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Report for the year 2021 and 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, network ing, 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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
IPO is doing 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 key sources of atmospheric bioavailable Fe, Mn, NO3
− and NH4

+. 
      • Fire Fe solubility increases during the atmospheric transport of the fire plume.  
      • Soil is the dominant source of Fe within the fire plume. 

 
The unprecedented magnitude of the 2019–20 Australian fires have raised interest in the potential 
for fire emissions to supply vital nutrients to remote ocean regions. Fire emissions are episodic and 
unpredictable, making them difficult to investigate. Analysis of aerosols collected  at the 
kunanyi/Mount Wellington time-series station, in southeastern Tasmania (Australia), between 2016 
and 2020 enabled to characterise the signal of fire emissions (using levoglucosan as a fire tracer) to 
the atmosphere. Our results revealed a striking increase in the atmospheric loading of vital 
nutrients, namely iron (Fe), nitrate (NO3

−), ammonium (NH4
+) and manganese (Mn), associated with 

fire events. High concentrations of mineral dust in fire-impacted aerosols evidenced that strong 
pyro-convective winds resulted in the erosion and entrainment of soil particles into the atmosphere 
as a part of the fire plume. Enrichment factor (EF) analysis in aerosols suggested that soil was the 
dominant source of atmospheric Fe and Mn in fire emissions. Lead (Pb) enrichment was found in fire 
aerosols (EFPb > 10) and was attributed to the resuspension of soil historically contaminated by 
leaded petrol and mining operations. Finally, atmospheric transport was suggested to play a key role 
in decreasing concentrations of total Fe (TFe) and mineral dust while increasing the aeolian content 
of bioaccessible Fe (LFe), NO3

− and NH4
+ in the plume downwind of the fires. As future projections 

suggest an increase in fire activity worldwide, atmospheric time-series stations such as 
kunanyi/Mount Wellington are key to better understand future impacts of fire emissions on human 
health and natural ecosystems. 
 
Citation: 
Morgane M.G. Perron, Scott Meyerink, Matthew Corkill, Michal Strzelec, Bernadette C. Proemse, 
Melanie Gault-Ringold, Estrella Sanz Rodriguez, Zanna Chase, Andrew R. Bowie,  
Trace elements and nutrients in wildfire plumes to the southeast of Australia, 
Atmospheric Research, Volume 270, 2022, 106084, ISSN 0169-8095, 
https://doi.org/10.1016/j.atmosres.2022.106084. 
 

 
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 Wellington time-
series aerosol sampling station (Hobart, Tasmania, Australia). The total (T Fe), bioaccessible 
(LFe), and soluble (SFe) Fe content as well as nitrate (NO3-), ammonium (NH4+) and 
manganese (Mn) concentrations in aerosols are displayed.  



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). 

Field programs: 

- Ongoing atmospheric measurements of the RV Investigator 
https://research.csiro.au/acc/capabilities/rv-investigator/  

- RV Investigator Jan-Feb 2021 voyage (IN2021_V01 voyage) investigating aerosol and cloud 
interactions in the Southern Ocean 

- Southern Ocean Time Series (SOTS) voyage, IN2021_V03, including at-sea aerosol and rain 
sampling for trace elements and major ions 

- Commissioning of the RSV Nuyina  - Australia’s new ice breaker, which has cross-discipline 
capability, including for the first time a dedicated atmospheric chemistry laboratory. Work is 
ongoing to complete the fit-out of the lab for ambient sampling. 

- Establishment of the PICCAASO (Partnerships for Investigating Clouds and the biogeoChemistry 
of the Atmosphere in Antarctica and the Southern Ocean) initiative – an international effort to 
coordinate and magnify the science investigating the links between clouds, aerosols and the 
biogeochemistry in the Antarctic and Southern Ocean.  

 

Conferences: 

Atmospheric Composition & Chemistry Observations and Modelling Conference & Cape Grim Annual 

Science Meeting, online November 2021. 

Blowing South Symposium (10/11/21)  

Iron at the Air-Sea Interface (26-30/07/21) 

 

 

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

- Tang, W* and Llort, J and Weis, J and Perron, MMG and Basart, S* and Li, Z* and Sathyendranath, 
S* and Jackson, T* and Sanz Rodriguez, E and Proemse, B and Bowie, AR and Schallenberg, C and 
Strutton, PG and Matear, R* and Cassar, N*, “Widespread phytoplankton blooms triggered by 
2019–2020 Australian wildfires”, Nature, 597 (7876) pp. 370–375. doi:10.1038/s41586-021-
03805-8 ISSN 0028-0836 (2021) 

- Humphries, R. S., Keywood, M. D., Gribben, S., McRobert, I. M., Ward, J. P., Selleck, P., Taylor, S., 
Harnwell, J., Flynn, C., Kulkarni, G. R., Mace, G. G., Protat, A., Alexander, S. P., & McFarquhar, G. 
(2021). Southern Ocean latitudinal gradients of cloud condensation nuclei. Atmospheric 
Chemistry and Physics, 21(16), 12757–12782. https://doi.org/10.5194/acp-21-12757-2021 

- Mace, G. G., Protat, A., Humphries, R. S., Alexander, S. P., McRobert, I. M.,  Ward, J., Selleck, P., 
Keywood, M., & McFarquhar, G. M. (2021). Southern Ocean Cloud Properties Derived From 
CAPRICORN and MARCUS Data. Journal of Geophysical Research: Atmospheres, 126(4), 
e2020JD033368. https://doi.org/10.1029/2020JD033368 

- McFarquhar, G. M., Bretherton, C. S., Marchand, R., Protat, A., DeMott, P. J., Alexander, S. P., 
Roberts, G. C., Twohy, C. H., Toohey, D., Siems, S., Huang, Y., Wood, R., Rauber, R. M., Lasher-

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


Trapp, S., Jensen, J., Stith, J. L., Mace, J., Um, J., Järvinen, E., Schnaiter, M., Gettelman, A., 
Sanchez, K. J., McCluskey, C. S., Russell, L. M., McCoy, I. L., Atlas, R. L., Bardeen, C. G., Moore, K. 
A., Hill, T. C. J., Humphries, R. S., Keywood, M. D., Ristovski, Z., Cravigan, L., Schofield, R., Fairall, 
C., Mallet, M. D., Kreidenweis, S. M., Rainwater, B., D’Alessandro, J., Wang, Y., Wu, W., Saliba, G., 
Levin, E. J. T., Ding, S., Lang, F., Truong, S. C. H., Wolff, C., Haggerty, J., Harvey, M. J., Klekociuk, A. 
R., & McDonald, A. (2021). Observations of Clouds, Aerosols, Precipitation, and Surface Radiation 
over the Southern Ocean: An Overview of CAPRICORN, MARCUS, MICRE, and SOCRATES. Bulletin 
of the American Meteorological Society, 102(4), E894–E928. https://doi.org/10.1175/BAMS-D-
20-0132.1 

- Sanchez, K. J., Roberts, G. C., Saliba, G., Russell, L. M., Twohy, C., Reeves, M. J., Humphries, R. S., 
Keywood, M. D., Ward, J. P., & McRobert, I. M. (2021). Measurement report: Cloud processes and 
the transport of biological emissions affect southern ocean particle and cloud condensation 
nuclei concentrations. Atmospheric Chemistry and Physics, 21(5), 3427–3446. 
https://doi.org/10.5194/acp-21-3427-2021 

- Simmons, J. B., Humphries, R. S., Wilson, S. R., Chambers, S. D., Williams, A. G., Griffiths, A. D., 
McRobert, I. M., Ward, J. P., Keywood, M. D., & Gribben, S. (2021). Summer aerosol 
measurements over the East Antarctic seasonal ice zone. Atmospheric Chemistry and Physics, 
21(12), 9497–9513. https://doi.org/10.5194/acp-21-9497-2021 

- Twohy, C. H., DeMott, P. J., Russell, L. M., Toohey, D. W., Rainwater, B., Geiss, R., Sanchez, K. J., 
Lewis, S., Roberts, G. C., Humphries, R. S., McCluskey, C. S., Moore, K. A., Selleck, P. W., Keywood, 
M. D., Ward, J. P., & McRobert, I. M. (2021). Cloud-Nucleating Particles Over the Southern Ocean 
in a Changing Climate. Earth’s Future, 9(3), e2020EF001673. 
https://doi.org/10.1029/2020EF001673 

- Perron M.M.G., B.C. Proemse, M. Strzelec, M. Gault-Ringold, A.R. Bowie. Atmospheric inputs of 
volcanic iron around Heard and McDonald Islands, Southern Ocean, Env. Sci.: Atm. (2021). 
doi.org/10.1039/D1EA00054C 

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

 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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.).  

- Ongoing atmospheric measurements of the RV Investigator 

https://research.csiro.au/acc/capabilities/rv-investigator/  

- Numerous major field campaigns as part of the PICCAASO initiative (www.piccaaso.org) with 
numerous Australian led campaigns. See website for details. Southern Ocean Time Series 
(SOTS) voyage, IN2022_V03, including at-sea aerosol and rain sampling for trace elements 
and major ions 

-  

 

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 Grim 

Annual Science Meeting, November 2022 

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

CIce2Clouds.  

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 Discovery funding, 2019-22, “Dust to the ocean: Does it really increase productivity?” Zanna 

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 / 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. 
International GEOTRACES program – www.geotraces.org 
 
World Meteorological Organisation’s Global Atmosphere Watch Programme 

SOCRATES - https://www.eol.ucar.edu/content/socrates-project-overview  
US Atmospheric Radiation Measurement facility 
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


 

 

 

 

Report for the year 2021 and 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).  

 

First things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

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

1. Scientific highlight 
 
Half of global methane emissions come from aquatic ecosystems 
 
Methane plays a major role in controlling the Earth’s climate. But methane concentrations in the 
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 — 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, TI 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 PgCyr-1). In turn, this autotrophic state of continental shelves contributes to a weak global 
preindustrial sink of atmospheric CO2 (0.04 PgCyr-1), dominated by extensive regions with large 
oceanic inflows and positive NEPs. The contemporary global shelf CO2 uptake of 0.15 PgCyr−1 
furthermore suggests that the anthropogenic CO2 uptake (0.11 PgCyr-1) on the global continental 
shelf is less efficient than that of the open ocean. 
 

