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Text S1.Freezing Array Technique and INP Concentration

A more detailed description of the Ice Nucleation Droplet Array (INDA) device can be

found in the supplemental information of Hartmann et al. (2019). Here we only repeat

the most important information or notable differences.

The collected particles are rinsed from the polycarbonate filters (0.2µm pore size; 47 mm

diameter; Nuclepore, Whatman) by putting the filter with ultra-pure water in a centrifuge

tube and shaking it for 15 minute with a flask shaker. The resulting sample extract was

then pipetted onto the INDA device.

The design of the INDA device is comparable to Conen, Henne, Morris, and Alewell

(2012), but as suggested in Hill et al. (2016) PCR plates (PCR plate, 96-well, non-skirted;

Brand GmbH & Co. KG, Wertheim, Germany) instead of individual tubes are used. 50 µL

Corresponding author: M. Hartmann, Experimental Aerosol and Cloud Microphysics, Leibniz

Institute for Tropospheric Research, 04318, Leipzig, Germany (markus.hartmann@tropos.de)

May 7, 2020, 5:40pm



HARTMANN ET AL.: WINTERTIME AIRBORNE MEASUREMENTS OF ARCTIC INP X - 3

sample extract is filled into each of the 96 wells of the PCR plate. The PCR plate, sealed

with a transparent foil, is then immersed in the bath of a cryostat (FP45-HL, Julabo,

Seelbach, Germany) in a way that the liquid level inside the tubes is below the liquid level

of refrigerant inside the bath of the cryostat. Then the temperature of the refrigerant is

cooled down with a rate of ca. 1K/min, while simultaneously temperature is recorded

and an on-top mounted camera takes pictures every six seconds. The images are then

evaluated for the number of fozen dropelets at a temperature T (Nfrozen(T )).

The cumulative number concentration of INP per volume of air as a function of tem-

perature was calculated for each experiment utilizing the equation given in Vali (1971):

NINP(T ) =
− ln(1− fice)

V
(1)

with fice = Nfrozen(T )
Ntotal

, where Ntotal is the number of droplets and Nfrozen(T ) the number of

frozen droplets at temperature T and with V = Vair

Vrinse
∗ Vdrop, where Vair is the volume of

sampled air, Vrinse is the volume of water used to rinse a filter, and Vdrop is the volume of

a single droplet.

With the given number of droplets (Ntotal = 96) and volume (Vdrop = 50µL), the volume

of rinsing water (Vrinse = 6.21mL) and the average volume of sampled air (Vair = 2841.7L)

INDA is sensitive for INP concentrations between 4.6·10−4 and 2.0·10−1L−1(air).
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Text S2. Observed INP concentration compared to literature

Fig. S1 shows the observer INP concentration during PAMARCMiP 2018 as reported in

our study together with airborne concentrations in the Arctic reported in the literature

(Flyger et al., 1973, 1976; Borys, 1989; Rogers et al., 2001; Prenni et al., 2007). It has

to be noted that these studies took place at such high latitudes and as early in the year

as PAMARCMiP. Flyger et al. (1973) and Flyger et al. (1976) mostly took place between

60◦N and 72◦N in summer. The study by Rogers et al. (2001) took place during the mid of

May ca. 500 km northwest of Barrow (Alaska, USA) and the values reported by Prenni et

al. (2007) where measured in late September through October over North Slope (Alaska,

USA). The study, which reports the most similar NINP to our study, Borys (1989) (up to

77◦N in April), is also most comparable to our own in terms of location and time of the

year.
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Text S3. Heat treatment of high INP samples

In order to assess the presence of heat-labile material, i.e. most likely biological material,

the remaining sample extract from the non-heat treated INDA measurements was heated

in a centrifuge tube up to 95 ◦C for 1 hour, cooled to room temperature and then measured

with the INDA device. It was necessary to double the volume of the remaining sample

extract by adding ultra-pure water before the heat treatment in order to fill a sufficient

amount of wells in the PCR plate. This dilution was taken into account when calculating

NINP. The freezing spectra of the heat treated and non-heat treated samples are shown

in Fig. S2.

May 7, 2020, 5:40pm



X - 6 HARTMANN ET AL.: WINTERTIME AIRBORNE MEASUREMENTS OF ARCTIC INP

Text S4. ArcLeads maps

ArcLeads is a satellite remote sensing product which applies a binary segmentation proce-

dure to identify sea ice leads based MODIS thermal infrared imagery on a daily time scale.

