Text S1. Performance check of the DMASs

Before and after the atmospheric observation, the accuracy of the sizing by three DMAs was assessed
using standard size PSL particles (JSR SIZE STANDARD PARTICLES: SC-0055-D, SC-0100-D, and
SC-032-S; Thermo Scientific™: 3500A). The mode diameters from fittings for the measurement data
(Kawana et al., 2014) were compared with the manufacturer warranty (Table S1), which is interpreted as
prescribed ranges of mean diameter +the expanded uncertainty (k = 2). The mode diameters after the
atmospheric observation agreed with those before the observation within 0.84 %. The results obtained
before the atmospheric observation are as follows. For DMAL, whereas the measured mode diameter of
SC-0100-D was within the prescribed range, the measured mode diameters of SC-0055-D and SC-032-S
were 1.0 % larger than the upper end of the prescribed range and 0.76 % lower than the lower end of the
prescribed range, respectively. For DMAZ2, the measured mode diameter of SC-0055-D was 1.5 % larger
than the upper end of the prescribed range, and the measured mode diameters of SC-0100-D, SC-032-S,
and 3500A were 0.85, 3.2, and 2.2 % lower than the lower end of the prescribed ranges, respectively. For
DMAS, the measured mode diameter of SC-0055-D was 6.9 % larger than the upper end of the prescribed
diameter range, and the measured mode diameters for all three of the other PSL standards were within the

prescribed ranges.

Text S2. Performance check of HTDMA using ammonium sulfate particles

Before the atmospheric observation, an aqueous solution of ammonium sulfate (AS) (99.999 % purity,
Sigma-Aldrich) was nebulized and the generated aerosols were dried and introduced to the HTDMA to
assess the difference in the sizing between the two DMASs under dry condition and to validate the control
of RH inthe HTDMA. The diameter setting for the measurements was the same as that of ambient particles
(Sect. 2). The mean growth factors (grm) of the AS particles under both dry and wet conditions were
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retrieved using the same method as that for ambient particles (Sect. 3.1). The grm of the dry AS aerosol
particles with diameters of 30-360 nm were 1.2-4.1 % deviated from unity (Table S2). The deviations
were used to correct the difference of sizing between DMA1 and DMAZ2 for the g+ of AS and ambient
aerosol particles measured at 85 % RH. The respective grm of AS particles at 85 % RH with dary of 30, 50,
70, 100, 200, 300, and 360 nm were 1.52, 1.54, 1.54, 1.54, 1.55, 1.57, and 1.59, which agree within 2.0 %
with the calculated values (gras; Table S2) based on the Extended AIM Aerosol Thermodynamics Model

Il (E-AIM 11, http://www.aim.env.uea.ac.uk/aim/model2/model2a.php; Clegg et al., 1998; Wexler and

Clegg, 2002). The derivation of the hygroscopic growth factor of AS particles using the E-AIM 11 model

is presented in Text S6.

Text S3. PMF analysis of organic mass spectra

The bulk mass spectra of organics observed in V-mode were subjected to PMF analysis (PMF Evaluation
Tool v3.04A). For the analysis, high resolution fragment ions with signal to noise ratio (SNR) smaller
than 0.2 were omitted, fragments with SNR in the range of 0.2—-2 were down-weighted by a factor of three,
and fragments related to CO2 (i.e., CO2, CO, H20, HO, and O) were down-weighted so that fragment
CO2 only contributed once. The obtained two-factor solution, with a more-oxygenated OA component
(MOOA) and a less-oxygenated OA component (LOOA), with seed = 1 and fpeak = 0, was adopted for

the explanation of OA composition. The two-factor PMF results are summarized in Fig. S1.

Text S4. Data screening methods

All the data except for the meteorological data obtained during the atmospheric observation were subjected
to the screening to exclude data under possible influence from intermittent local anthropogenic emissions.
For the SMPS data with 5 min resolution, and the BC and gaseous species data with 30 min resolution, if
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the data value at one point was more than 30 % deviated from both the former data point and the next data
point in the time series, the data at that time point was deleted. The chemical composition data derived
from AMS measurements with 30 min resolution were deleted whenever the BC data were deleted. The
hygroscopic growth data derived from the HTDMA measurements were deleted whenever the SMPS data
were deleted. Furthermore, if the total count of particles measured using the CPC in the HTDMA in the
diameter range of 0.80-2.2 times of dary (or 0.80-2.0 times of dary for particles with dary of 360 nm) during
a single scan was less than eight, the HTDMA data was not used, either. Here, the dqry were corrected for

the difference of sizing between DMA1 and DMAZ2.

