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Executive Summary 

 This report documents an investigation of the emissions benefits of the Texas Inspection 
and Maintenance (I/M) Program in the Austin area using the MOVES model and local data 
specific to Travis and Williamson counties. Eastern Research Group, Inc. (ERG) performed this 
evaluation for the Capital Area Council of Governments (CAPCOG) using the 2011 National 
Emissions Inventory (NEI) data, previously analyzed data available from Eastern Research 
Group’s (ERG) recent I/M Program Evaluation for the Austin area including program 
participation and rates of suspected fraudulent I/M test passes, U.S. EPA’s MOVES2014 model, 
and MOVES inputs developed by the Texas Commission on Environmental Quality (TCEQ). The 
previously analyzed in-program data from ERG’s I/M Program Evaluation for the Austin area 
used again in this study. The data used in the previous study was primarily the Texas 
Information Management System (TIMS) database maintained by Gordon Darby, Inc.  The TIMS 
is an electronic record of I/M program emissions testing analyzers across the state of Texas. 
 

The emissions benefits of an I/M program depend in part on the compliance of the 
vehicle fleet. In MOVES, this is quantified through an input variable termed the compliance 
factor (CF), a percent of the vehicle population between 0% (none) and 100% (full compliance). 
This is a statistic that includes three components: a compliance rate, a waiver rate, and a 
regulatory class adjustment factor. 

¶ The compliance rate reflects the percentage of vehicles that have complied with the 
requirement to pass an annual inspection. 

¶ The waiver rate reflects the percentage of vehicles that failed an emissions test but 
received a waiver from needing to repair the vehicle. 

¶ The regulatory class adjustment factor represents the percentage of a certain type 
of vehicle that would be subject to program requirements and would receive an 
emission reduction benefit from the program. 

 
EPA documentation for the use of MOVES2014 to prepare emission inventories for SIPs 

and transportation conformity1 includes guidance on preparing I/M program inputs. The 
guidance specifically addresses all three components of the compliance factor. First, the 
guidance states that the compliance rate should be determined by “sticker surveys, license 
plate surveys, or a comparison of the number of final tests to the number of vehicles subject to 
the I/M requirement.” In addition, the guidance states that “actual historical waiver rates 
should be used as the basis for estimating future waiver rates.” EPA provides default regulatory 
class adjustment factors, but allows alternate factors to be used in a SIP with proper supporting 
documentation that shows how the adjustments were derived. The MOVES2014 guidance does 
not provide a default compliance rate, but the MOVES2010 guidance2 stated that a compliance 
rate of 96% is appropriate for “an area planning to implement an I/M program using a 
registration denial system that automatically generates compliance documents that uniquely 
identify the complying vehicle and that are serially numbered and accounted for, and that relies 

                                                
1 http://www.epa.gov/otaq/models/moves/documents/420b15007.pdf 
2 http://www.epa.gov/otaq/models/moves/420b10023.pdf 

http://www.epa.gov/otaq/models/moves/documents/420b15007.pdf
http://www.epa.gov/otaq/models/moves/420b10023.pdf
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on a centralized processing by government clerks with management oversight.”  EPA’s stated 
use of the 96% compliance rate applies only until the program begins implementation, after 
which the compliance rate should reflect the program data. EPA’s performance standards for 
new I/M programs in 8-hour ozone nonattainment areas classified as serious or above include a 
compliance rate of 96% and waiver rate of 3%, meaning that new I/M programs must perform 
at least as well as these parameter values. 

 
The current compliance factors for Travis and Williamson counties were calculated 

directly from a compliance rate of 96%, the waiver rate of 3%, and default MOVES2010 
regulatory class adjustment factors that differ by vehicle type (100%, 94%, and 88% for 
passenger cars, passenger trucks, and light commercial trucks, respectively).  In MOVES2014, 
the regulatory class adjustment factors became 100%, 98%, and 93% for these source types3. 
This study updates both the compliance rate and the waiver rate using local data. This study 
also estimates the emission reductions from heavy-duty gasoline vehicles. Unlike the data 
available in MOVES2014 for light-duty gasoline vehicles, there are no emission rates in 
MOVES2014 that account for heavy-duty gasoline vehicles subject to I/M programs, even 
though I/M programs in many counties throughout the country, including Travis and Williamson 
Counties, apply I/M program requirements to such vehicles. This estimate accounts for the 2% 
of passenger trucks, 7% of light commercial trucks, and all of the other vehicle source use types 
with gross vehicle weight ratings (GVWR) of greater than 8,500 pounds. 

 
This study assesses the modeled emission reductions from the vehicle emissions I/M 

program in Travis and Williamson Counties in four tasks. The first examines the distribution of 
CFs for vehicles in other I/M program areas across the U.S. (Section2.0). The second task 
presents the development of empirical I/M compliance factors that can be used as input to the 
MOVES model (Section 3.0). The empirically-based factors are based on Austin area data and 
include the effects of I/M test fraud. The third task presents results of MOVES2014 modeling of 
three I/M compliance scenarios in Austin, including (1) zero CF, (2) empirical CFs, and (3) TTI’s 
MOVES2010-based default CFs (Section 4.0). While Section 4.0 examines modeled benefits for 
light-duty vehicles, the fourth task estimates emission reduction benefits for heavy-duty 
gasoline vehicles (Section 5.0), which the MOVES2014 model cannot directly model. The key 
findings of each task of the study are presented below. 
 
Comparison of Austin CFs with other areas of the U.S.  

The 2011 National Emissions Inventory (NEI) provides a dataset of MOVES input data 
CFs used in EPA modeling for I/M program areas across the country. There were 397 counties 
with I/M programs in the 2011 NEI, 78% of which were state-submitted data and 22% were 
MOVES2010 defaults. In addition, a portion of submitted data was the EPA default CF derived 
from the use of a 96% compliance rate, a 3% waiver rate, and regulatory class coverage 
adjustments of 100%, 94% and 88% for passenger cars, passenger trucks, and light commercial 
trucks, respectively. In the NEI data for the tests applicable to pre-1996 model year vehicles in 
the Austin area, the two-speed idle (TSI) and gas cap only have CFs ranging from 82 to 98 

                                                
3 http://www.epa.gov/otaq/models/moves/documents/420b15007.pdf 
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percent for light-duty vehicles. The on-board diagnostic (OBD) exhaust and evaporative system 
checks applicable to 1996+ model years show a much wider range in the NEI data of 17 to 99 
percent. The range in compliance was wide, but most of the data fell at the high end; the mode 
of the OBD CF was 82 to 95 percent depending on vehicle class.  The light-duty vehicle CFs used 
in the 2011 NEI were a mix of in-program data, EPA default values, and, although rare, CFs of 
100%.  Over two-thirds of the NEI data light-duty CFs, however, were neither a default nor 
100% value, suggesting that many other areas of the country are calculating CFs based on their 
local I/M data, unlike Texas. 

New empirically based CFs for Austin 

ERG calculated new compliance factors for the Austin area based on findings from a 
previous evaluation of Austin’s I/M program for the TCEQ4 and waiver data from the Gordon-
Darby5 database provided by CAPCOG. The recommended new compliance factors for Travis 
and Williamson Counties are shown below, alongside the somewhat higher default 
MOVES2010-based default compliance factors used by TCEQ in their year 2012 and 2018 
emissions inventories using the MOVES2014 model6. For comparison, the MOVES2014-based 
default compliance factors are also shown because these will be used in the near future for on-
road MOVES modeling in Texas, replacing the MOVES2010-based version. The new 
recommended compliance factors account for recent data including measured participation 
rates and observed likely cases of fraud in Austin from the ERG study, and Austin-specific 
waiver rates from the Gordon-Darby database.  
 

Exhaust OBD test empirical compliance factors. 

MOVES 
Source 
Type 

New 
Recommended 
Compliance 
Factor 

MOVES2010 
Default 
Compliance 
Factor 

Difference 
from 
MOVES2010  
(New – 
Previous) 

MOVES2014 
Default 
Compliance 
Factor  

Difference 
from 
MOVES2014 
(New – 
Previous) 

Passenger 
Car 

85.19% 93.12% -7.93% 93.12% -7.93% 

Passenger 
Truck 

83.48% 87.53% -4.05% 91.26% -7.78% 

Light 
Commercial 
Truck 

79.22% 81.95% -2.73% 86.60% -7.38% 

  

                                                
4 http://www.tceq.state.tx.us/assets/public/implementation/air/ms/IM/IMProgEval2015-ARR.pdf 
5 http://www.gordon-darby.com/#Home 
6ftp://amdaftp.tceq.texas.gov/pub/Mobile_EI/Statewide/mvs/reports/mvs14_att_tex_06_12_18_technical_report_fin

al_dec_2014.pdf 
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TSI and evaporative tests’ empirical compliance factors. 

MOVES 
Source 
Type 

New 
Recommended 
Compliance 
Factor 

MOVES2010 
Default 
Compliance 
Factor 

Difference 
from 
MOVES2010 
(New – 
Previous) 

MOVES2014 
Default 
Compliance 
Factor 

Difference 
from 
MOVES2014 
(New – 
Previous) 

Passenger 
Car 

85.95% 93.12% -7.17% 93.12% -7.17% 

Passenger 
Truck 

84.23% 87.53% -3.30% 91.26% -7.03% 

Light 
Commercial 
Truck 

79.93% 81.95% -2.02% 86.60% -6.67% 

 
 
MOVES2014 modeling of light-duty vehicle I/M emission reductions 

 After developing the new compliance factors, ERG ran MOVES2014 for Travis and 
Williamson counties for a 2012 and 2018 summer weekday to estimate emissions under three 
scenarios of light-duty vehicle CFs. The scenarios included a zero CF, the empirical CF (“New 
Recommended Compliance Factor” from above tables), and the current TCEQ CF (“MOVES2014 
Default Compliance Factor” from above tables). In spite of large changes in CF identified in the 
empirical CF analysis from the MOVES2010 default CFs, the reductions in emissions of volatile 
organic compounds (VOC), carbon monoxide (CO), and nitrogen oxides (NOX) relative to a zero 
CF scenario were similar, as shown below. Additional results can be found in Section 4.0. 

 
2012 On-Road Emissions in the Austin Area for Three I/M Program Scenarios 

Compliance Scenario Travis Williamson Total Reduction 

VOC (tpd) 

Zero CF 16.52 6.74 23.26 n/a 

Empirical CF 14.81 6.04 20.85 2.41 

MOVES2010 Default CF 14.68 5.99 20.68 2.58 

CO (tpd) 

Zero CF 174.02 69.17 243.19 n/a 

Empirical CF 154.29 61.43 215.72 27.47 

MOVES2010 Default CF 152.82 60.87 213.69 29.50 

NOx (tpd) 

Zero CF 33.55 13.62 47.17 n/a 

Empirical CF 31.38 12.76 44.14 3.03 

MOVES2010 Default CF 31.22 12.70 43.92 3.25 
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2018 On-Road Emissions in the Austin Area for Three I/M Program Scenarios 

Compliance Scenario Travis Williamson Total Reduction 

VOC (tpd) 

Zero CF 10.55 4.53 15.08 n/a 

Empirical CF 9.36 4.02 13.38 1.70 

MOVES2010 Default CF 9.27 3.98 13.26 1.82 

CO (tpd) 

Zero CF 130.63 53.94 184.58 n/a 

Empirical CF 114.02 47.15 161.17 23.41 

MOVES2010 Default CF 112.75 46.65 159.40 25.18 

NOx (tpd) 

Zero CF 15.71 6.85 22.56 n/a 

Empirical CF 14.72 6.43 21.15 1.41 

MOVES2010 Default CF 14.64 6.41 21.05 1.51 

 
Estimate of emission reduction benefits for heavy-duty vehicles 

The Austin area’s I/M program requires participation from heavy-duty gasoline vehicles 
(HDGVs), defined as gasoline-fueled vehicles weighing over 8500 lbs.  However, MOVES does 
not have the ability to account for I/M benefits of HDGVs.  Therefore, ERG estimated the 
benefit by borrowing the I/M benefits from the heaviest regulatory class available in MOVES 
(regulatory class 30 or 40) and applying the benefits to all HDGVs by model year, I/M test type, 
pollutant (VOC, CO, and NOX) and emission process (start exhaust, running exhaust, and 
evaporative vapor venting).  The HDGV population in Travis and Williamson counties 
participating in the Austin area’s I/M program was determined from the TIMS database filtered 
for vehicle weights that exceeded 8,500 lbs. According to the TIMS, nearly 28,000 HDGVs in the 
Austin area participate in I/M testing, a population number much greater than the TCEQ 
inventory data suggest operate in Austin (4,800 vehicles). While this discrepancy was not 
reconcilable under the scope of this work, we proceeded with using the larger population of 
HDGVs in the TIMS dataset. 

