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Summary

This Supporting Information describes the model used for this study (Section 1),
discusses emissions data and initialization (Section 2), and discusses, and analyzes
simulation and health-effects results additional to those discussed in the main paper
(Section 3). Section 3.C. provides cancer risk information and Section 3.D provides
ozone health risk information.
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1. Description of the Model

The model used for this study was GATOR-GCMOM, a parallelized and one-way-nested
global-through-urban scale Gas, Aerosol, Transport, Radiation, General Circulation,
Mesoscale, and Ocean Model (S§7-S12). The model treated time-dependent gas, aerosol,
cloud, radiative, dynamical, ocean, and transport processes. Aerosol processes were
treated among a single aerosol size distribution with multiple components per size bin.
Cloud processes were treated among three hydrometeor size distributions (liquid, ice,
graupel), each containing aerosol inclusions. Size-resolved aerosols, clouds, and their
chemical inclusions were transported in 3-D. All processes described were solved in all
grid cells in the stratosphere and troposphere. The model was parallelized with Message
Passing Interface (MPI). The model has been compared with paired-in-time-and-space
data for meteorological, gas, aerosol, and/or radiative parameters in several studies,
including those in the Los Angeles basin (S, $3, S7, S12) and the U.S. as a whole (59,
S11), which are the domains considered here. Thus, further comparisons with data were
not performed here.

1.A. Atmospheric Dynamical and Transport Processes

On the global scale, the model solved the momentum equation under the hydrostatic
assumption and the thermodynamic energy equation with a potential-enstrophy, mass,
and energy-conserving scheme (S73). In nested regional domains, the dynamical solution
scheme conserved enstrophy, mass, and kinetic energy (S/4). Dynamical schemes on all
domains used spherical and sigma-pressure coordinates in the horizontal and vertical,
respectively. Transport of gases (including water vapor) and aerosol particles was solved
with a conservative, monotonic method (§75) using modeled online winds and vertical
diffusion coefficients.

1.B. Gas processes

Gas processes included emission, photochemistry, advection, turbulence, cloud
convection of gases, nucleation, washout, dry deposition, and condensation onto and
dissolution into aerosol particles, clouds, and precipitation. Gases affected solar and
thermal-IR radiation, aerosol formation, and cloud evolution, all of which fed back to
meteorology. Gas photochemistry was solved with SMVGEAR 1I ($76). The gas-phase
chemical mechanism for this study included 126 gases, 263 kinetic reactions, and 36
photolysis reactions solved in all model domains (Table S1).

Table S1. Gas-phase chemical kinetic reactions, reaction rate coefficients, and photoprocesses treated in all
model domains here.

Rate Coefficient
No. Kinetic Reaction F.4 (s'l, cm3 s'l, or cm® s'l) Ref.0
Inorganic Chemistry
1 |]0+02+M 03+M 6.00x10734 (300/1)2-3 A
2 |0+03 5207 8.00x10-12 £-2060/T A
3 |o(lp)+03 — 207 1.20x10°10 A
4 |odpy+03 > 02+20 1.20x10°10 A
5 |odp)+03 - 0+0y 3.30x10711 5T A
6 |0o(lD)+Ny -~ 0+N» 2.15x10° 11 (110/T A
7 |odp)+Ccoy - 0+COy 7.50x10711 (115/T A
8 |odD)+Ny+M — NpO+M 2.80x10-36 (300/7)9-9 A

S2



10
11
12
13

14
15
16
17
18
19
20
21
22

23
24
25

26

27
28

29
30

31
32

33

34
35

36

37

38
39
40

41
42
43

44
45
46
47

0(lD) + N2O > Ny + 0
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OH+OH — sHy0p 0.6

OH +HOp — HyO + O)
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OH+NO —M¥_SHONO ®)0.6

OH +NOy —™ S HNO3 )06

OH +NO3 — HO2 + NO2
OH + HONO — H0 +NO,

OH + HNO3 — H20 + NO3

OH + HOONO> —» H0 + NOj + 07
OH + CO — HOp +CO»

HO2+0 — OH+ O3

HO, + 03 —» OH +20,
HO2 + HO2 —H202 + 02
HO; + NO —» OH + NO»

HO7 + NOp — M _.HO,NO» )06
HOoNO7 — M, HO, + NO3

HO2 + NO3 — HNO3 + 02
H07 + 0 — OH +HO

NO+0O —M _.NOp )06
NO + 03 — NO2 + Op

NOy +0 — NO+ 0

NO» +0 — M, NO3 Proe
NOj + 03 — NO3 + 02

NO3+0 — NO2 + Oy
NO3 +NO —» 2NO»

NO3 +NOp» — ™ 5 N»7Os5 )06

4.90x10°11 20T
6.70x10°11 20T

1.10x10°10
1.63x10710 (O0/T

4.40x10732 (300/)! 3
4.70x10°11 (300/7)0-2
1.40x10-10 -470/T
5.67x10712
7.29x10711
2.43x10712

2.20x10°11 120/T
1.70x10-12 ,-940/T

2.8x10712 1800/

1,80x10712
6.90x10-31 (300/7)0-8
2.6x10711

4.80x10°11 250/
1.80x10712
7.00x10-31 (300/7)2-0
3.60x10"11 (300/7)0-1
1.80x10730 (300/7)3-0
2.80x10711
2.20x10711
1.80x10-11 -390/

C
1.30x10712 380/

d
3.00x10711 £200/T

1.40x10-14 -490/T

e
3.50x10712 £250/T

2.00 x10731 (300/7)3-4
2.90 x10"12 300/ 11

kye/ (2.10x10727 x ¢10900/T)

3.50 x10712
1.40 x10712 -2000/T
9.00 x10-32 300/1)1-5

3.00x10711
3.00x10712¢-1500/T

5.60 x10712180/T

2.50 x10-31 300/1)1-8

220x10711 (300/7)0.7
1.20 x10-13 -2450/T

1.00 x10°11
1.50x10°11 170/

2.00x10730 (300/7y*4
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1.40 x10-12 300/1/0-7

48| NyOs — M, NO3+NO, Ky 1(3.00x10727 x 1099077,
49 | N205+H20 — 2 HNO3 2.00x1072! B
Organic Chemistry
Alkane, Alkene, and Aldehyde Chemistry
50 | CcH4+0O(1D) —s CH30, + OH 1.50 x10°10 A
51 | cH4+0(ID) — CH30 +H 3.00 x10-11 B
52 | cH4 + O(!D) — HCHO + Hp 7.00 x10°12 B
53 | CH4+ OH — CH302 + HpO 2.45 x10712 o~ 1775/T A
54 | CH30+ 0y — HCHO + HOj 3.00 x10-14 ¢-900/T A
55 | CH30 +NO —» HCHO + HOj + NO $.00x10-12 A
56 | CH30 +NO —M_, CH30NO (P)0.6 2.30x1029 (300/7)>8 A
3.80x10"11 (300/7)0-0
57 | CH30 + NOy — M, CH30NO; (P) 0.6 5.30x10729 3oo/7y*4 A
1.90x10-11 (300/7)1-8
58 | CH30NOj + OH —» HCHO + NO3 + Hp0 5.00x10-13 10T A
59 | CH302+HO2 — CH300H + O2 4.10x10°13 S750/T A
60 | CH302 +NO —» CH30 + NO3 2 80 x10-12 (300/T A
61 | CH307 + NOy — 2, CH30,NO» (P) 0.6 1.00x10-30 (300/7)*8 A
7.20x10712 300/7)2-1
62 | CH30,NOy — M, CH30; + NO» kor / (1.30x10728 x 112007y | A
63 | CH302+CH302 — 2 CH30+ 0O 5.90x10713 509/ B
64 | CH302 + CH307 —» HCHO + CH30H 7 04x10-14 365/T B
65 | CH302 + CH3C(0)0O —s CH307 + CH30 + CO» 200 x10-12,500/T A
66 | CH302 + CH3C(0)0O —s CH3COOH + HCHO + Op 220 x10-13,500/T B
67 | CH3COOH + OH —s CH307 + CO3 + HpO 4.00 x10-13,200/T A
68 | CH300H + OH —» CH307 + H20 3.80x10-12 (200/T A
69 | CoHg+OH — CpH502 + HRO 8 70x10-12 ,~1070/T A
70 | C2H502 + NO — CoH50 + NO» 2.60x10-12 £365/T A
71 | CoH507 + NOp — M, CyH509NO (P) 0.6 1.20x10°29 (300/7)*0 A
9.00x10"12
72 | CyH50,NOy — M, CyH50) + NO3 (P)0.31 4.80x1074 92857 B
8 80x1015 ~10440/T
73 | Co2H502 + HO2 — ROOH + Op 7.50x10-13 ,700/T A
74 | CoH50 + O — CH3CHO + HOp 6.30x10"14 &350/ A
75 | CoH50 + NO M, CoH50NO (P) 0.6 2.80x10"27 (300/7)*0 A
5.00x10712 (300/7)1-0
76 | C2H50 + NO — CH3CHO + HO7 + NO 1 30x10-11 B
77 | CoH50 + NOy — M, CoH50NO3 (P) 0.6 2.00x1027 3oo/y*0 A
2.80x10711 300/7)10
78 | C3Hg + OH — C3H702 + HRO 1.00x10°11 ,-660/T A
79 | C3H702 + NO — C3H70 + NO» 2.70%x10-12 660/ B
80 | C3H70+ 0 — CH3COCH3 + HO» 1.40x10°14 ,-210/T B
81 | C3H70 +NO —» C3H70NO 3.40x10-11 B
82 | C3H70 + NO —» CH3COCH3 + HO; + NO 6.50x10-12 B
83 | C3H70 + NOp — C3H70NO7 3.50%10°11 A
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CH3C(0)00 + NOp —*_CH3C(O)OONO> (P)0.6
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6.93x10°12