Text S5. Derivation of size-resolved volume fractions of the chemical components

The size-resolved volume fractions of inorganic salts (&), organics (rg), and BC (&sc) were calculated as
follows. First, BC was assumed to be internally mixed with non-refractory aerosol components and to
have the same mass-size distribution as OA. The aerosol particles were assumed to be spherical and
without voids. Using the PToF mode data from the AMS, the mass concentrations of aerosol components
in the vacuum aerodynamic diameter (dva) ranges that are ~1.0 (0.98-0.99) to 2.0 times of dary Were
obtained: the ranges of dva for particles with dary of 100, 200, 300, and 360 nm were 98-197, 197-395,
295-589, and 353-707 nm, respectively. Second, the mole amounts of sulfate, nitrate, and ammonium in
1 m3 of air were derived. Third, the amount of ammonium nitrate (AN), ammonium sulfate (AS), letovicite
(LET), ammonium hydrogen sulfate (AHS), and sulfuric acid (SA) per mole in 1 m® of air was determined,
assuming that nitrate was fully neutralized with ammonium, and that sulfate could present in the form of
AS, LET, AHS, and/or SA according to the amount of remaining ammonium. The detected non-refractory
chloride was not considered because of its low concentration compared with the concentrations of the

other non-refractory components. The contribution of sea salt and minerals to the sub-micrometer aerosol



particles was likely small (Han et al., 2014; Deng et al., 2018) and was also not considered. Fourth, the
volumes of BC, OA, and LET were derived using their respective densities and the volumes of AN, AS,
AHS, and SA were derived using their respective molar volumes. The density of BC was assumed to be
1.77 g cm 3 (Park et al., 2004). The density of organics (porg) Was estimated to be 1.32 +0.09 g cm ™2 using
the O:C and H:C ratios of organics derived from AMS measurements (Kuwata et al., 2012), and the mean
value of 1.32 g cm 3 was adopted for this study. The density of LET was assumed to be 1.83 g cm™3 (Padré
et al., 2010). The molar volumes of AN, AS, AHS, and pure liquid SA, which are the same as the ones
used in the E-AIM Il model, were adopted in this study. Finally, the volume fractions of each species were

obtained.

Text S6. Derivation of gras and i using the E-AIM 11 model

The hygroscopic growth factor of pure ammonium sulfate particles (gras) and the hygroscopicity
parameter of each inorganic salt (i) at 85 % RH were derived based on the output of the E-AIM Il model
and the x—Kchler equation (Petters and Kreidenweis, 2007) as follows.

The water activity (aw) range from 0.8000 to 0.8499 at a resolution of 0.0001 was applied to the E-AIM
I1 model for unit mole of each inorganic salt at the temperature of 294 K. For the calculation, the partition
of HNOs, NHs, and H2SO4 into the vapor phase was prevented and the formation of solid AS was also
prevented. The hygroscopic growth factor (gr) corresponding to each aw was derived from the ratio of total
wet volume (Vwet) to the dry molar volume of the pure salt. The x corresponding to each aw was derived
from Equation 2 of Petters and Kreidenweis (2007). The exponential part of the xKd&hler equation was
derived on the assumption that the partial molar volume of water equals the molar volume of pure water.
Here, aw was calculated based on the relationship that the RH above the particle surface equals the product
of the aw and the exponential part of the x—Kd&hler equation representing the Kelvin effect. For particles
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with respective dary, an aw value at which the RH above the particle surface was nearest to 85 % (aw,gss)
was obtained by applying a wet diameter represented by the product of dary and gr. The hygroscopicity
parameter value at aw,gs was defined as «; (Table S3). For AS, the gr at aw,ss was defined as gras (Table
S2). For the derivation of x;, the surface tension of the solution was applied, whereas for the derivation of
kt (Sect. 3.1) the surface tension of pure water was applied. The uncertainty of the surface tension should
not introduce large uncertainty in the derived xorg because the difference of i obtained using the surface

tension of pure water and that obtained using the surface tension of the solution was small (within 0.38 %,

Table S3).

