EMFAC Modeling Change Technical Memo

SUBJECT: REVISIONS TO VEHICLE ACTIVITY ESTIMATES FROM CHANGING POPULATION OF AGE 45 VEHICLES AND VMT MATCHING

LEAD: DILIP PATEL

Summary

Staff noted significant changes in backcasted estimates of vehicle activity and emissions between EMFAC2001 version 2.08 and EMFAC2002 version 2.20.  These changes resulted from a spike in the population of age 45 vehicles that were introduced when vehicle populations were updated in EMFAC2002.  This population spike was mitigated, resulting in backcasted activity estimates that are in-line with those from EMFAC2001 ver 2.08.  Furthermore, the VMT matching algorithm was used to ensure that forecasted estimates of VMT match those from EMFAC2002, hence there is no significant impact of this change to forecasted inventories.

The backcasted 1980 and 1990 calendar year estimates of vehicle miles traveled (VMT) in EMFAC2002 version 2.20 are 35.5% and 11.2% lower, respectively, than those previously estimated in EMFAC2001 version 2.08 (Table 1).  In addition, the backcasted population weighted accrual rates
 (as displayed in the “edit fundamental data” section of the model) for 1980 dropped 35.9%, from an average of 10,982 to 7,042 miles per year.  The vehicle population for 1999 calendar year is approximately 4.7% lower in EMFAC2002 ver.2.20 than in version 2.08.  However, this alone can not explain the changes to the backcasted estimates of VMT and accrual rates. 

Table 1 Comparison of Population, VMT and Accrual Rates from EMFAC2002 version 2.2 and EMFAC2001 ver 2.08

[image: image36.wmf]Passenger Cars

0

0.2

0.4

0.6

0.8

1

1.2

1

3

5

7

9

11

13

15

17

19

21

23

25

27

29

31

33

35

37

39

41

43

45

Vehicle Age

Fraction

Survival

Retention


These changes in vehicle activity significantly affect the backcasted emission inventories.     Table 2 shows the change in statewide annual average emissions of total
-ROG, total-CO and total-NOx in calendar years 1980 and 1990.   

Staff investigated parameters that have changed between versions 2.08 and 2.20, and have determined that the only difference between the models that could have caused these changes is a spike in the population of age 45 vehicles relative to age 44 vehicles in EMFAC2002 version 2.20.   In EMFAC2002, age 45 contained vehicles with ages 45 and older, whereas in EMFAC2001, age 45 only contained vehicles of age 45.   

Table 2 Comparison of Statewide Emission Inventories from EMFAC2002 version 2.2 and EMFAC2001 ver 2.08
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Year

ROG_2.08

ROG_2.20

% Change Relative 

to Ver2.08

1980

3,545

3,362

-5.2%

1990

2,303

2,702

17.3%

CO_2.08

CO_2.20

1980

30,736

25,039

-18.5%

1990

23,542

24,572

4.4%

NOx_2.08

NOx_2.20

1980

2418

1699

-29.7%

1990

2717

2531

-6.8%

* Annual Average Statewide Estimates


To address this issue, staff lowered the population of age 45 vehicles in the 1999 base calendar year by only including vehicles of age 45.  An inflationary effect that also caused the pre-1999 calendar year population distributions to age slightly was also removed.

Table 3 shows the resulting change in activity for calendar years 1980, 2000, 2010, and 2020.  By reducing the population of age 45 vehicles, the vehicle populations for all calendar years and geographic areas are lower by approximately 0.5%.  The 1980 statewide estimate of VMT increases from 260,546,000 to 389,111,000 miles per day, a 49% increase.  In general, the backcasted estimate of VMT increases for all areas and calendar years prior to 1999.  Statewide forecasts of VMT are lower by approximately 0.5% for 2000 and newer calendar years.   The 1980 statewide estimate of trips per day increased by 14%, from 69.8 to 79.5 million trips per day.   In general, the backcasted estimates of trips per day increase for all calendar years prior to 1999 and decrease for all 2000 and newer calendar years. 

Table 3 Changes To Vehicle Activity For Various Calendar Years With Proposed Modifications To Base-Year Vehicle Population
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Geographic Area