2.07x10712
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0.64

0.20
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6.70x10715,605/T
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5.60x10-15 £2300/T
7.00x10712
1.80x10-11 ~1100/T
5.60x10712 270/T

1 40x10-12 ,~1900/T
1.80x10-11 ~1100/T
5.60x10712 270/T
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CpH50H + OH — CH3CHO + HO3 + HyO
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PAR + OH — RO7 + HpO

PAR + OH — RO2R + HpO

RO2 + NO — NOp + HOp + CH3CHO + XOP
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RO2R + NO — NO7 + ROR

RO2R + NO — NTR

ROR + NOy — NTR

NTR —¥ RO3 +NO»

ROR — KET + HOp

ROR — KET + DOP

ROR — CH3CHO + DOP + XOP

ROR — CH3COCH3 + DOP + 2 XOP

XOP + PAR —

DOP + PAR —RO?

DOP + PAR — AOj +2 XOP

DOP + PAR — ROJR

DOP + KET — CH3C(0)O0 + XOP

AO2 + NO — NOj + CH3COCH3 + HO»

OLE +0 — 2PAR

OLE + O — CH3CHO

OLE + O — HO3 + CO +RO2

OLE + O — RO7 + XOP + CO + HCHO + OH

OLE + OH — CH307 + CH3CHO + XOP

OLE + O3 — CH3CHO + H»COO + XOP

OLE + O3 — HCHO + CH3HCOO + XOP

OLE + O3 — CH3CHO + HCOOH* + XOP

OLE + O3 — HCHO + CH3COOH* + XOP

OLE + NO3 — PNOp

PNO2 + NO — DNIT

PNO2 + NO — HCHO + CH3CHO + XOP + 2NO»

C4Hg + OH — CH307 + CH3CHO

C4Hg + O3 — 0.5 CH3CHO + 0.197 HpCOO + XOP + 0.5 HCHO
+0.197 CH3HCOO + 0.303 HoCOO* + 0.303 CH3HCOO* +

OLE
C4Hg + NO3 — PNOp + CpHy

9.30x10712 300/1)15

kyrs / (9.0x10729 x (14000/T)
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2000/T

8.10x10712
6.21x10712 £-620/T

1.09x10712 620/T
6.52x1012 £-230/T
3.80x10713 ¢230/T

9.20x10714
7.20x10713
7.70x10712
4.40x10711 (-1400/T

7.00x10°12

1 20x10-10 ~1400/T
1.50x10711
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1.60x103

2 101014 ,-8000/T
4.00x1014 ,-8000/T
4.40x1014 ,-8000/T

6.80x10712
5.10x10712
1.50x10°12
1.70x10°13
6.80x10712

8.10x10712
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4.10x10712 -324/T
1.20x10712 -324/T
2.40x10712 ¢-324/T
5.20x10712 £504/T
2 80x10-15 £-2105/T
2 80x10-15 £-2105/T
4.30x10-15 z-2105/T
4.30x10-15 ;-2105/T

7.70x10°13
6.80x10°13

6.80x10°12
1.48x10711 448/

220x10°14 &243UT

1.03x10713
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170 | CeHg + OH — 0.4 BO2 + 0.4 HyO + 0.6 CRES + 0.6 HOp + XOP | 3 10x10-12 -270/T D
171 | TOL + OH — BO7 + Hp0 1.70x10-13 ,322/T C
172 | TOL + OH — CRES + HOp 7 60x10-13 £322/T C
173 | TOL + OH — TOp 120x10-12 ,322/T C
174 | BO2 + NO —s NO2 + BZA + HOp 3.10x10-12 C
175 | BZA + OH — BZ0O7 + HyO 1.30x10°11 C
176 | BZO2 + NO — NO2 + PHO2 + CO» 2.50%x10°12 C
177 | BZO2 + NOp —» PBZN 3 40x10-12 E
178 | PBZN —s BZOy + NOp 1.60x1015 ¢~13033/T E
179 | PHO2 + NO — NOj + PHO 3.10x10-12 C
180 | PHO + NOy — NPHN 130x10-11 ,300/T E
181 | CRES + OH — CRO + HO 1.60x10-11 C
182 | CRES + OH — CRO7 + HpO 2.50x10-11 C
183 | CRES + NO3 — CRO + HNO3 220x10-11 C
184 | CRO + NO» — NCRE 1.40x10-11 C
185 | CRO2 + NO — NOj + OPEN + HO» 4.00x10712 C
186 | CRO2 + NO — NO7 + ACID + HO» 4.00x10712 C
187 | TO2 + NO —s NO3 + OPEN + HOp 730x10-12 C
188 | TO2 + NO — NTR 3.10x10-13 C
189 | TO2 — HO2 + CRES 420 C
190 | XYL + OH —s CRES + PAR + HOp 330x10-12 116/T C
191 | XYL+ OH — XLO2 + H0 1.70x10°12 ,116/T C
192 | XYL +OH — TOy 500x10-12 L116/T C
193 | XYL + OH —s XINT 6.60x10712 (116/T C
194 | XLOp + NO —» NO7 + HOp + BZA + PAR 3.10x10-12 C
195 | XINT + NO — NOp + HO7 + 2 CH3COCHO + PAR 3.10x10-12 C
196 | CH3COCHO + OH — MGPX + HpO 1.50x10-11 B
197 | MGPX + NO — NO2 + CH3C(0)0OO0O + CO2 8 10x10-12 C
198 | OPEN + OH — OPPX + CH3C(0)OO + HO7 + CO 3.00x10°11 C
199 | OPEN + 03 — CH3CHO + MGPX + HCHO + CO 1.60x10-18 ,-500/T C
200 | OPEN + O3 — HCHO + CO + OH + 2 HOj 4.30x10-18 ,-500/T C
201 | OPEN + 03 — CH3COCHO 1.10x10-17 ,-500/T C
202 | OPEN + 03 — CH3C(0)0O + HCHO + HOj + CO 320x10-17 ¢-500/T C
203 | OPEN + 03 —» 5 40x10-18 ;-500/T C
204 | OPPX + NO —s NOj + HCHO + HO3 + CO 3.10x10-12 C
Terpene Chemistry

200 | ISOP + OH —» ISOH 2.55x10-11 (A410.2/T F.G
201 |ISOP + 03 — 0.17 MACR +0.378 MVK + 0.664 OH+ 0.054 PAR | 7.86x10715 ¢-1912.9/T G.H

+0.054 OLE + 0.054 HpCOO + 0.5 HCHO + 0.366

HO3 + 0.068 CO3 + 0.461 CO+ 0.366RO2R +0.121

ACID
202 | ISOP + 0O —s 0.22 MACR +0.63 MVK + 0.08 ISOH 3.50x10"11 F.G
203 | ISOP + NO3 —s ISNT 3.00x10-12 ;445.9/T F.G
204 | ISOH + NO —s 0.364 MACR +0.477 MVK + 0.840 HCHO 1.22x10°11 (~180/T F

+0.08 ISNII +0.08 ISNI2 + 0.886 HO»

+0.840 NOp
205 | ISNT + NO —s 1.1 NOp + 0.8 HO2 + 0.80 ISNII + 0.1 MACR 1.39x10-11 ,~180/T F

+0.15 HCHO + 0.05 MVK + 0.05 DISN
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ISNII + OH —» ISNIR