The tables below provide an estimate of HDGV emissions reduction benefits in the 
Austin area for 2012 and 2018. For context, the light-duty benefits (empirical CF scenario) and 
the total on-road inventory (zero CF scenario) are also shown. While these calculations showed 
a benefit for heavy-duty gasoline vehicles where no benefit had previously been assumed, the 
benefits for light-duty vehicles are substantially larger due to their prevalence within the local 
fleet.  
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2012 Summer Weekday Emissions of VOC, CO, and NOX, Light-Duty I/M Emission Benefits, 
and Estimated HDGV I/M Emission Benefits 

Pollutant 
Total On-road 

Emissions (tpd)A 

Light-Duty 
Gasoline (LDG) 
Benefit (tpd)B 

LDG 
Benefit  

Heavy-Duty 
Gasoline (HDG) 
Benefit (tpd) 

HDGV 
Benefit 

VOC 21.29 2.41 11.32% 0.25 1.17% 

CO 243.19 27.47 11.30% 5.59 2.30% 

NOX 47.17 3.04 6.44% 0.67 1.42% 
A Emissions from Section 4.0 “Zero CF” Scenario  
B Emissions from Section 4.0 “Empirical CF” Scenario 

 
2018 Summer Weekday Emissions of VOC, CO, and NOX, Light-Duty I/M Emission Benefits, 

and Estimated HDGV I/M Emission Benefits 

Pollutant 
Total On-road 

Emissions (tpd)A 

Light-Duty 
Gasoline (LDG) 
Benefit (tpd)B 

LDG 
Benefit  

Heavy-Duty 
Gasoline (HDG) 
Benefit (tpd) 

HDGV 
Benefit 

VOC 13.90 1.70 12.23% 0.12 0.86% 

CO 184.58 23.41 12.68% 3.10 1.68% 

NOX 22.56 1.41 6.25% 0.20 0.89% 
A Emissions from Section 4.0 “Zero CF” Scenario  
B Emissions from Section 4.0 “Empirical CF” Scenario 
 

When the emission reductions estimated for heavy-duty gasoline vehicles are added to 
the estimated emission reductions from light-duty vehicles using the new empirical compliance 
factor, the total estimated emission reductions attributable to the I/M program actually exceed 
the estimated reductions that were estimated using the default MOVES2010 compliance 
factors, as shown in the table below. 

Comparison of I/M Program Emission Reduction Benefit Estimates 

Pollutant 
2012 I/M Benefit 

Using MOVES2010 
Default CF (tpd) 

2012 I/M Benefit 
Using Empirical CF 

and HDGV 
Estimate (tpd) 

2018 I/M 
Benefit Using 
MOVES2010 
Default CF 

(tpd) 

2018 I/M Benefit 
Using Empirical CF 

and HDGV 
Estimate (tpd) 

VOC 2.58 2.66 1.82 1.82 

CO 29.50 33.06 25.18 26.51 

NOX 3.25 3.71 1.51 1.61 
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1.0 Introduction 

Travis and Williamson Counties voluntarily began a vehicle inspection and maintenance 
(I/M) program as part of the Early Action Compact (EAC) State Implementation Plan (SIP) 
revision for the Austin-Round Rock Metropolitan Statistical Area. Since September 1, 2005, all 
gasoline-fueled vehicles between the age 2 and 24 years old registered in these two counties 
are required to pass an emissions inspection that includes on-board diagnostic (OBD) testing for 
1996+ model year vehicles and two-speed idle (TSI) and gas cap tests for pre-1996 model years. 

 
Since the Austin program’s inception in 2005, a significant amount of data has been 

collected on vehicles that have participated in I/M testing. One such dataset is the Texas 
Information Management System (TIMS) database maintained by Gordon-Darby, Inc. The TIMS 
is a data management network that supports electronic communications between all emissions 
testing analyzers throughout the state of Texas. It is a central repository of electronic records of 
I/M vehicle participation and test results. ERG previously analyzed the TIMS data and remote 
sensing (RS) observations of vehicles eligible for I/M and determined participation rates, and 
we identified several modes of I/M fraud that are likely occurring. While I/M fraud is rare in the 
Austin area, the previous study analysis of TIMS data suggest it does exist and is quantifiable. 
The past ERG analysis for the TCEQ was completed January 20157, and is used in this current 
study. 

 
Until now, on-road emissions inventories for the region have relied on default 

compliance factor assumptions provided by EPA, but have not incorporated compliance data 
specific to the Austin area. Moreover, while the Austin area’s program requires emissions 
testing for heavy-duty gasoline vehicles, the MOVES2014 model does not account for emission 
reduction benefits for heavy-duty gasoline vehicles. This study provides the first estimates of 
the program’s emission reductions that incorporate program data specific to the Austin area, 
and should therefore be more representative of local conditions than existing inventories that 
rely on national default assumptions. The empirically-based compliance factors for light-duty 
gasoline (LDG) vehicles in this study were derived using local data in accordance with EPA’s 
MOVES technical guidance documentation.  However, because MOVES does not allow modeling 
I/M benefits from heavy-duty gasoline (HDG), ERG estimated the HDGV I/M benefit using LDG 
truck compliance rates outside of the MOVES framework. 

 
This report is structured with separate sections for each of the four main subtasks, 

followed by a summary and recommendations.   
 

¶ Section 2.0: Review of I/M Program Data from the 2011 NEI 

¶ Section 3.0: Development of an Empirical I/M Compliance Factor 

¶ Section 4.0: MOVES Modeling of I/M Program Benefits for Light-Duty Vehicles 

¶ Section 5.0: Estimation of I/M Program Benefits for Heavy-Duty Vehicles 

¶ Section 6.0: Summary and Recommendations 

                                                
7 http://www.tceq.state.tx.us/assets/public/implementation/air/ms/IM/IMProgEval2015-ARR.pdf 

http://www.tceq.state.tx.us/assets/public/implementation/air/ms/IM/IMProgEval2015-ARR.pdf
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2.0 Review of I/M Program Data from the 2011 NEI 

This section analyzes the I/M data that EPA used to develop on-road emissions for the 
2011 National Emissions Inventory (NEI), providing insight into the range in compliance factors 
submitted by states across the U.S. describing other programs.  This analysis provides a point of 
comparison for the Austin area’s I/M empirically-based compliance factors for Travis and 
Williamson Counties presented later in Section 3.0.   

2.1 The NEI Dataset 

ERG downloaded the full set of 3,224 county databases from EPA’s 2011 NEI version 2 
data website8 and queried the I/M Coverage tables to compile all in-use I/M programs into a 
single table for further analysis. Out of the full set of data, there were 397 counties in 35 states 
that had I/M programs in 2011. Over 40 percent of those areas (172 counties in 14 states) 
included heavy-duty vehicles. As noted previously, MOVES does not estimate I/M benefits for 
heavy-duty vehicles. Table 2-1 shows the 20 different I/M test standards available in MOVES 
(2014 version, October release), along with the number of counties in the 2011 NEI that claim 
benefits of the test (any vehicle type) and the number of counties with heavy-duty coverage. 

Table 2-1. MOVES I/M Tests and the Number of Counties in the NEI with the Test 

MOVES Test 
Standards ID 

MOVES Test Description # Counties  
Counties with Heavy-
Duty Vehicle Testing 

11 Unloaded Idle Test 76 54 

12 Two-mode, 2500 RPM/Idle Test 75 42 

13 Loaded / Idle Test 5 2 

21 ASM 2525 Phase-in Cutpoints 5 0 

22 ASM 5015 Phase-in Cutpoints 0 0 

23 ASM 2525/5015 Phase-in Cutpoints 28 0 

24 ASM 2525 Final Cutpoints 15 0 

25 ASM 5015 Final Cutpoints 5 0 

26 ASM 2525/5015 Final Cutpoints 11 1 

31 IM240 Phase-in Cutpoints 2 0 

33 IM240 Final Cutpoints 43 33 

41 Evaporative Gas Cap Check 178 78 

42 Evaporative System Pressure Check 0 0 

43 Evaporative System OBD Check 246 90 

44 Evaporative Gas Cap and Pressure Check 6 0 

45 Evaporative Gas Cap and OBD Check 131 55 

46 Evaporative Pressure and OBD Check 0 0 

47 Evaporative Gas Cap, Pressure and OBD Check 0 0 

51 Exhaust OBD Check 368 124 

61 HDDV Engine Reflash Program 0 0 

TOTAL Any Test Type 397 172 

                                                
8 ftp://ftp.epa.gov/EmisInventory/2011v6/v2platform/2011emissions/onroad/  

ftp://ftp.epa.gov/EmisInventory/2011v6/v2platform/2011emissions/onroad/
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The most frequent exhaust and evaporative I/M tests in use in the NEI data are those 

that rely on the OBD technology – the “Exhaust OBD Check” and “Evaporative System OBD 
Check,” respectively. For the evaporative I/M programs, the gas cap only check is a close 
second to the full evaporative OBD check in terms of frequency (178 counties).  

According to TCEQ documentation9, the Austin area I/M program includes four separate 
tests covering gasoline-fueled light-duty vehicles ages 2 to 24 years old. For pre-1996 model 
years, the I/M tests in place are the TSI and the evaporative gas cap test. For 1996+ model 
years, the I/M programs include the exhaust OBD check and the evaporative gas cap plus 
evaporative OBD check. Austin’s I/M program elements correspond to the following MOVES 
test standard ID codes: 

¶ MOVES test standard 12 TSI 

¶ MOVES test standard 51 Exhaust OBD check 

¶ MOVES test standard 41 Gas cap 

¶ MOVES test standard 45 Gas cap plus evaporative OBD check 
 
2.2 NEI Compliance Factors by Source Type 

The MOVES model uses the compliance factor to determine the percent of vehicles that 
will receive the benefit of a particular I/M test. The factor is comprised of three terms, as 
shown in the below equation. The county databases (CDBs) used in the NEI, however, do not 
break out compliance factors into these components. The equation below shows EPA’s 
guidance for calculating the compliance factors. 

Compliance Factor = (Compliance Rate) x (100 ς Waiver Rate) x (Regulatory Coverage) 
 

Where:  
 

Compliance Rate =  the fraction of vehicles in the fleet covered by the I/M 
program, that completes the I/M test and receives either a 
certificate of compliance or a waiver. 

Waiver Rate =  the percentage of vehicles that fail an initial I/M test and do 
not pass a retest, but do receive a certificate of compliance.  

                                                
9 ftp://amdaftp.tceq.texas.gov/pub/Mobile_EI/AUS/mvs/reports/mvs10a_att_aus_5co_technical_report_draft.pdf  
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Regulatory Coverage =  an adjustment factor that accounts for the fraction of VMT 
from the various regulatory weight classes within a source 
type to reflect any weight exemptions in a program. The 
default regulatory class coverage adjustments for light-duty 
vehicles are discussed below.  

 
While EPA provided defaults for the compliance rate, EPA guidance indicates that once a 

program is in place, actual program data should be used. Empirically-based compliance rates 
and waiver rates are dependent upon local participation and outcomes of testing in specific I/M 
programs. The regulatory coverage adjustment factor may also be calculated using local data if 
it exists. However, EPA guidance provides a default approach to estimate the factors. An 
appendix table from EPA guidance documentation lists “regulatory classes” (weight-based 
vehicle classifications) within each MOVES source type, reproduced below as Table 2-2.  

Table 2-2. MOVES2014 Regulatory Class Coverage Adjustments  

Source Type 
Description 

Source  
Type ID Regulatory Class Description 

Regulatory 
Class ID 

Regulatory Class  
Coverage Adjustment 

Motorcycle 11 Motorcycles (Gasoline) 10 100% 

Passenger Car 21 
LD Gas Vehicles  
(Passenger Cars) 

20 100% 

Passenger 
Truck 

31 

LD Gas Trucks  
(less than 8,501 lbs. GVWR) 

30 98% 

Class 2b 2-Axle 4-Tire Trucks 
(8,501 - 10,000 lbs. GVWR) 

40 2% 

Light 
Commercial 

Truck 
32 

LD Gas Trucks  
(less than 8,501 lbs. GVWR) 

30 93% 

Class 2b 2-Axle 4-Tire Trucks 
(8,501 - 10,000 lbs. GVWR) 

40 7% 

Transit Bus 42 

Light Heavy Duty Gas Vehicles 
(14,001 – 19,500 lbs. GVWR) 

42 27% 

Medium Heavy Duty Gas Vehicles  
(19,501 – 33,000 lbs. GVWR) 

46 10% 

Heavy Heavy Duty Gas Vehicles 
(Greater than 33,000 lbs. GVWR) 

47 63% 

School Bus 43 

Light Heavy Duty Gas Vehicles 
(8,501 – 14,000 lbs. GVWR) 

41 1% 

Light Heavy Duty Gas Vehicles 
(14,001 – 19,500 lbs. GVWR) 

42 1% 

Medium Heavy Duty Gas Vehicles  
(19,501 – 33,000 lbs. GVWR) 

46 94% 
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Source Type 
Description 

Source  
Type ID Regulatory Class Description 

Regulatory 
Class ID 

Regulatory Class  
Coverage Adjustment 

Heavy Heavy Duty Gas Vehicles 
(Greater than 33,000 lbs. GVWR) 

47 4% 

Refuse Truck 51 

Light Heavy Duty Gas Vehicles 
(8,501 – 14,000 lbs. GVWR) 

41 11% 

Light Heavy Duty Gas Vehicles 
(14,001 – 19,500 lbs. GVWR) 

42 84% 

Medium Heavy Duty Gas Vehicles  
(19,501 – 33,000 lbs. GVWR) 

46 5% 

Single Unit 
Short-haul 

Truck 
52 

Light Heavy Duty Gas Vehicles 
(8,501 – 14,000 lbs. GVWR) 