Text S7. Determination of the range of dva for the calculation of xorg

The PToF mode AMS data over a lower dva range was subjected to low signal intensity (Fig. S2) when it
was adopted for the derivation of size-resolved xorg. TO determine the applicable range of dva for this study,
the mean mass-size distribution data of OA during the entire study period was compared to that of a
baseline region (Fig. S3). The baseline region here is the transition region between the regions dominated
by gaseous species and particle signals of OA, and corresponds to the PToF time region of 0.00135458—
0.00150458 s. To eliminate data under the strong influence of the signals from gaseous species, the dva of
98 nm (where the mass ratio of the mean observed OA to mean baseline OA became greater than three)
was adopted as the lower limit of the dva range for the deviation of xorg. In Fig. S3, the mean mass-size
distribution of OA for filtered air (collected by connecting a HEPA filter (TSI) to the inlet tubing outside
the instrument room) is also presented for comparison. Only in the dva range of 90-716 nm, the mean
values of the observed OA mass in each dva bin were greater than that of OA for the filtered air. This also
indicates the strong influence of the signals from gaseous species at dva Smaller than ~90 nm. Because the

OA data of filtered air was noisy, it was not used for the determination of the applicable dva range.



Text S8. Derivation of size-resolved PMF factors

To explain the diurnal variation and size-dependence of xorg from the compositional characteristics of OA,
size-resolved PMF factors (LOOA and MOOA) were derived through multivariable linear regression
analysis as follows.

First, the fragment profiles of LOOA and MOOA from bulk OA mass spectra were converted to the
profiles in unit m/z resolution by summing up the intensity of the fragment ion signals at the same unit
m/z. Then, for each time period in 2 h time resolution and for each PToF size bin i, the contributions from
LOOA (ai) and MOOA (bi) were derived using the Solver function in Microsoft Excel by minimizing the

value of the following formula:
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j=12
Where xij is the measured signal intensity in size bin i at m/z = j, and fyj and f,; are the respective normalized
signal intensity of LOOA and MOOA at m/z = j. The unit of xij, ai, and bi was ug m=3, whereas f; and f;
were dimensionless.
The size-resolved LOOA and MOOA were derived for the dva range from < 10 nm to around 900 nm (Fig.
S6). However, only the dva range above 98 nm was adopted for the analysis. This is because the uncertainty
of the contributions from LOOA and MOOA in the lower dva range was presumably relatively large, given

the low organic signal intensity (Fig. S3) and high residual to measured OA mass ratio (Fig. S6).



Text S9. Assessment of the contributions of BSOA and anthropogenic OA to the enhancement of
OA in the daytime

The contributions of BSOA and anthropogenic OA to the enhancement of OA in the daytime (in relation
to the background period) were assessed using BC as a tracer of OA that did not come from BSOA
formation (non-BSOA-OA). Here, the non-BSOA-OA was considered the sum of regional OA and other
anthropogenic OA. The diurnal variation data on the mass concentration of BC was scaled to represent
the diurnal variation of non-BSOA-OA. For the scaling, the observed OA during the background period
(i.e., 0600-0800 JST, when the daily minima of morg appeared) was assumed to be composed only of non-
BSOA-OA. The scaling factor was calculated to be 36.5. The mass concentrations of non-BSOA-OA
(Mnon-Bsoabulk) and BSOA (mesoa bulk) Were then estimated using the following equations.

Mnon-BSoAbulk = Mac X 36.5 (S1)
MBSoA bulk = Morg — Mnon-BSOA bulk (S2)
Note that mesoa bulk and Mnon-Bsoapuik are different from the mass concentrations of the BSOA and ROA
defined from the size-resolved LOOA/MOOA data (Sect. 4.2.2 and Text S10). The mgsoabuk May be
negatively biased because the charring of OA during the PSAP measurement may have resulted in a
positive bias of mec. The increase of the OA mass concentration in the daytime (MorgenH) Was estimated
by subtracting the morg during the background period from that during the period of interest. The ratio of
MBsoAbulk 10 MorgenH Was in the range 0.6-0.9 during 1200-1600 JST, and it was in the range 0.1-0.5
during 1600-2030 JST (Fig. S10). The result indicates that BSOA was the main contributor to the
enhancement of OA at least during 1200-1600 JST. In a later period, a larger contribution from

anthropogenic OA is not ruled out.



