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Figure legends:

Fig. S1 Time series of simulated and observed particle mass concentrations of SO4% (a), NO5™ (b), NH4"
(c) and organics (d) in PM, o at an urban site (39.98°N, 116.39°E) in Beijing from June 23 to July 14 and
the comparison between the simulated and observed SO4* (€), NOs™ (), NH4* (g) and organics (h) during
the frequent-NPF period of June 29-July 6 (the MFB, MFE and R in parentheses are calculated with the
data excluding July 5, empty symbols in e-h represent the data on July 5).

Fig. S2 Time series of the observed and modeled PM» s mass concentrations from June 23 to July 14 in
Beijing downtown (a: 39.86°N, 116.36°E) and Beijing suburb (b: 40.19°N, 116.23°E), the comparison
of the modeled and observed PM> s during the frequent-NPF period in Beijing downtown (c) and Beijing
suburb (d, the MFB, MFE and R in parentheses are calculated with the data excluding July 5).

Fig. S3 Simulated concentrations of H,SO4 vapor on July 1-2 and the ranges of observational values
reported in the literature (Two endpoints reported by Lu et al. (2019) and Wang et al. (2021) represent
the maximum and minimum values, respectively).

Fig. S4 Diurnal variations in modeled chemical components in 10-40 nm particles and 40-250 nm
particles: (a) SO4>, (b) NO5", (c) NH4" (d) organics on July 3—4; fractions of chemical species in 10—40
nm particles at 15:00 (e), in 40-250 nm particles at 15:00 (f), in 10-40 nm particles at 22:00 (g), and in
40-250 nm particles at 22:00 on July 3.

Fig. S5 Diurnal variation in modeled chemical components in 10—40 nm particles and 40-250 nm
particles: SO4> (a), NO3™ (b), NH4" (c), organics (d) on July 6-7; fractions of chemical species in 10-40
nm particles (¢) and 40—250 nm particles (f) at 12:00, those at 17:00 (g and h) and those at 22:00 on July
6 (i and j).

Fig. S6 Comparison of the simulations with observations of CCN number concentration during the NPF
events on July 1, 3, 6 at 0.2 % SS (a—c) and 0.4 % SS (d—f) (a and d on July 1; b and ¢ on July 3; c and
on July 6).

Fig. S7 The simulated chemical components in 10—40 nm particles at 500 m, 1500 m and 2500 m above
the ground respectively at 10:00 (a), 15:00 (b), 22:00 (c¢) on July 3 and 3:00 (d) on July 4.

Fig. S8 The simulated chemical components in 10—40 nm particles at 500 m, 1500 m and 2500 m above
the ground respectively at 12:00 (a), 15:00 (b), 18:00 (c) on July 6.

Fig. S9 Horizontal distributions of CN1o at ~1300 m a.s.l. (a, the upper row) and on the ground level (a,
the bottom row) at 08:00, 09:00, 12:00, 17:00 and 18:00 on July 3, 2019 (red and blue solid dots represent
the observation site and point A, respectively; the direction and length of black arrow represent the wind
direction and wind speed, respectively); Vertical profiles of CN1o over the observation site (red solid line)
and point A (blue dashed line) from 0:00 to 22:00 on 3 July 2019 (b, the Y-axis coordinate is the height
above ground; the red and blue solid dots represent the height of the PBL over the observation site and
point A, and PBL exceeding 3000 meters above ground are not shown in Figure).

Fig. S10 Horizontal distribution of CN1 at ~1300 m a.s.l. (a, the upper row) and on ground (a, the bottom
row) in NPF event occurred on July 6, 2019 at 10:00, 11:00, 14:00, 17:00 and 18:00 (the red and blue
solid dots represent the observation site and point A, respectively; the direction and size of the black
arrow represent the wind direction and wind speed, respectively); Vertical profiles of CN1o over the
observational site (red solid line) and point A (blue dashed line) from 0:00 to 22:00 on July 6, 2019 (b,
the Y-axis coordinate is the height above the ground; the red and blue solid dots represent the height of
the PBL over the observational site and point A, and PBL exceeding 3000 meters above the ground are
not shown in Figure).
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Fig. S11 Horizontal distribution of CNao_250 on ground (a, the upper row) and vertical profiles of CNao-
250 Over the observation site (red solid line), point A (blue dashed line) and point B (black dashed line)
from 18:00 on July 3 to 04:00 on July 4 (b, the Y-axis coordinate is the height above the ground; the red,
blue and black solid dots represent the height of the PBL over the observation site, point A and point B,
and PBL exceeding 3000 meters above the ground are not shown in Figure).

Table legends:

Table S1. Parameter scheme setting in WRF-Chem model
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Table

Table S1 Parameter scheme setting in WRF-Chem model

Atmospheric process

Model scheme

Meteorological process

Longwave radiation
Shortwave radiation
Land surface model
PBL scheme
Cumulus

Micro Physics

Chemical process

Gas-phase chemistry
Photolysis

Aerosol chemistry
Anthropogenic

Biogenic emissions

RRTMG (lacono et al., 2008)

RRTMG (lacono et al., 2008)

Unified Noah LSM (Tewari et al., 2016)
YSU (Tewari et al., 2016)

Grell 3D (Grell and Dé&vényi, 2002)

Morrision 2-moment (Morrison et al., 2009)

SAPRC99 (Carter, 2000)

Madronich F-TUV (Madronich, 1987)
MOSAIC (Zaveri et al., 2008)
Modified MEIC2016

MEGAN v2.03

15
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