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

155222

154329

-0.58%

2993

4819

61.01%

867765

1004530

15.76%

South Coast AB

4892010

4873680

-0.37%

113515

158732

39.83%

28102800

32172600

14.48%

San Francisco AB

2895980

2884330

-0.40%

57547

90067

56.51%

16347000

18862200

15.39%

San Joaquin AB

886989

881061

-0.67%

20749

32885

58.49%

5611560

6114960

8.97%

Sacramento AB

933678

928449

-0.56%

17313

27881

61.04%

5765380

6395600

10.93%

State

12099400

12044300

-0.46%

260546

389111

49.34%

69798700

79540800

13.96%

% diff - 

relative to Emfac2002 Ver 2.20

2000 - CY

Geographic Area

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

281206

279703

-0.53%

9586

9531

-0.57%

1912940

1898570

-0.75%

South Coast AB

8892660

8853000

-0.45%

314603

313184

-0.45%

60225400

59904700

-0.53%

San Francisco AB

4587600

4570600

-0.37%

159273

158527

-0.47%

30720200

30551600

-0.55%

San Joaquin AB

1991960

1979980

-0.60%

81054

80467

-0.72%

13803100

13681200

-0.88%

Sacramento AB

1639920

1631430

-0.52%

54680

54340

-0.62%

11368300

11279000

-0.79%

State

22217100

22114100

-0.46%

796072

791946

-0.52%

150482000

149521000

-0.64%

% diff - 

relative to Emfac2002 Ver 2.20

2010 - CY

Geographic Area

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

318266

316565

-0.53%

10736

10675

-0.57%

2129980

2114010

-0.75%

South Coast AB

10308500

10262800

-0.44%

354975

353342

-0.46%

68707000

68329800

-0.55%

San Francisco AB

5719430

5698440

-0.37%

193300

192432

-0.45%

37817300

37614500

-0.54%

San Joaquin AB

2643520

2627730

-0.60%

107741

107040

-0.65%

18066700

17911700

-0.86%

Sacramento AB

2145240

2134550

-0.50%

70184

69801

-0.55%

14288800

14187600

-0.71%

State

27255900

27130300

-0.46%

957324

952521

-0.50%

181394000

180248000

-0.63%

% diff - 

relative to Emfac2002 Ver 2.20

2020 - CY

Geographic Area

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

350695

348821

-0.53%

11655

11587

-0.58%

2313790

2296640

-0.74%

South Coast AB

11825300

11773100

-0.44%

402116

400210

-0.47%

77876400

77444800

-0.55%

San Francisco AB

6540230

6516680

-0.36%

213901

212995

-0.42%

42249800

42037200

-0.50%

San Joaquin AB

3351180

3331300

-0.59%

135617

134685

-0.69%

22664600

22474100

-0.84%

Sacramento AB

2633760

2620920

-0.49%

84079

83602

-0.57%

16998100

16884100

-0.67%

State

32073500

31926300

-0.46%

1109510

1103780

-0.52%

209931000

208626000

-0.62%

% diff - 

relative to Emfac2002 Ver 2.20

Population

Vehicle Miles Traveled / 1000

Trips per day

Population

Vehicle Miles Traveled / 1000

Trips per day

Population

Vehicle Miles Traveled / 1000

Trips per day

Population

Vehicle Miles Traveled / 1000

Trips per day


Table 4 shows how changes in these activity parameters affect statewide annual average emissions.  Please note these inventories are calculated using the simple-average option.  These changes increase the 1980 statewide annual average emissions of total-ROG, CO, and NOx by 141, 5,923, and 756 tons per day, respectively.  This represents a 4.2% increase in ROG, 23.7% increase in CO and a 44.5% increase in NOx, over current estimates for the 1980 calendar year, and makes the estimates closer to those from EMFAC2001 version 2.08.  

Table 4 Change In Emission Estimates For Various Calendar Years With Proposed Modifications To Base-Year Vehicle Population
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Geographic Area

