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Supplementary materials

1. Nephelometer RH sensor calibration

The nephelometer RH sensors were calibrated by placing the sensors in a sealed container above aqueous
saturated salt solutions at known temperatures for an accurate prediction of equilibrium RH (Greenspan,

1977). More than 3hrs were allowed for each salt solution to reach water vapor saturation.

Table. S1. Theoretical and measured RH for saturated salt solution at 20°C

Compound Equilibrium RH, % Measured RH, %
K,CO; 43.16 £0.33 40.39 £0.47
NaCl 75.47 £0.14 71.00 +=0.00
KCI 85.11 +0.29 80.21 +0.38
KNO; 94.62 +0.66 88.60 +=0.47
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Fig. S1. A linear regression fit of measured RH.

2. LWC measurement principle by nephelometers

Particle water was indirectly measured by two nephelometers. The difference between ambient and dry
scattering coefficients (o) is assumed to be caused by the loss of water. The ratio between ambient
scattering coefficient and dry scattering coefficient is referred to as f (RH).
osp(ambient) J %Qs,ambientDp,ambientzN (Dp)aDy,

0p(@rY) " [TQ,aryDpary’N(Dp)dD,

f(RH) = )
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where Qg ampient aNd Qs 4y, are scattering efficiencies in ambient and dry conditions, respectively.

N(Dy) is the particle number distribution function. If N, is the total number concentration, and D_p is the

diameter of average surface, and Qs gmpien: aNd Qs 47y are average scattering efficiencies, then,

2

_ T 2
Osp (ambient) _ 4 Qs,ambzentDp,amblent N _ Qs,ambtentDp,ambtent

= —— = )
T 2 2
Osp (dry) 1 Qs,drpr,dry N Qs,drpr,dry
Dp,amblent = Dp,dry\/f(RH) Qs,dry/Qs,amblent (3)
We assume:
Qs,ambtent ~ 1 (1)
Qs,dry
Combining Eqg. 3 and Eq. 4 we get,
Dp,amblent = Dp,dry\/ f(RH) (5)
LWC is then equal to the differences between ambient particle volume and dry particle volume.
m_____ 3 [ —}
LWC = (g Dy ambient Nt — gDp,dry Nt) Pw (6)
where p,, is water density (constant 1 g cm™ is applied). Furthermore,
3 mp
Dpary =7 (7
gppNt

where m,, is dry PM, s mass concentration and p,, is the density of dry aerosol. For SOAS, dry PM;
mass concentrations were measured by a TEOM (tapered element oscillating microbalance, 1400a,
Thermo Fisher Scientific Inc., operated by Atmospheric Research & Analysis Inc.). Combining Eqg. 5, Eq.
6, and Eq. 7 gives

f(RH)_water = [f(RH)*S — 1]myp,,/py ®)
where f(RH)_water refers to the particle water calculated by the above method. p,, was estimated from
the particle composition including AMS total organics, ammonium, and sulfate, which accounted for 90%
of the measure PM, s dry mass (TEOM) based on the SOAS study average. A typical organic density 1.4
g cm is assumed (Turpin and Lim, 2001; King et al., 2007; Engelhart et al., 2008; Kuwata et al., 2012;
Cerully et al., 2014), and the density of ammonium sulfate is assumed to be 1.77 g cm™ (Sloane et al.,
1991; Stein et al., 1994). p,, is calculated to be 1.49 £0.04 g cm® (n = 4,393) using the following relation.

1
~ e(NH] +50,)/1.77 + £(Organics ) /1.4

oy ©)
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where e(x) is the mass fraction of the species x in the aerosol, and p,, is the particle density in g cm™3,

The diurnal variation of aerosol dry density is shown in Figure S2.
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Fig. S2. Predicted PM, 5 dry density diurnal profile. Median hourly density averages and SE bars at local

hour are plotted.

Eq.4 is a simplifying assumption that introduces error in the calculated LWC. To quantify this, we first

need to determine the actual Qg gimpient/ @s,ary @nd from the relationship of liquid water, f(RH) and
scattering efficiency

f(RH)

Qs,amblent/Qs,dry

15
LWC = { ] - 1} myPw/Pp (10)

we can estimate the LWC error associated with using Eq.4 in place of the actual Qs gmpient/ Qs ary-

To determine the actual Qs gmpent/ @s,ary. We Need to compute the scattering efficiency for the dry and
humidified particles. For this, we need to determine the dry and wet particle size distributions and their
corresponding refractive indices. Dry size distributions are obtained from in-situ measurements (Nguyen
et al., 2014), while the corresponding humidified distributions were calculated for predetermined values
of the particle diameter-based growth factor, gfp = Dy et/ Dy ary, @pplied to the dry distribution. The

mass composition of wet and dry aerosol is related to gf;, as follows:

3 (m we /p ,we)
9/p =\] pawetiFp t/(mp/pp) (1)

where my, ¢ and py, ¢ are particle mass concentration and density at humidified (i.e., dry aerosol +

water) condition, respectively. From observations of particle dry mass (i.e. TEOM) and the liquid water
content calculation outlined in the main text, we can obtain values of gf}, as a function of RH (Fig. S3).

In SOAS, the observed campaign-average gfp = 1.24 £0.15.
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Fig. S3. gfp plotted as a function of ambient RH based on the SOAS data set.

The particle refractive index (m,.) for wet and dry aerosol is determined as the volume-average (m,) of

the refractive indices of all aerosol components (Seinfeld and Pandis, 2006),
n
= Y meif; (12)
i=1

where m,.; is the refractive index of component i, and f; is its volume fraction, and n is the number of
constituents (including water) contained in the aerosol. The refractive indices of four major aerosol
constituents in SOAS aerosol are listed in Table S2 (NH,*/SO,* molar ratio was 1.4 +0.5, so NH,HSO,
was assumed to be the dominant form of ammonium and sulfate). f; was calculated based on the mean
mass loadings with or without LWC. LWC was computed from the particle dry mass and diameter-based
growth factor (gfp).

