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Introduction 
This supporting information describes details and shows supporting figures of the CFDC significance testing, filter collection and blank determinations, inlet transmission efficiencies, STEM/EDX classifications, a plume timeline, additional treatment data from the IS, and more comparison points to a previously studied wildfires.
Text S1: Details of CFDC INP Concentration Determination and Significance Testing
	CFDC data collected near and around fires were first classified as either in-plume or out-of-plume based on concurrent CO data. Out-of-plume background data was combined for each fire into a single vector of ice counts in order to improve statistical significance over instrument background. For each plume intercept, the CFDC data was broken up into 1-minute segments, and an INP concentration was calculated for each 1-minute segment that contained at least 30 s of data. Periods of sampling HEPA-filtered air (filter periods) that bracketed each sample period were combined to form one vector of filter period ice counts corresponding to each sample period. These filter periods were used to estimate instrument frost background (DeMott et al., 2017). Data with water supersaturation larger than 10% or less than 2% for sample periods and less than 0% for filter periods were removed from subsequent calculations. These thresholds are based on previous studies such as Petters et al. (2009) that show droplets can survive the evaporation region and be falsely identified as ice crystals for water supersaturations larger than 10%. Water supersaturations that are too low result in inefficient activation of ice crystals in the proximal immersion freezing mode. For WE-CAN, measurements were generally made at water supersaturations between 4 and 8 percent.
A Poisson distribution was used to model the counts of INPs per second for each sample period. Poisson distribution rate parameters (lambdas) were calculated as shown below for the sample and corresponding filter ice count vectors by dividing the ice count (x) by the total measuring time in seconds (n) for the period. 


	Next, evidence for differences between these rates was assessed, and 95% confidence bounds calculated for each sample period using the method in Krishnamoorthy and Lee (2012) for the moment confidence interval. This method is newly implemented for CFDC data and is ideal for Poisson distributions that have small rate parameters and also allows for periods of different lengths. It tests whether the rate parameter for a given sample period is different from the filter period at the 95% confidence level. The moment based test statistics (Zm) were calculated using:

where the total rate parameter (λtotal) was calculated by:

If the calculated Zm-value was greater than the Zm-value for 95 percent confidence for a two-tailed normal distribution (1.96), the sample period was flagged as having a different rate of INPs relative to the filtered air period. The null hypothesis was only rejected if the sample period rate was greater than the filter period rate as the reverse is non-physical. Confidence intervals (CI) also follow from Krishnamoorthy and Lee (2012) and were calculated by:

Next, the filter-corrected INP concentrations for each sample period were calculated from the difference in sample and filter rate parameters and the average flow rate () over the sample time periods:

The confidence intervals calculated from Eq. S5 are scaled in the same way by dividing by the average sample flow rate (). Note that it is possible to have positive NINP without meeting the significance test criteria. 
[bookmark: _Hlk45630455]The same method outlined above was also used to determine whether the CFDC plume and out-of-plume background concentrations were different. The null hypothesis was only rejected if the plume period rates were greater than the background period rates. In this case,  represent the plume periods and  correspond to the out-of-plume background periods in Equations S1-S6. 

Text S2: Detail of IS Filter Collection and Blank Correction
	The total volumes of air filtered through plume and out-of-plume background filters, for subsequent analyses with the IS, are given in Table S1. Sampling times through each filter were dictated through using onboard CO measurements to detect in- and out-of-plume (and switch sampling accordingly), combined with mission goals and flight restrictions. The total sampled volume for each filter influences the detection limit of the IS, with a larger volume of air collected lowering the limit of detection. The limit of detection is also affected by the number of wells dispensed and the volumes of the droplets and suspension used. 
Seven blank filters were collected, that were precleaned and handled in the same manner, with no air filtered through them. The average spectra from all field blanks, in comparison to a plume filter, are given in Figure S1.  An exponential regression was fit to the average and the resulting equation used to subtract the number of INPs on the sample filter before conversion to concentration. For lesser volume and out-of-plume background filters, this subtraction was sometimes significant and led to concentrations below the detection limit of the IS (plotted at .001 L-1) or decreasing with colder temperatures.

	RF (#)
	Volume Filtered, Plume (L STP)
	Volume Filtered, Background (L STP)

	2
	78
	63

	3
	89
	185

	4
	60
	151

	5
	390
	N/A

	6
	107
	N/A

	7
	127
	210

	8
	1499
	N/A

	9
	163
	82

	11
	233
	73

	13
	179
	170

	15
	491
	405


Table S1. Total volume of air filtered for plume and out-of-plume background filter collections for analysis with the IS.
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Figure S1. Average of the INPs on 7 blank filters (navy), for which an exponential regression was fit for subtraction from sample filters. Examples of INPs on plume filters are given in red; triangles: RF7, circles: RF13.