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

40.75

44.03

8.05%

280.84

369.66

31.63%

19.00

29.26

54.00%

South Coast AB

1379.77

1388.57

0.64%

10080.59

11728.5

16.35%

713.68

958.23

34.27%

San Francisco AB

768.13

827.06

7.67%

5726.47

7448.74

30.08%

377.77

569.95

50.87%

San Joaquin AB

275.61

288.07

4.52%

2308.6

2862.5

23.99%

156.61

252.07

60.95%

Sacramento AB

255.63

269.64

5.48%

1832.25

2386.62

30.26%

123.02

193.72

57.47%

State

3362.08

3503.28

4.20%

25038.77

30961.71

23.66%

1699.09

2454.87

44.48%

% diff - 

relative to Emfac2002 Ver 2.20

2000 - CY

Geographic Area

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

15.49

15.37

-0.77%

152.87

151.80

-0.70%

22.70

22.50

-0.88%

South Coast AB

402.06

398.52

-0.88%

4111.81

4085.34

-0.64%

720.13

715.18

-0.69%

San Francisco AB

206.93

205.83

-0.53%

2022.49

2012.82

-0.48%

351.75

348.31

-0.98%

San Joaquin AB

118.87

117.78

-0.92%

1249.39

1239.46

-0.79%

238.73

235.54

-1.34%

Sacramento AB

85.32

84.55

-0.90%

821.55

814.84

-0.82%

146.62

144.39

-1.52%

State

1071.89

1063.18

-0.81%

10861.84

10788.60

-0.67%

1878.25

1859.38

-1.00%

% diff - 

relative to Emfac2002 Ver 2.20

2010 - CY

Geographic Area

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

7.81

7.75

-0.77%

75.32

74.82

-0.66%

13.5

13.36

-1.04%

South Coast AB

188.77

187.44

-0.70%

1833.88

1824.37

-0.52%

385.94

382.99

-0.76%

San Francisco AB

113.54

113.08

-0.41%

1101.87

1097.96

-0.35%

216.89

214.41

-1.14%

San Joaquin AB

57.84

57.2

-1.11%

583.21

578.13

-0.87%

141.8

139.38

-1.71%

Sacramento AB

42.88

42.46

-0.98%

381.85

378.78

-0.80%

78.27

76.77

-1.92%

State

520.55

516.4

-0.80%

5030.7

4998.88

-0.63%

1044.37

1031.44

-1.24%

% diff - 

relative to Emfac2002 Ver 2.20

2020 - CY

Geographic Area

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

4.07

4.04

-0.74%

33.15

32.93

-0.66%

6.22

6.15

-1.13%

South Coast AB

110.48

109.86

-0.56%

926.86

923.19

-0.40%

178.27

176.88

-0.78%

San Francisco AB

61.37

60.98

-0.64%

520.36

518.08

-0.44%

101.19

99.84

-1.33%

San Joaquin AB

33.26

32.84

-1.26%

290.62

288.07

-0.88%

66.91

65.64

-1.90%

Sacramento AB

24.07

23.83

-1.00%

182.00

180.65

-0.74%

35.04

34.35

-1.97%

State

302.19

299.67

-0.83%

2511.22

2496.44

-0.59%

494.48

487.88

-1.33%

% diff - 

relative to Emfac2002 Ver 2.20

Total - ROG

Total - CO

Total - NOx

Total - ROG

Total - CO

Total - NOx

Total - ROG

Total - CO

Total - NOx

Total - ROG

Total - CO

Total - NOx


By reducing the population of age 45 vehicles, the 1999 base year vehicle population was reduced by approximately 0.5%.  As a consequence, the statewide forecasts of Vehicle Miles Traveled (VMT) (see Table 5) were also reduced by approximately 0.5% for 2000 and newer calendar years.   

Table 5 Percentage Change in Statewide VMT Forecasts
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Year

% Reduction in VMT 

Relative to Ver 2.2

2000

-0.52%

2005

-0.53%

2010

-0.50%

2015

-0.51%

2020

-0.52%


Without any further changes in activity, the model would have forecasted VMTs that were 0.5% less than the regional estimates of VMT provided by various Councils of Government (COGs), which were incorporated in EMFAC2002 ver. 2.20.   To resolve this difference, staff ran the VMT matching algorithm
 for calendar year 2000, which is the base year for most SIPs. The VMT algorithm modified the 2000 calendar year population growth rate such that the VMT forecasts from the new model match those from EMFAC2002 ver. 2.20.

Table 6 shows the activity changes for calendar years 2000, 2010 and 2020.  This table shows that the VMT estimates from version 2.20X, which contains both population (age 45 fix) and VMT changes, precisely match the VMT estimates from EMFAC2002 ver. 2.20.  There are some minor changes in population.  However, these can be attributed to rounding differences.  Table 7 shows that the accurate VMT matching reduced any potential differences in forecasted annual average emission inventories. 

Table 6 Change In Activity For 2000, 2010, And 2020 Calendar Years
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X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

281206

281200

0.00%

9586

9585

-0.01%

1912940

1912910

0.00%

South Coast AB

8892660

8892700

0.00%

314603

314606

0.00%

60225400

60225800

0.00%

San Francisco AB

4587600

4587550

0.00%

159273

159272

0.00%

30720200

30719900

0.00%

San Joaquin AB

1991960

1991960

0.00%

81054

81054

0.00%

13803100

13803100

0.00%

Sacramento AB

1639920

1639920

0.00%

54680

54680

0.00%

11368300

11368300

0.00%

State

22217100

22217100

0.00%

796072

796073

0.00%

150482000

150482000

0.00%

% diff - 

relative to Emfac2002 Ver 2.20

2010 - CY

Geographic Area

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

318266

318259

0.00%

10736

10736

0.00%

2129980

2129940

0.00%

South Coast AB

10308500

10308500

0.00%

354975

354976

0.00%

68707000

68707300

0.00%

San Francisco AB

5719430

5719370

0.00%

193300

193298

0.00%

37817300

37816900

0.00%

San Joaquin AB

2643520

2643520

0.00%

107741

107741

0.00%

18066700

18066700

0.00%

Sacramento AB

2145240

2145240

0.00%

70184

70184

0.00%

14288800

14288800

0.00%

State

27255900

27255800

0.00%

957324

957323

0.00%

181394000

181393000

0.00%

% diff - 

relative to Emfac2002 Ver 2.20
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Geographic Area

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

350695

350688

0.00%

11655

11655

0.00%

2313790

2313740

0.00%

South Coast AB

11825300

11825300

0.00%

402116

402118

0.00%

77876400

77876700

0.00%

San Francisco AB

6540230

6540160

0.00%

213901

213899

0.00%

42249800

42249400

0.00%

San Joaquin AB

3351180

3351180

0.00%

135617

135617

0.00%

22664600

22664600

0.00%

Sacramento AB

2633760

2633770

0.00%

84079

84079

0.00%

16998100

16998200

0.00%

State

32073500

32073500

0.00%

1109510

1109510

0.00%

209931000

209931000

0.00%

% diff - 

relative to Emfac2002 Ver 2.20

Population

Vehicle Miles Traveled / 1000

Trips per day

Vehicle Miles Traveled / 1000

Population

Vehicle Miles Traveled / 1000

Trips per day

Population

Trips per day


Table 7 Change in Emissions For Calendar Years 2000, 2010, And 2020
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Santa Barbara Co.

