Section 7.1 ESTIMATION OF AVERAGE MILEAGE ACCRUAL RATES FROM SMOG CHECK DATA (1991 THROUGH 1995)

This section discusses the estimation of passenger car (PC), light-duty truck (LDT), medium-duty truck (MDT), and motor home average mileage accrual rates from smog check data (1991 through 1995).

7.1.1 Introduction
The direct relationship between the number of miles a vehicle travels and the emissions generated enables the estimation of tons per day emissions.  The State’s mobile source emissions inventory model (EMFAC2000) uses accrual rates to directly calculate the mobile source emissions of specific classes of vehicles.  In previous versions of EMFAC2000, only statewide averages were used to estimate accurual rates.  This analysis estimates the county specific and air basin specific accrual rates for light-duty trucks, medium-duty trucks, and motor homes in order to improve the accuracy of the estimation of mobile source emissions for these classes of vehicles.  Except for some small differences in the analysis attributable to the different nature of available data, the methodology used to estimate accrual rates for light-duty trucks (LDT), motor homes, and passenger cars (PC) were identical.  For this reason and to avoid redundancy, the methodology for light-duty trucks will be presented in detail and the portions of the methodology where motor homes and passenger cars vary from light-duty trucks will be presented in separate paragraphs. 

7.1.2 Objectives
In this analysis, class specific vehicle data obtained from the Bureau of Automotive Repair’s (BAR’s) Smog Check database were analyzed for mileage differences over consecutive test years and used to develop average mileage accrual rates.  Using the resultant mileage accrual rates, the corresponding model year of the vehicle, and vehicle registration data, the average accrual rates for PCs, LDTs, MDTs, and motor homes were developed for all 58 counties and 14 air basins of the state. This will result in greater accuracy for light-duty truck and motor home accrual rate estimates to be used in the EMFAC2000 model. 

7.1.3 Methodology 

The smog check program currently requires that most vehicles be tested approximately once every two years.  Using three calendar year pairs, 91 & 93, 92 & 94, 93 & 95, consecutive test data for light-duty trucks (trucks with a GVWR of less than 8500 lbs.) were extracted for analysis.  The BAR smog check data set is ideal for this analysis as it includes relevant data such as: vehicle identification number, license plate, county, vehicle type, test date, and odometer reading at the time of the test.  All of this information enables the determination of regional mileage accrual rates. 

7.1.4 Assumptions
As all light-duty trucks and medium-duty trucks are included in the same category in the BAR data set, the resultant accrual rates are assumed to be applicable to both light-duty trucks as well as medium-duty trucks.  The current Smog Check program requires the use of I/M testing to collect data.  As the I/M test does not apply to diesel vehicles, no data is avaliable for diesel vehicles in the BAR data set.  Due to this absence of diesel data, this analyses assumes all trucks have the same accrual rate, regardless of fuel type.

7.1.5 Rollover
Approximately 13 percent of older vehicles had odometer rollovers in which higher odometer readings are recorded for the previous test year than the odometer reading collected in the subsequent test year.  These rollovers were converted by establishing a cutoff of 100,000 as the maximum reasonable difference allowed between consecutive test year odometer readings.  For those vehicles that do demonstrate a rollover condition, the odometer difference was determined by the following equation:

(Using test years 1991 and 1993 as an example)

ODODIFF = (100,000 – ODO91) + ODO93
(7.1-1)
Otherwise, the odometer difference was calculated by a straight subtraction:


ODODIFF = ODO93 – ODO91
(7.1-2)
In which: 

ODO93 = odometer reading for 1993 


ODO91 = odometer reading for 1991


ODODIFF = difference between odometer readings

7.1.6 Calculation of Accrual Rate
The data were first sorted by VIN, then conditions were set to screen out erroneous records such as zero odometer readings, zero odometer differences, and zero age values.  The age of the vehicle is defined as the difference between the second test date of the vehicle and the model year of the vehicle.   In this way, the age of the vehicle at the time of the second test is determined.  A zero age value therefore indicates an erroneous input during testing.  The miles traveled between smog checks were then determined and converted to average miles traveled per year using the following equations.  

