we used draft EMFAC2000 runs to model the effectiveness of Enhanced I/M in the future years (through 2010).  In the draft EMFAC2000 runs for future years, we assumed the current Enhanced I/M program would continue to be implemented in future years.  We did not assume any improvements to the design of the Smog Check program in future years or changes to the latest cut points, which were implemented in October 1999.  The draft EMFAC2000 model run output used was presented in Chapter IV in Figures IV-1 to IV-9. 
c. 
Evaporative Controls

At the time the 1994 pilot program was conducted, California was considering implementing a combined helium test and gas cap check to test the effectiveness of vehicles’ evaporative emission control systems.
   In the helium test, helium is injected into the fuel tank to confirm that the evaporative system is collecting vapors and routing them to the engine.  California envisioned using the helium/gas cap check in lieu of the more intrusive evaporative test procedure which U.S. EPA suggested, i.e., pressure test of the fuel tank and measurement of purge flow from the carbon canister to the engine (pressure-purge test). The 1994 pilot program evaluated the potential effectiveness of the helium/gas cap check versus the potential effectiveness of U.S. EPA’s pressure-purge test.  To demonstrate that California’s proposed Enhanced I/M program would meet the U.S. EPA Performance Standard, ARB relied on the evaporative emission fleet average rates modeled for the helium/gas cap check in its June 1995 and January 1996 submittals to U.S. EPA.

California has implemented a gas cap check as part of the Enhanced I/M program.  Because the gas cap test alone is less effective than the helium/gas cap test, fewer reductions in evaporative hydrocarbon emissions were accomplished than assumed in the SIP.  As described in Chapter IV, in later years I/M achieves greater evaporative HC emission reductions due to OBD II working in concert with I/M.  In the April 2000 draft report we assumed a constant twelve percent reduction due to the gas cap test.  Since the draft report was issued, the California Bureau of Automotive Repair concluded an analysis of roadside gas cap testing effectiveness, which agrees closely with recent improvements made to the adopted EMFAC2000 model.  The roadside test is now being used to estimate the benefits of gas cap testing in 1999.  Overall, the roadside test shows that in 1999 evaporative emission inspections were only about 55 percent as effective as the SIP assumed they would be. 

d.
Heavy-Duty Gasoline Vehicles

The 1994 SIP assumed that all gasoline-powered heavy-duty trucks with a gross vehicle weight between 8,500 to 14,000 pounds would be tested under loaded-mode conditions on dynamometers.  BAR has legal authority to test heavy-duty gas trucks on dynamometers, but currently performs only two-speed idle testing because inspection standards for heavy-duty trucks have not yet been developed.  Therefore, Enhanced I/M has no additional benefit for exhaust emissions from heavy-duty gasoline vehicles beyond the emission reductions achieved by 1990 Basic I/M.  Heavy-duty gas vehicles are subject to gas cap testing and thus receive the same evaporative emission benefits as light- and medium-duty vehicles. 

e. 
Success in Reaching Effectiveness Specified in the SIP

We used the following method to estimate the success of the current Enhanced I/M program in reaching the effectiveness specified in the SIP:

· Use draft EMFAC2000 to model the percent reduction in emission rates that would be achieved from the Enhanced I/M program specified in the SIP.  Calculate the percent reduction below the gram per mile emission rates for 1990 Basic I/M program for the years 1999 through 2010.

· For 1999, use roadside data to determine the percent reduction in exhaust emission rate due to the current Enhanced I/M program (see Table IV-2). For SIP currency purposes, the roadside test data for each model-year was applied to either the EMFAC7F or 7G travel fractions, rather than the EMFAC2000 travel fractions. 

· For subsequent years, use draft EMFAC2000 to model the percent reduction in emission rate due to the current Enhanced I/M program.

· Compare the percent reduction in gram per mile emission rate from the current Enhanced program to the percent reduction in gram per mile emission rate that would be achieved from the program specified in the SIP.  

We used draft EMFAC2000 emission rates for each vehicle type, i.e., light-duty gasoline passenger cars, light-duty gasoline trucks, medium-duty gasoline trucks, and heavy-duty gasoline trucks.  Using this method, a program that achieved the same reduction in emission rate as the program in the SIP submittals would be 100 percent effective, whereas a program that achieved only half the anticipated reduction in gram per mile emission rate would be only 50 percent effective.