Text S10. Derivation of vesoa and vroa from vi.ooa and vmooa

Because the observed OA can be assumed to be contributed either by LOOA and MOOA, or by BSOA
and ROA, the sum of LOOA and MOOA should equal the sum of BSOA and ROA. The size-resolved
vBsoa and Vroa can be derived from the size-resolved viooa and vmooa. From the analysis in Sect. 4.2.2,
0.97 (0.52), 0.88 (0.53), 0.80 (0.50), and 0.79 (0.45) of the volume of BSOA (ROA) for particles with dary
of 100, 200, 300, and 360 nm were assigned to LOOA, and the balances were assigned to MOOA.. The
relations are expressed by the equations:

VBSOA * VROA = VLOOA + VMOOA (S3)

a XVBsoa + b XVRroa = VLooa (S4)

Where vesoa, VRoA, VLooA, and Vmooa are the size-resolved volume concentrations of BSOA, ROA, LOOA,
and MOOA, respectively, and a and b represent the size-resolved volume fractions of BSOA and ROA,
respectively, that were assigned to LOOA. The volume concentrations of BSOA and ROA were estimated
using the equations:

vesoa = [(1 —b) / (@ — b)] *viooa —[b/ (a —b)] *Vmooa (S5)

Vroa = [(a— 1) / (2~ b)] <Vmooa + [a/ (& — b)] XVLooa (S6)

Equations (S5) and (S6) were used to estimate the contributions of BSOA to aerosol water uptake and to

the CCN number concentration (Sect. 4.4 and Text S11).

Text S11. Estimation of the contributions of OA and BSOA to CCN concentrations

The contributions of OA and BSOA to the CCN number concentration were estimated from their size-
resolved fractional contributions to aerosol water uptake and from the measured aerosol number-size
distributions. The analysis was performed for diurnal variation data with 2 h resolution. A schematic of

the estimate is presented in Fig. S17. For the estimate, the observed aerosol particles were assumed to be



internally mixed, and the CCN activation diameters (dact) under the condition of 0.4 % SS were derived
using the reconstructed hygroscopicity parameters (it reconstorg 8Nd &t reconstBsoa for the analysis of the
contributions of OA and BSOA, respectively). For the calculation of dact, x~K&hler theory was applied in
the manner of Deng et al. (2018). The contributions of OA (BSOA) to the water uptake of particles with
dary Of 100, 200, 300, and 360 nm were applied for the diameter ranges of da+—150, 150-250, 250-330,
330-430 nm, respectively. For the diameter ranges larger than 430 nm, the CCN number concentration
contributed by OA (BSOA) was not considered because of the low aerosol number concentrations. In each
diameter range, the fractional contribution of OA (BSOA) to dNcn/dlogdary equals the fractional
contribution of OA (BSOA) to the total aerosol water uptake, which was represented as the product of the
volume fraction of OA (BSOA) and xorg (xBsoa) divided by & [i.e., gorgkorg/ &t (e8soakBsoa/&t)]. The total
fractional contribution of OA (BSOA\) to the total CCN number concentration, Fccen,oa (Fcen,gsoa), equals
the integration of the product of the water uptake fraction and dNcn/dlogdary above the assumed CCN
activation diameter (70 nm), divided by the total CCN number concentration.

For the above analysis, the water uptake of each aerosol component was represented by the product of the
volume fraction of the aerosol component (&) and its hygroscopicity (), that is, &xi. The mean & in each
2 h time section of the day was derived as follows. First, the mean values of the volume concentrations of
each inorganic species, organics, and organic fractions (AN, AS, LET, AHS, SA, BC, OA, LOOA, and
MOOA,; i) were calculated from the 2 h resolution data. Second, the mean volume concentrations of
LOOA (vLooa) and MOOA (¥mooa) Were scaled so that their sum equals the mean volume concentration
of OA (voa). Third, the mean volume concentrations of BSOA (7ssoa) and ROA (7roa) Were estimated
using Egs. (S5) and (S6). Then, & was calculated directly from those vi. The x of the inorganic salts under
the condition of 0.4 % SS, and at the temperature of the HTDMA measurement in this study, were used

to consider the difference of x between sub- and super-saturated water vapor conditions. Here, the « for



AN, AS, LET, AHS, and SA were calculated to be 0.72, 0.59, 0.62, 0.61, and 0.65, respectively, following
the method in Deng et al. (2018). The difference of the x of organics under sub- and super-saturated
conditions was not considered. The x values of OA and BSOA used for the calculation are presented in
Tables S10 and S11, respectively. The contributions of OA and BSOA to the water uptake were calculated
aS &orgKorgl Kt reconst,org aN0 EBsOAKBSOA/ Kt reconst,BSOA, respectively, where,

