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Abstract. New particle formation (NPF) can impact the Arctic radiative energy budget since this region is particularly sensitive

to changes in aerosol particle and cloud condensation nuclei concentrations. Prior studies
:::::::::::
measurements

:
have predominantly

investigated NPF in the Arctic atmospheric boundary layer (ABL), concluding that this phenomenon primarily takes place

close to the surface. However, this study shows
::::
while

::::::::::::::::
vertically-resolved

::::::
studies

:::
on

:::::
newly

:::::::
formed

::::::
aerosol

:::::::
particles

:::::::
remain

:::::
scarce.

:::::
Here,

:::
we

:::::::
present

::
an

:::::::
analysis

::::::
which

:::::::
suggests that NPF may take place throughout the entire lower Arctic troposphere.5

We have reached this conclusion by analyzing
::::::
aerosol particle number size distribution data collected during a springtime

aircraft campaign
:::::::::
(BACSAM

:::
II)

:
in the vicinity of Svalbard, the Fram Strait, and northern Greenland. We detected newly

formed aerosol particles
:::
over

::::::::
distances

::
of

::::::::
hundreds

::
of
::::::::::
kilometers, at various altitudes ranging from about 60 m to 3900 mand

identified three
:
,
:::
and

::::::::
identified

::::
four

:
atmospheric scenarios for their occurrence: newly formed particles in the free troposphere,

in the ABL over sea ice, and in the vicinity of clouds,
::::
and

::
in

:::
the

:::::
ABL

::::
over

::::::
ocean

::::
with

:::
sea

:::
ice

:::::
floes. Our results suggest10

::::::
indicate

:
that regional Arctic atmospheric processes as well as long-range transport

::::
may play key roles in the formation of new

particles. Based on our data, we furthermore conclude that NPF may be a frequent and geographically extended phenomenon

in the Arctic free troposphere
:
In

:::::::::
particular,

:::
we

::::::
deduce

:::
that

::::
one

:::::::
possible

::::::::::
mechanism

::::::
leading

::
to

::::
free

::::::::::
tropospheric

::::
NPF

:::::
could

:::
be

::::::::
associated

::::
with

::::::::
warm-air

::::::::
intrusions.

1 Introduction15

Aerosol particles are an important component of the global climate system (Forster et al., 2021). They enter the atmosphere ei-

ther directly by primary emissions or are formed in situ by secondary aerosol particle formation from condensable gases (Sein-

feld and Pandis, 2006). The latter process, which generates particles with diameters of initially a few nanometers, is termed new

particle formation (NPF) (Kulmala et al., 2004)
::::::::::::::::::::::
(NPF, Kulmala et al., 2004). Depending on the atmospheric thermodynamic
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conditions, subsequent growth can increase particle sizes to values large enough such that the particles may act as cloud conden-20

sation nuclei (CCN) (Kulmala and Kerminen, 2008; Kerminen et al., 2018)
:::::::::::::::::::::::::::::::::::::::::::::::::
(CCN, Kulmala and Kerminen, 2008; Kerminen et al., 2018)

. CCN play a crucial role in cloud formation, affecting cloud life time, precipitation formation, and cloud albedo, thereby influ-

encing Earth’s radiative energy budget (Andreae and Rosenfeld, 2008; Forster et al., 2021). Globally, about 50 % of CCN are

estimated to result from NPF (Gordon et al., 2017; Pierce and Adams, 2009; Merikanto et al., 2009). In the Arctic, with com-

monly low background aerosol particle number concentrations, NPF is particularly important because of the high susceptibility25

of Arctic cloud formation (and hence cloud radiative forcing) to changes in aerosol particle and CCN number concentrations

under low aerosol levels (Mauritsen et al., 2011; Leaitch et al., 2013; Carslaw et al., 2013; Gordon et al., 2017).

Currently, the Arctic is changing rapidly in response to global climate change (Box et al., 2019; Wendisch et al., 2017, 2023).

Among others, these changes manifest in a substantial decrease of the Arctic sea ice cover, especially at the end of the Arctic

summer in September (Stroeve et al., 2007). Furthermore, an increase of the near-surface air temperature is observed, which30

exceeds the global average warming by a factor of two to three (Wendisch et al., 2023). The processes causing the intensified

response of the Arctic climate system to global climate change are commonly referred to as Arctic amplification (Serreze and

Francis, 2006; Serreze and Barry, 2011; Wendisch et al., 2023). A changing Arctic also entails consequences for the Arctic

aerosol population. For example, the decline of the sea ice cover affects both primary emissions from the ocean surface and

secondary formation of aerosol particles (Willis et al., 2018; Schmale et al., 2021). Concerning the latter, enhanced emissions35

of precursor gases from open sea surfaces, leads, or through thinning sea ice have been reported and are expected to proceed

as the sea ice fractures and retreats further (Cuevas et al., 2018; Galí et al., 2019). There is direct
:::::::
indirect evidence reported by

Dall’Osto et al. (2017, 2018) who found a correlation between an increase of NPF events and decreasing sea ice extent. Further-

more, altered meridional transport may lead to enhanced aerosol particle and/or precursor transport into the Arctic, for instance,

via warm-air intrusions (Dada et al., 2022; Wendisch et al., 2023, 2024), which are expected to occur more frequently in the40

future (Bintanja et al., 2020; Wendisch et al., 2025).
::::::::
Similarly,

:::::::::::::::::::::
Heslin-Rees et al. (2020)

::::::
showed

::::
that

:::::::
changed

:::
air

:::::::::
circulation

::::::
patterns

:::::::
resulted

::
in

:::
an

::::::::
increased

::::::
marine

::::::::
influence

::
on

:::
the

::::::
aerosol

:::::::::
population

::
at
:::
the

::::::
Arctic

:::::::
Zeppelin

::::::
station

::::::::::
(Svalbard).

NPF has been observed in several locations Arctic-wide (Willis et al., 2018; Schmale and Baccarini, 2021). Most studies were

based on measurements conducted during shipborne campaigns
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(e.g., Wiedensohler et al., 1996; Allan et al., 2015; Baccarini et al., 2020)

or at ground-based stations including Alert, Villum, Zeppelin, Tiksi, and Utqiagvik (e.g., Leaitch et al., 2013; Allan et al., 2015; Croft et al., 2016; Asmi et al., 2016; Freud et al., 2017; Baccarini et al., 2020; Beck et al., 2021)45

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(e.g., Leaitch et al., 2013; Croft et al., 2016; Asmi et al., 2016; Freud et al., 2017; Beck et al., 2021). These stations provide tem-

porally extended datasets and enable the analysis of annual cycles and long-term trends. Yet, inherently, station- and ship-based

measurements can hardly provide precise vertical information. However, data on the vertical distribution of NPF are crucial

to identify and study key transport and formation processes, and ultimately, to assess the corresponding effects on the Arctic

climate (Lee et al., 2019; Schmale et al., 2021; Price et al., 2023). There are remote sensing instruments such as lidar that can50

provide vertical information on aerosol particles, but these methods mostly miss the required sensitivity to reliably infer quanti-

tative information on NPF. Consequently, to observe and analyze NPF, airborne measurements with balloons, helicopters, or air-

craft appear indispensable (Garrett et al., 2002; Weber et al., 2003; Engvall et al., 2008; Kupiszewski et al., 2013; Willis et al., 2016, 2017; Burkart et al., 2017; Pilz et al., 2024)

. These latter airborne studies predominantly suggested that
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(Garrett et al., 2002; Weber et al., 2003; Engvall et al., 2008; Khosrawi et al., 2010; Kupiszewski et al., 2013; Willis et al., 2016, 2017; Burkart et al., 2017; Pilz et al., 2024; Pohorsky et al., 2026)
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:
.
::::::
Despite

:::::
these

::::::::
growing

::::::
efforts

::
to

:::::::
conduct

::::::::::::::::
vertically-resolved

::::::::::::
measurements

:::
on

:::::::
aerosol

:::::::
particles

:::
in

:::::::
general,

::::
and

::::
NPF

:::
in55

::::::::
particular,

::::
data

::
on

:::
the

::::::
vertical

::::::::::
distribution

::
of

::::
NPF

::
in

:::
the

:::::
Arctic

:::
are

:::
still

::::::
scarce

::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(e.g., Burkart et al., 2017; Schmale et al., 2021; Pohorsky et al., 2026)

:
.
::::::
Hence,

:::
the

::::::
relative

::::::::::
importance

::
of

:::
the

:::::
ABL

::::
and

:::
the

:::
free

::::::::::
troposphere

:::
as

::::::
sources

:::
of

:::::
newly

:::::::
formed

:::::::
particles

:::::::
remains

:::::::
elusive.

:
A
:::::::
number

::
of

::::::
studies

:::::::
reported

:::
on

::
the

:::::::::::
predominant

:::::::::
occurrence

::
of

:
NPF close to the surface inside the atmospheric boundary layer

(ABL) prevails, and that free tropospheric NPF is less common (Willis et al., 2018)
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(Kupiszewski et al., 2013; Willis et al., 2016, 2017; Burkart et al., 2017; Willis et al., 2018)

:
,
::::
while

:::::
other

::::::::::::
measurements

:::::::
detected

::::
NPF

::
in
:::
the

::::
free

::::::::::
troposphere

::
as

::::
well

:::::::::::::::::::::::::::::::::::
(Weber et al., 2003; Khosrawi et al., 2010).60

In this paper, rather than focusing on the process of NPF itself (i.e., the initial nucleation mechanism), we investigate the occur-

rence of newly formed particles produced by NPF, which have initial diameters of less than 20 nm (Kulmala et al., 2004). Here,

we report on the frequent occurrence of these newly formed particles
::
in

:::
the

::::::
Arctic,

:::::
found

:
at various altitudes ranging from

about 60 m to 3900 m above sea level. The corresponding data were collected during an aircraft campaign carried out in the

Fram Strait, surrounding the Svalbard Archipelago, and in the vicinity of Villum Research Station (Station Nord) in Greenland65

in April 2024. Our data show that newly formed particles can be found throughout the entire lower Arctic troposphere, which

indicates that both local processes and long-range transport are important causes for NPF in the Arctic.

2 Methods

2.1 Aircraft campaign overview

The airborne campaign "Boundary layer and Aerosol and Cloud Study in the Arctic, based on aircraft and T-Bird Measurements70

II" (BACSAM II) was conducted from 5 April to 2 May 2024. We carried out eleven research flights (RFs) with the German

research aircraft Polar 6 (P6, Wesche et al., 2016), operated by the Alfred Wegener Institute, Helmholtz Centre for Polar and

Marine Research (AWI; see supporting information (SI) Fig. S1 for a map of all flight paths). With the operational base in

Longyearbyen (Svalbard), target areas included the Fram Strait, the Svalbard Archipelago, and the vicinity of Villum Research

Station in north-eastern Greenland. Flights were conducted between 7 and 29 April 2024. This time period was characterized75

by persistent warm air advection driven by low pressure systems south-west of Svalbard, resulting in above-average surface

temperatures in Svalbard. Two exceptions with typical cold conditions and high pressure at the beginning of the campaign from

7 to 11 April and from 15 to 17 April occurred. Note that our sampling is potentially biased towards viable flight conditions,

i.e., high visibility at Longyearbyen Airport. Furthermore, we
:::::
mostly

:
preferred cloud-free conditions in the target regions or

elevated cloud layers (cloud base ⪆ 200m), and no precipitation.80

2.2 Aerosol measurements and detection of newly formed particles

Aboard the P6 aircraft, we measured aerosol particle number size distributions (PNSDs) with a mobility particle size spec-

trometer (MPSS, Wiedensohler et al., 2012, 2018). The custom-built MPSS measures the PNSDs in the particle diameter size

range between 10 nm and 850 nm based on the electric mobility of aerosol particles with a time resolution of about 300 s. In

this paper, we only use data up to 600 nm since on some measurement days arcing inside the differential mobility analyzer85
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(DMA) led to artifacts in the PNSDs appearing at larger diameters. The system features a Vienna-type DMA (built by the

Leibniz-Institute for Tropospheric Research) and a condensation particle counter (CPC, TSI model 3760A, TSI Incorporated,

USA). For further details on the MPSS system see Wiedensohler et al. (2012, 2018). The flow in the sampling tubing leading to

the MPSS was manually adjusted depending on the true airspeed of the aircraft (typically ≈ 60 ms−1 during legs in the target

area and ≈ 90 ms−1 during transit flights) to achieve near-isokinetic sampling. As the onboard-temperature was significantly90

higher than the ambient temperature, the relative humidity of the sampled air in the aerosol inlet was below 40 %. Consequently,

all reported particle diameters refer to dry conditions (Jurányi et al., 2025). All particle number concentration data have been

corrected to standard conditions (1013 hPa and 273.15 K).
::::::
Particle

:::::
losses

::::::
inside

:::
the

::::::::
sampling

:::
line

:::::
from

:::
the

::::::
aerosol

:::::
inlet

::
to

::
the

::::::
MPSS

:::
due

:::
to

::::::::
diffusion,

::::::::::::
sedimentation,

::::::::
turbulent

::::::
inertial

:::::::::
deposition,

::::
and

::::::
inertial

:::::::::
deposition

::
in

:::::
bends

:::
and

:::::::::::
contractions

::::
have

::::
been

::::::::
corrected

:::
for,

:::::
based

:::
on

::::::::::
calculations

:::::::
utilizing

:::
the

::::::
particle

::::
loss

::::::::
calculator

::::::::::::::::::::::::::::::::
(Von der Weiden et al., 2009, Sect. S2).

:
95

In this paper, we distinguish between NPF and newly formed particles. Since the minimum diameter of aerosol particles that

can be detected with our measurement instrumentation is 10 nm, it is not feasible to clearly identify the exact region where

NPF occurred, i.e., where the process of the initial nucleation of particles with sizes of about 2 to 3 nm from condensable gases

took place (Kulmala et al., 2004; Kerminen et al., 2018). Nevertheless, particle sizes of 10 nm still imply that these particles
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Figure 1.
:::::::
Examples

::
of
:::::::::::::

MPSS-measured
::::::
PNSDs,

:::::::
showing

::::::::
nucleation

:::::
and/or

::::::
Aitken,

:::
and

::::::::::
accumulation

:::::
modes.

::::
The

::::::
PNSDs

:
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.
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were newly formed by secondary particle formation (i.e., by NPF, Kulmala et al., 2004). We hence refer to these particles as100

newly formed particles .
:::
and,

::
in

::::
this

:::::
paper,

::::::
instead

:::
on

:::
the

::::::
process

::
of

:::::
NPF,

:::::
focus

::
on

:::
the

:::::::::
occurrence

:::
of

::::
such

:::::::::
secondarily

:::::::
formed

:::::::
particles.

To detect newly formed particles, we fitted mono-modal, bi-modal, or tri-modal log-normal functions to the MPSS-measured

PNSDs, with the different modes representing nucleation, Aitken, and accumulation modes, respectively. Following Kulmala

et al. (2004), we refer to aerosol particles in the measured dry diameter range from below 10 nm to 20 nm as nucleation mode105

particles, from 20 nm to 90 nm as Aitken mode particles, and from 90 nm to 600 nm as accumulation mode particles. We con-

sider an MPSS-measured PNSD as indicative for newly formed particles if the fitted distribution features a nucleation mode

with a geometric mean diameter below 10 nm. See Sect. S2.1 for further details and examples of fitted PNSDs, indicating either

the presence or absence of
:
,
:::
i.e.,

::
a
:::::
mode

::::
with

::
a
:::::::::
maximum

:::::
below

:::
the

:::::
lower

::::
size

:::::
limit

::
of

:::
the

::::::
MPSS.

::::
The

::::::::
detection

::
of

:
newly

formed particles (Fig. S2).
:::
was

:::::::
verified

:::
by

:::::
visual

:::::::::
inspection

::
of

:::
the

:::::
fitted

:::::::
PNSDs.