 
 
Figure: (a) Preindustrial continental shelf air-sea CO2 exchange (FCO2), (b) anthropogenic FCO2 
estimated by calculating the FCO2 trend over the 1800–2015 period and multiplying the trend by 
the total amount of simulation years. A positive CO2 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 CO2 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 CO2 uptake at the 
regional scale in the coastal ocean and enhance its global CO2 uptake by 0.02 PgCyr-1.  
 
Citation: 
Lacroix F., Ilyina 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., Ilyina 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 µmol l-1) 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. 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). 

17-19 Aug. 2021:Annual BEPSII and ECV-Ice meeting (Bruno Delille and François Fripiat as co-

organizer), online; ECV-Ice (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 

François Fripiat) on “: Coupling of ocean-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 CO2 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/lno.11724 

Deman, F., D. Fonseca-Batista, A. Roukaerts, M.I. Garcia-Ibanez, 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., Landschützer P., McKinley G. A., Gruber N., Gehlen M., Iida Y., Laruelle G. 

G., Rödenbeck C., Roobaert A. and Zeng J. (2021) SeaFlux: harmonization of air–sea CO2 

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. Röckmann, 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., Ilyina 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., Ilyina 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, F. D’Ortenzio, B. Delille, M. Grégoire, 2021. Dynamics of the deep 

chlorophyll maximum in the Black Sea as depicted by BGC-Argo floats. Biogeosciences 18, 

755–774. doi:10.5194/bg-18-755-2021 

Rosentreter JA, AV Borges, PA Raymond, BR Deemer, MA Holgerson, CM Duarte, S Liu, C Song, 
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230 https://doi.org/10.1038/s41561-021-00715-2 
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4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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.).  

 

• ECV-ice intercalibration of air-ice CO2 fluxes and primary production in May 2022 in 
Cambridge Bay – Canada 

• POLARCHANGE cruise on the RV Hesperides led by Manuel Dall’Osto and Rafel Simó 
from the Institut de Ciènces del Mar/Spanish National Research Council in the northern 
part of the Weddell Sea in January-February 2023 

• TANGO cruise led by Bruno Danis and the TANGO consortium in the West Antarctic 
Peninsula in February 2023 onboard the RV Australis 

 

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

• Annual BEPSII and ECV-Ice meeting (Bruno Delille and François Fripiat as co-organizer) 
likely in San Diego in April 2023; ECV-Ice (SCOR working group) and BEPSII (SOLAS, 
SCAR and CLIC-supported research community) 

• BEPSII field school associated with the ECV-Ice intercalibration experiment in Cambridge 
Bay, May 2022 

• CATCH online meeting, 9-13 May 2022 
(https://www.catchscience.org/OpenScienceWorkshop)   

 

3. Funded national and international projects/activities underway.  

 

• Multidisciplinary drifting Observatory for the Study of Arctic Climate 
(MOSAiC, 2020-2021) research project funded by the F.R.S.-FNRS 

• Estimating Tipping points in habitability of ANtarctic benthic ecosystems 
under GlObal future climate change scenarios (TANGO, Brain project, 2021-
2025, funded by the Belgian Science Policy 

• SOurces and siNks of methAne and niTrous oxIde in the southerN oceAn 
(SONATINA, 2022-2023) research project funded by the F.R.S.-FNRS 

• Budgeting source and sinks of CH4 and N2O in polar oceans (Aquatic), 
Bilateral collaboration with China funded by the F.R.S.-FNRS, co-coordinator 

 

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

 

• New SCOR working group Ice2Cloudds on “: Coupling of ocean-ice-atmosphere processes 
from sea-ice biogeochemistry to aerosols and clouds”. 

• BEPSII and CATCH communities are aiming to coordinate one (possibly several) survey in 
the Southern Ocean. There is a consensus that synergies between both communities are 
critical to unlock current key questions on air-sea exchange in ice-covered areas 

 

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

• BEPSII (Biogeochemical Exchange Processes at the Sea ice Interfaces) joint SOLAS-
CLIC-IASC-SCAR working group 

• ECVice (Essential Climate Variable for sea ice) SCOR working group 

• Ice2Cloud (Coupling of ocean-ice-atmosphere processes from sea-ice biogeochemistry to 
aerosols and clouds) SCOR working group 



• SOOS – SO_FLUX task group on Air-Sea Fluxes 

• CATCH (The Cryosphere and Atmospheric Chemistry) sponsored by SOLAS and IGAC 

 

 

Comments 
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Report for the year 2021 and future activities 

 

SOLAS CANADA 

Compiled by: Martine Lizotte 

 

First things first…Please tell us what the IPO may do to help you in your current 

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 
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thus preserve the unique ecosystem services provided by sea ice and their 

contributions to human-well being is a reduction in carbon emissions. 

 

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 in albedo 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 (ND) 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 ND (Figure 1). The slopes calculated in 

Figure 1 represent the susceptibility of a fog (or an equivalent cloud) to a change in ND 

for a range of liquid water contents (LWC). By combining these two results, we 

calculated that an increase in 1 particle / cm3 would result in an increase in albedo of 

https://doi.org/10.1525/elementa.2021.00007
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3.8x10-4 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.  

 

Figure 2.1 Calculated albedo (Rc) based on measured visibility as a function of fog droplet number 

concentration (ND), color-coded by liquid water content (LWC). Slopes of linear fits for LWC ranges 

and all LWC with 0<ND<15 cm-3 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 distributions 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 (40–60◦ N 

and 20–50◦ W) cloud-albedo 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 

(MBL) top (AIE: −3.37 W m−2, DRE: −0.62 W m−2); (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-sized particles (AIE: −2.27 W m−2, 

DRE: −0.10 W m−2); (3) particle formation and growth due to the products of dimethyl 

sulfide, above and within the MBL (−1.29 W m−2, DRE: −0.06 W m−2); (4) ship emissions 

(AIE: −0.62 W m−2, DRE: −0.05 W m−2); and (5) primary sea spray emissions (AIE: 

https://doi.org/10.1016/j.atmosres.2021.105859
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+0.04 W m−2, DRE: −0.79 W m−2). 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.  
 

 

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 

(noABLNUC, noMSOA, noDMS, noSHIPS, noSS). Values shown are area-weighted-mean AIEs over 

the region bounded by 40–60N 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., Müller, M., Schiller, 

A., Galí, 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). 

 

https://doi.org/10.5194/acp-21-1889-2021
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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 (CIce2Clouds) (N. Steiner co-chair) 

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

Steiner) 

3. A Canadian NSERC project is investigating Canada’s carbon sink through a 

combination of model evaluations and  observational synthesis. Canada’s Marine Carbon 

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.  

 

L. A. Miller, F. Domine, M. M. Frey, and D. Trombotto Liaudat, 2021. In: P.B. Shepson and 

F. Domine, eds., Advances in Atmospheric Chemistry, Volume 3: Chemistry in the 

Cryosphere, Part 2, World Scientific, New Jersey, pp. 831-65, doi: 

10.1142/9789811230134_0017. The Future? Big Questions about Feedbacks 

between Anthropogenic Change in the Cryosphere and Atmospheric Chemistry. 

Invited Review. 
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N. S. Steiner, J. Bowman, K. Campbell, M. Chierici, E. Eronen-Rasimus, M. Falardeau, H. 

Flores, A. Fransson, H. Herr, S. J. Insley, H. M. Kauko, D. Lannuzel, L. Loseto, A. 

Lynnes, A. Majewski, K. M. Meiners, L. A. Miller, L. N. Michel, S. Moreau, M. 

Nacke, D. Nomura, L. Tedesco, J. A. van Franeker, M. A. van Leeuwe, P. 

Wongpan, 2021. Elem. Sci. Anth. 9(1): 00007, doi: 10.1525/elementa.2021.00007. 

Climate change impacts on sea-ice ecosystems and associated ecosystem 

services. 

1. N. S. Steiner, D.L. VanderZwaag, Chapter 12, Ocean Acidification and the Arctic: 

Regional Scientific and Governance Responses, in , Ocean Acidification 

Handbook: Research Handbook on Ocean Acidification Law and Policy, 2021. 

ISBN: 978-1-78990-013-2, Edward Elgar Publishing, 320 pp. 
A. C. Franco, D. Ianson, T. Ross, R. C. Hamme, A.H. Monahan, J.R. Christian, M. 

Davelaar, W.K. Johnson, L.A. Miller, M. Robert, P.D. Tortell, 2021. Global 

Biogeochemical Cycles 35, e2020GB006829, doi: 10.1029/2020GB006829. 

Anthropogenic and climatic contributions to observed carbon system trends in the 

Northeast Pacific. 

M. M. M. Ahmed, B. G. T. Else, B. Butterworth, D. W. Capelle, C. Guéguen, L. A. Miller, 

C. Meilleur, T. Papakyriakou, 2021. Elem. Sci. Anth. 9(1): 00130. doi: 

10.1525/elementa.2020.00130. Widespread surface water pCO2 undersaturation 

during ice-melt season in an Arctic continental shelf sea (Hudson Bay, Canada). 

P. J. Duke, B. G. T. Else, S. F. Jones, S. Marriot, M. M. M. Ahmed, V. Nandan, B. 

Butterworth, S. F. Gonski, R. Dewey, A. Sastri, L. A. Miller, K. G. Simpson, H. 

Thomas, 2021. Elem. Sci. Anth. 9(1): 00103. doi: 10.1525/elementa.2021.00103. 

Seasonal marine carbon system processes in an Arctic coastal landfast sea ice 

environment observed with an innovative underwater sensor platform. 

