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Abstract. Aerosol formation is an important contributor to climate in different environments. Coastal ecosystems are of spe-
cial interest, since their habitat types and species can be highly diverse which can lead to high variability in fluxes of aerosol
precursor vapours. Here, we present the first results from an atmospheric observatory established in 2022 at the Tvédrminne
Zoological Station (TZS) on the southern coast of Finland as a part of the Centre for Coastal Ecosystem and Climate Change

5 Research (CoastClim). This work is focused on new particle formation (NPF) and how it is influenced by the coastal environ-
ment. NPF occurred at TZS roughly as often as at the well-established boreal forest site Hyytiéld, 230 km north-north-east

of TZS. However, only one-third of the events occurred during the same days at both stations. Similarly to Hyytiéla, NPF
events were most likely to be observed when clean air masses from the Norwegian Sea pass over the boreal forest region. To
understand the special characteristics of aerosol formation at the coast, we also studied local intermediate ion formation (LIIF),

10  which can tell us about aerosol formation potential in the vicinity of the measurement site. LIIF was more abundant over the
continent compared to the marine sector and it was favoured by low condensation sink and sunny dry conditions. This study
presents an overview of aerosol size distributions at TZS and provides a basis for future work, which will aim to understand

the sources of coastal aerosol precursors and their links to coastal ecology and biogeochemistry.

1 Introduction

15 The-majority-of-global-Aerosol particles are an essential part of the atmosphere, known not only for their adverse health

effects, but also for their uncertain direct and indirect climate effects (Masson-Delmotte et al., 2021). Aerosol size distribution

and chemical composition are essential, since they define the number of aerosols that can act as cloud condensation nuclei
(CCN) under different conditions. Thus, they influence the radiative properties of clouds and further on, the radiative balance
of the Earth. The majority of global CCN are produced by new particle formation (NPF) in the atmosphere (Gordon et al.,

20 2017). In NPF, aerosols are formed in the atmosphere through gas-to-particle conversion. These gases have various sources
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ranging from vegetation to human activities, and typically they need to go through chemical reactions in the atmosphere before
their volatility becomes low enough for them to contribute to NPF. One important factor governing aerosol formation is the
re-existing particle population that acts as a sink for both condensing vapours and the small freshly formed particles. The

source of condensing vapours thus needs to be large enough for particles to survive and grow to climate relevant size ranges.
Even though the oceans cover over 70 % of the globe, most NPF studies have been conducted over continental regions

(Kerminen et al., 2018). Recent research has highlighted the role of marine aerosols for the radiative properties of clouds
(Rosenfeld et al., 2019) and the importance of marine aerosol observations in constraining climate models (Regayre et al.,
2020). Marine secondary aerosol has been of interest since Charlson et al. (1987) first proposed that dimethyl sulfide emitted
by phytoplankton could influence the climate by forming aerosols. This hypothesis boosted research on atmosphere-biosphere
interactions in marine environments (Quinn and Bates, 2011), and recent studies have found evidence of NPF occurring within
the marine boundary layer (Zheng et al., 2021; Peltola et al., 2022). More advanced measurement techniques have also uncov-
ered new chemical mechanisms that can form aerosols in marine environmentsineluading-. These mechanisms include chemical
compounds such as amines (Brean et al., 2021) and ammonia (Jokinen et al., 2018) together with sulfuric acid, as well as
organics (Mayer et al., 2020; Zheng et al., 2020), and iodine species (Sipild et al., 2016; He et al., 2021). Despite these recent
advances, further studies on marine NPF are still needed.