:
Only distributions measured at a constant110

altitude were considered for quantitative analysis, i.e., PNSDs measured during the aircraft’s ascents and descents were not

taken into account in quantitative terms.
:::
Fig.

::
1

:::::
shows

::::::::
examples

::
of
:::::

three
:::::
fitted

:::::::
PNSDs,

::::
with

:::
the

::::
data

::::::::
displayed

::
in

::::
Fig.

::
1a

::::
and

:::
Fig.

:::
1c

::::::::
indicating

:::
the

:::::::
presence

:::
of

:::::
newly

::::::
formed

::::::::
particles,

:::
and

:::
the

::::
data

::
in

::::
Fig.

::
1b

:::
the

:::::::
absence

::
of

::::::
newly

::::::
formed

::::::::
particles.

2.3 Meteorological measurements

A nose boom was installed at the tip of the aircraft to measure air pressure, temperature, and the three-dimensional wind115

vector. The nose boom features an Aventech five-hole probe to measure static, dynamic, and differential pressures to derive

the wind vector from these data, and an open-wire Pt100 in an unheated Rosemount housing to record air temperature data.

These data were measured with a time resolution of 100 Hz. Humidity data are available at 20 Hz from a Vaisala HMT333 in

a Rosemount housing installed aboard the aircraft.
::::::
Surface

::::
skin

::::::::::
temperature

::::
data

::
at

::
20

:::
Hz

:::
are

:::::::
derived

::::
from

::::::::::::
measurements

:::
by

:
a
::::::
KT-19

:::::::
infrared

::::::::
pyrometer

::::::::::
(Heitronics

::::::::
KT-19.85

:::
II).

:
Position and altitude were measured by combining Global Positioning120

System (GPS) and Inertial Navigation System (INS) data, which were recorded at 100 Hz. See Hartmann et al. (2018) for

further details on the instrumentation and data processing.

2.4 Backwards trajectory analysis

Backward trajectories were calculated from ERA5 wind fields (Hersbach et al., 2020) utilizing the Lagrangian analysis tool

LAGRANTO (Sprenger and Wernli, 2015). The trajectories were initiated every minute along the flight track of the P6 at the125

corresponding flight altitude. The trajectories were calculated for 120 hours backwards in one minute time steps and several me-

teorological parameters from ERA5 were traced along the trajectory. Based on these parameters, we carry out an analysis of air

mass history in Sect. 3. Among others, we determine the last contact of these air masses with clouds based on the specific cloud

liquid water content (CLWC) and the specific cloud ice water content (CIWC). Here, we consider an air mass to have been in

contact with a cloud if CIWC > 0.01gkg−1 or CLWC > 0.1gkg−1.
::
the

::::
total

:::::
water

:::::::
content

:::::::::::::::::::::::::
(CWC = CLWC +CIWC)130

::::::
exceeds

:::
the

::::::::
threshold

::
of

::::::::::::::::::
CWC > 0.01gkg−1

:::::::::::::::::::::::::::::::::::::::::::::::::::
(McFarquhar and Cober, 2004; Moser et al., 2023, see Sect. S3)

:
.
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3 Results and discussion

3.1 Frequent occurrence
:::::::::::
Geographical

::::
and

:::::::
vertical

:::::::::::
distribution of newly formed particles

Throughout the entire BACSAM II campaign, we frequently observed newly formed particles over large areas of the Arctic

region studied (Fig. 2). Newly formed particles were detected during all eleven research flights, with the first observation of135

such particles on 7 April 2024, and the last on 29 April 2024. We encountered newly formed particles at various locations

(approximately between 76°N to 85°N and 15°W to 26°E) and altitudes ranging from about 60 m to 3900 m above sea level

(Fig. 2). The time periods during which we identified newly formed particles amount to an overall duration of about 10 hours

and 30 minutes, which corresponds to approximately 24
::
29 % of the total flight time

:::::::::::
measurement

::::
time

::
(at

:::::::
constant

::::::::
altitude) of

all research flights and a distance flown of about 2800 km.
::::
2770

::::
km.

Figure 2. Geographical location and altitude at which newly formed particles (NFPs) were observed during the BACSAM II campaign.

The flight tracks are shown in gray and the locations where newly formed particles were identified are color-coded by the corresponding

flight altitude. The sea ice concentration is shown exemplary for 15 April 2024, during which we encountered newly formed particles at

low altitudes over the ice-covered sea east of Svalbard (see Sect. 3.3). The corresponding sea ice data were retrieved from www.seaice.uni-

bremen.de (Spreen et al., 2008).

140

We categorize the observations according to three
:::::::::
Analyzing

::
all

::::::::::::
measurements

::::::::
featuring

:::::
newly

:::::::
formed

:::::::
particles

::
in

:::
the

::::::
course

::
of

:::
our

:::::::::
campaign,

:::
we

:::::
could

:::::::
identify

::::
four

:
distinct environmental conditions (

:::::
based

::
on

:::
the

:::
in

:::
situ

:::::
data,

:::
see

:::::
Sect.

:::
S3;

:
Fig. 3).

These
:::::
cases include newly formed particles in the free troposphere (without clouds being present, Sect. 3.2), newly formed

particles at low altitudes in the ABL over sea ice (Sect. 3.3), and newly formed particles in the vicinity of clouds (Sect. 3.4).

The reader is referred to Fig. S3 for the ,
::::
and

:::::
newly

::::::
formed

::::::::
particles

:::::
inside

:::
the

::::
ABL

::::
over

::::::
ocean

::::
with

:::
sea

::
ice

:::::
floes,

::::
i.e.,

:::
the

:::
sea145

::::::
surface

::::::::
consisted

::
of

::::
both

:::::
open

:::::
water

:::
and

:::
sea

:::
ice

::::::
during

:::
the

:::::
latter

::::::::::
observations

::::::
(Sect.

::::
S5).

:::
No

:::::::::
indications

:::
for

:::
the

:::::::
presence

:::
of

:::::
newly

::::::
formed

:::::::
particles

:::::
were

:::::
found

::::::
within

::
or

::::
near

:::
the

::::
ABL

::::
over

:::::
open,

:::::::::
completely

:::::::
ice-free

:::::
ocean

:::::
(Sect.

::::
S5).

:
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:::
Fig.

:::
3a

::::::
depicts

:::
the

:
median size distributions of the PNSDs indicating the presence of newly formed particles, for each of

the three environments. Furthermore, we report the
::::
four

::::::::::::
environments.

::::
The

::::::
highest

:::::::
particle

:::::::
number

::::::::::::
concentrations

:::
in

:::
the

::::::::
nucleation

:::::
mode

:::
are

:::::
found

::::::
during

:::::::::::
observations

::
of

:::::
newly

:::::::
formed

:::::::
particles

::
in

:::
the

:::
free

:::::::::::
troposphere.

:::::
Inside

:::
the

:::::
ABL

::::
over

:::
sea

:::
ice150

:::
and

::
in

:::::
cloud

:::::::
vicinity,

::::::::::::
concentrations

:::
in

:::
the

:::::::::
nucleation

:::::
mode

:::
are

::::::
smaller

:::
by

:
a
::::::

factor
::
of

:::::::
roughly

::::
two.

::::
The

:::::::
smallest

:::::::::
nucleation

::::
mode

:::::::::::::
concentrations

::
are

::::::::
observed

:::::
inside

:::
the

::::
ABL

::::
over

:::::
ocean

::::
with

:::
sea

:::
ice

:::::
floes,

::::
with

:::
the

::::::::::::
concentrations

:::::
being

::::::
reduced

:::
by

:::::
about

:::
one

:::::
order

::
of

:::::::::
magnitude

::::::::
compared

::
to

:::
the

::::
free

::::::::::
tropospheric

:::::
case.

::
In

:::
the

:::::::::::
accumulation

::::::
mode,

::::::
roughly

:::::::
similar

::::::::::::
concentrations

:::
are

:::::::
observed

::::::
during

:::::
newly

:::::::
formed

::::::::::::::::
particle-occurrence

:::::
inside

:::
the

::::
ABL

::::
over

::::::
ocean

::::
with

:::
sea

:::
ice

::::
floes

:::
and

:::::
cloud

:::::::
vicinity.

::::::
Inside

:::
the

::::
ABL

::::
over

:::
sea

::::
ice,

:::::::::::
accumulation

:::::
mode

:::::::::::::
concentrations

:::
are

::::::
slightly

::::::
higher.

::::
The

::::::
lowest

:::::::::::
accumulation

:::::
mode

:::::::::::::
concentrations

:::
are155

:::::
found

::
in

:::
the

:::
free

:::::::::::
troposphere,

::::
with

:::
the

:::::
mode

:::::
being

::::::::
decreased

::
by

::
a
:::::
factor

::
of

:::::::
roughly

:::
two

::
to
::::
four

:::::::::
compared

::
to

:::
the

::::
other

:::::
cases.

:

:::
The

::::::
reader

::
is

:::::::
referred

::
to

:::::
Sect.

::
S4

::::
and

::::
Fig.

::
S3

:::::::::
regarding

:::
the related temperature and relative humidity conditions prevailing

during observations of newly formed particlesin Sect.
:::
We

::::
will

::::::
discuss

:::
the

:::::::::::
observations

:::
for

::::
each

::
of

:::
the

::::
four

:::::::::
categories,

::::::
which

:::::::
represent

:::::
92 %

::
of

:::
all

::::::::::
observations

::
of

::::::
newly

::::::
formed

::::::::
particles,

::
in

:::::
more

:::::
detail

::
in

::::
Sect.

::::
3.2,

::::
Sect.

::::
3.3,

::::
Sect.

::::
3.4,

:::
and

:::::
Sect.

:::
S5. S3

and Fig. S4.160

Newly formed particles
:::::
About

::::
45 %

::
of

:::
all

::::::
PNSDs

::::::::
featuring

:::::
newly

::::::
formed

:::::::
particles

::::
were

:
detected in the free troposphereaccount

for the majority of our observations with about 45
:
,
::::::::::::
corresponding

::
to

::::::::::::
approximately

::
4

:::::
hours

:::
and

:::
40

:::::::
minutes

::
of

::::::::::::
measurements

::::
(Fig.

:::
3b,

::
c)

::::
and

::::::::
distances

:::::
flown

::
of

::::::::::
≈ 1460km.

::::::
About

::
16 % of all cases (i.e., 45 % of all PNSDs

::
(≈

::
1
::::
hour

::::
and

::
40

::::::::
minutes,

:::::::::
≈ 350km)

::
of

::
all

:::::
cases

:
featuring newly formed particles ), compared to about 16

::::
were

:::::
found

::
in

:::
the

:::::
ABL

::::
over

:::
sea

:::
ice,

:::
as

::::
well

::
as

:
6 %

::
(≈

:::
40

:::::::
minutes,

:::::::::
≈ 130km)

:
in the ABL over sea ice, and approximately

::::
ocean

:::::
with

:::
sea

:::
ice

::::
floes.

:::::::::::::
Approximately

:
25 %165

::
(≈

::
2
:::::
hours

::::
and

:::
40

:::::::
minutes,

::::::::::
≈ 630km)

::
of

:::
all

:::::
cases

::::
were

::::::::
observed

:
in the vicinity of clouds (Fig. 3a). About 14

:
b,
:::

c).
::::
For

::::::::::::
approximately

:
8 % of all observations cannot

::
(≈

:::
50

::::::::
minutes,

:::::::::
≈ 200km)

::
of

:::
all

::::::
PNSDs

::::::::
featuring

:::::
newly

:::::::
formed

::::::::
particles,

:::
the

::::::::
prevailing

:::::::::
conditions

:::::
could

:::
not

:::::::::::::
unambiguously

::
be

:::::::::
identified,

:::
i.e.,

:::::
these

:::::
cases

:::::
could

:::
not clearly be assigned to one of the cate-

gories (Sect. S2.2). Newly
:
or

::
to
:::::::

another
:::::::
separate

::::::::
category

::::
(Fig.

:::
3b,

:::
c).

::::
They

:::::::
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

:::::
carry

:::
out

::::::::
dedicated

::::
legs170

::::::
directly

::
at

:::::
cloud

:::
top

::
or
:::::

base,
:::::::::::
respectively.

::::
Also

:::::::
included

:::
are

:::::
flight

::::
legs

:::
for

:::::
which

::
it
:::::
could

:::
not

::::::::::::
unequivocally

::
be

::::::::::
determined

::
if

::
the

::::
legs

:::::
were

::::::::
conducted

::::::
inside

::
or

::::::
outside

:::
the

::::
ABL

::::
(see

:::::
Sect.

:::
S3).

:

::
As

:::::::::
mentioned

::::::
earlier,

::::::
newly formed particles were frequently detected in a wide range of altitudes between approximately 60

m and 3900 m (Fig. 3b, c
:::
b-d). Here, 60 m and 3900 m correspond to the minimum and maximum flight altitudes at which mea-

surements were carried out .
:::
(Fig.

::::
3b). Consequently, we cannot rule out that newly formed particles could be present at altitudes175

even higher than 3900 m . In
::
in

:::
the

:::::
target

::::::
regions

::::::
during

:::
our

:::::::::
campaign. Fig. 3c, we show the relative

:
d
:::::::
presents

:::
an

::::::::
overview

::
of

::
the

:
frequency of occurrence of newly formed particles per altitude

:::::
during

:::
our

:::::::::
campaign.

:::::
Here,

:::
we

::::
show

:::
the

::::::
relative

:::::::::
frequency

::
of

:::::::::
occurrence

:::
per

::::::
altitude

:::
bin, defined as the duration of newly formed particle-observations per altitude, normalized by the total

time of all PNSD measurements within this altitude bin. The frequency values show a rather uniform vertical distributionfrom

the surface up to about 2000 m, with
::::::
variable

:::::::
vertical

::::::::::
distribution.

:::
For

::::::::
example,

::
in

:::
the

:::::
lowest

::::
300

::
m,

:
roughly 25 % of all mea-180

sured PNSDs featuring
::::::
featured

:
newly formed particles. At altitudes between about 2500 m and 3200 m, where measurements

were overwhelmingly carried out in the cloud-free free troposphere (Fig. 3b), newly formed particles were detected more
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Figure 3.
::
(a)

:::::
Median

:::::
PNSD

::
of

::
all

:::::::::::
measurements

:::::::
showing

::::
newly

::::::
formed

:::::::
particles

:::::
(NFPs)

::::::::
associated

::::
with

:::
one

::
of

::
the

::::::::::
environments

::::::::
described

:
in
:::
the

::::
main

::::
text:

:::::
newly

:::::
formed

:::::::
particles

::
in

::
the

::::
free

:::::::::
troposphere

::::
(Sect.

::::
3.2),

:::::
inside

:::
the

::::
ABL

:::
over

:::
sea

:::
ice

::::
(Sect.

::::
3.3),

::
in

:::
the

::::::
vicinity

::
of

:::::
clouds

::::
(Sect.

::::
3.4),

:::
and

:::::
inside

::
the

::::
ABL

::::
over

:::::
ocean

:::
with

:::
ice

::::
floes

::::
(Sect.

::::
S5).

::
(b)

:::
Total

:::::::::::
measurement

::::
times

:::
per

:::::
altitude

:::::::
(grouped

::::
into

:::::
height

:::
bins

::::
with

:
a
::::
width

::
of
::::

100
::
m)

:::::::
showing

:::
the

::::::
absence

::
of

:::::
newly

:::::
formed

:::::::
particles

::
as

::::
well

::
as

::::
times

:::::
during

:::::
which

:::::
newly

::::::
formed

:::::::
particles

::::
were

::::::
detected

:::
for

::
the

:::::::
different

::::::::::
environments.

:::
(c)

:::
For

:::::::::
convenience,

::::
this

::::::
subplots

:::::
shows

::
the

:::::::
duration

::
of

:::::
newly

:::::
formed

:::::::::::::::
particle-occurrence

:::::::::::::
(NFP-occurrence)

:::
per

::::::::::
measurement

:::::
altitude

:::::
again

::
for

:::
the

:::::::
different

::::::::
categories,

:::
i.e.,

:::
the

::::
same

::::
NFP

:::
data

::
as

::
in

:::
the

:::
first

:::::
panel.

