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Abstract. Establishing the relationship between marine boonkdeger (MBL) aerosols and surface water biogeoaikey is
required to understand aerosol and cloud produgtionesses over the remote ocean, and represemintibee accurately in
Earth System Models and global climate projectidids was addressed by the SOAP (Surface OcearsélePooduction)
campaign, which examined air-sea interaction oi@obically-productive frontal waters east of Newaland. This overview
details the objectives, regional context, sampbirgtegy, and provisional findings of a pilot studreSOAP, in austral
summer 2011, and the following SOAP voyage in &aistral summer 2012. Both voyages characterisddcguwater and
MBL composition in three phytoplankton blooms offeling species composition and biogeochemistrithwgignificant
regional correlation observed between chlorophylhd DMSsw. Surface seawater dimethylsulfide (DMSamg associated
air-sea DMS flux showed spatial variation during tBROAP voyage, with maxima of 25 nmat land 100 pmol M d?,
respectively, recorded in a dinoflagellate bloontllision of SOAP data in a regional DMSsw compilatindicates that the
current climatological mean is an underestimateHis region of the South-west Pacific. Estimatidrthe DMS gas transfer
velocity koms) by independent techniques of eddy covariance giadient flux showed good agreement, although both
exhibited periodic deviations from model estimatEkix anomalies were related to surface warming s@a surface
microlayer enrichment, and also reflected the loggemeous distribution of DMSsw and the associdtedféotprint. Other
aerosol precursors measured included the halidgsanous volatile organic carbon compounds, wiitst fneasurements of
the short-lived gases glyoxal and methylglyoxabiistine Southern Ocean marine air indicating ademtified local source.
The application of a real-time clean-sector, comam markers, and a common aerosol inlet facddamulti-sensor
measurement of uncontaminated air. Aerosol chaiaat®n identified variable Aitken mode, and catsit sub-micron sized
accumulation and coarse modes. Sub-micron aeroaet was dominated by secondary particles conta@mgonium
sulfate/bisulfate under light winds, with an incsedn sea-salt under higher wind-speeds. MBL measents and chamber
experiments identified a significant organic comgain primary and secondary aerosols. Compari§@AP aerosol
number and size distributions reveals an undergtiedi in GLOMAP-mode aerosol number in clean mamiemasses,

suggesting a missing marine aerosol source in tidemThe SOAP data will be further examined fadewmce of nucleation
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events, and also to identify relationships betwkHL composition and surface ocean biogeochemisiat thay provide

potential proxies for aerosol precursors and prodnc

1. Introduction

It is recognised that the surface ocean alterptbperties of the lower atmosphere, and so atmogpallbedo and climate
(McCoy et al., 2015; Seinfeld et al., 2016), via tfirect and indirect effects of aerosols (O'Dowd de Leeuw, 2007).
Aerosols are precursors of clouds, which play eomajle in the scattering and absorption of inctdeniar radiation (Carslaw
et al., 2013), but the concentration, number arehébal properties of aerosols that act as cloudtensation nuclei (CCN)
can also influence cloud droplet size and numbet,@nsequently precipitation and cloud albedo (fey, 1977). Indeed,
cloud formation and properties are sensitive tatiegtly minor changes in aerosol concentrationtigaarly in remote regions
(Carslaw et al., 2013). This is particularly theedn the Southern Ocean, where natural aerosate®dominate and where
CCN concentrations can range from tens petiomwinter to hundreds per érim summer (Andreae and Rosenfeld, 2008),
leading to seasonally variant trends in cloud atbddowever, the relationship between clouds andsmds derived from
natural sources is poorly understood, and represemntajor uncertainty in the representation of lewel marine clouds and
feedbacks in climate models (Wang et al., 2013pl&tas, 2005)Current models underestimate cloud over the Southe
Ocean, particularly south of %5, resulting in excess surface shortwave radiaiwha warm bias (Trenberth and Fasullo,
2010; Kay et al., 2016). This discrepancy is paadigtattributable to a variety of factors, chighang which is the limited
understanding of aerosol-cloud interaction and@lvater phase, compounded by a lack of regionarebions and data to

advance satellite retrievals and climate model Rtrans.

Breaking waves and associated bubble formatioraam@jor source of Primary Marine Aerosol (PMA), slying most the
aerosol mass in the marine boundary layer (MBLY dlre remote ocean (Andreae and Rosenfeld, 20@8)particularly in
regions that experience high winds and breakingesdde Leeuw et al., 2014). This is reflected inAPdbntributing only
~10-20% of CCN number concentrations over the rerRakific Ocean (Blot et al. 2013; Clarke et all20Q but up to 55%
over the Southern Ocean (McCoy et al. 2015). AlgihoBMA is generally regarded as primarily compaoskeska-salt, recent
reassessments suggest it is highly enriched imargaatter relative to bulk seawater. Organic makenay in fact dominate
submicron aerosol mass (Facchini et al., 2008; @tDet al., 2004), with the Primary Organic Aero§8DA) being of
biogenic origin and including bacteria, carbohyedsapolymers and gels (Facchini et al., 2008; Riussal., 2010). Although
the contribution of POA to the MBL is uncertainmfy be significant over biologically active ocearggions, as suggested
by correlations between organic aerosol content aurfhce chlorophyls (Chl-a) (O'Dowd et al., 2004). There is also
similarity in the composition of aerosol and sugfaxean organics, and organically enriched subemiparticles have been
produced experimentally using surface seawaterittond (Quinn and Bates, 2011). Indeed, the degfeeganic enrichment
may influence both the type and size of aerosslsal as properties such as aerosol light scagend water uptake (Vaishya
etal., 2012).

It is well-established that biologically productikegions are characterised by elevated concentsatind emissions of a range
of compounds that may influence aerosol productimmposition and properties (Meskhidze and Nen@$02Gantt and
Meskhidze 2013; de Leeuw et al., 2014). However dteanic influence on atmospheric compositiorotonly attributable
to PMAs but also to secondary marine aerosols (9Mihkat are produced during gas-phase reactionslatile organic
compounds (VOCs). Although SMAs have less impacinugerosol mass they potentially have a large eénfte on aerosol
number (Meskhidze et al., 2011). The biogeochenucain of SMASs is reflected in their seasonalityith Aitken and
accumulation mode aerosol number concentrationsirdded by secondary particles in summertime (Clakal. 2013;
Cravigan et al. 2015). Research into SMAs has piiynfocussed on dimethylsulfide (DMS), the primamgtural marine
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source of volatile sulfur, in response to early dtjy@ses related to its potential role in climatdfeack processes (Charlson
et al., 1987). The CLAW hypothesis linked the pratthn of the DMS precursor, dimethylsulfoniopropate (DMSP), by
phytoplankton and subsequent DMS emission and t&idéo sulfate aerosol, to CCN formation and cleanig cloud cover.
Although well-studied, this hypothesis remains wwen and there is a lack of consensus, with a teestew identifying
uncertainties regarding the role of DMS in aer@sobuction in the MBL (Quinn and Bates, 2011). Huar there is evidence
that DMS may play a role in cloud formation ovegler spatial and temporal scales, via entrainment the free troposphere
(Carslaw et al., 2010).

The fundamental tenet of the CLAW hypothesis, eidfeack between surface ocean biogeochemistry amdtel may be
applicable via a broader spectrum of precursorispeRecent research has shown increasing complexitotential aerosol
source pathways, involving a variety of chemicada@es, processes and interactions (Vaattovaaia 2086). In addition to
DMS, a variety of other gaseous aerosol precutbattsoriginate from phytoplankton, bacterial an@oichemical sources at
the sea surface may undergo physical and chemaredformation to produce new particles in the MBliufaru et al., 2015).
These SMA precursors include volatile organic sggauch as carboxylic acids, isoprene, monotespéadocarbons, iodine
oxides and iodine (Vaattovaara et al., 2006; Selktcal., 2005). A biological source of these S$/Mhas been inferred from
the spatial and temporal correlation between pHatdgon blooms and cloud microphysics (Meskhidzeakt 2009;
Meskhidze and Nenes, 2010; Lana et al. 2012). Theepce and concentration of SMA precursors inMB& may be
dependent upon plankton abundance and communitpaesition, and consequently their influence on a@rfssmation will

show spatial and seasonal variability (O'Dowd gt24104).