Apart from several studies from Mace Head at the Irish coast and few studies from other locations strongly influenced by tidal

processes (McFiggans et al., 2004; O’Connor et al., 2008; Grose et al., 2007; Furneaux et al., 2010; Sipilé et al., 2016), most ma-

rine NPF studies have focused on open ocean (O’Dowd et al., 2010; Brean et al., 2021; Zheng et al., 2021; Peltola et al., 2022)
or polar conditions (Zheng et al., 2021; Baccarini et al., 2020, 2021; Beck et al., 2021; Schmale et al., 2021), while coastal ar-

eas remain less studied. Coastal zones are of special interest due to their highly diverse habitat types and species as well as
significant influence from human activities. Coastal zones are also often characterized by dynamic phenomena such as coastal
upwelling and downwelling that can induce strong changes in the coastal water properties, including nutrient transport, tem-
perature, and salinity (e.g., Lehmann and Myrberg, 2008). More complexity is added to the coastal atmosphere interactions by
the heterogeneity of surface forcing, which can lead to e.g. sea and land breezes. The Baltic Sea coast is a great example of an
anthropogenically influenced coastal environment, because it has been impacted by eutrophication for a long time (Andersen
et al., 2017). Measurements at the Baltic Sea coast have already shown a high variability of greenhouse gas emissions both
seasonally and between habitat types (Roth et al., 2022). Contrary to open oceans where CO, fluxes are driven by temperature
and concentration of dissolved inorganic carbon (Gallego et al., 2018), the carbon fluxes at the coastal Baltic Sea are dominated
by biogeochemical processes and can be influenced by run-off of organic matter from land (Honkanen et al., 2024).

To fully evaluate the interactions between coastal areas and climate, it is not enough to only study greenhouse gases, but we
need to also understand the role of aerosol formation in these areas since aerosols can have a-cooling-effect-on-—climate-both
cooling and warming effects on climate and these effects are highly uncertain. This relates to the concept of CarbonSink+,
which accounts for both carbon sink and potential for local aerosol formation when estimating the climate impacts of various
ecosystems (Kulmala et al., 2020; Ke et al., 2025). CarbonSink+ uses relatively simple calculations to evaluate the full climatic
impacts of an ecosystem. This includes not only estimating the carbon uptake but also taking into account albedo changes,
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Coastal areas can be a mixing spot of aerosol precursors from the sea and land. For example de Jonge et al. (2024) hav
shown that having aerosol precursors both from the sea and the land can boost CCN production. Past research in the Baltic Se
has identi ed cyanobacterial blooms as a source of iodic acid that formed new patrticles (Thakur et al., 2022). This was however
connected to air masses coming from the open Baltic Sea and coastal contribution could not be partitioned from the open sec

. One way to study the new particle formation potential in different locations is to focus on local aerosol production, which
can be studied by examining the concentrations of freshly formed 2-2.3 nm particles which must have formed close to the
measurement location since they have not yet grown to larger sizes (Kulmala et al., 2024; Tuovinen et al., 2024). This is known
as local intermediate ion formation (LIIF) and we use this approach also in this study.

The best way to tackle the challenges related to understanding coastal climate interactions is through multidisciplinary
collaboration and long-term measurements. As a part of the Centre for Coastal Ecosystem and Climate Change Researcl

(CoastClim, https://www.coastclim.org/), we have recently established permanent atmospheric observations at the Tvarminne

ducted for nearly a century (see e.g., Goebeler et al., 2022). This observatory conducts comprehensive atmospheric measure
ments spanning from greenhouse and trace gases to chemical composition of volatile organic compounds and their oxidatior
products to aerosols ranging in size from clusters to coarse mode. In the future the atmospheric parameters will also be con-
nected to continuous measurements of seawater properties, enabling us to directly measure the interactions between the coas
ecosystem and climate.

In this work we show the rst results from the aerosol measurements of a newly founded coastal station with a focus on
understanding NPF and the effects that the coastal environment and meteorological conditions have on particle formation at
this site. First, we study the NPF event frequency at the station and compare it to a boreal forest site. Then we focus on more
local phenomena and study intermediate ions that have formed in the vicinity of the station. We compare the concentrations of
these ions in marine and continental wind sectors to understand how the environment in uences particle formation. We also
study the effect of meteorological parameters and trace gas concentrations on particle and local intermediate ion formation.