:::
The

::::
NFP

::::
data

:::
here

:::
and

::
in

::::
panel

:::
(b)

:::
are

:::::
shown

::
as

::::::
stacked

:::
bars.

:::::
Note

::
the

:::::::
different

::::
range

::
of
:::
the

:::::
x-axis

::::::::
compared

::
to

:::
(b).

::
(d)

::::::
Relative

::::::::
frequency

::
of

::::::::::::
NFP-occurrence

:::
per

::::::::::
measurement

:::::
altitude

::::::::::
(irrespective

::
of

:::::::
category),

:::
i.e.,

:::::::::::::
NFP-occurrence

:::::
divided

:::
by

:::
total

::::::::::
measurement

::::
time.

::::
The

::::::
hatched

:::
bars

::
at

::::::
altitudes

:::::
higher

::::
than

::::
3500

::
m

::::::
indicate

:::
that

:::
here

::::
only

:::
one

:::
full

:::::
PNSD

::::::::::
measurement

:::
was

::::::::
conducted

:::::
within

::::
each

::::::
altitude

:::
bin,

::::
while

:::::
below

::::
3200

::
m

::
on

::::::
average

::
14

:::::
MPSS

:::::
scans

:::
were

::::::
carried

:::
out

:
at
::::
each

::::::
altitude,

::::
with

:
a
::::::::
maximum

::
of

::
79

:::::
scans

::::::
between

::
60

:::
and

::::
100

:
m
::::
(Fig.

::::
3a).
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frequently, with up to 67
::
up

::
to

::::::
almost

::
75

:
% of PNSDs measured at these altitudes indicating

::::::
indicate

:
the presence of newly

formed particles (Fig. 3c). To additionally provide a general overview of particle number concentrations prevailing throughout

the campaign, Fig. 3d presents the median vertical distribution of particle number concentrations in the total measurement size185

range from 10 nm to 600 nm and in the nucleation mode size range from 10 nm to 20 nm, calculated from the data available

from all flights. The values span roughly two orders of magnitude, with nucleation mode particles, e.g., contributing between

50 % to 75 % of all measured particles at altitudes of about 1000 m and 3000 m.
::
d).

:
Note that during the campaign, sampling

times and consequently number of PNSDs measured, as well as distances flown at certain altitudes, were not evenly distributed

over the investigated altitudes, geographical locations, and synoptic conditions .
::::
(Fig.

::::
3b). For example, while measurements190

in the lowest 100 m were carried out for a total duration of approximately 390
::::::
almost

:::
400

:
min (over a distance of about 1480

km), measurements at 3500-3600 m and 3800-3900 m were solely performed during one research flight, and at each altitude

range for merely 5 to 10 min (27 to 54 km, to feature one full MPSS scan; hatched bars in Fig. 3c).
::
d).

:
The values of duration

and relative frequency of newly formed particle-occurrence reported in this section are thus not intended to constitute represen-

tative values for the lower Arctic troposphere, but rather .
:::::
They

:::::
rather

::::::
provide

::
a
:::::
rough

::::::::
overview

:::
and

:
represent statistics of the195

observations made during the BACSAM II campaign. (a) Duration of newly formed particle-occurrence (NFP-occurrence) for

each of the categories, which are introduced in detail in the main text (left y-axis). Ratio of NFP-observations per category to

all NFP-observations combined (right y-axis). (b) Duration of NFP-occurrence per measurement altitude, grouped into height

bins with a width of 100 m. The data are shown as stacked bars. (c) Relative frequency of NFP-occurrence per measurement

altitude, grouped into height bins with a width of 100 m. The hatched bars at altitudes higher than 3500 m indicate that here200

only one full PNSD measurement was conducted within each altitude bin. (d) Median values (solid lines) and interquartile

ranges (shaded area) of integral particle number concentrations in the total measured size range (10 nm≤Dp ≤ 600 nm) and

in the nucleation mode size range (10 nm≤Dp ≤ 20 nm), respectively.
::::::
Despite

:::::
these

::::::::::
limitations,

:::
we

::::::::::
additionally

:::::::
present

:::::::
statistics

:::::::::
concerning

:::
the

:::::
total

:::::::::::
measurement

:::::
times

:::::
spent

::
in

:::
the

:::
free

:::::::::::
troposphere,

::
in

:::
the

:::::
ABL

::::
over

:::
sea

:::
ice

:::
and

::::
over

::::::
ocean

::::
with

:::
sea

:::
ice

:::::
floes,

:::
and

:::
in

:::::
cloud

:::::::
vicinity

:::::::::
throughout

:::
the

:::::::::
campaign

::
in

:::::
Sect.

:::
S3,

:::::
based

:::
on

::::::
ERA5

::::::::
reanalysis

:::::
data.

:::::::
Further,

:::::::
relative205

:::::::::
frequencies

::
of

::::::::::
occurrence

::
of

:::::
newly

::::::
formed

:::::::
particles

:::
for

:::::
these

:::::::::::
environments

:::
are

::::::::
provided.

::::
The

:::::
values

:::
are

:::::::::
associated

::::
with

:::::
rather

::::
large

:::::::::::
uncertainties

:::
and

:::
can

::::::::
therefore

::::
only

:::::::
provide

:
a
::::
very

:::::
rough

:::::::
estimate

::::
(see

:::::
Sect.

::
S3

:::
for

:::::::
details).

Nevertheless, our measurements clearly demonstrate that newly formed particles can frequently be
::::
were

:::::::::
frequently

:
found

throughout the lower Arctic troposphere and , as these particles originate from secondary particle formation, suggest that NPF

in the Arctic occurs
:::::::
occurred across large geographical areas and over a wide range of altitudes . In this context, it is worth210

noting that no indications for the presence of newly formed particles were found within or near the cloud-free ABL over open

ocean (Sect. S2.2).
:::::
during

:::
our

::::::::
campaign

::
in

:::::
April

:::::
2024.

To further elucidate the atmospheric scenarios under which newly formed particles were observed, and to gain insights into

potential precursor gases and their origins, in the following sections, the results of case studies focusing on newly formed

particles in the free troposphere, inside the ABL over sea ice, and in the vicinity of clouds will be presented. First, specific215

examples for these three scenarios will be given. Second, to put the given examples into a larger perspective, we will discuss

respective backward trajectory analyses for all air masses featuring newly formed particles for each of the
::::
these

:
three environ-
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ments.
::::::::
Regarding

:::
the

:::::::
presence

::
of

::::::
newly

::::::
formed

:::::::
particles

:::::
inside

:::
the

:::::
ABL

:::
over

::::::
ocean

::::
with

:::
sea

::
ice

:::::
floes,

::
as

::::
well

::
as

:::
the

:::::::
absence

::
of

::::
such

:::::::
particles

:::::
inside

:::
the

:::::
ABL

::::
over

:::::::::
completely

:::::::
ice-free

:::::
ocean,

:::
the

:::::::::
backward

::::::::
trajectory

:::::::
analysis

:::::::
required

::
is

::::::::
somewhat

::::::::
different

::::::::
compared

::
to

:::
the

:::::
other

::::
three

:::::
cases

::::
(for

:::::::
example,

::::
due

::
to

:::
the

::::::::
prevailing

:::::::::::::
meteorological

:::::::::
conditions,

::::
e.g.,

:::
air

::::::
masses

:::::::
passing

::::
over220

::
the

::::::
island

::
of

::::::::::
Spitsbergen,

:::
see

:::::
Sect.

::
S5

:::
for

:::::::
details).

:::
To

::::
keep

:::
the

::::
main

::::
text

::::
both

:::::::::
consistent

:::
and

:::::::
concise,

:::::
these

::::
latter

:::::::::::
observations

::
are

:::::::::
discussed

::::::::::::::
comprehensively

::
in

:::
the

::
SI

::
in

::::
Sect.

::::
S5.

3.2 Newly formed particles in the free troposphere

Here, as an illustrative example, we present results concerning newly formed particles in the free troposphere which were en-

countered on 13 April 2024 during RF04 while transiting from Longyearbyen (Svalbard) to Villum Research Station (northern225

Greenland) at an altitude of 2890 m (Fig. 4a).

Figure 4. (a) Flight track of RF04 on 13 April 2024. The Moderate-resolution Imaging Spectroradiometer (MODIS)-TERRA satellite image

was retrieved from https://wvs.earthdata.nasa.gov. (b) Five-day backward trajectories along the flight track. Backward trajectories associated

with newly formed particles (NFPs) are depicted
::::
along

:::
the

::::::
section

::
of

:::
the

:::::
flight

::::
track

:::::
shown

:
in red and

:::
Fig.

::
5.
:::

(c)
::::::
Five-day

:
backward

trajectories connected to PNSD measurements featuring no newly formed particlesin black. The sea ice concentration data
:::::
shown

::
in

:::
the

::::::
subplots

:::
(b)

:::
and

::
(c) were retrieved from www.seaice.uni-bremen.de (Spreen et al., 2008).

In the two days ahead of the flight, a low pressure system located over the east coast of Greenland advected warm and moist

air over the sea ice edge in the Fram Strait (red trajectories in Fig. 4b). Within this warm-air intrusion, North Atlantic ABL air

was lifted up to the free troposphere. The uplifting over the sea ice edge was accompanied with the formation of precipitating

clouds, which dissipated before sampling of the air mass. Consequently, the sampled free tropospheric air was cloud-free. The230

cumulus clouds visible in the satellite image in Fig. 4a capped the marine ABL, which was located more than 2 km beneath

the flight track. Therefore, we expect no influence of these low-level clouds on our measurements in the free troposphere.

In addition to the southerly air masses from the Atlantic, air masses originating at higher latitudes close to Svalbard were

probed during RF04 (black trajectories in Fig. 4b). (a) P6 altitude during RF04 on 13 April 2024. (b) MPSS-measured PNSD.

(c) Integral particle number concentrations in the total measured size range (10 nm≤Dp ≤ 600 nm, solid line) and in the235

nucleation mode size range (10 nm≤Dp ≤ 20 nm, dashed line), respectively.
::
c).

During the time period from about 6:23 to 7:40 UTC, flying at high altitudes (≈ 2890 m), and covering a distance of about
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409 km, we encountered elevated number concentrations in the lower MPSS size bins (Fig. 5).
:::
The

::::::::
measured

:::::::
PNSDs

:::::::
featured

:
a
:::::
sharp

::::::
decline

::
in
:::

the
::::

size
:::::
range

:::::
from

::
10

::::
nm

::
to

:::::
about

::
60

::::
nm,

::::
i.e.,

:::
we

::::::::
observed

:::
the

::::::
"upper"

::::
end

::
of

::
a
::::::::::
pronounced

:::::::::
nucleation

::::
mode

::::
(see

::::
Fig.

:::
S8

::
for

:::
the

::::::
related

:::::::
median

:::::::
PNSD). Detected particle number concentrations in the size range from 10 nm to 20240

nm reached on average values of about N10−20 ≈ 714 cm−3
:::::::::::::::::
N10−20 ≈ 778 cm−3, which constituted about 66

::
68 % of the total

particle number concentration measured in the range from 10 nm to 600 nm (Fig. 5c). The measured PNSDs featured a sharp

decline in the size range from 10 nm to about 60 nm, i.e., we observed the "upper" end of a pronounced nucleation mode (see

Fig. S5 for the related median PNSD). In other words, we detected newly formed particles in the Arctic free troposphere across

a large geographical area.245

For the time period 7:40 to 8:19 UTC, encountered PNSDs featured no distinct nucleation mode, and number concentrations

in the size range from 10 nm to 20 nm were substantially lower (N10−20 ≈ 25 cm−3, 16
::::::::::::::::
N10−20 ≈ 27 cm−3,

:::
17 % of the total

MPSS-measured number concentration, Fig. 5c), i.e., no or only a small number of newly formed particles were present. No-

tably, the newly formed particles
:::::::
observed

::::::
during

:::
the

:::
first

::::
part

::
of

:::
the

::::::
transit

::::
flight

:
were associated with air masses originating

from lower latitudes which were transported into the Arctic within a warm-air intrusion (red trajectories in Fig. 4b), while for250

::
in the northerly air masses no newly formed particles were detected (black trajectories in Fig. 4b

:
c).

The presence of newly formed particles in the Arctic free troposphere distinguishes our observations from previous airborne

studies utilizing aircraft and helicopter measurements, which pointed towards NPF within the ABL as the dominant source of

newly formed particles in the Arctic (Engvall et al., 2008; Kupiszewski et al., 2013; Burkart et al., 2017; Willis et al., 2016, 2017)

. Together with a number of ground-based studies highlighting the importance of NPF within the ABL (e.g., Ström et al., 2009; Leaitch et al., 2013; Freud et al., 2017; Croft et al., 2016; Dall’Osto et al., 2017, 2020; Baccarini et al., 2020; Beck et al., 2021)255

, these results led researchers to assume that NPF in the Arctic primarily occurs close to the surface (e.g., Willis et al., 2018; Dall’Osto et al., 2017, 2020)

Figure 5.
::
(a)

::
P6

::::::
altitude

::::::
during

::::
RF04

:::
on

::
13

:::::
April

::::
2024.

:::
(b)

::::::::::::
MPSS-measured

::::::
PNSD.

::
(c)

::::::
Integral

::::::
particle

::::::
number

:::::::::::
concentrations

::
in

:::
the

:::
total

::::::::
measured

:::
size

::::
range

:::::::::::::::::::
(10 nm≤Dp ≤ 600 nm,

::::
solid

::::
line)

:::
and

::
in

:::
the

::::::::
nucleation

::::
mode

:::
size

:::::
range

::::::::::::::::::
(10 nm≤Dp ≤ 20 nm,

::::::
dashed

::::
line),

:::::::::
respectively.

11



. However, high numbers of newly formed particles in the Arctic free troposphere have occasionally been reported before

(Wiedensohler et al., 1996; Weber et al., 2003). For example, Weber et al. (2003) conducted systematic aircraft measurements

in the free troposphere of the Canadian Arctic from January to May 2000. During one of 38 research flights, they observed one

clear NPF event at an altitude of approximately 4200 m. During the other 37 flights of their campaign, no indications for NPF260

occurring at high altitudes were found. Analyzing measurements conducted with a tethered balloon system, Pilz et al. (2024)

reported enhanced number concentrations of aerosol particles in the size range from 12 nm to 150 nm concurrently with

low concentrations of particles larger than 150 nm in the summertime Central Arctic during the Multidisciplinary drifting

Observatory for the Study of Arctic Climate (MOSAiC) expedition. The authors hypothesized that NPF taking place aloft lead

to these elevated concentrations of smaller particles but were unable to constrain potential sources and associated processes due265

to a limited maximum measurement altitude of 1000 m and because of missing PNSD measurements. Our data support these

latter observational results and indicate that NPF might occur frequently in the Arctic free troposphere over large geographical

areas.

Backward trajectory analysis of all air masses featuring newly formed particles in the free troposphere

270

To further elucidate free tropospheric newly formed particles, which we observed on eight different days, considering all

research flights performed during BACSAM II, and utilizing backward trajectories, a systematic analysis of free tropospheric

air mass history was carried out. We investigated both free tropospheric air masses that show clear signs of newly formed

particles, and free tropospheric air masses that exhibit no indications of newly formed particles. Every minute of each flight,

we initiated a five-day backward trajectory at the pressure altitude of the aircraft. Hence, the air sampled during one PNSD275

measurement, which lasts for approximately 5 minutes and indicates either the presence or absence of newly formed particles,

is represented by five backward trajectories. The results of the analysis are presented in Fig. 6, which depicts median values

of meteorological and geographical parameters along the trajectories of all flight sections carried out in the free troposphere

throughout the campaign.