Ktreconstorg = EANKAN t EASKAS + ELETKLET + EAHSKAHS + ESAKSA + EorgKorg (S7)

Kt reconst,BSOA = EANKAN 1t EASKAS T ELETKLET T EAHSKAHS T ESAKSA T EBSOAKBSOA T EROAKROA

(S8)
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Figure S1: Summary of the two-factor result from the PMF analysis: (a) organic mass spectra of LOOA
and MOOA colored according to ion groups (fpeak = 0 and SEED = 1), and the atomic ratios of O to C,
Hto C,and N to C, as well as OM to OC ratio for each factor; (b) Q/Qexpected as a function of the number
of factors, where Q is the sum of the weighted squared residuals and Qexpected is the expected Q value;
(c) Q/Qexpected as a function of the fpeak values with SEED = 1 and the number of factor = 2; (d)
Q/Qexpected as a function of the SEED values with fpeak = 0 and the number of factor = 2; (e)
distributions of the scaled residual for each m/z (fpeak = 0 and SEED = 1); time series of (f) the measured
organic mass concentrations and those reconstructed (= LOOA + MOOA) (fpeak = 0 and SEED = 1), and
(9) residual OA (= measured — reconstructed) (fpeak = 0 and SEED = 1).
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Figure S2: Mean mass-size distributions of organics (OA), sulfate (SO4), ammonium (NHa), nitrate (NO3),
and chloride (Chl) in (a) linear and (b) logarithmic scales over the entire study period.
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Figure S7: Time series of (a) air temperature and relative humidity (RH), (b) precipitation and solar
radiation, (c) mass concentration of BC, and mixing ratios of (c) CO, (d) Os, (e) CO., and (f) NO, NOg,

and NOx.
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Figure S8: Diurnal variations of (a) air temperature and relative humidity (RH), (b) solar radiation and

the mixing ratios of Os, and (c) mixing ratios of NO, NO2, NOy, and CO over the entire study period.
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Figure S9: Five-day backward air mass trajectories from 500 m agl (above ground level) over Wakayama
Forest Research Station at one-day intervals. The arrival time of the air masses at the study site was 1500
JST. The solid circle denotes the location of the study site. Solid trajectories are for days when more than
22 of the 24 hourly trajectories are from terrestrial regions. Dashed trajectories are for days when more
than 21 of the 24 hourly trajectories are from the North Pacific. Dotted trajectories are for days when 10
of the 24 hourly trajectories are from the North Pacific. The map is based on GSHHG 2.3.4; the shoreline

polygon data at crude resolution is used. We consider an air mass is from the North Pacific if the trajectory

never passes over terrestrial area that appears on the map before it reaches the Kii Peninsula. The
trajectories were produced using NOAA's HYSPLIT atmospheric transport and dispersion modeling

system (Draxler and Hess, 1998).
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Figure S10. Diurnal variation of the mass concentrations of OA (morg), BC (mec), and non-BSOA-OA
(Mnon-Bsoabulk; Text S9) during the entire study period. The left-slash pattern represents the background
period. As an example, the vertical bars represent the estimates of the total enhancement of OA (Morg eNH;
blue) and the enhancement contributed by BSOA (mssoabulk; gray) for the period 1400-1600 JST (right
slash pattern).

20



(a)
20 5
: 3
=2 16 £
T 1 | | ! i =
T 42 ‘ ‘ ‘| ; | | -|| I 3
i | | I =]
||| 1 Ol ’
. | | | I |
20 o
E o
[}
S 16 2
"~ a
¥ 12 3
3
0.8
2.0 S
5
£ E
s S 16 a
5 12 =
L=}
=
0.8 3
20 0272
E 0020 3
S 16 0.016 7
= o G | fiem | | : i | 0012 £
5 12 I | } f : i ! 0008 g
} . ] - S 1 s i R BN 0004 S
08 0 3
' (e}
20 0118 o
E 0010 3
S 16 0.008
8 ||| 0.006 £
5 12 0004 =
0002 S
08 0 3

94'5 910 9:’15 920
Month/Day, 2015

Figure S11: Time series of the probability distribution functions of the hygroscopic growth factors (g
PDF) of aerosol particles with dary of (2) 30, (b) 70, (c) 100, (d) 300, and (e) 360 nm.