New particle formation may be suppressed by theraation of aerosol precursors and SMAs with pristarg aerosol, for
example, by absorption of ammonia and gaseousrgubicid by coarse mode sea-salt aerosol (SSA;e@aamd Harvey,
2002). Conversely, existing particles may growaoadensation which enhances their CCN capacityrk€lat al., 2013). It
has also been proposed that organic acids comliihewifuric acid to create the critical nucleuguiged for aerosol formation
(Zhang, 2010; Almeidat al. 2013). However, nucleation events over the op&awecemain elusive (O'Dowd et al., 2010;
Chang et al., 2011; Willis et al., 2016), makingifficult to elucidate the primary pathways ande¢tants, and consequently
they are currently regarded as of low significaticenarine aerosol formation. Following nucleatitre aerosol distribution
is modified by aerosol-aerosol interaction, hetersms reactions and removal processes, includirrgyutation and
condensation, resulting in the longest-lived adrosmponent being in the accumulation mode (0.@tth). With such a
wide variety of potential precursors and inorgasmgénic interactions affecting nucleation and CChvation, the modelling
of aerosols and their indirect influence on cloadiative properties over the remote ocean presemigor challenge (Seinfeld
et al., 2016).

The production and transfer of aerosol precursanms fthe ocean surface is also dependent upon @hyators. Exchange
across the air-sea interface is primarily contobly near-surface turbulence, which is dependenwiod and waves. For
practical purposes, this is represented by a kinktttor, the transfer velocitik which is generated with wind-speed
parameterisations (Nightingale et al., 2000; Halgt2006). Although wind-speed provides a reastenhlpad-scale proxy
for kinetic transfer, other factors such as fetgaye development, wind-wave direction and surfastafso influencé, and
SO generate variation in gas exchange and deviditoon k-wind-speed relationships. For example, most k-vépded
parameterisations do not explicitly capture theulsitity effects associated with bubbles (Blomqusal. 2006), although the
COAREG gas transfer model incorporates this faictior a physically-based flux algorithm (Fairalladt, 2003; Fairall et al.
2011). Biogeochemical gradients near or at therosagace are also not considered, despite thé@ngal to alter the air-sea
exchange of gases, PMAs and SMAs (Facchini e2@08; Calleja et al., 2013).



Previous related research campaigns have exantieebidgeochemical and physical factors influen@nganic DMS and
125 CO; fluxes, as summarised in Suppl. Table 1, but fawetinked this to the physical controls of air-egahange, and variation
in aerosol and trace gas composition of the MBLmil@rly, other campaigns with an atmospheric focsisch as MAP
(Decesari et al., 2011), have carried out detatedies of aerosol chemistry, but not interpretesl with regard to surface
ocean biogeochemistry. To address this, the Su@=an Aerosol Production (SOAP) campaign wasateiti, with the
primary aim of characterising the variation in amlocomposition and concomitant marine sources;gases and pathways
130 in the South-west Pacific. SOAP utilised a mulsdiplinary framework, encompassing surface ocearogyy and
biogeochemistry, transport and air-sea exchandechiracterisation of aerosol number and compositioestablish controls
on aerosols and gas exchange. The campaign cahefdt®o voyages - a pilot study, PreSOAP, whiciried out a regional
survey and established sampling strategies - anébtlowing SOAP voyage, in biologically productifrental waters along
the Chatham Rise, east of New Zealand (see FigurBullding upon the approaches used in previoudiss, the SOAP
135 campaign targeted three phytoplankton blooms déuifg plankton community composition, to determiheir respective
influences on biogeochemistry, gas exchange and M8&mposition. The following paper details the regibcontext,

sampling strategy, environmental conditions andespneliminary results for the SOAP campaign.

2. Regional context
The South-west Pacific has many features in comwitinthe Southern Ocean, as it is characteriselblwyanthropogenic
140 and terrestrial aerosol loading, long ocean fetehlsigh wind-speed, making it an optimal locationéxamining the marine
contribution to aerosol production. One of the enbiologically productive regions lies east of NBgaland, where the Sub-
Tropical Front (STF) extends as a tongue of elelpte/toplankton production (Murphy et al., 2001pray 43.0-43.55 over
the Chatham Rise (see Figure 1a). This arises fhmrconfluence of warmer saline subtropical watheat are relatively
deplete in macronutrients, with fresher cooler st#@tic waters containing elevated macronutrieotsdepleted in iron (see
145 Figure 1b; Boyd et al., 1999). Mixing across thenfralleviates nutrient stress which, combined itielatively stable water
column, promotes primary production (Chiswell et 2013). Ocean colour climatologies show a monthéan Chla of 0.6
mg m?, reaching ~ 1 mg rhover the Chatham Rise in spring (Murphy et algD0and the region is characterised by elevated
marine particle export, secondary production ash $§tocks (Nodder et al., 2007; Bradford-Grieval £t1999). In spring the
phytoplankton community composition varies with @anass, with diatoms dominating the STF, crypté@hyprasinophytes
150 and dinoflagellates more prevalent in subtropicalens, and photosynthetic nanoflagellates domigatirbantarctic waters
(Chang and Gall, 1998; Delizo et al., 2007). Thé& 350 supports spatially-extensive coccolithophdoems (Sadeghi et
al., 2012), and is situated on the northern edgeefGreat Calcite Belt” (Balch et al., 2011) aditudinal band of elevated
backscatter attributed to coccolithophore lithaf&e mixed layer nutrients vary spatially in resg® to mixing of the water
masses and seasonally due to phytoplankton uptatkethe evolution of nutrient stoichiometry andaging determining the
155 succession and duration of different phytoplankbdmoms (Chang and Gall, 1998; Delizo et al., 200fe STF is
characterised by significant gradients in pGOsociated with phytoplankton blooms, with currghitbal climatologies

indicating the region east of New Zealand as aifstgmt carbon sink (>1mol C #yr?, Landschuetzer et al., 2014).

The waters south of New Zealand are characterigdiigtn wind-speeds which drive the disproportioragatribution of this

region to global ocean GOptake. Here, wind, waves and currents developnalened by land, and strong persistent westerlies
160 act over long fetch to generate large swells thapagate north-east influencing the wave-climafeNafw Zealand. While

this wave energy is attenuated closer to landaretistern Chatham Rise, the average wave enestily 7% of values south

of New Zealand where annual mean wave heights ex¢ee Subantarctic waters south of the Chatham iegien provided

a prime location for a dual tracer release expamntr(ffAGE; Harvey et al., 2011), aimed at constrajhiat high wind-speeds.

Comparison of the SAGEwind-speed parameterisation with those generatethier regions, and using different techniques,
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165 showed generally good agreement (Ho et al., 2@BB8)may be interpreted as indicating that regiagmifliences on exchange
may be less important, supporting the applicaticenuniversal wind-speed parameterisation. Nevertise other factors, such
as wave age, duration and height do influence gasamge in this region (Smith et al., 2011; Youhglg 2012). The elevated
winds also influence the transfer of aerosols amgyrsors, as reflected by a zonal band of elevegadspray aerosol mass

and water-insoluble organic matter over the ChatRésa region (Vignati et al., 2010).