Predominantly, air masses featuring newly formed particles in the free troposphere originated further south compared to air280

masses with no indications for free tropospheric newly formed particles, and gradually moved poleward at high altitudes dur-

ing the five days prior to arrival (Fig. 6a-c). Initially, these air masses connected to newly formed particle were warmer and

contained more moisture (Fig. 6d, f).
::::::
Higher

:::::
values

::
of

:::::::::
northward

::::::::
integrated

:::::
water

:::::
vapor

::::::::
transport

::::::::::
(IV Tnorth)

::::
show

::::
that

::
in

:::
the

:::::
whole

::::::
column

:::::
more

:::::
water

:::::
vapor

::::
was

:::::::::
transported

::::::::
poleward

:::
for

::::
cases

:::::
when

::::::
newly

::::::
formed

:::::::
particles

:::::
were

:::::::
observed

::
in

:::
the

::::::
Arctic

:::
free

::::::::::
troposphere

::::
(Fig.

::::
6g).

:
About 60 hours before arrival, temperatures of air masses linked to newly formed particles started285

to decrease, and between 24 to 48 hours prior to arrival, specific humidities decreased as well. The latter might be caused

by the formation of (precipitating) clouds, as already mentioned in the case study above,
:::::
while

:::
for

:::
the

::::::::::
trajectories

::::::::
featuring

::
no

:::::
newly

:::::::
formed

::::::::
particles,

:::
the

:::::::
specific

:::::::::
humidities

::::::::
remained

:::::
rather

::::::::
constant

:::::::::
throughout

:::
the

::::
last

:::
five

::::
days. Consequently, air

masses associated with newly formed particles became colder and less humid compared to air masses showing no signs of free

tropospheric newly formed particles. Generally, about
::::
The

::::
latter,

::::
i.e.,

:::
the

:::::::
decrease

::
of

:::::::
specific

::::::::
humidity,

:::::
might

::
be

::::::
caused

:::
by

:::
the290

::::::::
formation

::
of

:::::::::::
precipitating

::::::
clouds,

::
as

::::::
already

:::::::::
mentioned

::
in

:::
the

::::
case

:::::
study

::::::
above.

::::::::::
Considering

:::
the

::::
75th

::::::::
percentile

::
of

:::
the

:::::::
specific
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Figure 6. Comparison of geographical and meteorological parameters along the backward trajectories of flight sections in the free troposphere

between trajectories connected to the presence (red) and absence (black) of newly formed particles (NFPs). Shown, as a function of time

prior to arrival at the measurement location, are median values (solid lines) and interquartile ranges (shaded areas) of (a) latitude Lat, (b)

altitude h, (c) potential temperature Θ, (d) absolute temperature T , (e) relative humidity RH , (f) specific humidity Q, and (g) northward

integrated water vapor transport IV Tnorth. The last two subplots show the cumulative fraction of the last contact of the trajectories with the

(h) ABL and (i) clouds. Note that if the cumulative fraction does not increase to 100 % at t=−120h, this indicates that a fraction of the

trajectories was not in contact with the ABL/clouds during the last five days (the maximum time span the calculated trajectories cover).

:::::::
humidity

::
in

:::::::
addition

::
to
:::
the

:::::::
median

::::::
values,

:::
the

:::::::
analysis

:::::::
suggests

:::
that

:::::
some

:::::::::::
precipitation

::::::
already

:::
set

::
in

::
up

:::
to

::::::
roughly

::::
100

:::::
hours

::::
prior

::
to

::::::
arrival

:::
for

::::::::::
trajectories

::::::::
connected

:::
to

:::::
newly

:::::::
formed

::::::::
particles.

:::::
About

:
80 % of all backward trajectories linked to free

tropospheric newly formed particles were influenced by
::
in

::::::
contact

::::
with

:
clouds on their way to the measurement location (Fig.

6i). In contrast, only 28
:::::
during

::::
the

:::::::
previous

::::
five

::::
days,

:::
as

::::
well

::
as

:::::
about

:::
70 % of the backward trajectories featuring no newly295

formed particles were in contact with a cloud during the last five days before arrival (Fig. 6i). Higher values of northward

integrated water vapor transport (IV Tnorth), most notably
:::::::
However,

:::
no

::::::
clouds

::::
were

:::::::
present during the last 12 to 48 hours ,

show that in the whole column more water vapor was transported poleward for cases when
::
24

:::::
hours

:::::
before

::::
the

:::::::::::
measurement
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::
for

:::
the

:::
air

::::::
masses

::::::::
featuring

:
newly formed particleswere observed in the Arctic free troposphere .

::::
For

::::::::::::
approximately

::::
50 %

:::
of

::
the

:::::::::
respective

::::::::::
trajectories

:::
the

:::
last

:::::::
contact

::::
with

::::::
clouds

:::::::
occurred

::::::::
between

:::::
about

:::
24

::
to

::
48

::::::
hours

::::
prior

::
to

::::::
arrival

:::::
(Fig.

:::
6i).

::::
The300

:::::::
decrease

::
in

:::::::
specific

::::::::
humidity

:::::
during

:::
the

:::::
same

::::
time

::::::
period (Fig. 6g)

:
f)
:::::::
already

:::::::::
mentioned

:::::
above

::::::::
indicates

:::
that

:::
the

:::::::
removal

:::
of

::::::
clouds,

::
at

::::
latest

:::
24

:::::
hours

::::
prior

::
to

::::::
arrival,

:::::
could

:::::::
(partly)

::
be

::::::
caused

::
by

:::::::::::
precipitation. None of the backward trajectories featuring

newly formed particles resided in the ABL for the last 12 hours prior to arrival at the track of the P6, and less than 2 % of these

trajectories passed through the ABL in the last 54 hours. About 71
::
70 % of the backward trajectories had no contact with the

ABL for the last five days (Fig. 6h).305

These findings suggest that
::
the

:::::
cases

::
of newly formed particles in the Arctic free troposphere are

:::::::
observed

:::::
during

::::
our

::::::::
campaign

::
are

:::::::::::::
predominantly

:
connected to poleward transport of warm and moist air, as occurring, e.g., during warm-air intrusions

(Wendisch et al., 2024). Furthermore, because the trajectories overwhelmingly remained in the free troposphere during the

transport to the measurement region, the results indicate that the precursor gases involved in the formation of these particles

originated from long-range transport from lower latitudes, with NPF very likely occurring in the Arctic free troposphere. Such310

a transport pathway for precursor gases resulting in free tropospheric NPF has already been suggested in a modeling study by

Price et al. (2023). Furthermore, the

:::
The

:
above findings imply a potential role for clouds in the transport and possibly transformation of precursors, e.g., through re-

leasing precursor gases from evaporating cloud droplets (Weber et al., 2001; Wehner et al., 2015). Precipitation caused by these

clouds might have also increased the probability for NPF to occur by removing large aerosol particles, thus decreasing the pre-315

existing
::::::
particle surface area and consequently reducing scavenging of gaseous precursors and newly formed particles (Perry

and Hobbs, 1994; Weber et al., 2001).
::::::::::
Interestingly,

:::::::
already

:::::::::::::::::
Khadir et al. (2023)

:::::::
observed

:
a
:::::::::::
consistently

::::::
positive

::::::::::
correlation

:::::::
between

:::::::::
nucleation

:::::
mode

:::::::
particles

:::
and

:::::::::::
precipitation

::::
rate

:::::
within

:::
the

:::
air

::::
mass

::::::
during

:::
the

::::::::
transport

::
to

::::::::
Zeppelin

:::::::
research

::::::
station

::::
from

:::::
about

:::
24

::
to

::
96

::::::
hours

::::
prior

::
to

::::::
arrival,

::::
and

::::::
mostly

:::::::
negative

::::::::::
correlations

::::::::
between

:::::::::::
precipitation

:::
rate

::::
and

:::::::::
nucleation

:::::
mode

:::::::
particles

::
in

:::
the

:::
last

:::
12

:::::
hours.

::::::
These

::::::
results

::::
were

:::::
found

:::
for

::::
data

::::::::
recorded

::::
from

::::::
March

::
to

:::::
May,

:::
i.e.,

:::
for

::
a

::::::
similar

::::::
season

::
as

:::
for320

:::
our

:::::::::
campaign,

:::
and

:::::::
covered

:::
the

:::::
years

:::::
from

::::
2010

:::
to

:::::
2019.

::::::::
Although

::::
with

:::
our

:::::::
dataset

:::
we

::::::
cannot

:::::::
robustly

:::::::
identify

:::::::::
significant

:::::::::
correlations

:::::::
similar

::
to

::::::::::::::::
Khadir et al. (2023)

:
,
:::
our

:::::::
analysis

:::::::
likewise

::::::::
suggests

:::
that

:::::::::::
precipitating

::::::
clouds

:::::::::
(occurring

::::
until

:::::
about

:::
24

::::
hours

:::::
prior

::
to

:::
the

::::::::::::
measurement)

:::::
might

:::::
create

::::::::
favorable

:::::::::
conditions

:::
for

::::
NPF

:::
to

:::::
occur

::
by

::::::::
releasing

:::::::::
precursors

:::
and

::::::::
reducing

:::
the

::::::
existing

:::::::
particle

::::::
surface

::::
area

::::
(i.e.,

:::::::::
decreasing

:::
the

:::::::::::
condensation

:::::
sink).

:

This leads
:::
The

::::::::
presence

:::
of

:::::
newly

:::::::
formed

::::::::
particles

::
in

:::
the

::::::
Arctic

::::
free

::::::::::
troposphere

::::
has

:::::::::::
occasionally

::::
been

::::::::
reported

::::::
before325

::::::::::::::::::::::::::::::::::
(Weber et al., 2003; Khosrawi et al., 2010)

:
.
:::
For

::::::::
example,

:::::::::::::::::
Weber et al. (2003)

::::::::
conducted

:::::::::
systematic

::::::
aircraft

::::::::::::
measurements

:::
in

::
the

::::
free

::::::::::
troposphere

::
of

:::
the

::::::::
Canadian

::::::
Arctic

:::::
from

::::::
January

::
to
:::::

May
:::::
2000.

::::::
During

:::
one

:::
of

::
38

:::::::
research

:::::::
flights,

::::
they

:::::::
observed

::::
one

::::
clear

::::
NPF

:::::
event

::
at
:::
an

::::::
altitude

:::
of

::::::::::::
approximately

:::::
4200

::
m

::::
over

:::
the

::::::::
Canadian

::::::
Arctic

:::::::::::
Archipelago.

::::::
During

::::
the

::::
other

:::
37

::::::
flights

::
of

::::
their

:::::::::
campaign,

:::
no

:::::::::
indications

:::
for

::::
NPF

::::::::
occurring

:::
at

::::
high

:::::::
altitudes

:::::
were

::::::
found.

::::::::
Similarly,

:::::::::::::::::::
Khosrawi et al. (2010)

:::::::
detected

:::
one

::::
NPF

:::::
event

::
in

:::
the

:::::
upper

::::
free

::::::::::
troposphere

::
at

:::
an

::::::
altitude

::
of

:::::
7000

::
m

::::
over

:::::::::
Storfjoden

::::::::::
(Svalbard).

::::::
Below

::::
4000

:::
m,

:::::::::
nucleation330

::::
mode

::::::::
particles

:::::
were

:::::::
reported

::
to
::::::

occur
::::
quite

:::::::::
frequently

::::::
during

:::::
their

::::::::
campaign

::::::::
centered

::::::
around

::::::::
Svalbard

::
in

:::::
May

:::
and

:::::
June

:::::
2004.

:::
Yet,

:::
no

::::::
further

::::::::::::::
altitude-resolved

::::::::::
information

::
or

:::::::::
discussion

::::::::::::
discriminating

:::::::
between

::::
ABL

::::
and

:::
free

:::::::::::
tropospheric

::::
NPF

::::
was

::::::::
provided,

:::::
except

:::
for

:::
one

::::
case

:::::
study,

::::::
where

::
in

:::::::
addition

::
to

:::
the

::::
NPF

::::
event

::
at
:::::
7000

::
m,

:::::::::
nucleation

:::::
mode

:::::::
particles

::::
were

::::::
found

:::::
inside

14



::
the

::::::
ABL.

:::::::::
Analyzing

::::::::::::
measurements

:::::::::
conducted

::::
with

::
a
:::::::
tethered

:::::::
balloon

::::::
system,

:::::::::::::::
Pilz et al. (2024)

:::::::
reported

::::::::
enhanced

:::::::
number

::::::::::::
concentrations

::
of

::::::
aerosol

::::::::
particles

::
in

:::
the

:::
size

:::::
range

:::::
from

:::
12

:::
nm

::
to

:::
150

::::
nm

::::::::::
concurrently

::::
with

::::
low

::::::::::::
concentrations

::
of

::::::::
particles335

:::::
larger

::::
than

:::
150

:::
nm

::
in

:::
the

:::::::::::
summertime

::::::
Central

:::::
Arctic

::::::
during

:::
the

::::::::::::::
Multidisciplinary

:::::::
drifting

::::::::::
Observatory

:::
for

:::
the

:::::
Study

::
of

::::::
Arctic

::::::
Climate

::::::::::
(MOSAiC)

::::::::::
expedition.

:::
The

:::::::
authors

:::::::::::
hypothesized

::::
that

::::
NPF

::::::
taking

:::::
place

::::
aloft

::::
lead

::
to

:::::
these

:::::::
elevated

:::::::::::::
concentrations

::
of

::::::
smaller

::::::::
particles

:::
but

:::::
were

::::::
unable

:::
to

::::::::
constrain

::::::::
potential

:::::::
sources

::::
and

:::::::::
associated

::::::::
processes

::::
due

::
to
::

a
:::::::

limited
:::::::::
maximum

:::::::::::
measurement

::::::
altitude

::
of

:::::
1000

::
m

:::
and

:::::::
because

::
of

:::::::
missing

:::::
PNSD

:::::::::::::
measurements.

:::::::
Utilizing

:::::::::
helicopter

::::::::::::::::::::::
(Kupiszewski et al., 2013)

:::
and

::::::
aircraft

::::::::::::
measurements

:::::::::::::::::::::::::::::::::::::
(Burkart et al., 2017; Willis et al., 2016, 2017)

:
,
:
a
:::::::
number

::
of

::::::
studies

:::::::
reported

:::::::
generally

:::::
lower

::::::::::::
concentrations340

::
of

::::::::
nucleation

:::::
mode

::::::::
particles

::
in

::
the

::::::
Arctic

:::
free

::::::::::
troposphere

:::::::::
compared

::
to

::
the

:::::
ABL.

::
In
:::::
these

:::::::
studies,

:::::::
however,

::::::
several

::::
NPF

::::::
events

::::
were

::::::::
observed

::::
near

::
the

:::::::
surface.

::::::
Similar

::
to

:::
the

::::::::
previous

:::::::::::
observational

:::::::
results,

:::
our

:::::
data

::::
show

::::
that

::::::
newly

::::::
formed

::::::::
particles

::::::::
occurred

::
in

:::
the

::::
free

:::::::::::
troposphere.

:::::::
Notably,

:::
our

:::::::::::
observations

::::::
suggest

::::
that

::::
these

:::::::
particles

::::::::
prevailed

::::
over

::::::::
distances

::
of

::::::
several

::::::::
hundreds

::
of

::::::::::
kilometers.

:::::::
Whether

:::
the

::::::::
formation

::
of
::::::
clouds

::::
and

:::
thus

:::::
cloud

::::::::
radiative

::::::
forcing

:::::
could

:::
be

:::::::
affected

::
by

:::
the

::::::::
presence

::
of

:::::
newly

::::::
formed

::::::::
particles345

::
in

:::
the

:::
free

::::::::::
troposphere

::::::::
following

:::::
their

:::::::
potential

::::::
growth

::
to
:::::
CCN

:::::
sizes,

:::::::
remains

::
to

::
be

::::::::
assessed

:::
and

::
is

::::
both

::::::
beyond

:::
the

::::::
scope

::
of

:::
this

:::::
article

::::
and

:::
not

::::::
feasible

::::
with

:::
the

:::::::
present

::::::
dataset.

