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S1 Research flights during the aircraft measurement campaign

Fig. S1 shows the flight tracks of all eleven research flights (RFs) conducted with the Polar 6 (P6) aircraft during the measure-
ment campaign "Boundary layer and Aerosol and Cloud Study in the Arctic, based on aircraft and T-Bird Measurements 11"
(BACSAM II).
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Figure S1. Flight tracks of all research flights during BACSAM II. The sea ice concentration is shown exemplary for 15 April 2024. The
corresponding sea ice data were retrieved from www.seaice.uni-bremen.de (Spreen et al., 2008).

S2  Correction for particle losses

To characterize particle losses in the sampling line from the aerosol inlet of the Polar 6 aircraft to the mobility particle size
spectrometer (MPSS), we calculated the transmission efficiencies (7 = n(D,,), where D, is the particle diameter) in the tubing
utilizing the Particle Loss Calculator (Von der Weiden et al., 2009). The particle loss calculator includes losses due to diffusion,
sedimentation, turbulent inertial deposition, and inertial deposition in bends and contractions. To approximate the aerosol
particles’ parameters, we assumed a density of 1.77gcm ™3, representing the density of ammonium sulfate particles, and a
shape factor of 1, corresponding to spherical particles (Seinfeld and Pandis, 2006). As discussed in Sect. 2.2 of the main text,
the flow in the sampling tubing is manually adjusted depending on the true airspeed of the aircraft (typically tas ~ 60 ms™—!
during flight section at low altitudes in the target regions, and tas =~ 90 ms~' during flight sections at high altitudes, e.g., transit
flights). This procedure enables near-isokinetic sampling (Jurdnyi et al., 2025). Based on the corresponding flow recordings as
well as pressure and temperature measurements of the MPSS throughout the campaign, for the loss calculations, pressure and
temperature in the sampling line are set to the respective median values for measurements at high and low altitudes: py,eq =
761 hPa, Tineq = 290K for tas ~ 90 ms~!, and preq = 987hPa, Tieq = 298K for tas ~ 60 ms~'. The calculations yield
the transmission efficiency curves shown as solid lines in Fig. S2. To estimate the uncertainty in the transmission efficiencies
associated with the median settings, we show the transmission efficiencies calculated for the 10th and 90th percentiles of the
pressure and temperature distributions as shaded areas in Fig. S2 as well. Here, the respective parameters are set to pjg =
678hPa, Tig = 286K, pgg = 905hPa, Tyy = 296K for tas ~ 90 ms~?, and p1g = 862hPa, Tio = 293K, poo = 1030hPa,
Trned = 300K for tas ~ 60 ms™1.

For both typical true airspeeds of the aircraft, the transmission efficiencies calculated for the median pressure and temperature
values range from ~ 89 % at 10 nm over ~ 95% at 20 nm to > 99% at 100 nm (solid lines in Fig. S2). The values decrease
towards smaller particle diameters to their minimum values at 10 nm as diffusional losses increase with decreasing particle size
(Baron and Willeke, 2001, Fig. S2). Accordingly, we correct the MPSS-measured particle number size distribution (PNSD)
data for particles losses in the sampling tubing by size-dependent correction factors (c(Dy,) = 1/n(D})) ranging from close
to 1 to 1.12. Considering the transmission efficiencies calculated for the 10th and 90th percentiles, maximum differences are
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Figure S2. Particle size-dependent transmission efficiencies in the sampling tubing from the aerosol inlet to the MPSS for the two typical
true airspeeds of the Polar 6 aircraft during the campaign.

~ 1% for tas ~ 60 ms~! and ~ 2% for tas ~ 90 ms~! compared to the corrections based on the medians of the pressure
and temperature distributions. We consider these errors to be negligible and apply the correction factors based on the median
values to all PNSD data.

