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Correction of nephelometer data due to hygroscopic growth

Hygroscopic growth of aerosols due to elevated relative humidity (RH) may significantly change the particle size and
composition. As a result, the aerosol-radiation interactions may also change significantly.

Several studies have set out to model and predict the scattering enhancement factor (f(RH),) using information about the dry
aerosols chemical composition, optical properties and size (Nessler et al., 2005a; Zieger et al., 2013). Their objective was to
correct optical measurements of dry aerosols to represent ambient conditions. The purpose of this section is to describe the
correction procedure of ambient measurements of the AirPhoton IN100 integrating nephelometer to represent dry conditions
(RH < 20%).

Snider et al., (2015) suggested to correct nephelometer ambient measurements for increased scattering due to growth of
humidified particles at RH of up to 80% by the particles volumetric growth factor (VGF) with assumption regarding the
hygroscopicity parameter (k). While this correction accounts, to some extent, for the increased scattering due to the increased
size, it does not take into account the decrease in effective RI of the particles due to water uptake.

The scattering enhancement factor is the key parameter used to describe the change in aerosols light scattering due to

hygroscopic growth and is defined by:

f(RH)A — asca,wet(RH)A (1)

sca_dry (1)
where A is the wavelength, asa wet(RH); is the scattering coefficient of the humidified aerosols and asc, ary(4) is the scattering
coefficient of the dry aerosols. We note that the scattering enhancement factor is also dependent on k, complex RI (m = n+
ik) and size distribution (dN(Dp)) but is termed f(RH); for simplicity.
To correct the nephelometer measurements done in ambient conditions we use measurements and simulations based on

predictions from Mie theory to calculate f(RH); at the three wavelengths of the nephelometer; i.e., A = 637, 525, and 457 nm.

We first correct the ambient nephelometer measurements at 637 nm. For this, we use the extrapolation of the BBCES
extinction measurement described in the main text together with the assumption of negligible absorption at A = 637 nm to
calculate f(RH)g370m. Then we use f(RH)g37qm at each measurement together with parameterization of the ratio of f(RH)gs7nm to
f(RH)s250m  (F(RH)g370m / f(RH)s250m) and the ratio of f(RH)es7nm t0 f(RH)as7om  (F(RH)e370m / f(RH)4570m) based on Mie theory
simulations to correct the ambient nephelometer measurements at the other two wavelengths of the IN; i.e., A = 525, and 457
nm. We chose to parameterize the f(RH)s370m / f(RH), rather than simply f(RH), because the latter is a stronger function of
aerosol size, k and complex RI. In that respect, f(RH)s37nm S€rves to restrict the scattering correction at 457 and 525 nm.

For the calculation of f(RH)ez7nm (termed f(RH)g370m_caic) We assumed that the absorption at A = 637 nm is negligible. In other
words, the dry scattering coefficient (asca gry) i equal to the dry extinction coefficient (cex es7nm) €xtrapolated from the

BBCES extinction measurements. The f(RH)ez7nm caic Can then be calculated as:

1
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f(RH)637nm_calc = asca;Et_637nm(RH) 2
ext_637nm

To correct the ag, wet(RH), at the other two wavelength (457 and 525 nm) we used a Mie theory algorithm (Bohren and
Huffman, 1983) to simulated f(RH)g370m / f(RH)4s570m and f(RH)gaznm / f(RH)s25,m for a wide range of parameters. For these
simulations we assumed: (1) that the dry particles population is composed of spherical and homogenously mixed particles
such that there optical properties can be represented with an effective complex RI as defined in the main text; (2) the dry
particle volume and the water volume composing the wet particle are additive; (3) the Kelvin effect is negligible; (4) the
light absorption at 637 nm is negligible; and (4) the complex RI of the wet particles can be calculated using the volume
weighted mixing rule (Nessler et al., 2005b; Flores et al., 2012; Zieger et al., 2013), where the real part of the humidified

particles (n,,.: (1)) is calculated as:

Nary(D+nwater(A)*(VGF (RH,A)—1)

Nyet W= VGF(RH M) (3)
and the imaginary part of the humidified particle (k.. (1)) as:

Kary(2)
hwee (1) = ;22 (4)

where n(4) and k(7) are the real and imaginary parts of the complex RI of the dry or the hydrated aerosols and Nyaer(4) is the

refractive index of water.