Duration = testdate93 – testdate91 (in days)
(7.1-4)
Miles traveled per year = 365.25 * ODODIFF/Duration
(7.1-5)
7.1.7 County/Air Basin Substitutions
Certain counties and air basins did not have sufficient data to enable a representative analysis due to their small or incomplete sampling size.  For these counties, data from the air basin containing the county was substituted.  For these air basins, data from an adjacent air basin with sufficient sample size was substituted.  Tables 7.1-1 and 7.1-2 detail these county and air basin substitutions.  

Table 7.1-1: 
Table 7.1-2:

Counties replaced by air basins
Air basin substitutions
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Large counties, which lie within more than one air basin, created difficulties in performing air basin specific analysis.  To resolve this problem, these counties were assigned to the air basin with the greatest sampling rate.  Table 7.1-3 shows the reassignment of these large counties to the selected air basins.  Appendix 7.1-1 shows a listing of all air basins and the counties they contain.

Table 7.1-3: Counties reallocated to air basins
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7.1.8 Regression Equation
Using stepwise regression, the following equation was found to be representative of the resultant light-duty truck data.  


Log(MODO) = A*Sqrt (AGE) + C
(7.1-6)
Where MODO 
= Mean of Odometer per year 


Log(MODO) 
= Logarithm of MODO parameter


Sqrt(AGE)
= square root of AGE parameter

A 

= Coefficient of Sqrt(AGE) 

C 

= Y-intercept

For motor home data, the following equation was found to be representative:


MODO = B*Log(AGE) + D
(7.1-7)
Where MODO 
= Mean of Odometer per year

Log(AGE)
= Logarithm of AGE parameter

B 

= Coefficient 

D 

= Y-intercept

The following equations were both found to be representative of the passenger car data:


Log(ODO) = A*(AGE) + intercept
(7.1-8)

ODO = A*(AGE) + B*(AGE)2 + C*(AGE)3 + D*(AGE)4 + intercept
(7.1-9)
Where ODO 

= Odometer per year


AGE

= Age of vehicle


A,B,C,D
= Parameter estimates of the AGE

The age of the vehicle was defined as the difference between the model year of the vehicle and the year when the second smog check was performed.  

A general linear model regression was then applied to obtain the best-fit model.  The resultant model for light-duty trucks for the 14 air basins and 58 counties are presented in appendix 7.1-2 and appendix 7.1-3, respectively.  Due to the lack of sufficient data for motor homes, the accrual rate for motor homes was only estimated for a statewide average and was not refined to air basin or county level. The resultant data for motor homes for the state of California are presented in appendix 7.1-4.  Similarly, the resultant model for passenger cars for the 14 air basins and 58 counties are presented in appendix 7.1-5, and appendix 7.1-6, respectively.

7.1.9 Results 

Although data for this analysis was only available to age 30, because the EMFAC2000 model estimates up to age 45, the regression equation is extended to age 45. The statewide exponential equation for light-duty trucks (r2 = 0.84) showed a good fit to the means of the data.  Chart 7.1-1 shows the age distribution for statewide light-duty trucks.  Chart 7.1-2 shows the plot of the model in comparison to the findings of this analysis.  Appendix 7.1-2 shows the regression analysis for all 14 air basins and appendix 7.1-3 shows the regression analysis for all 58 counties. 
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It should be noted that this is the first analysis of motor homes in California.  This analysis has shown there to be a sparse population of motor homes in the BAR database.  As a result, only 34364 valid observations were gathered. Due to the lack of sufficient data, the linear equation for modeling motor home accrual rates show a best fit of only r2 = 0.18.  
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                                         Chart 7.1-3:
                                      Chart 7.1-4:

                  Motor Homes – California Statewide
          Age Distribution of California Motor Homes

Chart 7.1-3 shows the plot of the model in comparison to the mean data for motor homes.  Chart  7.1-4 shows the age distribution for statewide motor homes.

For the passenger car analysis, although the polynomial equation (r2 = 0.9611) showed a better fit to the data than the logarithmic equation (r2 = 0.8226), it was observed (see chart 7.1-5) that as age increases, the logarithmic equation turns downward while the polynomial equation inflects upward, which is not reasonable.  Thus, the logarithmic equation was selected for modeling the mileage accrual rate.  
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Chart 7.1-5:

Comparison of raw data (State averages) with regression models
7.1.10 Recommendations 
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The accrual rate for light-duty trucks was calculated in this analysis.  A comparison of the findings of this analysis verses the estimated accrual rate from the current model EMFAC7G (Chart 7.1-6) shows that light-duty trucks have a much higher accrual rate than previously determined.  