170 Both models and measurements indicate that DMSsigraficant contributor to total non-sea salt atéf (nssSO4) in the
Southern Hemisphere (Gondwe et al., 2003; Korhabexh, 2008). However, a paucity of observatiateh in the Southern
Ocean has hindered development of global climatetofpr surface seawater DMS (DMSsw), with the saggouth-east of
New Zealand represented by only a few data painasrecent DMS climatology (Lana et al., 2011). iesthis shortcoming,
this climatology provides a realistic representatad atmospheric DMS and total sulfate when appirederosol-climate
175 Global Climate Models, particularly over the South®cean (Mahajan et al., 2015). Seasonal varigliliatmospheric DMS
is apparent at stations in New Zealand and sout°8f (Blake et al., 1999), with concentrations of 20D pptv, and maximal
values associated with the transport of DMS frontevgto the south in summer (Harvey et al., 19@3Bduyn et al., 2002;
Wylie and de Mora, 1996). Corresponding seasonalityssSO4 was observed, with a maximum (0.8-1.5nf)gin early
austral summer at the start of the year, decreasilage summer to 0.1-0.4 pgithrough autumn and winter (see Figure. 2;
180 Sievering et al., 2004; Allen et al., 1997). Fomparison, coarse SSA dominates the aerosol maBaratg Head, with
concentrations of 6-10 ug¥(Jaeglé et al., 2011; Spada et al., 2015). 8imsitasonal cycles of DMS and nssSO4 were
recorded at Cape Grim (Ayers, 1991), and the olesktiurnal inverse correlation between sulfur diexand DMS at Baring
Head was applied to estimate yield and potentiatrdmution to aerosols (de Bruyn et al., 2002). §lstent seasonal trends
between activated particles and cloud droplet nurabacentration were also apparent, with a summneetmum over the
185 Southern Hemisphere (Boers et al., 1996; 1998tadlto phytoplankton production (Thomas et al1®0Overall, the
temporal trends in aerosol precursors and pathwaysot follow that of wind-speed and other physit@vers, but instead

reflect biological processes inferring control lyface ocean biogeochemistry (Korhonen et al., 2008

3. Resear ch Programme and Strategy
3.1 PreSOAP

190 A pilot study, PreSOAP, was carried out to teshitécal approaches and confirm the regional soufd®ogenic aerosols in
the Chatham Rise region on the New Zealand reseasgelTangarog on 1-12/2/2011 (DoY32-42). The strategy of bloom
location using satellite imagery and subsequenipingpof surface properties proved successful, thitee blooms of differing
DMSsw and pC® signatures located and monitored each for 3-4 .dage first bloom was initially dominated by
dinoflagellates with an increase in diatom bionmafssr 3 days, while the second and third bloomsevgimarily dominated

195 by coccolithophores and dinoflagellates, respelstivihis variability in species composition resdlia significant spatial and
temporal variability in DMS concentrations in théBM (DMSa) and DMSsw. DMSa concentration varied aves orders of
magnitude, reaching 1000 ppt on DoY 36 (see Fi@be similar in range to that recorded at the Batitead station near
Wellington (Harvey et al., 1993; de Bruyn et aD02). There was no significant correlation betwBMs in the two phases,
with DMSa showing a stronger relationship with wisgeed (see Figure 3). Surface Ghdencentrations reached 2 mgm

200 but there was no significant relationship betwe&t33w and Chh, with the DMSsw maximum of ~10 nmotlduring the
first bloom coinciding with Chk of ~1 mg n¥ (Figure 3d). The observed temporal and spatiahiéiiy in DMSa and DMSsw
during PreSOAP highlighted the technical challeofyestablishing relationships between surface obé@geochemistry and
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atmospheric composition. Provisional method develpt was also carried out for measurement of DM& ather

parameters in near-surface waters and the seaesuri@rolayer (SSM).

Surface DMSsw and pCGQwere mapped, and DMSa and £0@BL concentrations and fluxes measured continuobgly
sensors and collectors mounted on the bow of theeleTesting of the eddy covariance (EC) flux teghe identified an
issue with water vapour interference that domingtedCQ signal recorded by an open-path InfraRed Gas Aeal{tRGA).
Preliminary studies also identified that residudapsnotion dominated over turbulence for the réaktswitching of Relaxed
Eddy Accumulation measurement of flux under higrelbwonditions. The logistical challenges of fluxeasurement at
distance from the vessel were also assessed bgyiepht of a free-floating catamaran supporting aimbed gradient flux
sampling system (Smith et al., to be submittederAperature microstructure profiler was also degioy record near-surface
temperature and turbulence structure (Stevens,&C5), although this was limited to short samglperiods, highlighting

the need for a mounted thermistor array on a spay bor longer measurement coverage.

The utility of a baseline sector for sampling MBhaneposition, using relative wind direction and speeals also tested during
PreSOAP. Measurements showed a tendency for highedensation nuclei concentration in the “non-basélsector,
confirming the utility of this approach (Harveyat, to be submitted). A common aerosol inlet pded clean air from a
height of 17.5m above sea level to instrumentssamsors in a container laboratory on deck. Parsizke distribution and
concentration, including ultrafine nuclei concetitras, were continuously monitored using a scanniogility particle sizer
(SMPS) and optical particle counters (OPC’s), itttk ion chemistry samples collected using a highume sampler. The
composition of primary marine aerosols was alsarémad using a 0.45hbubble chamber, in which sea spray was formed

via the bursting of bubbles produced by passingrclmpressed air through sintered glass (Mallet €2016).
3.2 The SOAP voyage

The SOAP voyage employed the strategy succesgiiitited on PreSOAP, of identifying phytoplanktormdns in NASA
MODIS Aqua and Terra satellite ocean colour imagéth, subsequent bloom location and mapping usisigjie of underway
sensors (Chl-gissobackscatter, pC&DMSsw). The blooms were discrete and cohererstsané elevated ocean colour, that
were provisionally characterised by a concentratbri mg/m3 Chl-a or higher. For each bloom, a mahicentre was
identified, based upon maximum DMSsw and Chl-a eatrations, and marked by deployment of a Spar B&@peat
activities at the bloom centre included charactios of the surface mixed layer by vertical piiafil, collection of SSM
samples at distance from the main vessel, andaraflux on a catamaran. Overnight mapping wasedout to determine
changes in bloom magnitude and position. Samplisg @ok place at stations on the periphery andidetthe blooms, as
defined by distance from the bloom centre and arademarcation in surface biogeochemical variallles. SOAP voyage
was nominally divided into three different bloonripés (see Figure 4), with an initial dinoflagedidiloom (B1) located 12
hours into the SOAP voyage that exhibited elev&ikida and DMSsw, and pCQirawdown, a coccolithophore bloom (B2)
with initially moderate signals that weakened, anfthal bloom (B3) of mixed community compositidfollowing a storm,
the surface water column structure and biogeoctigmigere significantly different, and so this bloamas subdivided into
B3a and B3b.

3.2.1 Environmental conditions during the SOAP voyage

Back-trajectory analysis of particle density watcgkated for each bloom using the Lagrangian NuocarAtmospheric-
dispersion Modelling Environment (NAME) for the lewatmosphere (see Figure 5). The meteorologitstfn evolved
over the SOAP voyage from a high-pressure systetim kght winds during B1, to stronger winds duriBg and B3. The
main weather features included a depression cigpghia central South Island on DoY 54-55 during B8d a second

depression from the east from DoY 58 onwards. @uUBA a vigorous front advanced up the east coasieo$outh Island on
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DoY 61 with strong SW winds of 20 it sfollowed by a depression crossing the lower Nistdind on DoY 63 that maintained
a fresh southerly airflow for the remainder of theyage. Air and water temperatures during Blwereegally similar
indicating near-neutral stability, whereas B2 eigrazed a period of warm, moist air and reversdiiaction of turbulent heat
fluxes, followed by a short period when air temperas were 2-% higher on DoY 56-58 (See Figure 6). Waves were
dominated by swell from the south-southwest, witnificant wave height mirroring trends in wind-ggk reaching a 5m
maximum during the localised storm on DoY 61 (séguie 6). Wave parameters obtained from NOAA Wavihall
analyses indicated that wave height was 23% lowend B1 and B3, and 13% lower at B2, relative tver height south of
New Zealand at 5.