Figure V-1 illustrates the method used to determine the success of the current Enhanced I/M program in reaching the effectiveness specified in the SIP. The arrows drawn on Figure V-1 compare the drop in gram per mile emission rate from 1990 Basic I/M to current Enhanced I/M to the drop from 1990 Basic I/M to the SIP Enhanced I/M.

Figure V-1

Passenger Car Exhaust Hydrocarbon Emission Rates: 

Current Enhanced vs. SIP Enhanced, Draft EMFAC2000 
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Table V-2 shows how well the Enhanced I/M program fared in 1999 in reaching the effectiveness specified in the SIP for passenger cars.  The values in Table V-2 are based on roadside data.  Effectiveness of the Enhanced I/M program in 1999 ranges from 24 percent for NOx to 55 percent for evaporative HC.  The NOx effectiveness of the Enhanced program has improved significantly since the NOx cut points were lowered in late 1999. 

Table V-2

Effectiveness of Enhanced I/M Compared to Program Envisioned in SIP1,
(1999)

HCexhaust
HCevaporative
NOx

42%
55%
24%

1Only includes program effectiveness for passenger cars.  The percentages in this table do not represent the overall percentage of the SIP commitment achieved because they do not include the impact of incorrect SIP assumptions (i.e., assuming that more communities participate in Enhanced I/M program).

2.
Portion of Fleet Subject to Enhanced I/M

Areas of California that do not attain the federal ozone standard are generally subject to either Basic or Enhanced I/M.  Most urbanized areas with population greater than 50,000 that are within nonattainment areas included in the SIP are subject to Enhanced I/M.  On the other hand, less densely populated portions of nonattainment areas are subject only to Basic I/M.  Basic I/M, which does not utilize loaded-mode testing or Test-Only stations, results in fewer emission reductions than Enhanced I/M.    

The 1994 SIP submittal contained assumptions about which type of Smog Check program each area of the State has.  The 1994 SIP submittal was prepared before the implementation of Enhanced I/M program.  For most nonattainment areas, the 1994 SIP assumed that a greater percentage of vehicles would be subject to Enhanced I/M than actually are.  Table V-3 summarizes the 1994 SIP assumptions and the percent of vehicles that are actually subject to Enhanced I/M.  The largest discrepancy between the SIP assumptions for Smog Check program type and reality occurred in the Sacramento nonattainment area.  The SIP incorrectly assumed that all portions of the Sacramento nonattainment area would receive Enhanced I/M.  Instead, currently only about 79 percent of the Sacramento nonattainment area is subject to Enhanced I/M.  Because the SIP overestimated the number of vehicles that would be subject to Enhanced I/M, it also overestimated the emission reductions of the program.

Table V-3

Percent Vehicles in Enhanced I/M

 in the 1994 SIP vs. the Actual Percent

Vehicles in Enhanced I/M1 (1999)

Area
94 SIP: Percent Vehicles Assumed in Enhanced I/M
Actual Percent Vehicles in Enhanced I/M

   San Diego
100%
  97%

   San Joaquin Valley
  71%
  69%

   Sacramento Region
100%
  79%

   Ventura
100%
  95%

   Antelope
100%
100%

   Coachella
100%
  82%

   South Coast
100%
  98%

   TOTAL FOR ALL 

   ENHANCED AREAS
  97%
  93%

1Table V-3 is not meant to imply that the California Bureau of Automotive Repair did not implement Enhanced I/M in all areas required by federal regulations.  Instead, the discrepancies shown are due to incorrect assumptions in the calculations underlying the SIP submittal. 

To adjust for the overestimate in the number of vehicles subject to Enhanced I/M, we multiplied the emission reductions claimed for Enhanced I/M by the ratio of actual percent vehicles in Enhanced I/M to percent vehicles assumed in Enhanced I/M in the SIP.  For example, in the case of Sacramento, we multiplied by an adjustment factor of 0.79 to account for the fact that only 79 percent of vehicles in the Sacramento nonattainment area are receiving Enhanced I/M.       

3.
Effect of 1997 Legislative Changes on Enhanced I/M

In 1997, the California Legislature passed legislation that exempted very old and very new vehicles from Smog Check, allowed waivers for the dirtiest vehicles, repealed annual inspections for certain vehicles, and reduced the dollar amount of the repair cost waiver.  Until 2003, pre-1974 vehicles are exempted from Smog Check.  In and after 2003, vehicles older than 30 years will be exempted.  