Chart 7.1-6:

Current LDT VMT vs. Updated LDT VMT

This suggests the changes in the current trend of utilizing most light-duty trucks primarily as cars rather than trucks.  It is recommended that further attention be focused upon the redefining of trucks and their sub-classes so as to enable the refinement of EMFAC2000 in modeling vehicle emission trends. 

In the attempt to estimate the accrual rate for motor homes in this analysis, it became obvious that there is insufficient data currently available.  It is recommended that a greater amount of effort be exerted to gather motor home odometer data to enable a better study of the driving behavior of these types of vehicles. 

Appendix 7.1-1:

Index of Air Basins and Counties
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56084

72650

7457

72650

14856

20646

69298

3523

72650

R-Square

0.821404

0.685012

0.845733

0.685012

0.701578

0.911894

0.940948

0.542451

0.685012

Intercept

9.967355839

9.977765539

10.14659895

9.977765539

10.04187605

10.04178382

9.96821693

10.40716754

9.977765539

Age Coeff

-0.225566627

-0.228454858

-0.28520728

-0.228454858

-0.24312952

-0.26309234

-0.215873944

-0.36410587

-0.228454858

Age

County=50

County=51=AB8

County=52

County=53=AB8

County=54

County=55=AB4

County=56

County=57

County=58=AB8

1

17013.96

17142.41

19175.56

17142.41

18011.15

17653.54

17194.47

22995.68

17142.41

2

15496.30

15594.62

17038.91

15594.62

16285.64

15830.84

15723.71

19776.39

15594.62

3

14424.21

14502.41

15562.28

14502.41

15074.55

14560.89

14681.04

17615.20

14502.41

4

13578.22

13641.28

14417.30

13641.28

14123.81

13569.76

13855.94

15977.80

13641.28

5

12874.11

12925.08

13478.57

12925.08

13335.99

12752.61

13167.52

14661.82

12925.08

6

12269.02

12310.01

12682.60

12310.01

12661.65

12056.29

12574.62

13565.62

12310.01

7

11737.72

11770.25

11992.20

11770.25

12071.66

11449.56

12052.99

12630.05

11770.25

8

11263.89

11289.15

11383.39

11289.15

11547.24

10912.30

11586.93

11817.31

11289.15

9

10836.29

10855.22

10839.77

10855.22

11075.46

10430.68

11165.62

11101.66

10855.22

10

10446.81

10460.15

10349.51

10460.15

10647.00

9994.73

10781.25

10464.71

10460.15

11

10089.35

10097.74

9903.80

10097.74

10254.86

9596.99

10427.94

9892.82

10097.74

12

9759.24

9763.19

9495.87

9763.19

9893.67

9231.76

10101.18

9375.62

9763.19

13

9452.78

9452.74

9120.40

9452.74

9559.21

8894.52

9797.40

8904.97

9452.74

14

9166.98

9163.34

8773.15

9163.34

9248.06

8581.66

9513.72

8474.43

9163.34

15

8899.41

8892.50

8450.63

8892.50

8957.44

8290.22

9247.80

8078.74