2 Methods

2.1 Measurements

This paper is focused on aerosol and ion data measured at the Tvarminne Zoological Station, a research station founded in 190

Hanko,is approximatelyl 6 km westof the stationandhasa populationof only around8000people. In 2022,
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we started a new atmospheric observatory at the station. The observatory for aerosol, ion, and aerosol precursor measuremen
consists of two trailers at the coast, less than 10 m from the sea, and one container located 160 m north-west from the trailers
further inland. The observatory also includes greenhouse gas observations and ux measurements using an eddy covarianc

Our analysis is focused on data from a Neutral cluster and Air lon Spectrometer (NAIS, Airel Ltd, Mirme and Mirme, 2013),
located in one of the trailers at the coast (Fig. A1). The NAIS was rst installed at the station on 26 February 2022. Initially
the instrument was installed near the main building of the station, 300 m north-east from the nal measurement location in the
trailer at the coast. There it ran until 11 April 2022 and after a short break it was installed at the nal location at the coast on 1
June 2022. Here we use its measurement from 26 February 2022 to 15 June 2024. The NAIS measures the size distribution o
2.5—42 nm patrticles and 0.8—42 nm negative and positive ions. The total particle size distribution is measured with the NAIS

in both positive and negative modes, but here we used only the negative mode. We also used NAIS data from the Hyytidla Forest

of 10—-800 nm particles and a TSI Aerodynamic Particle Sizer 3321 (APS) for 500 nm — 20 um particles. These data were

available 22 May 2023 to 29 June 2023 and 1 February 2024 to 24 June 2024. For trace gas measurements, we used a Teledy:
API T-400 ozone analyser, Teledyne API T300U carbon monoxide analyser, Teledyne APl T200UP NO-NO2 analyser and

a Thermo Scienti ¢ 43i-TLE sulfur dioxide analysext-Hocatedin-the-containerfurtherinland. The gas analyser data are
available starting from 22 December 2022 for,S&hd from 30 January 2022 for the othestrumentgasanalysers. In this

2.2 Data analysis

A simple way to understand how often new particle formation events (NPFE) occur is to classify each daynithsguarticle

size distributions observed during that day. For this we used the NPFE classi cation criteria described by Dal Maso et al.
(2005). In this classi cation, each day is classi ed either as a clear new particle formation day (Classes | and 1), a non-event
day, or unde ned day when it is not clear if particle formation occurs or not. Class | and Il events require observing nucleation
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Figure 1. Map of the location of Tvarminne Zoological Station (TZS) and Hyytidla Forest Station (HYY). The grey shaded area in the
zoomed-in gure indicates the marine wind sector used in this work. The maps are modi ed from maps prepared using European Union's
Copernicus Land Monitoring Servigdormation.

meteorological conditions to be somewhat homogeneous over long distances. Because of this requirement these NPFE ca
also be called regional events. The difference between Classes | and Il is that for Class Il events, the new aerosol mode
diameter or concentration is uctuating, making it dif cult to de ne a growth rate for the event, whereas for Class | events,
growth rate determination is possible. On unde ned days either nucleation mode particles are observed for more than an hour,
but they do not grow in size, or there is a growing Aitken mode (25-100 nm). On non-event days, no new < 25 nm particle
mode lasting more than an hour nor growth in Aitken mode is fotadthe eventanalysis

For rest of the data analysis in this work, we averaged data from particle and gas measurements over 30 minutes to be able

to compare variables with different time resolution. In most of the analysis we divided the data into marine and continental

was chosen to get a picture of how aerosol formation is in uenced by whether the air mass was last travelling over the sea or
land. If the wind direction was from the sea (1840 ) the data were considered marine and if the wind direction was from
the continent (< 100or > 240 ) the data were considered as continental (see Fig. 1). With this division, 46% of the data were
considered marine data.

Appendix Fig. A2 shows the statistical distribution of wind direction at the station during different seasons. The most notable
difference between the seasons is that during the spring and summer winds from the south-wex3@2)2fre more dominant
than during the autumn and winter. In the autumn and winter the wind direction is more evenly distributed, but the wind speeds



are higher when they are coming from the west and south-west compared to the opposite direction. Higher wind speeds in the
marine sector are expected for this location during the winter season (Tammelin et al., 2013) and they are overall typical during
14the winter in Finland (Riuttanen et al., 2013).