41 43% 

Light Heavy Duty Gas Vehicles 
(14,001 – 19,500 lbs. GVWR) 

42 43% 

Medium Heavy Duty Gas Vehicles  
(19,501 – 33,000 lbs. GVWR) 

46 14% 

Single Unit 
Long-haul 

Truck 
53 

Light Heavy Duty Gas Vehicles 
(8,501 – 14,000 lbs. GVWR) 

41 48% 

Light Heavy Duty Gas Vehicles 
(14,001 – 19,500 lbs. GVWR) 

42 35% 

Medium Heavy Duty Gas Vehicles  
(19,501 – 33,000 lbs. GVWR) 

46 17% 

Motor Home 54 

Light Heavy Duty Gas Vehicles 
(8,501 – 14,000 lbs. GVWR) 

41 27% 

Light Heavy Duty Gas Vehicles 
(14,001 – 19,500 lbs. GVWR) 

42 39% 

Medium Heavy Duty Gas Vehicles  
(19,501 – 33,000 lbs. GVWR) 

46 30% 

Heavy Heavy Duty Gas Vehicles 
(Greater than 33,000 lbs. GVWR) 

47 4% 

Combination 
Short-haul 

Truck 
61 

Medium Heavy Duty Gas Vehicles  
(19,501 – 33,000 lbs. GVWR) 

46 96% 

Heavy Heavy Duty Gas Vehicles 
(Greater than 33,000 lbs. GVWR) 

47 4% 

 
For example, passenger trucks in MOVES are made up of 98% regulatory class 30 and 2% 

regulatory class 40. Because vehicles with a GVWR of more than 8500 lbs. are typically not 
subject to I/M programs, the regulatory class adjustment factor would be 98% for this MOVES 
source type. Therefore, the default regulatory class coverage adjustments for passenger car, 
passenger truck, and light commercial truck are 100%, 98%, and 93%, respectively. These 
default data assume that 100% of gasoline passenger cars, 98% of gasoline passenger trucks, 
and 93% of gasoline light commercial trucks would be subject to annual testing and receive an 
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emissions reduction benefit, and that 2% of gasoline passenger trucks and 7% of gasoline light 
commercial trucks receive no benefit due to having a GVWR of more than 8,500 lbs. and 
therefore being exempt from testing.  

Out of the 397 counties across 35 states with I/M programs in NEI data set, 
approximately one-third of the compliance factors were either the EPA default values based on 
MOVES2010 regulatory class definitions (i.e., 93.12%, 87.53%, or 81.95%) or 100%, including all 
17 counties in Texas with an I/M program.  Either of these values for a compliance factor 
suggest a lack of use of in-program data, although it is possible (if unlikely) that an I/M program 
happens to have compliance and waiver rates that match the EPA values of 96% and 3%, 
respectively. Table 2-3 presents the number of counties with CFs that match EPA defaults or 
equal 100%, showing that approximately one-third of passenger car CFs are default or 100%, 
and fewer of the light trucks are using these type of CF values.  This analysis suggests that most 
areas (over two-thirds of counties) are using in-program data because their CFs are not default 
values or 100%. 

Table 2-3. Analysis of Default NEI Compliance Factors for Light-Duty Vehicles  

Vehicle Class 

No. of 
counties 
with I/M 

test 

Number of counties reporting CF of 
100% or a default value  

Subtotal 
reporting 
default 
or 100 

Percent 
reporting 
default 
or 100 100% 93.12% 87.53% 81.95% 

Exhaust OBD (MOVES I/M Test 51) 

Passenger Car 368 6 106 0 0 112 30% 

Passenger Truck 389 6 45 8 0 59 15% 

Light Commercial Truck 389 6 45 0 8 59 15% 

Two-Speed Idle (MOVES I/M Test 12) 

Passenger Car 61 0 22 0 0 22 36% 

Passenger Truck 61 0 3 3 0 6 10% 

Light Commercial Truck 61 0 3 0 3 6 10% 

Evaporative OBD and Gas Gap (MOVES I/M Test 45) 

Passenger Car 131 0 35 0 0 35 27% 

Passenger Truck 131 0 8 8 0 16 12% 

Light Commercial Truck 131 0 9 0 8 17 13% 

Evaporative Gas Gap Check (MOVES I/M Test 41) 

Passenger Car 177 0 62 0 0 62 35% 

Passenger Truck 177 0 23 8 0 31 18% 

Light Commercial Truck 177 0 23 0 8 31 18% 

 

 Table 2-4 through Table 2-7 show the distribution of NEI compliance factors for each 
MOVES source type, presented separately by the four I/M tests in the Austin area. Figure 2-1 
provides a histogram showing NEI submittal light-duty vehicle CFs for the exhaust OBD test. 
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Note that counties with compliance factors equal to 0 or 100 in the NEI have been excluded 
from these tables because the data has limited usefulness. A compliance factor of 0 indicates 
zero benefit (equivalent to no I/M program), and a factor of 100 percent compliance doesn’t 
agree with official MOVES guidance. 

For the TSI and Gas Cap checks (applicable to pre-1996 model years in Austin), the range 
in compliance factors for MOVES source types 21, 31, and 32 is relatively narrow, ranging from 
82 to 98 percent. By contrast, the OBD checks (applicable to 1996+ model years in Austin) have 
large ranges in the NEI data by county from 17 up to a 99 percent compliance factor. Out of the 
397 counties with I/M programs in the 2011 NEI, 78% of the counties submitted data, although 
some areas submitted EPA default values or 100%, and either of these cases indicates a lack of 
use of in-program data. Later in this report (Section 3.9), empirically-based compliance factors 
for Austin are compared to the NEI compliance factors. 
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Table 2-4. NEI Data Summary of Gas Cap Evaporative Checks on Pre-1996 Model Years 

MOVES  
Source  
Type 

ID 
MOVES Source Type  

Name 
Number of 
Counties 

Compliance Factor 
Range 

(min-max) 

Mean 
Compliance 

Factor 

Median 
Compliance 

Factor 

Mode 
Compliance 

Factor 

21 Passenger Car 177 93.12 - 98 95.45 96.00 96.00 

31 Passenger Truck 177 87.53 - 96.4 91.78 91.18 90.24 

32 Light Commercial Truck 177 81.95 - 96.4 88.02 85.36 84.48 

41 Intercity Bus 5 94.5 - 96.4 95.16 94.50 94.50 

42 Transit Bus 40 93.12 - 96.4 95.76 96.00 96.00 

43 School Bus 61 93.12 - 96.4 95.50 95.21 95.21 

51 Refuse Truck 40 93.12 - 96.4 95.76 96.00 96.00 

52 Single Unit Short-haul Truck 78 45.62 - 96.4 91.59 95.21 95.21 

53 Single Unit Long-haul Truck 75 44.69 - 96.4 91.75 95.21 95.21 

54 Combination Unit Short-haul Truck 61 93.12 - 96.4 95.50 95.21 95.21 

61 Combination Unit Long-haul Truck 40 93.12 - 96.4 95.76 96.00 96.00 
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Table 2-5. NEI Data Summary of TSI Tests on Pre-1996 Model Years 

MOVES  
Source  
Type 

ID 
MOVES Source Type  

Name 
Number of 
Counties 

Compliance Factor 
Range 

(min-max) 

Mean 
Compliance 

Factor 

Median 
Compliance 

Factor 

Mode 
Compliance 

Factor 

21 Passenger Car 61 90 - 97.73 94.82 95.21 95.21 

31 Passenger Truck 61 87.53 - 97.73 92.60 95.21 95.21 

32 Light Commercial Truck 61 81.95 - 97.73 90.26 95.21 95.21 

41 Intercity Bus 5 81.65 - 84.93 82.87 81.65 81.65 

42 Transit Bus 8 81.65 - 97.73 85.87 84.49 81.65 

43 School Bus 29 81.65 - 97.73 93.56 95.21 95.21 

51 Refuse Truck 9 81.65 - 97.73 86.37 84.49 81.65 

52 Single Unit Short-haul Truck 21 81.65 - 97.73 88.99 93.12 93.12 

53 Single Unit Long-haul Truck 9 81.65 - 97.73 86.37 84.49 81.65 

54 Combination Unit Short-haul Truck 17 81.65 - 93.12 89.32 93.12 93.12 

61 Combination Unit Long-haul Truck 9 81.65 - 97.73 86.37 84.49 81.65 
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Table 2-6. NEI Data Summary of the Gas Cap plus Evap. OBD for 1996+ Model Years 

MOVES  
Source  
Type 

ID 
MOVES Source Type  

Name 
Number of 
Counties 

Compliance Factor 
Range 

(min-max) 

Mean 
Compliance 

Factor 

Median 
Compliance 

Factor 

Mode 
Compliance 

Factor 

21 Passenger Car 346 18.78 - 98.6 93.31 95.21 95.21 

31 Passenger Truck 332 17.65 - 97.73 90.26 91.18 95.21 

32 Light Commercial Truck 346 16.52 - 97.73 85.25 84.48 95.21 

42 Transit Bus 36 93.12 - 97.73 95.89 96.00 96.00 

43 School Bus 57 93.12 - 97.73 95.41 95.21 95.21 

51 Refuse Truck 37 93.12 - 97.73 95.81 96.00 96.00 

52 Single Unit Short-haul Truck 103 13.6 - 97.73 47.61 18.30 13.60 

53 Single Unit Long-haul Truck 37 93.12 - 97.73 95.81 96.00 96.00 

54 Combination Unit Short-haul Truck 98 22 - 96 49.85 23.40 23.40 

61 Combination Unit Long-haul Truck 37 93.12 - 97.73 95.81 96.00 96.00 
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Table 2-7. NEI Data Summary of the Exhaust OBD for 1996+ Model Years 

MOVES  
Source  
Type 

ID 
MOVES Source Type  

Name 
Number of 
Counties 

Compliance Factor 
Range 

(min-max) 

Mean 
Compliance 

Factor 

Median 
Compliance 

Factor 

Mode 
Compliance 

Factor 

21 Passenger Car 362 18.78 - 98.6 92.98 94.09 93.12 

31 Passenger Truck 362 17.65 - 97.73 90.18 91.84 87.53 

32 Light Commercial Truck 362 16.52 - 97.73 85.02 84.00 81.95 

42 Transit Bus 36 93.12 - 97.73 93.25 93.12 93.12 

43 School Bus 57 93.12 - 97.73 94.30 95.21 95.21 

51 Refuse Truck 37 93.12 - 97.73 93.24 93.12 93.12 

52 Single Unit Short-haul Truck 103 13.6 - 97.73 46.72 18.30 13.60 

53 Single Unit Long-haul Truck 37 93.12 - 97.73 93.24 93.12 93.12 

54 Combination Unit Short-haul Truck 97 22 - 93.12 49.15 23.40 23.40 

61 Combination Unit Long-haul Truck 37 93.12 - 97.73 93.24 93.12 93.12 
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Figure 2-1. Histogram of Light Duty NEI Compliance Factors for Exhaust OBD I/M Programs  
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3.0 Development of an Empirical I/M Compliance Factor 

This section presents empirically-based compliance factors for the Austin area based on 
findings from ERG’s recent evaluation of Austin’s I/M program for the TCEQ and waiver query 
data from the Gordon-Darby database provided by CAPCOG. The new empirical compliance 
factor can be used as an input to the MOVES model and are used in one of the new emission 
inventory scenarios presented later in Section 4.0. 

3.1 Background 

ERG recently conducted an evaluation of the Texas I/M program in the Austin area for 
the 2012-2013 biennial period using the TIMS database data and RS data from January 1, 2012 
through December 31, 2013. 10 The TIMS database documents the I/M program inspection 
process for emissions testing stations throughout Texas. ERG’s previous study for the TCEQ 
included the following elements: 

¶ Assessment of I/M program coverage 

¶ Evaluation of the vehicle inspection and repair process 

¶ Air Quality Benefits of the I/M program  

¶ I/M station performance 
 

For this analysis, CAPCOG also provided waiver rates specific to Travis and Williamson 
Counties, downloaded from the Gordon-Darby database, discussed in greater detail later. 

3.2 Compliance Rate  

The compliance rate represents the percent of fraction of vehicles in the fleet subject to 
the I/M program that receives a legitimate certificate of compliance or a waiver. In Austin, the 
vehicles subject to I/M are gasoline-powered vehicles between 2 and 24 years of age. The 
previous ERG study examined I/M participation rates of these vehicles by observing a 
representative sample of vehicles around Austin using data collected by RS. The observed 
vehicles were analyzed to determine whether they were subject to I/M according to age and 
vehicle classification. In the previous study, ERG analyzed the subset of vehicles in the RS 
dataset that should have been subject to I/M and searched for their presence in the TIMS 
database to look at whether the vehicle received an I/M test during the 2012-2013 biennial 
period. Under this method, ERG previously determined that the participation rate was 86.17 
percent.10 

3.3 Accounting for Fraud in the Compliance Rate 

Because the participation rate includes both legitimately issued certificate and any 
fraudulently issued certificate, the participation rate needs to be adjusted to account for fraud 
in order to obtain a compliance rate. The following discussion identifies likely cases of fraud and 

                                                
10 http://www.tceq.state.tx.us/assets/public/implementation/air/ms/IM/IMProgEval2015-ARR.pdf 
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estimates an empirical adjustment factor to reduce the compliance rate to account for vehicles 
that pass an inspection under suspicious circumstances. Identifying cases of fraud is not 
straightforward because there are often alternate, innocuous explanations for observed cases 
of suspicious activity. ERG previously identified potential routes to a false I/M “pass” for OBD 
and TSI checks, paraphrased in the inset grey text box below. The previous study separated 
causes of errors into “errors of commission” or the intentional breaking of rules to manipulate 
inspection results and “errors of omission” or failure to routinely follow regulated procedures. 

tŀǊŀǇƘǊŀǎŜŘ ŦǊƻƳ 9wDΩǎ ǇǊŜǾƛƻǳǎ ŀƴŀƭȅǎƛǎ ƻŦ !ǳǎǘƛƴΩǎ Lκa ǇǊƻƎǊŀƳ11. 
 