15.49

15.49

0.00%
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152.86

-0.01%

22.70

22.70

0.00%

South Coast AB

402.06

402.06

0.00%

4111.81

4111.80

0.00%

720.13

720.13

0.00%

San Francisco AB

206.93

206.93

0.00%

2022.49

2022.47

0.00%

351.75

351.75

0.00%

San Joaquin AB

118.87
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0.00%

1249.39

1249.39

0.00%

238.73

238.73

0.00%

Sacramento AB

85.32

85.32

0.00%

821.55

821.55

0.00%

146.62

146.62

0.00%

State

1071.89

1071.88

0.00%

10861.84

10861.81

0.00%

1878.25

1878.25

0.00%

% diff - 

relative to Emfac2002 Ver 2.20
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Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Ver 2.20

Ver2.20

X

% diff

Santa Barbara Co.

7.81

7.81

0.00%

75.32

75.32

0.00%

13.5

13.5

0.00%

South Coast AB

188.77

188.77

0.00%

1833.88

1833.87

0.00%

385.94

385.94

0.00%

San Francisco AB

113.54

113.54

0.00%

1101.87

1101.86

0.00%

216.89

216.89

0.00%

San Joaquin AB

57.84

57.84
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583.21

583.20
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141.8

141.8

0.00%

Sacramento AB

42.88

42.88

0.00%

381.85

381.85

0.00%

78.27

78.27

0.00%

State

520.55

520.58

0.01%

5030.7

5030.69

0.00%

1044.37

1044.37

0.00%

% diff - 

relative to Emfac2002 Ver 2.20
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X
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X
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Santa Barbara Co.

4.07

4.07

0.00%

33.15

33.15

0.00%

6.22

6.22

0.00%

South Coast AB

110.48

110.48

0.00%

926.86

926.86

0.00%

178.27

178.27

0.00%

San Francisco AB

61.37

61.37

0.00%

520.36

520.35

0.00%

101.19

101.19

0.00%

San Joaquin AB

33.26

33.26

0.00%

290.62

290.62

0.00%

66.91

66.91

0.00%

Sacramento AB

24.07

24.07

0.00%

182.00

182.00

0.00%

35.04

35.04

0.00%

State

302.19

302.19

0.00%

2511.22

2511.31

0.00%

494.48

494.48

0.00%

% diff - 

relative to Emfac2002 Ver 2.20

Total - ROG

Total - CO

Total - NOx

Total - NOx

Total - CO

Total - ROG

Total - ROG

Total - CO

Total - NOx


Reason For Change

Since the release of EMFAC2002 version 2.20
, staff has fielded several queries regarding backcasted emission inventories.  Specifically, questions were raised regarding why the 1980 VMT estimate in EMFAC2002 ver. 2.20 was 35.5 percent lower than in EMFAC2001 ver. 2.08.  In addition, it was asked why the 1980 population weighted accrual rate in version 2.20 is 35.9% lower than in version 2.08. 

Staff investigated all activity parameters that were changed and could have caused significant changes to historic estimates of vehicle activity.  This memorandum documents what caused the backcasted VMT estimates to change between ver. 2.08
 and ver. 2.20, proposes a fix, and details the impact on emission inventories from correcting the estimates of vehicle activity.  

Background

EMFAC2002 ver. 2.20 contains vehicle population data, from an analysis of Department of Motor Vehicles (DMV) registration data, for calendar year 1999.  In this version of EMFAC, this year is referred to as the “base year.”  The base year vehicle population varies by area, vehicle class, fuel type, and age.  The vehicle populations for all other calendar years are backcast (1970 to 1998) or forecast (2000-2040) from this 1999 base year.  The model also contains mileage accrual rates, which vary by area, vehicle class, fuel type, and age.  The VMT for a given area is simply the product of vehicle population and mileage accrual rates.  For pre-1999 calendar years, VMT is calculated using the product of accrual rates and backcasted vehicle populations.  The backcasted population is a function of the base year (1999) population, vehicle survival rates, and population growth rates.  Therefore, any changes to the base population data can affect backcasted estimates. 

The next section of this memorandum provides a brief primer on the backcasting algorithm, and is key to understanding what caused backcasted vehicle activity estimates to change significantly between version 2.08 and 2.20.  In the methodology section, staff has proposed fixes that will minimize these activity differences.  Finally, the result section shows the impact on emission inventories from two changes:

1) The effects of changing the population of age 45 vehicles.

2) VMT matching on 2000 calendar year.

These changes are noted as two separate changes (as “ Age 45” and “VMT Matching”) in the result section.

Backcasting Algorithm

EMFAC7G, and all previous versions of EMFAC, contained static population distributions (registration distribution) where the percentage of vehicles by age is constant regardless of calendar year.  For example, if five percent of the vehicles were age two in 1990 then it was assumed that five percent of the vehicles were also age two in 1980.  Further, it was assumed that this population distribution was the same for all areas of the state.

There were several criticisms of this methodology.  First, it didn’t track historic fluctuations in vehicle sales, which is important in accurately allocating emissions in each calendar year.  Second, using the same population distribution for all areas does not account for socio-economic factors that affect population distributions.  These comments were key factors in the development of population distributions that vary by geographic area and vary dynamically.  All models subsequent to EMFAC7G use a dynamic vehicle registration algorithm to backcast and forecast vehicle distributions.  The basic premise of this methodology is that one can estimate the number of vehicles of a given age in a previous calendar year by knowing the current population and the retention rates for each age.  The age specific retention rate is calculated as one minus the age specific scrappage rate.  For example, if there are 100 1990 model year vehicles at age 10 and 90 at age 11 then the retention rate for age 11 is 0.9.  By definition, the survival rate is the product of these age specific retention rates.  These survival rates were developed by comparing vehicles with the same model year in the DMV registration data for consecutive calendar years.  Figure 1 shows the passenger car survival and retention rates.