ISNI2 + OH —» ISNIR

ISNIR + NO — 0.05 DISN +0.05 HO; + 1.9 NOp
+0.95 CH3CHO + 0.95 CH3COCH3

ISNII + 03 — 0.2 0 +0.08 OH + 0.5 HCHO + 0.5 IALD1
+0.5 ISNI2 + 0.5 NO,

ISOH + ISOH —» 0.6 MACR + 0.6 MVK + 1.2 HCHO
+1.2HO»

ISOH + HO2 —s IPRX

IPRX + OH —s ISOH

IPRX + 03 —» 0.7 HCHO

MACR + 03 —s 0.8 CH3COCHO + 0.7 HCHO + 0.2 O
+0.09 HpCOO + 0.2 CO +0.275 HO,
+0.2150H +0.16 CO»
+0.15 CHpCCH3CHOO

MVK + 03 - — 0.5 CH3COCHO + 0.5 HCHO + 0.2 HyO
+0.2C0O2 +0.56 CO +0.28 HOp
+0.36 OH + 0.1 CH3CHO + 0.28 CH3CO3
+0.12 ACID + 0.12 UNR

MACR + OH — 0.42 MAC1 +0.08 MAC2
+ 0.5 CHpCCH3C(0)00

MVK + OH —» 0.28 MV1 +0.72 MV2

MAC1 +NO —s 0.95HO7 +0.95 CO + 0.95 CH3COCH3
+0.95 NO7 + 0.05 ISNI2

MAC2 + NO —s 0.95 HO7 +0.95 HCHO + 0.95 CH3COCHO +

0.95 NO +0.05 ISNI2

MV1 +NO —» 0.95 CH3COCHO + 0.95 HCHO + 0.05 ISNI2
+0.95 NO, +0.95 HO

MV2 +NO — 0.95 CH3CHO + 0.95 CH3C(0)00
+0.05 ISNI2 + 0.95 NO»

MV1 + HO» —» ROOH

MV2 + HO» —» ROOH
MAC! + HOj —» ROOH

MAC2 + HOy —» ROOH

CHyCCH3C(0)00 + NOy —s MPAN

MPAN _s CHyCCH3C(0)0O0 + NOp
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TERPH + O; — 0.445 CO +0.055 H,0, + 0.89 OH + 0.11 UNR +
0.445 RO229 + 0.445 RO230
TERPH + O — UNR

TERPH + NO; — RO228

RO227 + NO — 0.38 AP8 + 0.62 NO, + 0.62 HO, + 0.62 UNR
RO227+RO2R — HO, + UNR + RO2R + O,

RO227 + HO, — OH + HO, + UNR

R0O228 + NO — 2NO, + UNR

RO228 + RO2R — NO, + RO2R + O, + UNR

R0O229 + HO, — OH + HO, + UNR

R0O229 + NO — 0.23 AP9 +0.77 NO, + 0.77 RO240

3.35x10711

1.88x10711
1.39x10711 (-180/T

5.00x10°18

2.00x10°13

6.15x10711 £-900/T

2.00x10°11

8.00x10°18
1 36x10-15 o2113.7/T

7 50%10-16 (-1519.9/T

1.86x10711 175/

4.11x10712 A33/T
1.39x10711 (-180/T

1.39x10711 (-180/T
1.39x10711 (-180/T
1.39x10711 (-180/T

6.15x10711 900/
6.15x10"11 900/
6.15x10"11 900/
6.15x10"11 900/
8.40x10712

1 58x1016 ,-13507/T
1.40x10°!1
1.77x10°10
1.40x10°16

8.59x10°11
291x10°!1
8.80x10-13 (180.2/T
1.00x10713
3.41x10-13 (800.2/T
8.80x10-13 (180.2/T
1.00x10713
3.41x10-13 (800.2/T
105x10-12 £180.2/T

T m T T o™ omoT

T - T X T T T T
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240 | RO229 + RO2R —» RO240 + RO2R + O, 1.00x10715 H
241 | RO230 + NO —s NO, + CH,CO, + UNR 8.89x10713 (180.2/T H
242 | RO230 + RO2R —s CH,CO, + RO2R + O, + UNR 1.00x10715 H
243 | RO230 + HO, —s OH + CH,CO, + UNR 3.41x10713 £800.2/T H
244 | RO240 + NO —s NO, + CH,CO, + ALD2 + PAR 1.05x10712 180.2/T H
245 | RO240 + RO2R —» CH,CO, + ALD2 + PAR + RO2R + O, 1.00x10°15 H
246 | RO240 + HO, —s OH + CH,CO, + ALD2 + PAR 3.41x10713 £800.2/T H
247 | AP8 + OH —s NO, + H,0 + UNR 1.03x10°10 H
248 | AP9 + OH —s NO, + H,0 + UNR 9.07x10711 H
Sulfur Chemistry
249 | 505+ OH — M, HSO3 ®)0.6 3.00x10731 (300/7)3-3 A
1.50x10°12
250 [SO2+0+M — SO3+M 1.30x10733 (300/7)73-6 A
251 | HSO3+ 02 — SO3 + HO2 1.30x10712 ¢-330/T A
252 | SO3+H20 +Hy0 — HSO4 + H20 8.50x10741 (6540/T A
253 | CH3SCH3 + OH —» CH3SCH20, + Ho0 L 10x10-11 ,-240/T A
254 | CH3SCH3 + OH — CH3S(OH)CH3 f A
255 | CH3SCH202 + NO —» CH3SCH20 + NO»y 8.00x10°12 I
256 | CH3SCH2O —s CH3S + HCHO 1.00x10! I
257 | CH3S + 02 —CH3S00* 3.00x10718 A
258 | CH3SOO* + NO — CH3SO + NO» 1.4x107!1 I
259 | CH3SOO* —» CH3S + Op 6.0x102 I
260 | CH3SO + 03 — CH3S05 + O 6.0x10°13 A
261 | CH3802 — CH302 +S02 1.1x10! I
262 | CH3S(OH)CH3 — CH3SOH + CH30 5.0x10° I
263 | CH3SOH + OH —s CH3SO + HpO 1.1x10°10 I
Photoprocesses
264 |O2+hv - 0+0 A
265 | O3 +hv — O(lD) + Op A
266 | O3 +hv — O+ 02 A
267 | HO2 +hv — OH+0O(!D) A
268 | HO+hv — H+ OH A
269 | H2O2 +hv — 2 OH A
270 | NO2 +hv — NO+O A
271 | NO3+hv — NO2 +O B
272 | NO3+hv — NO + Oy B
273 | NoO +hv — N3 + O(1D) A
274 | N2O5 +hv — NOjp + NO3 A
275 | HONO + hv — OH + NO A
276 | HONO + hv — H + NO» A
277 | HNO3 +hv — OH + NO» A
278 | HNO3 + hv — HONO + O(!D) A
279 | HNO3+hv — OH+NO + O A
280 | HOpNO2 + hv — HO2 + NOp B
281 | HO2NO2 + hv —s OH + NO3 B
282 | HCHO + hv — 2 HO2 + CO A
283 | HCHO + hv — CO + Hp A
284 | CH300H + hv — CH30 + OH B
285 | CH3CHO + hv — CH302 + HO + CO B
286 | ALD2 + hv — CH302 + HO2 + CO B
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287 | CH30NO +hv — CH30 + NO

288 | CH30NOj2 + hv — CH30 + NO»

289 | CH302NO2 + hv — CH302 + NO2

290 | C2H50NO2 + hv — CpH50 + NO2

291 | C3H70NO2 + hv — C3H70 + NO2

292 | CH3CO3NO2 + hv — CH3CO3 + NOp

293 | CH3COCH3 + hv — CH307 + CH3C(0)O0
294 | KET + hv — CH3C(0)O0 + RO + 2XOP
295 | MVK + hv — CH3C(0)OO0 + CoHyg + HOp
296 | MACR +hv — CpH4 + HO2 + CO + CH302
297 | CH3COCHO +hv — CH3C(0)O0+CO+HO7
298 | BZA +hv — PHO2 + CO + HO2

299 | OPEN + hv — CH3C(0)O0 + CO + HO»

NOAO@P>PR~TPWEOWEHHIAO

Species names are defined in Appendix Table B.3. of Jacobson (S/7). In addition, C,Hs=1,3-butadiene, C;Hs=benzene.,
ALD2=C; and higher aldehydes, TERPH = monoterpenes. Species above reaction arrows are second or third bodies
included in pressure-dependent reactions (footnote a) or in thermal dissociation reactions in equilibrium with the
forward (previous) reaction. M is total air. The "Ref." column refers to sources of data for reaction rate coefficients,
absorption cross sections, and quantum yields.

a (P) indicates a pressure-dependent reaction, for which the reaction rate coefficient is

2 -1
log kor Ml
10 ko s

1+

__kerkor[M]
" Ky + ko [M] €

where k, ; is the temperature-dependent three-body, low-pressure limit rate coefficient (the first rate listed), k.,
is the two-body, high-pressure limit rate coefficient (the second rate listed), [M] = [N,] + [O,] is the
concentration (molecules cm™) of the third body, and F, is the broadening factor.

b A, JPL Evaluation (S/8); B, Atkinson et al. (§/9); C, Gery et al. (§20); D, MCM Mechanism (52/); E, Bahta et
al. (§22) (assume products the same as OLE+O, plus OLE; F, Paulson and Seinfeld (523); G, Atkinson (524);
H, Griffin et al. (§25); G, Yin et al. (526); H, assumed the same as for acetone; I, assumed the same as for
methyl ethyl ketone.

