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Report for the year 2025hnd future activities

SOLAS Australia
compiled by: Andrew Bowie and Ruhi Humphries

This report has two parts:

- Part 1: reporting of activities in the period of January 2021 - Jan/Feb 2022
- Part 2: reporting on planned activities for 2022 and 2023.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overap
between Themesor Cross -Cutting Themes.

1 Greenhouse gases and the oceans;

2 Air-sea interfaces and fluxes of mass and energy;

3 Atmospheric deposition and ocean biogeochemistry;

4 Interconnections between aerosols, clouds, and marine ecosystems;

5 Ocean biogeochemical control on atmospheric chemistry;

Integrated studies of high sensitivity systems;

Environmental impacts of geoengineering;

Science and society.

IMPORTANT : This report should reflect the efforts of the SOLAS community in the entire country
you are representing (all universities, institutes, lab, units, groups, cities).

JLUVW WKLQJV ILUVW«3OHDVH WHOO XV ZKDW WKH ,32 PD\ |
SOLAS activities. ?
IPO isdoing an excellent job

PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight

Describe one scientific highlight with a title, text (max. 300 words ), a figure with legend and full
references. Please focus on a result that would not have happened without SOLAS, and we are most
interested in results of international collaborations. (If you wish to include more than one highlight, feel
free to do so).




Trace elements and nutrients in wildfire plumes to the southeast of Australia

Highlights {Wildfires are keysources of atmaospheric bioavailable Fe, MngR&dd NH*.
{Fire Fe solubility increases during the atmospheric transport of the fire plume.
{Soail is the dominant source of Fe within the fire plume.

The unprecedented magnitude of the 200® Australian fires have raised interest in the potential
for fire emissions to supply vital nutrients to remote ocean regions. Fire emissions are episodig
unpredictable, making them difficult to investigat&nalysis of aerosols collecteat the
kunany/Mount Wellington timeseries station, in southeastern Tasmania (Austratiejween 2016
and 2020enabled to characteriséhe signal of fire emission@ising levoglucosan as a fire tracer) tg
the atmosphereOur resultsrevealed a striking increase inglatmospheric loading ofital

nutrients, namelyron (Fe), nitrate (N&), ammonium (Ngt) and manganese (Mpassociated with
fire events. High concentrations of mineral dust infirgpacted aerosols evidenced that strong
pyro-convective winds resulted in the erosion and entrainment of soil particles into the atmosp
as a part othe fire plume. Enrichment taor (EF) analysis in aerosols suggested thatnsslthe
dominant source ofatmospheric Fe and Mn in fire emissions. Lead (Pb) enrichmasfoundin fire
aerosols (Ef>10)and wasattributed to the resuspensiorof soil historically contaminated by
leaded petrol and mining operations. Finalymospheric transponvassuggesed to play a key role
in decreasing concentrations of total FedBnd mineral dust while increasing the aeolian conten
of bioaccessible Fegd, NQ>and NH*in the plume @wnwind of the fires. As future projections
suggest an increase in fire activity worldwide, atmospheric tgmeges stations such as
kunanyi/Mount Wellington are key to better understand future impacts of fire emissions on hun
health and natural ecosystes.

Citation:
Morgane M.G. Perron, Scott Meyerink, Matthew Corkill, Michal Strzelec, Bernadette C. Proem
Melanie GaulRingold, Estrella Sanz Rodriguez, Zanna Chase, Andrew R. Bowie,
Trace elements and nutrients in wildfire plumes to the southeastustiilia,
Atmospheric Researciplume 2702022,106084 |SSN 0168095,
https://doi.org/10.1016/j.atmosres.2022.106084.
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Figure. Distribution of nutrient loading (in nanogram per cubic meter of air, ng m -3) in fire
aerosols and during background atmospheric conditions at the kunanyi/Mt Wellingtontime -
series aerosol sampling station (Hobart, Tasmania, Australia). T he total (T re), bioaccessible
(Lre), and soluble (Sre) Fe content as well as nitrate (NQs7), ammonium (NH 4*) and
manganese (Mn) concentrations in aerosols are displayed.




2. Activit ies/main accomplishmentsin 2021  (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international

collaborations; contributions to int. assessments such as IPCC; collaborations with social
sciences, humanities, medicine, econo  mics and/or arts; interactions with policy makers,
companies, and/orjournalists and media).

Field programs:
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Conferences:

Atmospheric Composition & Chemistry Observations and Modellinget@fe & Cape Grim Annu
Science Meetingonline November 2021.

Blowing South Symposium (10/11/21)

Iron at the AirSea Interface (280/07/21)

3. List SOLAS -related publications publishedin 2021  (only PUBLISHED articles ).
If any, please also list weblinksto models, datasets, products |, etc.
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https://research.csiro.au/acc/capabilities/rv-investigator/
http://dx.doi.org/10.1038/s41586-021-03805-8
http://dx.doi.org/10.1038/s41586-021-03805-8
https://doi.org/10.5194/acp-21-12757-2021
https://doi.org/10.1029/2020JD033368
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4. Did you engage any stakeholders/societal partners/extemal research users in orderto co -
produce knowledge in 20 217 If yes, who? How did you engage?

PART 2 - Planned activities for 2022 and 2023

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. alli nformation possible, dates, locations, teams, work , etc.).
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1XPHURXV PDMRU ILHOG FDPSDLJQV DV SRUINSRIFWBEYRH
QXPHURXV $XVWUDOLDQ OHG FDPSD I6RXWV KHHUHQZ BIFENVD @ H LI
6276 YR\DJH ,1 B9 LQFHOXBHQRVIR® DQG UDLQ VDPSQ
DQG PDMRU LRQV



https://doi.org/10.1175/BAMS-D-20-0132.1
https://doi.org/10.1175/BAMS-D-20-0132.1
https://doi.org/10.5194/acp-21-3427-2021
https://doi.org/10.5194/acp-21-9497-2021
https://doi.org/10.1029/2020EF001673
https://doi.org/10.1039/D1EA00054C
https://research.csiro.au/acc/capabilities/rv-investigator/
http://www.piccaaso.org/

2. Events like conferences, workshops, meetings, summer schools , capacity building etc.
(incl. all information possible ).
Atmospheric Composition & Chemistry Observations and Modelling Conference & Cape Gri

Annual Science MeetingNovember 2022

CATCH Science Workshop (March 2022), with a special session on PICCAASO and
Clce2Clouds.

Special sessions on PICCAASO at SOLAS Open Science meeting May 2022

3. Funded national and international projects  /activities underway .
Australian Antarctic Program Partnership (AAPP), 2019-2029

ARC Discowery funding, 2019- 3'XVW WR WKH RFHDQ 'RHV LW UHDOO)
Chase, Andrew Bowie, Peter Strutton

US ASR Funding, 2022 2025 +High Latitude Aerosol -Cloud Interaction during MARCUS:
The role of CCN variability and links to precipitation. Gerald Mace, Gannet Hallar, Ruhi
Humphries

4. Plans/ ideasfor future national or international  projects, programmes, proposals , etc.
(please indicate the funding agenciesand  potential submission dates).

5. Engagements with other international projects, organisations, programmes , etc.
International GEOTRACES program +www.geotraces.org

:RUOG OHWHRURORJLFDO 2UJDQLVDWLRQTVY *OREDO $WPRV/|
SOCRATES - https://www.eol.ucar.edu/content/socrategproject-overview

US Atmospheric Radiation Measureméattility

IGAC

PICCAASO +www.piccaasso.org

Comments
Apologies for the delay in compiling this report



http://www.geotraces.org/
https://www.eol.ucar.edu/content/socrates-project-overview
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Report for the year 202and future activities

SOLAS Belgium
compiled by: Nathalie Gypens

This report has two parts:

- Part 1. reporting of activities in the period of January 2021 - Jan/Feb 2022
- Part 2: reporting on planned activities for 2022 and 2023.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overlap
between Themes or Cross -Cutting Themes.

1 Greenhouse gases and the oceans;

2 Air-sea interfaces and fluxes of mass and energy;

3 Atmospheric deposition and ocean biogeochemistry;

4 Interconnections between aerosols, clouds, and marine ecosystems;

5 Ocean biogeochemical control on atmospheric chemistry;

Integrated studies of high sensitivity systems;

Environmental impacts of geoengineering;

Science and society.

IMPORTANT: This report should reflect the efforts of the SOLAS community in the entire country
you are representing (all universities, institutes, lab, units, groups, cities).

JLUVW WKLQJV ILUVW«3OHDVH WHOO XV ZKDW WKH ,32 PD\ G
SOLAS activities. ?




PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight
Half of global methane emissions come from aquatic ecosystems

OHWKDQH sSsOD\V D PDMRU UROH LQ FRQWUROOLQJ WKH (DU
atmosphere today are 150% higher than before the industrial revolution. Rosentreter et al. (2021)
showed as much as half of global methane emissions come from aquatic ecosystems. This
includes natural, human-created and human-impacted aquatic ecosystems 2 from flooded rice
paddies and aquaculture ponds to wetlands, lakes and salt marshes. Rosentreter et al. (2021)
looked at inland, coastal and oceanic ecosystems around the world. We found the combined
emissions of natural, impacted and human-made aquatic ecosystems are highly variable, but may
contribute 41% to 53% of total methane emissions globally. In fact, these combined emissions are
a larger source of methane than direct anthropogenic methane sources, such as cows, landfill and
waste, and coal mining. This knowledge is important because it can help inform new monitoring
and measurements to distinguish where and how methane emissions are produced. Rosentreter et
al. (2021) also found methane emissions from impacted, polluted and human-made aquatic
ecosystems are higher than from more natural sites.

For example, fertiliser runoff from agriculture creates nutrient-rich lakes and reservoirs, which
releases more methane than nutrient-poor (oligotrophic) lakes and reservoirs. Similarly, rivers
polluted with nutrients also have increased methane emissions.

Figure: Inland water and coastal ocean areal methane fluxes. The violin plots include box plots
showing median, lower (Q1) and upper (Q3) quartiles and 1.5 times the length of the interquartile
range of methane fluxes from streams and rivers, lakes, reservoirs, aquaculture ponds (coastal and
freshwater), estuaries, mangroves, salt marshes, seagrasses, tidal flats and continental shelves.

Citation: Rosentreter JA, AV Borges, PA Raymond, BR Deemer, MA Holgerson, CM Duarte, S Liu,
C Song, GH Allen, J Melack, B Poulter, D Olefeldt, Tl Battin, BD Eyre (2021) Half of global
methane emissions come from highly variable aquatic ecosystem sources, Nature Geoscience, 14,
225-230




The coastal carbon cycle through a global ocean  circulation model

The global ocean biogeochemistry model HAMburg Ocean Carbon Cycle was enhanced by
explicitly representing riverine loads of carbon and nutrients, as well as improving the
representation of organic matter dynamics in the coastal ocean. The resulting simulations reveal a
relatively short globally averaged shelf water residence time (RT) of 12 17 months, which induces
primarily through outer shelf regions with large oceanic inflows. This promotes an efficient offshore
transport of terrestrial and marine organic carbon (0.44 PgCyr-1) and a dissolved inorganic carbon
sink from the organic cycling of carbon on the global shelf (net ecosystem productivity [NEP] equal
to +0.20 PgCyr1). In turn, this autotrophic state of continental shelves contributes to a weak global
preindustrial sink of atmospheric CO2 (0.04 PgCyr?), dominated by extensive regions with large
oceanic inflows and positive NEPs. The contemporary global shelf CO2 XSWDNH RI
furthermore suggests that the anthropogenic CO2 uptake (0.11 PgCyr?) on the global continental
shelf is less efficient than that of the open ocean.
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Figure: (a) Preindustrial continental shelf air-sea CO2 exchange (FCO2), (b) anthropogenic FCO:
estimated by calculating the FCO:2 trend over the 1800 #2015 period and multiplying the trend by
the total amount of simulation years. A positive CO:2 flux represents a flux from the ocean to
atmosphere.

Using the same model, we also performed a series of simulations to quantify the effects of (1)
increasing atmospheric CO: levels, (2) a changing physical climate and (3) alterations in inputs of
terrigenous P and N on marine carbon cycling over the 1905 #2010 period. Our simulations reveal
that increased terrigenous nutrient inputs are the largest driver of change for the CO:2 uptake at the
regional scale in the coastal ocean and enhance its global CO2 uptake by 0.02 PgCyr-.

Citation:

Lacroix F., llyina T., Laruelle G.G. and Regnier P. (2021) Reconstructing the preindustrial coastal
Carbon cycle through a global ocean circulation model: Was the global continental shelf already
both autotrophic and a CO2 sink? Global Biogeochemical Cycles, 35 (2), doi:
10.1029/2020GB006603.

Lacroix F., llyina T., Mathis M., Laruelle G.G. and Regnier P. (2021) Historical increases in land-
derived nutrient inputs may alleviate effects of a changing physical climate on the oceanic carbon
cycle. Global Change Biology 27(21), 5491-5513, doi: 10.1111/gcb.15822.




Microbial biofilm to explain paradox observed in highly productive sea ice

A paradox is commonly observed in productive sea ice in which an accumulation in macro-nutrients
(i.e., nitrate and phosphate) coincides with an accumulation of biomass. This paradox requires a
new conceptual understanding of the biogeochemical processes operating in sea ice. we
investigate This paradox has been investigated at three time series in Antarctic landfast sea ice, in
which massive algal blooms are reported (with particulate organic carbon concentrations up to
3000 umol ) and with bulk nutrient concentrations exceeding seawater values up to 3 times for
nitrate and up to 19 times for phosphate. Using a NPZD model approach, the presence of the
microbial biofilm as a working explanation has been propose for this paradox. By creating micro-
environments with distinct biogeochemical dynamics, as well as favouring nutrient adsorption onto
decaying embedded organic matter, the biofilm allows the accumulation of the remineralization
products (i.e., nutrients) in proximity of the sympagic community. In addition to provide a substrate
that allow the sympagic community to grow attached to sea ice and to modify the intrinsic physical-
chemical properties of the ice, the biofilm is suggested to play a role on the flux of matter and
energy in this environment.

A schematic of the temporal evolution of the biofilm is shown below. In an early stage, the biofilm is
thin and diffusive transport of metabolic substrates and products is fast. As the biofilm grows,
diffusion can no longer bring substrates to the deeper layers. In these deeper layers, algal growth
will cease, and cells will die. When the generation of metabolic products from respiration exceeds
the loss by diffusion through the biofilm, nitrate can start accumulating and lead to the accumulation
of nitrate observed at the bottom of highly productive sea ice. If the heterotrophic respiration in the
biofilm is large enough, oxygen can even be depleted. In case the diffusion of oxygen from the
seawater and brines is insufficient, anoxic zones could appear in areas with strong respiration.

Figure: A temporal evolution of a biofilm can explain the localisation of different zones due to
chemical heterogeneity. a Early in the season the biofilm is thin and substrates can diffuse deep
into the film before being consumed. b As the season proceeds, the biofilm thickness increases
and substrates can no longer penetrate full depth, algae in the deeper layers will start dying and a
heterotrophic microbial community is established. C A strong recycling can consume all the oxygen
in the deepest layer of the biofilm. If diffusion of additional oxygen into this layer is slow compared
to remineralisation, this might result in anoxic zones in the deepest parts of the biofilm.

Citation: Roukaerts, A., F. Deman, F. Van der Linden, G. Carnat, A. Bratkic, S. Moreau, D.
Lannuzel, F. Dehairs, B. Delille, J.-L. Tison, and F. Fripiat (2021). The biogeochemical role of a
microbial biofilm in sea ice: Antarctic landfast sea ice as a case study. Elementa: Science of the
Anthropocene 9(1):00134. doi:10.10525/elementa.2020.00134.




2. Activit ies/main accomplishments in 2021  (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international

collaborations; contributions to int. assessments such as IPCC; collaborations with social
sciences, humanities, medicine, econo  mics and/or arts; interactions with policy makers,
companies, and/or journalists and media).

17-19 Aug. 2021:Annual BEPSII and ECV-Ice meeting (Bruno Delille and Frangois Fripiat as co-
organizer), online; ECV-Ilce (SCOR working group) and BEPSII (SOLAS, SCAR and CLIC-
supported research community)

20 Jan 2022: Kick-off meeting of Ice2Clouds, online, new SCOR working group (Bruno Delille and
JUDQORLYV )ULGdupiwg ofo€eah-ice-atmosphere processes from sea-ice biogeochemistry
to aerosols and clouds ”

3. List SOLAS -related publications published in 2021  (only PUBLISHED articles ).
If any, please also list weblinks to models, datasets, products , etc.
Belliard J-P, S Hernandez, S Temmerman, RH Suello, LE Dominguez-Granda, AM Rosado-

Moncayo, JA Ramos-Veliz, RN Parra-Narera, KP Ramirez, G Govers, AV Borges & S Bouillon
(2022) Carbon dynamics and COz and CH4 exchange in the mangrove dominated Guayas river
delta, Ecuador, Estuarine, Coastal and Shelf Science,
https://doi.org/10.1016/j.ecss.2022.107766

Campbell, K., I. Matero, C. Bellas, T. Turpin-Jelfs, P. Anhaus, M. Graeve, F. Fripiat , M. Tranter,
J.C. Landy, P. Sanchez-Baracaldo, E. Leu, C. Katlein, C.J. Mundy, S. Rysgaard, L. Tedesco, C.
Haas, and M. Nicolaus (2021). Monitoring a changing Arctic: Recent advancements in the study
of sea ice microbial communities. Ambio 51, 318-332.

Champenois W & AV Borges (2021) Net community metabolism of a Posidonia oceanica
meadow, Limnology and Oceanography, 66, 2126 2140, https://doi.org/10.1002/In0.11724

Deman, F., D. Fonseca-Batista, A. Roukaerts, M.l. Garcia-lbanez, E. Le Roy, E.P.D.N.
Thilakarathne, M. Elskens, F. Dehairs , and F. Fripiat (2021). Nitrate supply routes and impact
of internal cycling in the North Atlantic Ocean inferred from nitrate isotopic composition. Global
Biogeochemical Cycles 35, doi:10.1029/2020GB006887.

Farmer, J.R., D.M. Sigman, J. Granger, O.M. Underwood, F. Fripiat, T.M. Cronin, A. Martinez-
Garcia, and G.H. Haug (2021). Arctic Ocean stratification set by sea level and freshwater inputs
since the last ice age. Nature Geoscience 14, 684-689.

Fay A. R., Gregor L., Landschitzer P., McKinley G. A., Gruber N., Gehlen M., lida Y., Laruelle G .
G., Rodenbeck C., Roobaert A. and Zeng J. (2021) SeaFlux: harmonization of air isea CO:
fluxes from surface pCO2 data products using a standardized approach. Earth Syst. Sci. Data,
13, 4693 #4710, doi: 10.5194/essd-13-4693-2021.

Fripiat, F. , A. Martinez-Garcia, D. Marconi, S.E. Fawcett, S. Kopf, V.H. Luu, P.A. Rafter, R. Zhang,
D.M. Sigman, and G.H. Haug (2021). Nitrogen isotopic constraints on nutrient transport to the
upper ocean. Nature Geoscience 14, 855-861.

Geilfus N.-X, K.M. Munson, E. Eronen-Rasimus, H. Kaartokalli, M. Lemes, F. Wang, S. Rysgaard,
B. Delille, 2021, Landfast sea ice in the Bothnian Bay (Baltic Sea) as a temporary storage
compartment for greenhouse gases, 9(1):00028, Elementa
doi.org/10.1525/elementa.2021.00028

Jacques, C., C.J. Sapart, F. Fripiat, G. Carnat , J. Zhou, B. Delille , T. R6ckmann, C. Van der
Veen, H. Nieman, and J.-L. Tison (2021). Sources and sinks of methane in sea ice: insights
from stable isotopes. Elementa: Science of the Anthropocene 9(1), 00167.
doi:10.1525/elementa.2020.00167.

Lacroix F., llyina T., Laruelle G.G . and Regnier P. (2021) Reconstructing the preindustrial coastal
Carbon cycle through a global ocean circulation model: Was the global continental shelf already
both autotrophic and a CO:2 sink? Global Biogeochemical Cycles, 35 (2), doi:
10.1029/2020GB006603.

Lacroix F., llyina T., Mathis M., Laruelle G.G. and Regnier P . (2021) Historical increases in land-



https://doi.org/10.1016/j.ecss.2022.107766
https://doi.org/10.1002/lno.11724

derived nutrient inputs may alleviate effects of a changing physical climate on the oceanic
carbon cycle. Global Change Biology 27(21), 5491-5513, doi: 10.1111/gcb.15822.

Ricour, F., A. Capet ) 'T2UWHQDEelRe, M. Grégoire , 2021. Dynamics of the deep
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4. Did you engage any stakeholders/societal partners/external research users in order to co -
produce knowledge in 20 217 If yes, who? How did you engage?
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PART 2 - Planned activities for 2022 and 2023

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. all information possible, dates, locations, teams, work , etc.).
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2. Events like conferences, workshops, meetings, summer schools , capacity building etc.
(incl. all information possible ).
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3. Funded national and international projects  /activities underway .
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4. Plans / ideas for future national or international projects, programmes, proposals , etc.
(please indicate the funding agencies and  potential submission dates).
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5. Engagements with other international projects, organisations, programmes , etc.

X %(36,%LRIJHRFKHPLFDOUEFKBQHN DW WKH 6HWRILEHN, -G 2V B
&/,8 $686&%$5 RUNLQJ JURXS

X (&9LFKVVHQWLDO &OLPDWH 9DULDEOH IRU VHD LFH 6&2

X ,FH &ORRXSOLQJ RUFRIMHIR)/SKHUH SURFHIWAMHYE ULRRPRYKE
DHURVROV DQEREF®HRROMLQJI JURXS




X

X

6226+62B)/8; WDVN JURBISDRD KLYV

&$P7 &+

7KH &U\RVSKWIRRVB®&BULF &KHPLVWU\

VSRQVRUH

Comments




surface ocean SO | a S lower atmosphere study
20 s e

Report for the year 2021 and future activities

SOLAS CANADA
Compiled by: Martine Lizotte

)LUVW WKLQJV ILUVW«3OHDVH WHOO XV ZKDW WKH ,32
and future SOLAS activities. ?

We simply wish to thank the IPO for their continued support of SOLAS-related activities in
Canada.

PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight

Describe one scientific highlight with a title, text (max. 300 words ), a figure with legend
and full references. Please focus on a result that would not have happened without
SOLAS, and we are most interested in results of international collaborations. (If you wish
to include more than one highlight, feel free to do so).

1. Synthesis of the sea -ice ecosystem and associated ecosystem services

A key science highlight was produced under Canadian leadership and several
Canadian authors within the BEPSII research community and synthesises sea-ice
ecosystems and associated ecosystem services.

The 2021 synthesis of the sea-ice ecosystem and associated ecosystem

services highlights that: 1. The sea-ice ecosystem supports all four ecosystem
service categories; 2. sea-ice ecosystems meet the criteria for ecologically or
biologically significant marine areas (EBSAs); 3. global emissions driving climate
change are directly linked to the demise of sea-ice ecosystems and its ecosystem
services; and 4. the sea-ice ecosystem deserves specific attention in the evaluation
of marine protected area planning. The ongoing changes in the polar regions have
extreme impacts on sea-ice ecosystems and associated ecosystem services. While
the response of sea-ice associated primary production to environmental change is
regionally variable, the effect on ice-associated mammals and birds are predominantly
negative, subsequently impacting human harvesting and cultural services in both
polar regions. Conservation can help protect some species and functions. However,
the key mitigation measure that can slow the transition to a strictly seasonal ice cover
with climate change, reduce the overall loss of sea-ice habitats from the ocean, and




thus preserve the unique ecosystem services provided by sea ice and their
contributions to human-well being is a reduction in carbon emissions.
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Figure 1.1 Key examples of sea-ice ecosystem services. Examples for provisioning (P, yellow),
regulating (R, red) habitat/supporting (H, orange), and cultural (C, blue) ecosystem services provided
by polar sea-ice ecosystems: (1) Food supply to higher trophic level species and sea birds; (2)
Platform for birthing and neonatal care of higher trophic species; (3) Protection from predators for ice-
adapted species; (4) Habitat for sympagic algae, bacteria, grazers (ice, melt pond, slush
communities); (5) Brine drainage that exports salt (S), total alkalinity (TA), dissolved inorganic carbon
(DIC); (6) CO2 exchange; (7) Habitat and food supply for key foraging species (amphipods, Antarctic
krill, Arctic cod); (8) Emission of aerosol precursors for cloud condensation nuclei (CCN), including
volatile organic compounds (VOC) and dimethylsulfide (DMS); (9) Halogen oxidation via frost flowers
and snow; (10) Food supply for higher trophic level species (fish, seals, whales); (11) Carbon export
into the (deep) ocean; (12) Food supply to benthic species; (13) Fisheries and harvesting; (14) Nutrient
supply to pelagic phytoplankton; (15) Tourism; (16) Platform for human transport and subsistence
harvesting; (17) Spiritual connection and inspiration, science and exploration; (18) Nutrient exchange;
(19) Medicinal and genetic resources; and (20) all of the intangible, cultural, services that connect
coastal communities to the sea ice, such as spiritual experience and Indigenous and local knowledge.
From Steiner, NS, et al. 2021. Climate change impacts on sea-ice ecosystems and associated
ecosystem services. Elem Sci Anth, 9: 1. DOI: https://doi.org/10.1525/elementa.2021.00007

2. Observational evidence of changes inal bedo due to aerosol concentrations

As part of a fog study in June +July 2016 on the coast of Nova Scotia near Halifax, we
measured aerosol concentrations, liquid fog droplet concentrations and extinction,
which can be used to calculate visibility and cloud reflectivity. The study site was
primarily influenced by advection fog that formed offshore and was blown to the coast,
suggesting that our observations were reflective of fog formed over the ocean. We
found that the maximum droplet number concentration (Np) during a fog correlated with
the total number concentration in the pre-fog air with a slope of 0.011, suggesting that
1% of all particles end up as a cloud droplet. We also found that the calculated
reflectivity in the fog also correlated with the Np (Figure 1). The slopes calculated in
Figure 1 represent the susceptibility of a fog (or an equivalent cloud) to a change in Np
for a range of liquid water contents (LWC). By combining these two results, we
calculated that an increase in 1 particle / cm?® would result in an increase in albedo of
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3.8x10*in the observed range of LWC. This is the first observational study to quantify
changes in aerosol concentrations to albedo at any level of the atmosphere and
demonstrates the potential effect of changes in marine aerosol concentrations on
albedo, a strategy often discussed in geoengineering approaches.
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Figure 2.1 Calculated albedo (Rc) based on measured visibility as a function of fog droplet number
concentration (Np), color-coded by liquid water content (LWC). Slopes of linear fits for LWC ranges
and all LWC with 0<ND<15 cm are included in the legend and represents the fog susceptibility.
From Duplessis, P., Bhatia, S., Hartery, S., Wheeler, M. J., & Chang, R. Y.-W. (2021). Microphysics
of aerosol, fog and droplet residuals on the Canadian Atlantic coast. Atmospheric Research, 264,
105859. https://doi.org/10.1016/j.atmosres.2021.105859

3. Factors controlling marine aerosol size distributio ns and their climate
effects over the northwest Atlantic Ocean region

A global chemical transport model (GEOS-Chem) with an aerosol microphysics
algorithm (TOMAS) was used to interpret measurements collected from ship and
aircraft during the four seasonal campaigns of the North Atlantic Aerosols and Marine
Ecosystems Study (NAAMES) conducted between 2015 and 2018. Observations from
the NAAMES campaigns show enhancements in the campaign-median number of
aerosols with diameters larger than 3 nm in the lower troposphere (below 6 km), most
pronounced during the phytoplankton bloom maxima (May/June) below 2 km in the free
troposphere. Our simulations, combined with NAAMES ship and aircraft
measurements, suggest several key factors that contribute to aerosol number and size
in the northwest Atlantic lower troposphere, with significant regional-mean (40+ C 1
and 20+ C : FO&bedd aerosol indirect effect (AIE) and direct radiative effect
(DRE) processes during the phytoplankton bloom. These key factors and their
associated simulated radiative effects in the region in decreasing order of importance
include the following: (1) particle formation near and above the marine boundary layer
0%/ WRS $,( i 2 5P i . P); (2) particle growth due to marine
secondary organic aerosol (MSOA) as the nascent particles subside into the MBL,
enabling them to become cloud-condensation-nuclei-VL]HG SDUWLFOHYV 28, (

'5( i ;. P?); (3) particle formation and growth due to the products of dimethyl
VXOILGH DERYH DQG ZLWKI2Q "W(KH 0%/ B);(4) shigPemissions
$,( i P55 i : P); and (5) primary sea spray emissions (AIE:



https://doi.org/10.1016/j.atmosres.2021.105859

+0.04 W m2  '5( i . P). Our results suggest that a synergy of particle
formation in the lower troposphere (particularly near and above the MBL top) and
growth by MSOA contributes strongly to cloud-condensation-nuclei-sized particles with
significant regional radiative effects in the northwest Atlantic.