R. W. Izett, P. D. Tortell, 2021. ΔO2/N2′ as a tracer of mixed layer net community 

production: Theoretical considerations and proof-of-concept. Limnology and 

Oceanography: Methods, 19(8), 497–509. https://doi.org/10.1002/lom3.10440 

 

R. W. Izett, R. C. Hamme, C. McNeil, C. C. M. Manning, A. Bourbonnais,  P. D. Tortell, 

2021. ΔO2/N2′ as a New Tracer of Marine Net Community Production: Application 

and Evaluation in the Subarctic Northeast Pacific and Canadian Arctic Ocean. 

Frontiers in Marine Science, 8, 1–19.https://doi.org/10.3389/fmars.2021.718625 

 

C. C. M. Manning, Z. Zheng, L. Fenwick, R. D. McCulloch, E. Damm, R. W. Izett, W. J. 

Williams, S. Zimmermann, S. Vagle, P. D. Tortell, 2022. Interannual variability in 

methane and nitrous oxide concentrations and sea-air fluxes across the North 

American Arctic Ocean (2015–2019). Global Biogeochemical Cycles, DOI: 

10.1029/2021GB007185 

 

C. Pennelly, P. G. Myers, 2021. Impact of different atmospheric forcing sets on modeling 

Labrador Sea Water production. Journal of Geophysical Research: Oceans, 126, 

e2020JC016452. https://doi.org/10.1029/2020JC016452 

 

K. Rutherford, K. Fennel, D. Atamanchuk, D. Wallace, H. Thomas, 2021. A modeling 

study of temporal and spatial pCO2 variability on the biologically active and 

https://doi.org/10.1002/lom3.10440
https://doi.org/10.3389/fmars.2021.718625
https://doi.org/10.1029/2020JC016452
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temperature-dominated Scotian Shelf, Biogeosciences, 18, 6271-6286  

https://doi.org/10.5194/bg-18-6271-2021 

 

N. Schuback, P. D. Tortell, I. Berman-Frank, D. A. Campbell, A. M. Ciotti, E. Courtecuisse, 

Z. K. Erickson, T. Fujiki, K. Halsey, A. Hickman, D. Hughes, Y. Huot, M. Gorbunov, 

Z. Kolber, M. Moore, K. Oxborough, O. Prasil, C. M. Robinson, T. J. Ryan-Keogh, 

G. Silsbe, S. Simis, D. Suggett, S. Thomalla, D.R. Varkey, 2021. Single-turnover 

variable chlorophyll fluorescence as a tool for assessing phytoplankton 

photosynthesis and primary productivity: Opportunities, caveats and 

recommendations. Frontiers in Marine Science, 

https://doi.org/10.3389/fmars.2021.690607 

 

Y. Sezginer, D. Suggett, R.  W. Izett, P.D. Tortell, 2021. Irradiance and nutrient-dependent 

effects on photosynthetic electron transport in Arctic phytoplankton: A comparison 

of two Chlorophyll fluorescence-based approaches to derive primary 

photochemistry. PLoS ONE 16(12): e0256410. 

https://doi.org/10.1371/journal.pone.0256410 

 

R. Bénard, Lizotte M., Levasseur M., Scarratt M., Michaud S., Starr M., Tremblay J.-É., 

Kiene R. P., Kameyama S., 2021. Impact of anthropogenic pH perturbation on 

dimethyl sulfide cycling: a peek into the microbial black box. Elementa: Science of 

the Anthropocene 9(1): 00043. doi: 10.1525/elementa.2021.00043. 

R. Bénard, Lizotte, M. Levasseur, M., Scarratt, M. G., Michaud, S., Starr, M., 

Tremblay, J.-É., Kiene, R. P., Kameyama, S., 2021. Brackish water carbonate 

chemistry and concentrations of dimethyl sulfide (DMS) and 

dimethylsulfoniopropionate (DMSP). PANGAEA, 

https://doi.org/10.1594/PANGAEA.939831Chen, C., Zhang, M., Perrie, W., Chang, 

R., Gultepe, I., Fernando, H. J. S., & Chen, X. (2021). A Case Study Evaluation of 

PAFOG One‐ D Model With Advection in Simulations of Fog/Stratus From C-FOG 

Experiment. Journal of Geophysical Research: Atmospheres, 126, e2021JD034812. 

https://doi.org/10.1029/2021JD034812 

N. Chisholm, Nagare, B., Wainwright, C., Creegan, E., Salehpoor, L., VandenBoer, T. C., 

Bullock, T., Croft, B., Lesins, G., Osthoff, H., Fernando, H. J. S., & Chang, R. Y.-W. 

(2021). Characterizing Atmospheric Aerosols off the Atlantic Canadian Coast During 

C-FOG. Boundary-Layer Meteorology. https://doi.org/10.1007/s10546-021-00673-7 

B. Croft, Martin, R. V., Moore, R. H., Ziemba, L. D., Crosbie, E. C., Liu, H., Russell, L. M., 

Saliba, G., Wisthaler, A., Müller, M., Schiller, A., Galí, 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 

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
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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, 

I., 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., 

Gaberšek, S., Flagg, D., Bullock, T., Wroblewski, M., Perrie, W., (2021) C-Fog 

Experiment - Towards Improving Coastal Fog Prediction. Bulletin of American 

Meteorological Society, 102 (2), E244–E272  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., Gaberšek, 

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. MacInnis, 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 2021? 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
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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.  
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● 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. 

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS Taiwan 

compiled by: Chon-Lin Lee and Hon-Kit Lui 
 
 

First things first…Please tell us what the IPO may do to help you in your current and future 
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 ranks 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, mak ing it one of the fastest-intensifying typhoons ever observed. 
This study summarized the works 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. 
 



 
 
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. 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). 

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-year proposal “Aerosol、Land、Ocean、Human、Air - 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” was submitted to the MOST at the 

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…etc. 



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

 
1. Lin, I. –I., Rogers, R.F., Huang, H.C., Liao, Y.C., Herndon, D., Yu, J.Y., et al. (2021). A tale of two 

rapidly intensifying aupertyphoons Hagibis (2019) and Haiyan (2013). Bulletin of the American 
Meteorological Society, 102(9), E1645-E1664. 
  

2. Hung, K.N., Yuan, C.S., Lee, C.E., Ie, I.R., Yeh, M.J., Soong, K.Y., et al. (2021). Spatiotemporal 
distribution and long-range transport of atmospheric speciated mercury at three remote islands in 
Taiwan Strait and South China Sea. Atmospheric Research 248: 105193.  

 

3. Chen, S.H., Huang, C.C., Kuo, Y.C., Tseng, Y.H., Gu, Y., Earl, K., et al. (2021). Impacts of Saharan 
Mineral Dust on Air-Sea Interaction over North Atlantic Ocean Using a Fully Coupled Regional 
Model. Journal of Geophysical Research-Atmospheres, 126(4): e2020JD033586 
 

4. Chen, H.Y., and Huang, S.Z. (2021). Composition and supply of inorganic and organic nitrogen 
species in dry and wet atmospheric deposition: Use of organic nitrogen composition to calculate 
the Ocean's external nitrogen flux from the atmosphere. Continental Shelf Research, 213: 104316. 
 

5. Tseng, Y.L., Wu, C.H., Yuan, C.S., Bagtasa, G., Yen, P.H., and Cheng, P.H. (2021). Inter-comparison 
of chemical characteristics and source apportionment of PM2.5 at two harbors in the Philippines 
and Taiwan. Science of the Total Environment, 793: 148574.  
 

 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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.).  

Aerosol、Land、Ocean、Human、Air (ALOHA) is the central theme of the SOLAS in Taiwan in 

the coming years. We expect to start the submitted proposal  “Aerosol、Land、Ocean、Human、

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” on 1st 

August 2022. Our members come from various departments, including National Universities, 

Academica Sinica, National Museum of Marine Biology and Aquarium…etc. SOLAS in Taiwan 

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 / ideas for future national or international projects, programmes, proposals, etc. 
(please indicate the funding agencies and 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., Tufekci Z., 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 
 

 



 

 

 

 

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).  

 

First things first…Please tell us what the IPO may do to help you in 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). 
 



1) Title: Carbon Fluxes in the Coastal Ocean: Synthesis, Boundary 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 CO2 exchange. This reanalysis yields an estimate for the globally 
integrated coastal ocean CO2 flux of −0.25 ± 0.05 Pg C year−1, with polar 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 CO2 partial pressure (pCO2). 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. 

 
Figure: Updated sea-air CO2 flux density (mol C m−2 year−1) in the global coastal oceans (a); the shelf 
surface area (gray bars), CO2 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. 
 



Citation: Dai, M., J. Su, Y. Zhao, E. E. Hofmann, Z. Cao, W.-J. Cai, J. Gan, F. Lacroix, G. G. Laruelle, 

F. Meng, J. D. Müller, P. A. Regnier, G. Wang, and Z. Wang, 2022. Carbon fluxes in the coastal ocean: 

Synthesis, boundary processes and future trends. Annual Review of Earth and Planetary Sciences, 50, 

doi: org/10.1146/annurev-earth-032320-090746. 

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 
CO2 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 CO2 partial pressure (pCO2), pH, and air-sea CO2 flux and their controlling 
mechanisms. The sea surface pCO2 and its associated air-sea CO2 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 CO2 
sink/source status although the period of typhoon perturbation was as short 4-5 days: the amount of 
CO2 emitted to the atmosphere during typhoon was twice as much as the CO2 uptake at the other time 
in summer.  

 

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 II: strong wind promotes 
vertical mixing and hence CO2 outgassing; Stage III: west wind prevails and drives the eastward 
movement of CRP, meanwhile, the reinvigoration of primary production drawdowns CO2 from the 
atmosphere.  

 
Citation: Wu, Y.X., M.H. Dai, X.H. Guo, J.S. Chen, Y. Xu, X. Dong, J.W. Dai and Z.R. Zhang, 2021, 

High-frequency time-series autonomous observations of sea surface pCO2 and pH, Limnology and 

Oceanography, 66, 588-606. doi: 10.1002/lno.11625. 