¢ k. =k, + k[M]/ (1 + ky[MV/k,), where k, = 2.40x10™* &*7, k, = 2.70 x1077 ¥, k, = 6.50x107* ¢'**'T and

[M] = [N,] + [0,] (molecules cm™).

k,=1.50x10"*(1+0.6 p,)(300/T)'°, where p, is the ambient air pressure in atmospheres.

¢ k. = (2.30x107" %7 + 1.70x10*[M]e")(1. + 1.40 x10*'[H,0]e***™), where [M] = [N,] + [O,] and [H,0]
are in units of molecules cm™.

f k. =1.0x10%[M]e’*"/(1+5.0x10°[M]e***T), where [M] = [N,] + [O,] (molecules cm™) .

1.C. Aerosol Processes

For the present application, aerosol processes were treated in a single size distribution
consisting of 17 size bins ranging from 0.002 to 50 um in diameter, and multiple aerosol
components per bin (black carbon, primary organic matter, secondary organic matter,
H,0, H', NH,*, Na*, H,SO,, HSO,, SO,”, NO,, CI, NH,NO,, (NH,),SO,, C,H;OH,
CH,CHO, HCHO, C,H,, CH,, soildust, pollen, spores, bacteria. The model is generalized
though, so that any number of discrete, interacting aerosol size distributions can be used
for aerosol processes (S27) and cloud development (S28). The aerosol size bin structure
used was the moving-center structure, whereby bin edges were fixed but bin centers
moved in diameter space due to change in particle size (S$2). Parameters treated
prognostically in each size bin included particle number concentration and individual
component mole concentration. Single-particle volume was calculated assuming particles
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contained a solution and nonsolution component, as in ($27), which also describes most
numerical techniques used for solving aerosol physical and chemical processes.

Size-dependent aerosol processes included emission, homogeneous nucleation,
condensation, dissolution, aerosol-aerosol coagulation, aerosol-cloud/ice/graupel
coagulation, equilibrium hydration of liquid water, internal-particle chemical equilibrium,
irreversible aqueous chemistry, evaporation of cloud drops to aerosol-particles, transport,
sedimentation, dry deposition, rainout, and washout. Aerosol particles affected solar and
thermal-IR radiation, cloud evolution, gas concentration, and surface albedo, all of which
fed back to meteorology.

Sulfuric acid-water binary homogeneous nucleation rates were calculated as in
(829); sulfuric acid-ammonia-water ternary homogeneous nucleation rates were
calculated as in ($30). Homogeneous nucleation and condensation of sulfuric acid were
solved simultaneously between the gas phase and all size bins with a mass-conserving,
noniterative, and unconditionally stable scheme (§27) that also solved condensation of
condensable secondary organic matter onto size-resolved aerosol particles. The model
further treated nonequilibrium dissolutional growth of inorganics (e.g., NH;, HNO,, HCI)
and several organics (C,H;OH, CH;,CHO, HCHO, C,H,, C(H,) to all size bins with a
mass-conserving nonequilibrium growth solver, PNG-EQUISOLV 1I ($37), where PNG
is Predictor of Nonequilibrium Growth. EQUISOLV 1I is a chemical equilibrium solver
that determines aerosol liquid water content, pH, and ion distributions following
nonequilibrium growth (S32). Aerosol-aerosol coagulation was solved among all size
bins and components and among total particles in each bin with a volume-conserving,
noniterative, algorithm (5§27). Coagulation kernels included those for Brownian motion,
Brownian diffusion enhancement, van der Waals forces, viscous forces, fractal geometry
of soot aggregates, turbulent shear, turbulent inertial motion, and gravitational settling.

1.D. Gas-Aerosol-Cloud-Turbulence Interactions

On the regional scale, cloud thermodynamics and microphysics were calculated explicitly
and clouds were transported in three dimensions. Water vapor and size- and composition-
resolved aerosol particles were first transported using predicted horizontal and vertical
velocities. When the partial pressure of water vapor exceeded the saturation vapor
pressure over liquid water or ice on an aerosol particle or pre-existing hydrometeor-
particle surface, water vapor condensed or deposited. The saturation vapor pressure and
the critical radius for aerosol activation were affected by the Kelvin effect and Raoult’s
law, both of which were calculated from aerosol and hydrometeor composition. Thus,
changes in, for example, surface tension due to organics and inorganics affected the
activation properties of aerosol particles. The numerical solution for hydrometeor growth
accounted for water vapor condensation and deposition onto all activated size-resolved
aerosol particles and pre-existing size-resolved hydrometeor simultaneously, as in (S72).
The numerical scheme was unconditionally stable, noniterative, positive-definite, and
mole conserving.

During the condensation/deposition calculation, liquid drops and/or ice crystals
grew from a single size-resolved aerosol distribution into separate liquid and/or ice
hydrometeor size distributions, where each discrete size bin of the liquid and ice
distributions contained all the chemical components of the underlying CCN aerosol
particles. A third discretized hydrometeor distribution, graupel, was also tracked. This
distribution formed upon heterocoagulation of the liquid water and ice hydrometeor
distributions, contact freezing of aerosol particles with the liquid distribution,
heterogeneous-homogeneous freezing of the liquid distribution, and evaporative freezing
of the liquid distribution.
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Following partitioning, the size-resolved cloud-aerosol processes treated each time
step included hydrometeor-hydrometeor coagulation (liquid-liquid, liquid-ice, liquid-
graupel, ice-ice, ice-graupel, and graupel-graupel), aerosol-hydrometeor coagulation,
large liquid drop breakup, settling to the layer below (or precipitation from the lowest
layer to the surface), evaporative cooling during drop settling, evaporative freezing
(freezing during drop cooling), heterogeneous-homogeneous freezing, contact freezing,
melting, evaporation, sublimation release of aerosol cores upon evaporation/sublimation,
coagulation of hydrometeors with interstitial aerosols, irreversible aqueous chemistry, gas
washout, and lightning generation from size-resolved coagulation among ice
hydrometeors. The kernel for all cloud coagulation interactions and aerosol-cloud
coagulation interactions included a coalescence efficiency and collision kernels for
Brownian motion, Brownian diffusion enhancement, turbulent inertial motion, turbulent
shear, settling, thermophoresis, diffusiophoresis, and electric charge. Numerical
techniques used for these processes are given in ($28).

During the microphysical calculations, changes in energy due to condensation,
evaporation, deposition, sublimation, freezing, and melting were included as diabatic
heating terms in the thermodynamic energy equation; energy was conserved due to cloud
formation and decay. Similarly, total water (water vapor, size-resolved aerosol water,
size-resolved cloud water, soil water, and ocean water) was conserved.

Following the cloud- and aerosol microphysical calculations each time step, size-
resolved aerosol particles and hydrometeors particles (if they existed) in each grid cell
were transported by modeled horizontal and vertical winds and turbulence. Thus, three-
dimensional size-resolved clouds (stratus, cumulus, cumulonimbus, cirrus, etc.) formed,
moved, and dissipated in the model.

Aerosol particles of different size were removed by size-resolved clouds and
precipitation through two mechanisms: nucleation scavenging and aerosol-hydrometeor
coagulation. Both processes were size-resolved with respect to both aerosol particles and
hydrometeor particles.

On the global scale, cloud thermodynamics was calculated with stratus and
cumulus parameterizations whereas cloud microphysics was calculated explicitly, as
described in (§28). The stratus cloud scheme was from ($33) and was coupled with the
calculation of turbulence (order 2.5). The stratus scheme predicted cloud fraction and
cloud water content in each layer given turbulence terms and vertical gradients in
potential temperature and moisture. Turbulence parameters affected clouds, momentum,
energy, and tracers, particularly in the boundary layer, which was resolved. Cumulus
clouds were predicted with a modified Arakawa-Schubert algorithm (§34). In each
column, nearly 500 subgrid cumulus clouds could form (and 1-10 typically formed), each
defined by a unique cloud base and top (when 23 layers existed below the tropopause, 22
bases and 22 tops are possible). For each subgrid cloud, water and energy transport were
solved with a mass-flux convection scheme; gas and size-resolved aerosol component
transport were solved with a positive-definite, stable convective plume transport scheme.
For each subgrid cloud, the model also generated adjustments to large-scale potential
temperature, momentum, and water vapor.