Accumulating Phase Bloom Maxima
wire. b © Foirame SN

MSOA ABLNUC

DMS

SHIPS

SS

Figure 3.1 GEOS-Chem-TOMAS simulated 2-month-mean cloud-albedo aerosol indirect effect (AIE)
attributed to five key factors. Top row: above-boundary-layer particle nucleation (ABLNUC); second
row: particle growth by marine secondary organic aerosol (MSOA); third row: particle formation and
growth due to DMS-oxidation products (DMS); fourth row: shipping emissions contribution to particles
(SHIPS); and bottom row: sea spray (SS). AIEs are in columns for the following time periods,
March/April 2018 (Accumulating Phase), May/June 2016 (Climax Transition, Bloom Maxima),
August/September 2017 (Declining Phase), and October/November 2015 (Winter Transition, Bloom
Minima). AIEs for ABLNUC, MSOA, DMS, SHIPS, and SS are calculated using the differences in the
top-of-the-atmosphere solar flux between simulation BASE and respective sensitivity simulations
(Nn0cABLNUC, noMSOA, noDMS, noSHIPS, noSS). Values shown are area-weighted-mean AIEs over
the region bounded by 40 460N and 20 $50W. The figure shows that the greatest AIE occurs during the
Bloom Maximum through the processes of ABLNUC and MSOA. From Croft, B., Martin, R. V., Moore,
R. H., Ziemba, L. D., Crosbie, E. C., Liu, H., Russell, L. M., Saliba, G., Wisthaler, A., Miiller, M., Schiller,
A., Gali, M., Chang, R. Y.-W., McDuffie, E. E., Bilsback, K. R., & Pierce, J. R. (2021). Factors controlling
marine aerosol size distributions and their climate effects over the northwest Atlantic Ocean region.
Atmospheric Chemistry and Physics, 21(3), 1889 #1916. https://doi.org/10.5194/acp-21-1889-2021

2. Activities/main accomplishments in 2021 (e.g., projects; field campaigns;
workshops and conferences; model and data intercomparisons; capacity building;
international collaborations; contributions to int. assessments such as IPCC;
collaborations with social sciences, humanities, medicine, economics and/or arts;
interactions with policy makers, companies, and/or journalists and media).
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1. New SCOR WG approved/funded with Canadian leadership and participating members:
Coupling of ocean-ice-atmosphere processes: from sea-Ice biogeochemistry to aerosols
and Clouds (Clce2Clouds) (N. Steiner co-chair)

2. Contribution to the IPBES-IPCC report on Climate Change and Biodiversity ( N.
Steiner)

$ &DQDGLDQ 16(5& SURMHFW LV LQYHVWLJDWLQJ &DC(
combination of model evaluations and observational synthesis. &DQDGDYV 0DUL
Sink project aims to develop methods of quantifying and predicting the absorption of
anthropogenic carbon by the three ocean regions adjacent to Canada. The project
networks graduate students, postdoctoral fellows, and academic and government
scientists, combining both observation and modelling focused scientists. In 2021, we met
monthly over Zoom to hear an update from one of our groups and engage in a lively
discussion about the science presented. Our graduate students and postdocs have
formed their own peer-to-peer discussion group, also meeting monthly, with a central aim
of producing a perspective paper on marine carbon sink issues within Canada from the
viewpoint of early career scientists (R. Hamme).

4. Canadian participation in the H2020 CRIceS project is aiming at improving our
understanding and model parameterisations of ocean-ice-snow-atmosphere exchange
processes in polar regions. Work and publications are in progress.

5. Analysis from the Halifax Fog and Air Quality Study showed that atomic chlorine
originating from sea salt aerosols can contribute an important part of the radical budget in
marine atmospheres influenced by anthropogenic emissions such as port cities (R.
Chang).

6. Aerosol samples were collected as part of the Surface Tracer Release Experiment
(TReX) where a surface water tracer, rhodamine-WT, was released in the St. Lawrence
Estuary off the coast of Rimouski, QC on September 5 +9, 2021. Bulk aerosol was
sampled every 12 hours and the mean size-resolved aerosol composition was measured
for the entire five days of the experiment. The goal of this work is to determine the
atmospheric impact of a possible contamination in the river spill as well as to constrain
sea salt aerosol flux (R. Chang).

7. Laboratory experiments were conducted with the Dalhousie Artificial Wave Tank to
determine the effect of surfactants on the sea spray aerosol size, number concentration,
chemical composition and ability to activate as cloud condensation nuclei. Results show
the addition of a surfactant reduces the size, concentration and CCN-activity of the model
primary marine aerosols (R. Chang).

3. List SOLAS -related publications published in 2021 (only PUBLISHED articles).
If any, please also list weblinks to models, datasets, products, etc.
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Cryosphere, Part 2, World Scientific, New Jersey, pp. 831-65, doi:
10.1142/9789811230134_0017. The Future? Big Questions about Feedbacks
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Invited Review.
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21-1889-2021

P. Duplessis, Bhatia, S., Hartery, S., Wheeler, M. J., & Chang, R. Y.-W. (2021).
Microphysics of aerosol, fog and droplet residuals on the Canadian Atlantic coast.
Atmospheric Research, 264, 105859. https://doi.org/10.1016/j.atmosres.2021.105859



https://doi.org/10.5194/bg-18-6271-2021
https://doi.org/10.3389/fmars.2021.690607
https://doi.org/10.1371/journal.pone.0256410
https://doi.pangaea.de/10.1594/PANGAEA.939831
https://doi.pangaea.de/10.1594/PANGAEA.939831
https://doi.pangaea.de/10.1594/PANGAEA.939831
https://doi.pangaea.de/10.1594/PANGAEA.939831
https://doi.org/10.1594/PANGAEA.939831
https://doi.org/10.1029/2021JD034812
https://doi.org/10.5194/acp-21-1889-2021
https://doi.org/10.5194/acp-21-1889-2021
https://doi.org/10.1016/j.atmosres.2021.105859

H. J. S. Fernando, Richter, D., Krishnamurthy, R., Wainwright, C., Lozovatsky, I.,

Grachev, A., Wagh, S., Wang, S., Dimitrova, R., Sharma, A., Bardoel, S., Gonzales,
E., Hyde; O., Creegan, E., Hocut, C., Chang, R., Nagare, B., Chisholm, N., Gultepe,
l., Pardyjak, ; E., Hoch, S., Gunawardena, N., Olson, A., Perelet, A., Morrison, T.,
Wang, Q., Alapattu, D., Yamaguchi, R., Ortiz-Suslow, D., Wauer, B., Dorman, C.,
*DEHU&HN 6 )ODJJ ' %XOORFN 7 UREOHdVNL (
Experiment - Towards Improving Coastal Fog Prediction. Bulletin of American
Meteorological Society, 102 (2), E244 £272 doi.org/10.1175/BAMS-D-19-0070.1

I. Gultepe, Heymsfield, A. J., Fernando, H. J. S., Pardyjak, E., Dorman, C. E., Wang, Q.,
Creegan, E., Hoch, S. W., Flagg, D. D., Yamaguchi, R., Krishnamurthy, R., *DE H U 3
S., Perrie, W., Perelet, A., Singh, D. K., Chang, R., Nagare, B., Wagh, S., & Wang, S.
(2021). A Review of Coastal Fog Microphysics During C-FOG. Boundary-Layer
Meteorology. https://doi.org/10.1007/s10546-021-00659-5

J. Maclnnis, Chaubey, J. P., Weagle, C., Atkinson, D., Chang, R. Y.-W. Measurement
report: The chemical composition of and temporal variability in aerosol particles at
Tuktoyaktuk, Canada, during the Year of Polar Prediction Second Special Observing
Period. Atmospheric Chemistry and Physics, 21(18), 14199 #14213.
https://doi.org/10.5194/acp-21-14199-2021, 2021.

4. Did you engage any stakeholders/societal partners/external research users in
order to co -produce knowledge in 20217 If yes, who? How did you engage?

Canadian scientists led the BEPSII policy brief, Biogeochemical Exchange
Processes at Sea-Ice Interfaces ~ https://bit.ly/2ZfYDp2, doi:
10.5281/zenodo.5595254)

SOLAS scientists contributed to Canada's application for Consultative Party status
in the Antarctic Treaty. Collaborative sea-ice research done within the context of
SOLAS-supported programs, including BEPSII, CATCH, and ECV-Ice, was
highlighted as evidence of Canadian contributions to Antarctic research. These
existing research networks were also tapped in the diplomatic outreach to
generate support for Canada's application among current Antarctic Treaty member
states.

" Presentations at COP26:

o L. Miller, Side Event on Carbon Conservation and Sequestration in Ocean:
Nature-Based And Technology Solutions. Invited speaker: Ocean Carbon:
The potential for the oceanic carbon sink to mitigate climate change.

o N. Steiner, Model projections of Arctic Ocean Acidification, Polar
Acidification Session, Cryosphere Pavillion

PART 2 - Planned activities for 2022 and 2023



https://doi.org/10.1175/BAMS-D-19-0070.1
https://doi.org/10.5194/acp-21-14199-2021

1. Planned major national and international field studies and collaborative
laboratory and modelling studies (incl. all information possible, dates, locations,
teams, work, etc.).

ECV-Ice intercalibration experiment. Field testing, validation, and intercalibration of
methods for measuring biological production and gases in sea ice. Collaborators
from Japan, Belgium, and Norway to be hosted in Canada at the Canadian High
Arctic Research Station (CHARS), Cambridge Bay, April £May 2022.

Intensive 2-year study of carbon sequestration with deepwater formation in Foxe
Basin, in the Canadian Arctic Archipelago, starting in 2023.

Measurements at a coastal site (likely on the Gulf of St. Lawrence) to study
seasonality of marine aerosols, June 2022 +May 2023.

Participation in a research cruise in the North Atlantic as part of the Fog and
Turbulence Interactions in the Marine Atmosphere led by Joe Fernando at
University of Notre Dame, July 2022.

Fog (cloud) measurements on Mt. Soledad as part of the Eastern Pacific Cloud
Aerosol Precipitation Experiment led by Lynn Russell at University of California
San Diego, Feb 2023 +Jan 2024.

2. Events like conferences, workshops, meetings, summer schools, capacity
building etc. (incl. all information possible).

BEPSII winter school at the Canadian High Arctic Research Station (CHARS),
Cambridge Bay, May 2022.

Ocean Frontier 2022 Climate Action Conference in Halifax, May 2022 (run by the
Ocean Frontier Institute)

3. Funded national and international projects/activities underway.

Climate Relevant interactions and feedbacks: the key role of sea ice and Snow in
the polar and global climate system (CRiceS). A European Union Horizon 2020
Framework Programme (J. Thomas, R. Makkonen, leads) with funded Canadian
participation by B. Else, N. Steiner, and L. Miller. International collaborative project
to integrate observational insights into climate and Earth system models. SOLAS
Themes 4, 5, and Integrated topic on Polar Oceans

Quantifying and Predicting Canada's Marine Carbon Sink, 2020-2022. Lead: R.
Hamme. NSERC Advancing Climate Change Science in Canada Program. SOLAS
Theme 1

A co-operative, multi-platform effort to observe marine biogeochemical processes
and address Arctic community research priorities, 2019-2022. Lead: B. Else.
ArcticNET. SOLAS Integrated topics on Polar Oceans and Science & Society

Fog and Turbulence Interactions in the Marine Atmosphere led by University of
Notre Dame (May 2021 +April 2026) involves understanding fog in the North
Atlantic and the Yellow Sea. Lead R. Chang. SOLAS Theme 4.




Eastern Pacific Cloud Aerosol Precipitation Experiment led by University of
California San Diego (Feb 2023 +Jan 2024) involves understanding aerosol-
cloud-precipitation interactions via measurements using the Atmospheric Radiation
Monitoring Mobile Laboratory facility on the Scripps Pier as well as complementary
measurements on a nearby mountain to capture cloud formation and properties.
Modelling and remote sensing activities will also take place. Lead R. Chang.
SOLAS Theme 4.

4. Plans / ideas for future national or international projects, programmes,
proposals, etc. (please indicate the funding agencies and potential submission

dates).
N.A.

5. Engagements with other international projects, organisations, programmes, etc.

N.A.

Comments

N.A.
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Report for the year 2025hnd future activities

SOLAS Taiwan
compiled by: Chon-LinLee and Hon -Kit Lui

JLUVW WKLQJV ILUVW«3OHDVH WHOO XV ZKDW athemtand futirdd \ |
SOLAS activities. ?

PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight

The scales and the numbers of tropical cyclones (TC) might increase under global warming, as a
warm surface ocean helps to intensify the TC. Understanding the role of the ocean on the
development of the TC is critical to have a more accurate forecast. Supertyphoon (STY) Haiyan
devastated the Philippines with ca. 6,000 deaths in 2013. In 2019, the STY Hagibis, also the largest
and the second-costliest typhoon on record in the Pacific (Mireille in 1991 rank s the first), poorly
damaged Japan.These two STY had the same striking feature that intensified rapidly after interacting
with the warm surface ocean. For instance, Hagibis explosively intensified from 60 to 160 knots in 24
hours, making it one of the fastest-intensifying typhoons ever observed.

This study summarized the work s related to the intensification of these two STY, suggesting that
extremely high prestorm sea surface temperature, deep and warm prestorm ocean heat content, fast
forward storm motion, small during-storm ocean cooling effect, significant thunderstorm activity at the
center, and rapid eyewall contraction were the critical factors for a TC to impressively intensify to be a
STY. Meanwhile, the induced cooling and slower eyewall replacement under size enlargement
hindered the TC intensification. Using Haiyan and Hagibis as examples, this study demonstrated the
factors controlling the rapid intensification of the STY, benefiting the study of the STY formation and
forecasting.
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Figure: Pre-TC sea surface temperature (2 days before category 1) for (a) Hagibis and (b) Haiyan, as
well as the (c, e) ocean heat content. Panel d shows the distributions of the satellite sea surface
height anomaly.

Citation: I.-I. Lin et al. 2021. A tale of two rapidly intensifying supertyphoons: Hagibis (2019) and
Haiyan (2013). Bulletin of the American Meteorological Society, 102 (9), E1645-E1664.

2. Activit ies/fmain accomplishmentsin 2021  (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international

collaborations; contributions to int. assessments such as IPCC; collaborations with social
sciences, humanities, medicine, econo  mics and/or arts; interactions with policy makers,
companies, and/orjournalists and media).

A one-year-based project From aerosols towards understanding of the influences of a harbor-
industry city on the air quality, climate changes, environmental ecosystem and their social impacts ~ of

the SOLAS in Taiwan has been funded by the Ministry of Science and Technology (MOST) of Taiwan
between 2021/8/1 and 2022/7/31.

Led by the Taiwan representative and the Aerosol Science Research Center at the National Sun Yat-
sen University, an integrated three-\HD U S U RA&i@S¢I0arid UOcean UHuman UAir - From the

characteristics of aerosols in a harbor-industrial-urban city to probe the impacts of air pollution

towards atmosphere and marine ecosystem and its social impacts~ ZDV VXEPLWWHG WR
end of 2021. The integrated 3-year proposal covers a wide range of research interests, such as
atmospheric chemistry, marine chemistry, marine ecosystem, management, social education, social
culture and interactions, popular science promotion « HW F




3. List SOLAS -related publications publishedin 2021  (only PUBLISHED articles ).
If any, please also list weblinksto models, datasets, products , etc.

1.

/LQ £, 5RJHUV 5 ) +XDQJ + & /LDR <& +HUQGRQ ' <)
UDSLGO\ LQWHQVLI\LQJ DXSHUW\SKRRQV +BXNEQMWLQ RIQ
OHWHRURORJLFDO 6RFLHW\

+XQJ .1 <XDQH&6& ( ,H ,5 <HK 0 - B6RRQJ . < HW
GLVWULEXW LLROX D) & ORQVSRUW RI DWPRVSKHULF VSHFLD
7DLZDQ 6WUDLW DQG 6RMPWR N SSKH.DLOF GHIY H D U FK

&KHQ 6 + +XDQJ & & .XR <& 7VHQJ <+ *X < (DUO
OLQHUDO 'XVOM R QQWMHUDFWLRQ RYHU 1RUWK $WODQWLF 2
ORGHBXUQDO RI *HRSK\V i RPR S K HDRWAK -

&KHQ + < DQG +XDQJ 6 = &RPSRVLWLRQ DQG VXS
VSHFLHV LQ GU\ DQG ZHW DWPRVSKHULF GHSRVLWLRQ 8\
WKH 2FHDQ V H{WHUQDO QLWURJHR® QW] QHA W DWK 8 KHODP B

7VHQJ </ :X & + <XDQ & 6 %DJWDVD * <HQ 3 FRPIE
RI FKHPLFDO FKDUDFWHULVWLFV DQG VRXUFH DSSRUWLRQ
DQG 7DLZO@®FH RI WKH 7TRWDO (QYLURQPHQW

4. Did you engage any stakeholders/societal partners/extemal research users inordertoco -
produce knowledge in 20 21? If yes, who? How did you engage?

PART 2 - Planned activities for 2022 and 2023

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. alli nformation possible, dates, locations, teams, work , etc.).

Aerosol ULand UOcean UHuman UAir (ALOHA) is the central theme of the SOLAS in Taiwan in

WKH FRPLQJ \HDUV :H H[SHFW WR V VABasWUVAKIHIOCXEE BHUvwiaN H G

Air (ALOHA) - From the characteristics of aerosols in a harbor-industrial-urban city to probe the
impacts of air pollution towards atmosphere and marine ecosystem and its social impacts ©~ R &
August 2022. Our members come from various departments, including National Universities,
Academica Sinica, National Museum of Marine Biology and Aquarium « HW F 6 2ihFéiwan
keeps strong collaborations with the UCSD, and we welcome international collaborations.

2. Events like conferences, workshops, meetings, summer schools , capacity building etc.
(incl. all information possible ).

Two to three regular meetings and workshops will be organized by the Taiwan representative in
2022. The upcoming meeting is scheduled in June of 2022 in the Taiwan Geosciences Assembly.

3. Funded national and international projects  /activities underway .




Fundings are expected to come mainly from the MOST of Taiwan, and partly from the National Sun
Yat-sen University, as well as different industry-academia cooperative research projects of the
participants.

4. Plans/ ideasfor future national or international  projects, programmes, proposals , etc.
(please indicate the funding agenciesand potential submission dates).

SOLAS in Taiwan works closely with the UCSD. Both sides are seeking the opportunity to have a

joint-international project. However, the progress is behind schedule since 2020 due to the
influence of the pandemic.

Worth mentioning, our core member, C.C. Wang (the director of the Aerosol Center of the National
Sun Yat-sen University), published two papers related to the aerosol and the spread of respiratory
viruses in Science with the co-authors in the UCSD between 2020 and 2021.

Wang, C. C.*, Prather, K.A*, Sznitman, J., Jimenez, J.-L., Lakdawala, S.S., TufekciZ., Marr L.C.
(2021): Airborne transmission of respiratory viruses, Science, 373, eabd9149.

Prather, K.A.*, Wang, C. C., Schooley, R. T. (2020): Reducing transmission of SARS-CoV-2,
Science, 368, 1422-1424.

The collaborations will keep going, and we welcome collaborations.

5. Engagements with other international projects, organisations, programmes , etc.

The integrated 3-year proposal includes the collaborations between Taiwan SOLAS and UCSD.
Parts of the proposal is planned to be conducted with the Atmospheric Aerosol Research Center,
UCSD.

Comments
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Report for the year 2021 and future activities

SOLAS China
compiled by: Huiwang Gao, Xianghui Guo, Chao Zhang, Yan Yang

This report has two parts:

- Part 1: reporting of activities in the period of January 2021 - Jan/Feb 2022
- Part 2: reporting on planned activities for 2022 and 2023.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overlap
between Themes or Cross -Cutting Themes.

1 Greenhouse gases and the oceans;

2 Air-sea interfaces and fluxes of mass and energy;

3 Atmospheric deposition and ocean biogeochemistry;

4 Interconnections between aerosols, clouds, and marine ecosystems;

5 Ocean biogeochemical control on atmospheric chemistry;

Integrated studies of high sensitivity systems;

Environmental impacts of geoengineering;

Science and society.

IMPORTANT: This report should reflect the efforts of the SOLAS community in the entire country
you are representing (all universities, institutes, lab, units, groups, cities).

JLUVW WKLQJV ILUVW«3OHDVH WHOO XV ZKDW Wufreint,éd flrideé G
SOLAS activities. ?

PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight

Describe one scientific highlight with a title, text (max. 300 words ), a figure with legend and full
references. Please focus on a result that would not have happened without SOLAS, and we are most
interested in results of international collaborations. (If you wish to include more than one highlight, feel
free to do so).




1) Title: Carbon Fluxes in the Coastal Ocean: Synthesis, Bound ary Processes and Future Trends
(Theme 1)

This review examines the current understanding of the global coastal ocean carbon cycle and provides
a new quantitative synthesis of air-sea CO2z exchange. This reanalysis yields an estimate for the globally
integrated coastal ocean CO2 1O0X[ RI i “ 3 J 1 &wittHdldr and subpolar regions
accounting for most of the CO2 removal (>90%). A framework that classifies river-dominated ocean
margin (RiOMar) and ocean-dominated margin (OceMar) systems is used to conceptualize coastal
carbon cycle processes. The carbon dynamics in three contrasting case study regions, the Baltic Sea,
the Mid-Atlantic Bight, and the South China Sea, are compared in terms of the spatio-temporal variability
of surface CO: partial pressure (pCOz). Ocean carbon models that range from box models to three-
dimensional coupled circulation-biogeochemical models are reviewed in terms of the ability to simulate
key processes and project future changes in different continental shelf regions. Common unresolved
challenges remain for implementation of these models across RiOMar and OceMar systems. The long-
term trends in coastal ocean carbon fluxes for different coastal systems under anthropogenic stress
that are emerging in observations and numerical simulations are highlighted. Knowledge gaps in
projecting future perturbations associated with before and after net-zero CO2 emissions in the context
of concurrent changes in the land-ocean-atmosphere coupled system pose a key challenge.
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Figure: Updated sea-air CO2 flux density (mol C m 2 year ) in the global coastal oceans (a); the shelf
surface area (gray bars), CO: flux density (color circles), and spatially integrated CO2 flux (red and blue
bars) estimated for the seven shelf classes and global shelves (b). Abbreviations: EBC, eastern
boundary current; Indian, Indian Ocean margins; marginal, marginal sea; WBC, western boundary
current.
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2) Title: High -frequency time -series autonomous observations of sea surface pCO2 and pH
(Theme 1)

With the aid of long-term high-frequency time-series observation, the changes detected in the coastal
carbon cycle would be constrained more accurately; more importantly, it could provide opportunities to
understand the impact of episodic events (e.g., typhoon) on seawater carbon chemistry and air-sea
CO:2 exchange which are usually impossible to be captured by shipboard surveys. Using data from time-
series observation by a moored buoy on the East China Sea shelf, this study investigated the seasonal
dynamics of sea surface CO:2 partial pressure (pCOz2), pH, and air-sea CO: flux and their controlling
mechanisms. The sea surface pCO:z and its associated air-sea CO: fluxes had the largest temporal
variations in summer and autumn due to the occurrences of frequent typhoon. The high wind stress and
curl associated with the northward movement of typhoon induced complex sea surface water
movement, vertical mixing, and subsequent biological drawdown, which differed in pre-, onset and post-
typhoon stages. The lateral surface seawater movement was significant during pre- and post-typhoon
periods when east and west wind prevailed, respectively, and vertical mixing was significant at the onset
of typhoon. This study also suggest that typhoons could potentially dominate the seasonal CO:
sink/source status although the period of typhoon perturbation was as short 4-5 days: the amount of
CO:2 emitted to the atmosphere during typhoon was twice as much as the CO:z uptake at the other time
in summer.
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Figure: Dynamics of wind and surface ocean during three stages of typhoon at the buoy site. Circled
cross denotes the direction (into the page) of typhoon pathway. Green shapes represent phytoplankton
and Chl a, grey circles represent biological-sequestered organic carbon (Corg). Stage I: east wind
prevails and drives the westward movement of offshore surface water; Stage Il: strong wind promotes
vertical mixing and hence CO: outgassing; Stage IIl: west wind prevails and drives the eastward
movement of CRP, meanwhile, the reinvigoration of primary production drawdowns CO:2 from the
atmosphere.