Figure 1 Passenger Car Survival and Retention Rates
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The following three steps illustrate how passenger car population is backcast in EMFAC2001 ver. 2.08.  The reason for using version 2.08 is to illustrate how the backcast was done previously, and then show what has changed to affect the vehicle population in ver. 2.20.  The base calendar years in EMFAC2001 ver. 2.08 are 1997 and 1998.   

Step 1: The population of age 1 vehicles in 1996 calendar year (1996 model year) is equal to the population of age 2 vehicles in 1997 calendar year divided the by retention rate for age 1.   This step is repeated for vehicles up to age 44.

1996 Model Year:  Pop_1cy=1996 = Pop_2cy=1997 / R_1

.

.

.

1953 Model Year:  Pop_44cy=1996 = Pop_45cy=1997 / R_44

where:

Pop_ is the population of vehicles by age in a given calendar year and

R_ is the retention rate of that age.

Step 2: As an initial guess, the population of age 45 vehicles in the 1996 calendar year is set to equal age 44 vehicles in 1996 calendar year.

1952 Model Year:  Pop_45cy=1996 = Pop_44cy=1996
Step 3: Calculate the total population for 1996 calendar year, by summing the populations in each age. 

Tot_Popcy=1996 = 
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Step 4: The total population is then adjusted to match the historic trends.  This is done by comparing the Tot_popcy=1996 (from step 3) to one simply calculated by applying a growth rate to the base 1997 population.  For example, the target population for 1996 is:

T_1996 = B_1997 * (1 + GR1996) 

Where:

T_1996 is the target population for calendar year 1996

B_1997 is the base vehicle population

GR1996 is the growth rate for calendar year 1996

The total population of passenger cars ( Tot_Popcy=1996 ) is then adjusted until it matches the target population (T_1996) calculated in step 4.  Using this process, the model matched historic trends in vehicle population.  Table 8 shows the backcasted passenger car populations by calendar year and age calculated using this dynamic registration algorithm.

Table 8 Backcasted Passenger Car Population Distributions – EMFAC2001 Version 2.08
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Figure 2 shows the backcasted passenger car population distributions, from version 2.08, for calendar years 1997 (base year), 1990, and 1980.  This figure shows that in the base year, the percent of vehicles age 44 and 45 were approximately the same.  The model estimates population distributions for all historic calendar years using the dynamic registration algorithm.  As mentioned earlier, this algorithm preserves year to year sales differences as observed in the base population data.  For example, the 1997 data indicates that a peak in vehicle sales exists at age 9 (1989 MY).  When this base population is backcast to 1990, the 1990 distribution indicates a peak in sales for age 2 vehicles, which also corresponds to the 1989 model year.  Figure 2 also shows that the average age of passenger cars in 1997, 1990, and 1980 calendar years is 10, 8.9, and 11.7 years, respectively.   These are relatively minor fluctuations in vehicle age over a 20-year period.

Figure 2 Backcasted Passenger Car Population Distributions From Version 2.08
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In version 2.20 the vehicle populations were changed and backcasts and forecasts of vehicle population were based on the new population estimates for the 1999 calendar year.  

Staff noted an increase in the population of age 45 vehicles relative to age 44 vehicles that is significantly higher in version 2.20 compared to 2.08.  Table 9 compares the passenger car populations of age 44 and 45 from versions 2.08 and 2.20 and shows that there is approximately a seven-fold increase.  The reason is that in version 2.20 all vehicles ages 46 and older are counted in the age 45 bin.  The dynamic registration algorithm interprets this as a significant population increase, and attempts to preserve this trend for all backcasts of vehicle population.  Table 10 illustrates how the backcasted passenger car populations are affected by this simple change. 

Table 9 Comparison of Age 45 Passenger Cars
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Table 10 Backcasted Passenger Car Population Distributions from Version 2.20