S3 Atmospheric conditions along the aircraft’s flight track

Due to the lack of, e.g., drop sonde and cloud microphysical measurements, data concerning the atmospheric stratification and
the occurrence of clouds along the flight tracks are not continuously available. In other words, we cannot always unambiguously
distinguish the airplane’s position being within our outside the atmospheric boundary layer (ABL). Furthermore, we cannot
always verify the presence or absence of clouds in the aircraft’s proximity. However, we can provide a very rough estimate of
the total measurement times inside the (cloud-free) ABL, in the (cloud-free) free troposphere, and in cloud vicinity based on
reanalysis data from the fifth generation ECMWEF reanalysis (ERAS5) dataset. Thereto, we interpolated several ERAS parame-
ters such as specific cloud liquid water content (C'LW C), specific cloud ice water content (C'IWW C'), and the ABL height on
to the flight track of the Polar 6 aircraft. Here, we consider a flight section to have been carried out in the vicinity of clouds
if the sum of CLW C and CIW C, i.e., the total cloud water content (CWC = CLW C + CIW C) exceeds the threshold of
CWC > 0.01gkg™!. The latter is based on in situ measurements of CW C' of Arctic clouds conducted by McFarquhar and
Cober (2004) in April 1998 and Moser et al. (2023) in April 2019. In both studies, values on the order of CW C ~ 0.01 gkg™*
were reported for in-cloud measurements. We consider measurements to have taken place in the free troposphere (ABL) if
the aircraft’s flight altitude was above (below) the ERAS ABL height. Here, the flight sections in cloud vicinity based on the
threshold above are additionally excluded.

Based on the reanalysis data, for our campaign, we determine a total measurement time of about 25 hours and 10 minutes in
the free troposphere, approximately 2 hours and 10 minutes in the vicinity of clouds, and about 8 hours and 10 minutes inside
the ABL. Here, 60 minutes were carried out inside the ABL over ocean with sea ice floes, 3 hours and 30 minutes inside the
ABL over sea ice, and 2 hours inside the ABL over open, completely ice-free ocean. In this analysis, the research flight on
29 April was omitted since it was carried out inside the fjords close to Longyearbyen under a completely closed cloud deck.
These measurements amount to a duration of 1 hour and 40 minutes. Observations of newly formed particles on this day (= 10
minutes) are assigned to the unclassified category.

The values reported above are associated with rather large uncertainties as they are are not well suited to describe the pre-
vailing conditions at the aircraft’s exact position. For example, not for all flight sections dedicated to probe directly the cloud
top or cloud base, i.e., legs which are known to have taken place in the direct vicinity of clouds, ERAS predicted consistently
non-zero values of CW C' throughout the leg. Furthermore, during the case study on newly formed particles over sea ice, the
ERA5-based ABL height was roughly 100 m lower than the ABL height determined from the vertical profiles of potential
temperature derived from in situ measurements in the target region.
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For the classification of measurement periods featuring newly formed particles to the categories "free troposphere", "cloud
vicinity", "ABL over sea ice", and "ABL over ocean with sea ice floes", including all case studies, we only considered mea-
surements for which the prevailing conditions could be unequivocally determined based on the in situ data. If newly formed
particles were detected but the conditions could not unambiguously be identified (e.g., because the ABL height could not
be determined for the target region, or because the absence/presence of clouds close to the aircraft could not be verified by
studying in situ video and radiation data), these observations are assigned to the unclassified cases.

S4 Thermodynamic conditions during the occurrence of newly formed particles

In Fig. S3, relative frequencies of occurrence of measured temperature and relative humidity pairs (I-RH pairs) are plotted
in a temperature vs. relative humidity plane. The relative frequencies were computed considering the number of measured
T-RH pairs during the presence of newly formed particles (Fig. S3a, 3686703 pairs) and considering the number of 7T-RH
pairs measured during the absence of newly formed particle (Fig. S3b, 9094434 pairs). The histograms shown in Fig. S3c-f
were calculated by including the T-RH data pairs recorded only during observations of newly formed particles in the free
troposphere (Fig. S3c), only during observations of newly formed particles in the ABL over sea ice (Fig. S3d), only during
observations of newly formed particles in the vicinity of clouds (Fig. S3e), and only during observations of newly formed
particles in the ABL over ocean with sea ice floes (Fig. S3f). These data are then normalized by the data recorded during all
observations of newly formed particles combined. That is, the normalization is the same as for the histogram depicted in Fig.
S3a. The dotted horizontal and vertical lines separating the subplot into four quadrants in Fig. S3 are plotted to guide the eyes.
From Fig. S3, a clear pattern becomes visible. The data show three main clusters in the relative frequency distribution of tem-
perature and humidity conditions during observations of newly formed particles (Fig. S3a), while the frequency distribution
of T-RH pairs measured during the absence of newly formed particles is broader, with fewer pronounced features (Fig. S3b).
The peaks in Fig. S3a, i.e., in the 7-RH distribution measured during observations of newly formed particles, correspond to
the different environmental scenarios under which newly formed particles were detected. Newly formed particles in the free
troposphere were predominantly associated with cold and dry conditions (lower left quadrant in Fig. S3a, Fig. S3c). Newly
formed particles in the ABL over sea ice occurred during cold and humid conditions (lower right quadrant in Fig. S3a, Fig.
S3d). For newly formed particles detected in the vicinity of clouds, relatively warm and humid conditions prevailed (upper
right quadrant in Fig. S3a, Fig. S3e). Similarly, newly formed particles inside the ABL over ocean with sea ice floes occurred
during relatively warm, but less humid conditions compared to the observations in cloud vicinity (upper right quadrant in Fig.
S3a, Fig. S3f). As the latter cases comprise only about 40 minutes of measurements (6 % of all observations of newly formed
particles), the corresponding peaks in Fig. S3f are not strongly pronounced.