3) Title: Mapping gaseous dimethylamine, trimethylamine, ammonia, and their particulate 

counterparts in the marine atmosphere of China’s marginal seas (Theme 4, 5) 

To study sea-derived gaseous amines, ammonia, and primary particulate aminium ions in the marine 
atmosphere of China’s marginal seas, an onboard URG-9000D Ambient Ion Monitor-Ion 
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 (NH3,gas) along with their particulate 
matter (PM2.5) counterparts. The data obtained from the cruise and coastal sites demonstrated that the 



observed TMAgas and protonated trimethy-lamine (TMAH+) in PM2.5 over the Yellow and Bohai Seas 
overwhelmingly originated from marine sources. The observed TMAH+ in PM2.5 was overwhelmingly 
derived from primary sea-spray aerosols. Using TMAgas and TMAH+ in PM2.5 as tracers for sea-derived 
basic gases and sea-spray particulate aminium ions, the values of non-sea-derived DMA gas, NH3 gas, 
and non-sea-spray particulate DMAH+ in PM2.5 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, NH3 gas, and non-sea-spray particulate DMAH+ in PM2.5, 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 SO4

2− (nss-SO4
2−) and NH4

+ in PM2.5. The lack of a detectable increase 
in particulate DMAH+, NH4

+, and nss-SO4
2− concentrations in several SO2 plumes did not support the 

secondary formation of particulate DMAH+ in the marine atmosphere. 

 

Figure: Correlations of DMAgas and NH3gas with TMAgas and time series of the calculated DMAgas
# and 

NH3gas
#. (a) DMAgas vs. TMAgas; (b) NH3gas vs. TMAgas; (c) DMAgas

#; (d) NH3gas
#. The color bars in panels 

(c) and (d) represent the percentages of transported DMAgas
# and NH3gas

# 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 (∼17%) 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. 



 

 
 
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. 
 
Citation: Li, H.W., S.Q. Zhou, Y.C. Zhu, R.F. Zhang, F.H. Wang, Y. Bao, and Y. Chen, 2021. Atmospheric 

Deposition Promotes Relative Abundances of High-Dimethylsulfoniopropionate Producers in the 

Western North Pacific. Geophysical Research Letters, 48 (15), e2020GL092077, doi: 

10.1029/2020GL092077. 

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 Aqaba (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. 



 

 
 
Figure: Correlation coefficient (Pearson's) matrix of MSA concentration and air mass exposure to Chla 
(AEC) in different RL and RMBL ranges for (a) Huaniao Island (HN) and (b) the Gulf of Aqaba (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 (RMBL > 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. 
 
Citation: Zhou, S.Q., Y. Chen, A. Paytan, H.W. Li, F.H. Wang, Y.C. Zhu, T.J. Yang, Y. Zhang, and R.F. 

Zhang, 2021. Non-Marine Sources Contribute to Aerosol Methanesulfonate Over Coastal Seas. Journal 

of Geophysical Research: Atmospheres, 126 (21), e2021JD034960, doi: 10.1029/2021jd034960. 

 

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). 

- Cruises and field experiments 

1) Time-Series  

Time Location Parameters investigated Theme 

May 13-June 3, 

2021 

Huaniao 

Island 

(122.67°E, 

30.86°N) 

Aerosol chemical compositions, 

aerosol optical properties, trace gases, 

airborne microorganisms. 

3-5 

2) Cruises 

Time Location Activities Theme  



Spring, 2021 
East China 
Sea and 
Yellow Sea 

The biogeochemical cycle and climate 
effects of DMS, CH4 and N2O were 
systematically studied. 

1, 3 

April, 2021 
Bohai and 
Yellow Seas 

Parameters investigated include 
chemical compositions of aerosols, 
POC and marine phytoplankton. 

3-5 

April 17-May 5, 
2021 

East China 
Sea and 
Yellow Sea 

Parameters investigated include 
aerosol chemical compositions, 
airborne microorganisms, 
phytoplankton and marine bacteria 
species. The response of seawater 
bacteria to atmospheric deposition 
was studied by onboard mesocosm 
experiments. 

3-5 

May 13-Jun. 11, 
2021 

Western 
North Pacific 

The distributions, air-sea fluxes and 
biogeochemical cycles of trace gases 
(i.e. CH4, N2O, DMS, Halogens), 
chemical compositions of aerosols, 
alkaline phosphatase activities and 
marine phytoplankton were studied. 

1, 3-5 

 

- Selected Projects 

1) National Key Research and Development Program of China: Biogeochemical Processes and 
Climate Effect of Marine Biogenic Trace Gases in the East Marginal Seas of China (2016-2021), 
Leading PI: Guipeng Yang at Ocean University of China.  (Theme 1) 

2) National Key Research and Development Program of China: The Migration and Transformation of 
Marine Biogenic Active Gases in the Atmosphere and Their Climate Effects (2016-2021), Leading 
PI: Ying Chen at Fudan University. (Theme 3, 4) 

3) National Key Research and Development Program of China: Vertical Observation of Aerosol 
Particles and their Characteristics at Single Particle Level within Marine Boundary Layer at Coastal 
Areas (2018-2021), Leading PI:  Bingbing Wang at Xiamen University. (Theme 4) 

4) National Nature Science Foundation of China (NSFC) General Project: Effects of Multiphase 
Reactions for Atmospheric Organic Acid on Deposition Ice Nucleation Efficiency of Particles (2018-
2021), Leading PI:  Bingbing Wang at Xiamen University. (Theme 3) 

5) NSFC General Project: Variation of Abundance and Community Structure of Airborne 
Microorganisms and Affecting Mechanism over the East China Sea (2018-2022), Leading PI: Ying 
Chen at Fudan University. (Theme 3, 4) 

6) NSFC Innovative Research Group: Nitrogen Cycle under Global Change (2018-2023), Leading PI: 
Shuh-Ji Kao at Xiamen University. (Theme 1) 

7) NSFC General Project: Characteristics of Atmospheric Deposition Dominated by Haze Weather 
and Its Effect on Phytoplankton Growth in the Bohai and Yellow Sea (2019-2022), Leading PI: 
Huiwang Gao at Ocean University of China. (Theme 3) 

8) NSFC Key Project: Source and Sink of Volatile Halogenated Organic Compounds in the East China 
Sea and the Yellow Sea and Their Influences on the Environment (2019-2023), PI: Guipeng Yang 
at Ocean University of China. (Theme 1) 

9) NSFC Major Project: CARBON Fixation and Export in the Oligotrophic Ocean (Carbon-FE) (2019-
2023), Leading PI: Minhan Dai at Xiamen University. (Theme 1, 3 & Environmental impacts of 
geoengineering). This is a SOLAS endorsed project.  

10) NSFC Youth Project: Impact of Atmospheric Deposition on the Utilization of Dissolved Organic 
Phosphorus by Phytoplankton in the Yellow Sea (2020-2022), Leading PI: Chao Zhang at Ocean 
University of China. (Theme 3) 

11) NSFC-Shandong Joint Fund Project: Impacts of Atmospheric Deposition on Water Quality and 



Ecosystem in the Coastal Waters of Shandong Province (2020-2023), Leading PI: Huiwang Gao at 
Ocean University of China. (Theme 3) 

12) NSFC General Project: Study on the Source, Distribution, Transformation and Removal of COS and 
CS2 in the Continental Shelf Seas of Eastern China (2020-2024), PI: Guipeng Yang at Ocean 
University of China. (Theme 1) 

13) NSFC Key Project: Source and Flux of N2O in the Euphotic Zone of the Northwestern Pacific (2021-
2024), Leading PI: Shuh-Ji Kao at Xiamen University. (Theme 1) 

14) NSFC General Project: Physicochemical Characterization and Depositional Ice Nucleation 
Efficiency of Atmospheric Particles over South China Sea (2021-2024), leading PI:  Bingbing Wang 
at Xiamen University.  

15) NSFC Special Project: Air-sea carbon fluxes, budget and uncertainties in China Seas (2022-2025), 
leading PI: Xianghhui Guo at Xiamen University. 

- Infrastructure 

National Observation and Research Station for the Taiwan Strait Marine Ecosystem (T-SMART) has 

been approved as a national station of the Ministry of Science and Technology of the People’s Republic 

of China in 2021. Mission of T-SMART: Its primary goals are to clarify long-term changes in marine 

ecosystems and its driving mechanisms, integrated monitoring of the structure and function of coastal 

upwellings, subtropical bay and coastal wetland ecosystems in the Taiwan Strait and analyze the 

processes and responses of the ecosystems under the impact of global climate change and human 

activities; to provide important scientific and technological support to ensure the health of marine 

ecosystems and the environment, and promote sustainable economic development. 

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.  

 

- International interactions and collaborations 

1) Conference presentations 

Minhan Dai. Potential synergies between mitigation and adaptation for the ocean sink and how to 

evaluate opportunities and tradeoffs. 13th 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) 

Shengqian Zhou. The spatiotemporal distributions and future changes of global sea surface dimethyl 

sulfide. The 7th 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. 3rd 

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. 7 th 

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. 

Shengqian Zhou. The contribution of non-marine sources to aerosol methanesulfonate over coastal 

seas. The 27th 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 

and Healthy Ocean". In response to the UN Decade’s call, XMAS set up a special forum, the “UN 

Decade of Ocean Science for Sustainable Development”, discussing how to achieve the goals outlined 

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 

topic session “Atmospheric Nutrient Deposition and Microbial Community Responses, and Predictions 

for the Future in the North Pacific Ocean” in PICES-2021 Annual Meeting.  

3) Contribution to international initiatives 

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, N2O) 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. 

- Research Front in Environmental Chemistry 

Ying Chen at Fudan University and Honghai Zhang at Ocean University of China organized a Research 

Front entitled ‘Fluxes and Chemistry of Marine Biogenic Volatile Organic Compounds’ in the scientific 

journal Environmental Chemistry. 

- Human dimensions (outreach, capacity building, public engagement etc.) 