Citation: Wu, Y.X., M.H. Dai, X.H. Guo, J.S. Chen, Y. Xu, X. Dong, JW. Dai and Z.R. Zhang, 2021,
High-frequency time-series autonomous observations of sea surface pCO:z and pH, Limnology and
Oceanography, 66, 588-606. doi: 10.1002/In0.11625.

3) Title: Mapping gaseous dimethylamine, trimethylamine, ammonia, and their particulate
counterparts in the marine atmosphere RI &KLQDYV PDUJThéne@, YHDV

To study sea-derived gaseous amines, ammonia, and primary particulate aminium ions in the marine
atmosphere RI &KLQDYV PDUJLQDO VHDYV -9000Q ARQi&R Ddd GMoBitwr-lon
Chromatograph (AIM-IC, Thermo Fisher) was set up on the front deck of the R/V Dongfanghong-3 to
semi-continuously measure the spatio-temporal variations in the concentrations of atmospheric
trimethylamine (TMAgas), dimethylamine (DMAgas), and ammonia (NHsgas) along with their particulate
matter (PMzs) counterparts. The data obtained from the cruise and coastal sites demonstrated that the




observed TMAgas and protonated trimethy-lamine (TMAH*) in PMzs over the Yellow and Bohai Seas
overwhelmingly originated from marine sources. The observed TMAH* in PM2s was overwhelmingly
derived from primary sea-spray aerosols. Using TMAgas and TMAH* in PMzs as tracers for sea-derived
basic gases and sea-spray particulate aminium ions, the values of non-sea-derived DMA gas, NHz gas,
and non-sea-spray particulate DMAH* in PMzs were estimated. The estimated average values of each
species contributed 16%, 34%, and 65% of the observed average concentrations for non-sea-derived
DMA gas, NHs gas, and non-sea-spray particulate DMAH* in PMas, respectively. Uncertainties
remained in the estimations, as TMAH* may decompose into smaller molecules in seawater to varying
extents. The non-sea-derived gases and non-sea-spray particulate DMAH* likely originated from long-
range transport from the upwind continents based on the recorded offshore winds and increased
concentrations of non-sea-salt SOs ' (nss-SO4 ) and NHa4* in PM2:s. The lack of a detectable increase
in particulate DMAH*, NH4*, and nss-SOs ' concentrations in several SO2 plumes did not support the
secondary formation of particulate DMAH* in the marine atmosphere.
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Figure: Correlations of DMAgas and NHzgas with TMAgas and time series of the calculated DMAgas” and
NHsgas*. (&) DMAgas vS. TMAgas; (b) NHsgas vS. TMAgas; (€) DMAgas”; (d) NHasgas®. The color bars in panels
(c) and (d) represent the percentages of transported DMAgas* and NHsgas” in each corresponding
observed value.

Citation: Chen, D.H., Y.J. Shen, J.T. Wang, Y. Gao, H.W. Gao and X.H. Yao, 2021. Mapping gaseous
dimethylamine, trimethylamine, ammonia, and their particulate counterparts in marine atmospheres of
China's marginal seas #Part 1: Differentiating marine emission from continental transport. Atmospheric
Chemistry and Physics, 21(21), 16413-16425, doi: 10.5194/acp-21-16413-2021.

4) Title: Atmospheric deposition promotes relative abundances of high -DMSP producers in the
western North Pacific (Theme 3, 4)

Haptophytes and  Dinoflagellates are two cosmopolitan algae  associated  with
dimethylsulfoniopropionate (DMSP) synthesis, which regulates the marine biogenic flux of dimethyl
sulfide (DMS) to the atmosphere with potential effects on global climate. Attempting to reveal the
potential impact of atmospheric deposition on the growth of high-DMSP producers, four bioassay
experiments were conducted in the western North Pacific (WNP) by adding aerosols, nutrients, and
trace metals. Our results showed that the percentage of high-DMSP producers increased substantially
from coastal seas (<1%) to the open ocean (yl7%) with the dominance of Dinophyceae and
Haptophyceae, respectively. Aerosol additions largely increased the percentage of high-DMSP
producing species in the subtropical gyre of WNP. Specifically, atmospheric dissolved inorganic
nitrogen, soluble Cu and Fe promoted Dinophyceae taxa, Chrysochromulina, and Phaeocystis and E.
huxleyi, respectively. It is very likely that atmospheric deposition could lift the relative abundance of
high-DMSP producers in the vast oligotrophic oceans and potentially contribute to the climate change.
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Figure: Increase of percentages of high-dimethylsulfoniopropionate (DMSP) producers with the
increasing dissolved inorganic nitrogen concentrations in the late period (Day 3) of Huaniao Island (HN)
(a), on the Chl-a peak days in Taiwan Strait (TWS) ; (b), and North Pacific Subtropical Gyre (NPSG)
(c); RDA plots of high-DMSP producing species, nutrients/metals and treatments in HN (d), TWS (e)
and NPSG (f). * as high-DMSP producing species struggled in the coastal HN, unlike relatively
oligotrophic TWS and extreme sterile NPSG, we chose the late period of HN incubation to ensure their
proportion. Three sites were illustrated separated because of their discrepant biomass and algae
composition.
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5) Title: Non -marine sources contribute to aerosol methanesulfonate over coastal seas (Theme
4)

Methanesulfonate (MSA) in the marine boundary layer is commonly considered to be solely contributed
by the oxidation of ocean-derived dimethyl sulfide (DMS) and often used as an indicator of marine
biogenic sources. But whether this judgment is valid in coastal seas and how the validity is affected by
air mass transport history have been less discussed. Based on multi-year observations of aerosol MSA
in the coastal East China Sea (ECS) and the Gulf of Agaba (GA), as well as the analysis of air mass
transport pattern and exposure to ocean surface phytoplankton biomass, we found that terrestrial
sources made a non-negligible contribution to MSA over the ECS but not over the GA. The abundant
MSA in winter over the coastal ECS was likely associated with substantial emissions of volatile organic
sulfur compounds from both anthropogenic and natural sources in eastern China and significant
terrestrial transport influenced by the East Asian Monsoon. Good correlations between aerosol MSA
and air mass exposure to surface phytoplankton biomass were established by removing the influence
of terrestrial transport and confining the air transport height within boundary layer, which makes it
possible to construct parameterizations for obtaining the spatiotemporal distributions of marine biogenic
aerosol components using satellite ocean color datasets.
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Figure: Correlation coefficient (Pearson's) matrix of MSA concentration and air mass exposure to Chla
(AEC) in different RL and RwmsL ranges for (a) Huaniao Island (HN) and (b) the Gulf of Agaba (GA). The
gray grids represent that the valid data numbers are less than nine. The scatter plots show the
relationships between MSA concentration and AEC when marine air masses were mainly under the
boundary layer (RveL > 0.9) in different seasons for (c) HN and (d) the GA. The lines and shaded regions
show the linear regressions and 95% confidence intervals.
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=KDQJ ARQLQH 6RXUFHV &RQWULEXWH WR $HURVRO OHWKI
RI *HRSK\VLFDO 5HVHDUFK $WPRVSKHUHV H - g
2. Activities/main accomplishments in 2021 (e.g., projects; field campaigns; workshops and

conferences; model and data intercomparisons; capacity building; international
collaborations; contributions to int. assessments such as IPCC; collaborations with social
sciences, humanities, medicine, economics and  /or arts; interactions with policy makers,
companies, and/or journalists and media).

- &UXLVHV DQG ILHOG H[SHULPHQWYV

1) Time-Series

Time Location Parameters investigated Theme
May 13-June 3, | Huaniao Aerosol chemical compositions, 3-5
2021 Island aerosol optical properties, trace gases,
(122.67°E, airborne microorganisms.
30.86°N)
2) Cruises
Time Location Activities Theme




East China The biogeochemical cycle and climate
Spring, 2021 Sea and effects of DMS, CH4 and N20 were 1,3
Yellow Sea systematically studied.
. Bohai and Parameters invesjtigated include
April, 2021 vellow Seas chemical compositions of aerosols, 3-5
POC and marine phytoplankton.
Parameters investigated include
aerosol chemical compositions,
. East China airborne microorganisms, _
April 17-May 5, d phytoplankton and marine bacteria 3.5
2021 Sea an species. The response of seawater
Yellow Sea ; ; I
bacteria to atmospheric deposition
was studied by onboard mesocosm
experiments.
The distributions, air-sea fluxes and
biogeochemical cycles of trace gases
May 13-Jun. 11, | Western (i.e. CH4, N2O, DMS, Halogens), 1 3.5
2021 North Pacific | chemical compositions of aerosols, '
alkaline phosphatase activities and
marine phytoplankton were studied.
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11)

6HOHFWHG 3URMHFWYV

1DWLRQDO .H\ 5HVHDUFK BO®JWIYP GRRSEKIQQD %LRIHRFKHE
&OLPDWH (IIHFW RI ODULQH %LRJHQLF 7UDFH *DVHV LQ WKH
/JHDGLQJ 3, *XLSHQJ <DQJ DW 2FHDQ 8QLYHUVLW\ Rl &KLQD

1IDWLRQDO .H\ 5HVHDUFK DQG 'H®WKQRSP HRW GIIRIDMIPRRI D Q
ODULQH %LRJHQLF $FWLYH *DVHV LQ WKH $WPRVSKHUH/PDG
3, <LQJ &KHQ DW )XGDQ 8QLYHUVLW\ 7KHPH

1IDWLRQDO .H\ 5HVHDUFK DQG 'HYHORSPHQW 3URIWDRQRRI
3DUWLFOHYV DQG WKHLU &KDUDFWHULVWLFV DW 6LQJOH 3DU
$UHDV /JHDGLQJ 3, %LQJELQJ :DQJ DW ;LDPHQ 8QLYHU

1IDWLRQDO 1DWXUH B6FLHQFH )RXQGDWLRQRMHEWLQDIHE&)E
SHDFWLRQV IRU $WPRVSKHULF 2UJDQLF $FLG RQ 'HSRVLWLR
/JHDGLQJ 3, %LQJELQJ :DQJ DW ;LDPHQ 8QLYHUVLW\ 7

16)& *HQHUDO 3URMHFW 9DULDWLRQ RI $EWQEPWRHHDR
OLFURRUJDQLVPV DQG $IIHFWLQJ OHFKDQLVP RYHUHDGH QD \3
&KHQ DW )XGDQ 8QLYHUVLW\ 7KHPH

16)& ,QQRYDWLYH 5HVHDUFK *URXS 1LWURJHQ &\FOH/ KRG
6KXKL .® DW ;LDPHQ 8QLYHUVLW\ 7KHPH

16)& *HQHUDO 3URMHFW &KDUDFWHULVWLFV RI $WPRVSKH
DQG ,WV (IIHFW RQ 3K\WRSODQNWRQ *URZWK LQ W K/H{ DARKJ
+XLZDQJ *DR DW 2FHDQ 8QL YHKWPIHW\ RI &KLQD

16)& .H\ 3URMHFW 6RXUFH DQG 6LQN Rl 9RODWLOH +DORJHQ
6HD DQG WKH <HOORZ 6HD DQG 7KHLU ,QIOXHQFH3, RLBKID
DW 2FHDQ 8QLYHUVLW\ RI &KLQD 7KHPH

16)& ODMRU WURBIF.E21 )L[DWLRQ DQG ([SRUW LQ WKH)ROLJR
JHDGLQJ 3, OLQKDQ 'DL DW :LDPHQ 8 QUQHUW\RLQNWP\H Q TAKDH
JHRHQJLQHHULQJ 7KLV LV D 62/$6 HQGRUVHG SURMHFW

16)& <RXWK 3URMHFW ,PSDFWH8R$MPLRR/G KHU WKH 8WLOL]D
3KRVSKRUXV E\ 3K\WRSODQNWRQ LQ WKHDEHQORBZ GHKIDR =KI
8QLYHUVLW\ RI &KLQD 7KHPH

16)&6KDQGRQJ -RLQW )XQG 3URMHFW ,PSDFWV RI $WFORWS




(FRVA\VWHP LQ WKH &RDVWDO :DWHUV RI 6 KDHPGR@JI 3Y R¥ X QA
2FHDQ 8QLYHUVLW\ RI &KLQD 7KHPH

12) 16)& *HQHUDO 3URMHFW B6WXG\ RQ WKH 6RXUFH 'LVWULEXW
&6 LQ WKH &RQKHMHEHWDIORI (DVWHUQ &KILQDXLSHQJ <DQJ
8QLYHUVLW\ RI &KLQD 7KHPH

13) 16)& .HSURMBRWUFHOMQXR2 LQ WKIKRMWRIOMH RI WKH 1IRUWKZHVW
/IHDGLQJ 3,-L6KDRKDW ;LDPHQ 8QLYHUVLW\ 7KHPH

14) 16)& *HQHBODRMHFRNVLFRFKIERDEDGEWHUL]DWBERYLWEBOQDRO H [
(INLFLHGMPRIVSBHUWRHFOHY RYHU 6RXWK &KIOHIDGHQJ 3, %L
DWDPHQ 8QLYHUVLW\

15) 16)&6SALBORMIBMAD FDUERQXI®XHWVDBG XQFHUWDLQWLHV L(
OHDGLQJ 3, ;LDQJKKXL *XR DW ;LDPHQ 8QLYHUVLW\

- ,QIUDVWUXFWXUH

1IDWLRQDO 2EVHUYDWLRQ DQG 5HVHDUFK 6WDWLRQ IR0$WKHK]
EHHQ DSSURYHG DV D QDWLRQDWUWWD \EERQEIHWXHG 7H MK B ROR
RI &KLQD LQ 0L6OB5RQ, WV7SULPDU\ JRDOV BVHH RV R KIDGD Ul VI
HFRV\WWHPV DQG LWV GULYLQJ PHFKDQLVPV LQWHJUDWH G \P¥
XSZHOOLQJV VXEWURSLFDO ED\ DQG FRDVWDO ZHWODQG HF
SURFHVVHV DQG UHVSRQVHV RI WKH HFRV\WWHPV XQGHU WKH
DFWLYLWLHY WR SURYLGH LPSRUWDQVS S\WRAULW QMR | HB \DXQG! W/H!
HFRV\WWHPV DQG WKH HQYLURQPHQW DQG SURPRWH VXVWDL(

New deep-sea research vessel (Dong-Fang-Hong 3, delivered to Ocean University of China in 2019)
with the capacity of SOLAS researches has carried out scientific expeditions in the western Pacific
ocean in 2021.

- ,QWHUQDWLRQDO LQWHUDFWLRQV DQG FROODERUDWLRQV
&RQIHUHQFH SUHVHQWDWLRQV

Minhan Dai. Potential synergies between mitigation and adaptation for the ocean sink and how to
evaluate opportunities and tradeoffs. 13t Meeting of the United Nations Framework Convention on
Climate Change (UNFCCC) Subsidiary Body on Scientific and Technological Advice (SBSTA)
Research Dialogue. June 1-2, 2021. Online (Invited talk)

Shenggian Zhou. The spatiotemporal distributions and future changes of global sea surface dimethyl
sulfide. The 7t Youth Scientist Forum of Earth Science. July 10, 2021.Guiyang, China (Oral talk)

Minhan Dai. Coastal zones under intensifying human activities and changing climate: A regional
programme integrating science, management and society to support ocean sustainability (Coastal-
SOS). Life Science Across the Globe. September 1, 2021. Online (Invited talk)

Minhan Dai. Carbon fluxes in the coastal ocean: Synthesis, boundary processes and future trends. 3™
International Workshop on Surface-Earth System Science. September 27-28, 2021. Tianjin, China.
Online (Plenary talk)

Minhan Dai. Carbon fluxes in the coastal ocean: Synthesis, boundary processes and future trends. 7t
International Conference on Estuaries and Coasts. October 18-21, 2021. Shanghai, China. (Plenary
talk)

Shijie Jia. The distribution and diversity of antibiotic resistance genes in aerosols between a coastal site
and marine sites. PICES-2021 Annual meeting. October 25-29, 2021. (Recorded oral)

Qing Wang, The response of phytoplankton in the oligotrophic and eutrophic waters of the Yellow Sea
to the addition of haze in spring. PICES-2021 Annual meeting. October 25-29, 2021. (Recorded oral)

Jiao Wang. The concentrations and depositions of atmospheric particles nutrient into the China adjacent
seas. PICES-2021 Annual meeting. October 25-29, 2021. (Recorded oral)




Minhan Dai. Ocean-based Carbon Dioxide Remonal (CDR): Techniques, potentials and research
needs. UN Climate Change Conference (COP 26) Side Event +Carbon conservation and sequestration
in ocean: nature based solutions and other marine processes. November 6, 2021. Glasgow, Scotland.
Online.

Shenggian Zhou. The contribution of non-marine sources to aerosol methanesulfonate over coastal
seas. The 27" Conference on Atmospheric Environmental Science and Technology of China, Session
10 =Marine aerosol. November 17, 2021. (Live oral)

2) Conference & meetings organized

Initiated and organized by MEL since 2014, the serial international conference, the Xiamen Symposium
on Marine Environmental Sciences (XMAS) celebrated its fifth iteration from January 11-14, 2021 online
and offline. The theme of the conference was "How Multidisciplinary Sciences Can Serve a Sustainable
aQG +HDOWK\ 2FHDQ ,Q UHVSRQVH WR WKH 81 'HFDGHITV FD
'HFDGH RI 2FHDQ 6FLHQFH IRU 6XVWDLQDEOH '"HYHORSPHQW’
under the UN Decade. Chief Engineer Zhanhai Zhang, Director of the Department of International
Cooperation, Ministry of Natural Resources of China, IOC Executive Secretary Vladimir Ryabinin, and
other experts held fruitful discussions in the forum. The experts shared related scientific projects to
support the implementation of the UN Decade and discussed how stakeholders can effectively
participate in and address the challenges they face. The forum was reported on by National Science
Review, a top academic journal.

Huiwang Gao and Guiling Zhang along with other three scholars from different countries convened the
WRSLF VHVVLRQ R&them Rap&sKibhlahd-Microbial Community Responses, and Predictions
IRU WKH )XWXUH LQ WKH 1RUWR02DAnhUALl Me@th¢1DQ” LQ 3,&(6

3) Contribution to international initia  tives

The Surface Ocean-Lower Atmosphere Study (SOLAS) International Project Office + China was
officially launched in Xiamen. Minhan Dai was elected as Co-Chair of the SOLAS Scientific Steering
Committee.

Minhan Dai is one of the major authors of the report Integrated Ocean Carbon Research: A Summary
of Ocean Carbon Research, and Vision of Coordinated Ocean Carbon Research and Observations for
the Next Decade which was published by the Intergovernmental Oceanographic Commission of
UNESCO (UNESCO-IOC) in April 2021.

Minhan Dai is engaged in REgional Carbon Cycle Assessment and Processes-2 (RECCAP2) which is
an activity of the Global Carbon Project with a number of partners. The objectives of RECCAP2 are: 1)
to quantify anthropogenic greenhouse gas (GHG) emissions, 2) to develop robust observation-based
estimates of changes in carbon storage and greenhouse gas emissions and sinks by the oceans and
terrestrial ecosystems, distinguishing whenever possible anthropogenic vs. natural fluxes and their
driving processes, 3) to gain science-based evidence of the response of marine and terrestrial regional
GHG (CO2, CH4, N20) budgets to climate change and direct anthropogenic drivers. To address these
objectives, RECCAP2 will design and perform a set of global syntheses and regional GHG budgets of
all lands and oceans, and explore mechanisms by which to deliver regular updates of these regional
assessments based on scientific evidence, considering uncertainties, understanding of drivers, and
retrospective analysis of recent trends.

Minhan Dai as a member of the Expert Group of the High Level Panel for a Sustainable Ocean Economy
(HLP) endorsed the Statement by the High Level Panel for a Sustainable Ocean Economy at COP26
(https://www.oceanpanel.org/news/hlp-cop-leaders-statement). The statement spoke to both the
urgency of action as well as the opportunity that exists within the ocean economy to reduce emissions
and improve resilience.

Xianghui Guo is a member of Session of Carbon and Climate (S-CC), North Pacific Marine Science
Organization (PICES)



https://www.oceanpanel.org/news/hlp-cop-leaders-statement

Minhan Dai is a member of GOOS Task Team ocean indicator framework which is an activity support
the GOOS Expert Panels (lead: GOOS Physics and Climate Panel) to develop a global ocean
monitoring indicator framework to serve as a standardized means of monitoring global ocean changes
and trends, identifying knowledge gaps and observations needs, and facilitating communication on the
state of the ocean.

Gui-Peng Yang is full member of International SCOR Sea Surface Microlayer Working Group.
4) International collaborations

Ocean University of China and University of East Anglia have established a sustained and stable
relations of collaborations, covering the exchange of undergraduate and graduate students.

- 5HVHDUFK )URQW LQ (QYLURQPHQWDO &KHPLVWU\

<LQJ &KHQ DW )XGDQ 8RQYKIDIVEWDQOHOGW 2FHDQ 8QLYHUVLW\ R
JURQW HPOWWWOHXRG &KHPLVWU\ RI ODULQH %LRJHQ FIFQ9R/® Bl W
MRXUQDO (QYLURQPHQWDO &KHPLVWU\

- +XPDQ GLPHQVLRQV RXWUHDFK FDSDAXHPEXQWD GIMWF SXEQO

The 10t XMU Ocean Science Day was held virtually in 2021, targeting different groups through several
short films and courses, allowing the general public a glimpse of what life is like as an ocean scientist.

3. List SOLAS -related publications published in 2021 (only PUBLISHED atrticles).
If any, please also list weblinks to models, datasets, products, etc.

Selected P ublications
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ERXQGDU\ SURFHVVHV DQG IXWXUH WUHQGYV $QQXDO 5HYLH
RUJ D Q GDDWHAYK
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*X ;- ) &KHQJ ;/ &KHQ *:; 'X DQG */ =KDQJ 'LV

K\GUR[\ODPLQH LQ WKH 6RXWK(BWWORKKZL @ H D6 DI G5 XWKHJ HDUC
SURGXFWLRQ DQG HPLVVLRQ )URQWLHU ODULQH 6FLHQFH

+DQ < = +H DQG * 3 <DQJ 'LVWULEXWLRQV RI YRODMW
DFLGLILFDMWKHRIQ BYURGXFWLRQ LQ FRDVWDO ZDWHUV RI &KLQ

/L & ; . &KHQ ; 6XQ % ' :DQJ * 3 <DQJ < /L DQG / /LX
VHDLU IOX[HV RI YRODWLOH KDOR FID WERD ¥ RDWK K X $RMLD B F W
6FLHQFH Rl WKH 7TRWDO (QYLURQPHQW

/L */ < &KHQ * 3 <DQJ DQG = +H 'LVWULEXWLRQV R
DWPRVSKHUH DQG VHDZDWHU RI WKH QR WRKKIRPUQWRXWK &KLQI
/L +: 64 =KRX <& =KX 5) =KDQJ )+ :DQJ < %DR DQ

'HSRVLWLRQ 3URPRWHV 5HODWLYHP $BEXQOG\DXQFIHRQ LRISYRIK R Q[
"HVWHUQ 1RUWK 3DFLILF *HRSKWWFHD® 5HVHDUFK /[H/
*
/
JL +: < &KHQ 6 4 =KRX )+ :DQJ 7 - <DQJ <& =KX DQG 4
SK\WRSODQNWRQ JURXSV LQ WKH HXWURSKLF FRDVWDO VHDWA
(QYLURQPHQW



https://doi.org/10.1016/j.scitotenv.2021.145715

/L -/ ; =KDL <& :X - :DQJ + + =KDQJ DQG * 3 <DQJ

RI OLJKW DONHQHV IURP WKH PDUJLQDO VHDV RI &KLQD 6FLH
/IL < = +H * DREOBQE: =RX 6SDWLDO GLVWULEXWLRQ DQGAd
LRGLGH LQ WKH <HOORZ 6HD DQG WKH (DVW &KLQD 6HD GXULQ
:DQJ * 6 6 3 6KHQ < &KHQ < %DL + 4LQ % &KHQHDVLXER
UHFRQVWUXFWHQEBEDWKHVBEDVY®RUIDFH SDUWLDO SUHVVXUH RI
REVHUYDWLRQV RYHU WKH 6RXWK &KLQD 6HD (DUWK 6\¢R
RUJ HVVG
;X < 0 'DL ; *XR - &KHQ < ;X ; 'RQJ - 'DL DQBTXHXRYQNL
DXWRQRPRXV REVHUYDWBRDNV @3 SHD/VRUQRPOHR I\ DQG 2FHDQRJ
;X ) <DQ 6 % + + =KDQJ <& X QU<*08® =KD@OR DQG * 3
2FFXUUHQFH DQG F\FOH RI GLPHWK\O VXOILGH LQ WKH ZHVWH

GRL OQR
‘X = - 64 =KRX <& =KX DQG < &KHOQ LI MRXUFW FRDWI
DHURVRO DPLQLXPV RYHU D FRDVWDO FLW\ DQG DGMDFHQW PD

GRL (1

<DQJ : ; *XR = &DR < ;X [/ :DQJ [/ *XR 7 +XDQJ < /L <
6HBRQDO G\QDPLFV Rl WKH FDUERQDWH V\VWHP XQGHU FRPSO
VKHOI 7KH QRUWKHUQ 6RXWK &KLQD 6HD 3URJUL
GRL RUJ M SRFHDQ

Zhang, C., Z.B. Shi, J.R. Zhao, Y. Zhang, Y. Yu, Y.C. Mu, X.H. Yao, L.M. Feng, F. Zhang, Y.G. Chen,
X.H. Liu, J.H. Shi, HW. Gao. Impact of air emissions from shipping on marine phytoplankton growth.
Science of the Total Environment, 2021, 769, 145488, doi: 10.1016/j.scitotenv.2021.145488.