21



Mean + SD =1.13+0.08
13

Mean:t SD=121+0.09

% W

Mean = SD =1.22+0.09
" £,

#

5% :; H A
: ] 4 i Y ad s 4 50 ]
11 = ) 70 nm ™ L ¥ ¥ o ““ LW Ll

i mwwwm
ST T AT

_| (e)200 nm

134°¢

144 &0 4

&rm
—
X}

1

Mean + SD =1.36+0.10

%é EJM }‘"‘r r A'\fu W\\ LAY ﬁpf th‘%‘mm’iﬂr EEEN TR WO

170 (f) 300 nm Meani SD=140+0.08

Mean + SD =1.42+0.08

ik 2 aj.ﬁ, MM e W

1.2 - (g) 360 nm

10 B B s S B B By B B s B B S B By B B B Sy S S B B e e p
972 94 98 98 910 912 9114 9/16 918 9]20 9)22
Month/day, 2015

Figure S12: Time series of the mean growth factors (gr,m) of aerosol particles with different dry diameters.
The mean =SD values over the entire study period for each diameter are also presented.
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Figure S13: Diurnal variation of the size-resolved volume fractions of total inorganic salts (&inorgsait) during
the entire study period.
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Figure S14: The xorg Versus Viooa/(VLooatVmooa) for particles with dary of 300 and 360 nm. The time
resolution of the data is 2 h. In each panel, marks and a solid line represent individual data and the
corresponding linear regression line, respectively. The regression equation and correlation coefficient of
each are also presented. Only data with &g greater than 0.40 are used.
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Figure S15: The xorg reconstructed using xLooa, Akmooa, and size-resolved Viooa/(ViooatVmooa)
(reconstructed xorg) Versus the xorg derived from measured &t and aerosol chemical composition (measured
Korg; Sect. 3.2). In panel (a), markers represent size-resolved diurnal variation data at 2 h resolution, solid
lines are linear regression lines for particles with respective diameters, and the dashed line is the linear
regression line for all 100-360 nm particles. In panel (b), markers represent the size-resolved mean xorg
during 1200-2000 JST, and the solid line is the linear regression line for the size-resolved mean xorg.
Respective regression equations and coefficients of determination (r?) are also presented. Only xorg data
with &rg greater than 0.40 are used for the comparison.
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Figure S16: Diurnal variation of the volume concentrations of LOOA and MOOA and the mass
concentration of sulfate for particles with dary of 100, 200, 300, and 360 nm over the entire study period.
The scaled sulfate represents the diurnal variation of ROA that was contributed by LOOA (left panels) or
MOOA (right panels). The scaling factor for the scaled sulfate in each panel is the mean volume
concentration of OA during 0600-0800 JST, divided by the mean mass concentration of sulfate in the
same period. The volume concentrations of LOOA and MOOA were derived from the respective mass
concentrations (Text S8). The densities of LOOA and MOOA were calculated using their O:C and H:C
ratios following Kuwata et al. (2012) and were 1.24 and 1.54 g cm3, respectively.
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Figure S17: Estimate of the contributions of BSOA to the CCN number concentration from the viewpoint
of its size-resolved contribution to the aerosol water uptake. The solid line indicates the mean aerosol
number-size distribution during the entire study period. Shaded areas in green represent the fraction of
CCN contributed by BSOA and in red, that contributed by other components assuming a CCN activation
diameter of 70 nm (Text S11).
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Figure S18: The diurnal variation of the volume fractions of BSOA (&ssoa) for particles with dary of 100,
200, 300, and 360 nm over the entire study period (Text S11).
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Figure S19: Box and whiskers plot of the diurnal variation of the O:C ratios of bulk OA (only data with
Morg > 0.3 ug m~2 are included) for the entire study period. The horizontal lines in the boxes indicate the

median values, boundaries of the boxes indicate the 25"- and 75"-percentiles, and the whiskers indicate
the highest and lowest values. The cross symbols in the boxes indicate the mean values.
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Table S1: Mode diameters® of PSL size standards measured by DMAs in the HTDMA (DMA1 and
DMAZ2) and the SMPS (DMAZ3) (mean £SD, nm)

Manufacturer DMAL DMA2 DMA3

warranty Before© Afterd Before® Afterd Before® Afterd

55 (£1)P 56.6 0.4 56.2+04 56.8=x04 - 50902 -

100 (+£3)P 98.0+0.2 984+01 970=+01 96.2+0.2 101.2+0.3 101.1+0.1
309 (+9)° 297.7 £0.8 298.0 0.4 2904 *12 - 303.6 0.3 -

498 (£9)P - - 478.4 +58 - 499.6 +4.4 -

@ The mean %SD of the mode diameters from fittings are presented (unit: nm).
b Mean diameter (+the expanded uncertainty; k = 2).