Table 1 summarises the hydrographic and biogeod#ieharacteristics in the surface mixed layehefthree phytoplankton
bloom regions. B1 was a large dinoflagellate blamith high surface DMSsw (maximum ~30 nmot;Lmean 16.8 nmol £;
Bell et al., 2015), and Cld-(maximum 3.4 mg ), and significant C@undersaturation with a mean surface p@®320
ppmv (see Table 1). B1 was located, south of themblebank, a deep channel between the westernfeigatham Rise and
the east coast of the South Island. This regionbleas previously identified as a prime locationgbgtoplankton blooms,
due to eddy-driven mixing and flow reversals agditom current and topographic interaction, whiohance iron and nutrient
supply (Boyd et al., 2004). During B1, winds rengright (see Table 1jith a calm sea state, and the spar buoy drifted
north-east primarily under the action of surfacerents. Solar irradiance was high and a shallovfiasa mixed layer
developed (see Figure 6), with a significant neafage temperature gradient (Walker et al., 20&an nitrate and phosphate
concentrations (5.3 and 0.4 umot,lrespectively) were sufficient for phytoplanktorogth, whereas silicate was low (see
Table 1), and close to growth-limiting concentrasio(Boyd et al., 1999). Although dinoflagellatesmiloated,
coccolithophores biomass was higher at some st nanoeukaryote abundance was generally lbwea occupied for
5-6 days, during which broader regional excursiwith overnight mapping identified a bloom of higtnléa but relatively
low DMSsw to the south-west.

The vessel re-located to a coccolithophore bloo®),e®ident at the eastern end of the Chatham Ris&QDIS true colour
satellite images (see Figure 4b). Upon arrival @Y 32 B2 showed an initial mean DMSsw of 9 nmdldnd elevated Chl-
a,and was characterised by a relatively warmer, ehvalt, saltier surface mixed layer of lower nitred@centration (compared
to B1, see Table 1), typical of subtropical waidris appeared to provide optimal conditions foramithophores as surface
water backscattefsg) was initially elevated by high lith abundancesthweoccolithophores accounting for up to 40% of
phytoplankton carbon. However, intrusion of wamaist air associated with north-westerly windspcaded with a reversal
in the direction of turbulent heat fluxes, and d@kwed by a southwest wind shift strengthenind Tom st by DoY 56 (see
Figure 6). This resulted in deepening and coolifhghe surface mixed layer with a corresponding éase in nutrient
concentrations which, combined with a decreaseliar srradiance, resulted in a decline in @Ghéind DMSsw (Bell et al.,
2015).

Following the 5-day occupation of B2, the vessalmeed to the south of Mernoo bank to assess arbtbat had developed
near the original site of B1. Surface biogeochemgignals were initially weak in B3a, with a mixedymmunity of
coccolithophores and dinoflagellates and low DM$2®& nmol L) and Chla (mean 0.39 mg ). However, an intense front
advanced up the South Island and resulted in stBMgvinds that exceeded 20 k{see Figure 6), after which mixed layer
depth and associated nutrients increased. Consiyguetations before and after the storm were phalsi and
biogeochemically disparate. B3a stations exhib#iedilar sea surface temperature to B1, but witreepér surface mixed
layer and a Ché half that of B1, whereas B3b stations were sigaiftly cooler (at 1%) and deeper (41m) than B1 (see
Figure 7), with higher silicate concentration dbe €nhanced vertical mixing. Subsequent stabitinadf the surface mixed
layer by light winds combined with elevated nuttgestimulated Ché, diatom and coccolithophore abundance in the final

B3b stations (see Figures 6 and 7).
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4, SOAP work programmes and observations

A number of parameters were measured (see TahletBjee interlinked work programmes during the $O¥oyage, as

indicated in Figure 8 and detailed below.
4.1. Thedistribution and composition of aerosols, precursorsand trace gasesin the MBL

Aerosol number concentration, size distributionmposition, water uptake and CCN concentration weeasured semi-
continuously during SOAP to address the overaltjtpwf aerosol observations, and the appareryrafinucleation events,
over the remote ocean. These were characterisadbige of instruments covering a particle sizeyeaof 0.01 to 10 um (see
Figure 9 and Table 2), which enabled determinatibthe size-dependent contribution of PMA and nsé$®aerosol and
CCN concentrations. Aerosol characterisation idiedtivariable Aiken and consistent sub-micron siaedumulation and
coarse modes, with the sub-micron aerosol massndteu by secondary aerosol with ammonium sulfateltsite under light
winds, and with an increase in sea-salt proporéieriocal winds increased. Ongoing data analysex#snining whether

significant nucleation events occurred.

The operational mode for underway aerosol measurewas to slowly steam at 1-2 kts into the premgilvind, across an
area of high biological productivity or significanfr-sea gas gradient, generally between noon a0@P®1 when solar
irradiance was maximal. The common aerosol inleettped during PreSOAP allowed uncontaminatedraimfabove the
bridge to be sampled when the wind was on the lsowninimizing interference from ship stack emissiofContamination
events were screened out using a real-time cleetorsgampling “baseline” flag and switch (Harveyaét to be submitted),
enabling clean collection of integrated samplesh@dgh the vessel exhaust was the primary contarjiméher potential
sources included the workboat and recirculatiopaifuted air around the ship, and longer rangeegtrial influences were
also assessed. Measurements of black carbon usiagthalometer, and G®y high precision Cavity Ring-Down Laser
Spectroscopy (CRDS) provided two independent viagafor detecting contamination events, and somE&¥,@neasured by
PTR-MS (see Table 2), were also used as indicafai@sel combustion. The vessel was orientatezithe wind as often as
possible, which resulted in a high frequency (~78¥d)aseline sector conditions during the SOAP gey&lean marine air
periods were defined post-voyage using the baseline sector (225 — 135° relative to bow and wipded greater than 3 m
s1), black carbon concentrations (less than 50¥gand back trajectories indicating minimal temesimpact (periods when
the minimum number of hours over land in 72-howktaajectory is zero), with periods of workboaktogtions also removed.
An ensemble of Hybrid Single-Particle Lagrangiategmated Trajectory (HYSPLIT) model back trajeatsriDraxler and
Rolph, 2013) was run for each hour of the voyage, MAME back trajectories calculated for every ghieurs (Figure 5,
Jones et al., 2007). Figure 10 shows particle nurabé CCN concentrations, compared to the numbapofs the 72-hour
back trajectory spent over land calculated from RYH trajectories. Particle concentrations wereeggalty higher during
periods of terrestrial influence (see DoY 52 andf@ure 10), with average particle number conegiuins of 1122 + 1482
cnt, double that observed for clean marine air. loanbenalysis also revealed the presence of sileadealuminium on
ambient submicron filter samples suggesting a $&ied source, supporting the back-trajectory miliniglof continental

outflow.

During the initial occupation of B1 under light wis, the particulate matter (PM10) total ion mass «& 1g ¥ compared
to subsequent samples under higher winds in theraf-50 pg m. The dominant components of the inorganic massifna
were sea-salt ions and nssS04, although a measwaganic fraction was also present (see belowe NaCl mass in light
winds during B1 was 6.6 pgfwith >95% of > 3um diameter, relative to 32.5 pgunder stronger winds during B3b.
Although 72% was > 3um, the largest difference ssmoccurred in the 1.5 to 3um size range. Inrasitthe mass of
nssSO4 was predominantly sub-micron sized; B1 éeilihe largest nssSO4 mass at 2.0 ffgvith 85% in sizes <lum,
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whereas in B3b, the nssSO4 mass was much lowes gitgDn® with 76% in <1um sizes. These results confirm tifience

of both physical and biogeochemical processes mysakcomposition.