Fl/3

Besides these four assumptions, we take into account the particle diameter growth factor (DGF = VGF"), defined as:

DGF (RH) = 2uet®D )

dry

where D, is the diameter of the humidified particles at ambient RH and Dy, is the diameter of the dry particle. The particle

DGF is strongly related to its chemical composition, i.e. its hygroscopicity. And can be defined by:

)§ 6)

where the hygroscopicity parameter () is a scaling variable for the dependence of the particle volumetric water content on

DGF(a,) = (1 + K

aw
1-ay,

water activity (a,) (Petters and Kreidenweis, 2007). k can range from 0 for non-hygroscopic particles such as soot, mineral
dust and aerosols with high organic content, to above 1 for highly hygroscopic particles such as sea salt. a,, can be replaced
by RH in equation 6 since we assume that the Kelvin effect is negligible.

To simulate the suburban aerosol population in our sampling site and to parameterize f(RH)gz70m / f(RH)s5050m and f(RH)gz70m /
f(RH)4s7nm the following parameters were used: (a) we used three different size distribution; two single mode log-normal
distributions, one with a mode at 80 nm and the other at 100 nm. Both distributions had a geometric standard deviation of
1.33. The third size distributions used was a typical tri-modal urban size distribution following Seinfeld and Pandis, (2006);
(b) we varied « from 0.1 to 0.5 in steps of 0.2; (c) we varied the complex RI at A =457 nm from 1.4 to 1.7 in steps of 0.03
for the real part (Moise et al., 2015) and from 0 to 0.18 in steps of 0.02 for the imaginary part; (d) n at 525 nm and at 637

nm were determined as Nyszm-C-(4i-457) where 10 < C < 50™ (e.g. if Nas7am=1.550, 1.516 < Nspsnm < 1.543 and 1.460 < Ngg7nm
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< 1.532) and maintaining that Neg7nm < Nszsnm (MOISE €t al., 2015). (e) k at 525 nm was determined as C k4570, Where 0.5

< C’<0.05 and k at 637 nm is zero (Moise et al., 2015).

The f(RH)g370m / f(RH); from all the simulations were averaged and empirical curves were fitted to the average values and to

the lower and upper limits (Fig. S1).

f(RH)637nm =9929.10"1- 1- RH)—6.213-10'Z 9)
f(RH)astnmparq
f(RH)637nm =9941-10"1- 1- RH)—5.390-10'Z (10)
F(RH)s2snmparq

with upper limits of;

f(RH)637nm =9969.10"1- 1- RH)—2-220'10_1 (11)

f(RH)astmpara_Max

f(RH)637nm —9.951-10"1- (1 — RH)~1432107" (12)
f(RH)SZSn‘mpara_Max '

and lower limits of:

f(RH)637nm =1.004-(1 — 1—_\;1_[)7.785-10_2 (13)
f(RH)as7nmpara_Min '
f(RH)637nm 5145102
T\ )637nm =(1—RH 14
f(RH)sz2snmpara_min ( ) a4
because:

f(RH)637nm
f(RH); = f(RH)637nm_calc/ o2 (15)

FRML para

From Eq. 1-2 and 15 the dry as(4) for the blue and green wavelengths can then be calculated as follows:

a f(RH)
s ary ) = s Rl -2 [, o

and using Eq. 11-14 the uncertainty on the dry as(4) can also be calculated.
f(RH)ss7nm /f(RH); is close to unity, and deviate with increasing RH. Its uncertainty is a stronger function of the RH ranging
from about +9% (+5%) at RH=40% to about +45% and -27% (+23% and -21%) at RH=90% for the blue (green) wavelength.
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Figure S1: Ratio of the scattering enhancement factor of the red nephelometer wavelength (f(RH)gs7nm) to the
scattering enhancement factor of the blue and green nephelometer wavelengths (f(RH,A;)) as a function of RH. Bold

lines are averaged values and shaded areas are an envelope of results for wide range parameter sweep of possible

complex RI, k and size distributions.



Additional figures
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Figure S2. Left: schematic of the laboratory measurements. The nephelometer was position inside the laboratory and
the aerosol went through it before being measured by the lab set up: optical system, PAS, CPC, and SMPS. Right:
schematic of the ambient measurements. The nephelometer was moved and positioned on the roof. Abbreviations:
DD, diffusion dryer; ISS, iso-kinetic splitter; CRD-S, cavity ring down spectrometer; BBCES, broadband cavity
enhanced spectrometer; LPM, liter per minute; PAS, photoacoustic spectrometer; PM; particulate matter; CPC,

condensation particle counter; SMPS, scanning mobility particle sizer.
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Figure S3. Retrieved and measured scattering coefficients at the nephelometer wavelengths (457, 525 and 637 nm).
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Figure S4. Retrieved and measured extinction coefficients at the center wavelengths of the two BBCES cavities (330
and 405 nm).
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Figure S3. Time series of the total number concentration (N; upper panel) and of the size distributions obtained from

the scanning mobility particle sizer normalized to the mode diameter concentration (lower panel).
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