::
In

:::
this

::::::
regard,

::::
e.g.

:::::::::::::::::::::::::::::::::::::
Leck and Bigg (1999); Bigg and Leck (2001)

::::::::
described

:::
that

::::::
during

::::
their

:::::::::::
summertime

:::::::::
campaign

::::
over

:::
the

::::::
central

::::::
Arctic

::::::
Ocean,

::::::
highly

:::::
stable

:::::::::
conditions

:::::::::
prevented

::::::
mixing

::::::::
between

::
the

::::
free

::::::::::
troposphere

:::
and

:::
the

:::::
ABL.

::::::::
Pointing

::::::
toward

::
the

::::::::::
importance

::
of

::::
free

::::::::::
tropospheric

:::::::
particles

:::
for

:::::
cloud

:::::::::
formation,

::::::::
however,

::::::::::::::::::
Pohorsky et al. (2026)

:::::::
reported

:::
that

::::
free

::::::::::
tropospheric

:::::::
sources

::
of

::::
CCN

:::::
were

:::::::
required

::
to

::::::
explain

::::::::
measured

:::::
cloud

::::::
droplet

:::::::
number350

::::::::::::
concentrations.

::::
This

::
is

::
in

:::
line

::::
with

::
a

:::::::::
large-eddy

:::::::::
simulation

::::
study

:::
by

::::::::::::::
Igel et al. (2017)

:::::
which

:::::::::::
demonstrated

::::
that

:::::::
elevated

::::::
aerosol

::::::
particle

:::::
layers

::
in

:::
the

::::
free

::::::::::
troposphere

:::::
could

::
be

::::::::
entrained

::::
into

:::
the

:::::::::::
cloud-topped

::::
ABL

:::
by

::::::::::::
cloud-induced

::::::
mixing.

::::::
Overall,

::::
our

:::::
results

::::
lead us to the hypothesis that meridional transport in combination with cloud processing ,

:::
and

:::::::::::
precipitation,

::
as occurring in connection with, e.g., warm-air intrusions, may play an important role in

:::
free

::::::::::
tropospheric

:
Arctic NPF by de-

livering the ingredients (precursor gases including water vapor) to locations (high altitudes) with favorable conditions (intense355

solar radiation, low temperatures
:
,
:::::
small

::::::::::
pre-existing

::::::
particle

::::::
surface

::::
area) for NPF.

3.3 Newly formed particles inside the atmospheric boundary layer over sea ice

Inside the ABL, newly formed particles were detected, e.g., on 15 April 2024 during RF05 while flying east of Svalbard at low

altitudes (approximately 70 m and 155 m) over sea ice, where cracks as well as open and partly refrozen leads were present

(see Fig. S6
:::
Fig.

::
S9). The associated flight track is shown in Fig. 7a, with Fig. 7b

:
,
:
c
:
depicting the backward trajectories for the360

air masses encountered along the flight track.

The area investigated was subject to the anti-cyclonic flow around a high pressure system north of Svalbard, causing cold air

advection from the central Arctic to the target region. This meteorological situation resulted in air masses that exclusively

originated in the high Arctic and traveled towards
::::::
toward the P6 flight track from higher latitudes over sea ice-covered regions

(Fig. 7b
:
,
:
c). All the way between waypoint 1 (WP1) and WP3, over a distance of about 115 km, clear sky conditions prevailed365

(Fig. 7a).

The presence of newly formed particles was indicated by
:
is
::::::::
indicated

:::
by

::
the

::::::::::
occurrence

::
of

:
a
:::::::
distinct

::::::::
nucleation

::::::
mode,

:::
i.e.,

:
ele-
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vated aerosol particle number concentrations in the lower size bins of the PNSDs, featuring a distinct nucleation mode, which

we observed during three consecutive legs at altitudes of ≈ 70m and ≈ 155m between WP1 and WP3 (Fig. 8). Mean num-

ber concentrations in the nucleation mode size range reached N10−20 ≈ 191 cm−3
::::::::::::::::
N10−20 ≈ 206 cm−3

:
(time period 10:03 to370

10:39 UTC), N10−20 ≈ 170 cm−3
:::::::::::::::::
N10−20 ≈ 185 cm−3 (11:08 to 11:22 UTC), and N10−20 ≈ 114 cm−3

:::::::::::::::::
N10−20 ≈ 125 cm−3

(12:17 to 12:40 UTC), accounting for about 39
::
40 %, 37

::
38 %, and 30

::
31 % of the total MPSS-measured aerosol particle num-

ber concentrations. In contrast, during the leg at ≈ 850m altitude (11:30 to 12:00 UTC) between WP1 and WP3, as well as

during the transit to and from the target region at ≈ 1360m altitude, the PNSDs featured
::
no

:::::::::
nucleation

:::::
mode

:::
and,

:::::::::::
accordingly,

low number concentrations in the nucleation mode
:::::
sub-20

:::
nm

:
size range (Fig. 8, N10−20 ≈ 3 cm−3, 1 % of the total MPSS-375

measured particle number concentration at 850 m). From the vertical profiles of potential temperature obtained during the

ascents and descents at WP1, WP2, and WP3 (Fig. 8a), we determine an ABL height of about 170
:::
190

:
m in the region of

interest (see Fig. S7
:::
S10). Thus, the three legs at 70 m and 155 m, during which newly formed particles were detected, were

carried out inside the ABL, while the leg at higher altitude (≈ 850m), as well as the transits to and from the region of interest,

took place in the free troposphere.380

Integral aerosol particle number concentrations in the total measured size range (10 nm to 600 nm) and in the size range

from 10 nm to 20 nm decreased from WP1 to WP3, i.e., from south to north (Fig. 7a, Fig. 8c).
:
).

:
The spatial variability

of the number concentration of nucleation mode particles suggests geographically heterogeneous processes and points to-

ward newly formed particles as the result of regional formation rather than long-range transport, as the latter would likely

lead to rather constant concentrations of newly formed particlesalong the flight track. .
:::::::::
Nucleation

:::::
mode

::::::::
particles

::::
have

:::::
short385

::::::::::
atmospheric

::::::::
residence

:::::
times

::::
due

::
to

:::::
their

::::
high

:::::::::
diffusion,

::::::::::
coagulation

::::
with

:::::
larger

::::::::
particles,

::::
and

:::::::::::::
condensational

::::::
growth

::::
out

::
of

:::
the

:::::::::
nucleation

:::::
mode

::::
size

:::::::::::::::::::::::::::::::::::::::::::::::::
(e.g., Pruppacher and Klett, 2010; Wallace and Hobbs, 2006)

:
.
:::::
These

::::::
effects

:::::
tend

::
to

::::::
smooth

::::
out

Figure 7. (a) Flight track of RF05 on 15 April 2024. The MODIS-TERRA satellite image was retrieved from https://wvs.earthdata.nasa.gov.

(b) Five-day backward trajectories
::::::::
associated

:::
with

:::::
newly

::::::
formed

:::::::
particles

::::::
(NFPs)

:
along the section of the flight track shown in Fig. 8.

Backward trajectories associated with newly formed particles (NFPs) are depicted in red and
::
(c)

::::::
Five-day backward trajectories connected

to PNSD measurements featuring no newly formed particlesin black. The sea ice concentration data
:::::
shown

:
in
:::
the

:::::::
subplots

::
(b)

:::
and

:::
(c) were

retrieved from www.seaice.uni-bremen.de (Spreen et al., 2008).
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:::::::::::
concentration

::::::::
gradients

::
of

::::
such

:::::
small

:::::::
particles,

:::::::
thereby

::::::
making

::
a

::::::::::
contribution

::::
from

:::::::::
long-range

::::::::
transport

::
to

:::
the

:::::::
observed

::::::
events

:::
less

:::::
likely

:::::::::::::::::::::
(Kupiszewski et al., 2013)

:
. Interestingly, the particle number concentrations in the nucleation mode size range from

10 nm to 20 nm recorded during the legs inside the ABL between WP1 and WP3 (i.e., in the same area) decreased not only390

spatially, but also over time (Fig. 8c). In addition to the integral values shown above, Fig. S8
:::
S11 depicts median PNSDs for

each of the three legs close to the surface individually, which likewise shows that number concentrations of particles in the

nucleation mode reduce over time. This temporal variability points toward a regional source as well, since it suggests that we

observed an NPF event that becomes weaker throughout the day. However, we are not able to unambiguously resolve if the

precursors involved in NPF originated directly from the sea ice-covered measurement region, with various cracks and leads395

being present (Fig. S6
::
S9), or if the precursors were transported to the target area from the higher Arctic. But, in our view, it

appears feasible to conclude that the spatial and temporal variability of the newly formed particles encountered here (i.e., the

decrease of sub-20 nm particles from WP1 to WP3 and throughout the day) and the similar origin of air masses featuring newly

formed particles
:::
(Fig.

::::
7b) and air masses without newly formed particles (Fig. 7b

:
c) rather indicate a regional source.

In the Arctic, precursor gases reported to contribute to NPF and particle growth include dimethylsulfide (DMS, which oxidizes400

to methansulfonic acid (MSA) and sulfuric acid (SA)), ammonia, organics, and iodic acid (Willis et al., 2018; Schmale and Baccarini, 2021)

. The latter, in particular, has been linked to NPF in Arctic sea ice-covered regions (Allan et al., 2015; Sipilä et al., 2016; Baccarini et al., 2020; Beck et al., 2021)

. It has been shown for both the Arctic and Antarctica that iodine can be emitted from the sea ice. Potential sources include

Figure 8. (a) P6 altitude during RF05 on 15 April 2024. (b) MPSS-measured PNSD. (c) Integral particle number concentrations in the

total measured size range (10 nm≤Dp ≤ 600 nm, solid line) and in the nucleation mode size range (10 nm≤Dp ≤ 20 nm, dashed line),

respectively. The data measured from 10:51 to 11:01 UTC are grayed out in panels (b) and (c) since erroneous measurements due to possible

sampling of aircraft exhaust cannot be ruled out.

17



marine microalgae (diatoms) growing below the sea ice (Hill and Manley, 2009; Atkinson et al., 2012), where the iodine can be

emitted through cracks and leads and has been connected to thinning Arctic sea ice (Cuevas et al., 2018). The sea ice itself or the405

snowpack can also release iodine via abiotic, photo-chemical processes (Gálvez et al., 2016; Kim et al., 2016; Raso et al., 2017)

. Yet, since we cannot resolve the particle composition of nucleation mode particles nor conducted gas-phase measurements,

at this point, we cannot ultimately determine the precursor gases resulting in the newly formed particles observed in this case

study. Nevertheless, these previous results suggest the sea ice-covered target area as a plausible source region of precursor

gases and newly formed particles.410

Backward trajectory analysis of all air masses featuring newly formed particles in the atmospheric boundary layer over sea ice

To further investigate the occurrence of newly formed particles inside the ABL over sea ice, an analysis of air mass his-

tory was carried out for the respective observations made during our campaign. Newly formed particles inside the ABL over

sea ice were found twice, i.e., on 15 April (case study) and on 13 April for approximately 15 min north of Villum Research415

Station (see Fig. 2). Fig. 9 presents the results of the backward trajectory analysis carried out for both days
:::::
events.

Both days were characterized by cold air masses from northern latitudes which traveled over sea ice-covered regions (median

sea ice concentration values between ≈ 93
::
95 % and 100 %, Fig. 9a, b, e). The air masses featured low specific humidities, but,

due to cold temperatures, high relative humidities (w.r.t. water, Fig. 9e-g). Furthermore, the data suggest that all trajectories

resided inside the ABL during the last 24 hours (Fig. 9i) before arriving at the P6, providing the possibility for precursor420

uptake. A difference between the two air mass histories is the time since the
:::
For

:::::
about

::
60

::
%

:::
of

::
the

::::::::::
trajectories,

:::
the

:
last cloud

contact before arrival
:::::::
occurred

::::::::::::
approximately

::
24

::
h

:::::
before

::::::
arrival

::
in

:::
the

:::::
target

::::::
region (Fig. 9j). The air masses encountered on

13 April (RF04) had no cloud contact for at least four days, while during RF05 on
::::::
Roughly

:
15 April, last cloud contact of

more than 50 % of the trajectories occurred about 24 h before arrival in the target region.
:::
were

::::
not

:::::::::
influenced

::
by

::::::
clouds

:::
on

::::
their

::::
way

::
to

:::
the

:::::::::::
measurement

:::::::
location

::::::
during

:::
the

:::
last

::::
five

::::
days,

::::::::
including

:::::
80 %

::
of

:::
all

:::::::::
trajectories

:::
on

::
13

::::::
April. For both days,425

the trajectories descended during the last five days. This decrease in altitude is more pronounced for the event on 15 April

(Fig. 9c), with the lowest altitude along the trajectories reached just before arrival at the aircraft .
::::
(Fig.

:::
9c).

:
The descent of the

backward trajectories again indicates rather regional precursor sources as the gases are very likely emitted from the surface.

From these
::::
NPF

::
in

:::
the

:::::
Arctic

::::
ABL

::
in

:::
sea

::::::::::
ice-covered

::::::
regions

:::
has

::::
been

::::::::
observed

:::
e.g.

:::
by

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Allan et al. (2015); Sipilä et al. (2016); Baccarini et al. (2020); Beck et al. (2021)

:
.
::
In

::::
these

:::::::
studies,

:::::::::
concurrent

::::::::
chemical

::::::::::::
measurements

::::::::
suggested

::
a
::::
link

:::::::
between

:::::
iodine

:::::::
species

:::
and

:::::
NPF

::::::
events.

:::::::::::
Furthermore,430

:
it
:::
has

:::::
been

::::::
shown

:::
for

::::
both

:::
the

::::::
Arctic

:::
and

:::::::::
Antarctica

::::
that

::::::
iodine

:::
can

:::
be

::::::
emitted

:::::
from

:::
the

:::
sea

::::
ice.

:::::::
Potential

:::::::
sources

:::::::
include

::::::
marine

:::::::::
microalgae

::::::::
(diatoms)

:::::::
growing

:::::
below

:::
the

:::
sea

:::
ice

:::::::::::::::::::::::::::::::::::::
(Hill and Manley, 2009; Atkinson et al., 2012)

:
,
:::::
where

:::
the

:::::
iodine

:::
can

:::
be

::::::
emitted

:::::::
through

:::::
cracks

:::
and

:::::
leads

:::
and

:::
has

::::
been

:::::::::
connected

::
to

:::::::
thinning

:::::
Arctic

:::
sea

:::
ice

:::::::::::::::::
(Cuevas et al., 2018).

::::
The

:::
sea

::
ice

:::::
itself

::
or

:::
the

::::::::
snowpack

:::
can

::::
also

::::::
release

:::::
iodine

:::
via

::::::
abiotic,

:::::::::::::
photo-chemical

::::::::
processes

:::::::::::::::::::::::::::::::::::::::::::::
(Gálvez et al., 2016; Kim et al., 2016; Raso et al., 2017)

:
.
:::
Yet,

:::::
since

:::
we

::::::
cannot

::::::
resolve

:::
the

:::::::
particle

::::::::::
composition

::
of

:::::::::
nucleation

:::::
mode

::::::::
particles

:::
nor

:::::::::
conducted

::::::::
gas-phase

:::::::::::::
measurements,435

:
at
::::
this

:::::
point,

:::
we

::::::
cannot

::::::::
ultimately

:::::::::
determine

:::
the

::::::::
precursor

:::::
gases

:::::
which

:::::
could

:::::
have

::::::::::
participated

::
in

:::
the

::::::::
formation

::
of

:::
the

::::::
newly

::::::
formed

:::::::
particles

::::::::
observed

::
in

::::
this

::::
case

:::::
study.