Following cumulus-parameterization convection on the global scale, the bulk
water predicted in each layer from the cumulus and stratus parameterizations were
evaporated/sublimated, then regrown (simultaneously for liquid and ice) onto the size-
resolved aerosol distributions transported vertically to that layer. Because aerosol
particles were transported vertically with cloud water in all cases, aerosol activation was
consistent with that in a rising plume. The remainder of the microphysical calculation,
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including all interaction of aerosol particles with clouds, was the same as on the regional
scale. The main difference between the global and regional calculations was that, on the
global scale, all remaining cloud water was evaporated at the end of a time step and
clouds were allowed to reform during the next step; on the regional scale, clouds that
formed were tracked continuously and allowed to evolve over time. In both cases, the
first and second indirect effects were treated. In other words, aerosol particles affected
cloud drop size and optical properties and precipitation rates.

In sum, on the global scale, cumulus and stratus parameterizations were used to
determine subgrid clouds and cloud water, and cloud microphysics was calculated as a
time-dependent process following an equilibrium calculation of cloud thermodynamics.
Clouds were not transported but were developed locally. On the regional scale, however,
clouds evolved and developed during time-dependent explicit thermodynamics and
microphysics and were transported in three dimensions.

1.E. Radiative Processes

Radiation processes included UV, visible, solar-IR, and thermal-IR interactions with
gases, size/composition-resolved aerosols, and size/composition-resolved hydrometeor
particles. Radiative transfer was solved with the scheme of ($35). Calculations were
performed for >600 wavelengths/probability intervals and affected photolysis and
heating. Gas absorption coefficients in the solar-IR and thermal-IR were calculated for
H,0, CO,, CH,, CO, 0O,, O0,, N,O, CH,Cl, CFCl,, CF,Cl,, and CCl,, from HITRAN data
(836). Aerosol-particle optical properties were calculated assuming that black carbon
(BC) (if present in a size bin) comprised a particle's core and all other material coated the
core. Shell real and imaginary refractive indices for a given particle size and wavelength
were obtained by calculating the solution-phase refractive index, calculating refractive
indices of non-solution, non-BC species, and volume averaging solution and nonsolution
refractive indices. Core and shell refractive indices were used in a core-shell Mie-theory
calculation ($37). Cloud liquid, ice, and graupel optical properties for each hydrometeor
size and radiation wavelength were also determined from Mie calculations that accounted
for absorbing inclusions. For such a calculation, nonspherical ice crystals were assumed
to be a collection of spheres of the same total volume to area ratio and total volume ($38).
The surface albedos of snow, sea ice, and water (ocean and lake) were wavelength-
dependent and predicted by (rather than specified in) the model ($7/0). Column
calculations treated shading by structures (e.g., buildings) and topography.

1.F. Subgrid Surfaces and Oceans

The model treated ground temperatures over subgrid surfaces (up to 12 soil classes and
roads over soil, roofs over air, and water in each cell). It also treated vegetation over soil,
snow over bare soil, snow over vegetation over soil, sea-ice over water, and snow over
sea-ice over water (56). For all surfaces except sea ice and water, surface and subsurface
temperatures and liquid water were found with a time-dependent 10-layer module. Ocean
mixed-layer velocities, energy transport, and mass transport were calculated with a
gridded 2-D potential-enstrophy, energy, and mass-conserving shallow-water equation
module, forced by wind stress (§39), based on a shallow-water scheme (§73). The actual
depth at each location was a prognostic variable, but because the module conserved
volume exactly, the average mixing depth over the global ocean was constant (80 m). For
lake water, a fixed 80 m mixing depth was assumed. Water (ocean and lake) temperatures
were also affected by sensible, latent, and radiative fluxes. Nine additional layers existed
below each ocean mixed-layer grid cell to treat energy diffusion from the mixed layer to
the deep ocean and ocean chemistry. Dissolution of gases to the ocean and ocean
chemistry were calculated with OPD-EQUISOLV O (§40), where OPD solves
nonequilibrium transport between the ocean and atmosphere and EQUISOLV O solves
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chemical equilibrium in the ocean. Both schemes are mass conserving and
unconditionally stable.

2. Description of Emissions and Simulations

The model was run in nested mode from the global to local scale for a future August in
two domains, one focused on Los Angeles and the other, over the U.S. as a whole.
Simulations were also run for a future February in the Los Angeles domain. Three one-
way nested domains were used for Los Angeles simulations: a global domain (4°-SN x
5°-WE resolution), a California domain (0.2°x0.15° = 21.5 km x 14.0 km with the
southwest corner grid cell centered at 30.0 °N and -126.0° W and 60 SN cells x 75 WE
cells), and a South Coast Air Basin (SCAB) domain (0.045 °x0.05° = 4.7 km x 5 km with
the southwest corner grid cell centered at 30.88 °N and —119.35° W and 46 SN cells x 70
WE cells). Two nested domains were used for the U.S. simulations: the global domain
and a U.S. domain (0.5 °x0.75°). The global domain included 39 sigma-pressure layers
between the surface and 0.425 hectaPascal (hPa). All nested regional domains included
26 layers between the surface and 103.5 hPa, matching the bottom 26 global-domain
layers exactly. All domains included five layers in the bottom 1 km. The nesting time
interval for passing meteorological and chemical variables was one hour in all cases. All
physical processes described, including emissions, were solved in all nested domains,
including the global domain, of all simulations.

The baseline emission inventory used was the U.S. National Emission Inventory
(NEI) for 2002 ($41), modified for future gasoline and E85 vehicle fleets. The inventory
accounts for over 370,000 stack and fugitive sources, 250,000 area sources, and 1700
source classification code (SCC) categories of onroad and nonroad mobile sources. The
inventory provides emissions of nitrogen oxides (NO,), carbon monoxide, ammonia,
sulfur dioxide, total organic gas, and coarse and fine particulate matter either at a specific
location (point sources) or in a county (all others). In the case of county emissions, these
pollutants were distributed to each model grid cell in each model domain with high-
resolution population, roadway, and building data (S4/). The pollutants were then
distributed temporally (at 1-hour resolution over the year) with temporal distribution
factors for each source classification code (S47). Finally, the organic pollutants were
distributed into explicit chemicals and into carbon bond groups with speciation profiles
for each source classification code and chemical/bond group distributions for each
speciation profile from ($42).

The 2002 fossil-fuel inventory was forecast to 2020 by reducing all mobile-source
emissions (gasoline and nongasoline onroad and nonroad) by 60%, which is
approximately consistent with two independent estimates. Streets (S43), for example,
derived speciated 2030:2000 emission factors by sector and world region assuming IPCC
SRES A1B and B1 emission scenarios. Table S2 shows results for the U.S. transportation
sector. An across-the board reduction of 60% mobile emissions for 2020 assumed here is
conservative because it is greater than the 2030 reductions in Table S2, interpolated to
2020, for most species. Second, Table S3 shows that the California Air Resources Board
(CARB) estimates that total organic gas (TOG) emissions in the South Coast Air Basin
(SCAB) may decrease 57.7% between 2002 and 2020, from 172,919 to 73,192 metric
tonnes/yr. Although the 60% reduction assumed here is consistent with CARB, the
CARB estimate may be optimistic since it exceeds the estimated 2020 reduction
interpolated from Table S2; thus, the 60% reduction estimated here may be conservative.

Table S2. Derived (S43) percent emission changes by species between 2000 and 2030 in the U.S.
transportation sector under the IPCC SRES A1B and B1 emission scenarios.

Mobile Mobile
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Carbon monoxide -45 -67
Nitrogen oxides as NO, -49 -67
Methane +19 -8
Paraffin bond group -44 -65
Ethene -58 -70
Olefin bond group -56 -70
Alcohols -58 -70
Formaldehyde +18 -44
Higher aldehydes -57 -70
Ketones 0 0

Toluene bond group -56 -69
Xylene bond group -58 -70
Isoprene bond group 0 0

Unreactive organic gases -7 -29
Sulfur oxides as SO, -65 -74
Ammonia 0 0

Particulate organic matter -51 -61
Particulate black carbon -51 -61
Particulate sulfate -51 -61
Particulate nitrate 0 0

Total PM, 5 -51 -61
Total PM,, -51 -61

Table S3. Comparison of total organic gas (TOG) emissions (metric tonnes/yr) from the California Air
Resources Board emission inventory with those from the U.S. NEI for 2002. Also shown are 2020 emission
estimates used here for gasoline and E85 fleets.