=KDR + 0-'DDQ ; =KDR = /X / /LDQJ = /LX - 6X DRBL®
S&2 G\QDPLFV LQ WKH QRUWKHUQ 6RXWK &KLQD 6HD GXULQJ
2FHDQRJUDSK\ GRL RUJ M SRFHDQ

=KRX 6 4 < &BEB\QVDQ + : /L )+ :DQJ <& =KX 7 - <DQJ <
I1RQODULQH 6RXUFHV &RQWULEXWH WR $HURVRO OHWKDQH
*HRSK\VLFDO 5HVHDUFK $WPRVSKHUHV H - GRL

=RX <: = +H & < /LX 4 4 4L *3 <DQJ DQG 6 + ODR &R
LQ WKH <HOORZ 6HD DQG (DVW &KLQD 6HD GXULQJ ZLQWHU 6S
RQ WKH HRPH\®HDWHG UHDFWLRQV3RQUKWREPHQW D

ILQNV WR PRGHOV DQG GDWDVHWYV

1. $Q DUWLILFLDO QHXUDO QHWZRUN $11 PRGHO IRU
KWWSV JLWKXE FRP 64=KRX 6HDBVXUIDFHB'0O6BVLPXODWL
2. *OREDO VHD VXUIDFH '06 FRQFHQWUDWLRQ DQG IOX[ JULGGH
PRGHKOWWSY GRL RHQRGR ]

4. Did you engage any stakeholders/societal partners/external research users in order to co -
produce knowledge in 20217 If yes, who? How did you engage?

/HG E\ ;LDPHQ 8QLYHUVLW\ WKH MRLQW LQLWLDWLYH RI 3&RDYV
Changing Climate: A Regional Programme Integrating Science, Management and Society to Support
2FHDQ 6XVWDLQDEL EDB) has Be2i$ énddrsed by the UN Decade as a decade project in
Oct., 2021. The official COASTAL-SOS launch session was held on 26 Nov, 2021, during the UN Ocean
Decade Kickoff Conference for the Western Pacific and its Adjacent Seas. The International Project
Office was officially launched in Xiamen.

COASTAL-SOS partners cross-sectorial stakeholders, including leading academic institutions,
industrial enterprises, foundations, and nongovernmental /intergovernmental organizations
(NGO/IGOs) non-profit and non-governmental organizations from Eastern Asian countries, to enable
the advancement of scientific understanding of critical coastal ocean health issues. The aim is to
transform this scientific knowledge to provide solutions, including improved and integrated management
strategies, and to empower industry towards adopting best practices in ocean usage.



https://github.com/SQZhou95/Sea_surface_DMS_simulation_using_neural_network
https://doi.org/10.5281/zenodo.5062438

PART 2 - Planned activities for 2022 and 2023

1. Planned major national and international field studies and collaborative laboratory and

modelling studies (incl. all information possible, dates, locations, teams, work, etc.).

- Cruises for the investigation of seasonal variations of DMS, CO, volatile halocarbons, and non-
methane hydrocarbons are planned in the Yangtze River Estuary.

- There will be a cruise in May to the Northwest Pacific, which aims to examine carbon fixation

and export, or the biological pump in general, regulated by differently sourced nutrients including

macronutrients (i.e., N, P, Si) and micronutrients (e.g., Fe).

7KHUH ZLOBJEW®WIDUL QJ FUXLVH WR WKH 1RUWKZHVW 3DFLIL

'RQJIDQJKR@IWKH QH[W IHZ \HDUV ZKLFK LV FQRR\GROH6UH

16)&6KLSWLPH 6KDULQJ 3URMHFW LQFOXGLQJ IRXU VHDVR

VHDV ZKLFK FRYHUV ILYH WKHPHV RI 62/%6

2. Events like conferences, workshops, meetings, summer schools, capacity building etc.

(incl. all information possible).

- 7TKHWKLDPHQ 6\PSRVLXP RQ ODULQH (QYLURQPHQALD® &H,
;LDPHQ I-DROPXD U\ WR 9, ;D660 IRPXOWRQLVFLSOLQD,
6FLHQFHYV IRU D 6XVWDLQDEOH DQG +HDOWK\ 2FHDQ

3. Funded national and international pro  jects/activities underway.
- 16)& ,QQRYDWLYH 5HVHDUFK *URXS 1LWURJHQ &\FOH/MKDG
3, 6KXK.DR DW ;LDPHQ 8QLYHUVLW\ 7KHPH

- 16)& *HQHAWRMHEAKWUDFWHULVWLFV Rl $WPRVSKHULF 'HSRV
DQG ,WV (IIHFW RQ 3K\WRSODQNWRQ *URZWK LQ WHKHDBGR®
+XLZDQJ *DR DW 2FHDQ 8QLYHUVLW)\ RI &KLQD 7KHPH

- 16)& .H\ 3URGRIMWH DQG 6L\ NIR)RRCIMWBQ@RP SRXQGV LQ
&KLQD 6HD DQG WHKB RPRGORZOXHQFHV (RYLWKEPHQW 3,
*XLSHQJ PMEHDQ S8QLYHUVLWKHRR R KLQD

- 16)& ODMBRURMHEFDE %21 )L[DWLRQ DQG A0SR BEW WRERMIKH& D)Y E
/JHDGLQJ 3, OLQKDQ 'DL DW ;L7IKAHHP® 8QLYH QWU
LPSDFWV RI JHRHQJLQHRIA$IEQHQ GIRUWVHIG/ DURMHFW

- 16)& <RX3WRMHF®DF$WRRVSKHSRNLWLRQWRQ LWKWN VK@ CRUH B ¢
3KRVSKRUKYWERSODQNWRQ LQ WKH <HQ®RELERRDRKDQJ DW
8QLYHUVLW\ RI &KLQD 7KHPH

- 16)&6KDQGRQJ -RIBQVRNXB®DFWWPRVSKHSRN LW L RQ/4RD O LW
(FRV\VWHPE&RQ@ WKIMIHUV Rl 6KDQGRQJ 3URYIHDRGLQJ 3, +XL
DW 2FHDQ 8Q L&KILLQDKWMP R |

- 16)& *HQHIULRMHBGW XHQHREVRGB\QDPLF¥SRQ MWK U L E X ZWRLGRIPHI
9DULDWLRQV Rl 3HUVLVWHQW +DORJHQDWHG +\GURFDUER
JHDGLQJ 3, ;LQ\X *XR DW RF HIXQ THHPHH UV LW\

- 16)&*HQHUDRMEBIWWG\ RQ WKHWRYUEMDIIRQR UP DBHRRYDQGR
DQG &6 LERQYWHQHEBIDO/ (RIVWHUQ &KLQD /HDGIBQYXLSHQJ
DW 2FHDQ 8QLYHUWIKMPRI &KLQD

- 16)& .HBURMHMRXUFH MQGR2 1 Q WKIKRYRIGFH Rl WKH 1RUWK 2
/JHDGLQJ 3, -L6MRKDW LDPHQ 8QLYHUVLW\ 7KHPH

- 16)& *HQHBYDPOMHIKWVLFRFKEBPDLEDBWHUL]DWSRQL \BDREXFO H [
(IILFLH ™M PRVSIBBPUMAL.FOHVY RYHU 6RXWK &KLODGEKD 3, ¢
'DQIDW.DPHQ 8QLYHUVLW\

- 16)& *HQHUDO 3URMHFW 7HPSRUDO DQG VSDWLDORYGLYMDUA
DQG VPHD IOR[GIWVROYHG LFOM WHI BHHR U W/IKF LI L F /HD G L3Q
*XLOLQJ =KDQJ DW 2FHDQ 8QKMRAHVLW\ RI &KLQD

- 16)& %DVLF 6FLHQFH &HQWHU 3URJUDP 5HVHDUFK FHQWH




ELRIJHRFKHPLFDO SURFHVMHD/GLQJ 3, 1LDQ]KL -LDRHDWLW
FHQWHU ZLOO IRFXV RQ WKH LQWHUQDWLRQDO IURQWLHU
FRQWURO PHFKDQLVPV 7KH FHQWHU LV DOVR D SODWIRUP
DQG DEURDG FUHDWLQJ DLOEQRWBWXRR) URICHGWY.HICFRSPHQ

4. Plans / ideas for future national or international projects, programmes, proposals, etc.

(please indicate the funding agencies and potential submission dates).

The proposal of integrated research on sustainability of the coastal ocean is to be submitted to NSFC
for Major Project in September and Ocober. 2022. The prospective proposal aims to address how
land-sea-ocean-atmosphere/ecosystem-resource-environment-social economic system is coupled
in the coastal ocean under dual stresses of climate change and human activities.

5. Engagements with other international projects, organisations, programmes, etc.

OLQKDQLWERJIDIHQ 5(JLRQDO &DUERQ &\FOH $VVHVVPHREW3]
ZKLFK LV LDYQW\FRI WKH *OREDO &DUERQ 3URMHFW ZLWK D
5(&&$3 DUH WR TXDQWLI\ DQWKURSRJHQLF JUHHQKRX
REVHUYDDMHR® HVWLPDWHY RI FKDQJHV LQ FDUERQ VWR WO
VLQNV E\ WKH RFHDQV DQG WHUUHVWULDO HFRV\VWHPV G
YV QDWXUDO IOX[HV DQG WKHLU GULYEQYVY I5® RIFFH\G\HHQF H R\
RI PDULQH DQG WHUUHVWULR® UH ELXRCIBIQVY+W R&EOLP DWH
DQWKURSRJHQLF GULYHUV 7R DGGUHVV WKHVH REMHFWL
JOREDO V\QWKHVHVY DQG UHJLRQDO *+* EXGJHWYV RI DOO (
E\ ZKLFK WR GHOLYHUWUMWKXHH UWBIGRWEY DVVHVVPHQWYV |
FRQVLGHULQJ XQFHUWDLQWLHYV XQGHUVWDQGLQJ RI GUL

:LDQJKXL *XR LV D PHPEHU Rl 6HVVLRQ RI&& DUREWRWK DG Ly
6FLHQFI®W QU DWLRQ 3,&(6

OLQKDQ 'DL LV D PKHHEHU IR u } v Jv] S}EAZE 21 R} @I
*U% %o} ES $Z 'KKN A% ES W Vv o ~0 W "KK”A WZCe] -
} v ulv]8}E]VP Jv ] S}E (E u A}E! 3} «uEW }¢ uled s EH
} v ZVvP e v SE v U] v3](C]JVvP IVIAO P P % Vv 1} o
luupv] S]}v }v §8Z 588§ }(8Z2 } vX

OLQKDQ 'DL LMKWKH RR2UJDQL]JLQJ &RPPLWWHH RI 2FHDQ2
4LQGDR &KLQD 7KH 2FHDQ2EV FRQIHUHQFHY DUH KHOG

WHFKQLFDO DQG RSHUDWLRQDO FRPPXQLWLHDWRR®O®A
RFHDQ REVHUYLQJ V\VWHPV

+XLZDQJ *DR LV WKH FKDLU Rl 6LQR % WLAKIMKK -RILEW VbR
FROODERUDWLRQ EHWZHHQ 2FHDQ 8QLYHUVLW\ RI &KLQD

*XIBHQJ <DYAOPPEHRUYU QWHD@RNSLRKEXUIDFIHFUROD\HU :RUNI

Comments
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Report for the year 2025hnd future activities

SOLAS FINLAND

compiled by: LauriLaakso / Finnish meteorological institute,

reporting for

X

X

Finnish Meteorological In  stitute (FMI)

Finnish Environment Institute (SYKE)

University of Helsinki (UH)

University of Turku (UT) : nothingtoreport
Abo Akademi University (AA) : nothingto report
Geological Survey of Finland (GTK)

Natural Resources Institute Finland (LUKE) : nothingto report

This report has two parts:

- Part 1: reporting of activities in the period of January 2021 - Jan/Feb 2022
- Part 2: reporting on planned activities for 2022 and 2023.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overap
between Themesor Cross -Cutting Themes.

1 Greenhouse gases and the oceans;

2 Air-seainterfaces and fluxes of mass and energy;

3 Atmospheric deposition and ocean biogeochemistry;

4 Interconnections between aerosols, clouds, and marine ecosystems;
5 Ocean biogeochemical control on atmospheric chemistry;

Integrated studies of high sensitivity systems;

Environmental impacts of geoengineering;

Science and society.

IMPORTANT : This report should reflect the efforts of the SOLAS community in the entire country
you are representing (all universities, institutes, lab, units, groups, cities).



JLUVW WKLQJV ILUVW«3OHDVH WHOO XV ZKDW WKH ,32 PD\
SOLAS activities. ?
In general, lobby for suitable themes to EU- and national funding programs.

PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight

Describe one scientific highlight with a title, text (max. 300 words ), a figure with legend and full
references. Please focus on a result that would not have happened without SOLAS, and we are
most interestedin results of international collaborations. (If you wish to include more than one
highlight, feel free to do so).

FMI

g

J

Ground-based
measurements

Figure 1: Remote marine ajuality measurements show significalimate relevant methane emissions
(methane slip) fromships using liquefied naturalgas as a fuel.

Citation: Gronholm, T., Makela, T., Hatakka, J., JalkaneR,, Xuula, J., Laurila, T., Laakso, L., Kukkong

J.: Evaluation of Methane Emissions Origing from LNG Ships Based on the Measurements at a Rem
Marine Station, https://doi.org/10.1021/acs.est.1c03293, Environmental Science & Technology, 2021

SYKE
X
UH

uTt

AA




GTK

LUKE

2. Activit ies/fmain accomplishmentsin 2021  (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international
collaborations; contributions to int. assessments such as |PCC; collaborations with social

sciences, humanities, medicine, econo  mics and/or arts; interactions with policy makers,
companies, and/orjournalists and media).

FMI
X &RPSOHWLRQ RI (XURSHDQ ODULWLPH 7UDQVSRUW (QY
(06%$ DQG (($
X -RLQHG WKH ,&(6 :*6+,3 JURXS
X 3DUWLFLSDWLRQ LQ *62 BBRWLEIV
X +(/&20 UHSRUWLQJ Rl %DOWLF 6HD VKLS DLU HPLVVLR(
X 7UDILFRP UHSRUW RI ZLQWHU QDYLJDWLRQ LPSDFW RQ
DUHD
x 3UHVHQWHG WKH )0, ZRUN RI XQGHUZDWHB(QRLVH IUR
SYKE
X
UH
X
uT
X
AA
X
GTK

X .RWLODLQHQ $ 7 .RWLODBL QHXQV (DLO 9LADNUDNMDO RO - -
VWLOO ZEWHKVIXP DFWLYLW\ FRQWHQWYV LQ VHDEHG VH
QRUWKHUQ %DOWQHR BROOXWLRQ %X®MHWLQ

x 2MDOD $ (. 9LUWDVDOR - - J/LQRYFHWWR( 0 O DWMNRI
"VHGLPHQWDU\ PRGHOOLQJ DQ DSSURDFK WR VXEGL
ODQG XVH DQG FRIRVWHEBXRWERQ DQG *HRORJLFHO (QJL

7+(0(

x .DUSLQ 9 +HLQVDOX % 9LUWDVDOR - - /IDWH 3
QRUHMDKW WHUQ % DOWLF 6 HOD ZIHYN *RIRQO/RMR QEZ B(0 (

Xx 3DOPX3 -2MDOD ®LUWDVDOR - 3XWNLQHQ 1 .RKRQ

&ODVVLILFDWLRQ VIVWHP RI VXSHUILFLDO 4XBRORILD
6 XUYH\ RI )LQODQG %XOOQHMW(LQ

X /IXRPD 6 ODMDQLHPL - 3XO0O0LOQH® D$VDORUYV X *H
JURXQGZDWHU IORZ PRGHO RI D VXEPDULQH JURXQGZI
%DOWLF\GHRIJHRORJ\ -RXWQDO7 +(0(

LUKE
X

3. List SOLAS -related publications publishedin 2021  (only PUBLISHED articles ).
If any, please also list weblinks to models, datasets, products , etc.




Publications related to the SOLAS topics, but without actual SOLAS acknowledged.

FMI
X

SYKE

UH

XLWWLQHQ 1 3DGODQHQ - 1W]LtDRQNYMHRYL A -R}
.DUMDODLQHQ 3 6DXNNR EDNWRWB O RHKOW RDNQWRD .
6LPRQHQ 3 6DDULNRVNL 6 $VPL ( /DXULOD 7 +L
7LPRQHQ + G5|ONREDO SDXREHRDHPLVVLRQV IURP VKL
FRQWLQHQWDO DQWKURBIRURQLERLRXHFKQR G
KWWSVRUGRL DFV HVW F

OLFKDHO *DXVV -HU]\ %3HHBIW Q L- NN D RN I B $HLQIHRY. O\H UQ
)DJHUOL =ELJQLHZ .OLPRQW $LUERUQH QLWURJHQ GH
VRXUFH DOORFDWLRQ DQG IXWXUH SURMHFWLRQV $W

KWW SN RIGR M DWPRVHQY
-DONDQBQ-RKDQVVRQ / %IKHMZ¥NBUDQKDJ / <WUHEH
0 <QJVHOO ' +OVWWOQX¥VRQ . 5DXGVHSS 8 0DO]
'LQQHV + DQG OR®@BG@RYD GLVFKDUJHV IURP % RPHILJ
6FLHQFH = KWWSV GRL RWMJ

OROGDQRYi - +DVVAHDMOVKLDY 9 )ULGH® O<\WUHEGIND|
ODOMXWHQNR , 7U|OWPF)UDPBBRUND RUHVKH HQYLURQ

DVVHVVPHQW RI RSHUB0ARRW® YKL SSRIQORUJ

*HHOV & $QGHUVVRQ & :L@WIUD QG ON JIURRNHFWV L
VKLSSLQJ HPLVVLRQV DQG WKH UHODWHG LPSDFW RQ
UHJLBRQWPRV &KHP 3K\Vz KWWSV GRL RUJ

,OMD 0DO M XODW@®N+DV EBOO|Y . 0DUWLQ (ULNVVRQ (UL
/IDVVH -RKDQV VRN NNON-NDDDNDQHQ 0D ULQ Y L\D VKRV \0 DA
OROGDQRYDWLH) ODJQXVVRQ 8UPDV 5DXGVHSS ORGHO
FRQWDPLQDQWY IURP VKLSSLQJ ODQHV LQ WKH %DOW|
3DUW $ 'HFHPEHU KWWGRL RUJ M PDUSROEXO
-DUL :DOGHQ /LLVD 3LUMROD 7XRPDV /DXULOD -XKD |
'DOGHQ -3HWNID -DONDQHQ +DUUL 1RUGOXQG 7RLYR 7
. .DKPMHDVXUHPHQW UHSRUW R KOQUAHUMHDLQBMWHR L Q
FRQWHQW IURP VKLS HPLVVISRPRYQEWKR %BHOMAL F 6 HD
KWWSV GRL RUJ DFS

ODUF XV 5HF N HUPSIQMD UDKHEGK WD BHMAH 4 G R 2V B\R Q6/H U B M
% UDXZRB&UR QULE KH|X DL F KDIKQ H D U JIHW RD U\ W W L IDQNHND
3HN NDONDRO®HUNVVQUQWMHO O VMDRRBRR DUV PQF KHHBRHDF
0D UNOHL H&R Q REBH U E HFNPO@IQPW W HIB YW3® U QH@MB R Y N-D U N
6DDUL QDIQBRRPHWH D PF]\FKPPD8QGHPBQGHUWPDQ
(GXDUGRILWDWLSOH GULYHUV RI HQYL URQRHNDNMUDT W K
%DOWLF 6HD UHJLRQ (DUWK 6\VWWVODP GRL RUJ

,Jvl v vU DXU D°0o0 EU : X XU » %% o U : XU Z Zo
dXU , 1l U: XU v > [+}U >XW dZ ]JpE&vVv o C o |
o8] » UK v N olniBes ke |1 11X} E PbiNioffdio oW} «

<E (SU <XU ™ %% o U : XU , oo(}&E-U , XU ~u]ll v v
<pu}e U , XU > [|¢}U >XU ,}vl v vU DXU > Z8]v vU *X
(/& PE <p v C/gRPA C3}u SEC 3} /VAr&FERUE
&J]o u vS}iue C v} S E] ]v SZ oS] ~ U

Z533% *WIIAAAX(E}vE] E-JvXIEPI E3] 0 I&E}0S] (E
D &]v ~] v UTiliX

']Jo ESU dXWB]YARWIIYU>XU :}I]v vU ~XU eu oDX U X
E}EII}TU XU ™ juu }EREZE}%bI[IPeX] /v%ouSe }( d EC



https://doi/
https://doi.org/10.1016/j.atmosenv.2021.118377
https://doi.org/10.5194/os-17-699-2021
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} 50 O0%]¥u XE]JVv U } 530 v VEAD(ETIPWWEeX
ZS3S %o Wl }IXIEPIiIIXiiioliXd,*BXTiiiXiid61006
uT
X
AA
X
GTK
X
LUKE
4. Did you engage any stakeholders/societal partners/extemal research users in orderto co -

produce knowledgein 20 21? If yes, who? How did you engage?

FMI
x 1IDWLRQDO PDQDJHPHQW SODQ IRU WKH (8 PDULQH VW
PHHWLQJ SDUWLFLSDWLRQ
X 6:30 VWX®VWRVV WKH TXDQWLWLHV RI H[KDXVW JDV F
263$5 UHJLRQV UHSRUW ILQDOL]HG DQG VXEPLWWHG \
X ,&(6 :*6+,3 UHJXODU PHHWLQJV RI WKH :*6+,3 JURXS
X 6FLHQFH VXSSRUW IRU 3RUWXJXHV K R¥UYEWNVVKI VIXW & R

SYKE

UH

uT

AA

GTK

Xx 3URMHFW IXQGLQJ E\ WKH $FDGHP\ RJRKQOD®GEGR ®(2 4R
RIIVKRUH HQHUJ\ SURGXFWLRQ LQ )LQODQG IURP PDU
HVWLPDWLRQ RI XQGUDLQHGHDEKEHGUGWHS R ¥ QWWXD RH WK K
7+(0(

x 3URMHFW IXQGLQJ E\ WKH )RXQGDWLRQ IRU 5HVHDUFK
JH&R9(5SHFRYHU\ DQG VXVWDLQDEOH XVH RI %DOWLF
D UHVRXUWH RK REHW@O V

LUKE



https://doi.org/10.3389/feart.2021.716416
https://doi.org/10.1016/j.ecss.2021.107369

PART 2 - Planned activities for 2022 and 2023

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. alli nformation possible, dates, locations, teams, work |, etc.).

FMI

X 6XSSRUWARWKURXJIK &$® VKLS HPLVVLRQ UHSRUWLDQ.

JOREDO DQG UHJLRQDO VKLS HPLVVLRQV WR SURGXFH

DYDLODEOH WKURXJK (&0:) DWPRVSKHULF GDWD VWRU

X $QQXDO +(/&20 UHSRUWLQJ RI VKREISDHRHYW RQNVKWMRV B D!
QRLVH HPLVVLRQV

Xx 6FHQDULR GHYHORSPHQW IRU VKLS HPLVVLRQV ERWK
VFHQDULRVY WR UHGXFH DLU DQG ZDWHU SROOXWLRQ |

SYKE

UH

uT

AA

GTK

X -RRQDV 9LBWDY BORWLFLSDWH LQ WHKIHSPQ37UHKE KWLR
SDOHRVHLVIRR OQRWIRREYHHWP EH U 7 + (0 (

Xx -RRQDV 9LUWDVDOR ZLOO SDUWLFLSDWH LQ WKH FUXL
8QLYHUVLW\ LQ 6HSWHPEHU WR WKHHOMRXWKHUQ *X|{

LUKE

2. Events like conferences, workshops, meetings, summer schools , capacity building etc.
(incl. all information possible ).

FMI
X $LU 3ROOXWLRQIXQHWW\SH[$ 2)HE@YIPO & 0 ODUWLQ
&DOGHKDDPHWDORUIDUDGRY 9 ORWHEPRBRUH] - -BONDNBE
( DQG 6RXVD 6 , 9 +($/7+ ,03$&76 2) 30 5(BH7(13,56+,
32//87,21 ,1 0$726,1+26 081,&,3%/,7< 32578HVVH[ 28UDO
DXWKRU
X (*8 6XQGVWUJP OOMDRINLDOND@HQDORQJR , DQG 71
"HWHFWLQJ VLQJOH VKLS SOXPHV IURP 752320, 12 GDV
RQOLGH $SU (*8 KWWSV GRL RUJ  HJXHJIXVSK
2Q0LDHDODRWKRU
x (*8 )LQN ODWWKLDWO3HWULND MDPINLDONDQB Q@SSR
6 .UDQHQEXUJ 5 7KH FRQWULEXWLRQ RI VKLSSLQJ W




+D PRGHO HYDOXBW WY VVBRE\RUJ HJIXHJXVSKHULHH Q (
$XVW2AQMDL QB XAWKRU

x $+*8 6RXOLH HW DO *UHHQKRXVH *DVHV DQG $WPRV!
(PLVVLRQV 'DWDVHW IRBBWWHKRG 1HZ 2UOHDQYQ B&RMA X WK

SYKE

UH

uT

AA

X
GTK

X +RVWHG WKH ,2'3 ODJHO O D@ BIODXQLXYRVNRMKIRIWLQJ RI O
EOREMVWVDVH VWXG\ DW WKH®IBDPBHILF 6 HD(VSRR7 H(I0Q OD

LUKE
X

3. Funded national and international projects  /activities underway .

FMI
X + (0(5*(
X+ 6&,33(5
X + $,5&2%7
X 6KLS12(P
X %LRGXSSRUW
x &%$06
X +RUL]JRQ (8 *5((1 5%<
SYKE
X
UH
X
uT
X
AA
X
GTK

X $FDGHP\ RI )LQODQG 3URMHBWPD(GIBQHVHSUERE YHW RR
(FRV\VWHP 9DULDBERQUPFPAD IEDQBDIWVYPM KURSRIHQLFHPSDH
7+(0(

X $FDGHP\ RI )LQODQG 3URMHFRWX @ GIOALEBOY IRU JUHHQ §
SURGXFWLRQ LQ )LQODQG IURP PDULQH LQYHVWLJIDW
VKHDU VWUHQJWK RBIHERMLWHDB\HUV XQGHO(F\FOLQJ O

x J)RXQGDWLRQ IRU 5HVHDUFK RI 1DWXUDO 5HVRXBHFRYH
DQG VXVWDLQDEOH XVH Rl %DOWLF 6HD IHUURP DW HF®
P HW DYG YO0 (

LUKE



https://doi.org/10.5194/egusphere-egu21-8344

4. Plans/ ideasfor future national or international  projects, programmes, proposals , etc.
(please indicate the funding agenciesand  potential submission dates).