:::::::::::
Nevertheless,

:::::
these

:::::::
previous

::::::
results

:::::::
suggest

:::
the

:::
sea

::::::::::
ice-covered

:::::
target

::::
area

::
as

::
a

:::::::
plausible

::::::
source

::::::
region

::
of

::::::::
precursor

:::::
gases

:::
and

:::::
newly

:::::::
formed

:::::::
particles.

:
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Figure 9. Comparison of geographical and meteorological parameters along the backward trajectories of flight sections linked to newly

formed particles inside the ABL over sea ice for the events on 13 and 15 April. Shown, as a function of time prior to arrival, are median

values (solid lines) and interquartile ranges (shaded areas) of (a) latitude Lat, (b) sea ice concentration cseaice, (c) altitude h, (d) potential

temperature Θ, (e) absolute temperature T , (f) relative humidity RH , (g) specific humidity Q, and (h) northward integrated water vapor

transport IV Tnorth. The last two subplots show the cumulative fraction of the last contact of the trajectories with the (i) ABL and (j) clouds.

Note that if the cumulative fraction does not increase to 100 % at t=−120h, this indicates that a fraction of the trajectories was not in

contact with the ABL/clouds during the last five days (the maximum time span the calculated trajectories cover).

::
In

::::::::
summary,

::::
from

::::
our observations, we hypothesize that the observed presence of newly formed particles in the ABL over sea

ice is connected to precursor gases (conceivably iodine components)
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(conceivably iodine components, as reported by Allan et al., 2015; Sipilä et al., 2016; Baccarini et al., 2020; Beck et al., 2021)440

which originate from natural, most likely regional, but possibly also higher-latitude Arctic sources within the sea ice, from

leads, or snow.

3.4 Newly formed particles in the vicinity of clouds

Newly formed particles in the vicinity of clouds were, e.g., encountered on 24 April 2024 during RF08, while flying north of

Svalbard over sea ice (open leads and cracks were present, see Fig. S9
::::
S12) with an initially slightly broken and then closed445
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stratocumulus cloud deck (Fig. 10a). Measurements were carried out below cloud base and at cloud top.

On 24 April, a high pressure system was centered directly over Svalbard, resulting in westerly flow in the target region. The air

mass probed at altitudes between approximately 600 m and 1200 m originated either in the North Atlantic close to Greenland,

near Iceland, or northern Scandinavia (red trajectories in Fig. 10b), and was advected from the North Atlantic marine ABL

and lifted above the sea ice, where this layer was decoupled from the surface (Sect. S6
::
S8.2, Fig. S10

:::
S13). At the top of that450

elevated mixed layer, stratocumulus clouds were present (Fig. 10a), with a cloud base at about 800 m altitude, and cloud top at

about 1150 m. The air mass that was probed at about 2100 m in the free troposphere originated in northern Canada and passed

over Greenland on its way to the P6 position (black trajectories in Fig. 10b
:
c).

Figure 10. (a) Flight track of RF08 on 24 April 2024. The MODIS-TERRA satellite image was retrieved from https://wvs.earthdata.nasa.gov.

(b) Five-day backward trajectories
:::::::
associated

::::
with

:::::
newly

::::::
formed

:::::::
particles

:::::
(NFPs)

:
along the section of the flight track shown in Fig. 11.

Backward trajectories associated with newly formed particles (NFPs) are depicted in red and
::
(c)

::::::
Five-day backward trajectories connected

to PNSD measurements featuring no newly formed particlesin black. The sea ice concentration data
:::::
shown

:
in
:::
the

:::::::
subplots

::
(b)

:::
and

:::
(c) were

retrieved from www.seaice.uni-bremen.de (Spreen et al., 2008).

Here, we specifically discuss the data collected between WP1 and WP2 over a distance of 75 km in the time period between

10:28 and 11:35 UTC. This time period includes a descent from approximately 2100 m down to below cloud level (10:29 to455

10:35 UTC), a leg at cloud base (10:35 to 10:52 UTC), an ascent through cloud with subsequent drying away of the ice col-

lected inside cloud, and finally a leg at cloud top (11:07 to 11:35 UTC). With respect to the aerosol particle measurements, the

time period 10:52 to 11:07 UTC, i.e., the ascent through cloud and the subsequent drying away of ice, is excluded from further

analysis, as erroneous measurements due to icing of the aerosol inlet and/or droplet shattering (Weber et al., 1998) cannot be

ruled out. The MPSS data from this period are grayed out in Fig. 11b, c.460

The PNSDs at cloud top and at cloud base featured
:
a
::::::::::
pronounced

:::::::::
nucleation

:::::
mode

::::
and

::::::::::::::
correspondingly enhanced number

concentrations in the nucleation mode size range from 10 nm to 20 nm, regardless of the cloud cover being closed or broken

(Fig. 11). In contrast, in the PNSD measured during the descent towards cloud level around 10:30 UTC, which we assume to

be representative for the free troposphere, concentrations in the sub-20 nm size range were low. This PNSD should be consid-

ered semi-quantitative only, as it represents an average over an altitude range of more than 1000 m. The presence/absence of465

particles in the size range from 10 nm to 20 nm is also clearly visible in Fig. 11c, with particles in the size range below 20 nm
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Figure 11. (a) P6 altitude during RF08 on 24 April 2024. (b) MPSS-measured PNSD. (c) Integral particle number concentrations in the

total measured size range (10 nm≤Dp ≤ 600 nm, solid line) and in the nucleation mode size range (10 nm≤Dp ≤ 20 nm, dashed line),

respectively. The data measured from 10:52 to 11:07 UTC are grayed out in panels (b) and (c) since erroneous measurements due to icing of

the aerosol inlet and/or droplet shattering cannot be ruled out.

contributing approximately 65
::
67 %, 59

::
60 %, and 9 % to the total aerosol particle number concentrations at cloud top, cloud

base, and in the free troposphere, respectively. A more detailed comparison between PNSDs measured at cloud top and at cloud

base
::::::
reveals

::
an

:::::::::
interesting

:::::
effect

:
(Fig. 12)reveals an interesting effect. The overall shapes of the distributions are qualitatively

similar, with the cloud top and cloud base accumulation mode concentrations following each other rather closely, while the470

number of Aitken and nucleation mode particles is reduced by roughly a factor of two to three at cloud base, resulting in a

more pronounced Hoppel-minimum for the PNSDs measured at cloud base. Even a small shift of the accumulation mode at

cloud base to larger sizes can be seen, which could be due to particle growth inside cloud. However, differences are too small

to draw
::
For

::::
the

:::::::::
comparison

:::
of

:::
the

::::::
PNSDs

:::::::::
measured

::
at

:::::
cloud

:::
top

:::
and

:::::
cloud

:::::
base,

:::
we

::::
only

::::::::::
considered

::::::::::::
measurements

::::::
carried

:::
out

::
in

:::
the

::::
exact

:::::
same

:::::::::::
geographical

::::
area,

::::
i.e.,

::::::::::::
measurements

:::::::
between

::::
WP1

::::
and

::::
WP2

:::::
from

::::::::::::
approximately

:::::
10:38

::
to

:::::
10:52

:::::
UTC475

:::::
(cloud

:::::
base)

::::
and

:::::
11:17

::
to

:::::
11:31

:::::
UTC

::::::
(cloud

::::
top).

::::::::
However,

::
as

::::::::::
differences

:::
are

:::::
small

::::
and

:::::
spatial

::::::
and/or

::::::::
temporal

:::::::::
variability

:::::
cannot

:::::
fully

::
be

:::::
ruled

:::
out,

:::
we

::::::
cannot

::::
draw

:::::
solid quantitative conclusions. To indicate the absence of nucleation mode particles

in the free troposphere, also shown in Fig. 12 is the PNSD measured during the descent from 2100 m towards cloud level .
::
is

:::
also

::::::
shown

::
in

::::
Fig.

:::
12.

Cloud tops, due to the prevailing high humidities and high actinic fluxes, which enhance photochemically driven processes,480

as well as the presence of potential particle precursors released from evaporating droplets, have been reported to be favorable

locations for NPF to take place (e.g., Hegg et al., 1990; Clarke et al., 1998; Weber et al., 2001; Keil and Wendisch, 2001; Wehner et al., 2015)

. Overall, this leads us to the hypothesis that NPF in the vicinity of the cloud top led to the observed elevated concentrations

of newly formed particles at cloud top and cloud base, with the newly formed particles being simultaneously mixed down and
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Figure 12. Median PNSDs measured at cloud top, cloud base, and in the free troposphere. The shaded areas represent the interquartile ranges.

cloud processed (wet scavenging and/or growth depending on their size). Such a process is conceivable for a marine ABL with485

the dynamics of radiatively cooled clouds (radiative cooling rate at cloud top ≈−120 Kd−1, Fig. S11, Lonardi et al. (2024)

) and the related transport and mixing processes (Wood, 2012). In the Arctic, enhanced concentrations of particles in the size

range from 20 nm to 300 nm at the top of stratus clouds were previously observed by Garrett et al. (2002), who suggested that

recent particle formation at cloud top lead to these high concentrations.

Backward trajectory analysis of all air masses featuring newly formed particles in the vicinity of clouds490

Fig.13 presents the results of the backward trajectory analysis carried out for all PNSD measurements featuring newly formed

particles in the vicinity of clouds, which were observed during three different research flights on 23, 24 (case study), and 26

April.

Predominantly, the air masses approached from lower latitudes and moved northward, mainly in the last 48 hours prior to495

arrival (Fig. 13a). The trajectories traveled over the open sea in the last 18 to 60 hours and 90 to 100 hours (Fig. 13b), whereby

they became warmer and picked up humidity (Fig. 13e-g). Since the moist air masses moved poleward, an increase of IV Tnorth

is visible in the last 48 hours before arrival (Fig. 13h). Almost 75 % of the trajectories were in contact with the ABL during

the last five days (Fig. 13i), presenting the opportunity for moisture and gaseous precursor uptake, potentially from the open

ocean. In 89
::::
about

:::
90 % of the air masses, clouds had formed within the previous five days (Fig. 13i

:
j). The gradual decrease in500

potential temperature found in the last 24 hours prior to arrival (Fig. 13d) may result from the presence of these clouds, i.e.,

from cloud top radiative cooling.

Despite these similarities between the air mass histories, it is difficult to draw conclusions concerning the potential role

of long-range transport in the observed events from
:::::
Cloud

::::
tops,

::::
due

::
to

:
the data available. Nevertheless, in our view, our

measurement data clearly suggest
::::::::
prevailing

::::
high

:::::::::
humidities

::::
and

::::
high

::::::
actinic

::::::
fluxes,

:::::
which

:::::::
enhance

::::::::::::::
photochemically

::::::
driven505

::::::::
processes,

::
as

::::
well

::
as

:::
the

::::::::
presence

::
of

::::::::
potential

::::::
particle

:::::::::
precursors

:::::::
released

::::
from

::::::::::
evaporating

::::::::
droplets,

::::
have

::::
been

:::::::
reported

::
to

:::
be

:::::::
favorable

::::::::
locations

:::
for

::::
NPF

::
to

:::
take

:::::
place

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(e.g., Hegg et al., 1990; Clarke et al., 1998; Weber et al., 2001; Keil and Wendisch, 2001; Wehner et al., 2015)

:
.
::
In

:::
the

::::::
Arctic,

::::::::
enhanced

::::::::::::
concentrations

::
of

::::::::
particles

::
in

:::
the

:::
size

:::::
range

:::::
from

::
20

::::
nm

::
to

:::
300

:::
nm

::
at
:::
the

:::
top

:::
of

:::::
stratus

::::::
clouds

:::::
were

::::::::
previously

::::::::
observed

:::
by

:::::::::::::::::
Garrett et al. (2002),

:::::
who

::::::::
suggested

::::
that

::::::
recent

:::::::
particle

::::::::
formation

::
at
::::::

cloud
:::
top

::::
lead

::
to
:::::

these
:::::

high
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Figure 13. Meteorological parameters along backward trajectories linked to for newly formed particles detected in the vicinity of clouds.

Shown, as a function of time prior to arrival, are median values (solid lines) and interquartile ranges (shaded areas) of (a) latitude Lat, (b)

sea ice concentration cseaice, (c) altitude h, (d) potential temperature Θ, (e) absolute temperature T , (f) relative humidity RH , (g) specific

humidity Q, and (h) northward integrated water vapor transport IV Tnorth. The last two subplots show the cumulative fraction of the last

contact of the trajectories with the (i) ABL and (j) clouds. Note that if the cumulative fraction does not increase to 100 % at t=−120h,

this indicates that a fraction of the trajectories was not in contact with the ABL/clouds during the last five days (the maximum time span the

calculated trajectories cover).

::::::::::::
concentrations.

::::::::
Similarly,

::
a
::::
burst

::
of

:::::::::
nucleation

:::::
mode

:::::::
particles

::::::
within

::
50

::
m
:::
of

::
the

:::
top

:::
of

::
an

:::::
Arctic

::::::::
low-level

:::::
cloud

::::
was

:::::::
recently510

:::::::
detected

::
by

::::::::::::::::::
Pohorsky et al. (2026)

:
.

::::::
Overall,

::::
this

:::::
leads

::
us

:::
to

:::
the

:::::::::
hypothesis

:
that NPF in the vicinity of clouds was observed

:::
the

:::::
cloud

:::
top

:::
led

:::
to

:::
the

::::::::
observed

:::::::
elevated

::::::::::::
concentrations

:::
of

:::::
newly

:::::::
formed

::::::::
particles

::
at

:::::
cloud

:::
top

::::
and

::::::
cloud

::::
base, with the region near clouds providing a

favorable environment for NPF to take place.
:::::
newly

::::::
formed

::::::::
particles

:::::
being

::::::::::::
simultaneously

::::::
mixed

:::::
down

:::
and

:::::
cloud

:::::::::
processed

::::
(wet

:::::::::
scavenging

::::::
and/or

::::::
growth

:::::::::
depending

::
on

:::::
their

:::::
size).

::::
Such

::
a

::::::
process

::
is
::::::::::
conceivable

:::
for

::
a

::::::
marine

::::
ABL

::::
with

:::
the

:::::::::
dynamics515

::
of

:::::::::
radiatively

:::::
cooled

::::::
clouds

::::::::
(radiative

:::::::
cooling

:::
rate

::
at

:::::
cloud

:::
top

:::::::::::::
≈−120 Kd−1,

::::
Fig.

::::
S14,

:::::::::::::::::
Lonardi et al. (2024)

:
)
:::
and

:::
the

::::::
related
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:::::::
transport

:::
and

:::::::
mixing

::::::::
processes

:::::::::::
(Wood, 2012)

:
. Considering the abundance of Arctic stratiform mixed-phase clouds (e.g., Shupe

et al., 2013), NPF in the vicinity of such clouds may play an important role in the Arctic aerosol particle and CCN budgets.

4 Conclusions

In this study, we discussed the frequent occurrence of newly formed aerosol particles in the Arctic troposphere as observed520

during an
:::
the airborne measurement campaign utilizing the Polar 6 research aircraft

::::::::
BACSAM

::
II, which was conducted from

5 April 2024 to 2 May 2024.
::::
2024

:::::::
utilizing

:::
the

::::
Polar

::
6
::::::
aircraft

::::::::::::::::::
(Wesche et al., 2016).