The 10th 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 articles). 
 If any, please also list weblinks to models, datasets, products, etc.  
 

Selected Publications 

Chen, X.L., X. Ma, X.J. Gu, S.M. Liu, G.D. Song, H.Y. Jin, and G.L. Zhang, 2021. Seasonal and spatial 
variations of N2O distribution and emission in the East China Sea and the South Yellow Sea. Science 
of the Total Environment, 775, 145715, doi: 10.1016/j.scitotenv.2021.145715. 

Dai, M., J. Su, Y. Zhao, E. E. Hofmann, Z. Cao, W.-J. Cai, J. Gan, F. Lacroix, G. G. Laruelle, F. Meng, 
J. D. Müller, P. A. Regnier, G. Wang, and Z. Wang, 2022. Carbon fluxes in the coastal ocean: Synthesis, 
boundary processes and future trends. Annual Review of Earth and Planetary Sciences, 50, doi: 
org/10.1146/annurev-earth-032320-090746. 

Gao, X.X, H.H. Zhang, S.H. Mao, and G.P. Yang, 2021. Responses of biogenic sulfur compound 
production to dust aerosol enrichment and seawater acidification in the Western Pacific Ocean. 
Geophysical Research Letters, 48, e2021GL095527.  

Gao, X.X., H.H. Zhang, and G.P. Yang, 2021. Springtime spatial distributions of biogenic sulfur 
compounds in the Yangtze River Estuary and their responses to seawater acidification and dust. Journal 
of Geophysical Research – Biogeosciences, 126, e2020JG006142. 

Gu, X.J., F. Cheng, X.L Chen, G.X. Du, and G.L. Zhang, 2021. Dissolved nitrous oxide and 
hydroxylamine in the South Yellow Sea and the East China Sea during early spring: Distribution, 
production and emission. Frontier Marine Science, 8, 725713, doi: 10.3389/fmars.2021.725713. 

Han, Y., Z. He, and G.P. Yang, 2021. Distributions of volatile halocarbons and impacts of ocean 
acidification on their production in coastal waters of China. Science of the Total Environment, 752, 
141756. 

Li, C.X., K. Chen, X. Sun, B.D. Wang, G.P. Yang, Y. Li, and L. Liu, 2021. Occurrence, distribution, and 
sea-air fluxes of volatile halocarbons in the upper ocean off the northern Antarctic Peninsula in summer. 
Science of the Total Environment, 758, 143947. 

Li, G.L., Y. Chen, G.P. Yang, and Z. He, 2021. Distributions of volatile halocarbons in the marine 
atmosphere and seawater of the northern South China Sea. Marine Chemistry, 229, 103912. 

Li, H.W., S.Q. Zhou, Y.C. Zhu, R.F. Zhang, F.H. Wang, Y. Bao, and Y. Chen, 2021. Atmospheric 
Deposition Promotes Relative Abundances of High-Dimethylsulfoniopropionate Producers in the 
Western North Pacific. Geophysical Research Letters, 48 (15), e2020GL092077, doi: 
10.1029/2020GL092077. 

Li, H.W., Y. Chen, S.Q. Zhou, F.H. Wang, T.J. Yang, Y.C. Zhu, and Q.W. Ma, 2021. Change of dominant 
phytoplankton groups in the eutrophic coastal sea due to atmospheric deposition. Science of the Total 
Environment, 753, 141961. 

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


Li, J.L., X. Zhai, Y.C. Wu, J. Wang, H.H. Zhang, and G.P. Yang, 2021. Emissions and potential controls 
of light alkenes from the marginal seas of China. Science of the Total Environment, 758, 143655. 

Li, Y., Z. He, G.P. Yang, and Y.W. Zou, 2021. Spatial distribution and biogeochemical cycling of methyl 
iodide in the Yellow Sea and the East China Sea during summer. Environmental Pollution, 276, 116749. 

Wang, G., S.S.P. Shen, Y. Chen, Y. Bai, H. Qin, B. Chen, X. Guo, and M. Dai, 2021. Feasibility of 
reconstructing the basin–scale sea surface partial pressure of carbon dioxide from sparse in situ 
observations over the South China Sea. Earth System Science Data, 13, 1403–1417, doi: 
org/10.5194/essd-2020-167.  

Wu, Y., M. Dai, X. Guo, J. Chen, Y. Xu, X. Dong, J. Dai, and Z. Zhang, 2021. High-frequency time-series 
autonomous observations of sea surface pCO2 and pH. Liminology and Oceanography, 66(3), 588-606. 

Xu, F., Yan S.B., H.H. Zhang, Y.C. Wu, Q.Y. Ma, Y.C. Song, G.C. Zhuang, and G.P. Yang, 2021. 
Occurrence and cycle of dimethyl sulfide in the western Pacific Ocean. Limnology and Oceanography, 
66(7), 2868-2884, doi:10.1002/lno.11797. 

Xu, Z.J., S.Q. Zhou, Y.C. Zhu and Y. Chen, 2021. Different characteristics and source contributions to 
aerosol aminiums over a coastal city and adjacent marginal seas. Environmental Chemistry, 18(6), 274-
284, doi: 10.1071/EN21070. 

Yang, W., X. Guo, Z. Cao, Y. Xu, L. Wang, L. Guo, T. Huang, Y. Li, Y. Xu, J. Gan, and M. Dai, 2021. 
Seasonal dynamics of the carbonate system under complex circulation schemes on a large continental 
shelf: The northern South China Sea. Progress in Oceanography, 197, 
doi.org/10.1016/j.pocean.2021.102630.  

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, H.W. 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. 

Zhao, H., M. Dai, J. Gan, X. Zhao, Z. Lu, L. Liang, Z. Liu, J. Su, and Z. Cao, 2021. River-dominated 
pCO2 dynamics in the northern South China Sea during summer: A modeling study. Progress in 
Oceanography, 190, doi: org/10.1016/j.pocean.2020.102457. 

Zhou, S.Q., Y. Chen, A. Paytan, H.W. Li, F.H. Wang, Y.C. Zhu, T.J. Yang, Y. Zhang, and R.F. Zhang, 
2021. Non-Marine Sources Contribute to Aerosol Methanesulfonate Over Coastal Seas. Journal of 
Geophysical Research: Atmospheres, 126 (21), e2021JD034960, doi: 10.1029/2021jd034960. 

Zou, Y.W., Z. He, C.Y. Liu, Q.Q Qi, G.P. Yang, and S.H. Mao, 2021. Coastal observation of halocarbons 
in the Yellow Sea and East China Sea during winter: Spatial distribution and influence of different factors 
on the enzyme-mediated reactions. Environmental Pollution, 290, 118022. 

 

Links to models and datasets 

1. An artificial neural network (ANN) model for sea surface DMS simulation: 
https://github.com/SQZhou95/Sea_surface_DMS_simulation_using_neural_network. 

2. Global sea surface DMS concentration and flux gridded datasets (1850 to 2100) simulated by ANN 
model: https://doi.org/10.5281/zenodo.5062438. 

 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? If yes, who? How did you engage? 

Led by Xiamen University, the joint initiative of “Coastal Zones Under Intensifying Human Activities and 

Changing Climate: A Regional Programme Integrating Science, Management and Society to Support 

Ocean Sustainability” (COASTAL-SOS) has been endorsed 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). 

- There will be a regular spring cruise to the Northwest Pacific conducted by R/V 
Dongfanghong-3 in the next few years, which is closely related to themes 3-5 of SOLAS. 

- NSFC Shiptime Sharing Project including four seasons will be carried out in China coastal 
seas, which covers five themes of SOLAS. 

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

- The 6th Xiamen Symposium on Marine Environmental Sciences (XMAS-VI) will be held in 
Xiamen from January 9 to 12, 2023. XMAS-VI will focus on Multidisciplinary and Solution 
Sciences for a Sustainable and Healthy Ocean.  

3. Funded national and international projects/activities underway.  
- NSFC Innovative Research Group: Nitrogen Cycle under Global Change (2018-2023), Leading 

PI: Shuh-Ji Kao at Xiamen University. (Theme 1) 

- NSFC General Project: Characteristics of Atmospheric Deposition Dominated by Haze Weather 
and Its Effect on Phytoplankton Growth in the Bohai and Yellow Sea (2019-2022), Leading PI: 
Huiwang Gao at Ocean University of China. (Theme 3) 

- NSFC Key Project: Source and Sink of Volatile Halogenated Organic Compounds in the East 
China Sea and the Yellow Sea and Their Influences on the Environment (2019-2023), PI: 
Guipeng Yang at Ocean University of China. (Theme 1) 

- NSFC Major Project: CARBON Fixation and Export in the Oligotrophic Ocean (Carbon-FE) 
(2019-2023), Leading PI: Minhan Dai at Xiamen University. (Theme 1 & 3 & Environmental 
impacts of geoengineering). This is a SOLAS endorsed project.  

- NSFC Youth Project: Impact of Atmospheric Deposition on the Utilization of Dissolved Organic 
Phosphorus by Phytoplankton in the Yellow Sea (2020-2022), Leading PI: Chao Zhang at Ocean 
University of China. (Theme 3) 

- NSFC-Shandong Joint Fund Project: Impacts of Atmospheric Deposition on Water Quality and 
Ecosystem in the Coastal Waters of Shandong Province (2020-2023), Leading PI: Huiwang Gao 
at Ocean University of China. (Theme 3) 

- NSFC General Project: Influences of Hydrodynamics on the Spatial Distribution and Long-term 
Variations of Persistent Halogenated Hydrocarbons in the Bohai, Yellow, and East China Seas 
(2020-2023), Leading PI: Xinyu Guo at Ocean University of China. (Theme 1)  

- NSFC General Project: Study on the Source, Distribution, Transformation and Removal of COS 
and CS2 in the Continental Shelf Seas of Eastern China (2020-2024),  Leading PI: Guipeng Yang 
at Ocean University of China. (Theme 1) 

- NSFC Key Project: Source and Flux of N2O in the Euphotic Zone of the Northwestern Pacific 
(2021-2024), Leading PI: Shuh-Ji Kao at Xiamen University. (Theme 1) 

- NSFC General Project: Physicochemical Characterization and Depositional Ice Nucleation 
Efficiency of Atmospheric Particles over South China Sea (2021-2024), Leading PI:  Bingbing 
Wang at Xiamen University.  

