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S1. Minor contribution of super-micron particles to the total scattering

The PNSD of super-micron particles was measured by an aerodynamic particle sizer (APS),
whose aerodynamic diameter was converted to the volume equivalent diameter according to
DeCarlo et al. (2004). Particles were assumed to be spherical (shape factor = 1) with a density of
1.5 g cm™. The dry total scattering coefficients at 540 nm were measured by Radiance Research

M903 integrating nephelometer.

We calculated the scattering coefficient of super-micron particles at 540 nm using the Mie
model, with inputs being the PNSD from APS and a refractive index of 1.51+0.0048i for dust (Di
Biagio et al., 2019). We have also calculated the scattering coefficient using the refractive index
of sea salt and the results are similar to those using the refractive index of dust; therefore, not
shown here. The ratio of the scattering coefficient of super-micron particles to the total scattering
coefficient reflects the contribution of super-micron particles to the total scattering. The
distribution of the ratio is shown in Fig. S1. As illustrated in the figure, 85% of the data have a
ratio of less than 0.015, indicating that the contribution of super-micron particles to the total
scattering is less than 1.5% for 85% of the cases, demonstrating the minimal impact of super-

micron particles on the total scattering.

100
80
60

40

Probability Density

20
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Scapps/Sca

Figure S1. The PDF distribution of the ratio (Scaaps/Sca) of the scattering coefficient of super-

micron particles to the total scattering coefficient.
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S2. Sensitivity of f{RH) to PNSD

The y(Fo,x0a,BCr) parameterization was obtained assuming mean PNSD with the
geometric mean diameter Dg,=150 nm and standard deviation osg=1.6. To evaluate the sensitivity
of fARH) to PNSD and explore its applicability to broader regions, we calculated the y with various
Dgn and oz and compared it to those with the mean PNSD. Results are shown in Fig. S2 taking
measurements in ORACLES 2018 as an example. The deviations of y calculated with Dg, and o
in their interquartile ranges and the 10™ - 90 percentile ranges are both smaller than 2% and 3%,
respectively, indicating a minor influence of PNSD to y(Fo,x0a,BCr) parameterization and
supporting the application of y(Fo,x0a,BCr) parameterization to ORACLES 2018. For a broader
aerosol population, the deviation is found to be less than 5% when Dy, varies from 75 nm to 210
nm (approx. -50% to 35% deviated from the mean Dg,) and smaller than 10% with o, varying
from 1.25 to 1.9 (approx. £20% deviated from the mean osz). The broad ranges of Dgn and osg
suggest that the y(Fo,x0a,BCr) parameterization can be applied to broader aerosol populations
(Hussein et al., 2004; Shen et al., 2015). Caution is needed when Aitken mode aerosols are
dominant such as new particle formation events, as the deviation of y increases sharply for Dgn
smaller than 75 nm or o less than 1.25 (Fig. S1). We believe this parameterization would benefit
investigations of aerosol direct radiative forcing, aerosol liquid water content, comparison and

evaluation of remote sensing and in situ measurements, and visibility degradation.
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Figure S2. The sensitivity of ¥ to PNSD. (a) Deviation of y predicted with various geometric mean
diameters Dy, to that with the mean Dg, in ORACLES 2018 and (b) deviation of y predicted with

various standard deviation osg to that with the mean osg in ORACLES 2018. Blue lines represent



42  the mean value, and the blue shaded areas represent the 99.7% confidence interval (mean+3
43 standard deviation). The green and grey shaded areas represent the 25" to 75" percentile and the
44 10™ to 90" percentile of Dgn or Gsg, respectively, in ORACLES 2018. The upper x-axis shows the
45  deviation of Dg, or G5 to its mean values in ORACLES 2018.
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48  Figure S3. Distributions of the RHs for reference and humidified Nephs during the campaign.

Counts
600 . - 80
- 70
500
2 - 60
0400
3 - 50
B
B 300 w0
© %
> /r _
2 200 30
(&] ,/
- 20
100
-10
/ _____ y = (0.990.00)x + (0.05+0.16)
0 R2=0.91 .