:
The Polar 6 was instrumented with ded-

icated meteorological and aerosol instrumentation collecting data over and around the Svalbard Archipelago, over the Fram

Strait, and in the vicinity of Villum Research Station (Station Nord) in Greenland. We observed newly formed particles during

all eleven research flights at various locations (approximately between 76°N to 85°N and 15°W to 26°E). Newly formed parti-525

cles were encountered in an altitude range from about 60 m to 3900 m above sea level, i.e., throughout the flight altitude range

covered by our aircraft
:::::::::
investigated

::::::
during

:::
the

:::::::::
campaign. Specifically, these particles were detected in the free troposphere,

inside the atmospheric boundary layer (ABL) over sea ice, and in the vicinity of clouds,
:::
as

::::
well

::
as

:::::
inside

:::
the

:::::
ABL

::::
over

:::::
ocean

::::
with

:::
sea

:::
ice

::::
floes. No clear indications for newly formed particles inside the ABL over open

:
,
:::::::::
completely

:::::::
ice-free

:
ocean were

found.530

Newly formed particles in the free troposphere were encountered across large geographical areas
::::
(with

:::::::::
individual

::::::
events

:::::::
spanning

::::::::
distances

:::
of

::::::::
hundreds

::
of

::::::::::
kilometers) and at different altitudes. Our respective analyses suggest a possibly impor-

tant role of meridional transport in combination with cloud processing in Arctic
:::
and

::::::::::
precipitation

:::
for

:
free tropospheric new

particle formation (NPF)as.
:::::

Such
::
a
:::::::
scenario

:::::
could

:::
be

::::::::::
encountered

::::::
during, e.g., warm-air intrusions

:::::
which

:
may deliver the

precursor gases to atmospheric conditions (high altitudes, intense solar radiation, low temperatures,
:::::
small

::::::::::
pre-existing

:::::::
particle535

::::::
surface

::::
area) favorable for NPF. With respect to the newly formed particles detected inside the ABL over sea ice, we conclude

::::::::::
hypothesize that these particles are presumably the result of regional NPF events induced by precursor gases (conceivably

iodine components) originating from the sea ice, leads, or snow present in the measurement region. However, contributions

of higher-latitude Arctic (precursor) sources cannot be ruled out. Concerning newly formed particles observed at both cloud

tops and cloud bases, we found clear indications that these particles are very likely formed at the cloud tops and subsequently540

mixed down to the cloud bases, with the cloud tops providing a favorable environment for NPF to occur.
:::
The

:::::::
presence

::
of

::::::
newly

::::::
formed

:::::::
particles

:::::
inside

:::
the

:::::
ABL

::::
over

:::::
ocean

::::
with

:::
sea

::
ice

:::::
floes

:::::
could

:::::
partly

::
be

::::::
related

::
to

:
a
::::::::::::
phytoplankton

::::::
bloom

:::::
which

::::::::
occurred

::
in

::
the

:::::::::
respective

:::::
target

::::::
region

::
on

:::
the

:::
day

:::
of

::
the

::::::::
research

:::::
flight.

:::
But

:::::::::
ultimately,

:::
the

::::::
source

::
of

:::::::::
precursors

:::::
which

:::::
could

:::::::::
contribute

::
to

::::
NPF

:::::
could

:::
not

::
be

:::::::::
identified.

Taken together, our results show that newly formed particles were frequently present and very likely produced in the both the545

Arctic free troposphere and the Arctic ABL during our measurements in spring 2024, while prior observations predominantly

suggested that NPF inside the ABL is the most common source of secondary aerosol particles in the Arctic.
::::
2024.

:
In particular,

for the first time, our study presents observational results which indicate that NPF in the Arctic free troposphere could be a

geographically widespread phenomenon, and that
:::::::
occurred

::::
over

::::::::
distances

::
of

::::::
several

::::::::
hundreds

::
of

::::::::::
kilometers.

::
In

:::
this

:::::::
context,

::
a
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:::::::
possible

:::::::::
mechanism

::::::
leading

::
to
::::::
Arctic free tropospheric NPF is connected to

::::
could

::
be

:::::::::
associated

::::
with

:
warm-air intrusions. This550

:
A
:::::::

similar transport pathway of precursor gases and/or newly formed particles from lower latitudes to the Arctic free tropo-

sphere was previously suggested in a modeling study by Price et al. (2023), but to date had not been substantiated by analysis

of in situ-measured data. We present observational evidence which supports the findings of Price et al. (2023) and emphasizes

the importance of free tropospheric sources of newly formed particles
:::::::
likewise

:::::
shows

::::
that

:::::::::
meridional

::::::::
transport

:::
can

::::
lead

::
to

::::
NPF

::
in

:::
the

::::::
Arctic

::::
free

::::::::::
troposphere.555

Further modeling studies are required to assess the impact of newly formed particles occurring over large geographical areas

:::::::
distances

:::
of

:::::::
hundreds

:::
of

:::::::::
kilometers and a wide range of altitudes inside and above the Arctic ABL on the Arctic aerosol and

cloud condensation nuclei (CCN) budgets, and ultimately on the Arctic climate. In particular, because relatively small, sub-100

nm particles readily act as CCN in the clean Arctic atmosphere, the geographically-extended, frequent occurrence of newly

formed particles
:
in

:::
the

::::
free

::::::::::
troposphere

::::
and

:::
the

::::
ABL

:
might exert an important influence on Arctic aerosol-cloud-climate in-560

teractions. Future observational campaigns would profit from trace gas measurements and fast, size-resolved measurements of

particles with diameters of less than 10 nm, e.g., with multiple condensation particle counters featuring different lower cut-off

diameters. Such measurements would facilitate the identification of the relevant precursor gases and the precise nucleation

region. Importantly, prospective studies should include vertical measurements and target both the Arctic ABL and free tropo-

sphere.
:::::
Here,

:::
the

:::
use

::
of

:::::
drop

::::::
sondes

::
to

:::::::
provide

::::::::::::
high-resolution

:::::::
profiles

::
of

:::
the

:::::::
vertical

:::::::
structure

:::
of

:::
the

::::::::::
atmosphere

:::::
would

:::
be565

::::::::
beneficial.

:

Finally, in a rapidly warming Arctic, where the sea ice continues to retreat, more clouds might be present in the future, and the

occurrence of warm-air intrusions is expected to increase, NPF frequency and location will likely be affected by these changes.

Especially NPF in the free troposphere,
:::::::
possibly

:
linked to warm-air intrusions, and at the tops of Arctic stratiform clouds,

might significantly impact current and future Arctic aerosol and CCN budgets due to its potentially large geographical extent570

and frequent occurrence, and should therefore be considered in atmospheric models for the prediction of future Arctic weather

and climate.
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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 II"

(BACSAM II).

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
:::::::::
Correction

:::
for

:::::::
particle

:::::
losses5

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

:::::::::::
characterize

::::::
particle

:::::
losses

::
in

:::
the

::::::::
sampling

:::
line

::::
from

:::
the

::::::
aerosol

::::
inlet

::
of

:::
the

:::::
Polar

:
6
::::::
aircraft

:
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 newly10

formed particles. The detection of newly formed particles was verified by visual inspection of the fitted PNSDs. As outlined

in
:::::::::::
spectrometer

:::::::
(MPSS),

:::
we

:::::::::
calculated

:::
the

:::::::::::
transmission

::::::::::
efficiencies

::::::::::
(η = η(Dp),::::::

where
:::
Dp::

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,15

:::
and

:
a
:::::
shape

:::::
factor

:::
of

::
1,

::::::::::::
corresponding

::
to

:::::::
spherical

::::::::
particles

::::::::::::::::::::::
(Seinfeld and Pandis, 2006)

:
.
::
As

:::::::::
discussed

::
in

::::
Sect.

:::
2.2

::
of

:
the main

text, MPSS measurements carried out during ascents and descents were excluded from the quantitative analysis. Fig. ?? shows

examples of three fitted PNSDs, with the data displayed in Fig. ??a and Fig. ??c indicating the presence of newly formed

particles, and the data
::
the

:::::
flow

::
in

:::
the

::::::::
sampling

::::::
tubing

::
is

::::::::
manually

:::::::
adjusted

::::::::::
depending

::
on

:::
the

::::
true

::::::::
airspeed

::
of

:::
the

:::::::
aircraft

::::::::
(typically

:::::::::::::
tas≈ 60 ms−1

:::::
during

:::::
flight

::::::
section

::
at
::::
low

:::::::
altitudes

::
in

:::
the

:::::
target

:::::::
regions,

:::
and

:::::::::::::
tas≈ 90 ms−1

::::::
during

:::::
flight

:::::::
sections20

:
at
:::::

high
::::::::
altitudes,

::::
e.g.,

::::::
transit

:::::::
flights).

::::
This

:::::::::
procedure

:::::::
enables

::::::::::::
near-isokinetic

::::::::
sampling

::::::::::::::::::
(Jurányi 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:

::::::::::::::
pmed = 761hPa,

::::::::::::
Tmed = 290K

::
for

::::::::::::::
tas≈ 90 ms−1,

:::
and

::::::::::::::
pmed = 987hPa,

::::::::::::
Tmed = 298K

:::
for

:::::::::::::
tas≈ 60 ms−1.

:::
The

::::::::::
calculations

:::::
yield

:::
the

:::::::::::
transmission

::::::::
efficiency

::::::
curves

::::::
shown

::
as

:::::
solid

::::
lines

:::
in

:::
Fig.

::::
S2.

::
To

::::::::
estimate

:::
the

:::::::::
uncertainty

:::
in

:::
the25

::::::::::
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. ??b the absence of newly formed

particles. Examples of MPSS-measured PNSDs
::
S2

:::
as

::::
well.

:::::
Here,

:::
the

:::::::::
respective

:::::::::
parameters

:::
are

:::
set

::
to

::::::::::::
p10 = 678hPa, showing

nucleation and/or Aitken
::::::::::
T10 = 286K, and accumulation modes. The PNSDs shown in the panels (a) and (c) are considered as

indicative
:::::::::::::
p90 = 905hPa,

::::::::::
T90 = 296K

:
for newly formed particles

:::::::::::::
tas≈ 90 ms−1,

:::
and

::::::::::::
p10 = 862hPa, while the measurement30

displayed
:::::::::::
T10 = 293K,

::::::::::::::
p90 = 1030hPa,

:::::::::::
Tmed = 300K

:::
for

::::::::::::::
tas≈ 60 ms−1.

S2.1 Categorization of newly formed particles

The

:::
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

::::::::
decrease35

::::::
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 PNSDs indicative of newly formed particles

2
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Figure S2.
::::::
Particle

:::::::::::
size-dependent

::::::::::
transmission

:::::::::
efficiencies in panel (b) shows no indication

::
the

:::::::
sampling

::::::
tubing

::::
from

::
the

::::::
aerosol

::::
inlet

::
to

::
the

:::::
MPSS

:
for newly formed particles

::
the

:::
two

:::::
typical

::::
true

:::::::
airspeeds

::
of

::
the

:::::
Polar

:
6
::::::
aircraft

:::::
during

:::
the

:::::::
campaign.

were categorized according to three environmental conditions for which they were mainly observed, i.e., newly formed particles

detected in the free troposphere (Sect. 3.2 in the main text)
::::::
particle

:::::::
number

:::
size

::::::::::
distribution

:::::::
(PNSD)

::::
data

:::
for

:::::::
particles

::::::
losses

::
in

:::
the

:::::::
sampling

::::::
tubing

:::
by

::::::::::::
size-dependent

:::::::::
correction

::::::
factors

::::::::::::::::
(c(Dp) = 1/η(Dp)):::::::

ranging
::::
from

:::::
close

::
to

::
1

::
to

::::
1.12.

:::::::::::
Considering40

::
the

:::::::::::
transmission

::::::::::
efficiencies

::::::::
calculated

:::
for

:::
the

::::
10th

::::
and

::::
90th

:::::::::
percentiles,

:::::::::
maximum

:::::::::
differences

:::
are

::::::
≈ 1%

:::
for

:::::::::::::
tas≈ 60 ms−1

:::
and

:::::
≈ 2%

:::
for

:::::::::::::
tas≈ 90 ms−1

::::::::
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,

:::
we

:::
do

:::
not

:::::
have

::::::::
available

::::::::::
continuous

::::
data45

:::::::::
concerning

:::
the

:::::::::::
atmospheric

::::::::::
stratification

::::
and

:::
the

::::::::::
occurrence

::
of

::::::
clouds

::::::
along

:::
the

:::::
flight

::::::
tracks.

::
In

:::::
other

::::::
words,

::::
we

::::::
cannot

::::::
always

:::::::::::::
unambiguously

:::::::::
distinguish

:::
the

:::::::::
airplane’s

::::::
actual

:::::::
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 atmospheric boundary layer

(ABL) over sea ice (Sect. 3.3), and
:::::::::
(cloud-free)

::::
free

::::::::::
troposphere

::::
(FT),

::::
and

::
in

:::::
cloud

::::::
vicinity

:::::
based

:::
on

:::::::::
reanalysis

:::
data

:::::
from

:::
the50

:::
fifth

:::::::::
generation

::::::::
ECMWF

:::::::::
reanalysis

::::::
(ERA5)

:::::::
dataset.

:::::::
Thereto,

:::
we

::::::::::
interpolated

::::::
several

::::::
ERA5

:::::::::
parameters

::::
such

::
as

:::::::
specific

:::::
cloud

:::::
liquid

:::::
water

::::::
content

:::::::::
(CLWC),

:::::::
specific

::::
cloud

:::
ice

:::::
water

:::::::
content

:::::::
CIWC,

:::
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 (Sect. 3.4) . Fig. ?? shows the

median PNSDs and corresponding interquartile ranges of all MPSS measurementsper category. For convenience, the PNSDs

are shown on both a logarithmic (upper panel) and linear axis (lower panel).
:
if
:::
the

::::
sum

::
of

:::::::
CLWC

::::
and

:::::::
CIWC,

::::
i.e.,

:::
the

::::
total55

::::
cloud

::::::
water

::::::
content

:::::::
(CWC)

:::::::
exceeds

:::
the

:::::::::
threshold

::
of

::::::::::::::::::
CWC > 0.01gkg−1.

::::
The

:::::
latter

::
is

:::::
based

:::
on

::
in

:::
situ

::::::::::::
measurements

:::
of

:::::
CWC

:::
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

:::::::::::::::::
CWC ∼ 0.01gkg−1

::::
were

:::::::
reported

:::
for

:::::::
in-cloud

:::::::::::::
measurements.

:::
We

:::::::
consider

::::::::::::
measurements

3



::
to

::::
have

::::
taken

:::::
place

::
in

:::
the

:::
free

::::::::::
troposphere

::::::
(ABL)

::
if

:::
the

:::::::
aircraft’s

:::::
flight

::::::
altitude

::::
was

:::::
above

::::::
(below)

:::
the

::::::
ERA5

::::
ABL

::::::
height.

:::::
Here,

::
the

:::::
flight

:::::::
sections

::
in

:::::
cloud

:::::::
vicinity

:::::
based

::
on

:::
the

::::::::
threshold

:::::
above

:::
are

::::::::::
additionally

:::::::::
excluded.60

For approximately 14 % of all PNSDs featuring
:::::
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

::::::
(Table

:::
1).

:::::
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

::
to65

::::::::::::
Longyearbyen

:::::
under

:
a
::::::::::
completely

::::::
closed

:::::
cloud

:::::
deck.

:::::
These

::::::::::::
measurements

:::::::
amount

::
to

:
a
::::::::

duration
::
of

::
1

::::
hour

::::
and

::
40

::::::::
minutes.

:::::::::::
Observations

::
of 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
::
on

:::
this

::::
day

:::
(≈

::
10

::::::::
minutes)

:::
are

:::::::
assigned

:::
to

:::
the

::::::::::
unclassified

:::::::
category.

::
In

::::::::
addition,

:::
the

::::::
relative

::::::::::
frequencies

:::
of

::::::::::
occurrence

::
of

:
newly formed particles classified as "in the vicinity of clouds", we70

did not fly directly at
:::
for

::::
each

:::::::::::
environment

:::
are

:::::::
provided

:::
in

:::::
Table

::
1.

:::::
These

::::::
values

::::::
should

:::
be

:::::::::
interpreted

::::::::
carefully

:::
and

:::::
only

::::::
provide

::
a
::::
very

::::::
rough

:::::::
estimate.

