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S1 Calculations of fractions of INPs larger than 1, 1.2, or 2.5 µm from previous studies 24 

S1.1 Vali (1966) 25 

 The size distribution of INPs found in hail melt water was reported by Vali (1966). Hail 26 

from Alberta, Canada was melted and some of this water was passed through filters of either 27 

0.01 or 1.2 µm pore size. Samples were then analyzed using a drop freezing method. The 28 

concentration of INPs in the immersion mode as a function of temperature was given in Fig. 3 of 29 

that study for three size ranges: unfiltered, 1.2 µm filtered, and 0.01 µm filtered hail melt water. 30 

To calculate the fraction of INPs > 1.2 µm at -12.8 °C (the lowest temperature available and 31 

therefore the closest to -15 °C), the concentration of INPs in the 1.2 µm-filtered sample was first 32 

divided by the concentration of INPs in the unfiltered sample at this temperature. This fraction 33 

was then subtracted from unity. 34 

S1.2 Rosinski et al. (1986) 35 

 The size distributions of INPs active in the immersion and condensation nucleation 36 

modes over the central and western South Pacific Ocean were determined by Rosinski et al. 37 

(1986). Aerosol particle samples were size-selected by an Anderson cascade impactor (similar in 38 

principle to the MOUDI) where the stage size cuts were 8, 6, 5, 4, 1, and 0.5 µm. There were 39 

also two after filters connected to the impactor in parallel to collect particles smaller than 0.5 40 

µm. Samples were analyzed using either the drop freezing method (immersion mode) or a 41 

dynamic developing chamber (condensation mode). 42 

 Immersion mode freezing data for twelve samples was reported in Tables 1–12 of 43 

Rosinski et al. (1986) with each table corresponding to a different sampling period. As filter 44 

measurements were not reported for all samples and it is unclear whether differences in the size 45 
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of deposits between the impactor and filter samples was accounted for during immersion 46 

freezing measurements, here we focus on the impactor samples for the immersion freezing data. 47 

We also assume that the freezing of a drop was caused by the presence of a single INP. The 48 

fraction of INPs > 1 µm was calculated for each sample in 0.1 °C intervals, and these values 49 

were then averaged over all samples. The average fraction of INPs > 1 µm is reported at -10.8 50 

°C. Values are not reported at lower temperatures because of sample saturation. 51 

 Condensation mode freezing data was reported in Table 13 of Rosinski et al. (1986). 52 

Samples V–VII and IX–XI were used here as these report INP concentrations for all impactor 53 

stages, one after filter, and for particles > 1 µm. Although not reported in Table 13, the INP 54 

concentrations on the second after filter are assumed to equal those found on the first after filter 55 

as instructed in the text. INP concentrations missing from Table 13 were calculated by linear 56 

interpolation where possible. The fraction of INPs > 1 µm was first determined for each sample 57 

in 1 °C intervals, and then averaged over all samples. The average fraction of INPs > 1 µm is 58 

reported at -5 to -6 °C as this is the lowest temperature where data is available for all particle 59 

sizes in all samples. 60 

S1.3 Rosinski et al. (1988) 61 

 Rosinski et al. (1988) measured the INP size distribution over the Gulf of Mexico by first 62 

size selecting aerosol particles with an Andersen cascade impactor with after filters and then 63 

analyzing these samples with a dynamic developing chamber. Five size cuts were used for size 64 

selection: > 4.5, 3.1, 1.0, 0.4, and 0.1 µm. Figures 2 and 5–7 of that study presented INP 65 

concentrations for the condensation freezing mode in twenty samples.  66 

 The fraction of INPs > 1 µm was determined in 1 °C intervals within each sample, and 67 

then averaged over all samples. In this analysis, sample 1 from August 6, 1986 was excluded as 68 



data was missing for particle sizes > 3.1 µm. The average fraction of INPs > 1 µm is reported 69 

over -15 to -16 °C. Values were not calculated for lower temperatures due to sample saturation. 70 

S1.4 Berezinski et al. (1988) 71 

 The size distribution of INPs active in the condensation nucleation mode over Eastern 72 

Europe was determined by Berezinski et al. (1988). Aerosol particle samples were first collect by 73 

a cascade impactor with size cuts of 100, 30, 10, 1.0, and 0.1 µm and then analyzed using a 74 

thermal diffusion chamber and microscope. Data is presented in Table 1 of that study at freezing 75 

temperatures of -8, -10, -12, -15, and -20 °C. Data was used directly from Table 1 to determine 76 

the average fraction of INPs > 1 µm. To match the conditions used in this study, the average 77 

fraction of INPs > 1 µm is reported for temperatures of -15 and -20 °C. 78 

S1.5 Santachiara et al. (2010) 79 

 Santachiara et al. (2010) collected size-resolved aerosol samples on filters by passing 80 

ambient air through various sampling heads with size cut-points of either 1, 2.5, or 10 µm. The 81 

total suspended particulate was also collected. Aerosol particle samples were then analyzed in a 82 

dynamic developing chamber to determine the concentration of INPs active in the condensation 83 

mode of freezing. Table 3 of that study presented the fractions of INPs < 1 and < 2.5 µm, which 84 

were subtracted from unity here. We report the averaged values between -17 and -19 °C. 85 