As mentioned in Sect. 3.1 in the main text and discussed comprehensively in supporting information (SI) Sect. S5, we found no
clear indications of newly formed particles inside the ABL over open, completely ice-free ocean during our campaign. T-RH
data measured during such observations would likely also feature warm and humid conditions, similar to the data recorded
during observations of newly formed particles in the vicinity of clouds and in the ABL over ocean with sea ice floes.
Altogether, these results show that newly formed particles observed during BACSAM II are associated with distinct thermody-
namic conditions, which correspond to the different atmospheric scenarios for which newly formed particles were encountered.
They include free tropospheric newly formed particles, newly formed particles inside the ABL over sea ice and over ocean with
sea ice floes, as well as newly formed particles in the vicinity of clouds. These data provide important information on bound-
ary conditions for laboratory experiments and modeling studies, both of which could facilitate the identification of nucleation
mechanisms that might have lead to the presence of newly formed particles, and, furthermore, to assess the broader atmospheric
(climate) impact of newly formed particles occurring throughout the lower Arctic troposphere.
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Figure S3. Temperature and relative humidity conditions during (a) newly formed particle-cases (NFP-cases) and (b) non-NFP-cases. The
labels "FT", "seaice", "clouds", and "ocean w/ ice" in panel (a) denote that within the corresponding quadrant, the measured temperature and
relative humidity values are predominantly associated with newly formed particles observed in the free troposphere, the ABL over sea ice,
cloud vicinity, and the ABL over ocean with sea ice floes, respectively. The second and third row depict temperature and relative humidity
during the occurrence of newly formed particles (¢) in the free troposphere, (d) the ABL over sea ice, (e), the vicinity of clouds, (f) and the

ABL over ocean with sea ice floes.

S5 Newly formed particles inside the ABL over ocean with sea ice floes
S5.1 Meteorological conditions

During the BACSAM II campaign, we conducted two research flights which included legs inside the ABL over ocean (on 11
and 25 April, Fig. S1). On all other days, the flight sections over open ocean visible in Fig. S1 were carried out above the ABL.
On 11 April, we measured PNSDs in a target region in the lee west of Spitsbergen over ocean, with the ocean surface featuring
both open water areas and patches of sea ice floes, as well as closed sea ice in the fjord in the proximity of WP7 (Fig. S4a). The
air masses probed during the legs inside the ABL originated in sea ice-covered regions north and east of Svalbard (Fig. S4b,
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c). In the last 24 hours prior to measurements inside the ABL, easterly winds advected cold air over the snow- and ice-covered
Svalbard mountains to the target region over ocean (Fig. S4b, c). While mostly clear-sky conditions prevailed, a few scattered
clouds were present in the eastern parts of the target region as well (Fig. S4a).
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Figure S4. (a) Flight track of RF03 on 11 April 2024. (b) Five-day backward trajectories associated with newly formed particles (NFPs)
inside the ABL on 11 April. (¢) Five-day backward trajectories connected to PNSD measurements featuring no newly formed particles
inside the ABL on 11 April. (d) Flight track of RF09 on 25 April 2024. (e) Five-day backward trajectories associated with newly formed
particles in the free troposphere (FT) on 25 April. (f) Five-day backward trajectories connected to PNSD measurements featuring no newly
formed particles inside the ABL on 25 April. The MODIS-TERRA satellite images shown in the panels (a) and (d) were retrieved from
https://wvs.earthdata.nasa.gov. The sea ice concentration data shown in the subplots (b), (c), (¢) and (f) were retrieved from www.seaice.uni-
bremen.de (Spreen et al., 2008).