3.4 OBD Test Fraud 

The first item under “OBD Fraud Checks” is the Vehicle Identification Number (VIN) 
mismatch, where the VIN is the manually entered by the inspector and the one automatically 
downloaded from the OBD do not match. The previous study showed that the TIMS database 
contained both the manually-entered and OBD-downloaded VIN, and cases of a non-match may 
indicate “clean scanning” where the OBD results for a clean vehicle are substituted for one that 
would not otherwise pass inspection. It is possible that manually entered VINs could contain an 
occasional typo, but a table from the previous ERG study (Table 6-1) provides convincing 
evidence of fraud by showing the VIN mismatches by vehicle model year. The early years of 
OBD (1996-1999) had very high rates of discrepancies, with as many as 60% of vehicle records 
containing a VIN mismatch. These model years are exactly the group that would likely benefit 
from clean-scanning because they are the older vehicles most likely to fail an inspection. By 
comparison, later model years (2000-2013) only had rates of 0.2 to 7 percent VIN discrepancies. 
The overall rate of VIN mismatch was 0.8 percent. The second item from the grey text box 
above, a change in readiness status, is discussed next. 

                                                
11 http://www.tceq.state.tx.us/assets/public/implementation/air/ms/IM/IMProgEval2015-ARR.pdf 

Errors of Commission 

OBD Fraud Checks 

1. VIN mismatch between manual entering and OBD download. 

2. Powertrain Control Module (PCM), Parameter ID (PID), VIN, 

and/or readiness status changes between inspections. 

Tailpipe Inspection Manipulation  

3. Clean-piping.  

4. Switching vehicle from ASM to TSI in order to pass inspection. 

This is not applicable to the Austin. 

5. Switching from Light Duty (LD) (<8,500 Gross Vehicle Weight 

Rating (GVWR)) to Heavy Duty (HD) (>8,500 GVWR) in order to 

pass inspection. 

6. Stations with a very high or very low fail rates. 
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A second way ERG previously analyzed fraud prevalence was to compare OBD-
downloaded information from a vehicle on its first inspection to the OBD-downloaded 
information on retests of the same vehicle. The investigation was intended to identify cases in 
which vehicles that failed an initial test may have only passed subsequent tests due to clean-
scanning. For that analysis, ERG combined certain types of OBD information to create unique 
“electronic profiles” for each vehicle. The electronic profile was expected not to change 
between initial and subsequent inspections. ERG created two electronic profiles: the first was a 
combination of the OBD-downloaded VIN (often blank), Powertrain Control Module (PCM) ID, 
and the Parameter ID (PID) count; and the second profile combined “readiness status” (as 
“monitored” or “not monitored”) of OBD status settings for exhaust gas recirculation (EGR) 
systems, evaporative systems, heated oxygen sensor systems, and secondary air injection 
systems. These combinations of indicators uniquely identified vehicles and revealed cases in 
which retested vehicles did not match the initial vehicle, which should have been the same – 
indicating potential clean scanning. Table 3-1 is a re-print of a report table (Table 6-3) from the 
previous ERG study, and it shows that between 1-2% of retests may have been fraudulent. 
According to the previous study, the percent of all I/M tests that are retests ending with a pass 
is 4.92 percent. Stratifying by test type, this number is 4.36 percent for OBD tests and 6.20 
percent for TSI. 

Table 3-1. Percentages of Retests with Various OBD Fraud Indicators  

Retest Match Scenario Retest-only Dataset (139,867 tests total) 

All match (compliant) 98 % 

Readiness mismatch (ambiguous) 0.03 % 

PCM ID info mismatch (fraud likely) 1.7 % 

Both mismatch (fraud very likely) 0.3 % 

Estimated % of clean-scanning 1% to 2% 

 
In summary, the VIN mismatch affected 0.8% of vehicles participating in OBD checks in 

Austin during the 2012-2013 biennial period. The “electronic profile” checks indicating fraud 
affected 1-2% of the 4.36% (OBD retests only). Assuming 2% for the fraud rate, Equation 1 
below summarizes an empirical OBD fraud adjustment factor, and Equation 2 shows the fraud 
adjustment value. This factor is recommended to be used to reduce the compliance rate to 
account for vehicles that fraudulently pass their OBD inspections. 

OBD fraud adjustment factor = 100 – [(% of all tests with VIN mismatches) + (% of all tests that 
are retests) x (% of retests where fraud is likely)]       Eqn. 1 
OBD fraud adjustment = 100 – [(100%) x (0.8%) + (4.36%) x (2%)] = 99.11 %  Eqn. 2 

 
3.5 TSI Test Fraud 

A common method of fraudulently passing a tailpipe test is so called “clean-piping” 
whereby a vehicle with cleaner emission rates is tested in order to pass another vehicle. A 
second mode of fraud can occur when a vehicle fails the NOX emissions testing component of 
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the ASM test and the inspector changes the test type to TSI because TSI only measures HC and 
CO; however this type of fraud does not occur in Austin because the ASM test is not required. 
Finally, the re-classifying of a light duty (LD) vehicle (<8,500 lbs.) to a heavy-duty (HD) vehicle 
(>8,500 lbs.) in order to pass an inspection is a third potential mode of cheating.  

ERG examined the length of time between an initial TSI test and a passing retest. Those 
that occur within a 15-minute or smaller window were considered highly suspect and could 
indicate that the inspector substituted another vehicle in order to pass it (i.e., clean-piping) or 
could indicate the vehicle was not fully warmed up, perhaps a cable was loose, or the vehicle 
was close to the cutpoints and passed the retest simply due to I/M test variability. In any case, 
this method of fraud was nearly nonexistent in ERG’s previous study of Austin’s I/M program 
performance. The “worst” station had 3 instances of a quick retest pass of a tailpipe inspection 
and most stations had no instances. Therefore, this was deemed not to be a prevalent mode of 
fraud in Austin and is not quantified for the compliance rates in this study. As mentioned 
previously, the second mode of tailpipe fraud (switching from ASM to TSI to avoid the NOX test) 
does not happen in the Austin area. Finally, there were some recorded instances of, after an 
initial TSI fail, switching the classification of a vehicle from LD to HD. This is very likely fraud, but 
it was extremely uncommon in Austin, although it was relatively more frequent at a few 
stations. It was estimated that less than 0.1% of TSI retests were passed by switching the 
vehicle to HD classification. Of the estimated 6.20% of retests, 0.1% of that is only 0.0062%, 
barely large enough to register any change in the overall compliance factor carried out to two 
decimal places. Therefore, we do not recommend any fraud adjustments to the TSI compliance 
rates. Finally, there was no data available on evaporative system fraud and it doesn’t seem 
appropriate to apply exhaust OBD fraud rates to gas cap or gas cap plus evaporative system 
OBD checks. 

3.6 Waiver Rate  

The waiver rate is the second of three terms in the compliance factor equation. EPA 
defines waiver rate as the percentage of vehicles that fail an initial I/M test and do not pass a 
retest but instead receive a certificate of compliance (waiver). CAPCOG queried the Gordon-
Darby database on September 18, 2014 to download the number of vehicles tested, failed, and 
the number that received waivers in Travis and Williamson Counties combined. The data, 
applicable for full years 2006 through 2013 and part of 2005 (after the program took effect 
September 1, 2005) are shown in Table 3-2. The table also shows ERG-calculated waiver rates, 
tabulated as the ratio of “total waivers” to “failing vehicles” multiplied by 100, for each time 
period and the total dataset. Table 3-2 shows that there was not a lot of variation in the waiver 
rates by year for the later calendar years (i.e., 2011-2013) and we recommend using the larger 
dataset (all available data) instead of specific years to determine the average waiver rate. The 
overall rate from September 2005 to December 2013 was 0.26%.  
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Table 3-2. Number of I/M Tests, Failing Vehicles, and Total Waivers Issued 

Time Period Total Tests Failing Vehicles Total Waivers Waiver Rate (%) 

Sep. 2005 37,006 4,779 2 0.04 

Oct. 2005 43,091 4,747 9 0.19 

Nov. 2005 43,125 4,726 16 0.34 

Dec. 2005 45,951 4,530 7 0.16 

2006 668,228 56,756 170 0.30 

2007 697,153 44,046 106 0.24 

2008 727,578 47,241 98 0.21 

2009 767,981 53,103 148 0.28 

2010 821,836 53,547 122 0.23 

2011 834,817 55,070 147 0.27 

2012 846,945 55,522 153 0.28 

2013 864,245 53,778 149 0.28 

Total 6,397,956 437,845 1,127 0.26 

 
3.7 Regulatory Coverage 

Regulatory coverage is the third term of three in EPA’s equation to calculate the I/M 
compliance factors. It represents an adjustment to account for the fraction of VMT in the 
various regulatory weight classes within a source type, based on EPA’s assumption that vehicles 
with GVWR over 8,500 lbs. are exempt from testing. Although gasoline-powered vehicles with 
these higher GVWRs are subject to testing in the Austin area, MOVES2014 does not incorporate 
any I/M emission reduction benefits for these vehicles. Therefore, this adjustment is necessary 
to isolate the subset of each source type for which the MOVES model can calculate an I/M 
emission reduction benefit. The default regulatory class coverage adjustments for light-duty 
vehicles are 100%, 98%, and 93% respectively for passenger cars, passenger trucks, and light 
commercial trucks in MOVES2014. For MOVES2010, which was used for the I/M data 
development for the 2011 NEI, the default regulatory class adjustment factors were 100%, 94%, 
and 88% respectively. 

3.8 Calculation of Compliance Factors 

Equations 3, 4, 5, and 6 show the exhaust OBD compliance factor (CF) calculation for 
passenger car (PC), passenger truck (PT), and light commercial truck (LCT). 

CF Vehicle Type =  [(Participation Rate) x (100% - Fraud Rate)] x (100% - Waiver Rate) x 
Regulatory Class Coverage Adjustment     Eqn. 3 

CF PC =   [(86.17%) x (99.11%)] x (100% – 0.26%) x 100% = 85.19 %   Eqn. 4 

CF PT =   [(86.17%) x (99.11%)] x (100% – 0.26%) x 98% = 83.48 %   Eqn. 5 

CF LCT =  [(86.17%) x (99.11%)] x (100% – 0.26%) x 93% = 79.22 %   Eqn. 6 
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The next three equations show the CF for the same three vehicle types, but for the 
other I/M tests: the TSI, gas cap only, and gas cap plus evaporative system OBD check. The only 
difference between Equations 2-4 and Equations 5-7 are that the latter three do not 
incorporate an adjustment for fraud. Thus, the impact of including fraud on OBD can be 
determined by subtracting the results of Equations 7 through 9 from the result in the 
counterpart from Equations 4 through 6. The effect of including fraud on the overall compliance 
factor is approximately three quarters of one percent – 0.77%, 0.76% and 0.72% for passenger 
car, passenger truck, and light commercial truck, respectively.  

CF PC = (86.17%) x (100% – 0.26%) x 100% = 85.95 %      Eqn. 7 

CF PT = (86.17%) x (100% – 0.26%) x 98% = 84.23 %     Eqn. 8 

CF LCT = (86.17%) x (100% – 0.26%) x 93% = 79.93 %      Eqn. 9 

The empirical compliance factors for Travis and Williamson Counties are shown in Table 
3-3 and Table 3-4, alongside the somewhat higher default compliance factors provided by EPA 
for MOVES2014. The new compliance factors account for recently observed participation rates 
in the Austin area and observed likely cases of fraud in the Austin area from the ERG study, and 
Austin area-specific waiver rates from the Gordon-Darby database. 