0 100 200 300 400 500 600
49 measured Osp, 540



50
51

52

53
54
55

56

57
58

59

Figure S4. Calculated and measured scattering coefficients under dry conditions, colored by the

count of data in each dot.
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Figure S5. Vertical distributions of SO4/OA and f{80%) in 2016 and 2018 ORACLES campaigns.

The lines are the mean value in every 200 m bin. Shadings represent the standard deviation in

every 200 m bin.
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Figure S6. PDF of f44, OSc, and xoa for the entire 2016 and 2018 ORACLES campaign and for

aerosols with plume age > 10 days and OA/BC>12.
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under each BCr, average values are shown in the texts. These coefficients are fitted into a fifth-

order polynomial equation with BCr with coefficients shown in each legend.

Table S1. Density (p), refractive index (m=n-+ik) at 540 nm, and hygroscopicity parameter (x) of
inorganics, OA, and BC used in this study.

(NH4)2S04 NH4HSO4 NH4NO; KCl1 OA BC
1.98 1.4 1.8
1.77 1.78 1.72
p (g cm™) ) ) ) (Kuanget (Alfarraet (Bond and Bergstrom,
(Lide, 2008) (Lide, 2008) (Lide, 2008) )
al.,2021)  al.,2006)  2006; Liu et al., 2017)
1.65 1.95+0.79i

m=n+ik 1.45° 1.44* 1.56* 1.46* (Feng et (Bond and Bergstrom,

al.,2013)  2006; Liu et al., 2021)

0.47 0.58

0
Topping et al., 0.56 Topping et al., 0.89
(Topping (Topping (Kuang et al., 2021;
K 2005; Gysel et al., (Kuang et 2005; Gysel et al., (Kuang et n/ab )

) ) Topping et al., 2005;

2007; Kim et al., al., 2021) 2007; Kim et al., al., 2021)
Gysel et al., 2007)
2020) 2020)

2 Aerosol Refractive Index Archive from http://eodg.atm.ox.ac.uk/ARIA/ based on Cotterell et
al. (Cotterell et al., 2017) and Querry (Querry, 1985); ® koa is determined in the study.

Table S2. The mean and standard deviation of aerosol hygroscopicity related parameters.

2016 2018
>2 km <2 km >2 km <2 km

£(80%) 1.410.18 1.51+0.23 1.38+0.15 1.5040.15
KRH) 0.22+0.07 0.23+0.09 0.18+0.07 0.21+0.06
Koa 0.11+0.09 0.14+0.11 0.10+0.06 0.15+0.05
SO4(%) 10.0+2.9 19.7+9.3 13.33.7 18.9+5.4
OA(%) 67.5+5.9 60.149.6 65.7+4.0 51.649.2
Age (d) 7242.6 8.6+1.8 6.3+1.2 9.3+1.4
744 0.21+0.03 0.2240.03 0.21+0.02 0.24+0.03




75  Table S3. Parameterization coefficients of M(Fo,x0a,BCr) and y(Fo,x04=0,BCr) in Eq. 4 and 5.
76  Columns are the subscripts of parameter a. ays with X of 00 represents ayos (i=0, j=0, k&=5) used

77 inEq. 5.

Subscript
% Axs Qx4 ax3 Ax2 Ax1 Axo
00 242 -7.59 8.79 -3.94 -0.12 0.45
01 -0.22 0.74 -0.94 0.53 -0.10 -0.01
02 0.16 -0.53 0.63 -0.31 0.03 0.01
10 -2.98 9.13 -10.06 3.64 1.16 -0.89
11 4.03 -13.97 18.31 -10.10 1.05 0.67
12 -1.83 5.90 -6.98 3.36 -0.29 -0.17
20 0.46 -1.20 0.81 0.59 -1.11 0.45
21 -3.19 11.23 -14.94 8.25 -0.70 -0.65
22 1.26 -4.07 4.80 -2.25 0.12 0.14
0 0.83 -3.13 4.44 -2.66 -0.14 0.67
1 0.61 -1.94 2.56 -1.90 1.33 -0.66
2 -1.25 4.48 -6.31 4.21 -1.13 -0.00
78
79
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