On 25 April, measurements were carried out in a target region southwest of Spitsbergen over open, completely ice-free ocean
(Fig. S4d). On this day, air masses approached from southern latitudes (Fig. S4e, f). For the air masses probed inside the
ABL (Fig. S4f), an anti-cyclonic flow around Svalbard resulted in north-easterly winds and advection over the sea ice and
subsequently over open ocean prior to measurements inside the ABL (Fig. S4f). Air masses probed inside the ABL in the
northern section of the target region additionally flowed over the Spitsbergen mountains before approaching the area over open
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water. In this northern section, sparse scattered cumuli clouds were present, while overcast conditions prevailed in the southern
part (Fig. S4d).

S5.2 Particle number size distribution measurements

On 11 April, we carried out flight legs inside the ABL at altitudes of approximately 75 m (from about 9:10 to 9:20 UTC) and
240 m (9:25 to 9:45 UTC) in the northern section of the target region between waypoint 2 (WP2) and WP3 (left y-axis in Fig.
S5a, see Fig. S4a for the location of the WPs). One leg was conducted at ~ 1300 m (9:50 to 10:05 UTC) outside the ABL in
the free troposphere. A similar pattern was flown in the southern section between WP4, WP5, WP6 and WP7 (left y-axis in
Fig. S5a, see Fig. S4a for the location of the WPs) with legs at = 1300 m in the free troposphere (10:25 to 10:40 UTC) and
inside the ABL at ~240 m (10:50 to 11:05 UTC), ~75 m (11:10 to 11:40 UTC), and again at ~240 m (11:45 to 12:00 UTC).
No sea ice was present in the northern section between WP2 and WP3 (Fig. S5a, right y-axis) as shown by surface temperatures
below the aircraft of about 3°C. In the southern section between WP4, WP5, WP6, and WP7, the surface contained both open
water, scattered sea ice floes, and closed sea ice. This is demonstrated by surface temperatures ranging from about 3°C over
open water close to WP4, over —1.8°C close to WP5 and WP6, to —15°C in the fjord close to WP7 (Fig. S5a, right y-axis).
As mentioned above, easterly winds prevailed, resulting in off-ice flow, i.e., the areas probed inside the ABL over open water
between WP4 and WPS5 were located downwind of the sea ice (see Fig. S4b, Fig. S5a).
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Figure S5. (a) P6 altitude during RF03 on 11 April 2024 (black line, left y-axis) as well as surface temperature (blue line, right y-axis).
The dashed/dotted blue horizontal lines illustrate a surface temperature of 0°C and the freezing temperature of (salty) Arctic ocean water of
—1.8°C. (b) MPSS-measured PNSD. The peak in the number concentrations N1p—goo around 11:32 UTC results from a pollution plume
(likely ship exhaust) generating particles with a mode around 60 nm. The measurements from 11:05 to 11:15 UTC are grayed out because
the exhaust of the Polar 6 research aircraft was sampled during the turn at WP4. (¢) Integral particle number concentrations in the total
measured size range (10 nm < D, <600 nm, solid line) and in the nucleation mode size range (10 nm < D, < 20 nm, dashed line),
respectively. (d) P6 altitude during RF09 on 25 April 2024 (black line, left y-axis) as well as surface temperature (blue line, right y-axis).
The dashed/dotted blue horizontal lines illustrate a surface temperature of 0°C and the freezing temperature of Arctic ocean water of —1.8°C.
(e) MPSS-measured PNSD. (f) Integral particle number concentrations in the total measured size range (10 nm < D, < 600 nm, solid line)
and in the nucleation mode size range (10 nm < D, < 20 nm, dashed line), respectively. Note the different y-axis between the subplots (c)

and (f).

