0NN KW

[N T N T NG T NG T N T N T N S e e e W S Gy S Y
NN P WND—=LOOVWOINWUNM P WND=O O

Supporting Information

Cloud Drop Number Concentrations over the Western North Atlantic Ocean: Seasonal
Cycle, Aerosol Interrelationships, and Other Influential Factors

Hossein Dadashazar', David Painemal®?, Majid Alipanah*, Michael Brunke®, Seethala
Chellappan®, Andrea F. Corral!, Ewan Crosbie*?, Simon Kirschler’, Hongyu Liu®, Richard
Moore?, Claire Robinson?*?, Amy Jo Scarino®?, Michael Shook?, Kenneth Sinclair®!°, K. Lee
Thornhill?, Christiane Voigt’, Hailong Wang!!, Edward Winstead>*, Xubin Zeng>, Luke
Ziemba?, Paquita Zuidema®, Armin Sorooshian!~

"Department of Chemical and Environmental Engineering, University of Arizona, Tucson, AZ,
USA

2NASA Langley Research Center, Hampton, VA, USA

3Science Systems and Applications, Inc., Hampton, VA, USA

“Department of Systems and Industrial Engineering, University of Arizona, Tucson, AZ, USA
Department of Hydrology and Atmospheric Sciences, University of Arizona, Tucson, AZ, USA
®Rosenstiel School of Marine and Atmospheric Science, University of Miami, Miami, FL, USA
"Institute of Atmospheric Physics, German Aerospace Center

$National Institute of Aerospace, Hampton, VA, USA

NASA Goddard Institute for Space Studies, New York, NY, USA

%Universities Space Research Association, Columbia, MD, USA

" Atmospheric Sciences and Global Change Division, Pacific Northwest National Laboratory,
Richland, WA, USA

*Correspondence to: Hossein Dadashazar (hosseind(@arizona.edu)



mailto:hosseind@arizona.edu

27  Table S1: Mean seasonal values of speciated AOD and surface mass concentration for black
28  carbon, dust, organic carbon, sulfate, and sea-salt for the six sub-domains in Figures S1-S2.
Speciated AOD/Surface mass concentration (ug m'3)
S C-S C C-N N Bermuda
Sulfate
DJF 0.03/091 0.05/1.37 0.05/1.49 0.06/1.99 0.06/1.50 0.03/0.59
MAM 0.05/0.99 0.06/1.37 0.07/1.54 0.08/2.38 0.07/1.84 0.04/0.72
JJA  0.05/0.75 0.07/1.10 0.07/1.25 0.09/2.26 0.08/1.45 0.04/0.50
SON 0.04/0.73 0.04/1.00 0.04/1.08 0.05/1.56 0.05/1.09 0.02/0.41
Sea-salt
DJF 0.04/38.10 0.04/39.12 0.05/45.89 0.03/29.55 0.03/27.45 0.05/49.51
MAM 0.04/36.72 0.04/38.04 0.04/44.28 0.03/28.52 0.02/23.22 0.04/41.76
JJA  0.05/46.12 0.05/48.83 0.05/56.56 0.03/30.91 0.02/17.99 0.03/35.95
SON 0.06/48.44 0.05/43.76 0.06/54.24 0.04/36.20 0.03/27.24 0.06/54.60
Dust
DJF <0.01/0.74 <0.01/1.06 0.01/1.64 0.01/2.64 0.01/1.24 <0.01/0.98
MAM 0.02/3.90 0.02/3.86 0.02/4.03 0.03/4.47 0.02/2.90 0.02/2.81
JJA- 0.03/12.05 0.02/8.22 0.02/6.08 0.02/5.02 0.02/2.41 0.02/6.58
SON 0.01/2.56 0.01/1.79 0.01/2.01 0.01/2.51 0.01/1.20 0.01/2.01
Organic carbon
DJF 0.01/0.69 0.02/0.92 0.02/0.67 0.02/1.07 0.02/0.58 0.01/0.25
MAM 0.03/1.00 0.04/1.37 0.04/1.02 0.04/1.53 0.03/0.92 0.03/0.42
JJA  0.01/0.55 0.03/1.16 0.03/1.25 0.05/2.49 0.05/2.43 0.02/0.35
SON 0.01/0.67 0.02/1.03 0.02/0.87 0.02/1.43 0.02/0.98 0.01/0.34
Black carbon
DJF <0.01/0.10 <0.01/0.15 0.01/0.15 0.01/0.37 0.01/0.20 <0.01/0.08
MAM 0.01/0.12 0.01/0.16 0.01/0.17 0.01/0.38 0.01/0.21 0.01/0.09
JJA <0.01/0.08 0.01/0.12 0.01/0.15 0.01/0.41 0.01/0.31 <0.01/0.06
29 SON <0.01/0.09 <0.01/0.12 <0.01/0.14 0.01/0.32 0.01/0.20 <0.01/0.06
30
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31
32 Figure S1: Seasonal maps of MERRA-2 speciated AOD based on data between January

