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Table S1. Range of model hyperparameters tested during training/validation of the GBRT
models through a combination of grid and random searches. Final model values are also
listed in the last column.

Model parameter Range of values tested Final model values (DJF/JJA)
Learning rate 0.001-0.1 0.05/0.05
Number of estimators 100-5000 400/400
Maximum depth of a tree 2-35 9/11
Minimum number of samples to split an internal node 20-100 66/45
Minimum number of samples at a leaf node 20-60 31/66



33  Table S2: Mean seasonal values of speciated AOD and surface mass concentration for black
34 carbon, dust, organic carbon, sulfate, and sea-salt for the six sub-domains in Figure S1.
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
35 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
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Figure S1: Seasonal maps of cloud drop number concentration for different ranges of low-
level liquid cloud fraction (CFow-iq.) as follows: (a) 0.1 < CFiow-liq. < 0.3, (b) 0.3 < CFiowliq. <
0.6, and (c) CFiow4iq. = 0.7. Gray pixels represent regions without sufficent sample points
(less than 10 points) for calculating averages.
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Figure S2: 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 S3: 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.
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Figure S4: 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 S5: 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
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red box represents sub-domain C-N for which the analysis was conducted.
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Figure S6: Seasonal averages of PERSIANN-CDR precipitation rate (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 S7: 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 S8: 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 S9: 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 S10: 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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95  Figure S11: Seasonal averages of sulfate AOD (middle column) and associated anomalies
96  onlow-Ng days (left column) and high-Ng days (right column). The red box represents sub-
97  domain C-N for which the analysis was conducted.
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Figure S12: 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.

15



ADust,  (low-N ) Dust, 5 ADust, ., (high-N )
-0.02 -0.01 0 0.01 002 0 001 0.02 0.03 004 005 -po2 -0.01 0 0.01 0.02

EEENT =~ ' T T 0 0 e

50N

45'N

40'N

DJF

35N

30'N

25'N
50'N

45'N

40'N

MAM

35N

30°N

25'N
50'N

45'N

40°'N

JJA

35N

30'N

25'N

50N

45°N

40°N

35'N

SON

30'N

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

104
105  Figure S13: Seasonal averages of dust AOD (middle column) and associated anomalies on

106  low-Ng days (left column) and high-Ng4 days (right column). The red box represents sub-
107  domain C-N for which the analysis was conducted.
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Figure S14: 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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115  Figure S15: Seasonal averages of black carbon AOD (middle column) and associated
116  anomalies on low-Ng days (left column) and high-Ng4 days (right column). The red box
117  represents sub-domain C-N for which the analysis was conducted.
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Figure S16: 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.

19



(low-N_) (high-N,)

-3 -3
- m™) Sea-salt -3 -
ASea-salty .. (ngm™) t (ugm™)ASea-salt  _ (ugm™)
-20 -10 0 10 20 10 20 30 40 50 60 70 -20 -10 0 10 20
(L e B h——

50'N

45'N

40'N

DJF

35N

30'N

25'N
50'N

45'N

40'N

MAM

35N

30'N

25'N
50'N

45'N

40'N

JJA

35N

30°'N

25'N

50'N

SON

i

i

N i
25 N © o © © o © o L) == n. : o © o o L) o o ) o
85W 80W 75W 70W 65W 60W 85'W 80'W 75W 70'W 65W B0'W 85'W 80'W 75'W 70°'W 65W 60'W

124

125  Figure S17: Seasonal averages of sea-salt surface mass concentration (middle column) and
126  associated anomalies on low-Ng days (left column) and high-Ng days (right column). The
127  red box represents sub-domain C-N for which the analysis was conducted.