Onroad | Onroad Total | Nonroad | Nonroad Total Total

gasoline non- onroad | gasoline non- nonroad | mobile

or E85 | gasoline or E85 gasoline
2002 CARB SCAB' 122,178 50,741 | 172,919
2002 CARB model domain® 143,632 59,651 | 203,283
2002 NEI model domain® 167,272 5398 172,670 | 57,423 15,700 73,123 | 245,793
2020 CARB estimate SCAB' 41,210 31,982 | 73,192
2020 CARB model domain® 48,447 37,598 | 86,045
2020 NEI model domain* 66,914 2159 69,073 | 22,969 6280 29,249 | 98,322
2020 E85 model domain’ 81,569 2159 83,728 | 27,895 6280 34,175 | 117,903

1) (544)

2) The model domain is slightly larger than the SCAB. CARB emissions in the model domain were
estimated by multiplying CARB emissions in the SCAB domain by 1.1756, the ratio of the populations
of the model domain in 2000 (17,267,158) to that in the SCAB domain in 2000 (14,687,964) (Table 4
of the main text).

3) 2002 NEI emissions for the model domain were obtained from the U.S. NEI (S41).

4) 2020 NEI emissions with a gasoline fleet were estimated as 40% of 2002 NEI emissions.

The resulting 2020 inventory for Los Angeles is given in Table 1 of the main text.
The resulting inventory for the U.S. as a whole is given in Table S4.

Table S4. Same as Table 1 of the main text, but for the U.S. model domain.

Species (1) 2020 (2) 2020 (3) 2020 4 (5) Case 1 (6) 2020
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Baseline Baseline Baseline Percent E85 Baseline

onroad nonroad total change replacing and E85
gasoline gasoline gasoline from 2020 total non-
(tonnes/yr) (tonnes/yr) (tonnes/yr)  gasoline gasoline gasoline
to E85 (tonnes/yr) (tonnes/yr)
Carbon monoxide 2.22x107 6.84x10° 2.90x10’ +5 3.05x10’ 1.96x107
Nitrogen oxides as NO, 1.55x10° 75,100 1.62x10° -30 1.14x10° 1.12x107
Organic gases
Methane 175,000 85,600 261,000 +43 373,000 3.71x10°
Ethane 24,800 12,100 37,000 0 37,000 346,000
Propane 9630 3700 14,300 -65 5020 186,500
Paraffin bond group 886,000 435,000 1.32x10° -80 264,200 4.75x10°
Ethene 71,300 35,000 106,000 -17 88,200 430,000
Propene 19,500 9580 29,100 -65 10,200 76,300
1,3-Butadiene 28,900 14,100 43,000 -10 38,700 18,700
Olefin bond group 18,900 9290 28,200 -17 23,400 173,000
Methanol 0 0 0 0 0 27,800
Ethanol 0 0 0 * 2.06x10° 306,000
Formaldehyde 13,200 6470 19,700 +60 31,500 90,300
Acetaldehyde 4820 2350 7170 +2000 143,000 21,800
Higher aldehydes 68,300 33,600 101,900 -60 40,700 258,000
Formic acid 0 0 0 0 0 5720
Acetic acid 0 0 0 0 0 11,600
Acetone 0 0 0 0 0 106,000
Benzene 25,300 12,400 37,800 -79 7940 144,000
Toluene bond group 127,000 62,100 189,000 -80 37,800 1.30x10°
Xylene bond group 236,000 115,000 351,000 -80 70,300 1.79x10°
Isoprene bond group 1290 631 1920 -80 383 5510
Unreactive 91,300 44,700 136,000 -80 27,200 1.24x10°
Total organic gas 1.80x10° 883,000 2.68x10° +22 3.26x10° 1.50x107
Sulfur oxides as SO, 63,100 2990 66,100 0 66,100 1.54x10’
Ammonia 101,000 1870 103,000 0 103,000 4.26x10°
PM, 5
Organic matter 10,400 18,700 29,100 0 29,100 1.60x10°
Black carbon 3480 1910 5390 0 5390 291,000
Sulfate 593 107 700 0 700 146,000
Nitrate 25.6 150 176 0 176 15,500
Other 3810 3020 6830 0 6830 7.24x10°
Total PM, 5 18,300 23,900 42,200 0 42,200 9.29x10°
PM,,
Organic matter 18,600 21,500 40,100 0 40,100 3.88x10°
Black carbon 6220 2200 8410 0 8410 513,000
Sulfate 1060 123 1180 0 1180 248,000
Nitrate 45.8 173 218 0 218 52,500
Other 6800 3470 10,300 0 10,300 3.42x10’
Total PM,, 32,700 27,500 60,200 0 60,200 3.89x10’

*Please see footnote to Table 1 of the main text.

The model also treated natural emissions not treated in the NEI and both natural
and anthropogenic emissions outside of the U.S. (up to the global scale). Biogenic
emissions were derived by combining 1-km vegetation and land-use data for the U.S.
(845, BELD3) and 1-km landuse/landcover data for the rest of the world (§46) with
emission factors for each landuse type to determine normalized (at a specific temperature
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and radiation level) inventories of biogenic isoprene, monoterpenes, other VOCs, and NO
emission for any spatial and temporal grid. Normalized data were combined in the model
with temperature- and radiation-dependent correction factors (§47) to derive emission
rates affected by the current temperatures and radiation fields. As shown in Table S1,
isoprene (ISOP) and monoterpenes (TERPH) were treated as distinct species.

On the global scale, baseline black carbon (BC) and primary organic carbon
(POC) emissions from most fossil fuels and biofuels at 1°x1° resolution were from (548).
Shipping BC and POC emissions were obtained by scaling BC emission factors to the
sulfur shipping emission rate (S49), as described in (S50). Aircraft emissions were
derived by applying BC, POC, and sulfate emission factors to the 1999 commercial,
military, and charter aircraft fuel use data of ($57, $52). Monthly biomass-burning BC
and POC emissions were from (S53). Emission rates of particle components K*, Na*,
Ca®, Mg*, NH,*, CI', SO,*, and NO;, and gases CO,, CO, CH,, H,, H,0, N,0, NO,,
SO,, ethene, propene, ethane, and propane from biomass burning and from biofuel
burning were obtained by multiplying the gridded BC biofuel or biomass emission rates
by the ratio of the mean biofuel or biomass emission factor for each gas or particle
component to that of BC (§54).

Additional emission types treated in the model were wind-driven soil dust, sea
spray, pollen, and spores, NO, from lightning, DMS from the oceans, volcanic SO,, and
CO,, H,, and H,O from fossil-fuel combustion and biomass burning. Molecular hydrogen
emissions, for example, were proportional to carbon monoxide emissions from fossil-fuel
vehicles (S77). Emitted sea spray and spume-drop components include H,O, POC, K",
Na‘, Ca*, Mg”, CI, SO4”. Sea-spray emissions versus size were calculated by
combining the parameterizations of (§55, $56). The composition of emitted sea spray was
that of sea water. Ocean-atmosphere exchange of DMS and all other gases was calculated
as described in (S40). Sea water DMS concentrations were estimated from (S57). Soil
dust emissions versus size, soil type, and wind speed were calculated from (S§58) using
soil data from (§59). Sporadic and continuous volcanic SOx emissions were from (S60).
NO, from lightning was calculated from size-resolved interactions among in-cloud
hydrometeors, as described in (S/7). Additional global-scale monthly NO, CO, and
speciated organic gas emissions were from (S§6/). Additional NH3 were from (S562).
Additional CH, were from (5§63), scaled to the present. Additional CO; were from (S64).

Baseline and sensitivity simulations were run for a future August in both the
global-through-Los Angeles and global-through-U.S. domains and for a future February
in the Los Angeles domain. For each sensitivity simulation, only the finest-resolved
domain was perturbed (e.g., by changing emissions) to minimize any impacts of
perturbations to the coarse-resolution domains that might feed into the finest-resolved
domains.

The model dynamics time steps were 300 s (global domain), 10 s (California and
U.S. domains), and 5 s (Los Angeles domain). The time interval for nesting between the
domains was 1 hour. Variables passed at the horizontal boundaries included temperature,
specific humidity, wind velocity, gas concentrations (including total water as water
vapor), and size- and composition-resolved aerosol concentrations. Clouds themselves
were treated with no-flux boundary conditions since total water as water vapor moved
across boundaries and could generate new clouds; however, there is no reason why
clouds could not be passed across the boundaries as well for future studies.

