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Section S1. The model parameters used in the UNIPAR model: product distributions by using
lumping species and their physicochemical parameters to predict multiphase partitioning and aerosol
phase reactions.

The lumping species are based on eight volatility (1078, 10°¢, 105,10, 103,102, 107!, and 10 in mmHg)
and six reactivity categories such as very fast (VF), fast (F), medium (M), slow (S), partitioning only (P),
and multi-alcohol (MA). Explicit species such as glyoxal (GLY), methylglyoxal (MGLY), and isoprene
epoxydiols (IEPOX) are additionally included.

The description of UNIPAR model parameters, such as molecular weight (MW;), oxygen-to-carbon ratio
(O:Cy), and hydrogen bonding (HB;), are described in Sect. 2.1 of the main manuscript. These parameters
are reported in Tables S1-S5 below.



Table S1. Averaged molecular weight (MW) (g mol) of lumping species.

Lumped Species Aromatic Alkane Terpene Sesquiterpene Isoprene
1VF 216.0 239.6 210.6 100.0 100.0
2VF 199.0 218.9 162.1 176.1 100.0
3VF 182.0 198.1 207.1 100.0 100.0
4VF 164.0 177.4 134.1 132.1 118.1
5VF 147.0 156.6 156.4 130.1 100.0
6VF 156.0 135.8 142.1 142.1 116.1
TVE 149.0 1151 100.6 100.0 100.4
8VF 95.0 94.3 99.1 100.0 100.1

1F 234.0 138.3 100.0 254.9 100.0
2F 217.0 131.7 100.0 249.7 100.0
3F 199.0 125.0 100.0 2455 100.0
4F 192.0 118.4 184.2 223.0 177.1
5F 163.0 1117 163.5 206.1 100.0
6F 148.0 105.1 116.8 181.3 102.1
TF 128.0 98.4 1141 100.0 121.7
8F 110.0 91.8 72.1 72.1 97.7
1M 193.0 126.6 475.1 261.9 239.3
2M 183.0 123.9 261.0 256.7 253.1
3M 172.0 121.1 216.1 246.2 189.4
4M 196.0 118.3 179.1 238.4 167.8
5M 152.0 115.6 169.4 211.3 179.1
6M 141.0 112.8 168.1 156.0 121.1
™ 131.0 110.0 127.7 92.3 1375
8M 121.0 107.3 195.2 92.4 74.9
1S 207.0 225.3 362.1 3425 100.0
2S5 192.0 214.9 312.2 253.8 298.7
3S 176.0 203.0 219.4 232.2 224.1
4S 160.0 191.1 211.6 252.8 179.1
5S 145.0 179.3 204.4 188.4 1711
6S 129.0 167.4 170.5 176.5 139.3
7S 113.0 155.5 236.3 163.1 100.5
8S 98.0 143.6 200.0 123.2 103.8
1P 257.0 264.7 321.2 295.4 260.7
2P 232.0 218.6 316.4 234.6 226.0
3P 208.0 207.1 265.7 328.0 165.1
4P 183.0 195.5 224.9 185.9 192.8
5P 158.0 184.0 2135 252.3 222.1
6P 133.0 1725 230.6 157.1 1555
P 109.0 160.9 100.0 111.7 114.8
8P 84.0 1494 112.2 85.0 103.5
1IMA 257.0 210.2 100.0 100.0 2125
2MA 232.0 198.6 160.2 100.0 181.1
3MA 208.0 106.1 100.0 100.0 100.0
AMA 183.0 120.4 238.6 100.0 118.1
5MA 158.0 164.0 100.0 100.0 100.0
6MA 133.0 152.5 100.0 100.0 100.0
TMA 109.0 140.9 100.0 100.0 100.0
SMA 84.0 1294 100.0 100.0 100.0
MGLY 72.1 72.1 72.1 72.1 72.1
GLY 58.0 58.0 58.0 58.0 58.0

IEPOX 118.1




Table S2. Averaged hydrogen bonding parameter (HB) of lumping species.