FMI
X *5((15,9(5 +RUL]JRQ (8 LQ HYDOXDWLRQ
X 6867%$,1$3%/8(6 6ZHGLVK 0,AYDBRDWLRQ
X 6+,3021,725 %65 ,QWHUUHJ LQ HYDOXDWLRQ
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X
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AA

GTK

X
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5. Engage ments with other international projects, organisations, programmes , etc.

FMI
x &RRSHUDWLRQ ZLWK 3RUWXJXHVH (0,66+,3 SURMHFW
X &RRSHUDWLRQ ZLWK SURWHNFW $&58,6(
Xx &RRSHUDWLRQ ZLWK (&0:) SURMHFW &+(

SYKE

X

UH

uT

AA

GTK

LUKE

| Comments



Most activities listed here have happened without active connection to SOLAS
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Report for the year 2021 and future activities

SOLAS FRANCE
compiled by: RémiLosno (  losno@ipgp.fr)

This report has two parts:
- Part 1: reporting of activities in the period of January 2021 - Jan/Feb 2022
- Part 2: reporting on planned activities for 2022 and 2023.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overlap
between Themesor Cross -Cutting Themes.

1 Greenhouse gases and the oceans;

2 Air-sea interfaces and fluxes of mass and energy;

3 Atmospheric deposition and ocean biogeochemistry;

4 Interconnections between aerosols, clouds, and marine ecosystems;

5 Ocean biogeochemical control on atmospheric chemistry;

Integrated studies of high sensitivity systems;

Environmental impacts of geoengineering;

Science and society.

IMPORTANT : This report should reflect the efforts of the SOLAS community in the entire country
you are representing (all universities, institutes, lab, units, groups, cities).

JLUVW WKLQJV ILUVW«3OHDVH WHOO XV ZKDW WKH ,32 PD\
SOLAS activities. ?

This is well done by SOLAS webinar organization

PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight
Carla Geisen (carla.geisen@locean.ipsl.fr), Céline Ridame and Damien Cardinal.

Southern Ocean diatoms benefit from nutrients pro vided by desert dust and volcanic ash. A
phytoplankton response triggered by a re presentative deposition event of natural aerosols
in the Indian sector of the Southern Ocean.

An experimental study focusing on marine biogeochemistry has been carried out as part of the
2,62 SURJUDP )UHQFK 2FpDQ ,QGLHQ 6HUYLFH GY2EVHUYDW
in January-February 2019 in the Indian sector of the Southern Ocean aboard the R/V Marion
Dufresne. Incubations (Figure 1) show that a representative deposition of natural aerosols triggers
a phytoplankton response in different regions of the Southern Ocean, while modifying the structure
of the planktonic community to the benefit of diatoms. This study, conducted mainly by researchers
from LOCEAN-IPSL and LISA-IPSL, has just been published in open access in the journal
Limnology and Oceanography (Geisen et al. 2022).



mailto:losno@ipgp.fr
mailto:carla.geisen@locean.ipsl.fr

Figure 1. Photograph of the incubators on board the R/V Marion Dufresne, equipped with light
filters and supplied by surface seawater to maintain representative radiance and temperature of the
surface ocean

Within the South Indian and Southern Oceans, contrasting concentrations of macro- and
micronutrients induce different nutrient limitations for phytoplankton. microalgae communities are
thus locally limited by different nutrients, which is reflected in a variable biomass (expressed as
Chlorophyll-a concentration, Figure 2). Nutrients can be supplied to the sea surface via deeper
waters during winter mixing, as well as episodically via ocean interfaces such as aerosols. Only
limited amounts of atmospheric dust reach currently the remote areas of the Southern Ocean, but
aerosol deposition nevertheless constitutes one of the major sources of new nutrients during the
stratified period of the Austral summer. Moreower, considerably larger depositions have been
recorded in this area during glacial times and/or volcanic eruption events. After deposition on the sea
surface, the desert dust and wlcanic ash particles release nutrients such as iron and silicon to the
seawater, which might temporally boost algal development. To assess this response within distinct
biogeochemical areas, we conducted microcosm experiments at different stations. A dry or wet
deposition of dust from Patagonia or ash from the Icelandic wlcano Eyjafjallajokull or dissolved
nutrients (Si, Fe, N and/or P) was added to clean surface seawater incubations .

Figure 2. OISO-29 cruise transect showing the locations of the five stations (LNLC-2, HNLC-11,
Kerguelen-A3, HN-LSI-LC-14 and LNLC-16) where the bioassay experiments were performed, and
satellite-derived chlorophyll-D FR Q FH Q W U-D Weér&)€d ovar January 2019 (MODIS). The
position of major fronts was determined from satellite-derived temperature data (January 2019,
MODIS): STF: subtropical front (18 °C), SAF: Subantarctic front (13 °C) and PF: polar front (5 °C).
Fronts delimit the STZ: subtropical zone, SAZ: Subantarctic zone, PFZ: polar front zone and AZ:
Antarctic zone.

In this study, we show that a realistic deposition of desert or volcanic aerosols is an important source
of nutrients to the ocean surface, triggering a significant increase in the photosy nthetic activity of
phytoplankton (CO: fixation) in different regions of the Indian Southern Ocean (Figure 3). Both
aerosol types mitigated iron deficiency occurring in the Southern Ocean during the Austral summer
and caused a 24 to 110% increase in primary production, depending on the station. The release of
dissolved silica potentially also contributed to this response, although to a lesser extent. Some algae
groups such as diatoms benefit more from the new nutrients (40 to 100% of the biomass increase in




the responding stations), thereby modifying the structure of the planktonic community. On the other
hand, the same deposition had no effect in the subtropical part of the South Indian Ocean, as the
local nitrogen limitation was not relieved by the aerosols.
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Figure 3. Schematic representation of the biological response of phytoplankton communities after
dry orwet dust (D) or ash (A) deposition to the sea sur- face within different biogeochemical
regions of the South Indian Ocean and Southern Ocean. The top part of the figure (orange box)
VKRZV WKH SK\WRSODQNWRQ UHVSRQVH WR DHURVRO GHSH
(blue box) represents the initial conditions prior to deposition (nutrient limitation and phytoplankton
structure). Primary production is expressed in relative change (%), as follows: +++ above 100%; ++
above 50%; + below50%; n® significant change compared to control. {Tchla shows the
contribution (%) of different phytoplankton classes explaining the global increase in Tchla. The
community composition (initial and final) is based on the pigment signature, with red: microplankton
(dark: diatoms and light: dinoflagellates), purple: nanoplankton, and green: picoplankton. The
graphic concerns solely the surface layer and response after 48 h, regardless of depth and particle
sinking. Zones and fronts (from North to South): Subtropical Zone and Front (STZand STF);
Subantarctic Zone and Front (SAZ and SAF); Polar Front Zone and Polar Front (PFZ
and PF); and Antarctic Zone (AZ).
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Karine Sellegri (k.sellegri@opgc.univ-bpclermont.fr)
Sea2Cloud

Highlight 1: Oceanic phytoplankton are a potentially important source of benzenoids to the remote
marine atmosphere

Benzene, toluene, ethylbenzene and xylenes can contribute to hydroxyl reactiity and secondary
aerosol formation in the atmosphere. These aromatic hydrocarbons are typically classified as
anthropogenic air pollutants, but there is growing evidence of biogenic sources, such as emissions
from plants and phytoplankton. Here we use a series of shipborne measurements of the remote
marine atmosphere, seawater mesocosm incubation experiments and phytoplankton laboratory
cultures to investigate potential marine biogenic sources of these compounds in the oceanic
atmosphere. Laboratory culture experiments confirmed marine phytoplankton are a source of
benzene, toluene, ethylbenzene, xylenes and in mesocosm experiments their sea-air fluxes varied
between seawater samples containing differing phytoplankton communities. These fluxes were of a
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similar magnitude or greater than the fluxes of dimethyl sulfide, which is considered to be the key
reactive organic species in the marine atmosphere. Benzene, toluene, ethylbenzene, xylenes fluxes
were obserned to increase under elevated headspace ozone concentration in the mesocosm
incubation experiments, indicating that phytoplankton produce these compounds in response to
oxidative stress. Ourfindings suggestthat biogenic sources ofthese gases may be sufficiently strong
to influence atmospheric chemistry in some remote ocean regions.
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Figure 4: Influence of 10 ppb 0zone concentration increase on seawater phytoplankton-derived
BTEX fluxes. Comparison of toluene, benzene and xylenes fluxes (ng m-1 s-1) over the three
experiments performed in ship-borne Air-Sea Interface Tanks (ASIT). Bottom and top of each box
are the 25th and 75th percentile, line in the middle of each box is the median and whiskers are the
maximum and minimum values.

Highlight 2 : New particle formation at Baring Head in coastal New Zealand

Even though oceans cover the majority of the Earth, most aerosol measurements are from
continental sites. We measured aerosol particle number size distribution at Baring Head, in coastal
New Zealand, over a total period of 10 months to study aerosol properties and new particle formation,
with a special focus on aerosol formation in open ocean air masses. Particle concentrations were
higher in land-influenced air compared to clean marine air in all size classes from sub-10 nmto cloud
condensation nuclei sizes. When classifying the particle number size distributions with traditional
methods designed for continental sites, new particle formation was observed at the station
throughout the year with an average event frequency of 23%. While most of these traditional event
days had some land-influence, we also observed particle growth starting from nucleation mode
during 16% of the datain clean marine air and at least part of this growth was connected to nucleation
in the marine boundary layer. Sub-10 nm particles accounted for 29% of the total aerosol number
concentration of particles larger than 1 nm in marine air during the spring. This shows that nucleation
in marine air is frequent enough to influence the total particle concentration. Particle formation in
land-influenced air was more intense and had on average higher growth rates than what was found
for marine air. Particle formation and primary emissions increased particle number concentrations as
a function of time spent over land during the first 1-2 days spent over land. After this, nucleation
seems to start getting suppressed by the pre-existing particle population, but accumulation mode
particle concentration keeps increasing, likely due to primary particle emissions. Further work
showed that traditional NPF events were favoured by sunny conditions with low relative humidity and
wind speeds. In marine air, formation of sub-10 nm particle concentrations was favoured by low
temperatures and wind speeds and could happen even during the night. This study sheds light on
both new particle formation in open ocean air masses coming from the Southern Ocean and local
aerosol properties in New Zealand.
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Figure 5. Seasonal cycles of particle number concentrations in 1-10 nm, 10-100 nm and above 100

nm marine (d-f) land masses. The circles are the median concentrations for each month, black
boxes mark 25th and 75th percentiles and rest of the point are outside this range.
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2. Activities/main accomplishmentsin 2021 (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international
collaborations; contributions to int. assessments such as |PCC; collaborations with soci al

sciences, humanities, medicine, economics and/or arts; interactions with policy makers,
companies, and/or journalists and media).

SOLAS -France zoom meeting, march 29", 2021, about 20 attendees. Three presentations: Cécile
Guieu: PEACETIMES, Clément Demasy, solubility of patagonian dust in an acidification

context, Yangjunjie Xu-Yang, Atmospheric Deposition over Guadeloupe, see:
http://solas.ipgp.fr/2021/

Clément Demasy, demasy@ipgp.fr, Marie Boyé

Solubility and bioavaibility of patagonian dust in the future Southern Ocean
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The next decades is well-known as the fast global warming. Climate studies are commonly
investigated about the impact on the life and the human activities. Since the industrial revolution,
humans have been generating large amounts of CO. and these greenhouse gases are the main
source of the global warming. In this regard, trace metals such as iron (Fe) are present at very low
concentrations in the open ocean (~fmol.kg* to nmol.kg™*) and therefore play an essential role for the
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growth of microalgae. The Southern Ocean (SO), which is the largest HNLC area, represents the
most important oceanic biological carbon pump in the world ocean. In this perspective, it is crucial to
investigate micronutrient inputs but also their behavior in seawater. Atmospheric inputs are one of
the main sources of metals in the SO and inputs from the Patagonian desert account for half of
aerosol deposition. This source should intensify in the future SO, along with acidification and warming
of the surface waters. However, the solubility of Patagonian dust in the future SO that supplies
micronutrients available for the phytoplankton, is not known yet. The impact of future anthropogenic
changes on the efficiency of the biological carbon pump is thus poorly constrained.

In turn, the SAGAS project (Solubility of Patagonian dust in the future Southern Ocean, funded by
the IDEX-Université de Paris Cité in 2020 and coordinated by M. Boye at IPGP) aimed to diagnose
the effects of increased dust deposition and other predicted changes on the solubility of Fe and other
trace metals contained in Patagonian dust. It relies on abiotic experiments that were conducted under
the actual and future controlled conditions using Patagonian dust and filtered seawater sampled
during the OISO-30 cruise. The solubility kinetics of dust were established using ICP-MS, SEM and
synchrotron light analytical methods at different time and space scales (hour to week, nano-to micro-
scale). They provided a better understanding of the dissolution and bioavailability of Patagonian dust
in the context of climate change, constituting an essential step to more accurately predict the
ewlution of the biological carbon pump in the future SO.

Marie Boye, boye@ipgp.fr, Clément Demasy and Ambroise Delisée.

Responses of phytoplankton to Patagonian dust input and anthropogenic changes in the
future Southern Ocean

Dustinputs to the Southern Ocean (SO) have the potential to alter future global climate
by supplying iron and other critical limiting micronutrients to Antarctic diatoms, thus stimulating the
biological CO, pump as suggested in the Last Glacial Maximum. Future projections indicate an
intensification of these depositions in areas of the polar front due to the intensification of winds and
an increase in the frequency and magnitude of storms. They also indicate acidification and warming
of the waters, but the cumulative effect of these anthropogenic changes on phytoplankton and on the
biological carbon pump is not yet known. The SO-dust project (Responses of phytoplankton to
Patagonian dust input and anthropogenic changes in the future Southern Ocean) supported by the
LEFE-CYBER program of INSU-CNRS and led by Marie Boye at the globe physics institute of Paris
(IPGP), aims to diagnose the net effect of these multifaceted changes on phytoplankton communities,
assessing their individual and interactive effects.

We conducted on board incubations aboard R.V. Marion Dufresne Il between January and March
2022 as part of the OBS Austral program and the OISO-32 cruise to test the effects of those changes
projected at the 2100 horizon on the natural phytoplankton community, following a reduced factorial
experimental plan with 4 scenarios (current conditions, future conditions and 2 intermediate
conditions). The experiments were conducted in two contrasting zones of the SO, the Polar Front
Zone and the High-Nutrients Low-Chlorophyll area where iron is the first limiting micro-nutrient.
Different biogeochemical and biological parameters have been sampled and are being analyzed.
The results will allow us to diagnose the combined effect of the intensification of dust inputs,
acidification and warming of the waters projected for the 2100 horizon on southern phytoplankton
communities and on the efficiency of biological carbon pumping. They will be presented at SOLAS-
Open Science Conference in Cape Town in September 2022.

Yangjunjie Xu-Yang (yxu@ipgp.fr), Rémi Losno, Céline Dessert
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Atmospheric deposition over the Caribbean region

Dust emitted from North Africa is transported over long distances and has a strong impact on large
areas over the North Tropical Atlantic Ocean. Sea salt emitted by the sea surface is the second
source of essential elements transported in the atmosphere and plays a major role in the cycles of
alkaline-earth metals in the ecosystems of tropical North Atlantic Islands. The total atmospheric
deposition fluxes were continuously sampled on a weekly basis in Guadeloupe, Lesser Antilles, from
March 2015 to August 2018 (41 months). Elemental deposition fluxes including Al, Ca, K, Mg, Fe,
Na, P, S, and Zn were measured for all samples in order to provide the first long time series of
atmospheric elemental deposition fluxes over the Lesser Antilles region. It is shown that: (i) the three
sources of atmospheric deposits in Guadeloupe for the presented elements are sea salt (for K, Ca,
Mg, Na, S), long-range transported Saharan dust (for Al, Ca, K, Fe), and biogenic particles (for P and
Zn); (i) the average deposition mass fluxes of sea salt and Saharan dust are 16.7 g.m?.year* and
10.6 g.m?2.year?, respectively, without noticeable inter-annual variations; (iii)a pronounced
seasonality is found for the Saharan dust deposition, for which maximum flux values are observed
between June and July each year and 85% of the annual deposition flux occurs between April and

September; (iv) the deposition flux of sea salt is strongly correlated to local wind speed, without
seasonality.

Figure 6. Total deposition flux of elements on the Guadeloupe Island. A strong seasonality is

noticed for iron which is brought by Saharan dust transportation events. Phosphorous and zinc are
suspected to have a strong local biogenic origin.
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Patrick Augustin, Weidong Chen (Weidong.Chen@univ-littoral.fr)

Coastal investigations for Air Sea Exchange at Wissant (Hauts de France)

In the context of better understanding the atmosphere/sea interaction, a measurement campaign
was carried out recently on June 16 & 17, 2022, in the Bay of Wissant near the Strait of Pas-de-
Calais. The purpose of the measurements is to better study the marine boundary layer influenced by
sea breezes and their impacts on marine and anthropogenic aerosols. This study involves all the
study of the atmospheric dynamics in a coastal interface zone by carrying out measurements of the
concentration of aerosols (including concentration fluxes) via synchronous or quasi-synchronous
multi-sensor measurements. The deployment of the Atmospheric Mobile Unit (UMA), its masts,
associated lidars as well as the drone flights took place on June 16. The two sea breezes (in
connection with the morphology ofthe site studied) were indeed observed by the scanning wind lidar.
These breezes were able to transport atmospheric pollutants from maritime traffic emissions as well
as marine aerosols present above the sea, to the study site (detected by our pollutant analyzers
located on the roof of the UMA, taken by a cascade impactor and whose lung cells, located in an
experimental device at UMA, were exposed to it). These measurements were supplemented by the
drone which carried aerosol sensors and gas sensors (NO2/SQO). Data are still under processing.
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Philippe Goloub (philippe.goloub @univ-lille.fr), L. Blarel, G. Dubois, B. Torres, O. Pujol, F. Ducos,
Gest L., N. Marquestaut, et al.

Monitoring of Aerosol Propertiesin the Indian Ocean

Networks of ground-based stationary sun/sky-photometers like AERONET (AERosol RObotic
NETwork, Holben et al., 1998, https://aeronet.gsfc.nasa.gov/) are quite fundamental aerosol
obsening systems for providing knowledge on aerosol properties, for satellite cal/val activities and
model evaluation/assimilation. Looking at the AERONET global map (figure 1a), which is the most
dense worldwide network (~21 millions of quality assured AOD accumulated from 2007 to 2021), stil
a limited amount ofdatais available over oceanic regions (~ 2%), areas which are currently manually
operated within the Maritime Aerosol Network (MAN) branch of AERONET (Smirnov et al., 2002).
Figure 7 is showing the accumulation of quality assured aerosol optical depth (AOD) data over the
world from 2007 to 2021 thanks to operators onboard various research/commercial vessels.

Figure 7. Map of worldwide quality assured MAN AOD accumulated during campaigns between
2007 and 2021 (~ 380 000 AOD records)

Efforts are currently made in the framework of several projects such as Quality Assurance for the
Earth Observation (QA4EO, https://qadeo.org/) programme from ESA, labex CaPPA
(https://www.labex-cappa.fr), in collaboration with AERONET NASA to enlarge the ground-based
observation systemower the ocean. A first automatic shipborne CIMEL CE318T photometer was
permanently installed early January 2021 aboard the French research vessel Marion Dufresne in the
frame of the MAP-IO (Marion Dufresne Atmospheric Program - Indian Ocean, https://lacy.univ-
reunion.fr/map-io) research programme (Tulet et al., 2019, Figure 8). The shipborne instrument was
deweloped at Laboratoire d'Optique Atmosphérique (LOA), Lille (France), in the frame of the joint
LOA/CIMEL laboratory (AGORA-Lab, https:/Mmww.agora-lab.fr/), to enable measurement of
atmospheric aerosols from mobile platforms and to expand and AErosol RObotic NETwork
(AERONET) cowerage to the vast ocean (Sirmov et al., 2022, 2009). This instrument is engaged in
the Southern Hemisphere/Indian Ocean to primarily provide routine Aerosol Optical Depth (AOD),
Angstrom Exponent (AE), columnar water vapor content and downward atmospheric spectral
radiance. This new observation capacity is expected to contribute to fill the gap of frequent ground-
based observation in the Indian Ocean, to thus enhance the maritime manual component of
AERONET (MAN) as well as the scheduled ACTRIS (https://www.actris.eu/) and worldwide mobile
exploratory platforms.
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Figure 8: Photometer system in permanent operation onboard Marion Dufresne; set up on Marion
Dufresne.

Few periods without observation can be noticed which correspond to cloudy conditions and Marion
Dufresne maintenance or stop at La Réunion port. This high frequency dataset is quite relevant for
VDWHOOLWH YDOLGDWLRQ SXUSRVHV EXW DV WKH 3LQVV

measurement has also to be addressed to reveal the 3 dimensional variability of these properties
ower the whole considered period (figure 9).
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Figure 9: Spatial distribution of version 3 level 1.5 AOD data recorded during day and night on the
MD during the period 01 July 2021 to 30 April 2022

Almost one year of automatic sun/moon/sky-photometer observation onboard the Marion Dufresne.
show clearly the ability of the shipborne photometer to perform high frequency and high quality AOD
measurements which enable aerosol properties and spatial distribution analysis over the Indian
ocean. In the following sections we present our main conclusions and perspectives at instrument,
data processing, synergy and applications lewvels. This automatic ship-borne CE318T photometer is
a good candidate to contribute to satellite Cal/Val activity of current and coming earth observation

missions. It is now foreseen that several research or commercial vessels could be equipped with this
system and continuously measuring and monitoring aerosol properties over the Oceans.

References

Smirnov, A., Holben, B.N., Slutsker, I., Giles, D.M., McClain, C.R., Eck, T.F., Sakerin, S.M., Macke,
A., Croot, P., Zibordi, G., et al., 2009. Maritime aerosol network as a component of aerosol robotic




network. J. Geophys. Res.: Atmos. 114.

Tulet P. et al.,, Marion Dufresne Atmospheric Program, Indian Ocean (MAP-IO), Suneillance,

bancarisationet exploit DWLRQ VFLHQWLILTXH GHVY GRQQpHY DWPRV S
contexte changement climatique, LACY, Université de la Réunion, 2019.

Access to data: AOD lewl 1.5 files are available at AERIS/ICARE, file name is

AERONET_ACTRIS-AOD-L15_YYYY-MM-DD_Marion-Dufresne-1273_V1-00.txt, where YYYY-
MM-DD is indicating the corresponding date.

Access to visualization :a real time visualization tool of recorded AOD, AE , H.O by Marion
Dufresne is available at LOA at: http://loaphotons.univ-lillel.fr/photons/planning/scp/mob/map-
phmob-2021.php?fph=1273&fns=Marion-Dufresne&fddc=2021-06-30&fdfc=2022-12-
31&origin=NASA&cp=2022/21-Mar-Duf
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sampling head in a desert dust source region, Atmos. Meas. Tech., 14, 7657 680,
https://doi.org/10.5194/amt-14-7657-2021, 2021.

4. Did you engage any stakeholders/societal partners/extemal research users inorderto co -
produce knowledge in 20217 If yes, who? How did you engage?

PART 2 - Planned activities for 2022 and 2023

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. all  information possible, dates, locations, teams, work, etc.).

David Antoine (david.antoine@curtin.edu.au), Peter Sutherland, Karine Leblanc, Cédric Cotte,
Rémi Losno.
Polar-Pod program really starts after a decade of preparation. See: https://www.polarpod.fr/

More than 100 researchers of 43 worldwide research institutions are involved in the Polar POD
scientific program. It will be an essential contribution to the program of the United Nations Decade
of Ocean Science for Sustainable Development (2021-2030). All data will be available to the entire
scientific community as well as the general public.

Alr<sea instrumentation
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2. Eventslike conferences, workshops, me  etings, summer schools, capacity building etc.
(incl. all information possible).

3. Funded national and international projects/activities underway.

4. Plans/ ideas for future national or international projects, programmes, proposals, etc.
(please indicate the funding agencies and potential submission dates).

5. Engagements with other international projects, organisations, programmes, etc.



mailto:david.antoine@curtin.edu.au
https://www.polarpod.fr/
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Report for the year 2025hnd future activities

SOLAS Germany
compiled by: Christa Marandino and Hartmut Herrmann

This report has two parts:

- Part 1: reporting of activities in the period of January 2021 - Jan/Feb 2022
- Part 2: reporting on planned activities for 2022 and 2023.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overap
between Themesor Cross -Cutting Themes.

1 Greenhouse gases and the oceans;

2 Air-sea interfaces and fluxes of mass and energy;

3 Atmospheric deposition and ocean biogeochemistry;

4 Interconnections between aerosols, clouds, and marine ecosystems;

5 Ocean biogeochemical control on atmospheric chemistry;

Integrated studies of high sensitivity systems;

Environmental impacts of geoengineering;

Science and society.

IMPORTANT : This report should reflect the efforts of the SOLAS community in the entire country
you are representing (all universities, institutes, lab, units, groups, cities).

JLUVW WKLQJV Ilell ¥5WhkaBteHFADVthy doto help youin your current and future
SOLAS activities. ?

PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight

Describe one scientific highlight with a title, text (max. 300 words ), a figure with legend and full
references. Please focus on a result that would not have happened without SOLAS, and we are
most interested in results of international collaborations. (If you wish to include more than one
highlight, feel free to do so).




