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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).

S m  Longyearbyen
¢ Villum
= 2024-04-07
2024-04-10
2024-04-11
2024-04-13
4 2024-04-15
iﬁ} - 2024-04-17
w\'P N - 2024-04-23
B = 2024-04-24
W - 2024-04-25
2024-04-26
- 2024-04-29

20°E

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).
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S2 Detection and categorization of newly formed particles
S2.1 Detection of newly formed particles

As outlined in the main text (Sect. 2.2), we fitted log-normal functions featuring one, two, or three modes to the mobility
particle size spectrometer-measured (MPSS-measured) particle number size distribution (PNSD) data. If the fitting procedure
returned a mode featuring a maximum below 10 nm, i.e., below the lower size limit of the MPSS, we consider the measurement
to indicate the presence of newly formed particles. The detection of newly formed particles was verified by visual inspection
of the fitted PNSDs. As outlined in the main text, MPSS measurements carried out during ascents and descents were excluded
from the quantitative analysis. Fig. S2 shows examples of three fitted PNSDs, with the data displayed in Fig. S2a and Fig. S2¢

indicating the presence of newly formed particles, and the data in Fig. S2b the absence of newly formed particles.
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Figure S2. Examples of MPSS-measured PNSDs, showing nucleation and/or Aitken, and accumulation modes. The PNSDs shown in the
panels (a) and (c) are considered as indicative for newly formed particles, while the measurement displayed in panel (b) shows no indication

for newly formed particles.

S2.2 Categorization of newly formed particles

The MPSS-measured PNSDs indicative of newly formed particles were categorized according to three environmental con-

ditions for which they were mainly observed, i.e., newly formed particles detected in the free troposphere (Sect. 3.2 in the
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main text), in the atmospheric boundary layer (ABL) over sea ice (Sect. 3.3), and in the vicinity of clouds (Sect. 3.4). Fig. S3
shows the median PNSDs and corresponding interquartile ranges of all MPSS measurements per category. For convenience,
the PNSDs are shown on both a logarithmic (upper panel) and linear axis (lower panel).

For approximately 14 % of all PNSDs featuring newly formed particles, the prevailing conditions could not unambiguously
be identified. These include flight sections during which clouds were present, but in contrast to the newly formed particles
classified as "in the vicinity of clouds", we did not fly directly at cloud top or base, respectively. Contained in the 14 % of
unclassified cases are also sections at rather low altitudes (60 - 300 m, see Fig. 2b in the main text) over ocean, which were at
least partly carried out inside the marine ABL. Here, either clouds were present as well, or sea ice floes were visible in addition
to open sea areas, preventing the clear identification of the potential precursor source (open sea or sea ice). Consequently,
we cannot rule out that the open ocean acted as source of precursor gases (e.g., dimethyl sulfide (DMS), Willis et al., 2018)
leading to newly formed particles in some of the regions targeted during our campaign, but, in contrast to the three other cases

investigated, no clear observations of newly formed particles over open ocean were made.
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Figure S3. Median PNSD of all cases of newly formed particles associated with one of the three environments described in the main text
and discussed in detail in the respective sections 3.2 (free troposphere), 3.3 (ABL over sea ice), and 3.4 (cloud vicinity). The shaded areas

represent the interquartile ranges.

S3 Thermodynamic conditions prevailing during the occurrence of newly formed particles

In Fig. S4, relative frequencies of occurrence of measured temperature and relative humidity pairs (T-RH pairs) are plotted
in a temperature vs. relative humidity plane. The relative frequencies were calculated considering the number of measured
T-RH pairs during the presence of newly formed particles (Fig. S4a, 37452 pairs) and considering the number of T-RH
pairs measured during the absence of newly formed particle (Fig. S4b, 116891 pairs). The histograms shown in Fig. S4c-e
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were calculated by normalizing the T-RH data pairs recorded only during observations of newly formed particles in the free
troposphere (Fig. S4c), only during observations of newly formed particles in the ABL over sea ice (Fig. S4d), and only during
observations of newly formed particles in the vicinity of clouds (Fig. S4e) 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. S4a. The dotted

horizontal and vertical lines separating the subplot into four quadrants in Fig. S4 are plotted to guide the eyes.
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Figure S4. Temperature and relative humidity conditions during (a) newly formed particle-cases (NFP-cases) and (b) non-NFP-cases. The
labels "FT", "sea ice", and "clouds" 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, and cloud
vicinity, respectively. The second row depicts temperature and relative humidity during the occurrence of newly formed particles (c) in the

