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18  Table S1. Sample information for ice nucleation parameterization of compositional

19  complex dust in Fig. 5(c) from previous studies.

Reference of
parameterization

Sample description

Hader et al., 2014
Niemand et al.,
2012

Ullrich et al., 2017

Reicher et al., 2019
Chen et al, 2021

Commercial ATD

(1) Soil sample collected in the eastern parts of the Takla
Makan Desert in China

(2) Soil sample collected about 50 km north of Cairo,
Egypt

(3) Soil sample collected near the town of Mala on the
Canary Island of Lanzarote

(4) Sedimented particles after a dust storm in Israel

(5) Milled reference dust material, Powder Technology,
Inc., Minnesota

(1) Asian desert dust Collected from the ground in the
eastern parts of the Takla Makan desert in China, east
of the Dalimu basin between Kuerle and Ruoquiang

(2) Canary Island dust collected from the ground near
Mala, Lanzarote, Canary Islands

(3) [Israel desert dust collected as sediment particles after
a Saharan dust storm event in Tel Aviv, Israel

(4) Saharan desert dust collected from a hole of 1.5-m
depth about 70 km northeast of Cairo, Egypt

(5) Saharan desert dust collected 50 km north of Cairo,
Egypt as sediment particle after sand storm event

(6) Saharan desert dust collected in Morocco

(7) Saharan desert dust collected as soil sample in
southern Tunisia near Tozeur

Airborne aerosol in dust events collected in Rehovot, Israel

Airborne aerosol in dust events collected in Beijing, China
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22  Table S2 The m and n values for the parameterizations of N as a function of 7, Jhet as a

23 function of Aayw, and Jhet as a function of 7

Parameterization Samples m LCLn UCLn n LCL» UCL, RMSE R’
log(Ns) = my X Us-dust -0.46  -0.49 -0.43 12393 117.00 130.85 0.30 0.95
T +n S-dust -0.41  -045 -0.37 11094 100.68 121.19 0.31 0.91

Us-dust (0.0187. wt%) -0.43 -0.46 -0.39 114.81 106.73  122.88 0.10 0.99

Add 5x10° M AS -0.45  -048 -0.43 122.15 115.00 129.30 0.10 0.99
Add 5x10* M AS -0.32 -0.36 -0.29 89.15 79.97 98.33 0.16 0.97
Add 1x10° M AS -0.54  -0.60 -0.47  145.00 128.45 161.56 0.15 0.98
Add 2x10° M AS -0.40  -0.44 -0.36 10998 100.59 119.37 0.08 0.99
Add 5x10° M AS -0.45  -048 -0.41 121.96 111.84 132.09 0.12 0.98
Add 5102 M AS -0.39  -0.40 -0.37  106.23 102.25 110.21 0.05 1.00
Add 5x10* M NaCl -0.36 -0.40 -0.32 98.72 88.26  109.18 0.14 0.97
Add 5%10° M NaCl -0.46  -0.51 -0.41 123.54 111.48 135.59 0.14 0.98
Add 5%102 M NaCl -0.52  -0.58 -0.46 13924 12391 154.57 0.17 0.97

Add 2.5%10* M H2S04 -0.62  -0.68 -0.56  164.88 149.20 180.56 0.13 0.99
Add 2.5%10° M H2S04 -0.58  -0.67 -0.50  155.15 13295 177.36 0.17 0.97
Add 2.5%102 M H2S04 -0.49  -0.58 -0.41 131.80 110.46 153.14 0.22 0.95
Add 5x10° M HNOs -0.33 -0.37 -0.29 89.77 79.95 99.60 0.19 0.96
Add 5x10° M HNOs -0.32 -0.36 -0.28 87.67 77.50 97.85 0.18 0.96
Add 5x102 M HNOs -0.49  -0.53 -0.45 131.03  120.00 142.06 0.10 0.99