In both the northern and the southern section, particle number concentrations in the size range from 10 nm to 600 nm were in-
creased inside the ABL compared to the free troposphere (Fig. S5b, ¢). In the northern section, no newly formed particles during
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the legs inside the ABL over completely ice-free ocean were present (Fig. S5b, c), as indicated by the absence of a prevailing
distinct nucleation mode and rather low number concentrations in the size range from 10 nm to 20 nm (Nyg_20 ~ 25cm ™2,
~ 10 % of the total particle number concentrations measured in the range from 10 nm to 600 nm). One single PNSD measured
at 9:30 UTC suggested the presence of a small nucleation mode with a maximum below 10 nm (Fig. S5b). However, because
during this measurement a few scattered low-level clouds next to the aircraft were visible in the video data, but their distance to
the aircraft could not be quantified and the leg was not carried out directly above/below the cloud top/base, this measurement
is assigned to the unclassified category (see Fig. 2 and Fig. 3 in the main text and Sect. S3).

The number concentrations of particles in the nucleation mode size range from 10 nm to 20 nm increased by a factor of roughly
two in the southern section inside the ABL over ocean with sea ice floes compared to the northern section (Fig. S5c). Here,
Nig_20 ~ 50cm ™3, accounting for == 20 % of the total particle number concentrations measured in the range from 10 nm to
600 nm. Several PNSDs showed a small but clear mode with a maximum below 10 nm (Fig. S5b, around 11:00, 11:15, 11:35,
11:45 UTC), indicative of the presence of newly formed particles. Interestingly, the largest nucleation mode (the highest peak
in N1p_s0) was observed directly at the transition between water with ice floes and closed sea ice in the fjord between WP6
and WP7 around 11:50 UTC (Fig. S5b). The median PNSDs for the legs inside the ABL are shown in Fig. S6 and will be
discussed below.

On 25 April, four legs at altitudes of ~67 m were carried out inside the ABL over open ocean (9:20 to 10:05 UTC and 11:00
to 11:45 UTC, Fig. S5d, left y-axis), i.e., with no sea ice present at all, as shown by sea surface temperatures of about 4°C
(Fig. S5d, right y-axis). Additionally, one leg was flown at ~ 1400 m in the free troposphere between WP3 and WP4 (10:10 to
10:35 UTC). Furthermore, one leg was carried out directly above the decreasing cloud top between WP3 and WP4 at altitudes
between about ~ 1000 m to ~750 m (10:35 to 10:55 UTC). During the legs inside the ABL over open water, PNSDs showed
no indications regarding the presence of a nucleation mode with a maximum below 10 nm, i.e., no indications of newly formed
particles (Fig. S5e, f). In the free troposphere, around 9:00 UTC and 10:15 UTC, increased numbers of particles in the size
range from 10 nm to 20 nm were present, and measured PNSDs indicated the presence of a pronounced nucleation mode. These
newly formed particles in the free troposphere were associated with air masses from lower latitudes (Fig. S4e). However, we
here focus on the measurements inside the ABL. The occurrence of newly formed particles in the free troposphere is discussed
in detail in Sect. 3.2 in the main text.

A more detailed comparison of PNSDs measured during the legs inside the ABL over the Arctic ocean on 11 and 25 April is
presented in Fig. S6. The accumulation mode concentrations are similar for all six median distributions depicted therein. Addi-
tionally, a sea salt mode was observed during the legs inside the ABL on 25 April (blue distribution in Fig. S6) due to sea spray
aerosol (SSA) generation caused by strong winds (horizontal wind speeds of about 15ms™!, strong fluctuations in vertical
wind speeds; for a detailed case study on SSA fluxes on 25 April see Simon et al., 2025). The median PNSDs measured inside
the ABL over completely ice-free ocean on 11 and 25 April featured no nucleation mode, i.e., no indications of the presence of
newly formed particles were observed (blue and black distributions in Fig. S6). In contrast, PNSDs measured inside the ABL
over ocean with sea ice floes indicated the presence of newly formed particles (red distributions in Fig. S6).

In summary, no evidence for the occurrence of newly formed particles during measurements inside the ABL over open, com-
pletely ice-free ocean was found. However, a small number of newly formed particles were detected during measurements
inside the ABL over ocean with sea ice floes, i.e., in the direct vicinity and downwind of sea ice.