free troposphere, (d) the ABL over sea ice, (e), and the vicinity of clouds

From Fig. S4, a clear pattern becomes visible. The data show three main clusters in the relative frequency distribution of
temperature and humidity conditions during observations of newly formed particles (Fig. S4a), while the frequency distribution
of T-RH pairs measured during the absence of newly formed particles is broader, with fewer pronounced features (Fig. S4b).
The peaks in Fig. S4a, i.e., in the T-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. S4a, Fig. S4c). Newly
formed particles in the ABL over sea ice occurred during cold and humid conditions (lower right quadrant in Fig. S4a, Fig.
S4d). For newly formed particles detected in the vicinity of clouds, relatively warm and humid conditions prevailed (upper

right quadrant in Fig. S4a, Fig. S4e). As mentioned in Sect. 3.1 in the main text and in supporting information (SI) Sect. S2.2,
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we found no clear indications for newly formed particles inside the ABL over open ocean during our campaign. 7-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. Altogether, these results show that newly formed particles
observed during BACSAM II seem to be associated with distinct thermodynamic conditions, which correspond to the different
atmospheric scenarios for which newly formed particles were encountered, i.e., free tropospheric newly formed particles,
newly formed particles inside the ABL over sea ice, and newly formed particles in the vicinity of clouds. These data provide
important information on boundary 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.

S4 New and recently formed particles in the free troposphere

Fig. S5 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.
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Figure S5. Median PNSD of measurements indicative of newly formed particles (NFPs) and recently formed particles (RPFs, solid lines)
observed on 13 April 2024 during the transit from Longyearbyen to Villum Research Station (case study in the free troposphere). The shaded

areas represent the interquartile ranges.

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. S5). According to our criteria defined above, these PNSDs are not considered

as indicative for newly formed particles. We rather interpret them as steming from "recent particle formation" (RPF), since
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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 further detail is beyond the scope of this paper.

S5 Newly formed particles in the atmospheric boundary layer over sea ice

S5.1 Sea ice conditions

To illustrate the sea ice conditions prevailing in the target region east of Svalbard between waypoint 1 (WP1) and WP3 on 15
April 2024 (RFO05, Sect. 3.3 in the main text), Fig. S6 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.
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Figure S6. Sea ice conditions during RFO5 on 15 April 2024 (case study in the ABL over sea ice). The title denotes the time in UTC.

S5.2  Vertical profile

From the inversion observed in the vertical profiles of potential temperature (©) between WP1 and WP3, we determine the
ABL height (Fig. S7). The solid line in Fig. S7 shows the mean ©-profile averaged over the four ascents/descents at WP1, WP2,
and WP3 (see Fig.7a 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, inside B1.) and the high-level leg above the ABL in the free troposphere (Apg, outside BL, = 850m).

In Fig. S7, an inversion at an altitude of about 170 m can be identified for the target region.
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Figure S7. 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.

S5.3 Particle number size distributions

Fig. S8 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. 7a 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 S8. 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.
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S6 Newly formed particles in the vicinity of clouds
S6.1 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
(RFO08, Sect. 3.4 in the main text), Fig. S9 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.
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Figure S9. Sea ice conditions during RFO8 on 24 April 2024 (case study in the vicinity of clouds). The title denotes the time in UTC.

S6.2 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. 10a 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. S10, we show the potential temperature derived from
these data collected during the ascent through cloud (see Fig. 10a in the main text). Directly in the target region between
WP1 and WP2 (see Fig. 9a 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 towards the sea ice edge (see Fig. 9(a) in the main text), is depicted in Fig. S10. 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. S10,
were determined from the profile of potential temperature and from in situ video data. Both CARRA and in situ data show an
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 S10. 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).

S6.3 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 2p,6tt0m/t0p 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

C — L Fnet (Ztop) - Fnet(zbottom) : (1)

PCp Ztop — Zbottom

where p and ¢, are density and specific heat capacity at constant pressure of air, and F,e;(2) 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. S11, which shows a sharp minium at about 1150 m, i.e., radiative cooling at the cloud top.
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Figure S11. Radiative heating/cooling rates for the case study in the vicinity of clouds on 24 April 2024, determined from the ascent through

cloud.
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