- NSFC General Project: Temporal and spatial variations and regulating mechanism of distribution 
and air-sea fluxes of dissolved methane in the western North Pacific” (2022-2025), Leading PI: 
Guiling Zhang at Ocean University of China. (Theme 1) 

- NSFC Basic Science Center Program: Research center for marine carbon sequestration and 



biogeochemical processes (2022-2027), Leading PI: Nianzhi Jiao at Xiamen University. The 
center will focus on the international frontier of marine carbon sequestration processes and their 
control mechanisms. The center is also a platform for collaborations with intellects both domestic 
and abroad, creating a plateau of scientific innovation and development. (Theme 1 & 3) 

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. 
- 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 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, N2O) 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. 

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

- 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.  

- Minhan Dai is the co-chair of Organizing Committee of OceanObs'29 which will be organized in 
Qindao, China. The OceanObs conferences are held once every 10 years for the scientific, 
technical, and operational communities involved in the planning, implementation, and use of 
ocean observing systems.  

- Huiwang Gao is the chair of Sino British Joint Research Center, which aims to develop the 
collaboration between Ocean University of China and University of East Anglia. 

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

 

 

Comments 
 

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS FINLAND 

 

compiled by: Lauri Laakso / Finnish meteorological institute,  

reporting for  

 Finnish Meteorological Institute (FMI) 

 Finnish Environment Institute (SYKE) 

 University of Helsinki (UH) 

 University of Turku (UT):  nothing to report  

 Åbo Akademi University (ÅA): nothing to report 

 Geological Survey of Finland (GTK) 

 Natural Resources Institute Finland (LUKE): nothing to 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, network ing, 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 things first…Please tell us what the IPO may do to help you in your current and future 
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 interested in results of international collaborations. (If you wish to include more than one 
highlight, feel free to do so). 
 
 
FMI 

 

Figure 1: Remote marine air-quality measurements show significant climate relevant methane emissions 

(methane slip) from ships using liquefied natural gas as a fuel.  

Citation: Grönholm, T., Mäkelä, T., Hatakka, J., Jalkanen, J.-P., Kuula, J., Laurila, T., Laakso, L., Kukkonen, 

J.: Evaluation of Methane Emissions Originating from LNG Ships Based on the Measurements at a Remote 

Marine Station, https://doi.org/10.1021/acs.est.1c03293, Environmental Science & Technology, 2021. 
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ÅA 

  



GTK 

  

LUKE 
  

 
 

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). 

 
FMI 

 Completion of European Maritime Transport Environmental Report in cooperation with 
EMSA and EEA 

 Joined the ICES WGSHIP group 
  Participation in IMO MEPC, ISWG GHG meetings 
 HELCOM reporting of Baltic Sea ship air emissions, discharges and underwater noise 
 Traficom report of winter navigation impact on shipping GHG emissions in the Baltic Sea 

area. 
 Presented the FMI work  of underwater noise from shipping to TG NOISE 

 

SYKE 

  

UH 

  

UT 

  

ÅA 

  

GTK 

 Kotilainen, A.T., Kotilainen, M.M., Vartti, V.-P., Hutri, K.-L. & Virtasalo, J.J. 2021: Chernobyl 
still with us: 137Caesium activity contents in seabed sediments from the Gulf of Bothnia, 
northern Baltic Sea. Marine Pollution Bulletin 172, 112924. THEME 5 

 Ojala, A.E.K., Virtasalo, J.J., Lindsberg, E. & Markovaara-Koivisto, M. 2021: Basin-scale 
3D sedimentary modelling: an approach to subdivide Baltic Sea onshore sediments for 
land use and construction. Geotechnical and Geological Engineering 39, 4855–4876. 
THEME 5 

 Karpin, V., Heinsalu, A. & Virtasalo, J.J. 2021: Late Pleistocene iceberg scouring in the 
north-eastern Baltic Sea, west of Estonia. Marine Geology 438, 106537. THEME 5 

 Palmu, J.-P., Ojala, A.E.K., Virtasalo, J., Putkinen, N., Kohonen, J. & Sarala, P. 2021: 
Classification system of superficial (Quaternary) geological units in Finland. Geological 
Survey of Finland, Bulletin 412, 115–169. THEME 5 

 Luoma, S., Majaniemi, J., Pullinen, A., Mursu, J. & Virtasalo, J.J. 2021: Geological and 
groundwater flow model of a submarine groundwater discharge site in Hanko, northern 
Baltic Sea. Hydrogeology Journal 29, 1279–1297. THEME 5 

LUKE 

  

3. List SOLAS-related publications published in 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  

 Kuittinen, N., Jalkanen, J.-P., Alanen, J., Ntziachristos, L., Hannuniemi, H., Johansson, L., 
Karjalainen, P., Saukko, E., Isotalo, M., Aakko-Saksa, P., Lehtoranta, K., Keskinen, J., 
Simonen, P., Saarikoski, S., Asmi, E., Laurila, T., Hillamo, R., Mylläri, F., Lihavainen, H., 
Timonen, H., Rönkkö, T., ”Global particle number emissions from shipping equal all 
continental anthropogenic sources”, Environ. Sci. Technol. 2021, 55, 1, 129–138, 
https://doi.org/10.1021/acs.est.0c03627 

 Michael Gauss, Jerzy Bartnicki, Jukka-Pekka Jalkanen, Agnes Nyiri, Heiko Klein, Hilde 
Fagerli, Zbigniew Klimont, Airborne nitrogen deposition to the Baltic Sea: past trends, 
source allocation, and future projections, Atmos. Env., 253 (2021) 118377, 
https://doi.org/10.1016/j.atmosenv.2021.118377 

 Jalkanen, J.-P., Johansson, L., Wilewska-Bien, M., Granhag, L., Ytreberg, E., Eriksson, K. 
M., Yngsell, D., Hassellöv, I.-M., Magnusson, K., Raudsepp, U., Maljutenko, I., Styhre, L., 
Winnes, H. and Moldanova J., “Modeling of discharges from Baltic Sea shipping”, Ocean 
Science, 17, 699–728, 2021, https://doi.org/10.5194/os-17-699-2021 

 Moldanová, J., Hassellöv, I.-M., Matthias, V., Fridell, E., Jalkanen, J.-P., Ytreberg, E., 
Maljutenko, I., Tröltz, J. and Quante, M., “Framework for the environmental impact 
assessment of operational shipping”, AMBIO, https://doi.org/10.1007/s13280-021-01597-9 

 Geels, C., Andersson, C, Winter, M, Jalkanen, J-P, Brandt, J, Frohn, LM, “Projections of 
shipping emissions and the related impact on air pollution and human health in the Nordic 
region”, Atmos. Chem. Phys., 21, 12495–12519, 2021, https://doi.org/10.5194/acp-21-
12495-2021 

 Ilja Maljutenko, Ida-Maja Hassellöv, K. Martin Eriksson, Erik Ytreberg, Daniel Yngsell, 
Lasse Johansson, Jukka-Pekka Jalkanen, Mariliis Kõuts, Mari-Liis Kasemets, Jana 
Moldanova, Kerstin Magnusson, Urmas Raudsepp, Modelling spatial dispersion of 
contaminants from shipping lanes in the Baltic Sea, Environmental Pollution, Volume 173, 
Part A, December 2021, 112985, https://doi.org/10.1016/j.marpolbul.2021.112985 

 Jari Walden, Liisa Pirjola, Tuomas Laurila, Juha Hatakka, Heidi Pettersson, Tuomas 
Walden, Jukka-Pekka Jalkanen, Harri Nordlund, Toivo Truuts, Miika Meretoja, and Kimmo 
K. Kahma, ”Measurement report: Characterization of uncertainties in fluxes and fuel sulfur 
content from ship emissions in the Baltic Sea”, Atmos. Chem. Phys., 21, 18175–18194, 
https://doi.org/10.5194/acp-21-18175-2021, 2021 

 Marcus Reckermanm, Juris Aigars, Naveed Akhtar, Jacek Bełdowski, Cris Pons-Seres de 
Brauwer, Tom Cronin, Michał Czub, Michael Dähne, Margit Eero, Kari Hyttiäinen, Jukka-
Pekka Jalkanen, Anders Kiessling, Erik Kjellström, Xiaoli Guo Larsén, Michelle McCrackin, 
Markus Meier, Sonja Oberbeckmann, Anders Omstedt, Kevin Parnell, Anneli Poska, Jarkko 
Saarinen, Tarmo Soomere, Beata Szymczycha, Emma Undeman, Anders Wörman, 
Eduardo Zorita, Multiple drivers of environmental changes and their interactions in the 
Baltic Sea region, Earth Syst. Dynam., 13, 1–80, 2022, https://doi.org/10.5194/esd-13-1-
2022 

 Honkanen, M., Müller, J. D., Seppälä, J., Rehder, G., Kielosto, S., Ylöstalo, P., Mäke lä, 
T., Hatakka, J., and Laakso, L.: The diurnal cycle of pCO2 in the coastal region of the 

Baltic Sea, Ocean Sci., 17, 1657-1675, https://doi.org/10.5194/os-17-1657-2021, 
2021.  

SYKE 

 Kraft, K., Seppälä, J., Hällfors, H., Suikkanen, S., Ylöstalo, P., Anglès, S., Kielosto, S., 
Kuosa, H., Laakso, L., Honkanen, M., Lehtinen, S., Oja, J., Tamminen, T.: Application 

of IFCB High-Frequency Imaging-in-Flow Cytometry to Investigate Bloom-Forming 
Filamentous Cyanobacteria in the Baltic Sea, 
https://www.frontiersin.org/article/10.3389/fmars.2021.594144, Frontiers in 

Marine Science, 2021. 

