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Supplementary Text

Nascent sea spray characterization

During PEACETIME, generated SSA size distributions (Figure S1) could be decomposed into 4 modes, centred at 10, 35, 115 and 300 nm and contributing each for 10, 35, 40 and 15% to the total SSA number concentration. Each mode characteristics are given Table S1. 
These size distributions are very similar to the ones obtained with the same SSA generation device from coastal Mediterranean seawater at different periods of the year and Chl-a levels (13,24). Average sea spray activation diameters were at 98±10 nm, 49±5 nm and 36±3 nm over the whole measurement period for the tested supersaturations of 0.1%, 0.3% and 0.5% respectively, which is also similar to previous activation diameters found for the Mediterranean seawater during summer (50 nm at 0.4% supersaturation). These activation diameters are representative of low organic content sea spray aerosols, and larger activation diameters were found during pre-bloom conditions (145 nm at 0.1% and 60 nm at 0.4%; (13)). In the NZ coastal mesocosm water, activation diameters were measured even higher at 169±16 nm, 67±6 nm and 50±3 nm for corresponding 0.1%, 0.3% and 0.5% supersaturations respectively, indicating larger amounts of organic matter in the SSA generated from these waters. Size distributions of SSA generated from these NZ coastal mesocosm waters showed modes at 36, 105 and 300 nm with respective contributions of 38%, 45% and 15% of the total concentration, which is not very different from size distributions generated from the Mediterranean oligotrophic waters (Table S1). The size distribution of SSA generated from arctic mesocosm seawater show slightly larger contributions from the nucleation and 300 nm modes than for the SSA generated from the Mediterranean seawaters, but the 100 nm mode is still dominating the distribution and modal diameters and sigma are also very similar to the other SSA size distributions (Table S1). This confirms that the organic fraction of SSA does not significantly influence the SSA size distribution shape, as pointed out in the main text. 

Seawater property driving the sea spray number production efficiency

The CCN number concentration at 0.3% supersaturation (CCN0.3) measured from the SSA generation system along the PEACETIME ship track is shown Figure S2b. Largest concentrations are observed in the south-eastern part of the Mediterranean basin. Chl-a concentrations in the seawater along the PEACETIME ship track is illustrated  Fig S2a., showing highest levels on the western part of the Mediterranean basin. The comparison of the two concentration traces clearly shows that Chl-a is an inappropriate tracer for SSA derived CCN production.

Universality of the nanoeukaryotic phytoplankton cell abundance influence on sea spray number and CCN production fluxes

Table 1 is showing the linear coefficients of the fit between the number production flux of SSA larger than 100 nm as a function of the seawater eukaryotic nanophytoplanton, for the Mediterranean and NZ coastal data sets individually, and for the merged Mediterranean, NZ coastal and Arctic databases. The eukaryotic nanophytoplankton cell abundance in the Arctic seawaters were below 5 cells ml-1, and could not allow to derive a statistically relevant linear relationship with SSA100. Fitting parameters of the individual data set are close to each other, and to the fitting parameters of the merged data set. The correlation coefficient of the merged datasets is higher than the one obtained for individual databases.

Potential mechanisms for a biologically driven sea spray number flux

The average diurnal variation of the nanophytoplankton cell number abundance and size measured in the Mediterranean seawater during PEACETIME are shown Figure S3a and S3b respectively. A marked diurnal variation of the size of the NanoPhyto is observed, with cells being smaller during nighttime compared to daytime, as a result of cell division during the night, and cell growth during the day. The NanoPhyto cell number abundance is not so clear, but shows an opposite trend, with higher number abundances during night than during late afternoon. This is likely a result of nighttime division modulated either by late afternoon grazing or sea surface layer diurnal dynamics. The average diurnal variation of SSA100 (Fig. S3c) and the different organic classes concentrations in the SSA (Fig S3 (d) to (f)) are not marked. Both for NanoPhyto cell abundance and SSA100, the spatial variability is higher than the diurnal variability. 


	
	
	Diameter (nm)
	Amplitude
	Sigma
	NSSA100/NSSAtot

	Arctic mesocosms
	Mode Nuc
	8
	0.007
	1.5
	0.58

	
	Mode Aitken
	29
	         0.006
	1.7
	

	
	Mode Acc 1
	93
	0.0094
	1.7
	

	
	Mode Acc 2
	290
	0.007
	1.5
	

	Mediterranean ship
	Mode Nuc
	10
	0.004
	1.5
	0.52

	
	Mode Aitken
	35
	0.009
	1.75
	

	
	Mode Acc 1
	115
	0.011
	1.7
	

	
	Mode Acc 2
	300
	0.004
	1.4
	

	NZ coastal mesocosms
	Mode Nuc
	NA
	NA
	NA
	0.51

	
	Mode Aitken
	36
	0.010
	1.75
	

	
	Mode Acc 1
	105
	0.011
	1.7
	

	
	Mode Acc2
	300
	0.004
	1.4
	




Table S1. Parameters of the lognormal decomposition (diameter, amplitude, sigma) of the average normalized size distribution (to the total number emission flux) for each SSA generation experiment. For the NZ coastal mesocosms experiment, size distributions were measured for SSA diameters larger than 20 nm and did not allow to identify a nucleation mode. Average ratio of the SSA number flux which diameter is larger than 100 nm to the SSA total number flux (FSSA100/FSSAtot) for each experiment.


[image: Une image contenant texte, carte

Description générée automatiquement]

Fig. S1. Normalized size distributions in blue: arctic mesocosms, yellow: Mediterranean ship and orange: NZ coastal mesocosms. Bold line are for the full size decomposition and light lines for their mode decomposition.



[image: :::Data:Peacetime:PRIMAIRE:IGOR:Fig 1_Map_Chla_CCN_Peactime18MaiExp.tif]Fig. S2.
Spatial distribution of the (a) surface Chl-a (μg L-1) and (b) sea spray originating CCN0.3 number  concentration during the PEACETIME cruise in the Mediterranean Sea.
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Fig. S3.
Mediterranean data set average diurnal variation of (a) nanoeukaryot cell abundance  (cells ml-1) (b) nanoeukaryots cell size (microns) (c) SSAtot (# cm-3) (d) MOA concentrations (µg m-3) (e) OOA concentrations (µg m-3) and (f) POA concentrations (µg m-3).
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