S5.3 Chlorophyll-a concentration

We utilized satellite-derived Copernicus Global Ocean Colour data (Gohin et al., 2002; Hu et al., 2012) to carry out an analysis
with respect to the chlorophyll-a (chl-a) mass concentration in the sea water during the measurements inside the ABL over
ocean on 11 and 25 April. Here, chl-a is treated as a proxy for phytoplankton biomass (Siegel et al., 2013). It is well known
that the aerosol precursor dimethylsulfide (DMS) results from the breakdown of dimethylsulfoniopropionate (DMSP), which
is produced by phytoplankton (e.g., Sim6, 2001; Willis et al., 2017). Thus, we assume that the chl-a concentrations are suited
to investigate the potential for the release of DMS from the ocean surface to the atmosphere. In the Arctic at Ny-Alesund, for
example, Beck et al. (2021) showed a good agreement between measured chl-a and DMSP concentrations in seawater, which
coincided with a rise in sulfuric acid (SA) and methane sulfonic acid (MSA), both of which are oxidation products of DMS,
and the occurrence of new particle formation (NPF) and growth events.
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Figure S6. Median particle number size distributions during legs at constant altitude inside the ABL over completely ice-free open water (on
11 and 25 April, black and blue curves) and over ocean with both sea ice floes and open water areas present (on 11 April, red curves). The
latter distributions over both open water and sea ice on 11 April are considered as indicative for newly formed particles. The shaded areas
represent the interquartile ranges.

Compared to the background values close to zero, elevated chl-a concentrations are visible in the southern section of the target
region on 11 April (Fig. S7a) where both open water and sea ice were present (Fig. S4a, S5a), suggesting that in the sea water in
the area probed a phytoplankton bloom occurred. Furthermore, the data show no or only slightly increased chl-a concentrations
in the northern section (Fig. S7a).

Fig. S7b depicts the backward trajectories inside the ABL on 11 April. We restrict the following discussion to air masses which
resided inside the ABL since we expect that only those air masses could have picked up precursor gases from the ocean surface,
whereas an influence of emissions from the surface on free tropospheric air masses is unlikely. Consequently, only the parts of
the trajectories inside the ABL are shown in Fig. S7b-d, f-h. As mentioned above, easterly winds prevailed in both the northern
and the southern section (Fig. S7b). The air masses sampled in the northern section, for which no newly formed particles were
observed, did not pass over ocean surfaces featuring enhanced chl-a concentrations (Fig. S7b). In contrast, in the southern
section, measurements in the direct vicinity of ocean waters with increased chl-a were conducted, as well as measurements
downwind of these areas indicative of a phytoplankton bloom. On the two previous days, the air massed resided completely
(10 April, Fig. S7¢) and overwhelmingly outside of the ABL (9 April, Fig. S7d), limiting the possibility for precursor uptake
from the (ocean) surface on those days. This suggests that the presumed emission of precursors, potentially leading to NPF and
the occurrence of newly formed particles in the southern section of the target area on 11 April, occurred rather locally.

In the area probed on 25 April, the chl-a data showed no indications of a phytoplankton bloom (Fig. S7¢). Similarly, in the
areas where backward trajectories resided inside the ABL during 25 April and the two preceding days, no elevated chl-a
concentrations were present in the sea water (Fig. S7f-h).

In summary, no evidence for a phytoplankton bloom in the northern section of the area probed on 11 April and in the area
probed on 25 April was found based on the satellite data. However, in the southern section of the target region investigated
on 11 April, the chl-a data suggest that a phytoplankton plume occurred. This might explain why newly formed particles were
found inside the ABL over ocean with sea ice floes above and downwind of the plume area and the sea ice, but no newly formed
particles were detected during the measurements inside the ABL over completely ice-free ocean. However, the occurrence of
newly formed particles between WP6 and WP7 (Fig. S5a-c) upwind of the plume area on April 11 was likely not affected by
the chl-a plume as the wind direction would prevent the eastward transport of possibly emitted precursors (Fig. S7b). Due to
the absence of gas phase measurements, we cannot ultimately resolve if the potential release of precursors such as DMS from
the sea surface and its possible participation in NPF might have contributed to the occurrence of newly formed particles on
11 April. Hence, we can only speculate that the presence of newly formed particles over ocean with sea ice floes on this day
might be related to emissions of precursors from the open water or the sea ice, or both. Another potential explanation has been
initially proposed by Leck and Bigg (1999, 2010) who suggested that the fragmentation of marine organic polymer gels led
to the appearance of particles in the nucleation mode size range. Such events often involved the dissipation of cloud or fog
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Figure S7. Flight track (blue), backward trajectories inside the ABL (violet), and chlorophyll-a mass concentrations (green) based on
Copernicus-GlobColour data (Gohin et al., 2002; Hu et al., 2012) for the research flights featuring measurements inside the ABL over
ocean on 11 and 25 April. The left column depicts the chlorophyll-a concentrations for 11 April 2024 and the two preceding days. Similarly,
the right column depicts the chlorophyll-a concentrations for 25 April 2024 and the two preceding days. For convenience, only the respective
flight tracks and chlorophyll-a concentrations for the days of the research flights are shown in the first row in panels (a) and (e). In the panels
(b), (d), (d), (f), (g), and (h), the backward trajectories during the corresponding days are depicted as well. Only trajectories inside the ABL
are shown, i.e., if no trajectory data are shown such as in panel (c) or gaps in the trajectories are visible such as in (d), (g), and (h), the
trajectories did not reside inside the ABL at these geographical positions. The dashed black line in all subplots illustrates the sea ice extent
based on 15 % sea ice concentration (Spreen et al., 2008).
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droplets, emitting particles with sizes of a few nanometers to the atmosphere (Leck and Bigg, 1999, 2010; Karl et al., 2013;
Leck et al., 2025).