8892.50

16

8648.05

8638.17

8149.97

8638.17

8685.05

8017.76

8997.67

7713.63

8638.17

17

8411.21

8398.61

7868.79

8398.61

8428.95

7762.24

8761.71

7375.51

8398.61

18

8187.45

8172.37

7605.04

8172.37

8187.51

7521.93

8538.51

7061.39

8172.37

19

7975.53

7958.17

7357.01

7958.17

7959.32

7295.34

8326.88

6768.72

7958.17

20

7774.40

7754.93

7123.21

7754.93

7743.18

7081.20

8125.80

6495.32

7754.93

21

7583.12

7561.72

6902.33

7561.72

7538.03

6878.41

7934.36

6239.31

7561.72

22

7400.88

7377.70

6693.27

7377.70

7342.96

6686.00

7751.78

5999.07

7377.70

23

7226.98

7202.15

6495.03

7202.15

7157.15

6503.12

7577.37

5773.17

7202.15

24

7060.77

7034.42

6306.74

7034.42

6979.90

6329.01

7410.51

5560.37

7034.42

25

6901.70

6873.93

6127.63

6873.93

6810.55

6163.02

7250.66

5359.57

6873.93

26

6749.25

6720.18

5957.00

6720.18

6648.55

6004.54

7097.31

5169.78

6720.18

27

6602.99

6572.70

5794.23

6572.70

6493.38

5853.04

6950.04

4990.13

6572.70

28

6462.49

6431.07

5638.78

6431.07

6344.58

5708.03

6808.45

4819.86

6431.07

29

6327.39

6294.92

5490.15

6294.92

6201.73

5569.10

6672.17

4658.26

6294.92

30

6197.35

6163.91

5347.87

6163.91

6064.46

5435.83

6540.88

4504.70

6163.91

31

6072.06

6037.73

5211.55

6037.73

5932.42

5307.88

6414.28

4358.62

6037.73

32

5951.26

5916.08

5080.79

5916.08

5805.31

5184.92

6292.10

4219.51

5916.08

33

5834.68

5798.72

4955.27

5798.72

5682.82

5066.64

6174.08

4086.89

5798.72

34

5722.08

5685.40

4834.67

5685.40

5564.71

4952.78

6060.01

3960.33

5685.40

35

5613.25

5575.90

4718.71

5575.90

5450.72

4843.09

5949.66

3839.46

5575.90

36

5508.00

5470.01

4607.11

5470.01

5340.63

4737.33

5842.85

3723.92

5470.01

37

5406.12

5367.56

4499.63

5367.56

5234.24

4635.30

5739.38

3613.38

5367.56

38

5307.47

5268.36

4396.06

5268.36

5131.35

4536.78

5639.10

3507.53

5268.36

39

5211.86

5172.26

4296.17

5172.26

5031.80

4441.61

5541.86

3406.11

5172.26

40

5119.17

5079.10

4199.79

5079.10

4935.40

4349.61

5447.49

3308.86

5079.10

41

5029.24

4988.75

4106.73

4988.75

4842.02

4260.62

5355.87

3215.55

4988.75

42

4941.96

4901.07

4016.81

4901.07

4751.50

4174.50

5266.88

3125.94

4901.07

43

4857.20

4815.94

3929.90

4815.94

4663.72

4091.11

5180.40

3039.86

4815.94

44

4774.84

4733.25

3845.84

4733.25

4578.55

4010.32

5096.31

2957.09

4733.25

45

4694.79

4652.89

3764.50

4652.89

4495.87

3932.01

5014.51

2877.48

4652.89
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0.5843
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0.9058