The local wind direction can be in uenced by e.g. sea or land breeze and wind channelling between the islands of the
archipelago, but these effects cannot be separated with this data set. The wind sector division can indicate whether the air mas
last travelled over land or sea, which provides insights about the effects of local phenomena in these different environments, as
such phenomena occur over short time scales. Analysing trace gas data (see AppedsgidindicatedthatB) showedthat

150 carbonmonoxideandsulphurdioxide hadlower concentration the marine sectaslesspetivtedthanthecontinentakecter,

whichsuppertahisdivisien-while ozoneandnitrogenoxideshadhigherconcentrationgn marineair, On the otherhand,the

155 hand,hasrecentlycrossecverland, butin somecaseghis interactionhasbeenbrief. If the air comesfrom the northwestern

Despite being simple, the wind sector division can be especially suitable for studying local effects such as local intermediate
160 ion formation (LIIF) at the coast. It was recently highlighted that LIIF can be studied by focusing on 2-2.3 nm negative
ions since in this size range the particles have been freshly formed but have not yet grown to larger sizes, meaning that they
must have originated close to the measurement location (Kulmala et al., 2024; Tuovinen et al., 2024). This means that even
if the wind direction is somewhat local it should still tell if the air mass last passed over the sea or the continent. This is
why n-thispaperwe focus our analysis on 2—2.3 nm negative ions. In addition to this narrow size range that indicates local
165 particle production, we show results for negative cluster ions (sub-2 nm), intermediate ions (2—7 nm), antbferge25

170 formed particlestypically needseveralhoursto grow. Negative ion data from the NAIS was used to calculate all of these

concentrations. Additionally, we used data from the DMPS and APS for aerosols in nucleation (10-25 nm), Aitken (25-100
nm), accumulation (100—-1000 nm), and coarse mode particles (1000—20 000 nm). APS data were used for sizes starting from
600 nm and DMPS for smaller particles.

Size distribution data were used also for the calculation of condensation(§i8. Condensatiogink representghe total

175  surfaceareaof the particlepopulationthatactsasa sink for.condensing/apours.The sink was calculated using sulfuric acid

as the condensable species as described by (Kulmala et al., 2001). For this we combined data from NAIS (3-40 nm), DMPS
(40-650 nm) and APS (> 650 nm) to obtain the full size distribution.
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3 Results & discussion
3.1 Occurrence of new particle formation events

To understand how aerosol formation at a coastal site differs from a continental site, we compared new particle formation event

(NPFE) frequencies in Tvarminne and the well-studied boreal forest station Hyyiéiied230-km-north-nerth-eastrom

Fvarminne. For this we used the Dal Maso et al. (2005) criteria described in the Section 2.2. Figure 2 summarises the results of

% clear NPFE days (Class | 1.5 % and Class Il 7.8 %) while Hyytiala had 8.2 % clear NPFE days (Class 11.1%andClassll 7.1
%). For unde ned days, the fraction was 23.8 % for Tvarminne and 17.3 % for Hyytiala, leaving 66.9 % and 74.4 % of the days
as non-event days for Tvarminne and Hyytidla, respectively. As seen in Figure 2, both stations show similar seasonal patterns
with a peak in event frequencies in April and a smaller peak in the early autumn. Although the average event frequencies

The lower event frequency observed here compared to previous literature can be explained by several fakassﬁyiﬁg
evearamanua#y’rssub}eetivez}they used DMPS, not NAIS data, afg) different years can have different event frequencies,

Desplte the similarities in event fractlons and seasonal patterns at the two stations, only 37% of the events were observed or

the same days at both stations. An inspection of air mass back trajectories calculated with HYSPLIT (Stein et al., 2015; Rolph

direction, the air has typically crossed over the Norweglan Sea and the Scandinavian Mountains and it is clean compared to
other directions, and this clean air favours NPF (Riuttanen et al., 2013).