S6 New and recently formed particles in the free troposphere

Fig. S8 shows the median PNSD and corresponding interquartile range of all PNSD-measurements indicative of newly formed
particles during the transit to Villum research station in the free troposphere (13 April 2024, RF04, Sect. 3.2 in the main text).
These data were recorded during the time period 6:23 to 7:07 UTC and 7:17 to 7:40 UTC.

Two PNSDs measured in the time period from 7:07 to 7:17 UTC peaked at about 18 nm and showed no indications concerning a
mode featuring a maximum below 10 nm (Fig. S8). According to our criteria defined in Sect. 2.2 in the main text, these PNSDs
are not considered as indicative for newly formed particles. We rather interpret them as steming from "recent particle formation"
(RPF), since the small particle sizes still suggest that these particles must originate from secondary particle production (e.g.,
Kulmala et al., 2004). Such recently formed particles are excluded from further analysis and we here focus solely on newly
formed particles. Investigating recently formed particles in more detail is beyond the scope of this paper.
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Figure S8. Median PNSD of measurements indicative of newly formed particles (NFPs) and recently formed particles (RFPs, solid lines)

observed on 13 April 2024 during the transit from Longyearbyen to Villum Research Station (case study on newly formed particles in the
free troposphere). The shaded areas represent the interquartile ranges.

S7 Newly formed particles in the atmospheric boundary layer over sea ice
S7.1 Sea ice conditions

To illustrate the sea ice conditions prevailing in the target region east of Svalbard between WP1 and WP3 on 15 April 2024
(RFO05, Sect. 3.3 in the main text), Fig. S9 displays examples of fisheye camera images facing downward from the P6 aircraft
during the legs inside the ABL. Leads and cracks in the sea ice are visible.

S7.2  Vertical profile

From the inversion observed in the vertical profiles of potential temperature (©) between WP1 and WP3, we determine the ABL
height (Fig. S10). The solid line in Fig. S10 shows the mean ©-profile averaged over the four ascents/descents at WP1, WP2,
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Figure S9. Sea ice conditions during RF05 on 15 April 2024 (case study in the ABL over sea ice). The title denotes the time in UTC.

and WP3 (see Fig. 8a in the main text). The shaded area represents the standard deviation and thus the variability between the
individual ascents/descents. The data have been grouped into altitude bins with a width of 20 m before averaging. The markers
with errorbars show mean values and standard deviations derived from the measurements during the horizontal legs. The
horizontal dashed lines represent the average aircraft altitude during these low-level legs (at ~ 70m and ~ 155m) close to the
surface inside the ABL (hpg, insideB1.) and the high-level leg above the ABL in the free troposphere (Apg, outside BL, = 850m).
In Fig. S10, an inversion at an altitude of about 190 m can be identified for the target region.
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Figure S10. Mean vertical profile of potential temperature for the case study in the ABL over sea ice on 15 April 2024, derived from the
ascents/descents (solid line). The shaded area represents the standard deviation. The markers with errorbars show mean values and standard
deviations derived from the measurements during the horizontal legs. The horizontal dashed lines illustrate the average aircraft altitude during
these legs.