Voyage particle number concentrations during clemmine periods averaged 534 + 338%mith CCN concentrations of
178 + 87 crr? (1 sd) at 0.5% supersaturation, and an averagielpdraction activated into CCN of 0.4 + 0.2.d8m average
particle number concentrations ranged from a mininadi 385 + 96 cni in B3b to a maximum 830 + 255 chat the start of
B2 (Figure 10). B1 displayed the highest CCN atitraratio, of 0.5 + 0.2, potentially the combiratiof low wind speeds,
large biogeochemical signals and SMA fluxes. Corgparof the inorganic ion mass determined from higlume sampler
filters between the different blooms does not supgiee conclusion that the B1 activation ratio visgher simply because
particles were larger. As the median particle ditars during clean marine periods were consistetmden the three blooms,
this suggests that particle composition, secondaggnics or coagulation may have impacted CCN atitiu at B1. These
findings are supported by preliminary results framapplication of the ACCESS-UKCA model (Woodhoyssrs comm.),
which simulated the additional impact of emissi@fignarine secondary organic carbon under the ciomditdetermined
during SOAP. In contrast, the average CCN activataiio for B3a was 0.13 + 0.06. Nucleation modgiglas (10 nm and
15 nm), were measured by ultra-fine organic tandéfarential mobility analyser (UFO-TDMA, Vaattovaaet al., 2005),
and Aitken mode particles (50 nm), by UFO-TDMA andolatility and hygroscopicity tandem differentrabbility analyser
(VH-TDMA, Johnson et al. 2004a; Villani et al., Z)0 This analysis typically identified a signifidafup to 50% volume
fraction) secondary organic component during swranditions in bloom regions, particularly during.Bthe TDMA results
provided further evidence for secondary organiosar processing of the dominant secondary nssSCde rdaring B1.
Deliguescence measurements (VH-TDMA) indicate that Aitken mode population is largely comprisedneitralised
nssSO4.e. ammonium sulfate. Small and sporadic contrimstto the Aitken mode from a non-hygroscopic (benfraction
up to 0.4) and a highly hygroscopic component (nenfitaction up to 0.3) were observed in additiothtosecondary nssSO4
mode (number fraction of 0.6 - 1). The water uptake volatility of the sporadic highly hygroscopiode indicates this may
be composed of PMA.

The in-situ aerosol size, number and composition measuremantisei MBL were complemented by vitro chamber
measurements of nascent SSA, to determine the Py volume fraction and water uptake propertiEscent SSA filter
samples were analysed using Fourier Transform Redaspectroscopy (FTIR) for organic functional greRussell et al.
2011), and ion beam analysis for inorganic conegioins (Cohen et al. 2004). Measurements of thedsgopic growth factor
and the volatile fraction up to 480 for 50-150 nm patrticles using the VH-TDMA werenguared with those of reference
inorganic samples (e.g. sea salt, ammonium sulfatejetermine their organic volume fractions (Madi al. 2010).
Complementing the VH-TDMA, the UFO-TDMA providedrtber information on the organic content of paeicbf 50nm
and down to 10 nm. The bubble chamber observaiimtisate that the PMA contained a substantial prinegiganic fraction.
VH-TDMA results indicate that the Aitken mode PMAsvprimarily non-volatile (78-93%), with an averagganic volume
fraction of 51% (ranging from 39 to 68%), and tHe@TDMA results show an OVF ranging from 35-45%e3%é results are
consistent with observations in the North Pacifid &tlantic, for which an Aitken mode volatile fitaan of the order of 15%
and OVF of 0.4-0.8 have been observed (Quinn e2Cl4). FTIR analysis indicated that the POA adrasthe chamber
experiments was largely composed of hydroxyl fuoral groups, with minor contributions from alkanespines and

carboxylic acid groups, consistent with previous®bbservations (Russell et al. 2011).

Although DMS was a primary focus of measurementiduSOAP, a wide variety of other VOCs that poiaht contribute
to secondary organic aerosol formation were alsaswmed. Halogens and halogen oxides were meassiegl Multi Axis
Differential Optical Absorption Spectroscopy (MaxaBS) and Electron Capture Detector-Gas ChromatdgrésCD-GC).

lodine has been identified as a potentially impatrggecursor of nucleation in coastal regions (gilet al., 2005), and SOAP



provided an opportunity to relate the presenceatdden oxides to phytoplankton biomass and compasih the surface
ocean, and nucleation events in the MBL. A High sgenty Photon Transfer Reaction Mass Spectrom¢@RrR-MS)
measured continuously in H3@ode in the range of m/z 21- m/z 155 throughouwthgge (Lawson et al., to be submitted).
Aldehydes, ketones and dicarbonyls were measuragd us4-dinitrophenylhydrazine (2,4-DNPH) cartridgand high
370 performance liquid chromatography (HPLC; Lawsoalet2015), and a range of VOCs were sampled wisgrbent tubes
and later analysed via Thermal Desorption-Gas Chtography - Flame lonisation Detection - Mass Spewttry Detection
(TD-GC-FID/MS). These measurements identified aitp@srelationship between DMS (m/z 63), acetondz(is9) and

methanethiol (m/z 49), indicating common biologidelers (Lawson et al., to be submitted).

The first in situ measurements of aqueous phase Bidéursors dicarbonyls, glyoxal and methylglyoxate obtained over
375 the remote Southern Ocean during SOAP (Lawson.e2@15). Parallel measurements of known dicarb@ngtursors,
measured by PTR-MS, were used to calculate theceegbgields of glyoxal and methyl glyoxal, whichcaanted for < 30%
of observed mixing ratios indicating an unidentifisource of dicarbonyls (Lawson et al., 2015). sTas corroborated by
inclusion of SOAP glyoxal measurements obtainedlax-DOAS measurement in a global database, whicicloded that
the missing glyoxal source was an order of mageitmigtater than identified sources (Mahajan et@l42 Surface mixing
380 ratios of glyoxal converted to vertical columns revsignificantly lower than average vertical coludensities (VCDs) from
satellite retrievals, possibly reflecting the difflty of retrieving low glyoxal VCDs over the ocean incorrect assumptions

about the vertical distribution of glyoxal in thereosphere (Lawson et al., 2015).

4.2. Rates and controls of volatile and precursor emissions at the air-sea interface

DMS measurements were made using three differesttuiments during SOAP (see Table 2); an Atmospherassure
385 lonisation-Chemical lonisation Mass SpectrometePI(€IMS) continuously monitored DMS in both pha¢Bell et al.,
2015), a PTR-MS monitored DMSa (Lawson et al., éashbmitted), and discrete water measurements nvade using a
Sulfur Chemiluminescence Detector Gas Chromatogrg@®D-GC; Walker et al., 2016). Intercomparison sofifur
measurements is not easily or routinely perforniall et al., 2012), particularly at sea. Seaw8®IS measurements (CIMS
and SCDGC) compared well during SOAP (Walker et 2016) and the SCD-GC technique also compared withi
390 traditional gas chromatography (with flame photainedletector) in an international intercalibratierercise (Swan et al.,
2014). Intercomparison of the PTR-MS and SCD duB@AP, involved analysis of two air samples and tlivoted DMS
gas standards with a concentration range of 1584-gpt. The instruments showed very good agreemetit,a mean

difference of 5% and maximum 10%.