¢ Before the atmospheric observations.

d After the atmospheric observations.

Table S2: The grm of ammonium sulfate (AS) particles measured under dry condition (grm.dryas) and
at 85 % RH (grmwetas), and calculated gr of AS particles at 85 % RH (gr.as)

dary (NM) 30 50 70 100 200 300 360
Ofm,dryAS 0.959 0.976 0.984 0.985 0.988 0.982 0.981
Of, mwetAs? 152 154 154 154 155 157 159
grAs? 149 152 154 155 157 157 157
Difference (%)* 2.0 1.3 0 065 -13 0 1.3
@ Corrected for the difference of sizing between DMA1 and DMAZ2.
b ((gf,muwetas — gf.as) / gras) x<100.

Table S3: The x values of inorganic salts (x) at 85 % RH derived using the surface tension of the
solution and of pure water

&, with surface tension of solution | x, with surface tension of pure water
ddary (nm) 100 200 300 360 100 200 300 360
AN 0.553 0555 0555 0.556 | 0.553 0.555 0.556 0.556
AS 0533 0527 0525 0524 | 0.531 0.526 0.524  0.524
LET 0550 0545 0543 0.543 | 0.549 0.544  0.543 0.543
AHS 0.612 0.607 0.605 0.605 | 0.612 0.607 0.605 0.605
SA 0972 0959 0955 0.953 | 0.971 0.959 0.955 0.953

Table S4: Data in Fig. 3 of the main manuscript (“DatainFigure3ofTheManuscript.xIsx”).
Table S5: Data in Fig. 4 of the main manuscript (“DatalnFigure4ofTheManuscript.xlsx”).

Table S6: Data in Fig. 5 of the main manuscript (“DatalnFigure5ofTheManuscript.xlsx”).
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Table S7: Comparisons of xorg and Viooa/(VLooa+Vmooa) between particles with different dary

dary OF 1200-2000 JST 2000-1200 JST
particles to Korg ViLooa/(VLooatVmooa) Korg ViLooal/(VLooatVmooa)
compare ("M) ~pifra  pyalue®  Diff° p-value® Diff p-value®  Diff p-value®
200 vs 100 0.06 <0.01 -0.06 0.02 0.04 <0.01 -0.01 0.65
300 vs 200 <0.01 0.71 -0.08 <0.01 <0.01 0.31 -0.06 <0.01
360 vs 300 0.02 0.15 -0.04 <0.01 -0.02 0.02 -0.05 <0.01
360 vs 200 0.02 0.07 -0.11 <0.01 -0.02 0.07 -0.11 <0.01

@ The mean of (the xorg Of particles with relatively large dary — the xorg OF particles with relatively small dary).

b The mean of (the viLooa/(VLooa+Vmooa) Of particles with relatively large dary — the Viooa/(Viooa+Vmooa) Of particles
with relatively small dary).

¢ From 10 % two-sided t-test for the significance of the difference of Diff from zero. Low values indicate significant
differences.

Table S8: Diurnal variation of x and xorg at 2 h resolution, and their mean and SD for the entire
period

Ki Korg

dary (NM) 30 50 70 100 200 300 360 | 100 200 300 360
0000-0200 JST 016 020 022 024 034 037 036 | 016 023 025 0.z21
0200-0400 JST 022 021 022 024 034 037 035|016 020 021 0.18
0400-0600 JST 018 021 022 025 034 038 039 016 021 024 0.23
0600-0800 JST 021 022 021 025 035 038 036 | 018 022 024 0.19
0800-1000 JST 015 018 021 022 032 033 037|016 019 016 0.18
1000-1200 JST 013 016 016 019 029 033 034 | 012 017 015 0.12

1200-1400 JST 0.09%0 014 014 016 026 032 034 | 011 016 019 0.18
1400-1600 JST 0.083 013 013 016 024 028 033 | 010 015 016 0.20

1600-1800 JST 0.10 014 014 017 025 028 032 008 0.18 0.16 0.19
1800-2000 JST 013 015 016 019 027 031 032 | 012 018 0.18 0.19
2000-2200 JST 014 018 018 021 029 033 034 | 014 019 020 0.17
2200-0000 JST 012 019 020 023 031 035 036 | 016 019 020 0.17

Mean for entire period 0.12 018 018 021 030 034 035 | 013 018 019 0.19
SD for entire period  0.079 0.090 0.089 0.094 0.10 0.087 0.086 | 0.11 0.085 0.084 0.11
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Table S9: Data in Fig. 6 of the main manuscript.