Table 3-3. Exhaust OBD Test New Compliance Factors 

MOVES 
Source 
Type 

New 
Recommended 
Compliance 
Factor 

MOVES2010 
Default 
Compliance 
Factor 

Difference from 
MOVES2010 
(New – 
Previous) 

MOVES2014 
Default 
Compliance 
Factor 

Difference from 
MOVES2014 
(New – 
Previous)  

Passenger 
Car 

85.19% 93.12% -7.93% 93.12% -7.93% 

Passenger 
Truck 

83.48% 87.53% -4.05% 91.26% -7.78% 

Light 
Commercial 
Truck 

79.22% 81.95% -2.73% 86.60% -7.38% 
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Table 3-4. TSI and Evaporative Test Compliance Factors 

MOVES 
Source 
Type 

New 
Recommended 
Compliance 
Factor 

MOVES 2010 
Default 
Compliance 
Factor 

Difference from 
MOVES2010 
(New – 
Previous) 

MOVES2014 
Default 
Compliance 
Factor 

Difference from 
MOVES2014 
(New – 
Previous)  

Passenger 
Car 

85.95% 93.12% -7.17% 93.12% -7.17% 

Passenger 
Truck 

84.23% 87.53% -3.30% 91.26% -7.03% 

Light 
Commercial 
Truck 

79.93% 81.95% -2.02% 86.60% -6.67% 

 

3.9 Relationship to the NEI  

The new empirical compliance factors are low compared to most of the 2011 NEI values. 
The compliance factors for TSI and gas cap only (Table 3-4) are below, but close to, the 
minimum compliance factor reported in the 2011 NEI. The compliance factors for exhaust OBD 
(Table 3-3) and evaporative OBD with gas cap (Table 3-4) fall within the 2011 NEI range but are 
still low compared to the majority of values. The exhaust OBD compliance factors fell in the 4th, 
4th, and 6th percentile of compliance factors in the NEI for passenger car, passenger truck, and 
light commercial truck respectively. Filtering out default data from the NEI, the OBD compliance 
factors fell in the 5th, 4th, and 7th percentile of submitted data. For the evaporative system 
OBD check plus gas cap check, the Austin area values are the 5th, 5th, and 18th percentile of 
the NEI data. Removing default data from the NEI comparison, the evaporative OBD plus gas 
cap CFs fall in the 5th, 6th, and 20th percentiles. 
 

It is unclear why most of the NEI data shows compliance factors higher than the Austin 
area, but it seems that the most influential term in the equations is the compliance rate of 
86.17 percent. It could be that the Austin area has a lower compliance rate than other areas. 
Another explanation could be that other states and EPA default I/M program compliance 
factors aren’t using actual participation rates or are not accounting for fraud. It is also possible 
that the previous study’s remote sensing data that informed the participation rate included a 
disproportionately high share of non-compliant vehicles or that methods used in other states to 
assess compliance under-count the number of non-compliant vehicles. 
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4.0 MOVES Modeling of I/M Program Benefits for Light-Duty Vehicles 

The MOVES modeling presented in this section provides on-road emissions under three 
scenarios listed below, where the only differences among the three was the I/M compliance 
factor (CF).  

1. Zero compliance (CF = 0) 
2. Empirical CFs  
3. TTI’s MOVES2010-based default CFs  

 

Inputs for the MOVES runs originated from the 2012 and 2018 non-link based 
MOVES2014 inputs from TCEQ’s website12.  The inputs for this analysis included only summer 
weekday, 2012 and 2018 for Travis and Williamson Counties.  Although only summer weekday 
scenarios are developed, the percent reductions in emissions from the I/M compliance 
scenarios also apply to other day types (Friday, Saturday, and Sunday) and non-school season 
emissions, because the compliance factor and age distributions do not change and these are 
the determinants of reductions on a gasoline source type basis. TTI’s compliance factors of 
93.12% for passenger cars, 87.53% for passenger trucks, and 81.95% for light commercial trucks 
reflected the MOVES2010 default assumptions for compliance rate (96% for all vehicle types), 
waiver rate (3% for all vehicle types), and regulatory class coverage adjustment (100% for 
passenger cars, 94% for light commercial trucks, and 88% for light commercial trucks).13 EPA’s 
new technical guidance for MOVES2014 was published after TTI’s inventories were prepared, so 
the inventories do not reflect EPA’s updated default regulatory class coverage adjustments of 
100% for passenger cars, 98% for passenger trucks, and 93% for light commercial trucks. These 
new regulatory class coverage adjustments yield compliance factors of 93.12%, 91.26%, and 
86.60%.14 

MOVES2014 Results 

Table 4-1 and Table 4-2 show the on-road emissions of VOC, CO, and NOX separately for 
Travis and Williamson counties, for 2012 and 2018 respectively. These tables include three I/M 
compliance scenarios, (1) zero compliance (or no I/M benefit), (2) the empirical CFs (from 
Section 3.0), and (3) TTI’s MOVES2010-based default CFs. Compared to the zero compliance 
case, the empirical and MOVES2014 Default CFs produce a similar emissions reduction from 
I/M programs. 

  

                                                
12 ftp://amdaftp.tceq.texas.gov/pub/Mobile_EI/Statewide/mvs/ 
13 

ftp://amdaftp.tceq.texas.gov/pub/Mobile_EI/Statewide/mvs/reports/mvs14_att_tex_06_12_18_technical_report_final

_dec_2014.pdf. See footnote 1 on page 55. 
14 http://www.epa.gov/otaq/models/moves/documents/420b15007.pdf, Appendix A 

ftp://amdaftp.tceq.texas.gov/pub/Mobile_EI/Statewide/mvs/reports/mvs14_att_tex_06_12_18_technical_report_final_dec_2014.pdf
ftp://amdaftp.tceq.texas.gov/pub/Mobile_EI/Statewide/mvs/reports/mvs14_att_tex_06_12_18_technical_report_final_dec_2014.pdf
http://www.epa.gov/otaq/models/moves/documents/420b15007.pdf
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Table 4-1. 2012 Emissions of VOC, CO, and NOx in the Austin Area for Three I/M Program 
Scenarios 

Compliance Scenario Travis Williamson Total 

VOC (tpd) 

Zero CF 16.52 6.74 23.26 

Empirical CF 14.81 6.04 20.85 

MOVES2010 Default CF 14.68 5.99 20.68 

CO (tpd) 

Zero CF 174.02 69.17 243.19 

Empirical CF 154.29 61.43 215.72 

MOVES2010 Default CF 152.82 60.87 213.69 

NOx (tpd) 

Zero CF 33.55 13.62 47.17 

Empirical CF 31.38 12.76 44.14 

MOVES2010 Default CF 31.22 12.70 43.92 

 
Table 4-2. 2018 Emissions of VOC, CO, and NOx in the Austin Area for Three I/M Program 

Scenarios 

Compliance Scenario Travis Williamson Total 

VOC (tpd) 

Zero CF 10.55 4.53 15.08 

Empirical CF 9.36 4.02 13.38 

MOVES2010 Default CF 9.27 3.98 13.26 

CO (tpd) 

Zero CF 130.63 53.94 184.58 

Empirical CF 114.02 47.15 161.17 

MOVES2010 Default CF 112.75 46.65 159.40 

NOx (tpd) 

Zero CF 15.71 6.85 22.56 

Empirical CF 14.72 6.43 21.15 

MOVES2010 Default CF 14.64 6.41 21.05 

 
 
While the empirical CFs ranged from 2 to 8% lower than the default CF values used in TTI’s 
December 2014 county-level inventories, the overall emissions benefits from the two methods 
are similar, with less than 1% difference in total on-road emissions reported in the totals of 
Table 4-3 and Table 4-4.  

The above two figures provide an overview of fleet wide I/M benefits, but Table 4-3 and 
Table 4-4 show the benefits separately by source type, expressed as a percent emissions 
reduction. Generally the I/M benefit as a percent is larger in 2018 (Table 4-4) than in 2012 
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(Table 4-3) because MOVES ascribes a larger benefit from OBD checks compared to idle tests 
and there are more 1996+ model year vehicles in the future year fleet. 

 Table 4-5 and Table 4-6 show tabulated MOVES results for the 2012 summer weekday 
CF scenarios, showing vehicle type population, VMT and emissions of NOX (Table 4-5), and 
emissions VOC and CO (Table 4-6).  The tables report ton/day emissions from each of the three 
CF scenarios, along with the benefit of the empirical CF scenario relative to zero CF. The I/M 
benefits for 2012 using the empirical CF are 3.04, 2.41, and 27.47 tons/day of NOX, VOC, and CO 
respectively.  Table 4-7 and   
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Table 4-8 are the results corresponding to 2018, and the I/M benefits from the empirical CF 
scenario are 1.41, 1.70, and 23.41 tons/day of NOX, VOC, and CO respectively.
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Table 4-3. 2012 Modeled Percent Emission Reduction by Vehicle Type and CF Scenario 

MOVES Vehicle Class VOC CO NOX 

ID Source Type Empirical TCEQ Difference Empirical TCEQ Difference Empirical TCEQ Difference 

11 Motorcycle 0% 0% -- 0% 0% -- 0% 0% -- 

21 Passenger Car -11.7% -12.8% 1.1% -12.8% -14.0% 1.2% -11.4% -12.4% 1.1% 

31 Passenger Truck -11.2% -11.7% 0.5% -11.4% -12.0% 0.5% -11.1% -11.6% 0.5% 

32 Light Commercial Truck -9.7% -10.0% 0.3% -9.3% -9.6% 0.3% -8.5% -8.8% 0.3% 

40’s 
50’s 
60’s 

Intercity, Transit, School Bus;  
Refuse, Single Unit Truck, 

Motor Home; 
Combination Unit Truck. 

0% 0% -- 0% 0% -- 0% 0% -- 

Total -10.3% -11.1% 0.7% -11.3% -12.1% 0.8% -6.4% -6.9% 0.5% 

 
Table 4-4. 2018 Modeled Percent Emission Reduction by Vehicle Type and CF Scenario 

MOVES Vehicle Type VOC CO NOX 

ID Source Type Empirical TCEQ Difference Empirical TCEQ Difference Empirical TCEQ Difference 

11 Motorcycle 0% 0% -- 0% 0% -- 0% 0% -- 

21 Passenger Car -12.3% -13.5% 1.1% -13.7% -15.0% 1.3% -12.0% -13.1% 1.1% 

31 Passenger Truck -12.8% -13.4% 0.6% -13.3% -14.0% 0.6% -10.7% -11.2% 0.5% 

32 Light Commercial Truck -11.2% -11.5% 0.4% -10.7% -11.1% 0.4% -8.2% -8.5% 0.3% 

40’s 
50’s 
60’s 

Intercity, Transit, School Bus;  
Refuse, Single Unit Truck, 

Motor Home; 
Combination Unit Truck. 

0% 0% -- 0% 0% -- 0% 0% -- 

Total -11.3% -12.1% 0.8% -12.7% -13.6% 1.0% -6.3% -6.7% 0.5% 
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Table 4-5. 2012 July Weekday Activity and NOX Emissions by Vehicle Type and CF Scenario 

ID MOVES Source Type Population VMT 

NOX (tons/day) 

Zero CF Empirical CF TCEQ CF 
Zero CF - 
Empirical CF 

11 Motorcycle  28,031   27,418   0.02   0.02   0.02   -  

21 Passenger Car  780,118   26,523,595   15.29   13.56   13.39   1.74  

31 Passenger Truck  169,601   5,989,891   9.13   8.12   8.08   1.01  

32 Light Commercial Truck  56,537   1,996,763   3.37   3.08   3.08   0.29  

41 Intercity Bus  483   72,563   1.08   1.08   1.08   -  

42 Transit Bus  151   12,339   0.13   0.13   0.13   -  

43 School Bus  544   13,577   0.09   0.09   0.09   -  

51 Refuse Truck  241   21,878   0.23   0.23   0.23   -  

52 Single Unit Short-haul Truck  12,728   983,059   3.34   3.34   3.34   -  

53 Single Unit Long-haul Truck  1,334   147,499   0.42   0.42   0.42   -  

54 Motor Home  704   5,908   0.03   0.03   0.03   -  

61 Combination Short-haul Truck  5,076   387,820   3.52   3.52   3.52   -  

62 Combination Long-haul Truck  5,221   846,483   10.49   10.49   10.49   -  

Grand Total 
  

 1,060,768   37,028,792   47.17   44.14   43.92   3.04  
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Table 4-6. 2012 July Weekday VOC and CO by Vehicle Type and CF Scenario 

ID MOVES Source Type 

VOC (tons/day) CO (tons/day) 

Zero CF 
Empirical 
CF TCEQ CF 

Zero CF - 
Empirical CF Zero CF 

Empirical 
CF TCEQ CF 

Zero CF - 
Empirical CF 

11 Motorcycle  0.28   0.28   0.28   -   0.50   0.50   0.50   -  

21 Passenger Car  11.91   10.42   10.28   1.49   134.22   117.04   115.45   17.19  

31 Passenger Truck  5.59   4.89   4.86   0.70   70.09   62.08   61.71   8.01  

32 Light Commercial Truck  1.96   1.74   1.74   0.21   24.59   22.31   22.24   2.28  

41 Intercity Bus  0.06   0.06   0.06   -   0.30   0.30   0.30   -  

42 Transit Bus  0.01   0.01   0.01   -   0.06   0.06   0.06   -  

43 School Bus  0.02   0.02   0.02   -   0.13   0.13   0.13   -  

51 Refuse Truck  0.01   0.01   0.01   -   0.12   0.12   0.12   -  

52 Single Unit Short-haul Truck  0.57   0.57   0.57   -   6.85   6.85   6.85   -  

53 Single Unit Long-haul Truck  0.07   0.07   0.07   -   0.76   0.76   0.76   -  

54 Motor Home  0.01   0.01   0.01   -   0.19   0.19   0.19   -  

61 Combination Short-haul Truck  0.23   0.23   0.23   -   2.48   2.48   2.48   -  

62 Combination Long-haul Truck  0.57   0.57   0.57   -   2.91   2.91   2.91   -  

Grand Total  21.29   18.89   18.71   2.41   243.19   215.72   213.69   27.47  
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Table 4-7. 2018 July Weekday Activity and NOX by Vehicle Type and CF Scenario 