[image: image12.wmf]Age

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

1

880378

849493

738637

803229

827485

924604

785808

844751

808000

841568

2

934091

870596

879454

757328

807712

811648

916748

774898

835484

793809

3

836261

897915

876131

876527

740287

770129

782278

878774

744995

797888

4

818865

814333

915381

884576

867951

715025

751918

759630

855854

720727

5

723868

800778

833695

928126

879638

841890

701079

733248

742957

831489

6

668787

704219

815580

840934

918174

848815

821203

680137

713447

718075

7

573718

649502

715990

821231

830470

884461

826519

795288

660620

688354

8

386617

554384

657052

717340

806952

795972

856915

796428

768598

634194

9

321709

371591

557829

654771

701098

769294

767058

821302

765584

733906

10

276432

306710

370882

551405

634779

662985

735364

729244

783121

725127

11

246853

261988

304317

364447

531414

596728

630003

694987

691239

737360

12

309099

231990

257761

296525

348283

495362

562279

590409

653232

645379

13

262396

288702

226843

249617

281633

322660

463897

523703

551527

606146

14

194645

242904

279791

217726

234975

258596

299482

428233

484870

507227

15

134138

176789

230969

263482

201091

211687

235494

271246

389005

437517

16

84391

121115

167112

216225

241917

180094

191640

212035

244946

348946

17

115640

74637

112140

153240

194461

212220

159699

169015

187555

215222

18

163554

100064

67613

100609

134837

166902

184120

137801

146271

161233

19

135599

139666

89457

59864

87365

114209

142902

156788

117691

124092

20

104038

116688

125824

79816

52385

74570

98540

122627

134940

100617

21

104079

89886

105543

112712

70122

44891

64597

84897

105961

115824

22

106224

90413

81745

95061

99565

60420

39100

55957

73760

91448

23

89093

92358

82298

73692

84047

85865

52672

33901

48660

63713

24

83918

77823

84458

74534

65457

72820

75202

45880

29617

42227

25

82477

73048

70920

76226

65975

56515

63555

65277

39943

25612

26

89799

76006

70474

67763

71431

60306

52219

58404

60165

36569

27

52729

83261

73778

67750

63890

65693

56063

48282

54160

55420

28

38951

49032

81054

71131

64063

58928

61248

51986

44903

50034

29

27672

36463

48053

78671

67712

59484

55310

57176

48672

41760

30

16888

26016

35890

46842

75213

63144

56073

51855

53763

45462

31

18393

15930

25691

35100

44929

70369

59718

52742

48919

50380

32

17410

17425

15800

25236

33815

42220

66844

56418

49976

46044

33

14557

16453

17240

15481

24251

31696

40004

62991

53324

46919

34

31749

12837

15190

15763

13883

21213

28026

35180

55559

46719

35

26381

27769

11755

13775

14020

12044

18603

24444

30775

48278

36

179514

22885

25218

10572

12151

12063

10475

16092

21207

26522

37

182226

156288

20858

22764

9360

10493

10530

9094

14012

18343

38

184065

157866

141746

18735

20054

8043

9114

9097

7880

12059

39

185056

158716

142509

126726

16428

17152

6953

7837

7845

6750

40

185208

158846

142626

126829

110613

13986

14761

5952

6728

6690

41

188918

162028

145483

129370

112828

95983

12268

12878

5208

5848

42

194383

166715

149691

133112

116092

98760

84926

10796

11366

4566

43

198988

170664

153237

136266

118842

101099

86938

74355

9480

9914

44

203342

174399

156590

139247

121443

103312

88841

75982

65176

8254

45

203342

174399

156590

139247

121443

103312

88841

75982

65176

55534


Table 10 shows how the population of age 45 vehicles in the 1999 base year affects backcasted estimates of vehicle population.  In the first iteration, the age 44 population in 1998 is calculated from the age 45 population in 1999.  In addition, the age 45 population in 1998 is initially estimated to be the same as the age 44 population in 1998.  These steps are repeated for each subsequent backcasted year.  The relative difference between age 44 and age 45 vehicles propagates through time resulting, in this case, in an artificially older population of vehicles.  Figure 3 graphically illustrates this point.  This figure shows the backcasted passenger car population distributions from version 2.20, the spike in vehicle populations at age 45, and how this spike propagates through backcasts of the 1990 and 1980 calendar years.

Figure 3 Backcasted Passenger Car Population Distributions from version 2.02
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Methodology

This section details two proposed fixes to the backcasted estimates of vehicle population.  In the first fix, vehicles ages 46 and older are removed from the age 45 estimate in the 1999 base year.  Table 11 shows that this reduces the population of age 45 passenger cars in 1999 by 46,331.  

Table 11 New Estimate of Age 45 Passenger Cars


1999_Base_Ver. 2.20
1999_Base_Ver. 2.20X*

Age
Pop_PC
Percent
Pop_PC
Percent

44
8254
0.06%
8254
0.07%

45
55534
0.41%
9203
0.07%

Total PC
12329764

12283433


Ratio

6.73

1.11

*Ver 2.0X is the temporary title selected for noting difference in this doucment.

The new estimate of age 45 passenger cars is still inflationary; in that it is higher than the age 44 estimate.  The ratio of age 45 to age 44 estimate is 1.11, which over time will inflate the numer of older vehicles.  This effect is illustrated in Figure 4, which shows the backcasted populations with new estimates for age 45.  Figure 4 shows that the tail of the population distribution increases the further the backcast year is from the base population year.  Again, the net effect is that this artificially ages the passenger car fleet.

Figure 4  Backcasted Passenger Car Population Distributions from Version 2.20X
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The second fix is subtle, and assumes that the initial population of age 45 vehicles in the first iteration of the backcast is the same as that of age 45 vehicles in the base year.  For example, if there are 9,203 passenger cars that are age 45 in the 1999 calendar year, then this same number is used as an initial guess for the number of age 45 vehicles in the 1998 calendar year.  This number is then adjusted up or down based on the corrections outlined in Step 4 of the backcasting algorithm.  Table 12 shows the backcasted passenger car populations from the final EMFAC2002 ver 2.20X.  Figure 5 graphically shows the resulting population distributions.

Table 12 Backcasted Population Distributions from EMFAC2002 ver 2.20X final
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Figure 5 Backcasted Passenger Car Population Distributions from Ver. 2.20X
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With these two fixes, the backcasts of vehicle population are more reasonable in that they don’t overestimate the population of older vehicles.  This is evident in the fact that the average age of passenger cars for 1999, 1990, and 1980 is 9.8, 8.9, and 12.1 years, respectively.  Again, these are minor changes in vehicle age over a 20 year period. 