::::
For

::::::::
example,

:::
not

::::
for

::
all

:::::
flight

::::::::
sections

::::::::
dedicated

::
to
::::::

probe
:::::::
directly

:::
the

:
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 icefloes were visible in addition to open sea areas, preventing the clear identification of the potential precursor75

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
::::
cloud

:::::
base,

:::
i.e.,

::::
legs

:::::
which

:::
are

::::::
known

:::
to

::::
have

:::::
taken

:::::
place

::
in

:::
the

:::::
direct

::::::
vicinity

::
of
:::::::

clouds,
:::::
ERA5

::::::::
predicted

:::::::::::
consistently

:::::::
non-zero

::::::
values

::
of

::::::
CWC

:::::::::
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.80

:::
For

::
all

::::
case

::::::
studies

::::
and

:::
the

::::::::::
assignment

::
of

:::::::::::
measurement

:::::::
periods

:::::::
featuring

::::::
newly

::::::
formed

:::::::
particles

:::
to

:::
the

::::
four

::::::::
categories

:::::
"free

:::::::::::
troposphere",

::::::
"cloud

::::::::
vicinity",

:::::
"ABL

::::
over

:::
sea

::::
ice",

::::
and

:::::
"ABL

::::
over

:::::
ocean

::::
with

:::
sea

:::
ice

::::::
floes",

:::
we

::::
only

:::::::
consider

:::::
flight

:::::::
sections

::
for

::::::
which

:::
the

::::::::
prevailing

:::::::::
conditions

:::::
could

:::
be

::::::
clearly

::::::::
identified

:::::
based

:::
on

:::
the

::
in

:::
situ

:::::
data.

:
If
:

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. Median PNSD of all cases of newly formed particles associated with one of the85

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.
::::
were

:::::::
detected

:::
but

::::::
either,

::::
e.g.,

:::
the

::::
ABL

::::::
height

:::::
could

:::
not

::
be

::::::::::
determined

::
for

:::
the

:::::
target

::::::
region

::
or

:::
the

:::
the

:::::::::::::::
absence/presence

::
of

::::::
clouds

::::
close

::
to
:::
the

:::::::
aircraft

:::::
could

:::
not

::
be

::::::
verified

:::
by

:::::::
studying

::
in
::::
situ

:::::
video

::::
data,

:::::
these

::::::::::
observations

:::
are

::::::::
assigned

::
to

:::
the

::::::::::
unclassified

:::::
cases.
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Table 1.
:::::::
Overview

::
of

:::
total

::::::::::
measurement

::::
time

::
as

::::
well

::
as

::::::
duration

:::
and

::::::::
frequency

::
of

:::::
newly

:::::
formed

:::::::::::::::
particle-occurrence

:::::::::::::
(NFP-occurrence)

:::
for

::
the

::::
four

::::::::::
environments.

:::
FT

::::
ABL

:::
ABL

: ::::
ABL

::::
over

::::
ocean

: ::::
cloud

::::::
vicinity

:

:::::::::
irrespective

:
of
::::::

surface
: :::

over
:::
sea

:::
ice

:::
with

:::
sea

:::
ice

::::
floes

::::
Total

::::::::::
measurement

::::
time

::
25

:
h
:::
10

:::
min

:
8
::
h

::
10

:::
min 3

::
h
::
30

:::
min

: :
1
:
h
:

2
::
h
::
10

:::
min

:::::
(based

::
on

:::::
ERA5)

:

::::::
Duration

::
of

::::::::::::
NFP-occurrence

: :
4

:
h
::
40

:::
min

: :
2
::
h

::
20

:::
min 1

::
h
::
40

:::
min

: ::
40

:::
min 2

::
h
::
40

:::
min

:::::
(based

::
on

::
in

:::
situ

::::
data)

::::::::
Frequency

::
of

::::::::::::
NFP-occurrence

:::
19 %

: ::::
29 %

:::
48 %

: :::
67 %

: ::::::::
(> 100%) 1

1: Nonphysical value, resulting from ERA5 not always predicting clouds throughout all legs which are known to have been carried out in cloud vicinity, according to the

in situ observations. Considering those times based on the in situ data instead of the ERA5-based values, a frequency of about 73 % can be reported.

S4 Thermodynamic conditions prevailing during the occurrence of newly formed particles90

In Fig. S3, 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
::::::::
computed considering the number of mea-

sured T -RH pairs during the presence of newly formed particles (Fig. S3a, 37452
:::::::
3686703 pairs) and considering the number

of T -RH pairs measured during the absence of newly formed particle (Fig. S3b, 116891
:::::::
9094434 pairs). The histograms

shown in Fig. S3c-e
::
c-f

:
were calculated by normalizing

::::::::
including

:
the T -RH data pairs recorded only during observations of95

newly formed particles in the free troposphere (Fig. S3c), only during observations of newly formed particles in the ABL over

sea ice (Fig. S3d), and 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. S3100

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 T -RH distribution measured during observations of newly formed particles, correspond to105

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

::::::::
occurred110
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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", "sea ice", and "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, and cloud vicinity,
:::
and

:::
the

::::
ABL

:::
over

:::::
ocean

::::
with

:::
sea

::
ice

:::::
floes, respectively. The second

:::
and

:::
third

:
row depicts

::::
depict

:
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,
::
(f)

::
and

:::
the

::::
ABL

::::
over

::::
ocean

::::
with

:::
sea

::
ice

:::::
floes.

:::::
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 for newly formed particles inside the ABL over open,
::::::::::
completely

::::::
ice-free

:
ocean during our campaign. T -115
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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 seem to be
:::
are associated with distinct

thermodynamic conditions, which correspond to the different atmospheric scenarios for which newly formed particles were

encountered, i.e.,
:
.
::::
They

:::::::
include free tropospheric newly formed particles, newly formed particles inside the ABL over sea ice120

, and
:::
and

::::
over

::::::
ocean

::::
with

:::
sea

:::
ice

::::
floes,

:::
as

::::
well

::
as newly formed particles in the vicinity of clouds. These data provide impor-

tant 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.

S5
:::::
Newly

:::::::
formed

::::::::
particles

:::::
inside

::::
the

::::
ABL

::::
over

::::::
ocean

::::
with

:::
sea

:::
ice

::::
floes125

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).

::::
The130

::
air

::::::
masses

::::::
probed

::::::
during

:::
the

::::
legs

:::::
inside

:::
the

:::::
ABL

:::::::::
originated

::
in

:::
sea

::::::::::
ice-covered

::::::
regions

:::::
north

::::
and

:::
east

::
of
::::::::

Svalbard
:::::
(Fig.

::::
S4b,

::
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).

:

::
On

:::
25

:::::
April,

::::::::::::
measurements

:::::
were

::::::
carried

:::
out

::
in

:
a
:::::
target

::::::
region

::::::::
southwest

:::
of

::::::::::
Spitsbergen

::::
over

::::
open,

::::::::::
completely

:::::::
ice-free

:::::
ocean135

::::
(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

:::::
water.

::
In

:::
this

::::::::
northern

::::::
section,

::::::
sparse

:::::::
scattered

::::::
cumuli

::::::
clouds

::::
were

:::::::
present,

:::::
while

:::::::
overcast

:::::::::
conditions

:::::::
prevailed

::
in
:::
the

::::::::
southern140

:::
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

:::
the145

:::
free

:::::::::::
troposphere.

::
A

::::::
similar

::::::
pattern

::::
was

:::::
flown

::
in

:::
the

:::::::
southern

::::::
section

::::::::
between

:::::
WP4,

:::::
WP5,

::::
WP6

::::
and

::::
WP7

::::
(left

::::::
y-axis

::
in

::::
Fig.
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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.

:::
(c)

::::::
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),

::
(e)

::::
and

::
(f)

::::
were

:::::::
retrieved

::::
from

::::::::::::::::::::
www.seaice.uni-bremen.de

:::::::::::::::
(Spreen et al., 2008).

:
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::::
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

::
a

::::::
surface

::::::::::
temperature

:::::
below

:::
the

::::::
aircraft

::
of

:::::
about

::::
3◦C.

:::
In

:::
the

:::::::
southern

::::::
section

:::::::
between

:::::
WP4,

:::::
WP5,

:::::
WP6,

::::
and

:::::
WP7,

:::
the

::::::
surface

::::::::
contained

::::
both

:::::
open150

:::::
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

::::
WP5

::::
were

:::::::
located

:::::::::
downwind

::
of

:::
the

:::
sea

:::
ice

:::
(see

::::
Fig.

::::
S4b,

::::
Fig.

::::
S5a).

:

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

:::::::
N10−600 :::::

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.
:::
(c)

::::::
Integral

::::::
particle

::::::
number

:::::::::::
concentrations

::
in

:::
the

::::
total

:::::::
measured

:::
size

:::::
range

:::::::::::::::::::
(10 nm≤Dp ≤ 600 nm,

:::::
solid

::::
line)

:::
and

::
in

:::
the

::::::::
nucleation

:::::
mode

:::
size

:::::
range

:::::::::::::::::::
(10 nm≤Dp ≤ 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≤Dp ≤ 600 nm,

::::
solid

::::
line)

:::
and

:
in
:::

the
::::::::
nucleation

:::::
mode

:::
size

::::
range

::::::::::::::::::
(10 nm≤Dp ≤ 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
::::

nm155

::::
were

::::::::
increased

::::::
inside

:::
the

:::::
ABL

::::::::
compared

:::
to

:::
the

::::
free

::::::::::
troposphere

:::::
(Fig.

::::
S5b,

:::
c).

::
In

:::
the

::::::::
northern

:::::::
section,

:::
no

:::::
newly

:::::::
formed

:::::::
particles

::::::
during

:::
the

::::
legs

::::::
inside

:::
the

:::::
ABL

::::
over

::::::::::
completely

:::::::
ice-free

:::::
ocean

:::::
were

:::::::
present

:::::
(Fig.

::::
S5b,

:::
c),

::
as

:::::::::
indicated

::
by

::::
the

9



::::::
absence

:::
of

:
a
:::::::::
prevailing

::::::
distinct

:::::::::
nucleation

::::::
mode

:::
and

:::::
rather

::::
low

:::::::
number

::::::::::::
concentrations

::
in
::::

the
:::
size

:::::
range

:::::
from

:::
10

:::
nm

::
to

:::
20

:::
nm

:::::::::::::::::
(N10−20 ≈ 25cm−3,

::::::
≈ 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

:::
nm160

::::
(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,165

::::::::::::::::
N10−20 ≈ 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

:::::::
N10−20)

::::
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

:::
be170

::::::::
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

::
a
:::
sea

::::::
surface

:::::::::::
temperature

::
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
::::::::
altitudes175

:::::::
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

::
for

::::::
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,

:::
we180

:::
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.

::::::::::
Additionally,

::
a
:::
sea

:::
salt

:::::
mode

::::
was

:::::::
observed

::::::
during

:::
the

::::
legs

:::::
inside

:::
the

::::
ABL

:::
on

::
25

:::::
April

:::::
(blue

:::::::::
distribution

::
in

::::
Fig.

:::
S6)

::::
due

::
to

:::
sea185

::::
spray

::::::
aerosol

::::::
(SSA)

:::::::::
generation

::::::
caused

::
by

:::::
strong

:::::
winds

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(horizontal wind speeds of about 15ms−1, 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

:::
for

:::
the

:::::::
presence

::
of

::::::
newly

::::::
formed

:::::::
particles

::::
were

::::::::
observed

:::::
(blue

:::
and

:::::
black

::::::::::
distributions

::
in

::::
Fig.

::::
S6).

::
In

:::::::
contrast,

::::::
PNSDs

::::::::
measured

::::::
inside

:::
the

::::
ABL

::::
over

:::::
water

::::
with

:::
sea

:::
ice

::::
floes

::::::::
indicated

:::
the

::::::::
presence

::
of

:::::
newly

:::::::
formed

:::::::
particles

::::
(red

::::::::::
distributions

::
in

::::
Fig.

:::
S6).

:
190

::
In

::::::::
summary,

::
no

:::::
clear

:::::::::
indications

:::
for

:::
the

:::::::::
occurrence

::
of

:::::
newly

:::::::
formed

:::::::
particles

:::::
during

::::::::::::
measurements

::::::
inside

::
the

:::::
ABL

::::
over

:::::
open,

10



:::::::::
completely

::::::
ice-free

::::::
ocean

::::
were

:::::
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.

:

101 1022 3 4 5 6 789 2 3 4 5 6

Dp [nm]

101

102

dN
/d

lo
gD

p [
cm

3 ] ABL open water (hP6 = 67 m, 25.4.)
ABL open water (hP6 = 75 m, 11.4.)
ABL open water (hP6 = 240 m, 11.4.)
ABL open water & sea ice (hP6 = 240 m, 11.4.)
ABL open water & sea ice (hP6 =  75 m, 11.4.)
ABL open water & sea ice (hP6 =  240 m, 11.4.)

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.

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

:::::::
analysis195

::::
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., Simó, 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-Ålesund,

:::
for200

:::::::
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.

::::::::
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

::
in205

::
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

::
of210

::
the

::::::::::
trajectories

:::::
inside

:::
the

::::
ABL

:::
are

::::::
shown

::
in

::::
Fig.

:::::
S7b-d,

::::
f-h.

::
As

:::::::::
mentioned

::::::
above,

:::::::
easterly

:::::
winds

::::::::
prevailed

::
in

::::
both

::
the

::::::::
northern

11



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).

: 12



:::
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

::::::::::
completely215

:::
(10

:::::
April,

::::
Fig.

::::
S7c)

:::
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

::::
for

:
a
::::::::::::
phytoplankton

::::::
bloom

:::::
(Fig.

:::::
S7e).

::::::::
Similarly,

:::
in

::
the

:::::
areas

::::::
where

::::::::
backward

:::::::::
trajectories

:::::::
resided

:::::
inside

:::
the

:::::
ABL

::::::
during

::
25

:::::
April

::::
and

:::
the

:::
two

:::::::::
preceding

::::
days,

:::
no

:::::::
elevated

:::::
chl-a220

::::::::::::
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

::::::::
particles225

::::
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,230

::
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

:::::::
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).

:
235

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.

Median PNSD of measurements indicative of newly formed particles (NFPs) and recently formed particles (RPFs, solid240

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. S8).

According to our criteria defined above
:
in
:::::

Sect.
:::
2.2

::
in

:::
the

:::::
main

::::
text, these PNSDs are not considered as indicative for newly

13



formed particles. We rather interpret them as steming from "recent particle formation" (RPF), since the small particle sizes245

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
::::
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 conditions250

To illustrate the sea ice conditions prevailing in the target region east of Svalbard between waypoint 1 (WP1 ) and WP3 on 15

April 2024 (RF05, 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 (Θ) between WP1 and WP3, we determine the ABL255

height (Fig. S10). The solid line in Fig. S10 shows the mean Θ-profile averaged over the four ascents/descents at WP1, WP2,

and WP3 (see Fig.7a .
::
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
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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.

horizontal dashed lines represent the average aircraft altitude during these low-level legs (at ≈ 70m and ≈ 155m) close to the260

surface inside the ABL (hP6, insideBL) and the high-level leg above the ABL in the free troposphere (hP6,outsideBL ≈ 850m).

In Fig. S10, an inversion at an altitude of about 170
:::
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. 7a
::
8a

:
in the main text) inside the ABL over sea ice. ABL 1 refers to the first leg flown265

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

15



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 conditions270

To illustrate the sea ice conditions prevailing in the target region north of Svalbard between WP1 and WP2 on 24 April 2024

(RF08, 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 RF08 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, see275

Fig. 10a
:::
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
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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. 10a
:::
11a

:
in the main text). Directly in the target region between280

WP1 and WP2 (see Fig. 9a
:::
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 towards
:::::
toward

:
the sea ice edge (see Fig. 9

::
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 based285

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 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 cooling290

We further utilize the ascent through the cloud to determine the radiative heating/cooling rates in an atmospheric layer between

two flight altitudes, with zbottom/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

ζ =
1

ρcp

Fnet(ztop)−Fnet(zbottom)

ztop − zbottom
, (1)

where ρ and cp are density and specific heat capacity at constant pressure of air, and Fnet(z) the net thermal irradiance at flight295

altitude z. Positive/negative values in ζ 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.
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