Highlight T

Oceanic Transfer and Atmospheric Transformation of Marine Carbohydrates in the Weg
Antarctic Peninsula

Marine carbohydrates are released by microbial activities in the oceanic surface wate
represent an important class of organic stdnces. They can enter the atmosphere as part of
spray aerosol (SSA) through wididven processes. The emission processes of mg
carbohydrates, their atmospheric aging and their contribution to the condensation of atmos
water vapor and ice utleation is not yet well understood. To this end, the primary transfe
carbohydrates from the ocean via the sea surface microlayer (SML) to the atmosphere an
secondary atmospheric modifications were studied in the western Antarctic Peninsutey doe
PHCE campaign (Januarylarch 2019).

Marine carbohydrates were found in bulk seawater, SML andrsigaved aerosol particles ar
contributed 24% to organic carbon (OC). Air baicectories and strong correlations between tf
aerosolized cébohydrates, sodium and the wind speed suggest local and regional wave breg
and bubble bursting processes as the driving emission processes for the carbohydrates cg
in the aerosol particles.
Sodium- a conservative tracer for marine emissionsas used to calculate carbohydrate to sodil
ratios. The direct comparison of these ratios in the seawater and aerosol particles reve
chemoselective transfer of carbohydrates over sodium during the-aearansfer. In contrast td
very small enrichment factors within the SML (EF, median=1.4), very high enrichment facto
carbohydrates relative to the bulk seawater wdoend for supermicron (28:000) and submicro
(40-167 000) particles.
However, the monosaccharide composition of the carbohydrates detected in the aerosol and
samples showed quite different patterns. Detaileolalyses gave strong evidence for a bactg
degradation and modification of the aerosolized carbohydratesha atmosphere after theif
oceanic emission. Abiotic reactions and processes as an alternative explanation to the bi
metabolism were considered possible, but eventually rated as less likely.

100 ] .

@
[S)

Wonosaccharde composition (mo\%/s)

Figure: Threedimensional (3D) bar graph showing the average and standard deviation (
relative monosaccharide composition of combined carbohydrates ir/syermicron aerosol
particles (CCHE), particulate combined carbohydrates (PCCHO), dissolved coml
carbohydrates (DCCHO) and dissolved free carbohydrates (DFCHO) in seawater and SML

Citation: Zeppenfeld, S., van Pinxteren, M., van Pinxteren, D., Wex, H., Berdalet, E., V4
D oo[KeS}U DXU v , EEu vvU ,XW E}e}o D E]v WE]!
Transformation in the Western Antarctic Peninsula, ACS Earth Space Chem., 510403
https://doi.org/10.1021/acsearthspacechem.0c00351, 2021.




Highlight 2
Amino acidst complex patterns in nascent and ambient aerosol particles

There have been a number of studies focusing on amino acids in the surface, however little
known about the sources of amino acids found on marine aerosol particles. Here, we have
generated nasentseaspray aerosol (SSA) using a watracterized laboratory chamber (SSAC
to investigate tke transferof amino acids from the ocean to the atmosphewsder controlled
conditions.

The hghestenrichmentsof aminoacids(enrichment factors ud0’) were found on aerosol
particles in the submicron size rangéh a tendency of increasing enrichments with decreasin
aerosol particle size. gelectivity in the transfer of the individual amino acidss observedThe
more polar the free amino acécare the morethey areenriched on the SSA particlégowever,
physicachemical prameters alone are not sufficient to explain the amino acid transfer to the
atmosphere.

Comparison of the amino acids present on nascent SSA to those present on ambient marin
aerosol particles revealed a higher complexity of the amiridsof the nascent SSA, suggestin
that atmospheric processes likely reduce the amino acid diversity. In addition, our results hig
that although almost all the amino acids studied are transferred to the atmosphere via bubbl
bursting under controlle  }v ]3]}veU 3A} uJarhinoutytic acid (GABA) and glycine
likely have additional sources to the atmosphere. GABA is likely formed on ambient marine
submicron aerosol particlesto a large extent-@859 } (amino acids Glycine likely originas
from longrange transport processes or photochemical reactions, as discussed in the literaty
however our results highlight the potential for a direct oceanic source via bihbkging (~20%
} ( @mino acidy

The determined sizdependent transfeefficiencies and enrichments can be usedmprove
future modelling of oceanic amino acid transées a substantial fraction of OM in the marine
oceanatmosphere couple@nvironment.

ambient sample (at the CVAO) controlled lab experiment (SSAC)
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Figure: Relativeomposition ofamino acidon thesizesegregated aerosol particles of the
laboratory experiment seapray simulation chamber (right) and ambient samples at the Cape
Verde Atmospheric Observatory (left).

Citation: Triesch, N., van Pinxteren, M., Salter, M., Stolle, C., Pereira, Rr, Piegad Herrmann,
H.: Sea Spray Aerosol Chamber Study on Selective Transfer and Enrichment of Free and C
Amino Acids, ACS Earth Space Chem., 5;15B4, 10.1021/acsearthspacechem.1c00080, 20]

2. Activit ies/fmain accomplishmentsin 2021  (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international

collaborations; contributionsto int. assessments such as IPCC; collaborations with social
sciences, humanities, medicine, economicsa  nd/or arts; interactions with policy makers,
companies, and/or journalists and media).
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3. List SOLAR:lated publications publishedin 2021 (only PUBLISHED articles).
If any, please also list weblinks to models, datasets, products, etc.
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4. Did you engage any stakeholders/societal partners/extemal research users in orderto co -

produce knowledgein 20 217 If yes, who? How did you engage?
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PART 2 - Planned activities for 2022 and 2023

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. allinformation possible, dates, locations, teams, work , etc.).

X 32/$5&+%$1*( FDPSDLJB}*}0 u]e*]}WKXEFZUE']VP
VA]JE}VULSVEWP % 0 Jv: vXI& X 111U vsS E §] [K&S]
dZKWK~?” }vSE] usS]}vw / vSs8](CJvP Su}*%Z E] & o
ul]v} ] ee]Jv v8§ E 8] « AS EU-+ pE( u] E}o (
] v31(1 81}v3I( (}EuU 8]}v v SE ve( E % 3ZA C-

x E}AXITiX p o ~u ]88 « E ZvVP Jviz > E }EV®
hA"th< E+ € Z Epl]e }E 8Z D E] "X D E] v ~' E

1111170 " Gu v & Z « EJEPhY]BW 0 %o E} e ¢¢e v AE v
Jv $Z muC ( ul] }o @ & ~ M"e E% E]Ju vSe Jv TiTT
X HvXITgoX vSE o m©mS] A® vP ~ v N «th"BWwWVWE ¢« E Z

} & $§2 &b vv }ERB}eeSpClJvov ¢« P e £ Z VP ~]
] vi]-§-



https://doi.org/10.3354/meps13561
https://doi.org/10.5670/oceanog.2021.supplement.02-32

2. Bventslike conferences, workshops, meetingsymmerschools capacity buildingetc. (incl.all
information possible.
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4. Plans/ideasfor future national or international projects, programmes, proposals , etc.
(please indicate the funding agenciesand  potential submission dates).




GEOMAR hasibmittedtwo proposals to participate inonsortiumbased ship emissions and
biogeochemistry in the Arctic proposals (within Germany and internatignally

5. Engagementswith other international projects, organisations, programmes , etc.

Christa Marandino (GEOMAR) will continue to work closely within the internat@h8l roject
(SCOR and UBtean Decade) as-cbhair.
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compiled by: Alexandra Gogou

With contributionsfrom  : M. Kanakidou, E.Tragou, C. Zer, S. Chaikalis, M. Chaniotaki , A
Karageorgis, V. Kolovoyiannis, N. Mihalopoulos, I. Mamoutos, S. Myriokefalitakis, C. Parinos,
R. Pedrosa -Pamies, S. Petalas, E. Pitta, M. Potiris, E. Tzempelikou, D. Velaoras, V. Zervakis

This report has two parts:

- Part 1: reporting of activities in the period of January 2021 - Jan/Feb 2022
- Part 2: reporting on planned activities for 2022 and 2023.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overlap
between Themesor Cross -Cutting Themes.

1 Greenhouse gases and the oceans;

2 Air-sea interfaces and fluxes of mass and energy;

3 Atmospheric deposition and ocean biogeochemistry;

4 Interconnections between aerosols, clouds, and marine ecosystems;

5 Ocean biogeochemical control on atmospheric chemistry;

Integrated studies of high sensitivity systems;

Environmental impacts of geoengineering;

Science and society.

IMPORTANT : This report should reflect the efforts of the SOLAS community in the entire country
you are representing (all universities, institutes, lab, units, groups, cities).

Firss WKLQJV ILUVW«3OHDVH WHOO XV ZKDW WKH ,32 PD\ GR \
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PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight

Describe one scientific highlight with a title, text (max. 300 words ), a figure with legend and full
references. Please focus on a result that would not have happened without SOLAS, and we are most
interested in results of international collaborations. (If you wish to include more than one highlight, feel
free to do so).

2. Activit ies/fmain accomplishmentsin 2021  (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international
collaborations; contributions to int. assessments such as |PCC; collaborations with social

sciences, humanities, medicine, economics and/or arts; interactions with policy makers,
companies, and/orjournalists and media).

Chemical characterization ofthe SML

We investigatelthe annual variationsf naturalorganic compound# surface wagrs (1 m) andhe

SML, i.e. TEPs and dissolved carbohydrates (Gi$Qggll as CDOM/FDOM a coastal site in thq
Eastern Mediterranean Sg#&ig.1) In parallel, taking into account their role in metal binding,

examine any interrelations witGu andCucomplexing agents fL.as determined by anodic strippin
voltammetry. We further exploré the role of microplastics in Cu binding in the SML as part

mesocosm experimen{ https://www.poseidomm.eu) considering microplastics as potential C
binding agents.
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Fig. 1 (a) glass plate sampling of the SML; (b) the study site
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Fig 2.Principal component analysis of @iITEPs, DOC, MCHOs and PCHOs in the SML and t}
in the field study.

Theoverall variability of the data as shown in Figlfgwed thatDOC and sugars follow the variatio
of chiain the SML. In contrast, the TEPs formation in both lagleosved a time lag following thi
phytoplanktonic blooms, which were dominated by diatoriitie opposite relation of MCHOs wi
PCHOs in the ULW indicate the active polymerization of MCHOs to PCHOs in this layer. Simi
contrasting relation of PCHOs to TEPs in the ULW shows further aggregation of PCHOs to 1
strong correlation TEs in the two layers shows active aggregation processes in both layer:
formation of the SML at the study site, appearsto be controlled mostly by upward transport prog
of organic material as inferred by the strong positive relationships cACREPs and DOC betwe|
the SML and the ULW. Within the pool of DOM, mamad poly carbohydrates behave differently i
the two layers having an active role in the polymerization and aggregation processes.

In the simulated conditions of high microplasti®édR) concentrations in the mesocosmand the
positive correlation of twith TEPs in the MP treatments in the Si 0.821, p= 0.023, n=ihply
that in the presence of MPs physicochemical binding of Cu to either the TEPs or the MPs is fag
Furthemore, the general decrease in dissolved Cu concentratiags) towards the end of the
experiment from both layers and the negative correlation of dissolved Cu with TEPs in contrt
0.786, p=0.036, n=7) and in the MP treatmentsQ:679, p=0.094=7) in the ULW corroborates tHh
argument on the adhesion of € forms onto the particulate phase

The work on CDOM/FDOM data evaluation is underway

Reference: Tzempelikou E., Galgani L., Zeri C., Karavoltos S., Pitta E., Adamopou
Assimakopoulou G., lliakis S., Kalantzi I., Sakellari Aik., Tsapakis M.A@0@2| variations of
transparent extracellular particles, carbohydrates, anebfuling agents intte sea surface microlays
of a coastal Mediterranean site. Implications for the role of microplasBakmitted to Frontiers ir
Marine Science

How atmospheric and oceanographic forcing impact the carbon sequestration in an ultra -
oligotrophic marine syst _em (asreported in the OCB Science highlights: https://www.us -
ocb.org/forcing _-impact -sequestration -oligotrophic/ )

Sinking particles are a critical conduit for the expontafterial from the surface to the deep ocean
Despite theirimportance in oceanic carbon cycling, little is known about the composition and



https://www.us-ocb.org/forcing-impact-sequestration-oligotrophic/
https://www.us-ocb.org/forcing-impact-sequestration-oligotrophic/

seasonal variability of sinking particles which reach abyssal depths. Oligotrophic waters cover
of the ocean suace and contribute over 30% of the global marine carbon fixation. Understandil
the processes that control carbon export to the deep oligotrophic areas is crucial to better
characterize the strength and efficiency of the biological pump as well as tecpitbe response of
these systems to climate fluctuations and anthropogenic perturbations.

In a recent study published in Frontiers in Earth Science, authors synthesized data from atmos
and oceanographic parameters, together with main mass componais stable isotope and
sourcespecific lipid biomarker composition of sinking particles collected in the deep Eastern
Mediterranean Sea (4285m, lerapetra Basin) for a thyear period (June 2010une 2013). In
addition, this study compared the sinkingniculate flux data with previously reported deapa
surface sediments from the study area to shed light on the benggtagic coupling.
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Figure Caption: a) Biplot of net primary productivity vs export efficiency (top and bottom horizo
dashed lirs indicate threshold for high and low export efficiency regimes). b) Biplot of POC
normalized concentrations of terrestrial vs. phytoplankiderived lipid biomarkers of the sinking
particles collected in the deep Eastern Mediterranean Sea (lerapetra, B&&t Levantine Basin)
from June 201@June 2013, and surface sediments collected from Januaryt®0fiihe 2012 in the
study area.

Both seasonal and episodic pulses are crucial for POC export to the deep Eastern Mediterran
POC fluxes peaked in smgiApritD C 1iiT ~iiX7 uP u>1 >is E 0o § A]3Z A
forcing. Overall, summer particle export fuels more efficient carbon sequestration than the othg
seasons. The results of this study highlight that the combination of extreme weatheiseveah
aerosol deposition can trigger an influx of both marine labile carbon and anthropogenic compo
to the deep. Finally, the comparison of the sinking particles flux data with surface sediments
revealed an isotopic discrimination, as well as a peféal degradation of labile organic matter
during deposition and burial, along with higher preservation of {dadved POC in the underlying
sediments. This study provides key knowledge to better understand the export, fate and
preservation vs. degradain of organic carbon, and for modeling the organic carbon burial rates
the Mediterranean Sea.




ReferencePedrosaPamies R, Parinos C, SaneXatal A, Calafat A, Canals M, Velaoras D,
Mihalopoulos N, Kanakidou M, Lampadariou N and Gogou A (2021) Atmospheric and Oceanc
Forcing Impact Particle Flux Composition and Carbon Sequestration in the Easté@erfdadan
Sea: A Thre& ear TimeSeries Study in the Deep lerapetra Basiont. Earth Sci. 9:591948. doi:
10.3389/feart.2021.591948

Optical properties and biochemical indices of marine particles in the open Mediterranean Sea!
R/V Maria S. Merian crise.

The vertical distribution, horizontal distribution, and export at depth of particulate matter (PM) i
the world ocean have been the subject of numerous stadiver the past decade®ptical methods
have been used for decades to describe PM behawitine marine environment, as particle quality
distribution, abundance and size, directly affect light scattering in the ocean, and subsequently
E Puo 8 3Z } ve[ }%S8] 0 %E}% ES] »+ v 35Z AmdtelEirom A]v
satellites.

The sirvey was carried out on board the German R/V Maria S. Merian from March 2nd t8wbipril
2018 The cruise started at Heraklion, Crete, Gxeand ended in Cadiz, Spdin total, 136 CTD
casts were conducted during the cruise materializing a completeteasest Mediterranean

transect plus another one in the lonian Sea. At 62 stations (with depth < 3000 m) theDld&§Biias
deployed along with the rosette system to obtain optical paramet&t45 stations, seawater
samples were also collected for theeiental and stable isotopic analysis of carbon and nitrogen

PM.
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Fig. 1Figurela shows the monthly mean average sea surface chlorephytincentration in the
Mediterranean Sefor March 2018, while Figures 1b & &hows the &lay average sea surface
chlorophylta concentrations in the Mediterranean Sea for the first-{@03/2018) and second
(30/03/201806/04/2018) legs of the MSM72 cruise, which corresponds to the sampling periods
the EMed and WMed Mediterraan subbasins, respectively. According to this, during the MSM]
cruise, a westo-east, as well as a nortio-south gradient in oligotrophy, was observetthe two

subbasins (Figuresaic).




Fig. 2A westeast section of Beam Attenuation (cp), Volu@encentration (VC), Median Diametel
~ fAleU v WA" ¢0}% ~Fe ]JeSCE]JapsS]}v ]Jv §Z Sp C &

The beam attenuation coefficient, cp, clearly exhibits higher values throughout the water colun
the WMed, especially in the upper ~100 m and progressivelgphggnal decreases towards the
east. The particle volume concentration, VC, along the section shows similar characteristics tg
with higher values in the WMed and progressively lower values towards the central Mediterrar
and the EMed. Furthermoréhe particle median diameter D50, in the Mediterranean shows an

A EP }(T6Fi ..uX /8 A}ops]}v (E}u 8Z A 3 8} 5Z S Je
% E A]}u*0oC ] pHee % E u & E+X &]v 00CU 3Z W™ +0}% 1t
characterstics to cp and VC with high values in WMed and lower valudd@uE

Surface Atlantic waters were identified as the most turbid waters in the Mediterranean Sea, wH
Transitional Mediterranean Water represerite most transparent water masa. directrelationship
between hydrological parameters, water masses and Li88Ued particle optical properties was
observed tloughout the Mediterranean SeROC concentrations increase inversely with D50 an
% E}%}ES]}v 00C A]3Z tU ]v ] orddoneni)iAtdn sEhal€Earticle pop@ations.




Figure 3A westeast section of POC and PN contents and their isotopic composition in the stu
area

POC and PN concentrations in the study area, considering the entire water column, ranged fro
to 7.12 pmol k1, 2.71+1.40 pmol-IL on average, and from 0.09 to 1.99 umel,10.40+0.32 pumol-L
1 on average, respectively. POC/PN molar ratio ranged from 1.9 to 13.7, with an average of 8.
Higher POC and PN concentrations were consistently recavidaoh surface waters or the
maximum of chlorophyll fluorescence of all stations with the highest values being detected in tl
Alboran Sea and Algerian Basin while lower concentrations were observed in the eastern lonig

v "tuszZz E § v u @RJanged betwee28.73and i Xi1: X o}e v , v
~Tilie €iie E %IRBOEG values in open oceanic waters that span over a broad range, var,
(Elu >iA: § Z]PZ o §]8u <&} oi &]3 @F5N-pAN walues in our data set spans a
range from-i Xii §} 6 Xii:X %0 § A op e+ E E randng frontE.ZJto «pE
iXiA: ~ A E P iX060:e

Our data showed substantial differences between the westsgntral and the eastern sector of the
basin, highlighting the transition from matsophic to oligotrophic conditionsThe presence of

E o $]A oC 15%Pdl \&aluesithe surface andhe Transitional Mediterranean Water mass
highlights the roleof atmospheric deposition of anthropogenic N (Mara et 2009, Glob.
Biogeochem. Cye$ 23, GB4002. doi:10.1029/2008gb0033% on marinebiogeochemical
parametersalong withthe observedchanges in circulation patterpgdrivingthe redistribution of
particulate natter as a source of nutrients.

Referencs:

Chaikalis S, Parinos C, MohiusGogou A, Velaoras D, Hainbuche3dianos S, Tanhua T, Cardin
Proestakis E, Amiridis V, Androni A and Karageorgis A (2021) ®@pbigaities and Biochemical
Indices of Marine Particles in the Opbfediterranean Sea: The R/V Maria S.Merian Cruiéarch
2018. Front. Earth Sci. 9:614703.doi: 10.3389/feart.2021.6147




Atmospheric De position of nutrients globally and onto the Mediterranean Sea

A number ofpioneering global modelling studies have been performed by Greek SOLAS sc
focusing on ntrient atmospheric cycles and their atmospheric deposition usingiref chemistry
climate models. They concern the first organic nitrogen and organic phosphorus global dep
studies (Kanakidou et al., GBC 2012), the global nitrogen-a@gdeuntirg for its organic component
and how this evolves under changing hurrdriven emissions (Kanakidou et al., JAS, 2016), the ¢
iron cycle (Myriokefalitakis et al., BG, 2015) and global phosphorus cycle (Myriokefalitakis et
2016) accounting foren and phosphorus solubilisation by chemical reactions in the atmosphe
well as for the contribution of bioaerosols to organic phosphorus atmospheric load.

As a followup of these studies focus was put in 2020 in the input of thee nutrients into
Mediterranean Sea (Kanakidou et dbeepSea Research Part 1l 171 (2020) 103606at study
accounting for both inorganic and organic nutriergstimatedthat atmospheric deposition fluxes ¢
soluble nutrientdo the Mediterranean Seamount to 1281GgN y?, 4.31 G¢P y* and 6.32 Gdre y?

for the present day, and are within the range of the few estimates available in literature. An alm
fold increase in the atmospheric deposition of soluble N is also calculated to be the result

increasein anthropogenic and biomass burning emissions since 1850, while soluble P &
deposition fluxes have increased by 59% and 114%, respectively. For future (2100) em
however, N deposition is projected to increase only slightly (4%) while solubiel Fe fluxes wil
decrease by 34% and 32% compared to current estimdtks. soluble organic N and P ann
deposition fluxes are calculated to be 12% and&®%6 of total soluble N and P presafgy annual
deposition fluxes into the Mediterranean Sea pestively. Toreconcile withthe observed fluxes ir
the west and the east Mediterraneaiy14 times higher flux of soluble P, in particuteganic P, and
at least 2.5 times higher flux of soluble Fe need to be considered in the n&wd#l.high fluxes cdme

due to higher combustion emissions of soluble Fe and P, to higher dust emissions or solubilis:
Fe and P contained in dust aerosols, and also higher organic P flux associated with bioaeros
currently used in the global models. These hypst® are now under investigation.

The global N/P/Fe atmospheric deposition modeling has been also used to evaluate the impad
atmospheric acidity on these nutrients deposition and thereby on ecosystems. This study was
performed in the frame of a GESAMR:VB8 workshop and published as part of the Baker et al.,
2021 review paper in Sciences Advances:

Anthropogenic emissions to the atmosphere have increased the flux of nutrients, especially
nitrogen, to theocean, but they have also altered the acidity of@s®l, cloud water, and
precipitation over much of the mariremosphere. For nitrogen, acidiriven changesin chemica
speciation result in altered partitioning betwedme gas and particulate phases that subsequently
affect longrange transport. Othemportant nutrients, notablyron and phosphorus, are affected,
because their soluble fractions increase upon exposure to acidic environrmeritg) atmospheric
transport. These changes affect the magnitude, distribution, and deposition mode of individual
nutrients supplied to the ocean, the extent to which nutrient deposition interacts with the sea
surface microlayeduring its passage into bulk seawater, and the relative abundances of soluble
nutrients in atmospheric depositiofFigure below)Atmospherc acidity change therefore affects
ecosystem composition, in addition to overall marine productiatyg these effects will continue tc
evolve with changing anthropogenic emissions in the future.




To evaluate the impact of the atmospheric depositiorttie marine environment, coupling of the amtosphe|

to the ocean is neededheefore, theparameterizations from the offine model have been recently

implemented in TM5 model that is part of the4E@rth Earth System modehd enabledhe study on@lobal

simulations of multiphase processes with the climateemistry model EEarth: the importance on
Su}le%zZ E] }A£ 0S5 U eepo(S U v JE}V C o0

Understandinghow multiphase processes affect the irgontaining aerosal cycle is key to predict oce
biogeochemistry changes and hence the feedback effects on climate. For this workEaetBEEarth systen
model in itsclimate-chemistry configuration is used to simulate the global atmospheric oxalate (OXL), |
(S0¢), and iron (Fe) cyclesfter incorporating a comprehensive representation of the multiphase chemist
cloud droplets and aerosol water. The model considers a detaileghgse chemistry scheme, all major aero|
components, and the partitioning of gases in aerosol atrdosphericwater phases. The dissolution of-F

}vs Jv]vP  &E}e}o- uvsSe IJv 8] o00C (}E& SZ anrdorpdidtion] Aero$o] adity i
explicitly calculated in the model, both for accumulation and coarse modes, accountitigefarodynamic
processes involving inorganic and crustal species fronrsakand dust.

Simulationsfor presentday conditions (200Q014) have been carried out with both Harth and the

atmosphericcomposition component of the model in standalone mode driven byeomlogical fields from
Dt&[+ Anterimreanalysis. The calculated global budgets are presented and the links between




aqueousphase processes, 2) aeroghksolution, and 3) atmospheric composition, are demonstrated
quantified. The model reults are supported by comparistmavailable observations. We obtain an averg
global OXL net chemical production of 12.61 + 0.06 TgiylEECGEarth,with glyoxal being by far the mos
important precursor of oxalic acid. In comparison to RA nterim simulation differences in atmospheri
dynamics as well as the simulated weaker oxidizing capacity-EaER result overall in a ~30 l&wver OXL
source. On the other hand, the more explicit representation of the aqughase chemistry in EEarth
comparedto the previous versions of the model leads to an overall ~20% higher sulfate production, but g
correlated withatmospheric observations.

The total Fe dissolution rate in arth is calculated at 0.806 + 0.014 Tg Feayrd is aded to the primary
dissolved Fe (DFe) sources from dust and combustion aerosols in the model (0.072 + 0.0012T.dglRe
simulated DFe concentrationshow a satisfactory comparison with available observations, indicatin
atmospheric burden ofy0.007Tg Fe, and overalesulting in an atmospheric deposition flux into the glo
ocean of 0.376 + 0.005 Tg Fetywell within the range reportedh the literature. All in all, this work is a fir:
step towards the development of EEarth into an Earth Syarh Model with fullyinteractive bioavailable
atmospheric Fe inputs to the marine biogeochemistry component of the model.

Microplastics and nanoplastics in the marine -atmosphere environment

We have alsoantributedto areview article by Allen et #1021 in Nature Reviews Earth &Environment
that summarizes currentknowledge on the occurrencatfiospheric micro(nano)plastitheirtransport
in the amtosphere and theceantatmosphere exchange This overview shows haemplexis themarine
plasiccyclehow limited are the observatioresnd points to thenegative implications fathe ecosystera
and for humarhealth.lt quantifiesthe processes and fluxes thie marineatmospheric micro(hano)plast




cycleand identifiestheremaining unknowns in atmospheric micro(nano)plastic transfdre uncertainty
of the amounts ofmicro(nano)plastickansported annuallyithin the marine atmosphere and depositg
in the oceanss large, with estimated fluxes spanning 4 orders of magtéttanging ktween 0.013and
25 million metric tons peyear.