_ MppPy
- 14
where m,,, p,, are LWC mass concentration and density, respectively; m,, p,, are the dry PM,s mass and

my, (gfs -1 (13)

density, respectively. From the above, we obtain m, = 1.539 — 0.023i (gfp = 1, i.e. dry particle), m,. =
1.488 - 0.017i (gfp = 1.1), m,. = 1.452 — 0.013i (gfp = 1.2), m,, = 1.441 - 0.012i (9fp = 1.24), m,. =
1.427 - 0.010i (gfp = 1.3), and m,. = 1.408 — 0.008i (gfp = 1.4).

Page 4 of 9



Table. S2. Refractive indices (m,, = n + ik), densities, and mass loadings of particle components.

3 mean concentration,

Substance n k p,gcm 3 m, source
Mg m
H,0 1.333 0 1.0 450 (Seinfeld and Pandis, 2006)
NH;HSO, 1.473 0 1.77 2.19 (Seinfeld and Pandis, 2006)
] (Stelson, 1990; Hand and
Organics 1.55 0 14 3.32 ] ]
Kreidenweis, 2002)
Black carbon 1.96 -0.66 2 0.26 (Stelson, 1990)

Note: m; i, 0 and My yy, Hso, refer to the refractive indices at A = 589nm.

The size distributions and the refractive indices calculated as a function of gf, are then introduced into
Mie Theory (Wiscombe, 1980; Graaff et al., 1992) and subsequently integrated over the dry and
humidified size distributions via the MiePlot Version 4.4 (http://www.philiplaven.com/mieplot.htm)

software (Laven, 2013) to determine the respective scattering efficiencies. The light scattering
calculations are carried out based on a single wavelength (A = 530nm) at which the nephelometer operates
and assuming a temperature at the SOAS-average value of 24.7<C.
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Fig. S4. (a) A single spherical particle scattering efficiency (Qs) over PM, 5 size range at A = 530 nm; (b)

Qs ratio (Qs gmpient/ s,ary) Plotted versus g f, for the average SOAS dry size distribution reported by
Nguyen et al. (2014).

On average, we find that the actual Qs gmpient/ Qs,ary =1.06, associated with the average SOAS gfp, of

1.24 (Fig. S4b). From the correlations between RH and gfp, (Fig. S3) and between Qs ampient/ @s,ary
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http://www.philiplaven.com/mieplot.htm

with gf, (Fig. S4b), we can then apply Eqg. 10 to determine the LWC. f(RH)_water is then compared
against LWC (Fig. S5) to quantify the LWC bias associated with application of Eq. 4. From the above,
the LWC error is 10% at gfp = 1.24 (RH = 76.4%), but approaches 21% at RH = 90% (Fig. S6). Note
that the particle dry size distributions from Nguyen et al. (2014) ranged from 6nm to 1pm. The particles
in the size range between 1pm and 2.5um also contribute to particle scattering (as found by Bergin et al.
(2001), but may be negligible in this case, since 90% PM, s mass was found in PM;) and make

Qs,ambient/ Qs,ary Closer to 1, because they have similar Qs, as shown in Fig. S4a).
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Fig. S5. Comparison between f(RH)_water (Eq. 8) and LWC calculated based on Qs gmpient/ Qs ary at

specified gfp (Eqg. 10). Equations from orthogonal regressions are shown.
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Fig. S6. Qs ampient/ Qs,ary and LWC error are plotted as a function of RH. The size RH points (28.6%,
56.6%, 71.6%, 76.4%, 82.8%, 92.0%) noted on the graph corresponds to gf, =1, 1.1,1.2,1.24, 1.3, and

1.4, respectively.
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3. Particulate organic hygroscopic parameter, k,,g4

Overall k4 had a study mean (+SD) of 0.126 +0.059 (Cerully et al., 2014). However, k,,, data were
not available during the first 20 days of SOAS field study. Therefore, diurnal hourly average k.4 was
calculated and median values are plotted in Fig. S7. Because k,,, median averages were scattered, 3-hr

running averages were used to calculate I1/,,.

The uncertainty of x at 0.4% supersaturation, which was used to determine the values of k.4
(representative of SOAS ambient particles), was 0.033, mentioned in Section 3.2.1 in Cerully et al. (2014).
Thus, dividing the absolute uncertainty of 0.033 by the mean k,,., gives a relative k,,, uncertainty of

26%.
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Fig. S7. k,rg diurnal variation. Median averages are plotted at local hours.

4. Filter based IC analysis at all sites

High-volume PM; filters, sampled in parallel to the AMS measurement, were analyzed by a DIONEX IC
(UTAC-ULP1 concentrator column, AG11 guard column and AS11 anion column) to provide chemical
information of the refractory ions (Na*, K*, Mg**, Ca**, PO,). Filter-based nitrate is excluded due to
potential artifacts (Hering and Cass, 1999; Chang et al., 2000). The PM, s inorganic compositions at

various sites were similar, all dominated by SO, (64-74%) and NH," (22-31%). We found that less than 5%

of the total PM, 5 inorganic mass was refractory ions, except RS had the highest fraction as 9%.
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Fig. S8. Filter-based campaign averaged inorganic composition in PM, 5 at all sites. The mean
concentrations of all the listed ions are labeled to the right of PI charts. Filter sampling, each 23hrs, was
parallel to AMS measurement. JST 2012 June is plotted rather than 2012 May due to lack of filter data in
2012 May.
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