Changing the base vehicle population on its’ own will reduce both backcasted and forecasted estimates of VMT.  As an additional fix, staff suggest modifying the growth rates for 2000 calendar year such that the VMTs for 2000 and later calendar years match those from EMFAC2002 ver. 2.20.

The next section details the impact that population and VMT matching has on forecasts and backcasts of vehicle activity and emissions.

Results – Age 45

Removing vehicles with ages greater than 45 reduced the base 1999 population by approximately 103,000 vehicles or by 0.5%.  Table 13 shows how this change affects regional estimates of total vehicle population in calendar year 2000.  Table 14 gives a breakdown of the number of vehicles removed by vehicle class.  This table also shows the percentage change relative to the population in each vehicle class.  This indicates that the population of light-heavy, heavy heavy-duty, school bus and urban buses are impacted more by this change.

Table 13 Regional Effects From Changing Population of Age 45 Vehicles In Calendar Year 2000
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Table 14 Population Changes By Vehicle Class in 2000 Calendar Year
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The reduction in the base population also affects estimates of VMT for forecast calendar years.  Since the base population was reduced by approximately 0.5%, and the population growth rates remain the same, estimates of VMT for future calendar years should also be reduced by approximately 0.5%.  Table 15 shows the percentage reduction in VMT by calendar year.

Table 15 Effect of Dropping Vehicles on VMT Forecasts
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The following figures compare statewide annual average emission and activity estimates from three versions: ver. 2.08, ver. 2.20 and the tentatively titled EMFAC2002 ver. 2.20X
.  These emission inventories were run using the simple-average option.  Further, the emission inventories were run in 5 year increments beginning with 1975 and ending with 2020.  Figure 6 shows a comparison of population estimates from these three models.  This Figure shows that both ver. 2.20 and 2.20X follow the same backcast (pre-1997) population trend as ver. 2.01 indicating that the historic growth rates have not been changed.

Figure 6 Comparison of Statewide Population Estimates
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Figure 7 shows a comparison of statewide VMT estimates.  Figure 7 shows that with the proposed changes the 1980 statewide estimate of VMT increases from 260,546,000 to 389,259,000 miles per day, a 49% increase over the ver. 2.20 estimate.  In general, the backcasted estimate of VMT increases for all areas and calendar years prior to 1999.  Whereas statewide forecasts of VMT are lower by approximately 0.5%, relative to ver. 2.20 for 2000 and newer calendar years.
Figure 7 Comparison Of Statewide Estimates of VMT
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Figure 8 shows a comparison of statewide total-ROG emissions.  With the change in population of age 45 vehicles, the total-ROG emissions from ver. 2.20x are more in-line with previous estimates from ver. 2.08.  These estimates are lower, for calendar years 1985-2000, than those from ver. 2.20.  This reduction is caused by a change in population, which lowers the average age of the vehicle fleet and lowers evaporative emissions.  However, beyond 1980 calendar year the total-ROG emissions from ver. 2.20X and 2.08 are higher than those from ver. 2.20 because exhaust emissions dominate.  The emission process is dependent on VMT, which is higher in ver. 2.20X and ver. 2.08 because the average age of the fleet is younger than in ver. 2.20.  Newer vehicles travel more miles per year than older vehicles and hence their exhaust emissions, in this case, tend to dominate.  

Figures 9 and 10 show a comparison of statewide total-CO and total-NOx emissions.  Both of these pollutants are dominated by VMT, which increases for pre-1999 calendar years in ver. 2.20X relative to ver. 2.20.  

Figure 8 Comparison of Statewide Annual Averaged Total-ROG Emissions
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Table 16 shows the resulting change to the activity parameters for calendar years 1980, 2000, and 2020.  By reducing the population of age 45 vehicles, the vehicle populations for all calendar years and geographic area are lower by approximately 0.5%.  The 1980 statewide estimate of VMT increases from 260,546,000 to 389,111,000 miles per day, or 49%, and the backcasted estimate of VMT increases for all areas and calendar years prior to 1999.  Statewide forecasts of VMT are lower by approximately 0.5% for 2000 and newer calendar years.   The 1980 statewide estimates of trips per day increase by 14%, from 69.8 to 79.5 million trips per day.  Backcasted estimates increase for all calendar years prior to 1999 and decrease for all 2000 and newer calendar years.

Table 17 shows how changes in these activity parameters affect statewide annual average emissions calculated using the simple-average option.  The activity changes increase the 1980 statewide annual average emissions of total-ROG, CO, and NOx by 141 tons per day (tpd) (4.2%), 5,923 tpd (23.7%), and 756 tpd (44.5%), respectively.  The 1980 total-ROG emissions in the South Coast Air Basin by only increase 0.64%, because the increase in exhaust emissions, associated with the increase in VMT and trips per day, are partially offset by reductions in the evaporative emissions from changes in the age distribution.   