Hour of the day Fccn,oa (%) Fcenssoa (%; fresh BSOA)  Fcengsoa (%; aged BSOA)

0000-0200 JST
0200-0400 JST
0400-0600 JST
0600-0800 JST
0800-1000 JST
1000-1200 JST
1200-1400 JST
1400-1600 JST
1600-1800 JST
1800-2000 JST
2000-2200 JST
2200-0000 JST

44.7
44.9
40.4
43.2
443
42.0
51.8
51.7
47.0
45.8
49.4
45.4

5.81
2.67
0.249
-3.63x 1073
5.50
12.7
25.8
27.8
24.5
19.6
16.3
4.99

10.6
4.89
0.356
-0.0326
10.1
21.3
39.4
42.2
38.2
31.8
27.3
9.09
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Table S10: Different assumptions of xorg for the prediction of Fcen,oa

TimeSize xorg?

SizeReso xorg”

TimeReso xorg®

Single xorg?

ddry (Nnm) 100 200 300 360 | 100 200 300 360 | 100 200 300 360|100 200 300 360
0000-0200JST 0.16 0.23 0.25 0.21 0.21
0200-0400JST 0.16 0.20 0.21 0.18 0.19
0400-0600JST 0.16 0.21 0.24 0.23 0.21
0600-0800JST 0.18 0.22 0.24 0.19 0.21
0800-1000JST 0.16 0.19 0.16 0.18 0.17
1000-1200 JST 0.12 0.17 0.15 0.12 0.14
1200-1400JST 0.11 0.16 0.19 0.8 014019 019 019 0.16 0.18
1400-1600 JST 0.10 0.15 0.16 0.20 0.15
1600-1800 JST 0.089 0.18 0.16 0.19 0.15
1800-2000 JST 0.12 0.18 0.18 0.19 0.17
2000-2200 JST 0.14 0.19 0.20 0.17 0.17
2200-0000JST 0.16 0.19 0.20 0.17 0.18

2Time- and size-resolved xorg.
b Time-averaged, size-resolved xorg.
¢ Time-resolved, size-averaged xorg.
d Time- and size-averaged xorg.

Table S11: Different assumptions of xssoa for the prediction of Fcengsoa

ddary (nm) Size-resolved xssoa Size-averaged xssoa Aged, size-resolved xBsoa

100
200
300
360

0.089
0.11
0.12
0.12

0.18
0.18

0.11

0.18
0.19




Table S12: Data in Fig. 7 of the main manuscript.

Ratios of different Fccnoa

Ratios of different Fcengsoa

Hourofday  TimeSize SizeReso TimeReso Single | Size-resolved Size-averaged  Aged, Size-
K‘orga Kbrgb K'orgC K'orgd KBSOA KBSOA resolved xssoa
0000-0200 JST 1 0.909 1.10 0.995 1 1.19 1.82
0200-0400 JST 1 0.926 1.04 1.01 1 1.17 1.83
0400-0600 JST 1 0.916 111 1.01 1 0.904 1.43
0600-0800 JST 1 0.868 1.05 0.950 1 5.58 9.00
0800-1000 JST 1 0.960 1.02 1.05 1 1.19 1.84
1000-1200 JST 1 1.10 1.05 1.19 1 1.14 1.68
1200-1400 JST 1 1.09 1.11 1.16 1 1.12 1.53
1400-1600 JST 1 1.14 1.14 1.21 1 1.12 1.52
1600-1800 JST 1 1.18 1.19 1.26 1 1.13 1.56
1800-2000 JST 1 1.06 1.13 1.15 1 1.15 1.62
2000-2200 JST 1 0.983 1.06 1.07 1 1.16 1.67
2200-0000 JST 1 0.948 1.04 1.04 1 1.18 1.82

2 Time- and size-resolved xorg.
b Time-averaged, size-resolved xorg.
¢ Time-resolved, size-averaged xorg.
d Time- and size-averaged xorg.



