Supplement of Atmos. Chem. Phys., 26, 10893—-10907, 2026 A m h riC
https://doi.org/10.5194/acp-26-10893-2026-supplement t osphe

© Author(s) 2026. CC BY 4.0 License. Chemistry
and Physics
Supplement of

Global modeling of ice nucleating particles of multiple aerosol species and
associated cloud radiative effects

Kei Kawai et al.

Correspondence to: Kei Kawai (kkawai @nagoya-u.jp) and Hitoshi Matsui (matsui @nagoya-u.jp)

The copyright of individual parts of the supplement might differ from the article licence.



(a) Dust (b) Bioaerosols

90'S +—— - - - - ‘ |
o 60°E 120°E 180° 120'W 60'W o 60'E 120'E 180° 120'W 60°'W
R g AN g
0.1 1 10 100 1000 0.001  0.01 01 1 10
Dust mass (mg m-2) Bioaerosol mass (mg m—2)
(c) MOA (d) Biomass burning BC
90'N

30's
60'S
90'S 90°S +— - : ‘ - -
o 60°E 120°E 180" 120'W 60'W o 60 120'E 180" 120'W 60'W
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
MOA mass (mg m2) Biomass burning BC mass (mg m)

Figure S1. Annual mean vertically integrated mass concentrations of (a) dust, (b) bioaerosols, (c) MOA,
and (d) biomass burning BC.
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Figure S2. Annual mean dust emission fluxes simulated by the model.
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Figure S3. Bioaerosol number concentrations of bacteria, fungal spores, and pollen observed in northern
Brazil (Patade et al., 2021) (black) and those simulated for the corresponding locations and periods (red).
Dots and bars represent the averages and ranges during the observation periods, respectively.
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Figure S4. Annual mean vertically integrated INP number concentrations of (a) bacteria, (b) fungal
spores, and (c) pollen. The proportion of each type in the global mean INP number concentration of
bioaerosols (sum of these types) is indicated above each panel.
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Figure SS. Dominant aerosol species contributing the largest fraction of seasonal mean vertically
integrated total INP number concentrations in (a—d) the upper (100—400 hPa), (e—h) middle (400-700
hPa), and (i-1) lower troposphere (700-1000 hPa). Acronyms: MAM, March April May; JJA, June July
August; SON, September October November; DJF, December January February.
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Figure S6. Monthly mean INP number concentrations as a function of freezing temperature observed at
Tokyo Skytree, Japan, from August 2016 to July 2017 (Tobo et al., 2020) (black) and simulated for the
corresponding location and period for dust only (red) and for all INP sources in the Base simulation
(blue) and the observationally constrained simulation (purple). Gray shading indicates the range of
observed INP number concentrations.
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Figure S7. INP number concentrations observed at (a) Beijing, China (Hu et al., 2023); (b) Vancouver
Island, Canada; (c) Saclay, France (Mason et al., 2016); and (d) Svalbard, Arctic (March 2017) (Tobo et
al., 2019) at different freezing temperatures (black), and those simulated for the corresponding locations
and periods for dust only (red) and for all INP sources in the Base simulation (blue) and the
observationally constrained simulation (purple). Dots and bars represent the averages and ranges (where
available), respectively, during the observation periods.



Table S1. Fractions of dust, bioaerosols, MOA, and BC in the simulated total INP number
concentrations for the observations at Beijing, China (Hu et al., 2023); Vancouver Island, Canada; Saclay,
France (Mason et al., 2016); and Svalbard, Arctic (March 2017) (Tobo et al., 2019) at different freezing
temperatures.

Temgecrilture Dust (%) Bloezg/roc))sols MOA (%) BC (%)
China =20 87 13 0.011 0.0065
=15 41 59 0.0056 0.0036
-8 23 77 0.0035 0.0
Canada -25 0.22 68 31 0.31
—20 0.032 95 4.8 0.052
=15 0.011 98 1.6 0.019
France =25 24 73 3.2 0.12
Arctic =25 0.45 1.9 98 0.0044
=20 0.37 15 85 0.00076
-16 0.20 51 49 0.00026




Table S2. Fractions of dust, bioaerosols, MOA, and BC in the annual and global mean vertically
integrated total INP number concentrations in the whole atmosphere (2—-1000 hPa) and in the upper
(100—400 hPa), middle (400700 hPa), and lower troposphere (700—1000 hPa).

Dust (%) Bioaerosols (%) MOA (%) BC (%)

Whole 97 24 0.52 0.1
atmosphere

Upper 98 1.7 0.33 0.16
troposphere

Middle 96 3.1 0.79 0.032
troposphere

Lower 60 37 32 0.029
troposphere




Table S3. Annual and global mean vertically integrated mass and INP number concentrations and their

ratios for each aerosol species.

Mass (g m™2) INP number (m?) INP/mass (g')
Dust 6.1x1072 1.2x10° 2.0x10°
Bioaerosols 1.3x1073 3.1x10° 2.4x10°
MOA 7.4x107° 6.5x10% 8.8x10°
BC 2.1x1074 1.4x10? 6.7x10°
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Table S4. Effects of dust, bioaerosols, and all acrosol species via INPs on annual and global mean cloud
water path (g m2) for the Base and observationally constrained simulations estimated from the 10-fold —
1-fold simulations. The values represent the averages and standard deviations of the annual mean cloud
water path for 10 years.

Ice water path Liquid water path Total water path
Base simulation
Dust INPs 0.49 £0.02 —0.65 £ 0.04 -0.16 £ 0.04
Bioaerosol INPs 0.0077 + 0.0082 —0.10+0.01 —0.093 £ 0.015
All INP sources 0.49 +£0.03 —0.74 £ 0.03 -0.25+0.03
Observationally constrained simulation
All INP sources 1.2+£0.0 -1.9+0.0 —0.70 £ 0.06
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