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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 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 salt concentrations from ground stations in the Northern Hemisphere compared against E3SM aerosol cli-
matology. For the model, monthly average 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 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. Panel (a) shows
INPs simulated by CNT dust for temperatures —28.5°C (black),—28°C (magenta),—20.5°C (green),—20°C (blue),—16.5°C (grey),—16°C
(red). For a given temperature, different data points shown here correspond to the days during the MICRE campaign. Panel (b) shows the

INP temperature spectra for D15.



The Macquarie Island Cloud and Radiation Experiment (MICRE)
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Figure S5. (Top) Aerial photograph of Macquarie Island isthmus, with the location of MICRE and RSV Aurora Australis (on which MAR-
CUS was located) indicated. (Bottom) MICRE campaign filter on Macquarie Island. Waves, kelp and tussock upwind (toward the ocean) over

which air must pass before reaching the filter are also visible in the photo. Photo credits: Andrew Klekociuk, Australian Antarctic Division.
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Figure S6. Observed INP concentrations (L™') at Macquarie Island from MICRE and simulated INPs using the updated dry deposition
parameterization in E3SMvl1. (a) and (b) : D15, (c) and (d) : M18, (e) and (f) : M18+D15, (g) and (h) : W15. INP concentrations are colored
by activation temperatures used for measurements. Solid line in each panel represents 1:1 comparison, while dashed lines represent a factor
of 2 and 10 from the observations. Error metrics in each panel include fractional gross error (FGE), modified normalized mean bias (MNMB),
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). Scatter plots for austral summer (October-February) are shown in the left column and those for austral

winter (March - September) are shown in the right column.