Heating treatment 059 -0.64 -054 156.02 14261 16943 0.2  0.99

log(her) = Us-dust 5457 51.07 5807 -721 <778  -6.64 034 094
m, X Aa, + S-dust 4272 3780 4765 619 711 527 033 087
n, Us-dust (0.0187 wt%) 4436 37.54 5118 -597  -7.05 -489 0.9 094

Add 5%10° M AS 4988 4312 5664 660 -7.60 559 021 095

Add 5%10* M AS 3729 2998 4461  -416  -5.13 =320 029  0.90

Add 1x10° M AS 5087 4336 5838 -577 677 476 016 096

Add 2x10° M AS 37.82 3212 4352 362 436 -288 0.2 096

Add 5%10° M AS 4257 3896 4619 389 432 347 0.0 098

Add 5%102 M AS 4246 3784 4708 399 453 346  0.14 097

log(he) = Us-dust 045 -048 -042 11654 10941 123.66 033 094
my X T + ny S-dust 034 -038 -030 8727 7732 9722 034 087

Us-dust (0.0187wt%) -0.37  -0.42 -0.31 94.35 79.92  108.77 0.19 0.94

Add 5%10° M AS -0.42  -047 -0.36 10751 9339  121.63 0.20 0.95
Add 5x10* M AS -0.32 -0.38 -0.26 83.05 67.26 98.84 0.29 0.90
Add 1x10° M AS -0.43 -0.50 -0.37 11231 9552 129.09 0.16 0.96
Add 2x10° M AS -0.32 -0.37 -0.27 84.78 72.30 97.26 0.12 0.96
Add 5x10° M AS -0.37  -0.40 -0.34 96.98 88.60  105.35 0.11 0.98
Add 5x102 M AS -0.32 -0.36 -0.27 84.15 72.57 95.72 0.15 0.95
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Figure S1. Mean atomic percentages of elements for each dust type from CCSEM/EDX
analysis. Overall, all particles exhibit high abundances of O, Si, and Al, reflecting the
typical elemental characteristics of silicate minerals. In addition to Si and Al, Feldspar
contains non-negligible proportions of Na, K, and Ca. Chlorite is characterized by
notably higher proportions of Fe and Mg, whereas illite exhibits a prominent K peak.
For Kaolinite, apart from the major elements (O, Si, and Al), the abundances of other
metallic elements (e.g., Fe, K, Ca, and Mg) are relatively low. Quartz is dominated by
Si and O, with a relatively low Al content lower than Si.
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Figure S2. Frozen fraction for droplets with Us-dust (gray dots) and U-dust treated by
heating (a) and added to NaCl (b), H2SO4 (¢), and HNO3 (d) (dots with different colors).
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Figure S3. Separation of feldspar in Us-dust into K-feldspar and Na/Ca-feldspar. (a)
Classification scheme; (b) Classification results, including normalized particle size
distribution, number percentage and surface area percentage of K-feldspar and Na/Ca-

feldspar in feldspar particles.
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Figure S4. Heterogeneous ice nucleation rate coefficient (Jnet) as a function temperature

(a, b, c, d, e) and aw (e, f, g) for Us-dust, S-dust, and Us-Dust (1.87x10"2 wt%) treated

by heating and added to NaCl, H>SO4 HNOs3, and AS solution. The gray lines (b-g) are

fits lines to the Us-Dust (1.87x10"2 wt%). Solid fitting lines (a, ) are parameterizations

according to log(Jhet) = m X T + n, and the values of m and n parameters are

listed in Table S2.
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Figure SS. Comparison of the parameterized Ns (7, ) with experimental data. Solid
lines represent the parameterizations of Ns (7, ) according to with Eq.9. Colored dots
represent the experimental data.
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Figure S6. Comparison of the parameterized Jhet (7, ) with experimental data. Solid
lines represent the parameterizations of Jet (7, ) according to with Eq.10. Colored dots
represent the experimental data.
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Figure S7. Comparison of the parameterized Jhet (daw, r) with experimental data. Solid
lines represent the parameterizations of Jhet (daw, 7) according to Eq.11. Colored dots
represent the experimental data.