3.2 Effect of marine and continental air masses on ion concentrations

To better understand NPF in Tvarminne and the in uence of the coastal environment on NPF processes, we explored aerosol
data of different size ranges and compared aerosol concentrations from the marine and continental wind sectors. When com

22 % higher concentrations in continental air. For larger ions the differences were smaller, with both 2—7 nm and 7-25 nm
ions having 12 % higher concentrations in continental air. Observing higher concentrations of < 25 nm negative ions in the
continental air is in line with the results that NPFE's were observed when the air mass back trajectories arrived from north-west.
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Figure 2. The seasonal cycle of the contributions of different new particle formation event classes in each month for a) Tvarminne and b)
Hyytiala.

Figure 3 shows the diurnal cycles of negative ions in different size ranges. For sub-2 nm ions, the continental air has higher
median concentrations throughout the day. This is sensible, since over land radon can increase ion production (Chen et al.
2016) compared to marine conditions. In the continental wind sector highest sub-2 nm ion concentrations are observed during
the night and early morning. This is likely due to less mixing during the night. In the marine air, no clear diurnal pattern is

in Uto, whichis locatedin the outerarchipelago100km westof Tvarminne cosmicradiationcanaccountor 60—-70%of ion

For 2—2.3 nm ions, the differences between the air masses are less clear, with the differences in the median concentration:
in continental and marine air being statistically insigni cant during 10.00-13.30 h and 18.00-19.30 h. During other times the
continental air had higher concentrations. For the full range of intermediate ions (2—7 nm) the continental air has statistically
signi cantly higher medians than the marine air all times but 12.00-13.30 h, when the concentrations are more variable and the
con dence interval of the median is larger. In this size range the highest 90th percentiles are observed around or after midday
which is in line with typical NPFE times.

For the larger 7-25 nm ions the differences between the wind sectors are less clear, with continental air having statistically
signi cantly higher concentrations only during 6.00-7.30 h and after 12 h. Having clearer differences in concentrations after
midday is sensible considering that events happen mainly over land and in the afternoon particles produced by NPF have growr
past 7 nm.

Comparing the diurnal cycles during different seasons (Appendix Figs. A4-A7) shows that the afternoon maximum in the
2—-2.3 nm and 2-7 nm ion concentrations is more pronounced during the spring and summer compared to autumn and winter.
This can also be expected, considering that there is more radiation in the summer and NPF occurrence peaked in the spring
Other clear differences between seasons include clearer seasonal cycle for sub-2 nm ions in the spring and less clear diurng
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Figure 3. Diurnal cycles of negative ions in different size ranges for marine and continental wind sectors. The black dots indicate the medians,
the triangles indicate the con dence interval of the medians, the boxes the 25th-75th percentiles, the crosses the 10th and 90th percentiles

and the whiskers cover approximately 99.3 % of the data.

cycles and differences in air masses for all size ranges in the winter compared to other seasons. In the winter there is les:s
NPFE's and variations in boundary layer height are smaller so these results are expected.

Figure 4 shows the seasonal cycles for ions in the same size bins as Figure 3. The seasonal cycles are weak and vary betwe
size ranges. For sub-2 nm ions the highest concentrations are observed in both wind sectors in the autumn (Fig. 4a) with
continental concentrations higher throughout the seasons. The seasonal cycle is somewhat similar to that observed by Sul
et al. (2022) for Hyytiala, with maximum cluster ion concentrations in the autumn.

The intermediate ion size ranges (2-2.3 nm and 2-7 nm) have weak seasonal cycles with higher concentrations from late
spring until early autumn compared to the rest of the year. Somewhat similar seasonal trends can be observed for the large
7-25 nm ions. These trends are similar to the seasonal cycle that was observed for NPFE's.

is from the continent. The particle production is most intense during the day and in the spring and autumn. In the next sections
we explore the effects of environmental conditions such as pre-existing particle population and meteorological parameters on
NPF.

3.3 Effect of environmental conditions on particle formation

In this section we study the effects of condensation sink, meteorological parameters and trace gases on new particle formatior

observed in Tvarminne.