Although the majority of DMS flux estimates to ddtave been derived by applying an independentlgrdened transfer
395 velocity ) to the measured DMS gradient at the ocean surfAB#MS), there has been a recent increase in direct
micrometeorological measurements of DMS flux. Meaments at 10-30-minute resolution show considerabtiability in
flux, which may reflect methodological artefactdmuerent variability in the distribution of DMSCR&\P provided a platform
for comparing eddy covariance (EC) flux measurese@ftDMS using API-CIMS (Bell et al., 2015), withgaadient flux
technique using a drogued catamaran within onariétee of the vessel (Smith et al., to be submitt&tie gradient flux
400 technique is less direct than EC but provides sradtive reference on a platform that is relayiviede of shipboard air-flow
distortion. The EC system sampled from an intakeéhenships bow, with flux instruments mounted oa tbremast 12.6m
above sea level, and the air pumped to a contagttaboratory on the foredeck. Additional metemgidal measurements
were obtained from a weather station above thegbridoth sites are subject to airflow distortioniathis azimuthally
dependent (Popinet et al., 2004). The catamaraplsay framework, which consisted of four air intgldistributed vertically

405 on a 5.3m mast, sampled closer to the water surfaeee gas gradients are largest. Flux measursmenrte augmented by
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continuous near-surface measurement of physicanpeters using a range of sensors attached to a EBmsr, with
stratification determined by temperature sensofs®m intervals (Walker et al., 2016), turbuledetermined by a Vector
acoustic Doppler Velocimeter at 0.6 m depth. Thasnptted comparison dépms estimates with near-surface upper-ocean
turbulence at a distance from the vessel (Smitth gio be submitted). Wave-breaking whitecap cagemwas monitored using
a Campbell Scientific 5-megapixel camera (ccSmpxpted on the starboard side of the vessel (Scamdriward, 2016).
This provided an indicator of bubble entrainmentjol contributes to the differential transfer rafeDMS and CQ due to
their different solubilities (Blomquist et al., 200Bell et al., 2017).

Although SOAP primarily focussed on DMS fluxes, BE@asurements of GOlux were an important adjunct measurement
for providing insight into gas exchange mechaniants controls, and improving gas transfer algoritfiongases of differing
solubilities. Four Licor infrared gas analyzers aversed for eddy covariance flux measurements of @@ing SOAP,
following the initial trials on PreSOAP. ComparisohEC measurements with wet and dry incoming geesass, and an
empirically-based post-processing correction, iagid that only gas stream drying produced robust fiQ and kcoz
estimates (Landwehr et al., 2014). A detailed exation of ship motion and airflow distortion effecesulted in a significant
reduction of the scatter in the CO2 eddy covariatata (Landwehr et al., submitted). The EC-deriag estimates provided
a better correlation with a linear fit to the E@fiion velocity than with the 10-metre neutral wisgpeed (u10N), and showed
good agreement with dual tracer-derived estimataa the SAGE experiment conducted in this regioMarch-April 2004
(Ho et al, 2006). Measurement of DMS and.Gl0xes also provided further constraint of k paedanisations based upon
wind-speed, and the opportunity to assess theeinfle of bubbles on gas exchange at high wind spB&dS fluxes derived
by EC and gradient flux techniques showed goodeageat (Bell et al., 2015; Smith et al., to be suted), and confirmed
previous observations that gas transfer is a lieation of wind-speed at low to intermediate vér{@lomquist et al., 2006;
Yang et al., 2011). However, despite winds reaghid m < during the latter part of SOAP insufficient datasmobtained to
draw conclusions regarding the reported deviatioko@s under high winds (Bell et al., 2015). However, SOprovided a
novel estimate of the size of the EC flux footprarid the temporal-spatial mismatch between DMSgisaipboard measured
fluxes, highlighting the importance of considersigw in flux estimates arising from non-linear disition of DMSsw (Bell
et al., 2015).

A further objective of SOAP was comparison of meadlDMS fluxes with calculated estimates from tH@AREG model
(Fairall et al. 2011) based &DMS, to assess potential discrepancies with modidlilxes (Marandino et al., 2008; Walker
et al., 2016). Potential factors examined hereuthetl air and water stability, and the influencetef SSM. Despite the
agreement between DMS flux estimates by the twaanieteorological techniques, there was signifiacteparture from
COAREG predictions (Fairall et al., 2011) on ocoasi suggesting the influence of unidentified psses (Smith et al., to be
submitted). One potential example was the suppide®$4S flux during a period of atmospheric stabilitgd reversed heat
flux during B2. Concurrent EC flux measurement@iMS and CQ also provided an opportunity to assess other énftes
onk.The DMS flux data indicate that thems—wind speed relationship was relatively insensitiveurface biogeochemistry
or wave action during SOAP (Bell et al., 2015)atidition, SOAP data was used to parameterise vélfiteoverage against
wind-speed, and identify that maturing waves magcabe and lead to underestimate of the variabdftipreaking waves
(Scanlon and Ward, 2016).

4.3. Surface ocean biogeochemical influences on aer osols and volatiles

Surface mapping of DMSsw and pCO2, using API-CIM8 ERGA, respectively (Bell et al., 2015) wereicat to the SOAP
voyage strategy and the aims of the two workpackaggcussed above. These measurements also prongighit into the

covariance of DMS sources and £4hks in surface waters, and established the irapoet of this region to global budgets.
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The New Zealand Coastal province (NEWZ), whichunels the frontal region (STF) studied during SO&Rharacterised
in the global DMS climatology by year-round low DM8ncentrations with a maximum <2 nmot(Lana et al., 2011). This
infers that this region has some of the lowest @ldbDMSsw concentrations, in marked contrast to ddgcent South
Subtropical Convergence (SSTC) province, which pmsithe remainder of the 3590 atitude band and accommodates the
STF, which is characterised by a mid-summer maxirofi® nmol L DMS. This discrepancy between the two regionsyikel
reflects the low number of DMS observations for REWZ province in the climatology (n=6; Lana et, &011). Previous
DMSsw measurements in subantarctic waters souted€hatham Rise, and east of Tasmania in the 38 (Archer et
al., 2011; Griffiths et al., 1999), are consistaiith this climatological estimate, whereas largapublished surveys have
recorded elevated surface DMSsw during austrahgDctober 2000), with a mean DMSsw of 4.5 (+8) &imol L on the
Chatham Rise (Harvey et al., pers. comm). Combittinge measurements with data from the SOAP camaigan DMSsw
= 6.6 nmol L) gives a weighted-mean DMSsw of 5.3 nmot (n=5300, see Table 3), confirming that DMSsw i& REWZ
province is currently underestimated, and is irt faore typical of the SSTC province. Although the FOAP and SOAP
sampling strategy of focussing on phytoplanktorobis may introduce bias towards higher DMSsw, th&XB@yage, which
had broad spatial coverage of subtropical and stdrétic waters between 39.5°%/ gave a similar mean DMSsw to the
weighted mean for all voyages. The elevated DMSawr&flected in the EC flux measurements during BQ#ich recorded
maximum and mean fluxes of 100 and 16.3 pumol%nrespectively, (Bell et al., 2015%)hich exceed the climatological
mean of >10 pmol S #a? for the SSTC region (Lana et al., 2011). In additithe high MBL DMS concentrations of 1000
ppt recorded during SOAP exceed DMSa at coastizbissaon the New Zealand North Island in summenryewet al., 1993;
de Bruyn et al., 2002; Wylie and de Mora, 1996)théugh seasonally constrained, the SOAP measurtsmeovide evidence
that regional DMS emissions are significant in 8wth West Pacific. The large dataset of regionatentrations and flux
will allow further refinement of global climatologg, such as the Global Surface Water DMS Datababtha Surface Ocean
CO2 Atlas (SOCAT).