Text S3: SDI inlet and tubing transmission characteristics versus particle size
During WE-CAN, the NCAR Solid Diffuser Inlet (SDI) was running at approximately 36% superisokinetic (passing efficiency decreases as particle diameter increases) with an average flow over all research flights of 348 volumetric LPM (VLPM). The estimated total transmission efficiencies through the entire tubing run (includes all lengths and bends) to the point of the impactor (just ahead of the instrument chamber inlet manifold) of the CFDC (with a flow of 1.5 VLPM) and the IS filter holders (with a mean flow of 6.12 SLPM) are given in Table S2 and were calculated using the Particle Loss Calculator (von der Weiden et al., 2009). 




	Dp (µm)
	SDI Inlet Efficiency (%)
	Transmission Efficiency to CFDC (%)
	Transmission Efficiency to IS filter units (%)
	CFDC Combined Efficiency (%)
	IS Combined  Efficiency (%)

	0.01
	99.7
	74.38
	95.29
	74.16
	95.00

	0.1
	98.3
	100.18
	100.04
	98.48
	98.34

	0.5
	93
	102.46
	100.45
	95.29
	93.42

	1
	84
	104.17
	100.49
	87.51
	84.41

	2
	69
	103.51
	94.26
	71.43
	65.04

	3
	57
	95.87
	67.82
	54.65
	38.66

	4
	48
	80.40
	26.48
	38.59
	12.71

	5
	41
	58.44
	3.55
	23.96
	1.46

	10
	18
	0.08
	0
	0.01
	0


Table S2. CFDC and IS inlet efficiency estimations (%) for sampling off the SDI inlet for particles between 0.01 and 10 µm aerodynamic diameter.

Text S4: Additional details on STEM categorizations 
Some additional information on categorization of particles, both ambient aerosol and INPs is given here. Table S3 lists the characterization factors, while Fig S2a,b provides a few examples of the typing analyses. Morphological analyses of roundness are described in the main text. 

	Category
	Characteristic signature

	Mineral/metal oxide
	May include elevated levels of Al, Ca, Fe, Mg and Si, along with prominent O, sometimes mixed with C, usually with irregular shapes

	Sulfate
	Round shape, primarily S, O, sometimes with K, and may be volatile under the electron beam. 

	Organic-Other
	C above background and may contain O, N, S, K, Na, Cl, with inclusions evident, on rare occasions including soot

	Organic-tarball
	C, O, often N, and sometimes minor S, K, Cl and Si, with a very high degree of roundness/circularity (>0.8) and no more than a single inclusion


Table S3. Categories and factors for categorization of STEM analyzed particles.

All STEM data in the form of tabulated data, images, x-ray elemental spectra, and image maps are accessible via the Colorado State University Mountain Scholar digital archive at https://doi.org/10.25675/10217/211646.
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Figure S2. Representative STEM images, selected elemental maps, and spectral plots for the four particle categories identified in common for ambient plume particles and plume INPs.

Text S5: Additional INP Plume and Treatment Data
	A detailed INP plume crossing is detailed in Figure S3, which also includes the total number and carbon monoxide concentrations averaged over the 1 min CFDC plume periods. One reason that the IS and CFDC have differing in-plume concentrations (e.g. Fig S4) could be due to the CFDC able to resolve the heterogenous plume structures that the IS filters integrate over. Figure S4 gives an alternative representation of the CFDC and IS plume data comparisons at the same processing temperature. The IS is almost always lower (sometimes by several orders of magnitude), but the plume INP data are consistently enhanced over the out-of-plume background data across both measurement techniques.

[image: ]
Figure S3. Timeline of INP number concentrations (NINP), total particle concentrations from 10 nm to 2.5 µm (N), and CO mass concentrations averaged during each INP plume pass interval in RF15.
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Figure S4. IS INP concentrations (dots) at the average CFDC processing temperature (see Table 2) combined with CFDC box and whisker plots for all flights analyzed. Red corresponds to in-plume and black to out-of-plume background measurements. IS points (and CFDC RF4 background) shown at 0.01 L-1 are below detection. RF5, RF6, and RF8 did not have out-of-plume measurements.

	Additional IS treatment data are given in Figure S5 that show a large organic INP influence throughout from a decrease after peroxide digestion (purple spectra), while a biological INP influence was found in RF7 and RF13 from a decrease after heating (yellow spectra).
[image: ]

Figure S5. INP-temperature spectra showing changes after heat and peroxide treatments, as in Figure 5, but for additional flights. Dashed gray lines indicate the IS limit of detection. Points that were detected before field blank correction are given a value of 0.001 L-1. 
Text S6: Additional ns Comparison Points
	Additional surface active site density parameter (ns) points from the Pioneer Wildfire data in Schill et al. (2020) are shown in Figure S6 for comparison to WE-CAN. These points represent the total plume INP ns values, which had previously been reported only for black carbon contributions.

[image: ]
Figure S6. ns for plume CFDC and IS data with an empirical fit (red) and comparison to new calculations of ns for total smoke INPs measured at the ground for an August 2016 wildfire near Boise, ID reported in Schill et al. (2020) in blue diamonds.
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