UH 

 Jilbert, T., Cowie, G., Lintumaki, L., Jokinen, S., Asmala, E., Sun, X., Morth, C-M., 

Norkko, A., & Humborg, C. (2021). Anthropogenic Inputs of Terrestrial Organic 

https://doi/
https://doi.org/10.1016/j.atmosenv.2021.118377
https://doi.org/10.5194/os-17-699-2021
https://doi.org/10.1007/s13280-021-01597-9
https://doi.org/10.5194/acp-21-12495-2021
https://doi.org/10.5194/acp-21-12495-2021
https://doi.org/10.1016/j.marpolbul.2021.112985
https://doi.org/10.5194/esd-13-1-2022
https://doi.org/10.5194/esd-13-1-2022
https://doi.org/10.5194/os-17-1657-2021
https://www.frontiersin.org/article/10.3389/fmars.2021.594144


Matter Influence Carbon Loading and Methanogenesis in Coastal Baltic Sea 
Sediments. Frontiers in Earth Science, 9, [716416]. 

https://doi.org/10.3389/feart.2021.716416 THEME #1 
 

 Aalto, S. L., Asmala, E., Jilbert, T., & Hietanen, S. (2021). Autochthonous organic 
matter promotes DNRA and suppresses N2O production in sediments of the 
coastal Baltic Sea. Estuarine, Coastal and Shelf Science, 255, [107369]. 

https://doi.org/10.1016/j.ecss.2021.107369 THEME #1 

UT 
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GTK 
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4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? If yes, who? How did you engage? 
 
FMI 

 National management plan for the EU marine strategy (Merenhoidon TPO), expert group 
meeting participation 

 SWAM, study to assess the quantities of exhaust gas cleaning system discharges in the 
OSPAR regions, report finalized and submitted to HASEC and EIHA (Apr 2022) 

 ICES WGSHIP, regular meetings of the WGSHIP group 
 Science support for Portuguese, British national research projects of ship emissions 

 

SYKE 

  

UH 

  

UT 

  

ÅA 
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 Project funding by the Academy of Finland: GEOMEASURE - Foundations for green 
offshore energy production in Finland: from marine investigations to the numerical 
estimation of undrained shear strength of the seabed deposit layers under cycling loading. 
THEME 5 

 Project funding by the Foundation for Research of Natural Resources in Finland: 
FeCoVERY - Recovery and sustainable use of Baltic Sea ferromanganese concretions as 
a resource of hi-tech metals. THEME 5 

 

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. all information possible, dates, locations, teams, work, etc.).  
 
FMI 

 Supporting EMSA through CAMS2-61 for ship emission reporting. Annual reporting of 
global and regional ship emissions to produce data for CAMS user groups, to be made 
available through ECMWF atmospheric data store. 

 Annual HELCOM reporting of ship emissions to air, discharges to the sea and underwater 
noise emissions 

 Scenario development for ship emissions, both Business As Usual and various policy 
scenarios to reduce air and water pollution from ships 

SYKE 

  

UH 

  

UT 

  

ÅA 

  

GTK 

 Joonas Virtasalo will participate in the IODP Expedition 386 “Japan Trench 
Paleoseismology” in October-November 2022. THEME 5 

 Joonas Virtasalo will participate in the cruise onboard r/v Electra of the Stockholm 
University in September 2022 to the southern Gulf of Finland. THEME 5 

LUKE 

 

 

 

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

 Air Pollution 2021 Wessex; Nunes, R. A. O., Alvim-Ferraz, M. C. M., Martins, F. G., 
Calderay-Cayetano, F.,Durán-Grados, V., Moreno-Gutiérrez, J., Jalkanen, J.-P., Majamäki, 
E. and Sousa, S. I. V: HEALTH IMPACTS OF PM 2.5 AND NO 2 SHIP-RELATED AIR 
POLLUTION IN MATOSINHOS MUNICIPALITY, PORTUGAL; 2021; Wessex, UKOral, co-
author 

 EGU21; Sundström, A.-M., Majamäki, E., Jalkanen, J.-P., Ialongo, I., and Tamminen, J.: 
Detecting single ship plumes from TROPOMI NO2 data, EGU General Assembly 2021, 
online, 19–30 Apr 2021, EGU21-14623, https://doi.org/10.5194/egusphere-egu21-14623, 
2021. 2021 Online Oral, co-author 

 EGU2021; Fink, L., Matthias, V., Karl, M., Petrik, R., Majamäki, E., Jalkanen, J.-P., Oppo, 
S., Kranenburg, R., The contribution of shipping to air pollution in the Mediterranean region 



– a model evaluation study , https://doi.org/10.5194/egusphere-egu21-8344; 2021;Vienna, 
Austria Online, co-author 

 AGU2021; Soulie et al, Greenhouse Gases and Atmospheric Pollutants: a Global 
Emissions Dataset for the 2000-2021 Period; 2021;New Orleans, USA; Online, co-author 

SYKE 

  

UH 

  

UT 

  

ÅA 
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 Hosted the IODP Magellan Plus workshop “Mechanisms of rifting of large continental 
blocks – a case study at the Baltic Sea", 1-3 December 2021, Espoo, Finland. THEME 5 

LUKE 

  
3. Funded national and international projects/activities underway.  
 
FMI 

 H2020/EMERGE 

 H2020/SCIPPER 
 H2020/AIRCOAT 
 ShipNOEm 
 Biodiv-Support 
 CAMS81 

 Horizon EU/GREEN RAY 

SYKE 

  

UH 

  

UT 

  

ÅA 

  

GTK 

 Academy of Finland Project: FERMAID - Ferromanganese Concretion-Archives of 
Ecosystem Variability, Climate Forcing and Anthropogenic Impact on the Baltic See. 
THEME 5 

 Academy of Finland Project: GEOMEASURE - Foundations for green offshore energy 
production in Finland: from marine investigations to the numerical estimation of undrained 
shear strength of the seabed deposit layers under cycling loading. THEME 5 

 Foundation for Research of Natural Resources in Finland Project: FeCoVERY - Recovery 
and sustainable use of Baltic Sea ferromanganese concretions as a resource of hi-tech 
metals. THEME 5 

LUKE 

  

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


 

 

 

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

 GREEN RIVER, Horizon EU (in evaluation) 
 SUSTAINABLUES, Swedish MISTRA call (in evaluation)  
 SHIPMONITOR, BSR Interreg (in evaluation) 

SYKE 
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UT 
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LUKE 

 

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

 Cooperation with Portuguese EMISSHIP project 

 Cooperation with British ACRUISE project 
 Cooperation with ECMWF project CHE 

SYKE 
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Comments 



 
Most activities listed here have happened without active connection to SOLAS  

FMI 
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Report for the year 2021 and future activities 
 

SOLAS FRANCE 

compiled by: Rémi Losno (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, network ing, 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 things first…Please tell us what the IPO may do to help you in your current and future 
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 provided by desert dust and volcanic ash. A 
phytoplankton response triggered by a representative 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 
OISO program (French Océan Indien Service d’Observations) during an oceanographic campaign 
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. Moreover, 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 volcanic 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 volcano Eyjafjallajökull 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-a concentration (μg.L-1) averaged over 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 photosynthetic activity of 
phytoplankton (CO2 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. 
 

 
Figure 3. Schematic representation of the biological response of phytoplankton communities after 
dry or wet 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) 
shows the phytoplankton response to aerosol deposition (PP and ΔTchla), while the bottom part 
(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%; + below 50%;  ̶no significant change compared to control. ΔTchla 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 
sink ing. Zones and fronts (from North to South): Subtropical Zone and Front (STZ and STF); 
Subantarctic Zone and Front (SAZ and SAF); Polar Front Zone and Polar Front (PFZ 
and PF); and Antarctic Zone (AZ). 
 
Reference 
Geisen, Ridame, Journet, Delmelle, Marie, Lo Monaco, Metzl, Ammar, Kombo, Cardinal (2022). 
Phytoplanktonic Response to simulated Volcanic and Desert Dust Deposition Events in the South 
Indian and Southern Oceans. Limnol. Oceanogr. doi : 10.1002/lno.12100 
 

 

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 reactivity 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 

mailto:k.sellegri@opgc.univ-bpclermont.fr


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 observed to increase under elevated headspace ozone concentration in the mesocosm 

incubation experiments, indicating that phytoplankton produce these compounds in response to 

oxidative stress. Our findings suggest that biogenic sources of these gases may be sufficiently strong 

to influence atmospheric chemistry in some remote ocean regions. 

 

 

Figure 4: Influence of 10 ppb ozone 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 nm to 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 data in 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. 

 



 

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.  

References 

Peltola, M., Rose, C., Trueblood, J. V., Gray, S., Harvey, M., and Sellegri, K.: New particle 

formation in coastal New Zealand with a focus on open ocean air masses, Atmos. Chem. Phys. 
Discuss. [preprint], https://doi.org/10.5194/acp-2021-819, 2022. 

Manon Rocco, Erin Dunne, Maija Peltola, Neill Barr, Jonathan Williams, Aurélie Colomb, Karl Safi, 
Alexia Saint-Macary, Andrew Marriner, Stacy Deppeler, James Harnwell, Cliff Law and Karine 
Sellegri, Oceanic phytoplankton are a potentially important source of benzenoids to the remote 
marine atmosphere, Nature Communications Earth & Environment volume 2, Article number: 175 
(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). 

 

SOLAS-France zoom meeting, march 29th,  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 

 

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 CO2 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-1 to nmol.kg-1) and therefore play an essential role for the 

mailto:demasy@ipgp.fr


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 

evolution 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 

 Dust inputs 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 CO2 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 II  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); (ii) the average deposition mass fluxes of sea salt and Saharan dust are 16.7 g.m-2.year-1 and 

10.6 g.m-2.year-1, 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. 

