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Relationships between supermicrometer particle concentrations and cloud water sea salt
and dust concentrations: Analysis of MONARC and ACTIVATE data

Supplemental Information

S1. Minimum Diameter Definitions in Literature

Comparison between studies investigating the nature and effects of giant cloud
condensation nuclei (GCCN) continues to be challenging due to the differences in how GCCN are
quantified and defined across both models and field studies (Table S1). The selection of a
minimum size threshold matters because past literature has shown that certain size ranges have
specific GCCN effects.!* Most studies in Table S1 relied on a minimum diameter threshold of 2
um particle diameter followed by 1 um. The range of minimum diameter thresholds extended from
0.5 um to 5 um, with the caveat that we omitted definitions applying to ultragiant CCN. Certain
studies rely on measurements at ambient relative humidity, which complicates comparison to
studies based on dry diameter. To address the latter limitation, parameterizations exist to convert
from ambient to dry diameter (e.g.,> ©).

Of relevance to GCCN size definitions is the more commonly used “coarse” designation
for aerosol particles above a certain diameter. The United States Environmental Protection Agency
(EPA) defines coarse particles as those with aerodynamic diameters between 2.5 and 10 um.’
Models define coarse aerosol types in various ways: dry diameters between 0.8 and 3.65 um for
sea salt and between 0.59 and 2.75 um for dust (Community Atmosphere Model [CAM5.1]);8
diameter above 2.5 pm (Goddard Earth Observing System model of atmospheric Chemistry
[GEOS-Chem]);® dry radius between 0.005 um and 60 um for sea salt and dust (Global Aerosol
Data Set [GADS] and Optical Properties of Aerosols and Clouds [OPAC]);!%!2 radius below 5 pm
for dust (Navy Aerosol Analysis and Prediction System (NAAPS);!3- 14 diameter between 1 and 20
pum (Semi-Arid Climate and Environment Observation Station (SACOL);!® diameter greater than
0.5 um for sea salt and dust (Model for Ozone and Related Chemical Tracers, version 2
(MOZART-2).'¢ The use of many different size-based definitions of coarse aerosol types in models
contributes to the uncertainty of GCCN effects.



Table S1. Summary of selected studies examining GCCN in terms of study type, region, and
how they defined the minimum size (D, = diameter; r = radius, Iy, sero = geometric mean radius)
and whether the latter was at dry or ambient relative humidity (RH) conditions. Note that some
studies used terminology other than GCCN such as “large/coarse particles”. Furthermore, this
table omits attention to ultragiant CCN, which is yet another class of large particles discussed in
modeling and experimental studies. Blank cells indicate there was insufficient information with
the caveat that modeling studies were assumed to have referred to dry diameters if they did not
explicitly state so.

Reference

Instrument/Model

RH

Minimum
size
threshold

Region

Johnson et al.!”

coated microscope
glass sides

Ambient

D,>1pm

Missouri

Ochs and Semonin!8

numerical model of
cloud microphysics

Dry

r>1pum

Missouri

Hindman and Radke!®

coated microscope
glass sides and

Scanning Electron

Microscope (SEM)

Ambient

D, >2 um

Washington

Feingold et al.?®

Forward Scattering
Spectrometer Probe
(FSSP) and
numerical models

Ambient

r>35um

Southern Ocean

Szumowski et al.?!

Lagrangian drop-
growth trajectory
model

Dy,>2 pm

Hawaii

Yin et al.22

cloud model
combined with
dynamic and
microphysical
modes

D,>2 pm

Lasher-Trapp et al.?3

Three-dimensional
cloud model

r>1pum

Florida

Blyth et al.?*

Forward Scattering
Spectrometer Probe
(FSSP) and
stochastic
coalescence model

r>1pum

Florida

Levin et al.?5

Scanning electron
microscopy

Dry

D, > 0.5 pm

Eastern
Mediterranean

Colon-Robles et al.26

Forward Scattering
Spectrometer Probe
(FSSP)

Dry

r>1pum

Western Atlantic




Coupled Ocean /

Atmosphere
Kogan and Mechem?’ Mesoscale Ambient r>1um | Western Atlantic
Prediction System
(COAMPS)
Tel-Aviv University Eastern
Teller and Levin?® Cloud Model Dry D,> 0.5 um Mediterranean
(TAU-CM)
One-dimensional
Zhang et al.! cloud microphysics Dry r>1pum
model
Bulk
Mechem and Kogan?® parametrization Dry r>3um | Western Atlantic
model
Jensen and Lee? (?gr)lciliigs dl\f;)él(;:l Dry r>0.5 um
Rosenfeld et al.?° conceptual model Dry D,>1um
Regional
Cheng et al.3! Mc?dter:rlliisé)}slilrsltcem Dry D,>5um | Western Atlantic
(RAMS)
Systems for
Atmospheric
Kogan et al.*? Modeling - Explicit Dry r>1um | Western Atlantic
Microphysics
(SAMEX)
Tel-Aviv University Idealized
Dagan et al.? Cloud Model Dry Dy,>1 um tropical moist
(TAU-CM) environment
Cloud and Aerosol . Northeastern
Jung et al.” Spectrometer (CAS) Ambient | Dy =1 pm Pacific Ocean
. Cloud and Aerosol . Northeastern
Sorooshian et al.3* Spectrometer (CAS) Ambient | D,>2 pm Pacific Ocean
Cloud and Aerosol . Northeastern
Dadashazar et al.? Spectrometer (CAS) Ambient | D,>5 um Pacific Ocean
Jensen et al.* Drop growth model Dry r>0.5 pm Ideah;ed marine
environment
Optical particle Atlantic Ocean,
36 countqr (OPC) an d Caribbean Sea,
Dror et al. Scanning Mobility Dry D, >5 um and Pacific

