Assessing the Effect of Five Gasoline Properties on Exhaust Emissions from Light-
Duty Vehicles certified to Tier-2 Standards
Analysis of Data from EPA Phase 3

(EPAct/V2/E-89)

Appendix l.1e

Final Model Fitting

Total Hydrocarbons (THC) (Bag 2)

No. Observations: 832

No. Vehicles: 13 (exclude Odyssey and Sienna)
No. censored measurements: 0

No. missing measurements: 0

No. measurements removed: 0

Model Type: Mixed model



I.1e.1 Model fitting with respect to the 11-term design model.

Design Model (11-terms): Bayesian Information Criterion (BIC) vs. number of terms in model (p)
for all possible models respecting hierarchy.
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Design Model (11-terms): Bayesian Information Criterion (BIC) vs. number of terms in model (p)
for all possible models respecting hierarchy (CLOSEUP of previous figure).
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Design Model (11-terms): Bayesian Information Criterion (BIC) vs. number of terms in model (p)
for all possible models respecting hierarchy (CLOSEUP of previous figure).
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THC (Bag 2): Number of terms (p), Goodness-of-fit (BIC) and terms included in the 35 best-fitting
candidate models (out of a total of 294 possible models with hierarchy). (Terms included in models
ranked 1-5 comprise the “superset” for final model-fitting).

Rank P BIC Design Terms

1 8 22426 - . . . . . .

2 7 22430 - . . . . .

3 8 22472 - . . . . - .
4 3 22488 - . . . . . .

5 9 22513 - - - " " " - -

6 9 22526|| - . . . . . . .
7 9 22532 - . . . . . . .
8 10 22611)| - . . . . . . . .
9 [ 22613 - . . . .

10 7 22622 = . . . . .

11 3 22626 - - . . . - .
12 9 22628|| - - . . . - . .

3 9 22638 - . . . . . . .

14 7 i . . . - .
15 3 22656 - . . . . . .

16 9 22662 - . . . . - . .
17 2 22663 - - . . . . . .
13 9 684l - . . . . . . .
19 10 22693 - . . . . . . . .
20 10 22693 - . . . . . . . .
21 3 2701 - . . . . . .
22 9 22715 = . . . . . . .

3 10 22715 = . . . . . . . .
24 10 22719 = . . . . . . . .

25 10 - . . . . . . . .
26 10 2729 - . . . . . . . .
27 11 22738 - - . . . - . . . .
28 11 T . . . . . . . . .
28 7 22758 - . . . - .
30 3 22790 - . . . . . .
i1 7 22807 - . . . . .

32 3 22833 - . . . . . .

33 3 22841 - . . . . . .
M 9 P . . . . . . .
33 10 22863 - . . . . . . . .




Models fit for THC (Bag 2): (all models include an intercept term).

Model Term | Notation Model
Superset | SM3!
etOH Ze ° °
Arom Za ° °
RVP Zr ° °
T50 Zs ° °
T90 Zog ° °
etOH x etOH | ZZce ---

T50 x T50 2755 ° °
etOH x Arom | ZZe, X
etOH X RVP | ZZ« ° X
etOH X T50 | ZZes -
etOH x T90 | ZZeo ° X

[ 1 Represents “Superset minus 3,” etc.

THC (Bag 2): Model fitting history, starting with the 10-term superset model.

Fit Parameters Test with respect to
Previous Model
Model p | -2InL BIC! Dev. | d | Pr>y?

Superset 10 | 195.334 | 226.113
SM3? 7 | 201.213 | 224.297 5.879 | 3| 0.118

1 A lower value indicates a better fit.
2 Best fit with respect to the 11-term design model.




THC (Bag 2): Coefficients and Tests of Effect for the Superset and Reduced Models, with respect
to the 11-term design model.

Effect Full Model (superset) Reduced Model (5M3)

Estimate | Std. Err. | df [#-value| Pr=¢ Estimate | 3td. Err. | df |¢-value| Pr=y¢
Intercept 46343 02545 13| -18.29] 0.0000 46533 025341 13 -18.31[ 0.00000
£ 0.0331 0.0120 319 27 0.0037 0.0327 0.0120 819 273 0.0066
Za 00194  0.0093 S19( 209 00370 001935 0.0093 a19l 2101 00380
Zr 00354 00106 s19|  -333 0.0009 003335 0.0106 8191 -336| 000080
3 00476 00129 319 360 0.0002 0.0301 0.0129 819 389  0.0001
Zo 00306 0.0004 319 339 0.0000 00314 0.0093 819 354 0.00000
LZ e — o
ZZ 55 00334  0.0004 319 353 0.0004 0.0337 0.0004 819 3590 0.00036
ZE o 0.0121 0.0091 319 1.33 0.1839
ZE o 200121 0.0092 319l -131 0.1914
£E o5 oo oo
ZZ 0 00116 0.0092 319 -12600( 02080
Tran 0.8406 o 0.8384
a; 0.06669 a; 0.06717




I.1le.2 Model Fitting with respect to the 16-term extended Model.