The SIP did not foresee that these legislative changes would be made.  For example, it assumed that all vehicles from model year 1966 and on would be included in Smog Check.

Both the roadside test data and the draft EMFAC2000 model runs that were used to evaluate the effectiveness of Enhanced I/M take into account the impact of the legislative changes on the Enhanced I/M program.  For the current Enhanced program scenario, for example, the EMFAC2000 model takes into account that certain model years of vehicles are exempt from the program.  In Chapter VI, we evaluate the effect of model-year exemptions – the most significant legislative change – on the effectiveness of the Enhanced I/M program.  

4.
Effect of 1997 Legislative Changes on Basic I/M

The primary purpose of our evaluation was to address impacts on the Enhanced I/M program.  However, in the course of our evaluation, we also learned information relevant to the effectiveness of the Basic I/M program. 

We used the draft EMFAC2000 model to evaluate whether the legislative changes in 1997 caused a loss in benefits from the Basic I/M program.  We considered this effect both for vehicles subject to the Basic I/M program and for the portion of Basic benefits claimed for vehicles subject to the Enhanced I/M program.  We ran the draft EMFAC2000 model for the 90 Basic I/M program described in Chapter IV and for the Basic program as currently implemented (i.e., biennial testing, model-year exemptions for very new and very old vehicles, repair cost waiver at $450, or $250 through economic hardship extension, repair assistance and vehicle retirement programs, gross polluters eligible for repair cost waiver, electronic transmission of smog-check results, current cut points, gas cap testing for evaporative emissions, etc.).  We compared the fleet average emission rates from draft EMFAC2000 for the current Basic program to those for 90 Basic I/M.  For the Basic program, we found that there is no net loss in HC or NOx emission reductions (from the 90 Basic I/M program) due to the legislative changes and, in fact, a small benefit.  For hydrocarbon, the addition of gas cap testing reduces HC emissions and more than offsets the increase from vehicle exemptions.  There is a small NOx benefit from exempting old cars from two-speed idle testing because two-speed idle testing can lead to repairs that lower HC and CO, but raise NOx emissions.  We therefore concluded that we did not need to apply further adjustments to account for the effect of the legislative changes on the Basic I/M program.

C.
Summary of Enhanced I/M Emission Reductions Achieved
We derived the overall SIP currency reductions achieved for each area taking into account the actual effectiveness in reducing emissions and the portion of each area’s fleet subject to Enhanced I/M, as described in Section B.  Table V-4 shows the SIP emission reductions claimed in each nonattainment area for Enhanced I/M for the year 1999, and the SIP currency emission reductions achieved.  We estimate that overall we achieved about 40 tons per day of the 110 ton per day HC and NOx SIP commitment, leaving about a 70 ton per day combined HC plus NOx shortfall.  As seen from the table, we achieved about 51 percent of the HC commitment and (based on the gross polluter cut points in place during most of 1999) about 22 percent of the NOx commitment.

Table V-5 shows the SIP currency emission reductions achieved from Enhanced I/M in each nonattainment area for the milestone years 1999 through 2010. 

Table V-4

Emission Reductions Achieved in SIP Currency (tons per day)

From Enhanced I/M in Each Nonattainment Area, EMFAC7F (EMFAC7G for the South Coast)1
(1999)

Area
SIP Commitment for 1999
Emission Reductions Foregone
Net Reductions for 1999



Portion of Fleet  Subject to Enhanced I/M
No Loaded-Mode Testing  for

Heavy-Duty Trucks
Effectiveness

of Enhanced I/M
Net Shortfall











HC
NOx
HC
NOx
HC
NOx
HC
NOx
HC
NOx
HC
NOx

South Coast
32.5
32.4
0.0
0.0
0.0
0.0
15.0 
24.7
15.0 
24.7
17.4
7.7

Ventura
1.6
1.9
0.0
0.1
0.0
0.2
0.8
1.2
0.8
1.5
0.7
0.4

Sacramento Region
5.4
5.7
0.4
1.0
0.1
1.0
2.5
2.8
3.1
4.8
2.4
0.9

San Joaquin Valley2
4.3
5.0
-1.2
0.0
0.1
1.2
2.9
2.8
1.8
4.0
2.5
0.9

Antelope
0.5
0.4
0.0
0.0
0.0
0.1
0.3
0.3
0.3
0.3
0.2
0.1

Coachella
1.9
1.9
0.1
0.3
0.0
0.4
1.0
0.9
1.1
1.6
0.8
0.3

San Diego3
9.3
7.3
0.1
0.2
0.1
0.9
4.9
4.7
5.1
5.8
4.2
1.5

Total
55.5
54.6
-0.6
1.5
0.4
3.7
27.5
37.5
27.3
42.7
28.2
11.8

Total-HC+NOx
110
1
4
65
70
40

1 This table is based on roadside test data converted to the appropriate SIP currency.  It does not reflect current, more stringent NOx cut points.  Numbers may not add due to rounding.