The spatial variability of DMSsw was related tofaoe ocean biogeochemistry and bloom type by measemt of a suite of
ancillary parameters in underway mode, includinggerature and salinity, Clal-chromophoric dissolved organic matter
(CDOM), Bsso backscatter, dissolved oxygen and p(€kee Tables 1 and 2). The vertical variabilityDiISsw, and the
dissolved and particulate pools of its precursor3M were quantified in the surface mixed layertations within each
bloom, and related to plankton biomass and commwaimposition, nutrient and organic composition phgsical drivers
(see Suppl. Table 2). Process studies of DMSPrayalicluded deck incubations examining the badtgrimediated pathways
of DMSP cleavage and demethylation in relationitieent bloom dynamics (Lizotte et al., submittedMSP concentrations
were relatively high, reaching a maximum of 160 hind, and showed significant correlation with phytopdam biomass
during SOAP. However, the yield of DMS from bacé&donversion of dissolved DMSP was variable withspatial trend,
although a correlation with leucine incorporatiodicates that DMSP was an important carbon souncbédcteria. Overall,
gross DMS production by bacteria in deck incubatiofnear-surface water was relatively low, atmn@l L d?, inferring
that phytoplankton-mediated conversion of DMSP \ilsly a significant near-surface source of DMS z(itte et al.,
submitted).

The SSM is a potentially important interface colitng MBL and aerosol composition, as it is theeiriice across which
material exchanges between atmosphere and ocegsicdhand biogeochemical processes within this thyer have the
potential to alter transfer via factors, such a&sabncentration of organic material and enhancelddical and photochemical
processing. Near-surface g@radients have been observed (Calleja et al.,)2@08 several studies report DMS enrichment
in the SSM (see summary in Walker et al., 20168PNfS consumption or production in the SSM is sigpaifit this represents
a potential source of discrepancy in comparisomeésured fluxes with that calculated by the COAREd@slel (see above).

The biogeochemistry of the SSM and the upper 1ifiace water were characterised at 10 stationsigl8OAP at distance
12
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from the research vessel, to determine the speadidbility in composition within, and between, fdifent phytoplankton
blooms (Walker et al., 2016). Near-surface DMS gmais were generally negligible, except during Bieve low wind-speed,
near-surface stratification and high dinoflagellalindance may have combined to enhance DMS iS#M relative to
subsurface waters. The observed DMS enrichmemrfadt the SSM during B1, ranging from 1.4 to 5B some of the
highest reported to date. The anomaly between medfdMS fluxes and COAREG estimated was also gsediging B1,
inferring that DMS emissions, and associated k-vapded parameterisations, may be sensitive to DM8ugtion in the
SSM under certain conditions. However, the obs@matalso raise questions as to how such significdS enrichment is
maintained in the SSM, as high DMS production wdwddequired to ameliorate loss processes (Watkar,2016).

5. Conclusions

The SOAP voyage has identified new questions irointamt areas of SOLAS-related research, includiegnfluence of the
SSM on DMS emissions, implications for secondargs@ formation, and unidentified sources of orga@rosol precursors,
all of which are potentially influenced by photodtfistry in the surface ocean and MBL (Lawson et2015). It has also
addressed confounding technical challenges inciusiinall-scale heterogeneity in surface watersnaéabaseline sampling,
and discrepancies between existing techniques adéls1 An overarching aim of the SOAP campaignteassess potential
relationships between surface water biogeocheméstdycorresponding or related species in the MBlidentify the factors
influencing aerosol precursors, and their potetiahnalogues. Chlis an indicator of phytoplankton biomass thaeiadily
retrievable by satellite, and consequently has Ieerstigated as a potential proxy for DMSsw (Lanal., 2011). The SOAP
voyage provided a platform to validate this obsgove particularly as it took place in the 4026atitude band which exhibits
the most significant regional correlation betwedn-&and DMSsw (Vallina et al., 2006). Overall there veaseak, but
significant, correlation (r = 0.12, p< 0.005) betneChta and DMSsw in the underway surface data during SQWPalso
significant variability in the slope and the sighthis relationship between the different bloonorrelations were also
apparent between Chland DMSP (Lizotte et al., submitted), and @dnd DMSa, but there was no relationship between
Chl-a and DMS flux, as expected, due to the short timlescand flux footprint identified by Bell et a2015. Correlations
have been reported previously for Ghivith CCN (Meskhidze and Nenes, 2006), and aerogganic enrichment (Gantt et
al., 2011), although other assessments have shasiable results (Russell et al., 2010; Rinaldile2913). The measurement
of PMA and SMA composition and number coincidenthwimulti-species characterisation of MBL and susfagater
composition during SOAP has provided a broad datlwath which to assess and develop these relijpngor potential
application in remote sensing and Earth System Nod#e first step towards this is the inclusionS®)AP aerosol and
tropospheric data in the global ACCESS-UKCA mod&bpdhouse et al., 2015), containing the GLOMAP-madeosol
scheme (Mann et al., 2010, 2012), which shows geyd agreement with observed distributions of casdgon nuclei

(Woodhouse et al, pers. comm.)

6. Data availability

The underway DMSsw can be downloaded at http://paggl.noaa.gov/dms/select.php. The remaining deg&ailable by

request email to cliff.law@niwa.co.nz

7. Supplement link
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11. Figures

Figure 1. a) An ocean colour image (10/2/11) during theSR¥AP voyage, showing phytoplankton blooms on thstera
Chatham Rise region along°®4(data courtesy of NASA) b) The SOAP voyage triacthe Chatham Rise region, overlain

by Sea Surface Temperatuf€), with the study region (box) indicated in theehbathymetric map of New Zealand.

Figure 2. Non-sea salt sulfate concentrations plotted agdday of Year at different New Zealand coastal atpteeric

monitoring sites.

Figure 3. Continuous measurements during PreSOAP of a) sfieaéd (m-$), b) atmospheric DMS (ppt), c) surface water

DMS (nmol L%), and d) surface chlorophydl{mg m?, quenched data removed).

Figure 4. 8-day composite images of surface chlorophyIMODIS, 4 km resolution) during the SOAP voyaged) 10-17
Feb 2012 (DoY 41-48), b) 18-25 Feb 2012 (DoY 49-36)d c) 28 Feb-4" March (DoY 57-64), showing bloom locations
14



(red dots), with the colour scale (mg®rabove figures a) - c), and daily true colour iesdor d) Bloom 1 (16 Feb 2012.,
560 DoY 47), e) Bloom 2 (18 Feb 2012, DoY 49) and fp&h 3 (3 March, DoY 65) (MODIS Aqua data courte$\NASA).

Figure 5. a)-c) Synoptic meteorology summary for each blquariod during the SOAP voyage. Surface pressutienand
plots (colour scale to the left of figures a)-c)¢ aerived from the NZ local area Unified Model N4, with the bloom
location indicated by a red dot. d)-f) Back-tragggt analyses for each bloom period during the SQAfage. This was
calculated using the Lagrangian Numerical Atmosightispersion Modelling Environment (NAME) for thlwer
565 atmosphere (0-100m) as time integrated particlesitielg s n?, colour scale below figures). Each plot shows lihek-

trajectory of 8 “releases”, i.e. one every threarsmver 24 hours for the actual ship position.

Figure 6. Meteorological and hydrodynamic variables durthg SOAP voyage, including a) Wind speed (WS)mb)
Direction (Dir., °); Wind (blue) and wave (cyan); c¢) Temperature (Pei@); Air (black) and surface water (green); d)
Irradiance (Irrad., Wrf) and e) Significant wave height (Hs, m). Bloomugation periods are indicated by the red horizontal

570 bars and bloom label in the upper panel.

Figure7. Surface water properties (2-10m) recorded at statton during the SOAP voyage: Temperature (Té@) Mixed
Layer Depth (ML Depth, m), Chlorophyll-a (ChJ-mg m®), and nitrate concentration (umot),. plotted against Day of Year
(DoY), with the occupation period for each bloomigated by the vertical shaded bars and bloom $ahithe top of the

figure.

575 Fig. 8. Conceptual figure of the parameters, processeésariical range measured during SOAP, with thegrdated work

programmes (WP) indicated on the left of the figure

Figure 9. Aerosol characterisation during SOAP indicatirige sspectral (red) and total counts (black) range €ach
instrument, relative to aerosol size and mode. &AmpbRH measurement was used for RH correctione@PBASP, Hi Vol
and SMPS, and diffusion driers (Silica Gel) weredusn the inlet of the UFO-TDMA and VH-TDMA.

