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Figure S1. Sampling location of the atmospheric particles (Kanazawa University, 36.54 ºN, 136.70ºE; 149 m a.s.l.).
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[bookmark: _Hlk4067676]Figure S2. Activated fractions for DP > 1.1µm particles as a function of temperature. Fractions are shown separately for total samples (black), samples during rain (white), and samples during no rain (gray).
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Figure S3. Raman (a) and EDX (b) spectra of the representative identified INPs. The Raman spectra were binned into groups according to the following spectral ranges: sulfates, sharp peak between 972 and 1008 cm-1 ; nitrates, sharp peak 1032 and 1069 cm-1 ; carbonates, 1070–1090 cm-1 ; C-H vibrations indicative of organic material, 2800–3000 cm-1; fluorescent particles, strong fluorescence in the measured range as shown in red line. The shown EDX spectrum is a spectrum obtained by subtracting the spectrum of the particle free location in substrate from the spectrum of each particle.


Table S1. Summary of the activated fractions and the weather condition during sampling periods. As for rainfall, the sampling periods during which the amount of precipitation > 0 mm are indicated by an asterisk (*). The analysis column shows the analytical method of INPT> -22 (Chem: chemical composition analysis by micro-Raman and EDX, Heat: heat sensitivity analysis for ice nucleation activities, DNA: biological fingerprinting following DNA staining).
[image: ]


Table S2. Summary of the chemical characterization of INPs based on the micro-Raman and EDX analyses. Asterisk (*) indicate whether or not a rain event was present during sampling. Similarly, characteristic signals (by Raman or X-ray peaks) for specific chemical components/elements within INPs are shown qualitatively. The values indicate corresponding elemental ratio by EDX analysis (except for carbon and phosphorus due to interference of substrate background). Sample ID corresponds to Table. S1.
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Sample

ID

Sampling

date

Sampling Time

Temp.(

˚

C)

RH (%) Rainfall

Activated

Fraction (-30 

˚

C)

Activated

Fraction (-22 

˚

C)

Analysis

1 2018/4/26 16:36 - 16:57 14.5 66 N. D. 4.2.E-03 N. D.

2 2018/5/25 15:00 - 15:53 24.8 32 N. D. 2.1.E-02 N. D.

3 2018/10/22 10:11 - 10:21 18.6 46 N. D. 3.3.E-02 N. D.

4 15:37 - 15:44 20.5 38 N. D. 2.3.E-02 N. D.

5 2018/10/23 11:02 - 11:11 22.1 33 N. D. 1.5.E-02 N. D.

6 15:40 - 15:44 22.1 33 N. D. 1.2.E-02 N. D.

7 2018/10/24 10:37 - 10:49 19.7 61 N. D. 1.0.E-02 N. D.

8 2018/11/6 08:37 - 09:12 15.1 88 * 1.6.E-02 2.9.E-03 Chem & DNA

9 2018/11/7 08:28 - 08:49 14.5 85 * 2.4.E-03 1.3.E-03 Chem & Heat

10 2018/11/9 10:17 - 10:32 20.3 72 * 2.3.E-02 3.1.E-03 Chem

11 12:46 - 12:57 26.2 47 N. D. N. D. N. D.

12 2018/11/9 16:04 - 16:19 18.9 80 * 2.3.E-03 1.8.E-04 Chem

13 2018/11/19 09:02 - 09:20 11.4 78 * 3.7.E-03 3.1.E-04 Heat

14 2018/11/20 08:35 - 08:53 9.3 69 N. D. 7.8.E-03 N. D.

15 2018/11/21 08:26 - 08:41 10.2 55 N. D. 1.4.E-02 4.8.E-04 Heat

16 2018/11/22 08:37 - 08:52 10.5 88 * 2.0.E-02 N. D.

17 13:25 - 13:37 12.3 69 * 6.3.E-03 N. D.

18 2018/12/6 17:19 - 17:29 12.7 88 * 3.0.E-02 N. D.

19 2018/12/11 08:38 - 08:53 4.0 80 N. D. 4.1.E-03 5.9.E-04 DNA

20 17:08 - 17:21 8.3 58 N. D. 6.5.E-03 N. D.

21 2018/12/18 08:29 - 08:36 4.1 87 * 9.0.E-03 1.3.E-03 DNA

22 2018/12/19 08:03 - 08:11 6.2 76 * 8.7.E-03 N. D.

23 11:11 - 11:18 8.8 60 * 6.6.E-03 N. D.

24 14:11 - 14:18 8.0 72 * 1.2.E-02 N. D.

25 2018/12/25 15:09 - 15:18 9.7 58 N. D. 1.1.E-02 N. D.

26 2018/12/26 11:43 - 11:52 8.8 76 * 1.6.E-02 1.1.E-03 Heat

27 15:38 - 15:46 8.9 79 * 2.5.E-02 N. D.

28 2018/12/27 09:58 - 10:05 6.4 82 * 1.0.E-02 6.9.E-04 DNA

29 16:32 - 16:41 4.9 83 * 1.4.E-02 N. D.

30 2018/12/28 11:04 - 11:13 3.2 62 * 6.3.E-03 N. D.

31 14:33 - 14:46 2.8 65 * 1.0.E-02 N. D.
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Particle #

Sample

ID

Rain

Freezing

temp. (

˚

C)

fluorescent

CO

3

2-

SO

4

2-

NO

3

-

Org C Na Mg Al P S Cl K Ca Ti Fe

1 14 -27.2 * * * 0.15 0.15 * 0.28 0.180.140.10

2 14 -26.3 * 0.27 0.12 0.61

3 14 Unfrozen * 0.51 0.020.47

4 12 * -17.3 * * 0.39 * 0.210.40

5 9 * -15.5 * * * 0.440.06 * 0.110.320.020.06

6 9 * -16.5 * * * 0.64 * 0.36

7 8 * -20.5 * * * * 1.00

8 8 * -21.5 * 0.36 * 0.64

9 10 * -21.1 * 0.270.250.48

10 10 * -20.3 * * * 1.00

11 2 -26.5 * 0.170.040.47 0.06 0.21 0.04

12 2 -29.3 * * 0.120.160.28 0.030.080.100.14 0.10

13 2 -29.9 * * * 0.07 0.16 0.09 0.67

14 2 -30.1 * * * 1.00

15 2 Unfrozen * * 0.56 0.080.36

16 2 Unfrozen * * 0.050.43 0.08 0.110.29 0.03

17 8 * -27.6 * * * 0.41 0.140.320.12

18 8 * -24.6 * * 0.16 0.42 0.150.26

19 8 * -28.2 * * * 0.72 0.28

20 8 * -29.4 *

21 8 * -30.1 * 1.00

22 8 * Unfrozen *

23 8 * Unfrozen * *

Components detected by micro-Raman Elements detected by EDX
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