2The commitments shown for the San Joaquin Valley are based on the SIP.  The emission benefit (i.e., negative emission reduction foregone) shown under “Portion of Fleet Subject to Enhanced I/M” represents the benefits of gas cap testing in the basic portion of  San Joaquin Valley.  The Valley must prepare a new SIP showing attainment by 2005.

3 San Diego relied on Enhanced I/M only as a contingency measure.

Table V-5

Emission Reductions Achieved in SIP Currency (tons per day)

From Enhanced I/M in Each Nonattainment Area for Each Milestone Year1
Nonattainment Area
1999
2002
2005
2008
2010


HC
NOx
HC+

NOx
HC
NOx
HC+

NOx
HC
NOx
HC+

NOx
HC
NOx
HC+

NOx
HC
NOx
HC+

NOx

San Diego2
4.2
1.5
5.7
--
--
--
--
--
--
--
--
--
--
--
--

San Joaquin Valley3
2.5
0.9
3.4
--
--
--
--
--
--
--
--
--
--
--
--


















Sacramento Region
2.4
0.9
3.2
4.0
3.5
7.5
3.7
3.4
7.1
--
--
--
--
--
--

Ventura
0.7
0.4
1.1
1.2
1.3
2.6
1.1
1.2
2.3
--
--
--
--
--
--


















Antelope
0.2
0.1
0.3
0.4
0.3
0.7
0.4
0.3
0.7
--
--
--
--
--
--

Coachella
0.8
0.3
1.1
1.5
1.1
2.6
1.5
1.1
2.6
--
--
--
--
--
--


















South Coast4
17.4
7.7
25.2
25.3
20.6
45.9
27.1
14.1
41.2
24.9
8.7
33.6
24.2
6.1
30.3


















TOTAL
28
12
40
32
27
59
34
20
54
25
9
34
24
6
30


 Numbers may not add due to rounding.

2 Enhanced I/M was not needed to demonstrate attainment in San Diego in the 1994 Ozone SIP, but was used as a contingency measure.

3 The commitments shown for the San Joaquin Valley are based on the 1994 SIP.  The Valley must prepare a new SIP showing attainment by 2005.

4 South Coast reductions based on EMFAC7G.  All other areas based on EMFAC7F. 

Chapter VI discusses a number of options we have evaluated for improving the Smog Check II program.  For transportation conformity purposes, ARB has also identified a number of measures that may provide extra emission reductions to offset some of the shortfall from Enhanced I/M.  They are as follows:

· Phase 2 reformulated gasoline:  the full benefits from this regulation were not claimed in the SIP;

· Limits on combustion chamber deposits:  additives used to meet our fuel regulations provided unanticipated emission reductions;

· Phase 3 reformulated gasoline:  this measure was adopted in 1999;

· Emission standards for on-road motorcycles:  this measure was not anticipated in the SIP and provides additional emission reductions; and

· Measures that were originally credited only in the South Coast Air Basin but which were adopted statewide.  Regulations to reduce emissions from light- and medium-duty vehicles in the future (Low-Emission Vehicle II) and off-road diesel equipment will provide additional emission reduction benefits in San Diego, the San Joaquin Valley, Ventura, Sacramento, and the Southeast Desert.

Because for some years in some areas, we have already used the additional reductions from these measures to offset other SIP shortfalls, credit toward offsetting the Enhanced I/M shortfall will vary by area and by year.







� Numbers may not add due to rounding.


� Enhanced I/M was not needed to demonstrate attainment in San Diego in the 1994 Ozone SIP, but was identified as a contingency measure.  


� The commitments shown for the San Joaquin Valley are based on the 1994 SIP.  The Valley must prepare a new SIP showing attainment by 2005.