ID MOVES Source Type Population VMT 

NOX (tons/day) 

Zero CF 
Empirical 
CF TCEQ CF 

Zero CF - 
Empirical CF 

11 Motorcycle  31,916   31,137   0.02   0.02   0.02   -  

21 Passenger Car  886,252   30,278,402   6.65   5.86   5.78   0.80  

31 Passenger Truck  192,968   6,686,767   4.49   4.01   3.98   0.48  

32 Light Commercial Truck  64,322   2,228,923   1.69   1.55   1.55   0.14  

41 Intercity Bus  559   83,465   0.75   0.75   0.75   -  

42 Transit Bus  163   13,073   0.08   0.08   0.08   -  

43 School Bus  620   15,356   0.07   0.07   0.07   -  

51 Refuse Truck  154   13,841   0.07   0.07   0.07   -  

52 Single Unit Short-haul Truck  14,623   1,125,053   1.41   1.41   1.41   -  

53 Single Unit Long-haul Truck  1,533   170,454   0.18   0.18   0.18   -  

54 Motor Home  788   6,695   0.02   0.02   0.02   -  

61 Combination Short-haul Truck  5,746   433,539   1.57   1.57   1.57   -  

62 Combination Long-haul Truck  5,910   968,586   5.56   5.56   5.56   -  

Grand Total 
  

 1,205,554   42,055,291   22.56   21.15   21.05    1.41  
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Table 4-8. 2018 July Weekday VOC and CO by Vehicle Type and CF Scenario 

ID MOVES Source Type 

VOC (tons/day) CO (tons/day) 

Zero CF 
Empirical 
CF TCEQ CF 

Zero CF - 
Empirical CF Zero CF 

Empirical 
CF TCEQ CF 

Zero CF - 
Empirical CF 

11 Motorcycle  0.31   0.31   0.31   -   0.45   0.45   0.45   -  

21 Passenger Car  8.17   7.10   7.01   1.06   108.90   93.95   92.56   14.95  

31 Passenger Truck  3.50   3.01   2.99   0.49   49.35   42.78   42.46   6.57  

32 Light Commercial Truck  1.22   1.07   1.06   0.15   17.52   15.64   15.57   1.88  

41 Intercity Bus  0.04   0.04   0.04   -   0.22   0.22   0.22   -  

42 Transit Bus  0.01   0.01   0.01   -   0.04   0.04   0.04   -  

43 School Bus  0.01   0.01   0.01   -   0.08   0.08   0.08   -  

51 Refuse Truck  0.00   0.00   0.00   -   0.03   0.03   0.03   -  

52 Single Unit Short-haul Truck  0.21   0.21   0.21   -   4.42   4.42   4.42   -  

53 Single Unit Long-haul Truck  0.02   0.02   0.02   -   0.49   0.49   0.49   -  

54 Motor Home  0.01   0.01   0.01   -   0.13   0.13   0.13   -  

61 Combination Short-haul Truck  0.10   0.10   0.10   -   1.28   1.28   1.28   -  

62 Combination Long-haul Truck  0.31   0.31   0.31   -   1.67   1.67   1.67   -  

Grand Total  13.90   12.20   12.08   1.70   184.58   161.17   159.40   23.41  
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5.0 Estimation of I/M Program Benefits for Heavy-Duty Vehicles 

In Travis and Williamson counties, all gasoline vehicles are tested as part of the I/M 
program yet only light-duty gasoline cars and trucks receive an emissions reduction credit. 
MOVES does not currently estimate the I/M benefits from HDGVs with one exception –
evaporative hydrocarbon emissions from the tank vapor venting process. For this one emission 
process, MOVES estimates I/M benefits for light heavy-duty vehicles (regulatory class 40) 
weighing between 8,500 and 10,000 lbs. Therefore, in order to estimate the full emission 
reduction benefits from the program, it is necessary to use the existing program and modeling 
data currently available to approximate the level of emission reductions from HDGV vehicles. 

The approach for this portion of the study is to first review the I/M benefits in MOVES 
by model year for the heaviest regulatory class available for each pollutant and emission 
process and decide how to apply benefits to HDGVs. Next, we determine the number of HDGVs 
participating in the Austin I/M program using the TIMS database (described previously in 
Section 3.0). The TIMS data contains vehicle identification numbers (VINs) and a variety of test 
results for any vehicle (light or heavy) that received an I/M test during the period 2012 to 2013 
in Travis or Williamson counties. 

5.1 Assessing the Available I/M Benefits in MOVES 

MOVES estimates I/M benefits for gasoline-fueled passenger cars, passenger trucks, and 
light-commercial trucks (corresponding to source types 21, 31, and 32). Under the hood of the 
model, base emission rates are stored by regulatory class for both I/M and non I/M cases. Table 
5-1 defines regulatory classes in the model. MOVES contains I/M exhaust emission rates for 
regulatory classes 20 and 30, and I/M evaporative emission rates for classes 20, 30, and 40. 
Regulatory classes 40 through 48 are heavy-duty. 

Table 5-1. Regulatory Class Definitions in MOVES2014 

Regulatory ID Regulatory Class Name Description 

10 MC Motorcycles 

20 LDV Light Duty Vehicles 

30 LDT Light Duty Trucks 

40 LHD <= 10k 
Class 2b Trucks with 2 Axles and 4 Tires (8,500 
lbs. < GVWR <= 10,000 lbs.) 

41 LHD <= 14k 
Class 2b Trucks with 2 Axles and at least 6 Tires 
or Class 3 Trucks (8,500 lbs. < GVWR <= 14,000 
lbs.) 

42 LHD45 
Class 4 and 5 Trucks  
(14,000 lbs. < GVWR <= 19,500 lbs.) 

46 MHD67 
Class 6 and 7 Trucks 
(19,500 lbs. < GVWR <= 33,000 lbs.) 

47 HHD8 Class 8a and 8b Trucks (GVWR > 33,000 lbs.) 

48 Urban Bus Urban Bus (see CFR Sec 86.091_2) 
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Based on the available regulatory class vehicles with I/M rates, the best available 

estimates for HDGV benefits come from regulatory class 30 for exhaust emissions of VOC, CO, 
and NOX, and regulatory class 40 for evaporative VOC. ERG ran MOVES for years 2012 and 2018, 
both with and without the I/M tests in use in Austin for gasoline-fueled regulatory classes 30 
and 40 ages two to 24 years old. The I/M tests included exhaust OBD checks and gas cap plus 
evaporative OBD checks for 1996+ model years as well as the TSI and gas cap only test for pre-
1996 model years. The tables below show the maximum benefit possible (assuming 100% 
compliance) expressed as a percent reduction in emissions by model year, pollutant, and 
process. The emission processes for which MOVES estimates I/M benefits are running exhaust 
(combustion emissions during driving operation after the engine and emission controls have 
warmed up), starts (incremental exhaust emissions at the beginning of a trip where the engine 
is not yet warm), and evaporative fuel vapor venting (evaporation of hydrocarbons from 
gasoline in the fuel tank that can vent to the atmosphere).  

 
Table 5-2 shows the results of that MOVES analysis for exhaust pollutants, while Table 

5-3 shows evaporative emissions reductions for both regulatory class 30 and 40.  Each table is 
followed by a figure showing the tabulated information as a line chart.  Table 5-4 and Table 5-5 
are the analogous tables for 2018.  These four tables assume a CF of 100% for the model years 
corresponding to age 2 to 24.  The evaporative I/M benefits (Table 5-3 and Table 5-5) only apply 
to the evaporative fuel vapor venting emission process; permeation and liquid leaks do not 
receive any I/M benefit. 
 

Table 5-2. 2012 Exhaust I/M Benefits from Gasoline Regulatory Class 30  

Model 
Year 

VOC Exhaust CO NOX 

Running Start  Running Start  Running Start  

2010 -7.6% 0 -8.1% 0 -8.1% 0 

2009 -7.6% 0 -8.1% 0 -8.1% 0 

2008 -20.7% -15.4% -14.7% -9.0% -18.2% -12.3% 

2007 -20.7% -15.4% -14.7% -9.0% -18.2% -12.3% 

2006 -28.0% -22.6% -18.9% -13.8% -21.0% -16.0% 

2005 -28.0% -22.7% -18.9% -13.8% -21.0% -16.0% 

2004 -25.2% -21.1% -17.7% -13.0% -19.6% -14.9% 

2003 -25.2% -21.1% -17.7% -13.0% -19.6% -14.9% 

2002 -25.8% -21.8% -21.1% -16.9% -18.7% -14.2% 

2001 -25.8% -21.8% -21.1% -16.9% -18.7% -14.2% 

2000 -25.8% -21.8% -21.1% -16.9% -18.7% -14.2% 

1999 -25.8% -21.8% -21.1% -16.9% -18.7% -14.2% 

1998 -25.8% -21.8% -21.1% -16.9% -18.7% -14.2% 

1997 -24.9% -21.0% -20.5% -16.4% -17.9% -13.7% 

1996 -24.9% -21.0% -20.5% -16.4% -17.9% -13.7% 

1995 -6.4% -17.1% -11.0% -5.4% -9.2% 0 

1994 -6.4% -17.1% -11.0% -5.4% -9.2% 0 

1993 -6.4% -17.1% -11.0% -5.4% -9.2% 0 
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Model 
Year 

VOC Exhaust CO NOX 

Running Start  Running Start  Running Start  

1992 -14.1% -37.8% -27.2% -11.3% -19.9% 0 

1991 -14.1% -37.8% -27.2% -11.3% -19.9% 0 

1990 -14.1% -37.8% -27.2% -11.3% -19.9% 0 

1989 -14.1% -37.8% -27.2% -11.3% -19.9% 0 

1988 -14.1% -37.8% -27.2% -11.3% -19.9% 0 

Note: model years 2011, 2012, and pre-1988 are exempt from testing in Austin in year 2012 and are therefore 
excluded from the table.  

 
Figure 5-1 visually shows the Table 5-2 data by model year, indicating the OBD and TSI 

results.  The TSI emission reduction benefits are higher than OBD, and the OBD reductions are 
smallest in the newest model years (particularly 2010 and 2009) because younger vehicles tend 
to have fewer emission control system failures.  The model years 2012, 2011, and pre-1998 
benefits are zero in the graph because they are outside the age range of 2 to 24 years old. 
 

Figure 5-1. 2012 Exhaust I/M Benefits from Gasoline Regulatory Class 30 

 

 

Table 5-3. 2012 Evaporative I/M Benefits from Gasoline Regulatory Classes 30 and 40  

Model Year Regulatory Class 30 Regulatory Class 40 

2010 -16.6% -9.1% 

2009 -16.5% -9.2% 

2008 -27.4% -19.9% 

2007 -27.4% -20.0% 
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Model Year Regulatory Class 30 Regulatory Class 40 

2006 -35.2% -27.2% 

2005 -35.3% -27.4% 

2004 -33.3% -27.9% 

2003 -25.4% -23.3% 

2002 -27.0% -25.1% 

2001 -27.2% -25.4% 

2000 -27.5% -25.6% 

1999 -27.6% -25.7% 

1998 -27.0% -25.1% 

1997 -22.6% -22.1% 

1996 -20.2% -19.9% 

1995 -10.7% -10.1% 

1994 -10.9% -10.3% 

1993 -11.1% -10.4% 

1992 -12.8% -12.2% 

1991 -12.9% -12.4% 

1990 -13.1% -12.5% 

1989 -13.2% -12.6% 

1988 -13.3% -12.7% 

Note: model years 2011, 2012, and pre-1988 are exempt from testing in Austin in year 2012 and 
are therefore excluded from the table. 

 

Figure 5-2 shows a graph of the tabulated evaporative emission reductions from Table 
5-4 with labels on the model year ranges corresponding to the evaporative OBD plus gas cap 
check (labeled OBD) and gas cap only (labeled Gas Cap). The trends in emissions reductions are 
similar for the two vehicle types but are slightly smaller for the heavy-duty vehicles (regulatory 
class 40). 
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Figure 5-2. 2012 Evaporative I/M Benefits from Gasoline Regulatory Classe 30 and 40 

 
 

Table 5-4. 2018 Exhaust I/M Benefits from Gasoline Regulatory Class 30 

Model 
Year 

VOC Exhaust CO NOX 

Running Start Running Start Running Start 

2016 -7.6% 0 -8.1% 0 -8.1% 0 

2015 -7.6% 0 -8.1% 0 -8.1% 0 

2014 -20.7% -15.4% -14.7% -9.0% -18.2% -12.3% 

2013 -20.7% -15.4% -14.7% -9.0% -18.2% -12.3% 

2012 -28.0% -22.6% -18.9% -13.8% -21.0% -16.0% 

2011 -28.0% -22.6% -18.9% -13.8% -21.0% -16.0% 

2010 -25.2% -21.0% -17.7% -13.0% -19.6% -14.9% 

2009 -25.2% -21.0% -17.7% -13.0% -19.6% -14.9% 

2008 -25.8% -21.7% -21.1% -16.8% -18.7% -14.2% 

2007 -25.8% -21.7% -21.1% -16.8% -18.7% -14.2% 

2006 -25.8% -21.7% -21.1% -16.8% -18.7% -14.2% 

2005 -25.8% -21.8% -21.1% -16.9% -18.7% -14.2% 

2004 -25.8% -21.8% -21.1% -16.9% -18.7% -14.2% 

2003 -24.9% -21.0% -20.5% -16.4% -17.9% -13.7% 

2002 -24.9% -21.0% -20.5% -16.4% -17.9% -13.7% 

2001 -24.9% -21.0% -20.5% -16.4% -17.9% -13.7% 

2000 -24.9% -21.0% -20.5% -16.4% -17.9% -13.7% 

1999 -24.9% -21.0% -20.5% -16.4% -17.9% -13.7% 

1998 -37.9% -34.7% -34.6% -31.2% -27.6% -23.8% 

1997 -37.9% -34.7% -34.6% -31.2% -27.6% -23.8% 
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Model 
Year 

VOC Exhaust CO NOX 

Running Start Running Start Running Start 

1996 -37.9% -34.7% -34.6% -31.2% -27.6% -23.8% 

1995 -14.1% -37.9% -27.2% -11.3% -19.9% 0 

1994 -14.1% -37.9% -27.2% -11.3% -19.9% 0 

Note: model years 2017, 2018, and pre-1994 are exempt from testing in Austin in year 2018 and are therefore 
excluded from the table. 

