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Table S1: Aerosol concentrations and geometric mean diameters used to prepare the supplementary figures.
The first three columns represent number concentrations in Aitken, accumulation and coarse mode. The last
three columns represent geometric mean diameter of Aitken, accumulation, and coarse mode. Hygroscopicity,
pressure and temperature are kept fixed at 0.6, 1 atm, and 20°C for all the plots except Figure S4, where the
dependence of the activation fraction on hygroscopicity, temperature, and pressure is shown.

Figure Nait (cm−3) Nacc (cm−3) Ncoa (cm−3) Dait (nm) Dacc (nm) Dcoa (nm)
S1 40 200 5 40 200 800

S3: Top 50 4000 5 40 150 800
S3: Middle 500 200 5 40 100 800
S3: Bottom 5000 200 5 70 100 800

S4 50 200 5 40 100 800
S5 50 100 5 40 100 800

S6: Top 50 4000 5 40 150 800
S6: Middle 500 100 5 40 150 800
S6: Bottom 50 200 0.5 40 150 800
S12: Top 50 150 5 40 100 800

S12: Bottom 50 300 5 40 200 800
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Figure S1: Total activation fraction (with σacc = 1.4) as a function of updraft speed for different values of f
(left panel) and g (right panel). On the left, we used g = 0.67 in line with Equation 2 in the main text, while
varying f from 0.1 to 1.3. On the right, we used f = 0.37 in line with Equation 2 in the main text while varying
g from 0.1 to 1.3. The performance of the default and updated ARG is also shown and compared with the
parcel model. The accumulation mode aerosol number concentration is 200 cm−3; other details are given in
Table S1. In the equations of Abdul-Razzak and Ghan (2000), labelled as ARG Def, facc = 0.66, gacc = 1.08
and p = 1.50 for σacc = 1.4. In the updated version labelled as ARG New, we recommend f = 0.37, g = 0.67
and p = 0.88 for σacc = 1.4 in all the aerosol modes.

Figure S2: The logarithm of the Weighted Mean Squared Error (WMSE) value of the activation fraction in the
comparison of the updated ARG to the parcel model as a function of f and g. The left panel is for asymmetry
factor α = 1.0, and the right panel is for asymmetry factor α = 5.0. The accumulation mode geometric standard
deviation is 1.4. In this paper, we use α = 5.0. In the left panel, with α = 1.0, WMSE is equivalent to the
Mean Squared Error (MSE). All Pyrcel simulations for which kinetic limitations are not important are used to
calculate the WMSE values. The red dots denote the location of minimum WMSE.
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Figure S3: Maximum supersaturations and total aerosol activation fractions for different accumulation and
Aitken mode aerosol number concentrations and geometric mean diameters compared with the parcel model for
σacc = 1.4 (left panels) and σacc = 2.1 (right panels). Details of the aerosol size distributions are in Table S1.
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Figure S4: From left to right: total activation fraction as a function of hygroscopicity (κ), temperature and
pressure for the updraft speed 0.2 ms−1 (top panel) and 1 ms−1 (bottom panel). We used simulations with 100
cm−3 accumulation mode aerosols (σacc = 1.4) to prepare this figure. Other details are given in Table S1.
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Figure S5: Sensitivity of results to mass accommodation coefficient αc. The figure shows the maximum super-
saturation (subfigure a, c) and total activation fraction (subfigure b, d) from the default ARG scheme, new
ARG scheme, MBN scheme and the parcel model, as a function of updraft velocities, for two different αc. We
used simulations with 100 cm−3 accumulation mode aerosols and σacc = 1.4; other details are listed in Table S1.
For αc = 1.0, the mean bias in activation fraction for default and new ARG is -7.7% and -1.5%. For αc = 0.1,
the mean bias in activation fraction for default and new ARG is -5.8% and 0.9% (for the conditions in this
figure, not for the entire parameter space).
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Figure S6: Maximum supersaturations and total aerosol activation fractions for different Aitken, accumulation
and coarse mode aerosol number concentrations compared with the parcel model. Here, the widths of the
Aitken, accumulation, and coarse modes aare kept fixed at 1.7, 1.4, and 1.8 instead of the usual 1.6, 1.4, 2.0.
The geometric mean diameter of Aitken, accumulation, and coarse mode aerosols are kept fixed at 40 nm, 150
nm, and 800 nm. Details of the aerosol size distributions are in Table S1.
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Figure S7: Histograms of mean bias (cm−3) in annual average top-of-cloud daytime droplet concentrations for
default (left panel) and updated new ARG scheme (right panel), from the UM simulations are shown.

Figure S8: Top and bottom left panels: Annual average of daytime top-of-cloud droplet number concentrations
from MODerate Imaging Spectroradiometer (MODIS) satellite data Grosvenor et al. (2018) regridded to the N96
UM grid for Jan 2014. Middle Panel: Annual average of daytime top-of-cloud droplet number concentrations
from a UM simulation with default ARG (top) and with updated ARG (on bottom) for Jan 2014. Right
panel: Bias in UM simulations with default ARG (top) and updated ARG (bottom) for December, January,
and February (average) of 2014.

6



Figure S9: Top and bottom left panel: Annual average of daytime top-of-cloud droplet number concentrations
from MODerate Imaging Spectroradiometer (MODIS) satellite data Grosvenor et al. (2018) regridded to the
N96 UM grid for Jul 2014. Middle panel: Annual average of daytime top-of-cloud droplet number concentrations
from a UM simulation with default ARG (top) and with updated ARG (on bottom) for Jan 2014. Right panel:
Bias in UM simulations with default ARG (top) and updated ARG (bottom) for Jun, July, and August (average)
of 2014.

Figure S10: Left Panel: Annual average of daytime top-of-cloud droplet number concentrations from MODerate
Imaging Spectroradiometer (MODIS) satellite data Grosvenor et al. (2018) regridded to the N96 UM grid.
Middle panel: Mean bias in UM simulations with updated ARG but without modifications for the kinetic
limitations (ARG New No Power). Right Panel: Mean annual difference between the UM simulation with the
updated ARG scheme and the updated ARG scheme without the modifications for the high aerosol concentration
regions.
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Figure S11: Global spatial distribution of changes in radiative forcing estimates (direct, cloud and total: From
left to right) due to changing the constants used in default ARG, are shown here.

Figure S12: Maximum supersaturation (subfigure a, c) and total activation fraction (subfigure b, d) is shown as
a function of updrafts for different aerosol number concentrations. Details of aerosol concentrations are listed in
Table S1. Results from parcel model along with default ARG, updated new ARG and our ‘sub-optimal ARG’
sensitivity study are shown. In the ‘sub-optimal’ simulation, we set f = 0.70, g = 0.67, and p = 1.20. These
parameters underestimate accumulation mode activation fraction 83% of the time in our parameter set.
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