250

255

Figure 4. Seasonal cycles of ions in different size ranges for marine and continental wind sectors. The black dots indicate the medians, the
triangles indicate the con dence interval of the medians, the boxes the 25th-75th percentiles, the crosses the 10th and 90th percentiles, ant

the whiskers cover approximately 99.3 % of the data.

3.3.1 Effect of pre-existing particle population

Since particle formation depends on the relative strength of sources and sinks, we rst expgneemhapa)f..the.p.article

ava|IabIe (22 May 2023 to 29 June 2023 and 2 January 2024 to 24 June 2024). From this gure and Appendix Figure A8, we
can see that the number concentrations of negative ions and particles are higher in the continental wind sector in size range:
up to 30-40 nm. This is likely explained by NPF over the continent. From approximately 40 nm to 5000 nm marine air has
slightly higher concentrations than continental air. The reason for this could be related to more long-range transported particles

p6Gea spray in air masses coming from the marine sector.

with the DMPS. This is expected since NAIS is known to show higher particle concentrations compared to DMPS systems

(Kangasluoma et al., 2020). This discrepancy does not in uence interpretation of the results in this analysis.

10
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Figure 5. Average size distribution from all instruments when DMPS data is available (22 May 2023 to 29 June 2023 and 1 February 2024
to 24 June 2024). All blue lines are for the marine wind sector and all the green lines for the continental wind sectors whereas the different

line styles are for different instruments as indicated by the legend.

Figure 6 illustrates the diurnal cycles of particle concentrations measured with the DMPS and APS in nucleation (10-25
nm), Aitken (25-100 nm), accumulation (100-1000 nm), and coarse (1000-20 000 nm) arattes. Thedifferences seen
between the wind sectors in different size ranges are in line with the previous results. In the nucleation mode the continental
air has clearly higher concentrations than marine air during the day (8.00-1%B&h)s-in-tine-with-theresultsseenwith,
like the negative ions.

In Aitken mode continental air has lower concentrations than marine air around midday (10.00-13.30 h) while rest of the
day the differences are statistically insigni caBtmitarA similarbut stronger pattern is seen for accumulation mode particles,
which have lower concentrations in continental air for most of the day with the differences being clearest around midday. These
lower concentrations in the continental wind sector are likely related to clean air masses coming from the north-west and are
one of the main reasons why particle formation is being favoured in this wind sector. This effect is the most pronounced during

the day, when the mixed layer height increases and clean air from the free troposphere dilutes aerosol concentrations in the

As can be expected in a location far from major pollution sources, coarse mode particle concentrations weoe low.

thropogenigsourceshasobserveda 1.2

concentrationgvere below 1 cm? in_both wind_sectors.During the day the two wind sectors had similar concentrations

whereas during the night the marine sector had higher concentrations.

11
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Figure 6. Diurnal cycles of 10—-20 000 nm particles in different size ranges for coastal and continental air. The black dots indicate the
medians, the triangles indicate the con dence interval of the medians, the boxes the 25th-75th percentiles, the crosses the 10th and 90t}

percentiles, and the whiskers cover approximately 99.3 % of the data.

Smce DMPS and APS data were available only for part of the time, we calculated the d|urnal cycle for NAIS data for this
time period separately (Fig. A9). The diurnal cycles and wind sector differences of ions during this time period are similar to

those observed for the whole data set in Figure 3. The differences in median intermediate ion concentrations between the twc

12
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Figure 7. The diurnal cycle of condensation sink when data from all particle instruments is available (22.5.2023-29.6.2023 and 2.1.2024—
24.6.2024).) The black dots indicate the medians, the triangles indicate the con dence interval of the medians, the boxes the 25th-75th
percentiles, the crosses the 10th and 90th percentiles, and the whiskers cover approximately 99.3 % of the data.

wind sectors during this period are smaller than the differences in condensation sink during daytime. Condensation sink is thus
one of the key players in particle formation at this location, but not the only factor.