0.9675

0.8228

Intercept

9.524713

9.761838

9.761838

9.593315

9.761838

9.672397

9.566693

9.624282

9.805313

9.582061

9.526736

Age Coeff

-0.035933

-0.054805

-0.054805

-0.04344

-0.054805

-0.0497

-0.039767

-0.043001

-0.055998

-0.038307

-0.032686

Age

County =1

County = 2

County =3

County =4

County =5

County =6

County =7

County =8

County =9

County =10

CA State

1

13210.67

16432.77

16432.77

14042.94

16432.77

15103.73

13724.34

14490.97

17142.48

13957.24

13280.47

2

12744.40

15556.41

15556.41

13445.97

15556.41

14371.42

13189.27

13881.05

16208.92

13432.70

12853.40

3

12294.58

14726.78

14726.78

12874.39

14726.78

13674.62

12675.07

13296.80

15326.20

12927.86

12440.07

4

11860.64

13941.40

13941.40

12327.10

13941.40

13011.61

12180.91

12737.15

14491.55

12442.00

12040.03

5

11442.02

13197.90

13197.90

11803.07

13197.90

12380.74

11706.01

12201.05

13702.36

11974.40

11652.85

6

11038.18

12494.05

12494.05

11301.32

12494.05

11780.45

11249.64

11687.51

12956.14

11524.37

11278.12

7

10648.58

11827.74

11827.74

10820.90

11827.74

11209.28

10811.05

11195.59

12250.56

11091.25

10915.44

8

10272.74

11196.96

11196.96

10360.91

11196.96

10665.79

10389.56

10724.37

11583.41

10674.41

10564.43

9

9910.16

10599.83

10599.83

9920.46

10599.83

10148.66

9984.51

10272.99

10952.59

10273.24

10224.70

10

9560.38

10034.54

10034.54

9498.75

10034.54

9656.60

9595.25

9840.60

10356.12

9887.15

9895.90

11

9222.95

9499.39

9499.39

9094.95

9499.39

9188.40

9221.16

9426.41

9792.14

9515.56

9577.67

12

8897.42

8992.79

8992.79

8708.33

8992.79

8742.90

8861.66

9029.66

9258.87

9157.94

9269.68

13

8583.39

8513.20

8513.20

8338.14

8513.20

8319.00

8516.17

8649.61

8754.64

8813.77

8971.59

14

8280.44

8059.19

8059.19

7983.68

8059.19

7915.65

8184.15

8285.55

8277.87

8482.52

8683.08

15

7988.18

7629.39

7629.39

7644.30

7629.39

7531.86

7865.08

7936.81

7827.07

8163.73

8403.86

16

7706.23

7222.51

7222.51

7319.34

7222.51

7166.67

7558.45

7602.76

7400.81

7856.91

8133.61

17

7434.24

6837.33

6837.33

7008.19

6837.33

6819.20

7263.77

7282.76

6997.77

7561.63

7872.05

18

7171.85

6472.70

6472.70

6710.27

6472.70

6488.57

6980.58

6976.23

6616.68

7277.44

7618.91

19

6918.72

6127.51

6127.51

6425.02

6127.51

6173.97

6708.43

6682.60

6256.34

7003.94

7373.90

20

6674.52

5800.72

5800.72

6151.89

5800.72

5874.62

6446.89

6401.34

5915.63

6740.71

7136.77

21

6438.95

5491.37

5491.37

5890.38

5491.37

5589.79

6195.55

6131.91

5593.47

6487.38

6907.27

22

6211.68

5198.51

5198.51

5639.98

5198.51

5318.77

5954.00

5873.82

5288.85

6243.57

6685.15

23

5992.44

4921.28

4921.28

5400.22

4921.28

5060.89

5721.88

5626.59

5000.83

6008.92

6470.17

24

5780.94

4658.82

4658.82

5170.66

4658.82

4815.51

5498.80

5389.77

4728.49

5783.09

6262.11

25

5576.90

4410.37

4410.37

4950.85

4410.37

4582.03

5284.42

5162.92

4470.98

5565.74

6060.73

26

5380.06

4175.16

4175.16

4740.39

4175.16

4359.87

5078.40

4945.61

4227.50

5356.57

5865.83

27

5190.17

3952.50

3952.50

4538.88

3952.50

4148.48

4880.41

4737.45

3997.27

5155.26

5677.20

28

5006.98

3741.71

3741.71

4345.93

3741.71

3947.34

4690.14

4538.06

3779.58

4961.51

5494.64

29

4830.26

3542.16

3542.16

4161.18

3542.16

3755.95

4507.28

4347.05

3573.75

4775.04

5317.94

30

4659.78

3353.26

3353.26

3984.29

3353.26

3573.84

4331.56

4164.09

3379.13

4595.58

5146.93

31

4495.31

3174.43

3174.43

3814.92

3174.43

3400.57

4162.69

3988.82

3195.10

4422.87

4981.42

32

4336.65

3005.14

3005.14

3652.75

3005.14

3235.69

4000.40

3820.93

3021.10

4256.65

4821.23

33

4183.59

2844.87

2844.87

3497.47

2844.87

3078.81

3844.44

