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Table S.1: Details of the chemical transport model and modeling system used in this work.

Domain California Eastern US
Resolution 24 km, nested 8 km 36 km

Grid cells 44 x 43; 63 x 30 65 X 65

Time Period July 15 - Aug 2, 2005 Aug 15 - Sep 2, 2006
Meteorology WRF v3.4 run with NAM reanalysis data

Anthropogenics: CARB (2000)

Wildfires: NCAR Anthropogenics+Wildfires: NEI

(2005)

Emissions Biogenics: MEGAN . .
X . . Biogenics: MEGAN
Gridded using UCD emissions Gridded using SMOKE version 2.5
processor
Gas-phase mechanism SAPRC-11 (Carter and Heo, 2013)
Inorganics ISORROPIA (Nenes et al., 1998)

Initial/Boundary

o MOZART-NCEP (Emmons et al., 2010)
conditions

2-product model, acid-catalyzed SOA from isoprene,

SOA model oligomerization, (Carlton et al., 2010)




Table S.2: SAPRC-11 model species, surrogate molecules and BaseM parameters for two-product model.

g';‘;i?ll Descriptor g;ggﬁ/lgﬁfsto determine NOy Kp o Reference

ALK _C06 Long alkanes n-dodecane I::)g;,; 8:;88 8:818 8:883 8:81: Loza et al. (2014)
ALK _CO07 Long alkanes n-dodecane I::)g;,; 8:;88 8:818 8:882 882? Loza et al. (2014)
ALK CO08 Long alkanes n-dodecane I:?gwh 8:288 8:818 8:882 8:823 Loza et al. (2014)
ALK _C09 Long alkanes n-dodecane t?gwh 8288 8:818 8:822 g:ig; Loza et al. (2014)
ALK C10 Long alkanes n-dodecane I::)gwh 8288 8:818 8:822 ggii Loza et al. (2014)
ALK C11 Long alkanes n-dodecane |I'_|(l)£:; 8:;88 8:818 8:8}3 822(1) Loza et al. (2014)
ALK _C12 Long alkanes n-dodecane I::)g;,; 8:;88 8:818 8:822 8:;‘71; Loza et al. (2014)
ALK _C13 Long alkanes n-dodecane I::)g;,; 8:;88 8:818 8:823 8:;;13 Loza et al. (2014)
Benzene Benzene Benzene I:?gwh 186230 8852 8:(2);3[11 8:;3; Ng et al. (2007)
AROL ;Iri?rgziiid Toluene II—_it)gWh 10é.251052 8822 882 ggg; Zhang etal. (2014)
Lov| oz o |05 |01 |ty ooy
Isoprene Isoprene Isoprene :_"(I)gz g:igg 8:882 g:ggi g:ig; Chhabra et al. (2011)
Low| 000w oo | o1z | 001 | . 0




Cascading Oxidation Model (COM)

The Cascading Oxidation Model (COM) is based on the implementation of the multi-
generational oxidation scheme in Baek et al. (2011). It is described in Table S.2 and can be
demonstrated using the following example. In the Base model, benzene formed two semi-volatile
products under high NOy conditions (low-volatility product SV_BNZ1 and high-volatility
product SV_BNZ2) and one non-volatile product under low NOx conditions (SV_BNZ3). Under
the multi-generational oxidation scheme, the vapors of the high-volatility product, SV_BNZ2,
were allowed to react with the OH radical using the same reaction rate constant as the parent (in
this case, benzene) to form the low-volatility product, SV_BNZ1. In turn, the vapors of the low-
volatility product, SV_BNZ1, were allowed to react with the OH radical using the same reaction
rate constant as the parent to the non-volatile product SV_BNZ3. The scheme was extended for
all the Base model species.