1 Reference: Evaluation of the California Pilot Inspection/Maintenance (I/M) Program, Prepared for BAR,


  by Klausmeier Consulting and Radian Corporation, March 31, 1995.
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_1018334006.xls
PCHCex

		1999		1999		1999

		2000		2000		2000

		2003		2003		2003

		2006		2006		2006

		2009		2009		2009

		2010		2010		2010



&L&F, &A, &D

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

0.8426203709

0.6743128027

0.5918967935

0.7838372625

0.568593795

0.5147527757

0.6060517047

0.3918254517

0.3544345537

0.4497627914

0.2808979174

0.2467145729

0.3146739838

0.1955011668

0.1653701626

0.2762259437

0.1716556816

0.1430464013



PCHCev

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Passenger Car Evaporative HC

0.4774470743

0.4774470743

0.4315684416

0.4315684416

0.4399814609

0.4399814609

0.3714669093

0.3714669093

0.3454114112

0.3454114112

0.2516936041

0.2516936041

0.2817611857

0.2817611857

0.1982159967

0.1982159967

0.2339214771

0.2339214771

0.1623898449

0.1623898449

0.2202061604

0.2202061604

0.1522447114

0.1522447114



PCHCtot

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Passenger Car Total HC

1.5967826141

1.3200674452

1.1058812442

1.023465235

1.473242484

1.2238187234

0.9400607044

0.886219685

1.126491995

0.9514631159

0.6435190558

0.6061281579

0.8694071104

0.731523977

0.479113914

0.4449305696

0.6627852802

0.548595461

0.3578910117

0.3277600075

0.6037226685

0.4964321042

0.323900393

0.2952911128



PCCO

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Passenger Car CO

12.9363310492

10.4041398182

8.4516689281

7.4181142952

11.8646161324

9.5579595643

7.1073454554

6.4401661018

8.9961680376

7.3132512779

4.9378311023

4.4612876522

6.9750640955

5.5994460378

3.7469681556

3.2904320564

5.4404556482

4.1727716887

2.8581916656

2.4138760368

5.0093674023

3.7622702022

2.6054501508

2.171015119



PCNOx

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Passenger Car NOx

0.715397376

0.6598275265

0.5570387696

0.5004645196

0.6675421511

0.6103183871

0.4784214602

0.4405960446

0.5350713403

0.4775851538

0.3425445162

0.3089128728

0.4307708885

0.3711094561

0.2595560063

0.2250228037

0.3435008591

0.2771385049

0.1951286062

0.1619468382

0.3178603999

0.2495300964

0.1769579656

0.1446975322



LDTHCex

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

Basic

Enhanced

Perf

Calendar Year

Grams per Mile

Light Duty Truck Exhaust HC

1.2057584999

0.9210413901

0.7471923845

0.6558688708

1.1253706723

0.8603629918

0.6418121234

0.5810379481

0.9086475163

0.6916283734

0.467830544

0.423186675

0.7232500394

0.5332024179

0.3508865177

0.308186042

0.557650682

0.3922137116

0.2546502548

0.2154030829

0.5076970199

0.3510124372

0.2277196508

0.1897663757



LDTHCev

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Light Duty Truck Evaporative HC

0.3485667133

0.3485667133

0.2983991677

0.2983991677

0.3386090039

0.3386090039

0.2594285714

0.2594285714

0.311414882

0.311414882

0.1811022218

0.1811022218

0.2899872799

0.2899872799

0.1468072536

0.1468072536

0.275848558

0.275848558

0.1270996135

0.1270996135

0.2733344389

0.2733344389

0.1222299176

0.1222299176



LDTHCtot

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Light Duty Truck Total HC

1.5543252132

1.2696081034

1.0455915522

0.9542680385

1.4639796762

1.1989719957

0.9012406948

0.8404665195

1.2200623983

1.0030432554

0.6489327658

0.6042888968

1.0132373193

0.8231896978

0.4976937714

0.4549932956

0.83349924

0.6680622696

0.3817498684

0.3425026965

0.7810314588

0.6243468761

0.3499495684

0.3119962932



LDTCO

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Light Duty Truck CO

14.7403542257

12.3441481003

10.1478520432

8.9068711692

13.7276124306

11.4617431171

8.7055559494

7.8883496904

11.1956584137

9.2392485459

6.3930096049

5.7760288312

9.239693456

7.4044118791

5.0406050986

4.4264503756

7.5650880696

5.7692760707

3.9790568156

3.3604988819

7.0617892016

5.2813067356

3.667960396

3.0563614787



LDTNOx

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Light Duty Truck NOx

1.0453743766

0.995206831

0.8273301522

0.7433044337

0.9927595415

0.9314966324

0.7115509866

0.6552936612

0.8545191986

0.7658904018

0.5252976177

0.4737229425

0.7300272273

0.6149104862

0.4104494087

0.3558402599

0.6101503095

0.4718652083

0.31752352

0.2635284037

0.5727091645

0.4289561528

0.2911374921

0.2380614882



MDTHCev

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Medium Duty Truck Evaporative HC