These results support previous research for Hyytiala that has shown that NPFE's are favoured when clean air masses com
from the north-western wind sector having crossed the Norwegian Sea and Scandinavian Mountains and later land over Finlanc
(Riuttanen et al., 2013). The results also show that one of the factors favouring NPF during the day in the continental sector is

the reduction in CS related to boundary layer dynamics.
3.3.2 Inuence of meteorology and trace gases

To better understand the phenomena in uencing particle formation at the observatory, we studied the effect of local meteorolog-
ical conditions and trace gas levels on particle formation. Here, we focus rst on the 2—2.3 nm negative ions and meteorological
conditions. The general behaviour of trace gases is described in Appendix Section B in order to keep the focus of the main text
on aerosols.

13
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Figure 8. This gure illustrates how the 2—2.3 nm negative ion concentrations vary as a function of wind direction and other meteorological
variables by plotting the median ion concentration in a given wind direction and a) wind speed, b) total radiation and c) relative humidity
bins. The colour of each square shows the median concentration of 2—2.3 nm negative ions in that wind direction and a) wind speed, b) total
radiation and c) relative humidity range.

and other boreal forest sites (Garmash et al., 2024).

As noted in the previous section, the condensation sink can be one of the factors explaining higher 2—2.3 nm negative ion
concentrations in continental air compared to marine air. Figure A10 shows the average condensation sink in wind direction and
wind speed bins. It indicates that the condensation sink is at its highest when wind speed is low (belbvy &mdghe wind
direction from south-east. The lowest sink values are observed when wind speed is aboveahthgom north-west. This is
largely opposite to what was seen for the 2—2.3 nm ions, indicating again that low condensation sink favours the formation of
2-2.3 nmions.

To further study the relationship of 2—2.3 nm negative ions and different variables, Figure 9 shows the correlations of 2—-2.3
nm ions with air temperature, total radiation, relative humidity, and ozone separately for the marine and continental wind
sectors. The correlations are overall weak, but have similar directions in both of the wind sectors. Positive correlations are
observed with temperature, total incident radiation, and ozone, whereas relative humidity has a negative correlation with ion

in uence NPF, but it is also produced by radiation, so it is dif cult to to distinguish its role from that of photochemistry.
We also analysed these results limiting the data to only summer daytime data (Appendix Fig. Al1) to limit the effect of
different seasons and time of day since different processes can in uence ion formation in different seasons. Mittathis;

14
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precursor vapours in colder air, which could favour condensation under these conditions (e.g., Stolzenburg et al., 2018).

With radiation, 2-2.3 nm ions in the continental wind sector still had a positive correlation, but in marine air there was no

signi cant correlation(p > 0.05). The correlations with relative humidity remained negative and were slightly stronger in both

34%orrelations in either of the wind sectors.

350

To further understand the data, correlation coef cients were calculated for ions in different size ranges (< 2 nm, 2-2.3 nm,
2—7 nm, 7-25 nm), meteorological conditions (wind speed, temperature, radiation, relative humidity), and trace gases (CO,
03, SO, NOy). This was done separately for the whole data set (Fig. A12), only for marine air (Fig. A13), only for continental
air (Fig. A14), and only for summer (June-August) day-time (10-15 h) data (Fig. A15).

For the whole data set (Fig. A12), the observed correlations are primarily weak. Apart from sub-2 nm and 7-25 nm ions

15
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with each other which is sensible since for example 2—-2.3 is a subset of 2—7 ions and if these ions grow larger they can
reach the 7-25 nm size range. All the size ranges have weak positive correlations with temperature and radiation and negative
correlations with RH. This is in line with the previously presented results.

Focusing on the relationship of ions and trace gases, ions in sub-7 nm size ranges have negative correlationg, with NO
which is reasonable since the M®as higher concentrations in the marine air and marine CS was higher, suppressing NPF.
The larger 7-25 nm ions have weak positive correlations with all the trace gases but CO. The 7-25 nm ions represent more
aged particles that have sources further away from the station and they can have sources over land just like the trace gase:
Ozone has weak positive correlations also with the ions in the intermediate ion classes (2-2.3 nm and 2—7 nm). This was
already seen in the scatter plots of 2—3.3 nm ions and ozone. Here we can see that ozone has even stronger correlations wit
temperature and radiation and as ozone itself is formed through photochemistry, the positive correlation with ozone and ions
can also just be explained with both ozone and particles being formed in warm sunny conditions.