Particle Sizer
(SMPS)

Ocean




Cloud and Aerosol

Northeastern

37 >
Schlosser et al. Spectrometer (CAS) Dry Dp =1 pm Pacific Ocean
Hoffmann and Models of varying D T'm.aero = 0.9
Feingold3® complexity Y um




Table S2. Linear regression results between MINALT/ACT GCCN particle volume
concentrations (um? cm) above different minimum dry diameters versus cloud water tracer
species for MONARC, ACTIVATE, ACTIVATE winter, and ACTIVATE summer. The values
in the table represent R? with number of points used in the calculations in parenthesis. The
bolded values are statistically significant with p values below 0.05.

Na* Na* Cl Cr nss Ca?t nss Ca?t

MINALT | ACT MINALT | ACT MINALT | ACT
MONARC
V. 0.41 (30) [0.23(30) |0.34(30) |0.11(30) |0.25(27) |0.03(27)
V., 0.38(27) [0.17(22) |0.28(27) |0.06(22) |0.14(24) |0.01(20)
V.3 0.12(24) [0.07(13) |0.12(24) |0.01 (13) ]0.09 (21) |0.00(12)
V.s 0.02 (12) | 0.01 (8) 0.01 (12) | 0.01(8) 0.00 (11) |0.04(7)
Vaio 0.00 (0) 0.02 (1) 0.00 (0) 0.02 (1) 0.00 (0) 0.05 (1)
ACTIVATE: All
V. 0.46 (53) |0.04(51) |0.44(53) |0.05(51) |0.13(15) |0.00(15)
V., 0.46 (53) |0.04(51) |0.44(53) |0.05(51) |0.12(15) |0.00(15)
V.3 0.44(53) |[0.03(51) |0.42(583) |0.03(51) |0.12(15) |0.03(15)
V.s 0.51(53) [0.04(46) |0.49(53) |0.05(46) |0.04(15) |0.03(13)
V.o 0.58 (44) [0.00(24) |0.57(44) |0.00(24) |0.09(14) |0.01(4)
ACTIVATE: Winter
\S 0.14(32) |0.01(32) |0.14(32) |0.01(32) [0.70(5) 0.21 (5)
V., 0.15(32) [0.01(32) [0.14(32) |0.01(32) |0.70(5) 0.21 (5)
V.3 0.15(32) [0.00(32) |0.15(32) |0.00(32) |[0.70(5) 0.17 (5)
V.s 0.15(32) [0.00(31) [0.15(32) |0.00(31) |0.26(5) 0.14 (5)
V.19 0.19 (28) | 0.06(20) |0.20(28) | 0.05(20) | 0.59(5) 0.13 (2)
ACTIVATE: Summer
\S 0.53(21) [0.11(19) |[0.5121) |0.12(19) |0.46(10) |0.02(10)
\S) 0.54 (21) [0.10(19) |[0.51(21) |0.11(19) |0.48(10) |0.02(10)
V.3 0.56 (21) [0.04(19) |0.54(21) |0.04(19) |0.36(10) |0.04(10)
Vs 0.63 (21) [0.12(15) [0.62(21) |0.13(15) |0.61(10) | 0.02(8)
V.o 0.74 (16) | 0.00 (4) 0.73 (16) | 0.00 (4) 0.44 (9) 0.03 (2)




a)
25
R? = 0.41 (30)
20
5
£
15
g ¢ e oo *
+5 10
=
5
o0

0 5 10 15
3 -
V>1 {(zm” cm 3)

20

0.53 (21) o

R? = 0.18 (32)
R2=0.74(21) e

2 4

L]

3 -
V>10(,um cm 3)

Fig. S1. Cloud water sodium versus MINALT particle volume concentration above a dry diameter
of (a) 1 pum for MONARGC, (b) 1 um for ACTIVATE separated by winter (red) and summer (black),
and (c¢) 10 um for ACTIVATE separated by winter (red) and summer (black). Number of data
points are in parenthesis. The R? value of the cumulative data points for panels b and ¢ are 0.46

and 0.58, respectively.
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Fig. S2. Scatterplots of N versus five environmental parameters for both (a) MONARC and (b)
ACTIVATE, in addition to (c) N-j, versus the same parameters for ACTIVATE. Number of data
points are in parenthesis.
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