The lead retrieval method is based on the detection of significant positive surface temper-

ature anomalies and is described in detail in Willmes and Heinemann (2015, 2016). The

resulting ArcLeads map consists of the classes cloud (black), land mask (gray), open ocean

(dark blue), sea ice (white), artifacts (orange), and true leads (blue). Leads are identified

in the lead class with high confidence (95%), which comes at the cost of a conservative

artifact class that still contains 50% of true leads that cannot be properly separated from

artifacts (Willmes & Heinemann, 2016). Fig. S3 to S11 shows the ArcLeads maps for all

days on which INP samples were taken.
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Text S5. Flight tracks

Fig. S12 shows a map with the flight tracks of all research flights performed during

PAMARCMiP.
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Text S6. Back trajectories

Fig. S13 to S23 depict HYSPLIT back trajectories with the underlying DMSP SSMIS sea

ice concentration (Maslanik & Stroeve, 1999, updated daily). The back trajectories are

color coded: Back trajectories endpoints below 300 m are turquoise, those above are beige.

The 300 m criterion was chosen as approximate height of the marine boundary layer.
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Text S7. Sea ice thickness

The EM sea ice thickness measurements were performed on Mar 30 and Mar 31 2018

(flight 8 and 9 respectively). These measurements have a temporal resolution of 0.1

second, which corresponds to an average distance of 6 m over ground. The measurements

have an ice thickness accuracy of ±0.1 m (Haas et al., 2009). We have therefore chosen a

value of 0.15 m as threshold for the detection of areas with open water or thin ice, i.e. open

or refrozen leads. Consecutive occurrences of ice thicknesses below 0.15 m were assigned

to the same lead, thus allowing analysis of the width of each lead along the flight track.

Resulting lead width histograms are shown in Fig. S24 and S25 for each of the two flights.
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Text S8. Flight metrics and TEM analysis

Fig. S26 shows how long sampling took place at different height intervals. This emphasizes

that especially Mar 30 and Mar 31, two of the days with high show NINP feature extentsive

sampling at low altitudes.

Tab. S1 and S2 show basic flight metrics as well as the results of the TEM analysis.

Tab. S3 shows sampling date and time of the individual samples collected for the TEM

analysis as well as the repective mean altitude.

Fig. S27 shows a scatter plot of the mean altitude versus sea salt number fraction of the

individual TEM saamples, emphasizing the increasing marine influence with decreasing

altitude.
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Text S9. Air mass temperature along the back trajectory

in Fig. S28 and S29 the temperature of the air mass is plotted against the trajectory for

the high INP days and low INP days, respectively. The figures contain all HYPSLIT back

trajectory for the repective case. The color code represents the point density calculated

with a Gaussian kernel density estimator. Dark colors represent a low point density,

whereas bright colors, represent a high point density. This emphasizes the typical air

mass temperature along the trajectory.
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Figure S1. Observed freezing spectra during PAMARCMiP and airborne Arctic

NINP(T ) from literature (Flyger et al., 1973, 1976; Borys, 1989; Rogers et al., 2001;

Prenni et al., 2007).
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Figure S2. Freezing spectra of heat treated (unfilled symbols) and non-heat treated

(filled symbols) samples.
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Figure S3. ArcLeads map for Mar 25 2018. Leads are in blue, artifacts in orange, sea

ice in white, land in gray, clouds in black and the open ocean in dark blue.
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Figure S4. ArcLeads map for Mar 26 2018. Leads are in blue, artifacts in orange, sea

ice in white, land in gray, clouds in black and the open ocean in dark blue.
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Figure S5. ArcLeads map for Mar 27 2018. Leads are in blue, artifacts in orange, sea

ice in white, land in gray, clouds in black and the open ocean in dark blue.
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Figure S6. ArcLeads map for Mar 28 2018. Leads are in blue, artifacts in orange, sea

ice in white, land in gray, clouds in black and the open ocean in dark blue.
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Figure S7. ArcLeads map for Mar 30 2018. Leads are in blue, artifacts in orange, sea

ice in white, land in gray, clouds in black and the open ocean in dark blue.
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Figure S8. ArcLeads map for Mar 31 2018. Leads are in blue, artifacts in orange, sea

ice in white, land in gray, clouds in black and the open ocean in dark blue.
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Figure S9. ArcLeads map for Apr 02 2018. Leads are in blue, artifacts in orange, sea

ice in white, land in gray, clouds in black and the open ocean in dark blue.
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Figure S10. ArcLeads map for Apr 03 2018. Leads are in blue, artifacts in orange, sea

ice in white, land in gray, clouds in black and the open ocean in dark blue.
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Figure S11. ArcLeads map for Apr 04 2018. Leads are in blue, artifacts in orange, sea

ice in white, land in gray, clouds in black and the open ocean in dark blue.
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Figure S12. Compilation of flight tracks of all research flights performed durin PA-