Thishigh uncertainty is related tthe lack of sufficientlata and of study intercomparability. To addres
the uncertaintiesand remaining knowledge gaps in the maranospheric micro(nano)asticcyclethis
review articleproposes a future global marin@tmospheric micro(nano)plasticbservation strategy,
incorporating novel sampling methods and the creation obanparable, harmonized and global data s
Together with longerm observatioms and intensive investigations, this strategy will help to define
trends in marineatmospheric pollution and any responses to future policy armhagement actions.

Figure from Allen et al., Nature Reviews, 2022: The proposed global observation netw ork

Investigation of the response of the Aegean Seato the Etesian wind forcing
Coastal upwelling regions are of economic and scientific interest as they are among the most

productive areas of the global ocedlrhe fertilization of surface layers pwelled nutrients
supports several coastal marine ecosystems and fisheries around the §beral regions
exhibiting seasonal coastal upwelling have been identified in the Mediterranean Sea. The
complicated coastlines and vicinity of large land magsgmse strong regional winds of seasonal
character (such as the Bora, Mistral and Etesian winds), and it might be expected that the
Mediterranean would be fertilized by seasonal injections of nutrients in its euphotic zone throu
coastal upwelling. Howev, most evidence suggests that this is not the case.

Ina recentstudy(published in Continental Shelf Researthg question of potential biochemical
responseof the North Aegean to coastal upwelling due to the Etesian winds is revisited, by
examining orrelations between wind velocity, sea surface temperature (SST), sea surface
chlorophylta concentration (ckhh) and fishery landings, utilizing the latest available datasets,
improve our understanding of wind driven coastal upwelling processes iNth#nern Aegean Sea.
The research focuses on the summer months July and August when northerly Etesian winds p
in the Aegean archipelago.




To that end, a sitespecific response criterion for upwelling intensity has been developed, based
the zonal SBgradient between eastern and western Aegean. Combined use of the above crite
with crosscorrelation between wind, zonal surface temperature gradient, surfacachl
concentration and local fish landings reveals a ihiellen (until now) signal of clal increase in
response to intensification of wind forcing, as well as a relation between fish landings and upw
events, challenging the conclusions of previous studies suggesting that the Aegean Sea is imr
summer coastal upwelling, due to theegt depth of its nutricline.

Figure. Wind and chta correlation in the Northern Aegean Sea, for the months of July (left) and August (right): (a) and (b) Maximum magnitudeted
vector correlation coefficient (black dots indicate data points where thearrelation coefficient is statistically significant (p-value<0.05)).

ReferenceChaniotaki, M., Kolovoyiannis, Yragou, EHerold, L.A., Batjakas, I.E., Zervakis, V., 2
Investigation of the response of the Aegean Sea to the Etesian wind fo@ongnental Shel
Research225, 104485ttps://doi.org/10.1016/).csr.2021.104485

Air iSea Interaction: Heat and Fresh -Water Fluxes in the Aegean Sea
The Aegean Sea is an intriguing-balsin of the Mediterranean, due to (a) its capability to produci

large amounts of very dense water, temporarily becoming the major producer of Eastern
Mediterranean Bottom Water (recorded during th&E period) and (b) due to its direct connectio
with the Black Sea that supplies the Aegean Sea with lightsddwity waters which contribute
buoyancy to the surface layers, and potentially control local convection processes. Thus, a sim|
with the North Atlantic rises, in the sense of gradually increased stratification due to the additio
low-salinity surface waters, in an area capable to produce very dense waters, and thus possibl)
turning the North Aegean to a natural laboratory for studyinglsintriguing processes. The
buoyancy exchanges with the atmosphere over the Aegean basin are partially controlled by thi
buoyancy gain and the subsequent formation of a shallow surface layer of the modified Black
waters. In thisstudy, we examine theharacteristics and variability of the heat and freshwater ani
the overall buoyancy fluxes with the exchanges with the atmosphere, focusing on the potential
of the interaction with the Black Sdar the period 19832015.

The wealth of informatiomprovided by a humerical model in combination with the BRt&rim data
has produced a much better understanding of the forcing of the basin.

For the first time, the diverse role of the BSW outflow as a moderator of the buoyancy loss of thg
has beenevealed: Not only the thin surface layer of modified BSW absorbs tligeaifluxes acting
as an effective insulator regarding densater formation processes, but also (a) moderates |
buoyancy fluxes over its path and (b) provides significant late@ldncy to the basin, thus making
very sensitive to meteorological forcing.



https://doi.org/10.1016/j.csr.2021.104485

It should be noted that climatological mean buoyancy loss over the Aegean has been est
through this study to beF{& H s’ «%s *> «’’. However, if the BSW inflow was absent, t
buoyancy loss would correspond to the high values observed over the Eastern Aegean, an ¢
directly affected by the presence of the BSW, i.e. abButr H s 7' «%s ?° «?7 This study reveal;
that the verticd heat loss over the Aegean is much higher thameaityhbouringseas, including the
Adriatic, the dominant densevater formation site for the Eastern Mediterranean.
Through the realization of the various ways in which the Dardanelles outflow affectetieaA Seg

H}IC v C pP 3U ]S Jue A] v3 §Z 3 Ju% E}A u vs }( 8Z -Ju
terms of its role as a denseater exporter for the Eastern Mediterranean requires improvemeni
the understanding and simulations of the exalg& through the Turkish Strait System.
Furthermore, this study may shed some light to the role that the Aegean Sea had to the Mediter|
prior to the connection of the Mediterranean with the Black Sea or during the times whe;
Mediterranean and the Bck Sea were separated.

ReferenceTragou E., Petalas S. Mamoutos I., 2022S@& Interaction: Heat and Fregater Fluxes
in the Aegean Sea. In: The Handbook of Environmental Chemistry. Springer,
Heidelberghttps://doi.org/10.1007/698_2021 841

3. List SOLAS -related publications publishedin 2021  (only PUBLISHED articles ).
If any, please also list weblinks to models, datasets, products , etc.
PedrosaPamies R, Parinos C, SaneWeal A, Calafat A, Canals M, Velaoras D, Mihalopoulos N,

Kanakidou M, Lampadariou N and Gogou A (2021) Atmospheric and Oceanographic Forcing |
Particle Flux Composition and Carbon Sequestration in the Eastertevtadean Sea: A Threéear
TimeSeries Study in the Deep lerapetra Basiont. Earth Sci. 9:591948. doi:
10.3389/feart.2021.591948

Chaikalis S, Parinos C, Mobius J,, Gogou A, Velaoras D, Hainbucher D,Sofianos S, Tanhua T
Proestakis E, AmirglivV, Androni A and Karageorgis A (2021) OpticalProperties and Biochemicd
Indices of Marine Particles in the OpenMediterranean Sea: The R/V Maria S.Merian Cruise, M



https://doi.org/10.1007/698_2021_841

2018. Front. Earth Sci. 9:614703.doi: 10.3389/feart.2021.61470 (PDF) Optical Pr@petties
Biochemical Indices of Marine Particles in the Open Mediterranean Sea: The R/V Maria S. Me
Cruise, March 2018.

Myriokefalitakis, S., Bergddasso, E. Gongalv@geitos, M., Pérez GarelRando, C., van Noije, T.,
Sager, P., Ito, A., Nenes, Aanikidou, M., Krol, M.C., Gerasopoulos, Global simulations o
multiphase processes with the climatehemistry model EEarth: the importance on atmospher
oxalate, sulfate, and iron cycles,Geosci. Model Dev., 15, 307120, 2022,
https://doi.org/10.5194/gmd15-30792022

Baker A. R., Kanakidou, M., Nenes, Myriokefalitakis, S.Croot, P. L., Duce, R, Gao, Y., Guieu, (
Ito, A., Jickells, T. D., Mahowald, N. M., Middag, R., Perron, M. M. G., Sarin, M. M., Shelley
Turner, D. R.Changing atmospheric acidity as a modulator of nutrient deposition and ¢
biogeochemistrySci. Adv., 7(28) add8800, doi:10.1126/sciadv.abd8800, 2021.

D. Allen, S. Allen, S. Abbassi, A.Baker, M. Bergmann, J. Brahney, T. Butler, R. A. Duce, S. E
Evangeliou, T. Jickells, M. Kanakidou, P. Kershaw, P. Laj, J. Levermore, D. Li, P. Liss, K. LiugN
WX D e<cp U XD 3 E]U XDGC-+*sUWXD"']Jvv]SCU /X KeA §ZU
W. J. Shim, J. Slade, A. Stein, O. Tarasova, S. Wright, The Atmospheric Cycle of Micro and Na
in the Marine Environment, Nat Rev Earth Environ 3, 393t405 (2022).
https://doi.org/10.1038/s43017022-00292x

Chaniotaki, M., Kolovoyiannis, VIragou, EHerold, L.A., Batjakas, |.E., Zervakis, V., 2
Investigation of theresponse of the Aegean Sea to the Etesian wind for€ngtinental Shel
Research225, 10448ttps://doi.org/10.1016/j.csr.2021.04485

Mamoutos, I., Potiris, ETragou, E., Zervakis, V., Petalas, S., 2021. AR¢igiution Numerical Mode

of the North Aegean Sea aimed at Climatological Studies. Journal of Marine Science and Eng
9(12), 1463http://doi.org/10.3390/jmse9121463

Tragou E., Petalas S. Mamoutos |., 2022-Sa& Interaction: Heat and Freg¥ater Fluxes in the
Aegean Sea. In: The Handbook of Environmental Chemistry. Springer,
Heidelberghttps://doi.org/10.1007/698 2021 841

4. Did you engage any stakeholders/societal partners/extemal research users in orderto co -
produce knowledge in 20 217 If yes, who? How did you engage?

We worked closely with GESAMP and contributed to the publications by Baker et al., 2021 on the
importance of atmospheric acidity for atmospheric deposition to the ocean & by Allen et al., 2022 on
the atmospheric cycle of microplastics.

PART 2 - Planned activities for 2022 and 2023

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. alli nformation possible, dates, locations, teams, work , etc.).



https://doi.org/10.5194/gmd-15-3079-2022
https://doi.org/10.1038/s43017-022-00292-x
https://doi.org/10.1016/j.csr.2021.104485
http://doi.org/10.3390/jmse9121463
https://doi.org/10.1007/698_2021_841

BIOCAN (a 3 years project that started May 2022 supported by the Hellenic Foundation for
Research and Innovation- Pl M. Kanakidou, University of Crete): It aims to provide observational
and modelling surnwey of the East Mediterranean atmosphere in order to increase accuracy of
bioaerosol distribution and deposition in the region and the nutrients they carry, in particular
nitrogen and phosphorus, to the ocean and unravel the sources of atmospheric phosphorus in this
oligotrophic region where the ocean is P limited.

2. Events like conferences, workshops, meetings, summer schools , capacity building etc.
(incl. all information possible ).
EGU -SOLAS session co-organised in 2021, 2022 and is proposed also for 2023

3. Funded national and international projects  /activities underway .

PANhellenic infrastructure for Atmospheric Composition and climatE chAnge (PANACEA) is
envisionedto become the high -class, integrated Research Infrastructure (RI) for
atmospheric composition and climate change not only for Greece, but also for southern
Europe and eastern Mediterranean, an area that isacknowledged as a hot spot for climate
change. The Rl isdesigned to be in full compliance with EU Regulation 651/26.6.2014 and

act asthe Greek component of ACTRIS/ESFRI (Aerosols, CI  oudsand Trace gases Research
Infrastructure) and ICOS/ESFRI (Integrated CO2 Observation System).

https://panacea -ri.gr/?lang=en

4. Plans/ ideasfor future national or international projects, programmes, proposals , etc.
(please indicate the funding agenciesand potential submission dates).

CLIMPACT Greek National Project : https://climpact.gr/about/overview

The CLIMPACT network seeks cooperation with the National Commission for Climate
Change, with the Climate Change Impact Study Committee of the Bank of Greece but also
with other relevant initiatives and actions. CLIMPACT aimsto be a pole of valid and
multifaceted expertise and an advisory body of the State and Society.

5. Engage ments with other international projects, organisations, programmes , etc.

We actively participate inIMBER and MedCLIVAR intemational programmes.

Comments
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SOLAS activities. ?
Would the SOLAS IPO be able to extend help towards production of a SOLAS India newsletter?

PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight

Describe one scientific highlight with a title, text (max. 300 words ), a figure with legend and full
references. Please focus on a result that would not have happened without SOLAS, and we are
most interested in results of international collaborations. (If you wish to include more than one
highlight, feel free to do so).

Review article # 1: Physical and biogeochemical processes associated with upwelling in the
Indian Ocean.

This paper reviewed the phenomena of upwelling along the coast of the Indian Ocean extending from
the tip of South Africa to the southern tip of the west coast of Australia. Observed features, underlying
mechanisms, and the impact of upwelling on the ecosystem were presented. Based on enhanced
sea surface chlorophyll a concentration, upwelling was stated to be a key driver enhancing biological
productivity in all sectors of the coast. Along the west coast of India, upwelling has several
biogeochemical implications, including oxygen depletion, denitrification, and high production of CH4
and dimethyl sulfide. The review identified the northern coast of the Arabian Sea and eastern coasts
of the Bay of Bengal as the least observed sectors. Sustained long-term observations with high
temporal and spatial resolutions and high-resolution modelling efforts were recommended for a
deeper understanding of upwelling, its variability, and its impact on the ecosystem.

Citation: Vinayachandran, P.N.M., Masumoto, Y., Roberts, M.J., Huggett, J.A., Halo, I., Chatterjee,
A., Prakash A., Gupta, G.V.M., Singh, A., Mukherjee, A., Prakash, S., Beckley, L.E., Raes,
E.J., Hood, R. 2021. Reviews and syntheses: Physical and biogeochemical processes
associated with upwelling in the Indian Ocean. Biogeosciences, 18 (22): 5967-6029.

Review article # 2: Atmospheric gas -phase composition over the Indian Ocean

The manuscript reviewed the progress in detecting and understanding atmospheric gas-phase
composition over the 10 and its local and global impacts. It took into account results from recent
Indian Ocean ship campaigns, satellite measurements, station data and information on continental
and oceanic trace gas emissions. The distribution of all major pollutants and greenhouse gases
showed pronounced differences between the landmass source regions and the 10 with strong
gradients over coastal areas. Surface pollution and ozone were highest during the winter monsoon




over the Bay of Bengal and the Arabian Sea coastal waters. This was attributed to air mass advection
from the Indo-Gangetic Plain and continental outflow from Southeast Asia. Unusual types of wind
patterns lead to pronounced deviations of typical trace gas distributions. Future research initiatives
suggested were long-term changes of pollution and ozone, their dynamics due to changing emissions
and transport patterns and understanding the impacts of atmospheric pollution on oceanic
biogeochemistry and trace gas cycling.

Citation: Tegtmeier, S., Marandino, C., Jia, Y., Quack, B., Mahajan, A. S. (2020). Atmospheric
gas-phase composition over the Indian Ocean. Atmospheric Chemistry and Physics
Discussion [preprint], https://doi.org/10.5194/acp-2020-718.

2. Activit ies/main accomplishments in 2021  (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international

collaborations; contributions to int. assessments such as IPCC; collaborations with social
sciences, humanities, medicine, economics an  d/or arts; interactions with policy makers,
companies, and/or journalists and media).

3. List SOLAS -related publications published in 2021  (only PUBLISHED articles ).
If any, please also list weblinks to models, datasets, products , etc.
Publication s from January 2021 - February 2022:

Ambade, B., Kumar, A., Kumar, A., Sahu, L.K. 2022. Temporal variability of atmospheric particulate-
bound polycyclic aromatic hydrocarbons (PAHs) over central east India: sources and
carcinogenic risk assessment. Air Quality Atmosphere and Health, 15: 115 #.30.

Bikkina, P., Sarma, V.V.S.S., Kawamura, K., Bikkina, S. 2021. Dry-deposition of inorganic and
organic nitrogen aerosols to the Arabian Sea: Sources, transport and biogeochemical
significance in surface waters. Marine Chemistry, 231: 103938.

Carpenter, L.J., Chance, R.J., Sherwen, T., Adams, T.J., Ball, S.M., et al., 2021. Marine iodine
emissions in a changing world. Proceedings of The Royal Society A-Mathematical Physical
and Engineering Sciences, 477: 20200824.

Chowdhury, M., Biswas, H., Mitra, A., Silori, S., Sharma, D., et. al. 2021. Southwest monsoon-driven
changes in the phytoplankton ~ community structure in the central Arabian Sea (2017 +
2018): After two decades of JGOFS. Progress in Oceanography, 197: 102654, ISSN 0079-
6611.

Dalabehara, H.B., Sarma V.V.S.S. 2021. Physical forcing controls spatial variability in primary
production in the Indian Ocean. Deep Sea Research Part IlI: Topical Studies in
Oceanography, 183: 104906, ISSN 0967-0645.

Joseph, D., Sanil Kumar, V. 2021. Response of Ocean Surface Waves to the Co-occurrence of
Boreal Summer IntraSeasonal Oscillation and El Nifio Southern Oscillation. Climate
Dynamics, 57(3): 1155 #171.

Jyothibabu, R., Karnan, C., Arunpandi, N., Santhi Krishnan, S., Balachandran, K.K., Sahu, K.C.,
Significantly dominant warm-core eddies: An ecological indicator of the basin-scale low
biological production in the Bay of Bengal. Ecological Indicators, 121: 107016, ISSN 1470-
160X.



https://doi.org/10.5194/acp-2020-718

Kaushik, A., Kumar, A., Aswini M.A., Panda, P.P., Shukla, G., Gupta, N.C. 2021. Seasonal variation
in chemical composition of size-segregated aerosols over the Northeastern Arabian Sea.
Frontiers in Environmental Science, 8: 619174.

Kumar, A., Shukla, G., Singh, A.2022. Chapter 25 - Long-range global transport and characterization
of dust. In R.P. Singh (Ed.), Asian Atmospheric Pollution: Sources, Characteristics and
Impacts (pp. 483-504). Elsevier. https://doi.org/10.1016/B978-0-12-816693-2.00012-3.

Li, Q., Badia, A., Fernandez, R.P., Mahajan, A.S., Lopez-Norefia, A.l,, Zhang, Y., et. al. 2021.
Chemical interactions between ship axiginated air pollutants and ocean amitted
halogens. Journal of Geophysical Research: Atmospheres, 126: ee2020JD034175.

Mahajan, A.S., Li Q., Inamdar Swaleha, Ram, K., Badia, A., Saiz-Lopez, A. 2021. Modelling the
impacts of iodine chemistry on the northern Indian Ocean marine boundary layer.
Atmospheric Chemistry and Physics, 21: 8437-8454.

Maneesha, K., Hari Prasad, D., Patnaik , K.V.K.R.K. 2021. Biophysical responses to tropical
cyclone Hudhud over the Bay of Bengal. Journal of Operational Oceanography, 14:2, 87-
97.

Nayak, G., Kumar, A., Bikkina, S., Tiwari, S., Shetye, S.S., Sudheer. A.K. 2022. Carbonaceous
aerosols and their light absorption properties over the Bay of Bengal during continental
outflow. Environmental Science: Processes & Impacts, 24: 72-88.

Phillips, Helen E., Tandon, A., Furue, R., Hood, R., Ummenhofer, C. et al. 2021. Progress in
understanding of Indian Ocean circulation, variability, air-sea exchange and impacts on
biogeochemistry. Ocean Science, 17(6): 1677 £1751.

Sarma, V.V.S.S., Krishna, M.S,, Srinivas, T.N.R., Kumari, V.R., Yadav, K., Kumar, M.D.
2021. Elevated acidification rates due to deposition of atmospheric pollutants in the coastal
Bay of Bengal. Geophysical Research Letters, 48(16).

Sarma, V.V.S.S., Prasad, M.H.K., Dalabehera, H.B. 2021. Influence of phytoplankton pigment
composition and primary production on pCO: levels in the Indian Ocean. Journal of Earth
System Science, 130: 85.

Silori, S., Sharma, D., Chowdhury, M., Biswas, H., Bandyopadhyay, D., et. al. 2021. Contrasting
phytoplankton and biogeochemical functioning in the eastern Arabian Sea shelf waters
recorded by carbon isotopes (SW monsoon). Marine Chemistry, 232: 103962.

Silori, S., Sharma D., Chowdhury M., Biswas H., Cardinal D., Mandeng-Yogo M. 2021. Particulate
organic matter dynamics and its isotopic signatures (/ Croc and / Nen) in relation to
physical forcing in the central Arabian Sea during SW monsoon (2017 £018). Science of
The Total Environment, 785, 147326, ISSN 0048-9697.

Suresh, K., Kumar, A., Ramaswamy, V., Prakash Babu, C. 2021. Seasonal variability in aeolian dust
deposition fluxes and their mineralogical composition over the Northeastern Arabian
Sea. International Journal of Environmental Science and Technology,
https://doi.org/10.1007/s13762-021-03503-y.

Suresh, K., Singh, U., Kumar, A., Karri D., Peketi, A., Ramaswamy, V. 2021. Provenance tracing of
long-range transported dust over the Northeastern Arabian Sea during the southwest
monsoon. Atmospheric Research. 250: 105377.
https://doi.org/10.1016/j.atmosres.2020.105377.



https://doi.org/10.1007/s13762-021-03503-y

Tripathi, N., Sahu, L.K., Patel, K. et al. 2021. Ambient air characteristics of biogenic volatile organic
compounds at a tropical evergreen forest site in Central Western Ghats of India. Journal of
Atmospheric Chemistry, 78: 139 #159.

Rao, V.D., Kumar, M.D., Sridevi, B. et al. 2021. Relations between marine biogeochemical indices
and cloud properties over the Arabian Sea. . Journal of Earth System Science, 130, 143.

Udaya Bhaskar, T.V.S., Sarma, V.V.S.S., Pavan Kumar, J. 2021. Potential mechanisms responsible
for spatial variability in intensity and thickness of oxygen minimum zone in the Bay of Bengal.
Journal of Geophysical Research: Biogeosciences, 126(6): €2021JG006341.

4. Did you engage any stakeholders/societal partners/external research users in order to co -
produce knowledge in 20 217 If yes, who? How did you engage?

Engagement with stakeholders/societal partners/external research users could not be initiated due
to the COVID-19 pandemic.

PART 2 - Planned activities for 2022 and 2023

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. all information possible, dates, locations, teams, work , etc.).

1. A manuscript synthesizing SOLAS activities in the Indian Ocean was proposed during the
SOLAS side meeting held as part of the Annual Meetings of Indian Ocean Global Ocean
Observing System (I0OGOOS) =XVII, 24t March 2022. Contributors for the same were
seeked.

2. Expeditions in the Arabian Sea, Bay of Bengal and Indian Ocean have been planned
onboard ORV Sagar Kanya and other chartered scientific vessel(s) for:

X 6WXG\LQJ WKH LQIOXHQFH Rl VHDEHG IHDWXUHV RSH
G\QDPLFV

X 7KH 5HVHDUFK ORRUHG $QYVDBERW WOLPMQORQVRRQ
BUHGLFWLRQ 5%$0$% FRQVLVWLQJ RI PRRUHG REVHUY
PHWHRURORJLFDO DQG RFHDQRJUDSKLF GDWD

X %LRIJHRFKHPLVWU\ Rl WUDFH HOHPHQWY DQG LVRWRSH
X 2FHDQ DFRWLRQ DORQJ HDVW FRDVW RI ,QGLD
X $VVHVVLQJ FDUERQ EXGJHW LQ 6RXWKHUQ 2FHDQ

Research cruise details can be availed at: https://ncpor.res.in/pages/view/248-research-
vessel-moment KWWSV LQFRLV{JBNAIONLRQ MVS

2. Events like conferences, workshops, meetings, = summer schools , capacity building etc.
(incl. all information possible ).
Completed events:

TKHQWHUQDWLRQDO ,QGLDQ 2FHDQ 6FLHQMHJE&RRQ VHWAMXXAHO H

2. 62/$6 VLGH PHHWIQSDHHB QD WIKX®I OHHWLQJV RI ,QGLDQ 2FHD
2EVHUYLQJ 6\VWHPt;92*2¥®DUFK YLUWXDO PRGH

3. Funded national and international projects  /activities underway .


https://ncpor.res.in/pages/view/248-research-vessel-moment
https://ncpor.res.in/pages/view/248-research-vessel-moment
https://incois.gov.in/IIOE-2/Expedition.jsp

Research output from a number of studies funded by various Government agencies in India and
overseas have been listed in point no. 3 (Part 1). Some of the funding agencies are:

x OLQLVWU\ RILHIUW K 6FR (6

X &RXQFLO RI 6FLHQWLILF DQG ,QGXVWULDO 5HVHDUFK &
X OLQLVWU\ RI +XPDQ 5HVRXUFH DQG 'HYHORSPHQW

X 'HSDUWPHQW RI 6FLHQFH DQG 7HFKQRORJ\

X 6SDFH $SSOLFDWLRQV &HQWUH ,652

x 7H[DV $ 0 8QLYHUVLW\ 7H[DV 86$%

x 'HSDUWPHQW RI '"HIHQVH 86%

4. Plans / ideas for future national or international
(please indicate the funding agencies and

projects, programmes, proposals
potential submission dates).

, etc.

Future research directives discussed during SOLAS India meetings were:

%0 Tracking constituent exchange among suspended aerosol particles.

%0 Understanding role of sea-surface microlayer in air-sea exchange of reactive gases.