Lumped Species Aromatic Alkane Terpene Sesquiterpene Isoprene
1VF 17 0.0 2.0 0.0 0.0
2VF 15 0.0 2.6 2.0 0.0
3VF 1.3 0.0 1.0 0.0 0.0
4VF 11 0.0 2.0 2.0 2.0
5VF 0.9 0.0 0.5 1.0 0.0
6VF 0.1 0.7 0.0 0.0 1.0
7VF 0.5 0.6 0.3 0.0 1.0
8VF 0.3 0.0 0.0 0.0 0.0
1F 17 0.0 0.0 2.0 0.0
2F 15 0.0 0.0 1.0 0.0
3F 12 0.0 0.0 0.3 0.0
4F 0.9 0.5 1.0 0.0 2.0
5F 0.7 0.3 1.0 0.0 0.0
6F 0.4 0.8 1.0 0.0 1.0
TF 0.2 0.7 0.0 0.0 1.0
8F 0.0 0.0 0.0 0.0 0.0
1M 2.0 0.0 15 1.7 4.0
2M 17 0.0 0.7 11 2.0
3M 1.4 0.0 1.0 1.0 3.0
4M 0.9 1.3 1.0 0.0 2.0
5M 0.9 2.0 0.4 0.3 1.0
6M 0.6 0.7 0.0 0.5 2.0
™ 0.3 1.0 0.1 15 1.0
8M 0.0 0.1 0.2 0.3 0.7
1S 1.8 14 3.3 14 0.0
2S5 15 1.7 3.7 14 2.0
3s 1.3 0.8 1.8 1.1 2.0
4S 1.1 1.3 1.0 0.0 1.0
5S 0.9 1.0 1.1 0.6 1.7
6S 0.7 0.5 0.7 0.1 2.0
7S 0.4 0.5 15 0.0 14
8S 0.2 0.1 1.0 0.3 1.3
1P 2.2 15 2.9 21 3.3
2P 19 1.7 1.6 2.6 4.0
3P 1.6 0.9 25 0.0 3.6
4P 12 0.6 2.0 19 25
5P 0.9 0.7 1.3 0.0 1.0
6P 0.5 0.4 1.0 0.5 14
P 0.2 0.3 0.0 11 2.0
8P 0.0 0.2 0.0 0.9 04
1IMA 2.2 0.0 0.0 0.0 45
2MA 1.9 0.0 3.0 0.0 4.0
3MA 1.6 0.8 0.0 0.0 0.0
AMA 12 3.0 1.0 0.0 3.0
5MA 0.9 0.0 0.0 0.0 0.0
6MA 0.5 0.0 0.0 0.0 0.0
TMA 0.2 0.0 0.0 0.0 0.0
SMA 0.0 0.0 0.0 0.0 0.0

MGLY 0.0 0.0 0.0 0.0 0.0
GLY 0.0 0.0 0.0 0.0 0.0

IEPOX 2.0




Table S3. Averaged oxygen to carbon ratio (O:C) of lumping species.

Lumped Species Aromatic Alkane Terpene Sesquiterpene Isoprene
1VF 0.9 0.5 0.8 0.4 0.4
2VF 0.9 0.5 12 1.0 0.4
3VF 0.9 0.5 1.6 0.4 0.4
4VF 0.8 0.5 13 0.8 1.0
5VF 0.8 0.3 0.6 0.8 0.4
6VF 0.4 0.6 0.7 0.7 1.0
7VF 0.5 0.9 0.8 0.4 0.8
8VF 0.7 0.7 0.8 0.4 0.8
1F 1.0 0.5 0.4 0.4 0.4
2F 1.0 0.5 0.4 0.3 0.4
3F 0.9 0.5 0.4 0.3 0.4
4F 0.7 0.6 0.3 0.2 12
5F 0.8 0.5 0.4 0.2 0.4
6F 0.4 0.7 0.6 0.2 0.8
TF 0.7 0.6 0.6 0.4 1.0
8F 0.7 0.6 0.7 0.7 0.3
1M 12 0.3 0.6 0.4 1.8
2M 11 0.3 0.7 0.3 2.0
3M 1.1 0.3 0.5 0.2 14
4M 1.0 0.8 0.5 0.2 1.5
5M 0.9 0.8 0.6 0.2 1.7
6M 0.8 0.9 0.2 0.4 11
™ 0.7 0.4 0.7 1.0 0.8
8M 0.6 0.3 0.4 0.5 0.7
1S 0.9 0.4 1.0 0.4 04
2S5 0.9 0.4 11 0.3 2.4
3s 0.9 0.4 0.8 0.2 1.6
4S 0.9 0.4 0.5 0.3 1.8
5S 0.8 0.2 0.6 0.3 1.1
6S 0.8 0.5 0.2 1.0 1.2
7S 0.8 0.3 0.6 15 1.0
8S 0.8 0.5 0.4 0.9 0.9
1P 12 0.5 11 0.4 2.0
2P 11 11 0.8 0.3 1.6
3P 0.9 0.8 0.9 0.4 1.5
4P 0.8 0.4 0.6 0.5 1.6
5P 0.7 0.5 0.2 0.2 1.6
6P 0.5 0.6 15 1.2 1.8
P 0.4 0.6 0.4 1.6 1.6
8P 0.2 1.8 19 2.1 2.3
1IMA 12 0.3 0.4 0.4 15
2MA 11 0.3 0.6 0.4 1.2
3MA 0.9 0.8 0.4 0.4 0.4
4AMA 0.8 0.6 0.6 0.4 0.6
5MA 0.7 0.3 0.4 0.4 04
6MA 0.5 0.3 0.4 0.4 04
TMA 0.4 0.3 0.4 0.4 0.4
SMA 0.2 0.3 0.4 0.4 0.4