Although future-year emissions were used, initial meteorological conditions were

obtained from National Center for Environmental Prediction (NCEP) reanalysis fields for
August 1, 1999, at 12 GMT (565). U.S., surface meteorological data from over 1650
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stations (S§66) were assimilated with the NCEP data at the time corresponding to
initialization for each domain. Similarly, aerosol and gas fields in all domains were
initialized from background data. U.S. EPA ambient air quality data (S66) for O,, CO,
NO,, SO,, PM,,, and PM,, were then assimilated with background values at the initial
time. No data assimilation, nudging, or model spinup was performed during any
simulation.

3. Discussion of Results
Future simulations with vehicles using gasoline and E85 were performed for the Los
Angeles and U.S. cases.

3.A. Mixing Ratio Changes in Los Angeles

Figure S1 shows August-averaged near-surface mixing ratios or concentrations from the
Case 1 E85 simulation (corresponding to 2020 E85 emissions from Table 1 of the main
text) and the difference between the Case 1 E85 simulation and the gasoline simulation,
for the Los Angeles model domain. Figure S5 shows the same for the U.S. domain.

In terms of emitted species, E85 increased unburned ethanol in the most
populated area of Los Angeles by up to about 20 ppbv (Fig. S1.a), acetaldehyde by up to
1.5 ppbv (Fig. S1.b), formaldehyde by up to 0.2 ppbv (Fig. S1.c), methane by up to 5
ppbv (Fig. S1.d), carbon monoxide by up to 30 ppbv (Fig. S1.e), and molecular hydrogen
by up to 13 ppbv (Fig. S1.f). E85 decreased nitrogen dioxide by up to 5 ppbv (Fig. S1.g),
1,3-butadiene by up to 0.05 ppbv (Fig. S1.h), benzene by up to 0.2 ppbv (Fig. S1.1),
toluene by up to 0.9 ppbv (Fig. S1.j), and xylene by up to 1.2 ppbv (Fig. S1.k).
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Figure S1. August monthly averaged near-surface modeled mixing ratios or concentrations in the Los
Angeles domain from the Case 1 E85 simulation (left column) and from the difference between the Case 1
E85 simulation and the gasoline simulation (right column). All plots give 24-hour-, monthly-averaged
values except for Fig. S1.1, which gives 12-5 PM-, monthly-averaged values.

Figs. S1.1 and S1.m show that E85 increased peak daytime (12-5 PM) ozone by
up to 4 ppbv and day plus night average ozone by up to 3 ppbv, respectively. The
increases occurred in populated areas, as seen by comparing these plots with the
population distribution shown in Fig. 2 of the main text. Some ozone decreases occurred
in less populated areas surrounding the main part of the basin. The increase in ozone due
to E85 can be explained in terms of an ozone isopleth (Fig. S2). Los Angeles is in the
upper triangle of the isopleth, where the ambient ratio ROG:NO,<8:1. Table 1 of the
main text, for example, shows that the emission ratio, ROG:NO, < 8:1 in Los Angeles. In
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this region of the isopleth, either a decrease in nitrogen oxides (NO,) or an increase in
reactive organic gases (ROGs) increases ozone. E85 both decreases NO, and increases
ROGs; thus, E85 should theoretically increase ozone relative to gasoline in the Los
Angeles basin. This result was confirmed by the model.
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Figure S2. Example of an ozone isopleth (S67), which shows peak ozone mixing ratios resulting from
different initial mixing ratios of oxides of nitrogen (NO,) and reactive organic gases (ROG). The ROG:NO,
ratio along the line through zero is 8:1.

Four sensitivity simulations under 2020 emission conditions were run for the Los
Angeles model domain in August. When E85 NO, emissions were reduced by 45% rather
than 30% relative to gasoline (Case 2, Fig. S3.a), E85 increased ozone further relative to
Case 1. The reason was that, since Los Angeles is high in the upper triangle of the ozone
isopleth (Fig. S2), significant reductions in NO, increase ozone more than lesser
reductions. When E85 NO, emissions were reduced by 15% rather than 30% relative to
gasoline (Case 3, Fig. S3.b), E85 increased ozone relative to gasoline, but less than in
Case 1. When ES85 total organic gas (TOG) emissions were increased by 6% rather than
22% relative to gasoline (Case 4, Fig. S3.c), E85 increased ozone relative to gasoline, but
less than in Case 1. When E85 TOG emissions were increased by 38% instead of 22%
relative to gasoline (Case 5, Fig. S3.d), E85 increased ozone more than in Case 1.
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Figure S3. Differences between the E85 and gasoline simulations in the August average of 24-hour ozone
and PAN, as in Fig S1 (Case 1), except (a) Case 2: NO,-E85:NO,-gasoline = 0.55 instead of 0.70; (b) Case
3: NO,-E85:NO,-gasoline = 0.85 instead of 0.70; (c) Case 4: TOG-E85:TOG-gasoline = 1.06 instead of
1.22, with the difference due to lower ethanol emissions; (d) Case 5: TOG-E85:TOG-gasoline = 1.38
instead of 1.22, with the difference due to higher ethanol emissions.

An additional sensitivity test was run to estimate the effect of converting the
current (instead of 2020) Los Angeles vehicle fleet from gasoline to E85. Although such
as conversion is not practical since most current gasoline vehicles cannot use E85 as a
fuel, such a test provides an upper bound of the possible effects. Under this scenario, the
baseline total gasoline emissions were 150% higher than those in Table 1 of the main text
(e.g., the original 2002 NEI emissions were used). The percent changes in column 4 of
Table 1 of the main text were then applied to the 2002 NEI emissions to obtain E85
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emissions. Figure S4 shows results for this test. It indicates that the peak differences (E85
minus gasoline) in daytime ozone and 24-hour PAN were 275% and 500% higher than
were those in the 2020 scenario (Figs. S1.1 and S1.m, respectively). Thus, ozone and
PAN differences (E85 minus gasoline) increased superlinearly with increasing baseline
emissions.
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Figure S4. Modeled differences averaged over August in ozone and PAN in the Los Angeles basin when

all gasoline vehicles in the basin were converted to E85 vehicles as in the Case 1 E85 simulations but with
2002 rather than 2020 emissions. These results can be compared with 2020 results in Figs. S1.1 and S1.m,

respectively.

Fig. S1.n shows that E85 increased peroxyacetyl nitrate (PAN), a potent eye
irritant in smog and a chemical that discolors the leaves of plants. PAN increases
occurred primarily in highly-populated areas. Figs. S3.a-d shows that PAN increased in
the four sensitivity simulations as well with the greatest increases in Cases 2 and 5 and
the least, in cases 3 and 4.

The Los Angeles basin is not heavily vegetated, but coastal regions to its north
and south are and provide most of the isoprene (methyl butadiene) emissions (Fig. S1.0).
Isoprene is broken down significantly by ozone; thus in locations where ozone increased,
isoprene slightly decreased; in locations where ozone decreased, isoprene slightly
increased (Fig. S1.0).

Ozone formation is initiated substantially by oxidation of organics by the
hydroxyl radical in the presence of oxides of nitrogen and ultraviolet light. The two major
methods of initializing production of the hydroxyl radical in urban air are ozone
photolysis and formaldehyde photolysis. Since E85 increased ozone and formaldehyde in
the basin, E85 was expected to increase the hydroxyl radical, which it did (Fig. S1.p).

The increase in the hydroxyl radical enhanced the conversion of sulfur dioxide to
sulfuric acid, the subsequent condensation of sulfuric acid to aerosol S(VI) (sulfate), and
the scavenging of sulfur-containing gases and aerosol particles by clouds (nucleation
scavenging of aerosol particles, dissolution of sulfur dioxide and sulfuric acid into cloud
drops, and aerosol-cloud coagulation). The net effect was to reduce sulfur dioxide levels
(Fig. S1.q) but to increase aerosol and cloud S(VI) (primarily sulfate) concentrations
(Figs. Sl.r, Sl.s). The increase in aerosol sulfate was accompanied by a decrease in
aerosol and cloud nitrate due to reduced emission of NO, by E85 relative to gasoline (Fig.
Sl.s and S1.t).

Although one study (Table 2 of the main text) found that E85 increased the
emissions of particle number and mass relative to gasoline, no change in such emissions
was assumed here to ensure a conservative result. As such, no effort was made to
estimate the overall effect of E85 versus gasoline on particle concentrations. However, it
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was found that E85 increased sulfate and low-molecular-weight secondary organic mass
(ethanol, acetaldehyde, and formaldehyde dissolved in aerosol and fog water), but
decreased nitrate and high-molecular-weight secondary organic aerosol mass.