If the data set is limited to only marine (Fig. A13) or only continental (Fig. A14) wind sectors, the trends are largely similar
to what was seen with the whole data set. When looking at only daytime data (Fig. A15), the correlations with temperature,
radiation, and ozone get stronger, but the trends are still similar. If the data are limited to only summertime and day data (Fig.
A16), some of the correlations between particles and temperature or radiation turn weakly negative and positive correlations
between ozone and particles are no longer observed. This would support the assumption that the previously observed correlatiol
between the ions and ozone was caused by the fact that they are both produced in warm and sunny conditions. This is alsc
in line with the results shown earlier for the 2—2.3 nm ions that indicated that particle formation is not favoured by higher
temperatures but just more likely to occur during the day when photochemistry plays a role and temperatures are in general
higher.

To summarise, particle formation in Tvarminne is favoured by high total incident radiation and low relative humidity. The
trace gas analysis suggested that higher levels of most trace gases are related to higher condensation sink that inhibited partic
formation. Ozone was an exception to this since both ozone and particles are typically formed in sunny conditions.

4 Conclusions

Here we reported the rst results of new particle formation and aerosol physical properties at a new coastal atmospheric obser-
vatory in Tvarminne, Southern Finland. We showed that new particle formation events (NPFE) occur at the coast approximately
as often as at the boreal forest station Hyytiala, located 230 km north-north-east of Tvarminne. These regional NPFE occurred
when air masses arrived from the north-west and crossed over land. Northwestern air masses have also been connected
regional NPFE before in Hyytiala as these air masses are typically clean and have low concentrations of pre-existing particles
that could inhibit NPF.

Further analysis focused on understanding the local effects of the coast and for this we compared two wind sectors, one
where the winds were coming from the sea and another where the winds were coming from the continent. The results of this

analysis were in line with the NPFE analysis and showed the concentrations of ions and particles in nucleation mode size ranges
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(2—25 nm) were higher when the winds were from the continent, particularly from the north-west. Studying local intermediate
ion formation (LIIF) showed that in the near vicinity of the measurement site, more particles were formed over the continent
than over the sea.

One factor favouring NPF in the continental wind sector was the clean air likely transported from the Norwegian Sea. This
lead to lower condensation sink in the continental wind sector especially during the day when clean air was likely mixed down
from the free troposphere and that favoured the occurrence of NPFE. Overall, NPF was favoured by high radiation levels and
low relative humidity which is in line with previous research from other stations. These correlations were however low, so
more research is needed to better understand the driving factors of NPF at the station.

Overall, our results are well in line with previous research from the thoroughly investigated Hyytiala boreal forest site. Al-
though clear differences were seen between the continental and marine wind sectors, more research is needed to distinguis
how potential coastal sources can in uence aerosol formation processes at the Baltic Sea coast and further downwind away

from the coast. This will require not only deeper understanding of the local meteorology and coastal oceanographical pro-

togethemwith expertson coastal biogeochemistry and biodiversi

el#ma%emteraeﬂe@o:ph at

Code and data availability. The data are publicly available in Zenodo at https://doi.org/10.5281/zenodo.16693683 (Peltola et al., 2025). The
code used for wind rose plots was by Perreira (2024).
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Figure Al. The locationsof 1. trailers including.the NAIS, 2. the containerwith. trace gas measurementdDMPS, and APS, 3. ux

19



20



themediansthetrianglesindicatethe con denceinterval of the mediansthe hoxesthe 25th—75thpercentilesthe crosseghe 10th

percentilesandthewhiskerscover

themediansthetrianglesindicatethe con denceinterval of the mediansthe hoxesthe 25th—75thpercentilesthe crosseghe 10thand90th

percentilesandthe whiskerscoverapproximately99.3% of thedata.
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