33 2013 and December 2017. The boxes in top left panel represent sub-domains examined in
34  more detail throughout the study, with the blue star denoting Bermuda.
35
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Figure S2: Same as Figure S1 but for MERRA-2 surface aerosol concentrations.
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Figure S3: Seasonal maps of the coefficient of determination (R?) and number of points for
the analysis of the aerosol-cloud interaction (ACI) parameters over the WNAOQO using daily
Na and four different aerosol proxy parameter values (AI, AOD, Sulfatesop, Sulfatestmass)
from CERES-MODIS and MERRA-2, respectively. ACI statistics associated with the six
sub-domains shown are summarized in Table 4.
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Figure S4: Seasonal climatology of Ny (middle column) and anomalies from seasonal
averages for low-Ng days (left column) and high-N4 days (right column). The red box
represents sub-domain C-N for which the analysis was conducted, as explained in Section
4.1.



52

53
54
55
56

DJF

MAM

JJA

SON

: -1
Windg (ms™') (low-N,)

45°'N

40'N

35'N

40'N

40'N

35'N

30°N

45'N

40'N

35N

o

30N

: -1
Wlnd950 (ms™)

Wind

950

(ms™") (high-N )

e PP A A
e zh .
F— {47 = e
1 SR
10 m s -

P ™ = -
Y DA VS S
-,p'.aaa;l///}_‘_‘.‘.__g—
M—WI.—/-—§-.—-

q———-,~.\~‘~~\\-\\
---.‘\....-—-.-\\\\“\
[oe -—aus-‘—hﬁ\\“\\\\

D el P _._,;_,-,_,‘,_._.._-.

Rty T T e
ol

— ""““\\\\‘,
e — N 2

- ﬂ - s il P P P P P o P o o]
D atat et
B it R i
R

Nw\\,\\\\\‘

S e e e s NS TSNS~
T T T T NN ]
e — s NN
e N NS
Bttt e NN
e YOO
=~~~
0 NN I
e e e i e
DI SNCNCNEN
v S S S S NSNSy
EEERE RSN NN

’
/’

NN NI
T T S S

\\

s . .),

e A SN
e AR
|/17(\\‘|||.. s
L8 T W N W A T T NN . v v
LOR YR Y S W T L S N

....... [

e e m e e e aon =
3 P R
o | S
e G

—— -

—_— ]

S ~ =

—— ]

—_-—

s et

g
- e
o, e e o ]
P e e
P R
PRV A

RN A

PR R
e

R e e ety
SR Rttt B Rl ot

——--—-———r-—-—-w»'/—
- __...—.-_w‘-’m

P - - I o
, - - - o
CARE R 2 i
P Dl

“ ... g
2o o6 o LSS
s e e b PP
P Y
C b PLPLISSSSSL s
P O A
st brrrrrtrrrery

R
Praar A
. mm e 2
PR e
B ettty
. B A
I Bty
s, AFAS A
I P
PR Calatalaly
FEIAAS A
R et atalaly
el alal:
AP A

Y RO

SR RY

..,,///;///////// ’

i A i i il e
ORI ol gl gt i T
'5/:'//////; [
" f/‘/}-/a.—.—ﬂ.——.-..._._
r AL

PV R

TP F s s F A A ==
TR AP e
PR P o b PP PP kA
(Ll 2 SV E AR

-

I I RNENENEN
TN N N AN
s vy Y
SSAA YA N

R

oy 1/7?;»;_.--_.,“.._ = \\\\L‘\\\\——
/’I,;/__.-_—_,_j._._._.___ AP e = e £ g - AT N~ =~
vl PR A - - RS \‘.\\\\\_,_.——
PPN - - - - 4)\,\\\_._____,.,
N - 7 I WY NSNS Ssp=———]
oty - - RN e —— T A
by a - - PR ‘\,‘.‘.,____,_._._.J/
] ‘ RS NN ——————
P L R ) P R e I -wt\/\\\~*-‘—-"-l'-"--'”
et e v v v - -v‘/\\\~~~——~~“”
N S . 7 B A T
e e e e e e e e o - - P . AR
St o e e e L . e m s IR
80W  75W  70W  B5W 80W  75W  70'W  65W 80'W  75W  70'W  65W

Figure S5: Seasonal climatology of winds at 950 hPa (middle column) and anomalies from
seasonal averages for low-Ng days (left column) and high-Ng days (right column). The
reference wind vector is shown on the top left panel. The red box represents sub-domain C-
N for which the analysis was conducted.
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Figure S6: Seasonal averages of low-level liquid cloud-top effective height (middle column)
and associated anomalies on low-Ng days (left column) and high-Ng days (right column). The

(Iow-Nd)

ACloud-to

pIow-

-0.5

0

lig. (k
0.