3660.11

2856.58

4096.67

4666.19

34

4035.93

2693.15

2693.15

3348.79

2693.15

2929.53

3694.55

3506.06

2701.01

3942.71

4516.14

35

3893.48

2549.53

2549.53

3206.43

2549.53

2787.49

3550.52

3358.49

2553.92

3794.53

4370.91

36

3756.06

2413.56

2413.56

3070.13

2413.56

2652.34

3412.09

3217.13

2414.83

3651.92

4230.35

37

3623.49

2284.84

2284.84

2939.62

2284.84

2523.74

3279.07

3081.73

2283.32

3514.67

4094.31

38

3495.60

2162.99

2162.99

2814.66

2162.99

2401.38

3151.23

2952.02

2158.98

3382.58

3962.65

39

3372.22

2047.64

2047.64

2695.00

2047.64

2284.94

3028.37

2827.77

2041.40

3255.46

3835.22

40

3253.20

1938.44

1938.44

2580.44

1938.44

2174.16

2910.30

2708.75

1930.23

3133.11

3711.89

41

3138.37

1835.06

1835.06

2470.74

1835.06

2068.74

2796.84

2594.74

1825.11

3015.36

3592.52

42

3027.60

1737.20

1737.20

2365.71

1737.20

1968.44

2687.80

2485.53

1725.72

2902.03

3477.00

43

2920.75

1644.55

1644.55

2265.15

1644.55

1873.00

2583.01

2380.91

1631.73

2792.97

3365.18

44

2817.66

1556.85

1556.85

2168.86

1556.85

1782.19

2482.31

2280.70

1542.87

2688.00

3256.97

45

2718.21

1473.82

1473.82

2076.66

1473.82

1695.78

2385.53

2184.71

1458.85

2586.98

3152.23
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0.9503

0.9503

0.8776

0.9499

0.7505

0.8846

0.9503

0.9503

0.7878

0.9477

Intercept

9.624282

9.624282

9.497027

9.761838

9.571294

9.600487

9.624282

9.624282

9.512399

9.628672

Age Coeff

-0.043001

-0.043001

-0.034679

-0.054805

-0.041439

-0.042562

-0.043001

-0.043001

-0.025935

-0.040219

Age

County = 11

County = 12

County = 13

County = 14

County = 15

County = 16

County = 17

County = 18

County =19

County =20

1

14490.97

14490.97

12866.06

16432.77

13764.60

14156.44

14490.97

14490.97

13180.11

14595.27

2

13881.05

13881.05

12427.52

15556.41

13205.86

13566.56

13881.05

13881.05

12842.68

14019.91

3

13296.80

13296.80

12003.94

14726.78

12669.81

13001.25

13296.80

13296.80

12513.88

13467.24

4

12737.15

12737.15

11594.79

13941.40

12155.51

12459.50

12737.15

12737.15

12193.51

12936.34

5

12201.05

12201.05

11199.58

13197.90

11662.09

11940.33

12201.05

12201.05

11881.34

12426.38

6

11687.51

11687.51

10817.85

12494.05

11188.70

11442.79

11687.51

11687.51

11577.15

11936.52

7

11195.59

11195.59

10449.13

11827.74

10734.53

10965.98

11195.59

11195.59

11280.76

11465.97

8

10724.37

10724.37

10092.98

11196.96

10298.79

10509.04

10724.37

10724.37

10991.96

11013.97

9

10272.99

10272.99

9748.96

10599.83

9880.74

10071.14

10272.99

10272.99

10710.54

10579.79

10

9840.60

9840.60

9416.67

10034.54

9479.66

9651.48

9840.60

9840.60

10436.34

10162.73

11

9426.41

9426.41

9095.71

9499.39

9094.86

9249.32

9426.41

9426.41

10169.15

9762.10

12

9029.66

9029.66

8785.69

8992.79

8725.68

8863.91

9029.66

9029.66

9908.80

9377.27

13

8649.61

8649.61

8486.23

8513.20

8371.49

8494.56

8649.61

8649.61

9655.12

9007.61

14

8285.55

8285.55

8196.98

8059.19

8031.67

8140.60

8285.55

8285.55

9407.94

8652.52

15

7936.81

7936.81

7917.59

7629.39

7705.65

7801.39

7936.81

7936.81

9167.08

8311.43

16

7602.76

7602.76

7647.72

7222.51

7392.86

7476.31

7602.76

7602.76

8932.39

7983.79

17

7282.76

7282.76

7387.05

6837.33

7092.77

7164.78

7282.76

7282.76

8703.70

7669.06

18

6976.23

6976.23

7135.27

6472.70

6804.86

6866.23

6976.23

6976.23

8480.88

7366.74

19

6682.60

6682.60

6892.06

6127.51

6528.63

6580.12

6682.60

6682.60

8263.75

7076.33

20

6401.34

6401.34

6657.15

5800.72

6263.62

6305.94

6401.34

6401.34

8052.19

6797.38

21

6131.91

6131.91

6430.25

5491.37

6009.37

6043.18

6131.91
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