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Table S1 Details of Instruments and other supporting data 29 

 30 

a SMEAR III station 31 

broof of university of Helsinki  (UHEL) Building (kumpula campus) 32 

cWave height is the vertical difference between the wave through and the wave crest. The 33 

significant wave height is calculated as the average of one third of the highest waves from the 34 

energy spectrum. 35 

Parameter 

measured 

Technique Instrument Resolution 

and detection 

limits 

Site of 

Measurement 

SO2 UV-fluorescence 

technique 

Horiba 

APSA 360 

60 s  

 

detection limit: 

0.2 ppb 

a 

NOx Chemiluminescence 

technique + thermal 

(molybdenum) 

converter 

TEI42S 60 s  

 

detection limit: 

0.2 ppb 

a 

O2 IR-absorption 

photometer  

TEI 49 60 s  

 

detection limit: 

0.5 ppb 

a 

Air Temperature Platinum resistance 

thermometer 

Pt-100 60 s b 

Wind direction 2-D ultrasonic 

anemometer 

Thies Clima 

ver. 2.1x 

10 s b 

Wind Speed Platinum resistance 

thermometer + thin film 

polymer sensor 

Vaisala 

DPA500 

4 min b 

Relative 

humidity 

Platinum resistance 

thermometer + thin film 

polymer sensor 

Vaisala 

DPA500 

4 min b 

Global Radiation Net radiometer Kipp & 

Zonen 

CNR1 

60s b 

Tidal Height wave buoys  c Helsinki 

Suomenlina, Gulf 

of Bothnia, 

Northern Baltic 

Sea 
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 36 

The cloudiness parameter  37 

It is defined as is the ratio of measured global radiation (Rd) divided by the theoretical global 38 

irradiance (Rg):  39 

𝑃 =
𝑅𝑑
𝑅𝑔

 40 

The theoretical maximum of global radiation (Rg) is calculated by taking into consideration the 41 

latitude of the measurement station and the seasonal solar cycle. P < 0.3 defines a complete cloud 42 

coverage and P > 0.7 defines clear-sky conditions .This classification is followed by man previous 43 

studies (Perez et al., 1990; Sogacheva et al., 2008; Sánchez et al., 2012). 44 

 45 

 46 

Figure S1: Time series concentration of SA, MSA and IA (60min averaged data) and their 47 

variability with changing wind speed and wind direction (30min averaged data). The Green boxes 48 

denote the local events and yellow box is covers the time period when the burst/spike events were 49 

observed during the study. 50 

 51 
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 52 

Figure S2: Time series variability in HOM monomer (sum of mass range 300-450 m/z) and dimer 53 

(sum of mass range 450-650 m/z) concentration during the study period (60min averaged data from 54 

CI-Api-ToF). Note the concentrations are plotted using the unit mass resolution data. 55 

 56 

 57 

Figure S3: Residence times of air masses (3-day backwards) arriving at the experimental site on 30 58 

June 2019. The color bar indicates the normalized residence times for each subplot. The residence 59 

time of particles originating 3 days before reaching SMEAR III is shown for 3:00 h, 6:00 h, 9:00 h 60 
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and 12:00 h. The red shaded areas indicate the latitude/longitude pairs having the maximum residence 61 

time. 62 

 63 

 64 

Figure S4: Diurnal variation of the inorganic clusters (a) and organic clusters (b) observed during 65 

the NPF event on 30 June 2019 as seen from the spectrum of CI-Api-ToF. 66 

 67 

Local/regional event 30 July 2019 68 

Another local/regional event probably driven by SA was observed on 30 July 2019 (Fig. S5a), 69 

forming particles, which grew to almost CCN relevant sizes. The growth of ions and particles actually 70 

occurred from 07:45 h-11:15 h (Fig. S5a and S5b). By this time, the particles had reached around 50 71 

nm in size (lower limit of CCN).The highest J1.5  was 3.7 cm-3 s-1 was observed at 09:00 h, significantly 72 

higher than J (ions), indicative of a neutral dominated nucleation event (Fig. S5c). After 11:30 h we 73 

observe a group of fragmented burst or spike events without clear growth pattern. No significant 74 

variation in formation rates was observed in the positive and the negative mode (Fig. S5b).  A clear 75 

increase in sub-3 nm (1.25–3.1 nm) particle concentration (from 102 to >103) is seen during this event 76 

and formation rate of the smallest particles (J1.5) increases from 0.9 cm-3 s-1 to 3.8 cm-3 s-1 between 77 

06:00 -09:00 h indicating cluster formation (neutral nucleation) (Fig. S5c).  A 10 times increase in 78 

sub 3nm particles is observed once the cluster formation initiated  (07:45 h, local time UTC+2 h) 79 

when the concentration of SA increases from 8.2×106 to 1.2 ×107molec. cm-3 and The nucleation 80 

mode particles how a signifiacnt increase from ~2000 cm-3 to ~10 000 cm-3 during the event, however 81 

we do not see any significant increase in Aitken and accumulation mode particles. (Fig. S5e). The 82 

aitken mode particle concentration starts to increase after a time lag of 40 min. Unfortunately, in this 83 
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case we cannot discuss on the SA concentration after 12:00 h as data recording was disrupted between 84 