S7.3 Particle number size distributions

Fig. S11 shows the median PNSDs measured during the three consecutive legs carried out in the same area and at constant
altitude between WP1 and WP3 (see Fig. 8a in the main text) inside the ABL over sea ice. ABL 1 refers to the first leg flown
inside the ABL at an altitude of ~ 70m (10:15 to 10:47 UTC), ABL 2 to the second leg at ~ 155m (10:58 to 11:25 UTC), and
ABL 3 to the third leg, again at ~ 70m (12:13 to 12:43 UTC). The decrease with time of the number concentration in the size
range below 20 nm is clearly visible.
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Figure S11. Median PNSDs (solid lines) and corresponding interquartile ranges (shaded areas) for the legs at ~ 70m (ABL 1 and ABL 3)
and =~ 155m (ABL 2) inside the ABL over sea ice on 15 April 2024.
S8 Newly formed particles in the vicinity of clouds
S8.1 Sea ice conditions

To illustrate the sea ice conditions prevailing in the target region north of Svalbard between WP1 and WP2 on 24 April 2024
(RFOS, Sect. 3.4 in the main text), Fig. S12 displays examples of fisheye camera images facing downward from the P6 aircraft
during the leg at cloud base. Leads and cracks in the sea ice are visible.

10:35:40 10:41:30 10:46:40

Figure S12. Sea ice conditions during RFO8 on 24 April 2024 (case study in the vicinity of clouds). The title denotes the time in UTC.

S8.2 Vertical profiles

For the case study on newly formed particles in the vicinity of clouds, the ascent through cloud (10:52 to 10:58 UTC, see
Fig. 11a in the main text) is excluded from analysis with respect to the aerosol particle measurements, because erroneous
measurements due to icing of the aerosol inlet and/or droplet shattering cannot be ruled out (Weber et al., 1998). Nevertheless,
temperature and pressure data recorded during the ascent can with caution be used to determine vertical profiles of potential
temperature to investigate the stratification in the target region. In Fig. S13, we show the potential temperature derived from
these data collected during the ascent through cloud (see Fig. 11a in the main text). Directly in the target region between
WPI1 and WP2 (see Fig. 10a in the main text), no vertical profiling down to the lowest possible flight altitude was carried out.
Therefore, in addition, the potential temperature derived from a vertical profile down to ~ 80m, which was conducted after
passing WP2 and while returning toward the sea ice edge (see Fig. 10(a) in the main text), is depicted in Fig. S13. Here, the
solid line represents the mean, averaged over ascent and descent, and the shaded area the corresponding standard deviation.
Additionally, we show the potential temperature profile in the target region between WP1 and WP2 based on Copernicus Arctic
Regional Reanalysis (CARRA) data. Cloud top and base, illustrated by the shaded gray area representing the cloud in Fig. S13,
were determined from the profile of potential temperature and from in situ video data. Both CARRA and in situ data show an
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inversion below the cloud, which suggests that in the area probed between WP1 and WP2, the clouds were decoupled from the
surface.
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Figure S13. Vertical profile of potential temperature for the case study in the vicinity of clouds on 24 April 2024, derived from in situ data
collected during ascents/descents (solid lines) as well as based on CARRA reanalysis data (dashed line).

S8.3 Cloud top radiative cooling

We further utilize the ascent through the cloud to determine the radiative heating/cooling rates in an atmospheric layer between
two flight altitudes, with 26tt0m/top denoting the altitudes at the bottom/top of this layer (Lonardi et al., 2024). Following
Lonardi et al. (2024), we calculate the heating/cooling rates as

¢ = L Fiet (ztop) - Fnet(zbottom) : (S1)

PCp Ztop — Zbottom

where p and ¢, are density and specific heat capacity at constant pressure of air, and F,e;(z) the net thermal irradiance at flight
altitude z. Positive/negative values in ( indicate radiative heating/cooling (Lonardi et al., 2024). The heating/cooling rates are
plotted in Fig. S14, which shows a sharp minium at about 1150 m, i.e., radiative cooling at the cloud top.
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Figure S14. Radiative heating/cooling rates for the case study in the vicinity of clouds on 24 April 2024, determined from the ascent through
cloud.

13



275

280

285

290

Data availability. Master tracks are available on PANGAEA for all research flights of the BACSAM II campaign (Jurdnyi et al., 2024).
Backward trajectory data are available on PANGAEA for all research flights of the BACSAM II campaign (Kirbus and Wendisch, 2024).
PNSD data from all research flights of the BACSAM II campaign are available on PANGAEA (Simon et al., 2026). Sea ice data were retrieved
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