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Figure S1. Climatology of dust concentrations from ground stations in the Northern Hemisphere compared against E3SM aerosol climatol-
ogy. For the model, monthly average dust and sea salt concentrations are shown for the period 2016-2018. Error bars in the model represent
standard deviation of aerosol mass concentrations for 2016-2018. Error bars in the observations for each ground station represent standard

deviation of measurements. Both CTL and EXP are shown for comparison with observations.
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Figure S2. Climatology of sea spray concentrations from ground stations in the Northern Hemisphere compared against E3SM aerosol
climatology. For the model, monthly average dust and sea salt concentrations are shown for the period 2016-2018. Error bars in the model
represent standard deviation of aerosol mass concentrations for 2016-2018. Error bars in the observations for each ground station represent

standard deviation of measurements. Both CTL and EXP are shown for comparison with observations.



90°S

INP#/L

Figure S3. Differences in ratios of CNT and D15 INP parameterizations between —20°C and —28°C'
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Figure S4. Comparison of INP dependence on temperature in CNT and D15 INP parameterizations from E3SM simulations.



The Macquarie Island Cloud and Radiation Experiment (MICRE)

Figure S5. Aerial shot of Macquarie Island and MARCUS ship



@ .. ®) ..

Temperature [* C] 4 Temperature [* C]
8 8

-24 NMB = -1.813

NMB = -1.508
o| FGE=1623 . o| FGE=1852 20
107 2x=7.239 , co. 107 2= 1701 e
10619755/ o2 10x= 7.544 -2

= / -8 = -8

R=0539 / rR=0760 /

INP_D15 EXP]

INP_D15 EXP]

10" 10" 10
INP_olL Y] INP_oL Y]

© . @ ..

| Temperature [*C] |
8

Temperature [* C]
3

28

-24 NMB = -1.468

NMB =-0.907
o FEE=1114 . 20 o| FGE = 1499 -20
107 = 23313 . -1 107 2= 6.361 =16

10x= 43,787
\| R=0921

10x=60859  /
| R=0908 /

(]

(]

E10 g
& o
z z -
210 20
z z
107 107
107 /E, 10"
10 0" 10' 10" 10'
INP_ofL ") INP_ofL~")
( ) Summer (f) Winter
77/ , Temperature [ C]
10 -28
NMB =-0.401 24
o FGE=1052 -2
107} o= 27.441 e
- — | 10x=80769 e
Y L R=08s6
& 10
& &
& o]
H R
a a0
2 z
107
10"
10 0" 10' 107 10" 10'
INP_ofL~") INP_o[L ")
Summer Winter
, / Temperature [*C] \ Temperature [*C]
10 28 10 28
NMB = -0.773 -2 NMB = -1.365 -2
;| FGE=1.106 . ;| FGE=1439 -2
107 2x=23.190 coe 107 2= 7.014 16
7 10x= 60.082 W 7 10x=51100  / W
E | Rr=0878 & r=0ss / %
% 10 %10
H 2
S10° S10
a! a!
2 2

10' 10

Figure S6. Comparison of observed versus predicted INP concentrations (L™ ') at the Macquarie Island for E3SMv1 simulations using the
updated dry deposition parameterization. Left and right panels show scatter plots for austral summer (October-February) and austral winter
(March - September) respectively. In this plot, we show model observation comparisons for for different INP parameterizations : (a) and (b)
D15, (c) and (d) M18, (e) and (f) M18+D15, (g) and (h) W15. INP concentrations are colored by INP measurement temperatures. The solid
line in each panel represents 1:1 equivalence, while dashed lines represent a factor of 2 and 10 difference from the observations, respectively.
Error metrics in each panel include the normalized mean bias (NMB), Spearman correlation (R), percentage of model INPs within a factor

of two from observations (2x), and percentage of model INPs within a factor of 10 from observations (10x).