0.4867026555

0.4867026555

0.4163956595

0.4163956595

0.4529227277

0.4529227277

0.3447271227

0.3447271227

0.3718430545

0.3718430545

0.2140793525

0.2140793525

0.3102640239

0.3102640239

0.158432693

0.158432693

0.2710681083

0.2710681083

0.128186764

0.128186764

0.2623259547

0.2623259547

0.1211435832

0.1211435832



MDTHCex

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Medium Duty Truck Exhaust HC

2.5840296636

1.7769845684

1.5388319974

1.350752531

2.3372124213

1.6191870422

1.321766223

1.1966061503

1.7693498724

1.2393437143

0.9330025512

0.8439685106

1.3154082804

0.9029968623

0.6636106222

0.582853774

0.9538971145

0.636556711

0.46616211

0.3943163368

0.8489159366

0.5604788337

0.4110987762

0.3425823135



MDTHCtot

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Medium Duty Truck Total HC

3.0707323191

2.2636872239

1.9552276569

1.7671481906

2.7901351491

2.0721097699

1.6664933457

1.5413332729

2.1411929269

1.6111867687

1.1470819038

1.0580478631

1.6256723043

1.2132608862

0.8220433152

0.741286467

1.2249652228

0.9076248192

0.594348874

0.5225031008

1.1112418913

0.8228047883

0.5322423594

0.4637258967



MDTCO

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Medium Duty Truck CO

27.2929778069

22.3630710508

19.1289492339

16.7896699423

24.5824161766

20.1487382647

16.1928071804

14.6727591266

18.5681886162

15.0901979414

11.163679071

10.0862873923

14.0383179001

11.1024489171

8.0338578097

7.0550007834

10.4919303078

8.018551064

5.9766297087

5.0475422655

9.475614258

7.1316832743

5.3837544305

4.4860625186



MDTNOx

		1999		1999		1999		1999

		2000		2000		2000		2000

		2003		2003		2003		2003

		2006		2006		2006		2006

		2009		2009		2009		2009

		2010		2010		2010		2010



No I/M

90 Basic I/M

Current Enhanced

94 SIP Enhanced

Calendar Year

Grams per Mile

Medium Duty Truck NOx

1.7150946071

1.5754708545

1.369996183

1.2308559457

1.6201238007

1.4763313732

1.2056081708

1.1102892232

1.3579660421

1.1934125099

0.8858731416

0.7988965058

1.1090288513

0.9189791077

0.6618734216

0.5738130093

0.8772977068

0.6675091247

0.4839831967

0.4016814856

0.8070166522

0.59448405

0.4350845984

0.3557662266



Sheet1

				Passenger Cars (gas)														Light-duty trucks (gas)																Medium duty vehicles (gas)

				Hcex

				1999		2000		2003		2006		2009		2010						1999		2000		2003		2006		2009		2010						1999		2000		2003		2006		2009		2010

		No I/M		1.119		1.033		0.781		0.588		0.429		0.384				No I/M		1.206		1.125		0.909		0.723		0.558		0.508				No I/M		2.584		2.337		1.769		1.315		0.954		0.849

		90 Basic I/M		0.843		0.784		0.606		0.450		0.315		0.276				90 Basic I/M		0.921		0.860		0.692		0.533		0.392		0.351				90 Basic I/M		1.777		1.619		1.239		0.903		0.637		0.560

		Current Enhanced		0.674		0.569		0.392		0.281		0.196		0.172				Current Enhanced		0.747		0.642		0.468		0.351		0.255		0.228				Current Enhanced		1.539		1.322		0.933		0.664		0.466		0.411

		94 SIP Enhanced		0.592		0.515		0.354		0.247		0.165		0.143				94 SIP Enhanced		0.656		0.581		0.423		0.308		0.215		0.190				94 SIP Enhanced		1.351		1.197		0.844		0.583		0.394		0.343

				HC evap

				1999		2000		2003		2006		2009		2010						1999		2000		2003		2006		2009		2010						1999		2000		2003		2006		2009		2010