MGLY 0.7 0.7 0.7 0.7 0.7
GLY 1.0 1.0 1.0 1.0 1.0

IEPOX 0.6




Table S4. Reactivity scale (R) of lumping species.

Lumped Species Aromatic Alkane Terpene Sesquiterpene Isoprene
1VF 125 125 125 125 125
2VF 8.5 8.5 8.5 8.5 8.5
3VF 8.5 8.5 8.5 8.5 8.5
4VF 8.5 8.5 8.5 8.5 8.5
5VF 8.5 8.5 8.5 8.5 8.5
6VF 8.5 8.5 8.5 8.5 8.5
TVE 8.5 8.5 8.5 8.5 8.5
8VF 8.5 8.5 8.5 8.5 8.5
1F 125 125 125 125 125
2F 8.2 8.2 8.2 8.2 8.2
3F 8.2 8.2 8.2 8.2 8.2
4F 8.2 8.2 8.2 8.2 8.2
5F 8.2 8.2 8.2 8.2 8.2
6F 8.2 8.2 8.2 8.2 8.2
TF 8.2 8.2 8.2 8.2 8.2
8F 8.2 8.2 8.2 8.2 8.2
1M 125 125 125 125 125
2M 4.0 4.0 4.0 4.0 4.0
3M 4.0 4.0 4.0 4.0 4.0
M 4.0 4.0 4.0 4.0 4.0
5M 4.0 4.0 4.0 4.0 4.0
6M 4.0 4.0 4.0 4.0 4.0
™ 4.0 4.0 4.0 4.0 4.0
8M 4.0 4.0 4.0 4.0 4.0
1S 125 125 125 125 125
2S5 1.0 1.0 1.0 1.0 1.0
3S 1.0 1.0 1.0 1.0 1.0
4S 1.0 1.0 1.0 1.0 1.0
5S 1.0 1.0 1.0 1.0 1.0
6S 1.0 1.0 1.0 1.0 1.0
7S 1.0 1.0 1.0 1.0 1.0
8S 1.0 1.0 1.0 1.0 1.0
1P 125 125 125 125 125
2P 0.0 0.0 0.0 0.0 0.0
3P 0.0 0.0 0.0 0.0 0.0
4P 0.0 0.0 0.0 0.0 0.0
5P 0.0 0.0 0.0 0.0 0.0
6P 0.0 0.0 0.0 0.0 0.0
P 0.0 0.0 0.0 0.0 0.0
8P 0.0 0.0 0.0 0.0 0.0
1IMA 125 125 125 125 125
2MA 0.0 0.0 0.0 0.0 0.0
3MA 0.0 0.0 0.0 0.0 0.0
4AMA 0.0 0.0 0.0 0.0 0.0
5MA 0.0 0.0 0.0 0.0 0.0
6MA 0.0 0.0 0.0 0.0 0.0
TMA 0.0 0.0 0.0 0.0 0.0
SMA 0.0 0.0 0.0 0.0 0.0

MGLY 9.0 9.0 9.0 9.0 9.0
GLY 125 125 125 125 12.5

IEPOX 2.0




Table S5. The basicity constant (pKgw) of lumping species.