MARCMiP.
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Figure S13. HYSPLIT back trajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 2 on Mar 25 2018. The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S14. HYSPLIT back trajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 3 on Mar 26 2018. The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S15. HYSPLIT backtrajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 5 on Mar 27 2018.The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S16. HYSPLIT back trajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 6 on Mar 28 2018. The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S17. HYSPLIT back trajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 7 on Mar 28 2018. The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S18. HYSPLIT back trajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 8 on Mar 30 2018. The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S19. HYSPLIT back trajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 9 on Mar 31 2018. The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S20. HYSPLIT back trajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 10 on Apr 02 2018. The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S21. HYSPLIT back trajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 12 on Apr 03 2018. The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S22. HYSPLIT back trajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 13 on Apr 03 2018. The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S23. HYSPLIT back trajectories with the underlying DMSP SSMIS sea ice

concentration (Maslanik & Stroeve, 1999, updated daily) for flight 14 on Apr 04 2018. The

back trajectories are color coded: Back trajectories endpoints below 300 m are turquoise,

those above are beige.
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Figure S24. Histogram of the thin ice length on Mar 30 2018 (flight 8).

Figure S25. Histogram of the thin ice length on Mar 31 2018 (flight 9).
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Figure S26. Stacked bar plot of the sampling time in different height intervals. The

corresponding table shows the percentage of sampling time for which sampling took place

below a certain height.
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Table S1. Flight and sample metrics, as well as the number fractions of the four

aerosol categories and the total number of particles analyzed with TEM for every sample.

The high INP samples are highlighted in bold.

Date Mar 25 Mar 26 Mar 27 Mar 28 Mar 30 Mar 31

Flight No. 2 3 5 6+7 8 9

Median altitude (m) 843 826 1345 2491 174 74

Sampling time below 300m (min) 73 157 72 0 198 289

Sampled air volume (L) 2076 2140 3824 2462 3180 3033

Dust (%) 2.1 1.6 2.5 - 1.4 1.5

Sea Salt (%) 6 11 8 - 30 30

Sulphate (%) 89.2 83 80 - 66 61

Other (%) 2.7 4.4 9.5 - 2.6 7.5

Analyzed particles (#) 937 825 683 - 940 840
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Table S2. Continuation of Tab. S1. Flight and sample metrics, as well as the number

fractions of the four aerosol categories and the total number of particles analyzed with

TEM for every sample. The high INP samples are highlighted in bold.

Date Apr 02 Apr 03 Apr 04

Flight No. 10 12+13 14

Median altitude (m) 1307 1003 501

Sampling time below 300m (min) 36 121 78

Sampled air volume (L) 2317 4347 2197

Dust (%) - - 1.4

Sea Salt (%) - - 5

Sulphate (%) - - 89

Other (%) - - 4.6

Analyzed particles (#) - - 957
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Table S3. Sampling date, time and mean altitude for the individual TEM samples

collected during the flights.

Sampling date Start time (UTC) End time (UTC) mean altitude (m)

25.3.2018 14:00 14:19 172.61

25.3.2018 15:40 15:59 290.29

25.3.2018 16:40 16:59 2772.32

26.3.2018 12:40 12:59 275.23

26.3.2018 13:00 13:19 156.29

26.3.2018 15:00 15:19 5028.44

27.3.2018 14:20 14:39 270.49

27.3.2018 14:40 14:59 163.16

27.3.2018 15:40 15:59 2089.52

30.3.2018 10:00 10:19 128.74

30.3.2018 10:20 10:39 110.73

30.3.2018 10:40 10:59 109.74

31.3.2018 14:20 14:39 115.00

31.3.2018 14:40 14:59 133.90

31.3.2018 15:00 15:19 95.77

4.4.2018 08:00 08:29 2984.53

4.4.2018 08:30 08:59 3866.03

4.4.2018 09:00 09:29 315.66
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Figure S27. Scatter plot of the mean altitude versus sea salt number fraction of the

individual TEM samples.
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Figure S28. Air mass temperature versus trajectory age with color-coded point density

(dark = low point density; bright = high point density) for high INP days.
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Figure S29. Air mass temperature versus trajectory age with color-coded point density

(dark = low point density; bright = high point density) for low INP days.
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