20



128

129
130
131
132

(low-N ) X (high-N )
- -3 -3
ADUStsf-mass (ngm™) DUStSf_maSS (ng m™) Al:)UStsf-mass(’ug m™)
5 10 15 -5 0 5

-5 0 5 0

DJF

JJA

SON

|
85'W 80W 75W 70'W B5W B0'W 85°'W 80'W 75'W 70'W 65'W B0'W 85 W 80'W 75W 7O'W 65 W 60°W

25'N

Figure S18: 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 S19: 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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138
139  Figure S20: Seasonal averages of black carbon (BC) surface mass concentration (middle

140  column) and associated anomalies on low-Ng4 days (left column) and high-Ng days (right
141 column). The red box represents sub-domain C-N for which the analysis was conducted.
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Figure S21: Average local accumulated effect (ALE) profiles based on GBRT modeling of
the following parameters: (a) relative humidity at 950 hPa (RHoyso), (b) relative humidity at
800 hPa (RHsoo), (c) rain rate, (d) planetary boundary layer height (PBLH), (e) wind speed
at 2 m (Windzm), and (f) wind direction at 2 m (wind-dir2n). 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 5t 25t 50t 75t and 95 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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Figure S22: Average permutation feature importance of input parameters for (a) DJF and
(b) JJA based on GBRT models trained in each season on subsets of data including only
samples with low-level liquid cloud fraction greater than or equal to 0.7 (i.e., CFiow.1iq.=> 0.7).
Feature importance values were calculated based on using the test set. Error bars exhibit the
range of feature importance values stemming from the variability of the obtained models
from the cross-validation resampling procedure.
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Figure S23: Average local accumulated effect (ALE) profiles based on GBRT modeling for
surface mass concentrations of the following parameters: (a) dust, (b) organic carbon, (c)
sea-salt, and (d) sulfate. ALE profiles were based on GBRT modeling on subsets of data
including only samples with low-level liquid cloud fraction greater than or equal to 0.7 (i.e.,
CFiow-ig.= 0.7). 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 95" percentiles for each input variable.
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Figure S24: Same as Figure S23 but for the following input parameters: (a) low-level liquid
cloud fraction (CFiow-1iq.), (b) cloud-top effective height of low-level liquid cloud (cloud-topiow-
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Figure S25: Same as Figure S23 but for the following input parameters: (a) relative humidity
at 950 hPa (RHoso), (b) relative humidity at 800 hPa (RHso), (¢) rain rate, (d) planetary
boundary layer height (PBLH), (e) wind speed at 2 m (Windzm), and (f) wind direction at 2
m (wind-dirzm).
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Figure S26: Average permutation feature importance of input parameters for (a) DJF and
(b) JJA based on GBRT models trained in each season on subsets of data including only
samples with low-level liquid cloud fraction between 0.2 and 0.4 (i.e., 0.2 < CFiow-iiq. < 0.4).
Feature importance values were calculated based on using the test set. Error bars exhibit the
range of feature importance values stemming from the variability of the obtained models
from the cross-validation resampling procedure.
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Figure S27: Average local accumulated effect (ALE) profiles based on GBRT modeling for
surface mass concentrations of the following parameters: (a) dust, (b) organic carbon, (c)
sea-salt, and (d) sulfate. ALE profiles were based on GBRT modeling on subsets of data
including only samples with low-level liquid cloud fraction between 0.2 and 0.4 (i.e., 0.2 <
CFiow-ig. < 0.4). 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 95" percentiles for each input variable.
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202 Figure S28: Same as Figure S27 but for the following input parameters: (a) low-level liquid
203 cloud fraction (CFiow-iq.), (b) cloud-top effective height of low-level liquid cloud (cloud-topiow-
204  iiq.), (c) cold-air outbreak (CAO) index, and (d) vertical pressure velocity at 800 hPa (®soo).
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207  Figure S29: Same as Figure S27 but for the following input parameters: (a) relative humidity
208  at 950 hPa (RHoso), (b) relative humidity at 800 hPa (RHsgoo), (¢) rain rate, (d) planetary
209  boundary layer height (PBLH), (e) wind speed at 2 m (Windzm), and (f) wind direction at 2
210 m (wind-dirzm).
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