12:30-20:30 h. The highest SA concentration during this event was 1.22 ×107 molec cm-3 as compared 85 

to IA and MSA which were one order of magnitude lower than SA (1.15 ×106 and 5.28 ×106 molec. 86 

cm-3, respectively) (Fig. S5d). The particles reached the size of 40 nm  at around 11:30 h after which 87 

the event ceases. The condensation sink and the accumulation mode particles remain more or less 88 

constantly low, yet we observe a disruption in the event. A change in wind direction from 120° to 89 

200° was observed between 11:30–12:30 h, which lead to the observation that we do not see regional 90 

NPF (growing particles) in the changed air mass. The cynobacteria bloom on 30 July 2019 was not 91 

much spread in the sea areas (Fig. S5f).  92 

 93 

 94 

Figure S5: Local/regional Event, 30 July 2019. (a) Number size distribution of particles (data 95 

combined from PSM,NAIS and DMPS; size range: sub-3 nm–1000nm). (b) Size distribution of ions 96 
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during the event (NAIS). (c)  formation rates (J1.5) of 1.5 nm particles and ions (J-
1.5 and J+

1.5) particle 97 

number concentrations (<3 nm). (d) Dirunal variation of HOMs SA, IA and MSA with wind direction 98 

(WD). (e) The concentrationof nucleation (3–10 nm) Aitken (10–100 nm) and accumulation mode 99 

(>100nm) particles during the event. (f) Trajectory frequency plot (100 a.g.l, arrival time of trajectory 100 

at the measurement site: 22:00 h) for 24 h back trajectory using GDAS meterological input data 101 

(frequency grid resolution: 1.0° × 1.0°) and Chl-a concentrations (MODIS); Black line shows the 102 

trajectory direction and the star point denotes the measurement site. The dashed black lines show 103 

denote the time stamp of the nucleation events. 104 

Even in lakes the abundance of cynobacteria was sparse. Only cynobacterial bloom was found in 105 

Southern edge of Gulf of Bothania and northern most part of the Baltic sea. The trajectory frequency 106 

plots showed that most of the trajectories were from the northern land areas (including urban cities 107 

and boreal forests) of Finland (Fig. S5f) with highest residence times over these land regions. 108 

Therefore the precursor gases from the cynobacteria bloom, IA and MSA do not show a significant 109 

concentration increase during this event and hence are assumed to be contributing insignificantly to 110 

this event. The greater residence times over the land areas clearly support SA-driven NPF  with 111 

possible contribution of organics.  112 

 113 

Figure S6: Residence times of Air masses (3-day backwards) arriving at the experimental site on 30 114 

July 2019. The color bar indicates the normalized residence times for each subplot. The residence 115 

time of particles originating 3 days before reaching SMEAR III is shown for 6:00 h, 9:00 h, 12:00 h 116 
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and 15:00 h. The red shaded areas indicate the latitude/longitude pairs having the maximum residence 117 

time. Note the highest residence times over the land areas. 118 

 119 

 120 

Figure S7:  Diurnal variation of the inorganic (a) and organic clusters (b) observed during the NPF 121 

event on 11 August 2019. 122 

 123 

 124 

Figure S8: Diurnal variability of global radiation and estimated cloudiness on 11 August 2019. 125 

Note the increased radiation and brightness from 14–16 h (time when NPF starts).  126 

 127 
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 128 

 129 

Figure S9: Residence times of air masses (3-day backwards) arriving at the experimental site on 11 130 

August 2019. The color bar indicates the normalized residence times for each subplot. The residence 131 

time of particles originating 3 days before reaching SMEAR III is shown for 6:00 h, 9:00 h, 12:00 h 132 

and 15:00 h. The red shaded areas indicate the latitude/longitude pairs having the maximum residence 133 

time. Note the highest residence times over Baltic Sea region at 15:00 h (highest IA concentration 134 

was observed). 135 
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 136 

Figure S10: (a) Charged particle number size distribution (negative: upper, positive: lower) obtained 137 

from the NAIS. (b) concentration of SA, IA and MSA. (c) Trajectory analyis plot (100 a.g.l) for 24 h 138 

back trajectory using GDAS meterological input data (frequency grid resolution: 1.0° × 1.0°) and 139 

Chl-a concentrations (MODIS) for 14 August 2019. 140 

 141 

Figure S11: (a) Diurnal variation of the DMA-SA cluster (CI-ApiToF) observed during the NPF 142 

event on 15 August 2019. (b) The prominent peak of DMA-SA cluster seen at the peaktime of NPF 143 

at 15:00 h. 144 

 145 
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