Extended Model (16-terms): Bayesian Information Criterion (BIC) vs. number of terms in model
(p) for all possible models respecting hierarchy.
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Extended Model (16-terms): Bayesian Information Criterion (BIC) vs. number of terms in model
(p) for subset of models respecting hierarchy (CLOSEUP of previous figure).
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Extended Model (16-terms): Bayesian Information Criterion (BIC) vs. number of terms in model
(p) for subset of models respecting hierarchy (CLOSEUP of previous figure).
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THC (Bag 2): Number of terms (p), Goodness-of-fit (BIC) and terms included in the 35 best-fitting
candidate models (out of a total of 2,964 possible models with hierarchy). (Terms included in
models ranked 1-5 comprise the “superset” for final model-fitting).

Rank P BIC Design Terms Extended Terms

XL E = —_ _ a8 —_ —_
| = Kl IO TN R TN R A A Bl R I
1 7 223.18|| = . . . . .
2 10 22325 . . . . . . . . R
3 22367(| = . . . . . -
4 224 07 . . . . . . . .
5 11 22414(] = . - . . . . . . .
11 22423(] = . . - . . . - . .

3 12 335234 . . M M M M . . . . N
31 g9 225.26 - . . " " " . .

32 g9 22532 - . . " " " . .

33 10 22534 - - - . . " . . .
34 12 22538(| = . . . . . - - . . .
35 8 22541 - . " " . . N




Models fit for THC (Bag 2): (all models include an intercept term).

Model Term | Notation Model
Superset | SM1' | SM4
etOH Ze ° ° °
Arom Za ° ° X
RVP Z: ° ° °
T50 Zs ° ° °
T90 Z9 ° ° °
etOH x etOH | ZZ¢
T50 x T50 | ZZss ° ° .
etOH x Arom | ZZca ° ° X
etOH x RVP | ZZ¢
etOH x T50 | ZZ¢s
etOH x T90 | ZZ¢
Arom x RVP | ZZy -
Arom x T50 | ZZgs ° ° X
Arom x T90 | ZZy9 -
T50 x T90 | ZZs9 ° X
RVP x T90 | ZZ

| 1 denotes “Superset minus 1, etc.”

THC (Bag 2): Model fitting history, starting with the 15-term superset model.

Fit Parameters

Test with respect to

Previous Model

Model p | -2InL BIC! Dev. | d | Pr>y?
Superset 11 | 190.795 224.139

SM12 10 | 192.466 223.245 1.671| 1| 0.196
SM43 7 | 203.136 226.220 10.670 0.0137

L A lower value indicates a better fit.

2 Best fit with respect to the 16-term extended model.
8 Fit because the linear term for Aromatics appears insignificant in
The superset model; therefore, dropped aromatics and its interactions.
Test results indicate that these three terms contribute to fit.
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THC (Bag 2): Coefficients and Tests of Effect for the Superset and Reduced Models, with respect
to the 16-term extended model.

Effect Full Model (superset) Reduced Model (SM1)

Estimate | Std. Err. | df [#-value| Pr=¢ Estimate | 3td. Err. | df |¢-value| Pr=t
Intercept 46543 02343 13| -18330| 0.00000 46343 0253427 13] -183 0.00000
£ 003492 0.01196 319 2492 0.0036 0.03470( 0.01198 819 280 00039
Za 001338 0.00077 319 -139 0.11 001968 0.00926 glel 213 0.034
£ 002774 001171 319l 237 0.018 0.02641) 001168 819l 228 0.024
3 003062 0.01302 319 3.89) 0.00011 0.03122( 0.01303 819 383 0.00009
Zp 0.03841( 0.01024 319 371 0.00000 0.06077( 0.01008 319 6.03( 0.00000
EZ e —_
ZZ 53 0.03340( 0.009377 319 3.56) 0.00039 0.03392( 0.00938 819 362 0.00032
ZE 0.02800( 001215 319 230 0.022 0.02892( 0.01215 819 238 0.017
ZZ o -0.01880| 0.01011 319  -1.86 0.063 002184 0.00983 glel 222 0.027
ZZ .5 —
ZZ 20 —
ZZ o _
ZZ a5 0.02841( 0.01486 319 1.91 0.036 003112 0.01473 819 211 0.033
ZZ 00 —
ZZ 5 001303 0.01007 319 1.29 0.20
ZEvo —
Tran 0.8395 Tra 0.8393
a; 0.06632 a; 0.66460

11



12



	Appendix I.1e
	Final Model Fitting
	Total Hydrocarbons (THC) (Bag 2)
	I.1e.1   Model fitting with respect to the 11-term design model.
	I.1e.2  Model Fitting with respect to the 16-term extended Model.