5. Engagements with other international projects, organisations, programmes , etc.
Projects endorsed by IIOE -2 are as follows:
Sr. | Project | Project title Lead investigator/ co - Month and Period of
no. | no. investigator from India year of project
and contact details endorsement
1. IIOE2- Repercussions of | Dr. Jasmine. June, 2021 16
EP44 ocean warming P, Zoological Survey of January,
on India. 2020 - 15
bioluminescent January,
zooplankton of E-mail: 2025
the Indian Ocean | jasbose@gmail.com
2 IIOE2- Dinitrogen Arvind Singh, Physical April, 2020 September
EP41 Fixation in the Research Laboratory 2020 -
Indian Ocean: an | (PRL), India. August
interbasin and 2023
seasonal .
comparison E-mail:
(DINDE) arvinds@prl.res.in
3 IOE2- | Physical Prof. Animesh Maitra, April, 2018 March
EP30 Deterministic Institute of Radio Physics 2018 to
Sea Surface and Electronics, March
Temperature University of Calcultta, 2021
India




from MODIS and
VIIRS Radiances

E-mail;
am.rpe@caluniv.ac.in

IIOE2- Biogeochemistry | Dr. Sunil Kumar Singh, March, 2017 | April 2011-
EP16 of Trace continuing
Elements and Physical Research
Isotopes in the Laboratory, Ahmedabad
Indian Ocean 380009, India
I(S;OAIRACES- E-mail: sunil@prl.res.in
IOE2- Impact of climate | Dr. Bijoy Nandan May, 2017 NA
EP18 variability on the | Sivasankaran, Cochin
Indian Ocean: University of Science and
Role of Technology, Ernakulam,
Gelatinous India
zooplankton
structuring food | E-mail:
web structure bijoynandan@yahoo.co.in
and community
assemblages
IIOE2- Real-time Dr. R. Venkatesan, NIOT, | May, 2017 1996-
EP17 Meteorological Chennai, India continuing
and
Oceanographic E-mail:
data collection venakt@niot.res.in
using moored
buoy network in
Indian Seas
(OON-INDIA)
IIOE2- Influence of Dr. Anil Kumar N, August, 2017 | 2002-
EP23 Indian Ocean NCAOR, Goa 403 804, continuing

sector of the
Southern Ocean
dynamics and
biogeochemistry
on the tropical
weather and
climate (ISESO)

India

E-mail:
anil@ncaor.gov.in
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Report for the year 202And future activities

SOLAS lIreland
compiled by: Prof. Peter Croot and SOLAS Ireland community

This report has two parts:

- Part 1: reporting of activities in the period of January 2021 - Jan/Feb 2022
- Part 2: reporting on planned activities for 2022 and 2023.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overlap
between Themes or Cross -Cutting Themes.

1 Greenhouse gases and the oceans;

2 Air-sea interfaces and fluxes of mass and energy;

3 Atmospheric deposition and ocean biogeochemistry;

4 Interconnections between aerosols, clouds, and marine ecosystems;

5 Ocean biogeochemical control on atmospheric chemistry;

Integrated studies of high sensitivity systems;

Environmental impacts of geoengineering;

Science and society.

IMPORTANT: This report should reflect the efforts of the SOLAS community in the entire country
you are representing (all universities, institutes, lab, units, groups, cities).

First WKLQJV ILUVW«3OHDVH WHOO XV ZKDW WKH ,32 PD\ GR W
SOLAS activities. ?
As there is now and IPO office at NUI Galway in Ireland, this is perhaps a mutual activity, as

SOLAS lIreland look to help the IPO office settle into Ireland and look to incorporate the IPO office
into national networks while also seeking to develop more international contacts for SOLAS Ireland
researchers. This cooperation also extends to funding opportunities and outreach activities and we
look forward to working with the IPO on this moving forward.

7KH QHZ 62/%$6 06F FRXUVH DW 18, *DOZD\ ZLOO DOVR EHQHIL
attract students to the course and for helping to advertise and develop this course over time. This is
an exciting new development at NUI Galway and helps to build on the SOLAS related expertise
there and throughout Ireland.

In this context we are planning to have shortly a network meeting (Q2 2022) where the SOLAS IPO
in Ireland is able to meet SOLAS researchers in Ireland and build links and establish
communications with the IPO




PART 1 - Activities from January 2021 to Jan/Feb 2022

1. Scientific highlight

Describe one scientific highlight with a title, text (max. 300 words ), a figure with legend and full
references. Please focus on a result that would not have happened without SOLAS, and we are most
interested in results of international collaborations. (If you wish to include more than one highlight, feel
free to do so).

Sea spray as an obscured source for marine cloud nucl

It has been suggested that the sea spray aerosol (SSA) contribute small fraction to cloud
condensation nuclei (CCN) in global ocean, due to the low number concentration of SSA. How
the SSA numbeconcentration was poorly constrained and often extrapolated from supermicror
size distribution. Here we analyse lorigrm observations of concentrations and compositions of
aerosol in Northeast Atlantic. We derive submicron SSA number size distributiomfambient by
combining hygroscopicity growth measurement and aerosol number size distribution. Our resy
showed that the number concentration of submicron SSA has been greatly underestimated an
SSA contributed significantly to the marine CCN budgetaeding previous estimates by up to
50% to 500% at moderated marine cloud supersaturations. Given the impact of marine clouds
§Z Es5Z[« E ] §]A u P 88U }uVvSIVP (}E ep u] E}v AN e
aerosolcloud interaction and f@iture climate.
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Figure | UoversusNss;aand ANcen @, Nssaas a function oboderived by hygroscopicitigased (dark blue curve and boxes) and free
monomodal (light orange curve and boxes) approaches. The hourly data are binnedwitttervalsequal to 1 m ¥, the horizontal lines
represent the median value, the boxes represent 25th to 75th percentile, the whiskers represent 1-Guatiie range, the points
represent outliers and the diamond markers represent mean values. Also shown aieusrparametrizations, The difference oflcen

contributed by SSA between hygroscopitigsed and freenonomodal parametrization (denoted asNcedoy SSA) under varying
supersaturation (0.05% to 0.5%) add (4 to 25 m $).

Citatiort Wei Xu, Jurgit®vadnevaite, Kirsten N. Fossum, Chunshui LidjiRHuang, Darius
HEV]*U }o]lv K[JA WA % E C » v}euE <}juE
Geoscience: https://DOI: 10.1038/s415622-00917%2, 2022.

2. Activit ies/main accomplishments in 2021 (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international




collaborations; contributions to int. assessments such as IPCC; collaborations with social
sciences, humanities, medicine, e conomics and/or arts; interactions with policy makers,
companies, and/or journalists and media).

Exploring the Boundaries of the Atlantic Atmosphere  Science Strategy Meeting Galway

An online workshop took place, comprising some of the leading scientific experts in the field of
situ and remote observations of the North Atlantic Atmosphere, as well as representatives fron
relevant communities and networks.

The workshop built othe legacy of the ACE experimentsl, 2, which successfully brought toget
previously fragmented international aerosol communities to increase quantitative understandir
the complex gas/aerosol/cloud system.

The impact of human activity since
= industrialisation has altered the state of the

® Planetary Boundaries environment, pushing the boundaries of

environmental stability to the point of
Chemical it threatening the future of life on earth. There is
et ~ s L evidence that this threshold has already been
crossed due to anthropogenic radiative forcing,
biodiversity loss and disruption to the Nitrogen

i
Particle polltion®

s s o cycle. Breach of the boundaries of planetary

stability risks abrupt and non-linear alterations to
our environment, with major implications for
societal and economic systems. The atmosphere
and its changing composition both reflect and
drive the pressures applied to the boundaries of
environmental stability. Here the aim is to focus
the planetary boundaries concept on the Atlantic
Ocean and particularly, the atmospheric
composition of the North Atlantic region.

3. List SOLAS -related publications published in 2021 (only PUBLISHED articles ).
If any, please also list weblinks to models, datasets, products , etc.

Baker, A.R., Kanakidou, M., Nenes, A., Myriokefalitakis, S., Croot, P.L., Duce, R.A., Gao, Y., Guieu,
C., Ito, A., Jickells, T.D., Mahowald, N.M., Middag, R., Perron, M.M.G., Sarin, M.M., Shelley, R.,
Turner, D.R., 2021. Changing atmospheric acidity as a modulator of nutrient deposition and ocean
biogeochemistry. Science Advances 7 (28), eabd8800.

Beca-Carretero, P., Azcarate-Garcia, T., Julia-Miralles, M., Stanschewski, C.S., Guihéneuf, F.,
Stengel, D.B., 2021. Seasonal Acclimation Modulates the Impacts of Simulated Warming and Light
Reduction on Temperate Seagrass Productivity and Biochemical Composition. Frontiers in Marine
Science 8.

&ROHPDQ / OF *RYHUQ ) 0O 2YDGQHYDLWH - &HEXUQLV '
Envisioning an Integrated Assessment System and Observation Network for the North Atlantic Ocean.
Atmosphere 12, 955, (2021).




Duerschlag, J., Mohr, W., Ferdelman, T.G., LaRoche, J., Desai, D., Croot, P.L., Vo3, D., Zielinski, O.,
Lavik, G., Littmann, S., Martinez-Pérez, C., Tschitschko, B., Bartlau, N., Osterholz, H., Dittmar, T.,
Kuypers, M.M.M., 2021. Niche partitioning by photosynthetic plankton as a driver of CO2-fixation
across the oligotrophic South Pacific Subtropical Ocean. The ISME Journal.

Fossum, K. N., Ovadnevaite, J., Liu, D., Flynn, M., O'Dowd, C. & Ceburnis, D. Background levels of
black carbon over remote marine locations. Atmos Res 271, 106119,
https://doi.org/10.1016/j.atmosres.2022.106119 (2022).

Hanna, G.S., Choo, Y.-M., Harbit, R., Paeth, H., Wilde, S., Mackle, J., Verga, J.-U., Wolf, B.J.,
Thomas, O.P., Croot, P., Cray, J., Thomas, C., Li, L.-Z., Hardiman, G., Hu, J.-F., Wang, X., Patel, D.,
6FKLQD]L 5) 29.HHIH % 5 +DPDQQ 0 7 &RQWHPSRUDU
Development of Broad-Spectrum Natural Product Prototypes for the Control of Coronaviruses. Journal
of Natural Products.

Jordan, C., Cusack, C., Tomlinson, M.C., Meredith, A., McGeady, R., Salas, R., Gregory, C., Croot,
P.L., 2021. Using the Red Band Difference Algorithm to Detect and Monitor a Karenia spp. Bloom Off
the South Coast of Ireland, June 2019. Frontiers in Marine Science 8 (436).

Schmid, M., Guihéneuf, F., Nitschke, U., Stengel, D.B., 2021. Acclimation potential and biochemical
response of four temperate macroalgae to light and future seasonal temperature scenarios. Algal
Research 54, 102190.

Xu, W., Ovadnevaite, J., Fossum, K. N., Lin, C., Huang, R.-J., Ceburnis, D. & O'Dowd, C.: Sea spray
as an obscured source for marine cloud nuclei, Nature Geoscience: https://DOI: 10.1038/s41561-022-
00917-2, 2022.

Xu, W., Ovadnevaite, J., Fossum, K. N., Lin, C., Huang, R.-J., O'Dowd, C. & Ceburnis, D. Seasonal
Trends of Aerosol Hygroscopicity and Mixing State in Clean Marine and Polluted Continental Air
Masses Over the Northeast Atlantic. Journal of Geophysical Research: Atmospheres 126,
€2020JD033851, https://doi.org/10.1029/2020JD033851 (2021).

Xu, W., Fossum, K. N., Ovadnevaite, J., Lin, C., Huang, R.- - 21'RZG & DQG &HEXUQ(Q
impact of aerosol size-dependent hygroscopicity and mixing state on the cloud condensation nuclei
potential over the north-east Atlantic, Atmos Chem Phys, 21, 8655 #8675, https://doi.org/10.5194/acp-
21-8655-2021, 2021.

4. Did you engage any stakeholders/societal partners/external research users in order to co -
produce knowledge in 20 217 If yes, who? How did you engage?

Walking Air Tour: https://media.heanet.ie/page/42443cf9128c4951ad19e76ebc873617
N Sule%Z (E] - &radsdisciptinary art, architecture and science research project
investigating how atmosphér dynamics, pollution and their politics challenge fixed notions of th
nation-state and sovereign borders on the land, and as experienced by different bAthesspheric
States is a collaboration between arts and architectural researchers and drtigéd activitieshave
taken place in Galwagity, where theAtlantic Oceammeets western Ireland

e % ES3 }( Su}e%Z E] "5 % +U v Avs v3]S0o ~dzZ JE A
of the Architecture at the Edge Festival,October 2021 (see images in Figtreelow). This
project, cofunded byArchitecture atthe Edges uPP 3¢ §Z § "3Z JE A E §Z
resource that offers an alternative way to think about the public redlhe projectwasled by Paula
McCloske v ~us EE C }( &5 v €& Z]S SUE %E S] Z %o
with Dr Liz Coleman NUI Galwae event consisted @ performance walk starting at Seapoint
ballroom ending in a collective discussion at the Galway City Museum.
A new sculptural installatiowas installed taaise interest in thetmosphere and act as visible and
interactive symbol of the project he sculpture takes the form of a LED neon sign that simply re
Z E v o [Xt]SZ ]SU eu owhich®onijiors padiculatesh@ier was set up to live



https://media.heanet.ie/page/42443cf9128c4951ad19e76ebc873617

stream, with asmall plague with information about the project, and a link/QR code that enables
people to view the live data about alr quality from the sensor on thelr phone or deV|ce
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Figurel Images from the Aer Anala Performance walk that took place as part of the Architecture at the Edge festival
Galway City October"™®021.

Video from the evenat this link.

Deep Blue Sea Workshops

The Deep Blue Sea pilot workshop (October 2021) was developed in collaboration with Babor
International Arts Festival for Children, STEM education and public engagement specialist Ma
Hurley, and singesongwriters and musical education specialistsoldi Joyce and Noelie McDonnsg
The workshop was aimed at primary school students and explored the interconnections of the
System, carbon emissions and ocean acidification, the impact of human behaviour on the

environment and designed mulsicale stutions for reduction of carbon emissions. The topics we
explored through active learning, and artistic creation (visual art, movement and song). Image
taken from the workshops, as well as Baboro blurb on the workshop are shown in the figure be
(Phoo credit Anita Murphy). Workshops took place over three consecutive weeks. The worksh
will be disseminated in a science communication publication, and following positive reception
workshop, it is planned to seek further funding opportunities talsap the workshop programme,



https://media.heanet.ie/page/42443cf9128c4951ad19e76ebc873617

o International Arts
Ba bor Festival for Children

4-17 October 2021

eative Connections

The Deep Blue
Sea

Imeall and Nicola Joyce &
Noelie McDonnell

Can you hear the singing of the sea?

A series of science and music workshops invites a class to consider the
balance between humans and nature, and to examine their relationship with
the sea. Through observations and questioning, hands-on activities,
exploration and music, you will learn about concepts relating to carbon in the
atmosphere, the role of carbon in ocean acidification, and the ways that one
small activity on dry land can lead to consequences for the species that live in
our oceans.

You will participate in a creative, collaborative challenge to design innovative
ways to protect Galway Bay from the perils of climate change, and to imagine
a future in which human-nature relationships are balanced and our ocean is
cared for. You and the workshop team will collectively compose and record
the soundtrack to this future, drawing on the stories and feelings about the
sea that emerge during the workshops.

Given the specialist nature of ‘The Deep Blue Sea’ workshop series, a
primary school has been offered this event directly and is not available for
booking.

Figure2 Images from the Deep Blue Sea workshop that took place as part of the Baboré International Children's Th
festival in October 2021 Photo Credit: Anita Murphy.

PART 2 - Planned activities for 2022 and 2023

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. all information possible, dates, locations, teams, work , etc.).
Collaborative research with the Center for Physical Sciences and Technology in Vilnius, Lithuania
focusing on carbon, nitrogen and sulphur isotopes aimed at elucidating marine biogenic sources
and processes, together with a development of analytical methods of environmental isotopes.

2. Events like conferences, workshops, meetings, = summer schools , capacity building etc.
(incl. all information possible ).
&XUUHQWO\ WKHUH DUH SODQV IRU D ZRUNVKRS LQ WKH VXP

of Irish marine transitional |RQHY"~ WKLV ZRXOG EH LQ FRRSHUDWLRQ ZI
EH D FRQWULEXWLRQ IURP ,UHODQGYV 62/$6 ,0%(5 DQG )XW
an output from the EPA (Ireland) funded project, NUTS&BOLTS, which is also endorsed by IMBER.
The exact date for this workshop was not set at the time of this report due to uncertainties around
post-covid meetings (in-person, hybrid or remote).

3. Funded national and international projects  /activities underway .



The NUTS&BOLTS funded by the EPA/MI in Ireland is entering into L VM4 Year and likely will be
granted a no-cost extension for a 5t year, due to the covid pandemic. This work includes a work
package on the fluxes of climate relevant gases from marine transitional zones in Ireland.

New projects of relevance to SOLAS are expected to be starting in 2022 within the 2" phase of the
SFI centre iCRAG (Irish Centre for Research in Applied Geoscience), however at the time of writing
no formal decision had been made.

4. Plans / ideas for future national or international projects, programmes, proposals , etc.
(please indicate the funding agencies and  potential submission dates).

At the time of this report, there were no firm plans for any new national or international projects.
However, several researchers are looking at upcoming EC calls for potential involvement and
collaboration with other European partners.

In the context of the UN Decade for Ocean Science, a number of researchers were involved in
endorsed projects but as of yet there was no joint funding applications being made.

5. Engagements with other international projects, organisations, programmes , etc.

Sambhail Project Sambhail (@Sambhail_2022) / Twitter

Samhaiis an artsscience collaborative team which comprises Liz Coleardistic and spatial
research practica place of their ownand STEM educatiomd public engagement specialist,
Mairéad HurleyWebpage herg Stemming from exploratory workshops with

Atmospheric States, Sambhail designed a project to create public  -participatory
transdisciplinary events in two Galway locations. The aim of the project is to examine

the public relationship with the atmosphere and illustrate our capacity to collaborate

for environmental solutions via the co -cAf2A°A:; A- — AAA°TA A. A1 °AnaA
bilingual publication which will contain the sharing, merging and creating of stories

to reflectively reimagine our relationship with climate and society. Concurrently, the

project aims to bring diverse acto rs together to grow a regional STEAM learning

ecosystem to be active in the west of Ireland.

As an art -science collaboration, = Samhail proposes to use storytelling as a mechanism

to entangle scientific knowledge with local knowledge, developing new methods of
storytelling that entwine atmospheric science history, data and expertise with stories

of the air from different specific communities. Samhail proposes a series of
workshops, tours and events to be held in Galway city and county, to co -create new

stor ies of the air that draw from different histories, reflect current experiences, and
imagine sustainable futures. Scientific stories from Mace Head Atmospheric Research
Centre in Connemara will weave with local community stories from Connemara and
from Galw ay City, and during the process the two communities will be linked
virtually, and physically during the Mace Head tour.

Comments
The SOLAS Ireland community is looking forward to working with the SOLAS IPO in Ireland to help

integrate the IPO into the local networks and helping to facilitate the development of new activities
in Ireland and internationally.



https://twitter.com/Samhail_2022
https://aplaceoftheirown.org/Samhail
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JLUVW WKLQJV ILUVW«3OHDVH WHOO XV ZKDW WKH ,32 PD\ {
SOLAS activities. ?

PART 1 - Activities from January 2021 to  Jan/Feb 2022

1. Scientific highlight
Diel cycle of sea spray aerosol concentration

Sea spray aerosol (SSA) formation have a major role in the climate system, but measurements at a
global-scale of this micro-scale process are highly challenging. This work describes measurements
of high-resolution temporal patterns of SSA number concentration over the Atlantic Ocean,
&DULEEHDQ 6HD DQG WKH 3DFL¢ F 2F HbsuhBrydislddvedet d&ulibuitous
24-hour rhythm to the SSA number concentration, with concentrations increasing after sunrise,
remaining higher during the day, and returning to predawn values after sunset. Thepresence of
dominating continentalaerosol transport can maskthe SSA cycle. Theauthors GLG QRW ¢ QGC
links between the diel cycle of SSA number concentration and diel variations of surface winds,
atmospheric physical properties, radiation, pollution, nor oceanic physical properties. Howewer, the
daily mean sea surface temperature positively correlated with the magnitude of the day-to-nighttime
increase in SSA concentration. Parallel diel patterns in particle sizes were also detected in near-
surface waters attributed to variations in the size of particles smaller than ~1 pm. These variations
may point to microbial day-to-night modulation of bubble-bursting dynamics as a possible cause of
the SSA cycle.

Citation: Flores, J.,M., G. Bourdin, A. B Kostinski, O. Altaratz, G. Dagan, F. Lombard, N. Haéntjens,
E. Boss, M.B Sullivan, G. Gorsky, N. Lang-Yona, M. Trainic, S. Romac, C. R Voolstra, Y. Rudich, A.
Vardi, I. Koren (2021). Diel cycle of sea spray aerosol concentration. Nat com. 12(1): 1-12
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Twenty-four cycle of aerosol concentration and marine particlesize LQGH[ 0 O0DS RI 5 9 7DUI
dotted arrows along the sailing direction and solid black lines along the 48-h back-trajectories. Filled circles on
the route are colored by the value of the day-to-night concentration ratio. The data in panels (A) through (C) are
from the orange and blue-shaded transect in the western Pacific between Keelung and Fiji (next to the double-
ended arrow). The orange-shaded region represents anthropogenic polluted conditions, and the blue shaded
refers to clean ones. AMaLQ REVHUYDWLRQ $HURVRO FRQFHQWUDWLRQ SHU
FROOHFWHG P DERYH VHD VXUIDF kh bedtdShtohiingS6tay fHiGa €préddatdd by the
photo-synthetically active radiation (PAR). Time series are punctuated by abrupt spikes at dawn and drops at
dusk. The diel rhythm (away from land) is evident, ubiquitous, and persists on cloudy days. Pollution origin of
this cycle is ruled out by the 48-h back-trajectories. B Aerosol composition determined by SEM-EDX for
JHRPHWULFDO GLDPHWHUYV '"JHR ili 7T P 1 DQG ' GHQRWH QLJKW DQ
for the marine origin of the aerosols. The collectionfilters were replaced at about 08:00 09:30 and 20:00 £1:30
(see Supplementary Table 1 in the Sl for timing details). C Twenty- KRXU VLJQDO RI PDULQH S
(vertical axis inverted), where the mean particle size increases during the day and decreases during the night.
Data collectedat 0.5+ iP EHORZ WKH VHD VXUIDFH




2. Activities/main accomplishmentsin 2021 (e.qg., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international

collaborations; contributions to int. assessments such asIPCC; collaborations with social
sciences, humanities, medicine, economics and/or arts; interactions with policy makers,
companies, and/orjournalists and media).

Israeli scientists are involved in SOLAS -related activities in the adjacent Mediterranean and Red
sea, as well as in other parts of the World Ocean. A major contribution to SOLAS research in the
easternmost part of Mediterranean comes from a net of marine stations located off the Israeli
coast. The net consists of DEEPLEV that was launched by Bar-llan University and the Israel
Oceanographic and Limnological Research (IOLR), and THEMO that was launched by Texas A&M
and the University of Haifa. DEEPLAV is a permanent marine research station (‘mooring’), the first
of its kind in this region, placed off the coast of Israel, 50 kilometers west of Haifa. Anchored to the
seabed at a water depth of 1500 m, the station contains a large number of state-of-the-art
measuring instruments, spread over a cable running from the seabed almost to the sea surface,
enabling continuous study of the physical and ecological system in the eastern Mediterranean Sea.
THEMO is an observatory comprising of two sensor arrays attached to 2.25m diameter surface
buoys. THEMO includes an operational shallow mooring (125 m) in the coastal zone of the Levant
Basin of the Mediterranean Sea, and a deep mooring (1500 m) located 50 km from the northern
shores of Haifa after the continental shelf. The two moorings have mealtime RF communication
capabilities, and the data is received at a shore station and is displayed at near-real time at the
University of Haifa. The data from the marine stations is complemented by monthly interdisciplinary
oceanographic cruises, which were carried out by researchers from different research institutes in
Israel. In the Gulf of Agaba, at the northern tip of the Red Sea, several SOLAS -related activities are
performed by Inter-University Institute (IUl) researchers : (1) ongoing dust sampling time series, the
first is a weekly resolved trap that has been deployed since 2006 and is operated by the National
Monitoring Program, and the second is deployed for short time periods (~1-2 days) only during time
of interest (e.g., dust storms) in order to obtain a more clear compositional fingerprint of the dust
during different atmospheric settings; (2) Ongoing sediment trap mooring deployed at the north Gulif
of Agaba, a deep oligotrophic sea. This mooring has been deployed continuously since early 2014
and collects a coupled monthly and daily resolved samples. The samples are used, amongst other
objectives, to identify the source to sink signal transfer of terrigenous particles (primarily
atmospheric dust), and evaluate the connection between dust input, export production rates, and
water column biogeochemical cycles; (3) Trace metal cycles and anthropogenic impacts in the Gulf
of Agaba. Trace metal concentrations and the Pb isotopic composition are measured monthly and

sub-monthly in the dissolved phase of seawater profiles in the Gulf of Agaba. The results are
evaluated in the context of dust inputs and water column productivity and physical configuration.

3. List SOLAS -related publications publishedin 2021 (only PUBLISHED articles).

If any, please also list weblinks to models, datasets, products, etc.

Flores, J.M. Guillaume Bourdin, Alexander B Kostinski, Orit Altaratz, Guy Dagan, Fabien Lombard,
Nils Haéntjens, Emmanuel Boss, Matthew B Sullivan, Gabriel Gorsky, Naama Lang-Yona, Min
Trainic, Sarah Romac, Christian R Voolstra, Yinon Rudich, Assaf Vardi, llan Koren (2021). Diel cycle
of sea spray aerosol concentration. Natcom. 12(1): 1-12.

Krupnik, N, D. Theodora Asis, N. Belkin, M. Rubin-Blum, A. Israel, A. Paytan, D. Meiri, B. Hert, E.
Rahav (2021). Dust-ERUQH PLFUREHYV DIIHFW 80YD RKQRLTV JURZ
Microbiology Ecology, 97, https://doi.org/10.1093/femsec/fiab020

Benaltabet T., E. Gutner-Hoch, A. Torfstein (2021). Heawy Metal, Rare Earth Element and Pb Isotope
Dynamics in Mussels During a Depuration Experiment in the Gulf of Agaba, Northern Red Sea,
Frontiers in Marine Science 8, doi:10.3389/fmars.2021.669329

Rilov, G.m N. David, T. Guy-Haim, D. Golomb, S. Filin (2021). Sea lewel rise can severely reduce
biodiversity and community net