 
Figure 5-3 shows a graph of the 2018 emissions reductions in Table 5-4.  In 2018, only 

two model years – 1994 and 1995 – are younger than 24 years old and subject to the TSI test. 
Over the range of older model years 1994 to 1998, the OBD test (1996 through 1998) shows a 
higher modeled emissions benefit than the TSI test (model years 1994 and 1995).  The TSI test 
only measures HC and CO, but MOVES still models an I/M benefit for running exhaust NOX 
emissions for vehicles undergoing the TSI test. However, MOVES does not provide an I/M 
benefit for start exhaust NOX from vehicles undergoing the TSI test. 
 

Figure 5-3. 2018 Exhaust I/M Benefits from Gasoline Regulatory Class 30 

 
Table 5-5. 2018 Evaporative I/M Benefits from Gasoline Regulatory Classes 30 and 40 

Model Year Regulatory Class 30 Regulatory Class 40 

2016 -21.9% -10.8% 

2015 -16.6% -9.1% 
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Note: model years 2017, 2018, and pre-1994 are exempt from testing in Austin in year 2018 and 
are therefore excluded from the table. 

 

Figure 5-4. 2018 Evaporative I/M Benefits from Gasoline Regulatory Classes 30 and 40 

 
The maximum benefit of Austin’s program exhaust OBD testing in 2012 are those for 

model years 1996 through 2010 reported in Table 5-2. In general the running exhaust benefits 
are larger than for start emissions. There is not much difference in the benefits across model 
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years 1996-2010, and the averages for running exhaust are -25.4%, -18.9% and -18.6% for VOC, 
CO, and NOX respectively. For start exhaust the average benefits are slightly lower at -21.0%, -
15%, and -14.1% for VOC, CO, and NOX. Because OBD diagnostic link connectors were not 
standardized for heavy-duty vehicles until 201015, the Austin I/M program performs a visual-
only check where a visual inspection of malfunction indicator light (MIL) is performed to 
determine pass/fail status rather than download OBD information from the vehicle’s computer. 
A visual inspection is considered less reliable than a downloaded result to determine whether 
emission controls are functioning. Therefore, ERG recommends applying a reduction factor to 
the regulatory class 30 OBD benefit before applying it to heavier duty factors. As a ballpark 
reduction, a multiplier of two-thirds (2/3) is proposed to account for the lower effectiveness of 
visual inspection-only OBD testing. This estimate is based on engineering judgement and not 
any data analysis at this time. Under this assumption, the OBD reductions for HDGV model 
years 1996+ model years in 2012 emissions are as follows: 

¶ VOC reductions of -16.9% and -14.0% for running and starts, respectively. 

¶ CO reductions of -12.6% and -10.0% for running and starts, respectively. 

¶ NOX reductions of -12.4% and -9.4% for running and starts, respectively. 
 

The maximum benefits of TSI testing in 2012 are also shown above in Table 5-2 as the 
percent reductions for pre-1996 model years. The averages of the emission reductions from the 
TSI test for regulatory class 30 can be directly applied to HDGVs because the same test is 
applied to gasoline light-duty as HDGV (albeit different cutpoints). Under this assumption, the 
average TSI reductions across pre-1996 model years in 2012 are the following: 

¶ VOC reductions of -6.4% and -17.2% for running and starts, respectively. 

¶ CO reductions of -12.0% and -3.6% for running and starts, respectively. 

¶ NOX reductions of -10.1% and -0% for running and starts, respectively. 

 

 

Table 5-3 shows emissions reductions by model year from Austin’s evaporative I/M 
testing (evaporative OBD check plus gas cap for 1996+ and gas cap only for pre-1996 model 
years). The reductions to apply to HDGVs should be regulatory class 40 because it is the 
heaviest class available, representing the weight class 8,500 to 10,000 lbs. As with exhaust OBD 
checks, the evaporative OBD checks are assumed to be only 2/3 as effective as downloaded 
evaporative codes. Therefore, the evaporative OBD plus gas cap benefit in 2012 applicable to 
HDGV model years 1996 to 2012 is a -23.7% reduction in VOC emissions from the vapor venting 
emission process. The other evaporative VOC processes (liquid leaks and permeation) do not 
receive any I/M credit. Similarly the average benefit for pre-1996 model years of HDGVs 
undergoing the gas cap only test should be -6.8%.  

 

                                                
15 https://www.dieselnet.com/standards/us/obd_fed.php  
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Table 5-4 and Table 5-5 are the year 2018 data analogous to Table 5-2 and Figure 5-1 for 
2012. Using the same approach (again including a 2/3 reduction of the average benefit for 
exhaust OBD), the HDGV benefits for model years 1996 to 2016 in year 2018 are the following: 

¶ VOC reductions of -18.6% and -16.0% for running and starts, respectively. 

¶ CO reductions of -13.4% and -11.6% for running and starts, respectively. 

¶ NOX reductions of -13.1% and -10.4% for running and starts, respectively. 
 

The 2018 average TSI emissions benefit applicable to HDGV model years 1994 and 1995 
in are listed below. By 2018, only two model years are pre-1996 and still younger than the 
exemption cutoff of 24 years old for the Austin program. 

¶ VOC reductions of -3.3% and -19.3% for running and starts, respectively. 

¶ CO reductions of -5.7% and -4.1% for running and starts, respectively. 

¶ NOX reductions of -5.1% and -0.0% for running and starts, respectively. 
 
Table 5-5 shows the 2018 evaporative vapor venting VOC emissions benefit of the 

evaporative OBD check plus gas cap for 1996-2016 model years and the gas cap only check for 
1994 and 1995 vehicles. The average vapor venting emissions benefit for these two tests are 
reductions of -18.3% and -3.4%, respectively. 

 
The discussion of by-model-year benefits accompanying Table 5-2 through Table 5-5 

yielded average emission reductions by calendar year, I/M test type, pollutant, and emission 
process. The following subsections present the HDGV population and the calculation of the 
estimated I/M benefits from HDGV and the relationship to the on-road inventory. 

5.2 Assessing the Number of HDGVs Undergoing I/M  Testing in Austin 

In order to determine the number of HDGVs that are participating in I/M testing, ERG 
filtered the TIMS database for vehicles with GVWR greater than 8,500 lbs. which yielded 46,027 
records for the two-year period of 2012 and 2013. This dataset contained 27,767 unique VINs – 
an HDGV population considerably larger than the MOVES population input data used for the 
recent on-road emissions inventories suggest for Travis and Williamson Counties.  
 

Table 5-6 compares the 2012 HDGV population by model year for the TCEQ registration 
data used in the non-link MOVES modeling to develop statewide inventories16 alongside the 
population according to the TIMS.  
 

Table 5-6. 2012 Population by Model Year Comparing TCEQ Inventory Data with TIMS 

Model Year TCEQ HDGV Population TIMS HGDV Population 

2012 132 1,268* 

                                                
16 ftp://amdaftp.tceq.texas.gov/pub/Mobile_EI/Statewide/mvs/2012/ 
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Model Year TCEQ HDGV Population TIMS HGDV Population 

2011 255 943 

2010 177 1,278 

2009 248 2,081 

2008 575 2,115 

2007 410 2,154 

2006 451 1,800 

2005 373 2,030 

2004 289 2,075 

2003 171 1,766 

2002 169 2,100 

2001 205 1,797 

2000 220 1,404 

1999 245 867 

1998 139 908 

1997 117 615 

1996 89 1,268 

1995 174 578 

1994 78 372 

1993 38 243 

1992 22 194 

1991 27 153 

1990 20 128 

1989 18 99 

1988 13 48 

1987 13 2 

1986 17 1 

1985 14 0 

1984 17 0 

1983 10 0 

1982- 70 0 

Total 4,796 27,767 
*The 2012 model year of reported TIMS populations includes model years 2012, 2013, and 2014. 

Because the TIMS population of HDGVs were substantially larger (approximately 28,000 
vs. 4,800 or a factor of almost 6 larger), further investigation of the vehicle weight (i.e., heavy-
duty status) of TIMS data was warranted. ERG analyzed the 27,767 unique VINs by processing 
them through two separate VIN decoders, an ERG one that decodes light-duty vehicles and a 
commercially available decoder17 for heavy-duty vehicles. Through this process very few of the 
vehicles were found to be light-duty, leaving approximately 16,000 that are very likely heavy 
duty and 10,000 that were ambiguous because they did not decode with either software, or 
decoded as light-duty with one decoder, and heavy-duty with the other. Because most of the 
vehicles were confirmed heavy-duty or unknown outside TIMS, and in the absence of another 
available data source, ERG proceeded with the analysis assuming all 27,676 HDGVs in the TIMS 

                                                
17 http://www.vindecipher.com/veyance 
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in fact participated in Austin’s I/M program in 2012. In order to forecast the HDGV participation 
in I/M testing in Austin in the future year 2018, the 2012 population was projected using 
MOVES national assumptions of growth, 8.5% over the 6-year period.  

5.3 Calculation of I/M  Benefits for HDGVs  

The I/M benefits were calculated on a by-model-year basis using the average percent 
reductions by I/M test type (OBD, TSI, gas cap) that differed by pollutant and emission process 
(i.e., running exhaust, start exhaust, or evaporative vapor venting). Only the model years 
subject to I/M testing (age 2 to 24) were credited in this analysis even though vehicles in the 
TIMS existed for the newest models.  

The first step in the calculation of HDGV emissions benefits was to estimate the 

emissions by model year from the 27,676 vehicles. The baseline emissions were scaled by 

multiplying the ratio of the TIMs database population to the TCEQ inventory on a model year 

basis. The assumption for this step was that the emissions scale linearly with the increase in 

population in the TIMS data. The next step was to multiply the new HDGV emissions by the 

percent emissions reduction identified previously for regulatory class 30 (40 for evaporative 

emissions). The emissions reductions associated with I/M testing for regulatory class 30 (and 

40) were determined separately for VOC, CO, and NOx and by emission process. Table 5-7 and  

Table 5-8 show the exhaust benefits from HDGVs by model year in 2012 and 2018, 

respectively. Most of the VOC benefit is from exhaust emissions. However, the small amount of 

evaporative benefits are shown for 2012 and 2018 in  

Table 5-9 and  

Table 5-10, respectively. 

 
Table 5-7. 2012 Estimated HDGV I/M  Exhaust Emissions Benefits by Model Year 

Model Year 

VOC Exhaust (tpd) CO (tpd) NOX (tpd) 

Running Start Running Start Running Start 

2012 - - - - - - 

2011 - - - - - - 

2010 0.00 0.00 0.03 0.02 0.01 0.00 

2009 0.00 0.00 0.05 0.04 0.01 0.00 

2008 0.00 0.00 0.07 0.09 0.02 0.00 

2007 0.01 0.00 0.23 0.10 0.07 0.00 

2006 0.02 0.00 0.53 0.13 0.08 0.00 
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Model Year 

VOC Exhaust (tpd) CO (tpd) NOX (tpd) 

Running Start Running Start Running Start 

2005 0.02 0.00 0.41 0.10 0.06 0.00 

2004 0.02 0.01 0.42 0.14 0.06 0.01 

2003 0.02 0.01 0.39 0.14 0.06 0.01 

2002 0.01 0.01 0.31 0.12 0.05 0.00 

2001 0.01 0.01 0.34 0.14 0.05 0.01 

2000 0.01 0.01 0.21 0.12 0.04 0.01 

1999 0.01 0.01 0.15 0.10 0.03 0.00 

1998 0.00 0.00 0.09 0.06 0.02 0.00 

1997 0.01 0.00 0.29 0.06 0.02 0.00 

1996 0.01 0.00 0.17 0.04 0.01 0.00 

1995 0.00 0.00 0.17 0.04 0.01 0.00 

1994 0.00 0.00 0.09 0.02 0.01 0.00 

1993 0.00 0.00 0.05 0.01 0.00 - 

1992 0.00 0.00 0.04 0.00 0.00 - 

1991 0.00 0.00 0.03 0.00 0.00 - 

1990 0.00 0.00 0.02 0.00 0.00 - 

1989 0.00 0.00 0.01 0.00 0.00 - 

1988 0.00 0.00 0.00 0.00 0.00 - 

1987 - - - - - - 

1986 - - - - - - 

1985 - - - - - - 

1984 - - - - - - 

1983 - - - - - - 

1982 - - - - - - 

Total 0.16 0.08 4.12 1.47 0.62 0.05 

 