Lumped Species Aromatic Alkane Terpene Sesquiterpene Isoprene
1VF -1.5 -15 -15 -15 -1.5
2VF -1.5 -15 -15 -15 -1.5
3VF -1.5 -15 -15 -15 -1.5
4VF -1.5 -15 -15 -15 -1.5
5VF -1.5 -15 -15 -15 -1.5
6VF -1.5 -15 -15 -15 -1.5
TVE -1.5 -15 -15 -15 -1.5
8VF -1.5 -15 -15 -15 -1.5
1F -1.5 -15 -15 -15 -1.5
2F -1.5 -15 -15 -15 -1.5
3F -1.5 -15 -15 -15 -1.5
4F -1.5 -15 -15 -15 -1.5
5F -1.5 -15 -15 -15 -1.5
6F -1.5 -15 -15 -15 -1.5
TF -1.5 -15 -15 -15 -1.5
8F -1.5 -15 -15 -15 -1.5
1M -1.5 -1.5 -1.5 -1.5 -15
2M -1.5 -1.5 -1.5 -1.5 -15
3M -15 -1.5 -1.5 -1.5 -15
M -1.5 -1.5 -1.5 -1.5 -15
5M -1.5 -15 -15 -15 -1.5
6M -1.5 -15 -15 -15 -1.5
™ -1.5 -15 -15 -15 -1.5
8M -1.5 -15 -15 -15 -1.5
1S -2.0 -2.0 -2.0 -2.0 -2.0
2S5 -2.0 -2.0 -2.0 -2.0 -2.0
3s -2.0 -2.0 -2.0 -2.0 -2.0
4S -2.0 -2.0 -2.0 -2.0 -2.0
5S -2.0 -2.0 -2.0 -2.0 -2.0
6S -2.0 -2.0 -2.0 -2.0 -2.0
7S -2.0 -2.0 -2.0 -2.0 -2.0
8S -2.0 -2.0 -2.0 -2.0 -2.0
1P -2.0 -2.0 -2.0 -2.0 -2.0
2P 0.0 0.0 0.0 0.0 0.0
3P 0.0 0.0 0.0 0.0 0.0
4P 0.0 0.0 0.0 0.0 0.0
5P 0.0 0.0 0.0 0.0 0.0
6P 0.0 0.0 0.0 0.0 0.0
P 0.0 0.0 0.0 0.0 0.0
8P 0.0 0.0 0.0 0.0 0.0
1IMA -2.0 -2.0 -2.0 -2.0 -2.0
2MA 0.0 0.0 0.0 0.0 0.0
3MA 0.0 0.0 0.0 0.0 0.0
4AMA 0.0 0.0 0.0 0.0 0.0
5MA 0.0 0.0 0.0 0.0 0.0
6MA 0.0 0.0 0.0 0.0 0.0
TMA 0.0 0.0 0.0 0.0 0.0
SMA 0.0 0.0 0.0 0.0 0.0

MGLY -1.5 -15 -15 -15 -1.5
GLY -15 -1.5 -1.5 -1.5 -15

IEPOX -1.5




Section S2. Summary of the configuration of the regional model

Table S6. Model configurations

WRF v4.1 configuration
Horizontal resolution
Microphysics

Longwave radiation
Shortwave radiation option
Surface-layer
Land-surface
Boundary-layer

Cumulus

D01(36 x 36km), D02(12 x 12km), D03(4 x 4km)
Morrison 2-moment (Morrison et al., 2009)
RRTMG (lacono et al., 2008)

RRTMG (lacono et al., 2008)

Revised MM5 (Jiménez et al., 2012)

Pleim-Xu (Pleim and Gilliam, 2009)

ACM2 (Pleim, 2007)

Kain—Fritsch Cumulus Potential Scheme (D01, D02) (Berg et al.,
2013)

CAMXx v7.1 configuration

Horizontal resolution
Vertical resolution

Horizontal advection
Gas-phase chemical mechanism
Aerosol treatment

Inorganic PM chemistry
Organic PM chemistry

Dry deposition model

Wet deposition

4km x 4km (185 x 185 grids)
22 eta levels

Piecewise Parabolic Method (PPM) (Colella and Woodward, 1984)
SAPRCO7TC (Hutzell et al., 2012)

Static 2-mode (Coarse-Fine; CF Scheme) for size distribution
ISOPPOPIA (Nenes et al., 1998; Fountoukis and Nenes, 2007)
UNIPAR

Resistance model (Zhang et al., 2003)

Scavenging model (Seinfeld and Pandis, 1998)




Section S3. Meteorological variables (temperature, humidity, winds, Planetary Boundary Layer
(PBL)), Efflorescent RH (ERH), and Deliquescence RH (DRH) and equations of statistical analyses
between observations and simulations

Table S7. Statistics summary of surface temperature, relative humidity, and wind speed from WRF
simulation.