3.B. Mixing Ratio Changes in the United States

Figure S5 shows August-averaged near-surface mixing ratios/concentrations from the
Case 1 E85 simulation (corresponding to 2020 E85 emissions in Table S4) and the
difference between the Case 1 E85 simulation and the gasoline simulation, for the United
States model domain. As in Los Angeles, E85 combustion increased ethanol (Fig. S5.a),
acetaldehyde (Fig. S5.b), formaldehyde (Fig. S5.c), methane (Fig. S5.d), carbon
monoxide (Fig. S5.e), and molecular hydrogen (Fig. S5.f). At the same time, E85
decreased nitrogen dioxide (Fig. S5.g), 1,3-butadiene (Fig. S5.h), benzene (Fig. S5.1),
toluene (not shown), and xylene (not shown).

In Los Angeles, both day/night and peak daytime ozone increased due to E85
relative to gasoline. Increases also occurred, on average, over the U.S. as a whole, but to
a lesser extent on average than in Los Angeles. In some areas, such as the southeast, E§5
decreased ozone, whereas in others, such as in the northeast, ozone increased, as in Los
Angeles (Fig. S5.j). The main reason for the regional differences was the higher isoprene
and monoterpene emissions (and mixing ratios) in the southeast relative to Los Angeles
and the northeast, as shown In Fig. S5.1 for isoprene and Fig. S5.m for monoterpenes.
Locations of high natural biogenic organic emissions are often in the lower triangle of an
ozone isopleth (Fig. S2). In this region of the isopleth, decreases in NO, decrease ozone,
whereas increases in ROGs have little impact on ozone. Although regional differences
occurred in the effect of E85 on ozone, the combination of the mixing ratio changes and
the population distribution (Fig. 2 of the main text) resulted in a net increase in the
population-weighted mixing ratio of ozone due to E85 (Table 5 of the main text). E85
also caused regional increases and decreases in PAN mixing ratios (Fig. S5.k) but a
population-weighted increase, averaged over the U.S. (Table 5 of the main text).
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Figure S5. Same As Fig. S1, but for the U.S. as a whole.
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3.C.Cancer Risk Changes in Los Angeles and the U.S.

The four major human carcinogens emitted during gasoline and E85 combustion are
formaldehyde, acetaldehyde, 1,3-butadiene, and benzene. The U.S. Environmental
Protection Agency (USEPA) and the California Office of Environmental Health Hazard
Assessment (OEHHA) have each assigned cancer unit risk estimates (CURESs) to these
chemicals. A CURE is the increased cancer risk over a 70-year average lifetime of a
chemical, due to the continuous exposure to 1 ug/m’ of the chemical.

Table S5 gives the CUREs for the four chemicals listed. The table also shows
that, when these CURES were applied to emission differences between gasoline and E85
from two studies, they resulted in E85 increasing cancer-risk weighted emission by 47-
58% when USEPA CUREs were used and decreasing them 31-40% when OEHHA
CURESs were used, suggesting no conclusive advantage or disadvantage of E85 relative to
gasoline emissions in terms of cancer risk.

Table SS. Cancer unit risk estimates (CURE) and emissions of four chemicals from gasoline and E85
vehicles, and the cancer-risk-weighted emissions of the combination of all four, derived from two studies.

Formaldehyde  Acetaldehyde  Butadiene Benzene USEPA OEHHA
CURE- CURE-
weighted weighted
emission(¥*)  emission(*)
EPA CURE (m*/ug) 1.3x107 2.2x10° 3.0x10° 5.0x10°%(!)
OEHHA CURE (m*/ug) 6.0x10° 2.7x10° 1.7x10* 2.9x10°
Study A%
Gasoline (mg/mi) 2.5 0.5 0.1 7.8 1.51 1.25
E85 (mg/mi) 4 18.8 0.1 3 222 0.86
Percent dif. +47% -31%
Study B *¥
Gasoline (mg/mi) 1.996 0.611 0.573 7.674 1.65 1.61
E85 (mg/mi) 6.695 9.343 0.499 1.682 2.61 0.96
Percent dif. +58% -40%

CURE=cancer unit risk estimate.

(*)The EPA or OEHHA CURE-weighted emission is the sum of the products of each individual emission
and its CURE all divided by the sum of the CUREs.

(1) The EPA CURE for benzene ranges from 2.2x10° to 7.8x10. The average of these numbers was used.

Although the analysis in Table S5 is helpful, emission differences do not translate
into equivalent ambient differences, since different emitted chemicals have different
atmospheric reaction rates and solubilities, nor to exposure, which depends on
population. In addition, some chemicals have sources aside from direct emissions. For
example, acetaldehyde is produced by ethanol oxidation in the atmosphere in addition to
emissions. Formaldehyde is produced by isoprene oxidation in addition to emissions.

Table 5 of the main text combines the mixing ratio changes from Figs. S1 and S5
with air density, the population distribution in Fig. 2 of the main text (scaled to 2020
population as described in the figure caption), and the CUREs from Table S35, to estimate
the annual cancer risk due to E85 versus gasoline. Table 5 of the main text also shows the
estimated absolute cancer risk of these pollutants from E85. The table indicates that E85
increased mortality relative to gasoline when EPA CUREs were used but decreased
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mortality when OEHHA CUREs were used, an overall result consistent with that from
examining cancer risk from emission changes only (Table S5). However, the change in
the number of annual cancer cases was relatively small compared with the absolute
cancer risk due to E85, suggesting that the cancer risk due to E85 appears similar to that
of gasoline.

3.D. Ozone health risks in Los Angeles and the U.S.

In this subsection, the effects of ozone on mortality, hospitalization, and emergency-room
visits is discussed. One compilation of studies found that a 10 ppbv increase in daily 1-
hour maximum ozone increases total mortality in the U.S. by 0.17%-0.51%, with a
central value of 0.44% (S70). Another found a range of 0.20%-0.60%, with a central
value of 0.40% (S71). Here, the first range is used since it is more conservative in the
upper and lower bounds. Since the health risk associated with a 100 ppbv increase in 1-
hour maximum ozone roughly equals that associated with a 40 ppbv increase in 24-hour
average ozone (S70-572), mortality increases of 0.17%, 0.44%, and 0.51% per 10 ppbv
daily 1-hour maximum ozone are roughly equivalent to 0.43%, 1.10%, and 1.28%
mortality increases per 10 ppbv 24-hour average ozone. The death rate in the U.S. in
2003 was 833/yr per 100,000 (S73). Multiplying this by ozone mortality rates of 0.43%,
1.10%, and 1.28% per 10 ppbv 24-hour average ozone gives, 0.354, 0.916, and 1.06,
respectively, deaths per year per 100,000 population per 1 ppbv increase in 24-hour
average ozone. The relative risk of ozone mortality appears to increase above unity at
about 35 ppbv (e.g., Fig. 2 of §72). This is the cutoff assumed here for mortality,
hospitalization, and asthma.

U.S. hospital admissions over all ages for respiratory diseases, which include
asthma and bronchitis, among others, increase by about 1.65% per 10 pbbv increase in 1-
hour maximum ozone (S70-S71) or 4.13% per 10 ppbv increase in 24-hour average
ozone. The number of U.S. hospitalizations due to any respiratory problem in 2002 was
3,353,306 (S74), which translates to 1189 per 100,000 that year. Combining these data
gives an increase of 4.91 hospital admissions per year due to ozone-related respiratory
problems per 100,000 per 1 ppbv increase in 24-hour average ozone.

The number of U.S. emergency-room (ER) visits for asthma among all ages in
1999 was 1,997,000, or 732 per 100,000 (S75). Studies suggest ozone increases the
number of ER visits for asthma in those younger than 18 by 2.31% per 10 ppbv 1-hour
maximum ozone and asthma in those older than 15 by 3.5% per 10 ppbv 1-hour
maximum ozone (S70). Assuming a weighted average increase in ER visits for asthma
over all ages of 3.2% per 10 ppbv 1-hour maximum ozone (or 8% per 10 ppbv 24-hour
average ozone) gives an increase of 5.86 ER visits per year due to asthma per 100,000
population per 1 ppbv 24-hour average ozone.

Table 5 of the main text shows the effect of E85 on population-weighted ozone
mixing ratio and the resulting health effects (e.g., mortality, hospitalization, emergency-
room visits). The table and text suggest that E85 is estimated to increase ozone and its
health effects in Los Angeles and the U.S. as a whole, but not in the southeast U.S.

In sum, the combination of computer simulations, emission data, population data,
and health effects data suggest that a conversion of the U.S. fleet of gasoline vehicles to
E85 vehicles may increase mortality, hospitalization, and emergency-room visits due to
ozone, increase eye irritation due to PAN, yet cause little change in cancer risk. As such,
future E85 use is estimated to cause an equal or greater threat to public health as future
gasoline vehicle use.
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