580 Figure10. a) Marine boundary layer CN concentrations¢ctop, CPC3772 in blue, CPC3010 in red), b) CCNceatrations
(middle, cm?®) and ¢) number of hours over land indicated b@@ back-trajectory (bottom, 27-member ensembdeame).

Bloom occupation periods are indicated by the galthaded bars and bloom labels at the top dfghee.
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Time/Location Meteorological Hydrodynamic Biogeedatical

Bloom Start End Bloom Bloom Atmos Irrad U Hs MLD SST Sal. Nitrate/ Chl-a pCO, DMSsw  Dominant

NZST NZST Centre Centre Press. Wm? Range m m °C # Phosphate/ mg/m® ppmv nmolL? Phytoplankton
(DoY (DoY Lat. Long. mb m st * # Silicate * # # *
UTC) UTQC) pmol L1*
B1 14/02/12 19/02/12 -44.34 174.2 1019.1 232 6.6 20 145 145 3448 53+09 084 320 16.8 Dinoflagellate
2:00 12:00 -44.61 17478 £29 <1061 (5- 1 0.4 043+0.2 +0.2 +24 15
(44.6 (50.0 7.6 0.35+0.. <34
B2 21/02/12 26/02/12 -43.55 180.16 1011.5 196 104 29 240 158 346 17+x10 067 339 91 Coccolithophore
16:15 12:00 -43.71 180.32 +53 <1079 (6.9- 9 +0.2 0.27 + 0.3 9 2.9 Dinoflagellate
(52.2) (57.0) 12.4) 0.07 <1.0
0.41 *
0.3:
B3a 27/02/12 1/03/12 -44.11 174.47 1010.0 242 103 26 286 144 3432 371 0.44 + 333 537 Mixed
10:00 04:00 -44.61 174.88 +8.2 <1212 (8.1- +1.7 0.2 0.34 + 0.17 14 15
(57.9) (60.67) 12.1) 0.06 <0.92
0.3+0.1t
B3b 02/03/12 5/03/12 -44.19 174.3 1008.6 182 126 3.6 41.1 13.2 3432 42+11 059 340 31 Mixed
06:00 17:00 -44.78 17493 +9.4 <1016 (8.5- 16 0.4 0.39+0.1 +0.2 48 1.2
(61.7) (65.2) 14.9) 0.48 + <1.1
0.0t

Tablel. Summary of surface water characteristics duraghdloom period. All values are Mean *1 standandation, except where maximum value also shown
by <. * indicates value derived from 2-10m depthadinstations during bloom occupation; # indicatesitinuous measurement in surface waters (nomimal 6
depth). Abbreviations: Lat: Latitude; Long.: Langle; Atmos. Press.; Atmospheric Pressure; Irriadadiance; Wo: Wind speed adjusted to 10m height
(uncorrected for vessel flow distortion); Hs: Siggant wave Height; MLD: Mixed Layer Depth; SST.e&Surface Temperature; Sal>: Surface salinity;aChl
Chlorophylla.
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Measuremel

Mode

Instrumen

WP1 Atmospheric

Organic nuclei production C* UltraFine Organic-Tand Differential Mobility
Analyser (UFCG-TDMA)

Aerosol water uptake and volatility C* Volatility tnidity Differential Mobility Analyser
(VH-TDMA)

Nucleation/Aitken mode size spec C* Scanning Mobility Particle Sizer (SMF

Condensation nuclei coul C* Condensation Particle Counter (ClI

Accumulation mode aerosol hum C PCASP

Cloud condensation nucle C* CCN spectromete

Aerosol filter chemistr— Major ions C Hi-Vol, cascade, lon Chromatogr:

Black carbo C* Aetholometel

PM; aerosol filters C Organic functional groups by RTand inorganic
composition by 1B/

Column aerost D Sun photometer (Microtops

Nascent sea spray composition via D Chamber experiments

bubble burst of s-water sample

DMS C mesCIMS (Chemical lonization Mass Spectrome

CO2 and methai C Picarro CRD:

Halocarbons, lodine & halogen C p-Dirac ECD-GC and Multi-Axis Differential Optita

oxides Absorption; Spectroscopy (M-DOAS)

VOCs (Acetone, DMS, Acetonitrile, C Proton Transfer Reaction Mass Spectrometer (PTR-

Methanol, Methanethiol, Isoprene, MS)

Monoterpenes, Acetaldehy:

VOCs Gsto Cys D Pre-concentration and T-GC-FID/MS

Aldehydes, ketones (incl. D Derivatisation and HPLC

dicarbonyls), 6 to Cg

WP2 Physics

DMS flux C mes(CIMS (Chemical lonization Mass Spectrome

CO2 EC flw C Licors, Sonic anemometer motion sens

DMS gradient flu: D Catamaran, SC-GC

Near surface Tant D CTD

Nea-surface stratificatic C Spar buoy- temperature array, microc

Nearsurface turbulenc C Vector, FastCa

Sea stal C NOAA Wavewatch I

Whitecap coverag D Camer:

Meteorological condition C AWS

Bulk fluxes C Eppley radiometers, raingauge; Eppley Precision
Spectral Pyranometer (PSP);

MBL Height and stabilit D Radiosond¢

WP3 Ocean biogeochemistry

Chlorophyl-a C,D,W Ecaotriple

Back-scatter &Bssc backscatte C Ecotriple

pCOz C IRGA

pH C, D,W Spectrophotomet

DIC D

Nutrients D, W Colorimetric Autoanalysi

DOC D, W HTCQC

CDOM D, W Spectrophotomet

POC/PON/PC/PN/13C/1t Mass Spectromet

Fatty Acids and Alkane D, W

Dissolved DM C, miniCIMS (Chemical lonization Mass Spectrome

Dissolved DM D, W SCD/FPL

DMSP & processe D, W SCLC

Pigment HPLC

Microbial community abundan D, W Flow Cytometn

Phytoplankton identification/coun D, W Optical Microscop

Microzooplankto D, W Optical Microscop

Table 2. Parameters sampled during the SOAP voyage. Key:QBrtinuous, D - Discrete, W — Workboat,
*indicates instrument sampling on common aerodet.in
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Mean DMS Std

Voyage Date Latitude Longitude (nmolLY) Dev n Methoc Referenc
BOX October 200 39.5-47°S 17C-17<°E 4.5¢ 6. 48z FPC-GC this pape
November 200 48-50°S 175°E 1.7¢ - 2 FPC-GC Kiene et al., 20C
SAGE April 200€ 41-46.€°S  172.5-78.5E 1.0¢ 0.c 6 PFPL Archer et al., 201
PreSOAI  Febrary 201: 42.5-44°S  174E-178W 2.2 2. 73¢ MIMS this pape
SOAF Marct-April 2012  41.7-46.5°S  172E-17S°W 6.3€ 4.4 413z miniCIMS Belletal., 201
SOAF Marct-April 2012 41.7-46.5°S  172E-17¢°W 11.5 9.2 22 SCC  Walker et al. 201
S.W.
Pacific Weighted Men 39.5-5C°S 17C-17°W 5.€ 538( this pape
NEWZ 35-55¢ 170E-170W 0.05-2.C 6 Climatol. Lana et al., 201
SSTC 35-50¢ 170W-170E 0.05-1C n/e  Climatol. Lana et al., 2C1

Table 3. DMS data for the S.W. Pacific region east of Nésaland. Std Dev = standard deviation, n = number
of measurements, FPD-GC Flame Photometric Det&sar-Chromatograph, PFPD Pulsed Flame Photometric
Detector, MIMS Membrane Inlet Mass Spectrometeni@iMS (Atmospheric Pressure Chemical lonization

Mass Spectrometer), SCD Sulfur Chemiluminescen¢®@et, Climatol. Climatology.
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Non-sea salt sulfate (ug m-3)
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