Mean Mean

(OBS) (WRF) R I0A MB

Temp. (°C) 12.42 12.07 0.93 0.96 -0.35

San Jose RH (%) 69.16 73.32 0.87 0.92 4.17
WS (m/s) 2.38 1.92 0.74 0.79 -0.46

Temp. (°C) 10.06 10.76 0.92 0.95 0.7

Sacramento RH (%) 79.27 75.64 0.91 0.95 -3.63
WS (m/s) 1.25 1.97 0.68 0.76 0.72

Temp. (°C) 11.04 11.41 0.93 0.96 0.37

Fresno RH (%) 70.6 76.02 0.89 0.93 5.42
WS (m/s) 1.07 1.63 0.61 0.71 0.55

Temp. (°C) 11.52 12.65 0.92 0.94 1.13

Bakersfield RH (%) 67.44 71.46 0.81 0.89 4.02

WS (m/s) 0.94 1.63 0.53 0.63 0.69




Table S8. Statistical measures for model performance evaluation discussed in this paper.

Statistic/abbreviation Formula

Description

Correlation i (M; = M)(0; - 0) - Unitless, -1 < R < +1
Coefficient — _ R = 1 is perfect correlation
(R) \/Z?=1(Mi - M) \/2?21(01' - 0)* - R=0is totally uncorrelated
n 5 - Unitless, 0 < I0A <1
Index Of Agreement 1 [ i=1(€i - M;) _ (Willmott, 1984)
(10A) ¥, (M; — 0| +]o; —0])? - 10A value closer to 1
indicates better prediction
Mean Bias ~.(M; - 0) . '
(MB) e - Concentration units
Root Mean Square n 2
Error 2i=(M; — 0)° - Concentration units
(RMSE) n
Normalized Mean n(M; - 0))
Bias S X 100(%) - —100% < NMB < +oo
(NMB) iz 0;
Where;

n = Total number of data
M; = Predicted values

M = Mean of the predicted values
0, = Observed values

0 = Mean of the observed values
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Fig. S1. Time series and scatter plots of hourly observed and simulated surface temperature at each site
between January and February in 2018.
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site between January and February in 2018.
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Section S4. Time series and spatial distributions of the predicted concentrations of gas species
(ozone, nitrate radicals, and SOA precursor hydrocarbons), time series of emissions of SOA
precursor hydrocarbons, and time series of SOA species in the UNIPAR model.
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toluene, o-xylene, p-xylene, m-xylene, and 1,2,4-trimethylbenzene.
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trimethylbenzene.



Section S5. The time series of the predicted concentrations of inorganic species (sulfate, nitrate, and
ammonium) and the comparison of aerosol acidity (proton concentration) between the prediction
(ISORROPIA model) and observation.
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Fig. S12. Time series of hourly simulated (a) Sulfate, (b) Nitrate, and (c) Ammonium at each site between
January and February in 2018.
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Fig. S12. (Continued)



(c) Ammonium
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Fig. S13. Scatter plots of observed (red diamond) and simulated (blue circle) anion charges vs. ammonium
ions along with the one-to-one line (dash) for the fully titrated inorganic aerosol.



Section S6. The HCHO-to-NO; ratio (FNR) in CA and the diurnal variation of simulated PBL height.

FNR < 1 and FNR > 2 correspond to VOC-limited (NOy-rich) and NOx-limited conditions, respectively,
(Duncan et al., 2010; Hoque et al., 2022).
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Fig. S14. Spatial distribution of the surface HCHO-to-NO; ratio (FNR) from CAMx simulation in CA
(February 2018).
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Fig. S15. Diurnal variation of simulated PBL height at four sites averaged between 01/23/2018 and
02/24/2018.
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