S1.6 Huffman et al. (2013) 86 

 The size distribution of INPs at a forest site in Colorado was measured by Huffman et al. 87 

(2013) using an early iteration of the MOUDI-DFT used in this study. Figure 4 of that study 88 

presented INP concentrations as a function of size, which we used to calculate the average 89 

fraction of INPs > 1 µm. As was done in Huffman et al. (2013), INP values are reported 90 
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separately for samples collected during rainfall and samples collected during dry weather. We 91 

report the average fraction of INPs > 1 µm at -15 to -20 °C for both sampling conditions. 92 

S1.7 Other studies 93 

 Two additional studies reporting INP sizes have not been included here; Bigg and 94 

Hopwood (1963) because INP size was calculated based on several assumptions that were not 95 

confirmed, and Rosinski et al. (1987) because only the onset freezing temperature was given for 96 

each experiment. 97 

S2 Calculating the percentile size of INPs using binned data 98 

 The median, 25th percentile, and 75th percentile size of INPs at each location were 99 

calculated from the binned MOUDI data shown in Figs. S1–S8 below. The INP sized distribution 100 

was first used to find the cumulative INP concentration in each bin from the smallest to the 101 

largest aerosol particle size. The following equation was then used to calculate the percentile size 102 

of INPs: 103 

percentile  size  of  INPs = 𝑙 +
𝑝𝑡 − 𝑐
𝑓 𝑤 (1) 

where l is the lower size limit of the bin containing the percentile of interest, p is the desired 104 

percentile (p = 0.25, 0.50, and 0.75 for the 25th percentile, median, and 75th percentile, 105 

respectively), t is the total INP concentration at a given temperature, c is the cumulative 106 

concentration of the preceding bin, and f and w are the INP concentration and width, 107 

respectively, of the bin containing the percentile of interest. 108 

 109 

 110 
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 133 
Figure S1. Mean INP size distributions at Alert, NU, Canada at (a) -15°C, (b) -20°C, and (c) -134 
25°C. Here we report the fraction of INPs in each MOUDI size bin as the mean of all samples 135 
with uncertainty as the standard error of the mean. 136 



 137 
Figure S2. Mean INP size distributions at Whistler Mountain, BC, Canada at (a) -15 °C, (b) -20 138 
°C, and (c) -25 °C. Here we report the fraction of INPs in each MOUDI size bin as the mean of 139 
all samples with uncertainty as the standard error of the mean. Number concentrations below 140 
0.18 µm were not measured but plot axes are consistent with the other figures for easier 141 
comparison of the size distributions. 142 
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 143 
Figure S3. Mean INP size distributions at Amphitrite Point, BC, Canada at (a)  -15 °C, (b) -20 144 
°C, and (c) -25 °C. Here we report the fraction of INPs in each MOUDI size bin as the mean of 145 
all samples with uncertainty as the standard error of the mean. Number concentrations below 146 
0.18 µm were not measured but plot axes are consistent with the other figures for easier 147 
comparison of the size distributions. 148 



 149 
Figure S4. Mean INP size distributions at the Labrador Sea at (a) -15 °C, (b) -20 °C, and (c) -25 150 
°C. Here we report the fraction of INPs in each MOUDI size bin as the mean of all samples with 151 
uncertainty as the standard error of the mean. As only one sample was collected at this location, 152 
no experimental uncertainty is reported.  153 
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 154 
Figure S5. Mean INP size distributions at Saclay, France at (a) -15 °C, (b) -20 °C, and (c) -25 155 
°C. Here we report the fraction of INPs in each MOUDI size bin as the mean of all samples with 156 
uncertainty as the standard error of the mean. 157 



 158 
Figure S6. Mean INP size distributions at the UBC campus in BC, Canada at (a) -15 °C, (b) -20 159 
°C, and (c) -25 °C. Here we report the fraction of INPs in each MOUDI size bin as the mean of 160 
all samples with uncertainty as the standard error of the mean. 161 
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 162 
Figure S7. Mean INP size distributions at Colby, Kansas, USA at (a) -15 °C, (b) -20 °C, and (c) 163 
-25 °C. Here we report the fraction of INPs in each MOUDI size bin as the mean of all samples 164 
with uncertainty as the standard error of the mean. 165 