 

Table 5-8. 2018 Estimated HDGV I/M  Exhaust Emissions Benefits by Model Year 

Model Year 

VOC Exhaust (tpd) CO (tpd) NOX (tpd) 

Running Start Running Start Running Start 

2018 - - - - - - 

2017 - - - - - - 

2016 0.00 0.00 0.06 0.06 0.01 0.00 

2015 0.00 0.00 0.05 0.06 0.01 0.00 

2014 0.00 0.00 0.06 0.08 0.01 0.00 

2013 0.00 0.00 0.06 0.09 0.01 0.00 

2012 0.01 0.00 0.18 0.14 0.02 0.00 

2011 0.00 0.00 0.12 0.10 0.01 0.00 

2010 0.00 0.00 0.04 0.04 0.00 0.00 
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Model Year 

VOC Exhaust (tpd) CO (tpd) NOX (tpd) 

Running Start Running Start Running Start 

2009 0.00 0.00 0.04 0.05 0.00 0.00 

2008 0.00 0.00 0.10 0.14 0.01 0.00 

2007 0.01 0.00 0.19 0.10 0.02 0.00 

2006 0.01 0.00 0.19 0.12 0.02 0.00 

2005 0.01 0.00 0.17 0.11 0.01 0.00 

2004 0.00 0.01 0.10 0.08 0.01 0.00 

2003 0.00 0.00 0.06 0.06 0.01 0.00 

2002 0.00 0.00 0.04 0.05 0.00 0.00 

2001 0.00 0.00 0.04 0.04 0.00 0.00 

2000 0.00 0.00 0.03 0.04 0.01 0.00 

1999 0.00 0.00 0.03 0.04 0.01 0.00 

1998 0.00 0.00 0.01 0.01 0.00 0.00 

1997 0.00 0.00 0.05 0.01 0.00 0.00 

1996 0.00 0.00 0.03 0.01 0.00 0.00 

1995 0.00 0.00 0.01 0.00 0.00 - 

1994 0.00 0.00 0.01 0.00 0.00 - 

1993 - - - - - - 

1992 - - - - - - 

1991 - - - - - - 

1990 - - - - - - 

1989 - - - - - - 

1988 - - - - - - 

Total 0.06 0.04 1.68 1.42 0.17 0.03 

 
 

Table 5-9. 2012 Estimated HDGV I/M  Evaporative Emissions Benefits  
by Model Year 

Model Year VOC from evaporative vapor venting (tpd) 

2012 - 

2011 - 

2010 0.0002 

2009 0.0003 

2008 0.0006 

2007 0.0006 

2006 0.0008 

2005 0.0006 

2004 0.0009 

2003 0.0014 

2002 0.0015 
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Model Year VOC from evaporative vapor venting (tpd) 

2001 0.0018 

2000 0.0015 

1999 0.0012 

1998 0.0007 

1997 0.0009 

1996 0.0006 

1995 0.0009 

1994 0.0005 

1993 0.0003 

1992 0.0003 

1991 0.0003 

1990 0.0002 

1989 0.0001 

1988 0.0001 

1987 - 

1986 - 

1985 - 

1984 - 

1983 - 

1982 - 

Total 0.02 

 

Table 5-10. 2018 Estimated HDGV I/M Evaporative Emissions Benefits  
by Model Year 

Model Year VOC from evaporative vapor venting (tpd) 

2018 - 

2017 - 

2016 0.0024 

2015 0.0013 

2014 0.0003 

2013 0.0005 

2012 0.0013 

2011 0.0008 

2010 0.0005 

2009 0.0008 

2008 0.0021 

2007 0.0008 

2006 0.0007 

2005 0.0007 
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Model Year VOC from evaporative vapor venting (tpd) 

2004 0.0008 

2003 0.0010 

2002 0.0006 

2001 0.0004 

2000 0.0005 

1999 0.0007 

1998 0.0004 

1997 0.0003 

1996 0.0001 

1995 0.0002 

1994 0.0001 

1993 - 

1992 - 

1991 - 

1990 - 

1989 - 

1988 - 

Total 0.02 

 
5.4 Summary and Discussion of HDGV I/M  Benefit Results 

ERG estimated I/M program benefits for HDGV in Austin by using the I/M benefits in 
MOVES for the heaviest regulatory class available for each pollutant and emissions process. The 
average emissions reduction percent for each I/M test type, pollutant, and emission process 
was applied to the heavier gasoline vehicles, with a 2/3 reduction for OBD emissions benefits 
because the OBD checks on HDGVs are visual inspection rather than downloaded. The TSI and 
gas cap only benefits were directly applied without any reduction in the emissions credit. The 
number of HDGVs in the Austin area was uncertain, and there was a large discrepancy between 
the TCEQ emission inventory which includes a population of approximately 4,800 vehicles and 
the TIMS dataset which includes nearly 28,000 HDGVs. 

In spite of performing the analysis using the larger population from the TIMS and 
assuming these HDGVs participating in the I/M program were 100% in compliance, the total 
emission reduction benefit was notable, but relatively small compared to the emission 
reduction benefits for light-duty vehicles estimated under Task 3 for the empirical compliance 
factor scenario. Table 5-11 and Table 5-12 show the total HDGV emissions benefits in tons per 
day next to the light-duty benefits and the baseline on-road emission inventory without I/M 
from Section 4.0. 
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Table 5-11. 2012 Summary of Estimated HDGV I/M  Benefits 

Pollutant 
Total On-road 

Emissions (tpd)A 

Light-Duty 
Gasoline (LDG) 
Benefit (tpd)B 

LDG 
Benefit  

Heavy-Duty 
Gasoline (HDG) 
Benefit (tpd) 

HDGV 
Benefit 

VOC 21.29 2.41 11.32% 0.25 1.17% 

CO 243.19 27.47 11.30% 5.59 2.30% 

NOX 47.17 3.04 6.44% 0.67 1.42% 
A Emissions from Section 4.0 “Zero CF” Scenario  
B Emissions from Section 4.0 “Empirical CF” Scenario 

 
Table 5-12. 2018 Summary of Estimated HDGV I/M  Benefits  

Pollutant 
Total On-road 

Emissions (tpd)A 

Light-Duty 
Gasoline (LDG) 
Benefit (tpd)B 

LDG 
Benefit  

Heavy-Duty 
Gasoline (HDG) 
Benefit (tpd) 

HDGV 
Benefit 

VOC 13.90 1.70 12.23% 0.12 0.86% 

CO 184.58 23.41 12.68% 3.10 1.68% 

NOX 22.56 1.41 6.25% 0.20 0.89% 
A Emissions from Section 4.0 “Zero CF” Scenario  
B Emissions from Section 4.0 “Empirical CF” Scenario 
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6.0 Summary and Recommendations 

This report documents a study of the emissions benefits of the Texas I/M Program in the 
Austin area. The focus on the evaluation was to compare Austin’s vehicle compliance with 
other areas in the US (Section 2.0), calculate new compliance factors for light-duty vehicles 
using the latest available data and EPA guidance (Section 3.0), use the new compliance factors 
as input to MOVES2014 based emission inventories (Section 4.0), and estimate what the I/M 
emission reduction benefits could look like for HDGVs (Section 5.0). 

 
The 2011 National Emissions Inventory data showed a narrow range in the compliance 

factors for the I/M tests that apply to pre-1996 model years in Austin’s program (the TSI and 
gas cap tests). However the OBD compliance factors showed a wide range from 17 to 99% 
compliance by county.   The empirical compliance factors presented in Section 3.0 were 
relatively low compared to the majority of compliance factors used as MOVES inputs in the NEI 
data and lower than the current values in TCEQ modeling.  The main cause of lower values in 
the empirical compliance factors was the observed participation rate of approximately 86% 
derived in a previous ERG study.  The lower participation rate in the Austin area was similar to 
observed participation rates in other separate studies of the Dallas-Fort Worth and Houston-
Galveston-Brazoria I/M program areas, which lends credibility to this participation rate due to 
the similarity in program design for in all three areas. We also include the impacts of previously-
determined I/M test fraud on the compliance factor, but this effect was relatively small at 
approximately three-quarters of a percent (~0.75%) reduction in the overall factor.  
 

The empirical compliance factors were 2-8% smaller than the MOVES2010-based -
default compliance factors, but in spite of the differences in compliance factor, the I/M benefits 
in tons per day are similar. Table 4-3 and Table 4-4 previously showed less than 1% difference in 
total VOC, CO and NOX between the modeled emissions results using the empirical vs. TTI’s 
MOVES2010-based default compliance factors.  
 

Finally, this study estimated the potential benefits of I/M on HDGVs. MOVES does not 
have a way to directly estimate I/M emissions reductions for HDGVs, so this study approximates 
the effects of I/M outside of the model.  To develop the HDGV I/M benefits, this analysis 
transfers regulatory class 30 emissions reductions on a percent-basis to HDGV model years for 
the same I/M test type (OBD, TSI, gas cap only).  One caveat is that the light-duty I/M credits for 
1996+ model years reflect downloaded OBD checks, whereas Austin’s program for HDGVs 
performs a visual-only inspection of OBD (malfunction indicator light, MIL on/off) because the 
HDGV’s OBD diagnostic link connectors were not standardized until recently.  To account for 
the impact of visual-only inspection of MIL status, we applied a 2/3 reduction to the 
downloaded OBD I/M benefit from regulatory class 30 before applying it to HDGVs that 
undergo this test.  The 2/3 factor is not based on any data analysis at this time and represents 
engineering judgement.  Another source of uncertainty in the HDGV benefits is the number of 
vehicles undergoing I/M testing in Travis and Williamson Counties.  The TIMS database 
indicates nearly 28,000 HDGVs in these counties participate in the I/M program; however this 
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number is over five times larger than the HDGV population in the TCEQ inventory of 
approximately 4,800 HDGVs in 2012. 
 

Overall this study sheds light on the modeled I/M benefits in three key areas.  First, 
examining the spread in NEI compliance factors showed that mean compliance factors (CFs) 
ranged from 88-95% which is higher than the Austin area’s I/M program empirically-calculated 
CFs of 79-86% (from Table 3-3 and Table 3-4). The NEI data also show that it is relatively rare for 
a state to solely rely on default data when they have program-specific data available. Second, 
the use of an empirical CF to model light-duty vehicle I/M benefits of the Austin program yields 
less than 1% lower emissions reduction benefits compared to TTI’s default MOVES2010 CFs 
used in its December 2014 emissions inventories.  Third and finally, as shown previously in 
Table 5-11 and Table 5-12 the HDGV I/M benefit can be calculated, but is relatively small 
compared to the benefit for light-duty vehicles. Table 6-1 summarizes the findings of this study 
by showing the new estimates of I/M benefits that reflect observed participation rates from 
light-duty vehicles and rates of fraud, as well as the benefits of HDGV participation.  These 
results are compared to the I/M benefits derived from TCEQ’s MOVES2010-based default CFs 
and do not include any benefit for HDGVs.  
 

Table 6-1.  Summary of Findings from this Study 

Compliance Factor (CF) 

Scenario and County 

Vehicle 

Group 

2012 I/M Benefits (tpd) 2018 I/M Benefits (tpd) 

VOC CO NOx VOC CO NOx 

Empirically-based CF 

     Travis Light-Duty 1.71 19.73 2.17 1.19 16.62 0.99 

 Heavy-Duty 0.17 3.80 0.46 0.08 2.10 0.13 

     Williamson Light-Duty 0.70 7.74 0.87 0.51 6.79 0.42 

      Heavy-Duty 0.08 1.79 0.22 0.04 1.00 0.06 

     Subtotal,  Empirical I/M Benefit 2.66 33.06 3.72 1.82 26.51 1.6 

TCEQ MOVES2010 based Default CF 

     Travis Light-Duty 1.84 21.20 2.33 1.28 17.88 1.07 

     Williamson Light-Duty 0.75 8.30 0.93 0.55 7.29 0.45 

     Subtotal, TCEQ I/M Benefit 2.59 29.5 3.26 1.83 25.17 1.52 

Difference in I/M benefit  0.07 3.56 0.46 -0.01 1.34 0.08 

Percent change in I/M benefit 

(Empirical – TCEQ)/TCEQ 
2.7% 12.1% 14.1% -0.5% 5.3% 5.3% 

 
 

Although the overall emissions inventory are not changing much as a result of the 
empirical CF, understanding where the I/M emissions reductions are coming from is helpful for 
targeting new control strategies.  For example, real world I/M benefits may be improved by 
increasing participation rates. 
 



 

6-3 

Recommendations for future work include additional data analysis that might reduce 
the uncertainties in this study. First, further analysis of I/M data should be used to determine 
the relative effectiveness of a visual-only MIL check relative to downloaded OBD results.  
Second, the discrepancy in HDGV population between the TCEQ inventories (~4,800 vehicles in 
2012) vs. the TIMS data (~28,000 vehicles) should be resolved.  For the latter, the place to start 
would be to find out how the raw vehicle registration data becomes the inventory data.  It 
would also be a good idea to trace the county of registration of the HDGVs in the TIMS 
database; although it is doubtful that a HDGV would submit to I/M testing if not from the 
program area. 