HEN T
50'N

45'N
40'N
35'N
30'N

25'N
50'N

45'N

30°N

25'N

50'N

45'N

40°'N

35N

30'N

25'N

50'N

45'N

) -

25'N

5

) Cloud-top, . (km)
1 1.5 2

2.5

(high-N )

ACIoud-topIOW_"q_ (km)
-0.5 0 0.5

85'W 80'W 75W 70°W 65W 60W 85'W 80°W 75'W 70°'W 65'W 60°W 85W 80'W 75W TO'W 65W 60°W

red box represents sub-domain C-N for which the analysis was conducted.



(low-N ) (high-N )
ARain (mm day'1) Rain (mm day'1) ARain (mm day'1)
-5 0 5 0 2 4 6 8 10 -5 0
RN T Em
50'N
45'N

40°N

DJF

35'N

30°N

25'N
50'N

25'N

50'N

JJA

SON

30'N

25'N
85W 80W 75W 70W B5W B0W 85W 80W 75W 70°W 65W 60°W 85W 80W 75W 70°W 65W 60°W

61
62  Figure S7: Seasonal averages of PERSIANN-CDR precipitation rate (middle column) and

63  associated anomalies on low-Ng days (left column) and high-Ng4 days (right column). The
64  red box represents sub-domain C-N for which the analysis was conducted.
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Figure S8: Seasonal averages of planetary boundary layer height (middle column) and

associated anomalies on low-Ng4 days (left column) and high-Ng days (right column). The
red box represents sub-domain C-N for which the analysis was conducted.
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Figure S9: Seasonal averages of vertical pressure velocity at 800 hPa (middle column) and
associated anomalies on low-Ng4 days (left column) and high-Ng4 days (right column). The
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Figure S10: Seasonal averages of relative humidity at 950 hPa (middle column) and
associated anomalies on low-Ng4 days (left column) and high-Ng days (right column). The
red box represents sub-domain C-N for which the analysis was conducted.
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Figure S11: Seasonal averages of relative humidity at 800 hPa (middle column) and
associated anomalies on low-Ng days (left column) and high-Ng4 days (right column). The
red box represents sub-domain C-N for which the analysis was conducted.
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88  Figure S12: Seasonal averages of sulfate AOD (middle column) and associated anomalies
89  onlow-Ng days (left column) and high-Ng4 days (right column). The red box represents sub-
90 domain C-N for which the analysis was conducted.
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Figure S13: Seasonal averages of sea-salt AOD (middle column) and associated anomalies
on low-Ng days (left column) and high-Ng4 days (right column). The red box represents sub-
domain C-N for which the analysis was conducted.
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97
98  Figure S14: Seasonal averages of dust AOD (middle column) and associated anomalies on

99  low-Ng days (left column) and high-Ng days (right column). The red box represents sub-
100 domain C-N for which the analysis was conducted.
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Figure S15: Seasonal averages of organic carbon AOD (middle column) and associated
anomalies on low-Ng4 days (left column) and high-Ng4 days (right column). The red box
represents sub-domain C-N for which the analysis was conducted.
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108  Figure S16: Seasonal averages of black carbon AOD (middle column) and associated
109  anomalies on low-Ng days (left column) and high-Ng4 days (right column). The red box
110  represents sub-domain C-N for which the analysis was conducted.
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Figure S17: Seasonal averages of sulfate surface mass concentration (middle column) and

associated anomalies on low-Ng days (left column) and high-Ng4 days (right column). The
red box represents sub-domain C-N for which the analysis was conducted.
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118  Figure S18: Seasonal averages of sea-salt surface mass concentration (middle column) and
119  associated anomalies on low-Ng days (left column) and high-Ng days (right column). The
120 red box represents sub-domain C-N for which the analysis was conducted.
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Figure S19: Seasonal averages of dust surface mass concentration (middle column) and
associated anomalies on low-Ng days (left column) and high-Ng4 days (right column). The
red box represents sub-domain C-N for which the analysis was conducted.
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Figure S20: Seasonal averages of organic carbon (OC) surface mass concentration (middle
column) and associated anomalies on low-Ng days (left column) and high-Ng days (right
column). The red box represents sub-domain C-N for which the analysis was conducted.
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131
132 Figure S21: Seasonal averages of black carbon (BC) surface mass concentration (middle

133 column) and associated anomalies on low-Ng4 days (left column) and high-Ng days (right
134 column). The red box represents sub-domain C-N for which the analysis was conducted.
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Figure S22: Average local accumulated effect (ALE) profiles based on GBRT modeling for
surface mass concentrations of the following parameters: a) relative humidity at 950 hPa
(RHoso), (b) relative humidity at 800 hPa (RHsgo), (¢) rain rate, and (d) CAO index. Blue and
red profiles represent ALEs of DJF and JJA, respectively. Shaded areas show the ALE
ranges stemming from the variability of the obtained models from the cross-validation
resampling procedure. Markers on the bottom and top x-axes denote the values of 5%, 25",
50th, 75 and 95t percentiles for each input variable; note that the first three markers on
the x-axes in panel (c) are very close and thus on top of each other.
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