		No I/M		0.477		0.440		0.345		0.282		0.234		0.220				No I/M		0.349		0.339		0.311		0.290		0.276		0.273				No I/M		0.487		0.453		0.372		0.310		0.271		0.262

		90 Basic I/M		0.477		0.440		0.345		0.282		0.234		0.220				90 Basic I/M		0.349		0.339		0.311		0.290		0.276		0.273				90 Basic I/M		0.487		0.453		0.372		0.310		0.271		0.262

		Current Enhanced		0.432		0.371		0.252		0.198		0.162		0.152				Current Enhanced		0.298		0.259		0.181		0.147		0.127		0.122				Current Enhanced		0.416		0.345		0.214		0.158		0.128		0.121

		94 SIP Enhanced		0.432		0.371		0.252		0.198		0.162		0.152				94 SIP Enhanced		0.298		0.259		0.181		0.147		0.127		0.122				94 SIP Enhanced		0.416		0.345		0.214		0.158		0.128		0.121

				HC tot

				1999		2000		2003		2006		2009		2010						1999		2000		2003		2006		2009		2010						1999		2000		2003		2006		2009		2010

		No I/M		1.597		1.473		1.126		0.869		0.663		0.604				No I/M		1.554		1.464		1.220		1.013		0.833		0.781				No I/M		3.071		2.790		2.141		1.626		1.225		1.111

		90 Basic I/M		1.320		1.224		0.951		0.732		0.549		0.496				90 Basic I/M		1.270		1.199		1.003		0.823		0.668		0.624				90 Basic I/M		2.264		2.072		1.611		1.213		0.908		0.823

		Current Enhanced		1.106		0.940		0.644		0.479		0.358		0.324				Current Enhanced		1.046		0.901		0.649		0.498		0.382		0.350				Current Enhanced		1.955		1.666		1.147		0.822		0.594		0.532

		94 SIP Enhanced		1.023		0.886		0.606		0.445		0.328		0.295				94 SIP Enhanced		0.954		0.840		0.604		0.455		0.343		0.312				94 SIP Enhanced		1.767		1.541		1.058		0.741		0.523		0.464

				CO

				1999		2000		2003		2006		2009		2010						1999		2000		2003		2006		2009		2010						1999		2000		2003		2006		2009		2010

		No I/M		12.936		11.865		8.996		6.975		5.440		5.009				No I/M		14.740		13.728		11.196		9.240		7.565		7.062				No I/M		27.293		24.582		18.568		14.038		10.492		9.476

		90 Basic I/M		10.404		9.558		7.313		5.599		4.173		3.762				90 Basic I/M		12.344		11.462		9.239		7.404		5.769		5.281				90 Basic I/M		22.363		20.149		15.090		11.102		8.019		7.132

		Current Enhanced		8.452		7.107		4.938		3.747		2.858		2.605				Current Enhanced		10.148		8.706		6.393		5.041		3.979		3.668				Current Enhanced		19.129		16.193		11.164		8.034		5.977		5.384

		94 SIP Enhanced		7.418		6.440		4.461		3.290		2.414		2.171				94 SIP Enhanced		8.907		7.888		5.776		4.426		3.360		3.056				94 SIP Enhanced		16.790		14.673		10.086		7.055		5.048		4.486

				NOx																																NOx

				1999		2000		2003		2006		2009		2010						1999		2000		2003		2006		2009		2010						1999		2000		2003		2006		2009		2010

		No I/M		0.715		0.668		0.535		0.431		0.344		0.318				No I/M		1.045		0.993		0.855		0.730		0.610		0.573				No I/M		1.715		1.620		1.358		1.109		0.877		0.807

		90 Basic I/M		0.660		0.610		0.478		0.371		0.277		0.250				90 Basic I/M		0.995		0.931		0.766		0.615		0.472		0.429				90 Basic I/M		1.575		1.476		1.193		0.919		0.668		0.594

		Current Enhanced		0.557		0.478		0.343		0.260		0.195		0.177				Current Enhanced		0.827		0.712		0.525		0.410		0.318		0.291				Current Enhanced		1.370		1.206		0.886		0.662		0.484		0.435

		94 SIP Enhanced		0.500		0.441		0.309		0.225		0.162		0.145				94 SIP Enhanced		0.743		0.655		0.474		0.356		0.264		0.238				94 SIP Enhanced		1.231		1.110		0.799		0.574		0.402		0.356
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