Figure 9 Comparison of Statewide Annual Averaged Total-CO Emissions
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Figure 10 Comparison of Statewide Annual Averaged Total-NOx Emissions
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Table 16 Changes In Activity For Various Calendar Years With Proposed Changes To Base-Year Vehicle Populations
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Table 17 Change to Emission Estimates for Various Calendar Years with Proposed Changes to Base-Year Vehicle Populations
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Result - VMT Matching

Without any further changes in activity, the model would have forecasted VMTs that were 0.5% less than the regional estimates provided by various Councils of Government (COGs), which were incorporated in EMFAC2002 ver. 2.20.  To resolve this difference, staff ran the VMT matching algorithm for calendar year 2000, which is the base year for most SIPs.  The VMT algorithm modified the 2000 calendar year population growth rate such that the VMT forecasts from the new model match those from EMFAC2002 ver. 2.20.   

Table 18 shows the activity changes for calendar years 2000, 2010, and 2020.  This table shows that the VMT estimates from version 2.20X, which contains both population (age 45 fix) and VMT changes, precisely match the VMT estimates from EMFAC2002 ver. 2.20.  The minor differences in population can be attributed to rounding.  Table 19 shows that the accurate VMT matching reduced any potential differences in forecasted annual average emission inventories.  Please note, version 2.20X includes changes to the population of age 45 vehicles and VMT changes noted in this memorandum.

Table 18 Change In Activity For 2000, 2010, And 2020 Calendar Years
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Table 19 Change in Emissions for Calendar Years 2000, 2010, and 2020
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As a result of VMT matching, Figure 11 shows that versions 2.20 and 2.20X have virtually the same estimates of vehicle population for 2000 plus calendar years.
Figure 11 Comparison Of Statewide Population Estimates
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Figure 12 shows a comparison of statewide VMT estimates confirming that the VMT matching algorithm matched the estimates from EMFAC2002 ver. 2.20.

Figure 13 presents a comparison of the statewide total-ROG emissions.  With the change in population of age 45 vehicles and the subsequent VMT matching on the 2000 calendar year, the forecasted (2000 plus) total-ROG emissions match those from ver. 2.20.  

Figure 12 Comparison of Statewide VMT Estimates
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Figure 13 Comparison of Statewide Annual Averaged Total-ROG Emissions
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Figures 14 and 15 show a comparison of statewide total-CO and total-NOx emissions, respectvely.  Both figures show that the 2000 and newer calendar year estimates from version 2.20 and 2.20X are identical.  

Figure 14 Comparison of Statewide Annual Averaged Total-CO Emissions
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Figure 15 Comparison of Statewide Annual Averaged Total-NOx Emissions
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Table 20 presents the statewide activity changes, by vehicle class, for calendar years 2000 and 2020.  This table also shows the percentage change relative to the population in each vehicle class.  Table 19 shows that population and VMT estimates, by vehicle class, from version 2.20X match those from version 2.20.
Table 20 Activity Changes by Vehicle Class
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Mexican Vehicles

In assessing what items may have changed between versions 2.20 and 2.20X with the VMT matching on 2000 calendar year, staff noted a slight increase in the population of Mexican vehicles
 in San Diego and Imperial counties.  While the population of Mexican vehicles increased slightly the population of native vehicles decreased by a similar amount. Hence, there is little or no change to the total vehicle population or VMT in San Diego County and, therefore, no significant change to the emissions inventory for San Diego County.  The small increase in Mexican vehicle population is caused by an increase in the 2000 calendar year growth rate for San Diego County.  As noted earlier, the 2000 calendar year growth rates, for all areas, in version 2.20X are slightly higher than those in version 2.20.  The growth of Mexican vehicles entering San Diego is tied to the growth rate of vehicles in San Diego County.  To conserve VMT in San Diego County, the slight increase in the population of Mexican vehicles, and hence VMT from Mexican vehicles, is offset by a slight decrease in the population of native vehicles.  

Table 21 shows that with VMT matching the total population of passenger cars in calendar year 2000 in San Diego County is reduced by 3 cars.  However, this increases Mexican cars by 46, and reduces native cars by 49.  In order to note this difference on a percentage basis it was necessary to show 4 decimal places.  This table also shows that the total number of heavy heavy-duty trucks increased by 2.  The population of Mexican trucks increased by 22, and the native truck population was reduced by 20.

Table 21 Population of Mexican Vehicles in San Diego County
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Recommendations

Staff recommends that the proposed changes be made to EMFAC2002 ver. 2.20. However, staff should revisit the backcasting algorithm and verify that the average age of the fleet predicited by the model for the historic calendar years does track historical vehicle registration data or some other source.  Staff also believes that in a future update, the growth rate of Mexican vehicles should be de-coupled from that of San Diego and Imperial counties.  The Mexican vehicle growth rate should be tied to the annual statistics on vehicular border crossing in San Diego and Imperial counties.






� In the model, the vehicle accrual rates do not change by calendar year.  However, for editing purposes the model displays a population weighted accrual rate that by definition can change by calendar year.   


� Summation of emissions from all emission processes.


� This algorithm is detailed in memorandum titled “Updating Estimates of Vehicle Miles Traveled,” dated 07/31/02.


� In this memorandum, EMFAC2002 version 2.20 is also referred to as ver. 2.20.  


� EMFAC2001 version 2.08 is also referred to as ver. 2.08


� Ver 2.20X.   The official version will be 2.20 with a new release date.  However, for the purpose of this document the new version has an X until the release date and changes have been finalized.


� Passenger cars and heavy-heavy duty trucks crossing the international border into San Diego and Imperial counties.
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