Table S.3: Reactions added to SAPRC-11 to model multi-generational oxidation of SOA. For
consistency, the names of the SAPRC-11 model species and the Base model species are kept the
same as those described in CMAQ v4.71. The species SV_ALK2, SV _1SO4, SV_TRP3 and
SV_SQT2, denoted with an asterisk, are new non-volatile species added to SAPRC-11,

VOC SAPRC-11 Semi-volatile Base | Multi-generational aging
model species model species reactions added to SAPRC11
Alkanes ALK5 SV_ALK SV_ALK + OH =SV_ALK2*
SV_BNZ1, SV_BNZ2 + OH =SV_BNZ1
Benzene BENZENE SV_BNZ2 SV_BNZ1+ OH = SV_BNZ3
High-yield AROL SV_TOL1, SV _TOL2 + OH =SV_TOL1
aromatics SV_TOL2 SV_TOL1+OH=SV_TOL3
Low-yield ARO? SV_XYLI, SV_XYL2+OH =SV_XYL1
aromatics SV_XYL2 SV_XYL1+ OH=SV_XYL3
SV_1S01, SV_ISO1 + OH = SV_ISO2
Isoprene ISOPRENE SV_1S02 SV_1SO2 + OH = SV_1S04*
Ternenes — SV_TRP1, SV_TRP2 + OH = SV_TRP1
P SV_TRP2 SV_TRP1 + OH =SV_TRP3*
Sesquiterpenes | SESQ SV_SQT SV_SQT + OH =SVv_SQT2*

For the South Coast Air Basin (SOCAB), the organic aerosol (OA) predictions from the
COM simulation were modestly higher than the Base simulation (predicted mean at STN sites
increased from 5.5 pg m™ to 8.1 pg m™ and that at IMPROVE sites increased from 2.4 pg m™ to
4.6 pg m3), bringing the model-measurement comparison (aggregated across three STN and
three IMPROVE sites) within the ‘good model performance’ criteria set by EPA (fractional bias
<+35% and fractional error<50%) 2. In SoOCAB, OA was dominated by POA and hence changes
in OA concentrations were modest despite a factor of 4 to 8 increase in secondary organic
aerosol (SOA) concentrations. In contrast, the OA predictions from the COM simulation for the
eastern US changed substantially; predicted mean at STN sites increased from 2.8 pg m™ to 7.6
Hg m™ and that at IMPROVE sites increased from 2.3 ug m™ to 7.4 pg m™. However, that
change did not lead to an improvement in the model-measurement comparison, i.e. the fractional



bias changed from a large negative bias (-48%) to a large positive bias (36%) and had no effect
on the fractional error.

Table S.4: Domain- and episode-averaged SOA concentrations in pg m™ from different
precursors for the BaseM and SOM simulations for SOCAB and the eastern US. The direction of
the arrow shows increase (up arrow), no change (horizontal arrow) or decrease (down arrow) in
averaged SOA concentrations for the SOM simulations relative to the BaseM simulations.

SOA precursor SoCAB Eastern US
BaseM | SOM BaseM | SOM
Alkanes 0.001 | 0.003 A | 0.009 |0.021 A
Aromatics 0.037 |0.047A |.110 [0.112
Isoprene 0.066 |0.043%¥ |.166 |0.150 ¥
Monoterpenes | 0.227 |0.149W% | 521 | 0.400 ¥
Sesquiterpenes | 0.043 | 0.044 = | .297 0.342 N

Thermodenuder Model

The model of Cappa and Jimenez (2010)® was used to simulate evaporation of SOA
particles in a thermodenuder (TD). The TD design considered here used a plug flow residence
time of 30 seconds in the heated section and 15 seconds in the denuder section. In the heated
section the temperature increased from 25 C to the target temperature in 6 seconds. Cooling in
the heated section began 80% of the way through the heated section. VVapors were assumed to be
lost to the walls of the denuder section only. Monodisperse particles were assumed with an initial
diameter of 120 nm. The accommodation coefficient was assumed to be unity, and the diffusivity
of the evaporating molecules was assumed to be 3.9 x 10° m? s™*. Evaporation from the particles
was treated dynamically. The SOA concentration at 25 C was assumed in all simulations to be 1

ng m’.
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