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S1 Diurnal cycles

Figure S20 illustrates the diurnal variations of several variables during both campaigns, including the ambient particle con-
centration, in situ fluxes, wind speed, stability, friction velocity, turbulent kinetic energy, roughness length, neutral drag coef-
ficient, wave age, significant wave height, seawater and air temperature, sensible and latent heat flux, dissolved oxygen, and
chlorophyll-a concentration.

In general, diurnal cycles in surface layer turbulence are driven by vertical and horizontal winds, temperature, and water
vapor. The diurnal cycle of air temperature is influenced by radiation and turbulent heat fluxes. Deviations from this cycle can
occur due to air advection driven by synoptic weather. The energy absorbed by the sea is distributed in the surface layer through
turbulent transport in the water. This is in contrast to continental surfaces, where absorption of radiation leads to local warming
and more pronounced diurnal temperature cycles. As a result, diurnal cycles in temperature are less distinct over oceans. During
both campaigns, air temperature peaked during daytime, while seawater temperature remained relatively constant.

The stability remained close to neutral, with £ ranging from -0.1 to +0.1, as shown in Fig. S9), but it was slightly stable
during the night and early morning hours (see Fig. S20b). The friction velocity, u*, reached a minimum value of just below 0.1
ms~! at midnight and a peaked at about 0.3 ms~" at noon (see Fig. S20c). The turbulent kinetic energy reached its maximum
in the afternoon (see Fig. S20c). The diurnal cycle of the significant wave height, H;, showed an increase from 0.6 m in the
morning to just below 1 m in the afternoon (see Fig. S20e). The surface roughness, 2, followed the same diurnal cycle as H,
with peak values of 0.16 mm in the afternoon when the highest waves were observed and the smallest roughness of 0.036 mm in
the morning when the waves were smallest (see Fig. S20d). The diurnal cycle of the wave age had the opposite shape compared
to H,, with a median minimum from 0.7 to 0.9 from noon to afternoon and maximum median values from 1.1 to 1.5 during
the rest of the day (see Fig. S20e). Therefore, the highest waves were also the youngest. Finally, the neutral drag coefficient,
C Dy, followed the same average diurnal cycle as H, and zp, with a morning minimum at 0.99 - 102 and an afternoon peak
at 1.27- 1073 (see Fig. S20d).

The ambient aerosol number concentrations measured on Ostergarnsholm exhibit a slight increase during nighttime, although
there is a large variation in the data (see Fig. S20a). This contrasts with the findings of Long et al. (2014), who observed a peak
in particle concentration during daytime. Aerosols in the Baltic region can also have anthropogenic origins, originating from
industries and populated areas around the coast as well as from ship exhaust. During night and morning hours, stratification
is often stable, particularly in May, which results in a shallower surface layer, less mixing and consequently higher aerosol

concentrations.



The EC aerosol flux measured on Ostergarnsholm exhibited a maximum during daytime, which is related to the peak in wind
30 speed around midday (see Fig. S20a). Nilsson et al. (2021) measured EC aerosol fluxes at the Kalmar strait in the Baltic Sea
and observed a similar diurnal pattern in EC aerosol fluxes and wind speed.

The concentration of dissolved oxygen during the Oceania cruise in May showed a minimum just after 12:00 and higher
concentrations around 06:00 and 18:00 (see Fig. S20h). During the Electra campaign, the dissolved oxygen concentration
had its minimum during the early morning hours (around 06:00) and was highest during midday. A similar diurnal cycle in

35 dissolved oxygen concentration measured during the Electra campaign was observed by Hultin et al. (2011). The concentration
of chlorophyll-a during the Electra campaign also showed a minimum during the early morning hours and increased slightly
in the afternoon (see Fig. S20h). Unfortunately, there were not enough data points for the chlorophyll-aw measurements during

the Oceania campaign.
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Figure S1. (a) Size resolved relative errors ( errors/uncorrected net flux) for signal attenuation in the sampling line, limited response time,
particle losses in the sampling line, the Webb correction, discrete counting error and modelled aerosol dry deposition flux. (b) Size-resolved
uncorrected median net flux, fully corrected median net flux and median emission flux. The inset shows the ratio of the fully corrected to

uncorrected net flux and the ratio of emission flux to uncorrected net flux.
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Figure S2. Normalised power spectra for (a) particle concentration measured with the OPC, (b) temperature, (c) horizontal wind, and (d)
water vapor (H20) plotted against the dimensionless frequency. The black lines indicate the -5/3 slope, which represents the theoretical
decay within the inertial subrange. Normalised co-spectra of vertical wind (e) particle concentration measured with the OPC, (f) temperature,
(g) horizontal wind, and (h) water vapor (H20) plotted against the dimensionless frequency. The black lines indicate the -4/3 slope that is
representative of the theoretical decay within the inertial subrange. The orange, downward pointing triangles represent negative covariances,

while the blue upward pointing triangles represent positive covariances.
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Figure S3. Effect of spectral analysis on the emission flux size distribution measured on Ostergarnsholm.
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Figure S4. Overview of the synoptical situation during the Oceania campaign, (a) wind speed, (b) wind direction, (c) fetch, (d) atmospheric

pressure, (e) air temperature, (f) seawater temperature, (g) seawater salinity, (h) dissolved oxygen concentration in the seawater and (i)
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Figure S5. Overview of the synoptical situation during the Electra campaign, (a) wind speed, (b) wind direction, (c) fetch, (d) atmospheric
pressure, (e) air temperature, (f) seawater temperature, (g) seawater salinity, (h) dissolved oxygen concentration in the seawater and (i)

concentration of chlorophyll-« in reference fluorescence units (RFU) in the seawater.



. . 1
(a) Wind Speedsinms”  oceania campaign (b) Wind Speeds in m s Electra campaign

U 15 N u>15 "
B 10<U<15 B0 <U<15
s -u-<10 5 < U<10
< O < U<5

o <u=<5

Figure S6. Prevailing wind speeds and directions during the Oceania campaign in May (a) and Electra campaign in August (b). The dashed

lines mark the open sea sector.
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Figure S7. Hysplit 24-hour backward trajectories (every second hour) for sampling days when Oceania was located close to the station.
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Figure S8. Hysplit 24-hour backward trajectories (every second hour) for sampling days when Electra was located close to the station.
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Figure S9. Histograms of micrometeorological parameters for campaigns combined. (a) Stability, (b) neutral drag coefficient, (c) roughness
length, (d) friction velocity, (e) sensible heat flux, (f) latent heat flux, (g) wave age and (h) wave height. Only data from the open sea sector
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Log-linear fit to data from this study in each OPC size bin

Log-linear fit from Norris et al. (2008) for corresponding size bins‘
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Figure S10. (a)-(0) Dependence of the in situ EC fluxes in different size bins on wind speed with log-linear fits (the coefficients for each fit

are provided in Fig. S11. The fits for aerosol EC fluxes from Norris et al. (2008) are added for matching size bins.
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