Reference 

Y. Xu-Yang et al., Atmospheric deposition over the Caribbean region: sea salt and Saharan dust are 

sources of essential elements on the island of Guadeloupe, submitted to JGR. 

 

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 of the 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/SO2). 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 Properties in 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 

observing 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), still 

a limited amount of data is 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://qa4eo.org/) programme from ESA, labex CaPPA 

(https://www.labex-cappa.fr), in collaboration with AERONET NASA to enlarge the ground-based 

observation system over 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 

developed at Laboratoire d'Optique Atmosphérique (LOA), Lille (France), in the frame of the joint 

LOA/CIMEL laboratory (AGORA-Lab, https://www.agora-lab.fr/), to enable measurement of 

atmospheric aerosols from mobile platforms and to expand and AErosol RObotic NETwork 

(AERONET) coverage 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), 

Ångström 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 

satellite validation purposes but, as the “instrument” is moving the spatial distribution of the 

measurement has also to be addressed to reveal the 3 dimensional variability of these properties 
over the whole considered period (figure 9). 

 

 

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 levels. 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.  
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4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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. 

   

 

2. Events like conferences, workshops, meetings, 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.  
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Report for the year 2021 and 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, network ing, 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 things first…Please tell us what the IPO may do to help you in 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 1: 
 
Oceanic Transfer and Atmospheric Transformation of Marine Carbohydrates in the Western 
Antarctic Peninsula 
 
Marine carbohydrates are released by microbial activities in the oceanic surface water and 
represent an important class of organic substances. They can enter the atmosphere as part of sea 
spray aerosol (SSA) through wind-driven processes. The emission processes of marine 
carbohydrates, their atmospheric aging and their contribution to the condensation of atmospheric 
water vapor and ice nucleation is not yet well understood. To this end, the primary transfer of 
carbohydrates from the ocean via the sea surface microlayer (SML) to the atmosphere and their 
secondary atmospheric modifications were studied in the western Antarctic Peninsula during the 
PI-ICE campaign (January - March 2019).  
Marine carbohydrates were found in bulk seawater, SML and size-resolved aerosol particles and 
contributed 2-4% to organic carbon (OC). Air back-trajectories and strong correlations between the 
aerosolized carbohydrates, sodium and the wind speed suggest local and regional wave breaking 
and bubble bursting processes as the driving emission processes for the carbohydrates contained 
in the aerosol particles.  
Sodium - a conservative tracer for marine emissions - was used to calculate carbohydrate to sodium 
ratios. The direct comparison of these ratios in the seawater and aerosol particles revealed a 
chemo-selective transfer of carbohydrates over sodium during the sea-air transfer. In contrast to 
very small enrichment factors within the SML (EF, median=1.4), very high enrichment factors for 
carbohydrates relative to the bulk seawater were found for supermicron (20-4000) and submicron 
(40-167 000) particles. 
However, the monosaccharide composition of the carbohydrates detected in the aerosol and water 
samples showed quite different patterns. Detailed analyses gave strong evidence for a bacterial 
degradation and modification of the aerosolized carbohydrates in the atmosphere after their 
oceanic emission. Abiotic reactions and processes as an alternative explanation to the bacterial 
metabolism were considered possible, but eventually rated as less likely.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: Three-dimensional (3D) bar graph showing the average and standard deviation of the 
relative monosaccharide composition of combined carbohydrates in sub-/supermicron aerosol 
particles (CCHOaer), particulate combined carbohydrates (PCCHO), dissolved combined 
carbohydrates (DCCHO) and dissolved free carbohydrates (DFCHO) in seawater and SML samples.  
 
Citation: Zeppenfeld, S., van Pinxteren, M., van Pinxteren, D., Wex, H., Berdalet, E., Vaqué, D., 
Dall’Osto, M., and Herrmann, H.: Aerosol Marine Primary Carbohydrates and Atmospheric 
Transformation in the Western Antarctic Peninsula, ACS Earth Space Chem., 5, 1032–1047, 
https://doi.org/10.1021/acsearthspacechem.0c00351, 2021. 



Highlight 2: 
 
Amino acids – complex patterns in nascent and ambient aerosol particles 
 
There have been a number of studies focusing on amino acids in the surface, however little is 
known about the sources of amino acids found on marine aerosol particles. Here, we have 
generated nascent sea-spray aerosol (SSA) using a well-characterized laboratory chamber (SSAC) 
to investigate the transfer of amino acids from the ocean to the atmosphere under controlled 
conditions.  
The highest enrichments of amino acids (enrichment factors up 107) were found on aerosol 
particles in the submicron size range with a tendency of increasing enrichments with decreasing 
aerosol particle size. A selectivity in the transfer of the individual amino acids was observed: The 
more polar the free amino acids are, the more they are enriched on the SSA particles. However, 
physico-chemical parameters 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 marine 
aerosol particles revealed a higher complexity of the amino acids of the nascent SSA, suggesting 
that atmospheric processes likely reduce the amino acid diversity. In addition, our results highlight 
that although almost all the amino acids studied are transferred to the atmosphere via bubble-
bursting under controlled conditions, two amino acids, γ-aminobutyric acid (GABA) and glycine 
likely have additional sources to the atmosphere. GABA is likely formed on ambient marine 
submicron aerosol particles to a large extent (35-47 % of ∑amino acids). Glycine likely originates 
from long-range transport processes or photochemical reactions, as discussed in the literature, 
however our results highlight the potential for a direct oceanic source via bubble-bursting (~20 % 
of ∑amino acids).  
The determined size-dependent transfer efficiencies and enrichments can be used to improve 
future modelling of oceanic amino acid transfer as a substantial fraction of OM in the marine 
ocean-atmosphere coupled environment. 
 
 

 
 



Figure: Relative composition of amino acids on the size-segregated aerosol particles of the 
laboratory experiment sea-spray simulation chamber (right) and ambient samples at the Cape 
Verde Atmospheric Observatory (left). 
 

Citation: Triesch, N., van Pinxteren, M., Salter, M., Stolle, C., Pereira, R., Zieger, P., and Herrmann, 
H.: Sea Spray Aerosol Chamber Study on Selective Transfer and Enrichment of Free and Combined 
Amino Acids, ACS Earth Space Chem., 5, 1564-1574, 10.1021/acsearthspacechem.1c00080, 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). 

 Marandino, C. A. Global shipping: Linking policy and economics to biogeochemical 
cycling and air-sea interaction (ShipTRASE) (invited talk), online – hosted in 
Guangzhou, China.  

 Marandino, C. A. Eddy covariance measurements of DMS and CO2 Keynote speaker 
for the ‘Bite-size’ Gas Transfer at Water Surfaces Symposium, online – hosted in 
Plymouth, United Kingdom.  

 Marandino, C. A. The ocean cool skin and eddy covariance measurements (invited 
short talk), Global Carbon Budget Ocean Workshop, online – hosted in 

Bremerhaven, Germany.   

 Marandino, C. A. Forum co-convener The apparent mismatch between science and 
policy at the air-sea interface, Sustainability Research & Innovation Congress, 
Brisbane, Australia 

 Uni Oldenburg, GEOMAR (with Israeli cooperation) - A novel approach to quantify 
global oceanic emissions of carbonyl sulfide (COS), funded by VW Stiftung  

 GEOMAR, Uni Kiel (with Swedish and French cooperation) – Global shipping: 
Linking policy and economics to biogeochemical cycling and air-sea interaction 
(ShipTRASE), funded by the BMBF (Belmont Forum)  

 Marandino, C. A. Lead organizer of UN Ocean Decade Clean Ocean Laboratory 
Satellite Event – OASIS for a Clean Ocean/approx. 75 participants/online 

 Marandino, C. A. Lead organizer of Open ocean eddy covariance best practices 
workshop series planning event – Ocean Best Practices System (OBPS) workshop/9 
participants/online 

 Marandino, C. A. Organizer and moderator for UN Ocean Decade Predicted Ocean 
Laboratory Satellite Event – OASIS for a Predicted Ocean/approx. 200 

participants/online 

 Marandino, C. A. Scientific steering committee member for 8th International 
Symposium on Gas Transfer at Water Surfaces/approx. 150 participants/United 
Kingdom  

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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Interface. Oceans. 2021; 2(4):752-771. https://doi.org/10.3390/oceans2040043 

 Lennartz, S. T., Gauss, M., von Hobe, M., and Marandino, C. A. (2021) Monthly resolved 
modelled oceanic emissions of carbonyl sulfide and carbon disulfide for the period 2000–
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2019 Earth System Science Data, 13 (5). pp. 2095-2110. DOI: 10.5194/essd-13-2095-2021. 
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Seeyave, E. Smith, and M. Visbeck, eds, A Supplement to Oceanography 
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 Zeppenfeld, S., van Pinxteren, M., van Pinxteren, D., Wex, H., Berdalet, E., Vaqué, D., 
Dall’Osto, M., and Herrmann, H.: Aerosol Marine Primary Carbohydrates and Atmospheric 
Transformation in the Western Antarctic Peninsula, ACS Earth Space Chem., 5, 1032–1047, 
https://doi.org/10.1021/acsearthspacechem.0c00351, 2021.  

 Zhang, M., Marandino, C. A., Yan, J., Wu, Y., Park, K., Sun, H., et al. (2021) Unravelling 
surface seawater DMS concentration and sea-to-air flux changes after sea ice retreat in the 
western Arctic Ocean Global Biogeochemical Cycles, 35. 
e2020GB006796. https://doi.org/10.1029/2020GB006796. 

 Zhang, M., Marandino, C. A., Yan, J. P., Park, K, Lin, Q., Park, K., Xu, G., Kim, T.-W., and Chen, 
L. (2021) DMS sea-to-air fluxes and their influence on sulfate aerosols over the Southern 
Ocean, southeast Indian Ocean, and northwest Pacific Ocean Environmental Chemistry, 
DOI: 10.1071/EN21003. 
 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? If yes, who? How did you engage? 

 

 ShipTRASE conducted stakeholder surveys related to future shipping scenarios.  

 OASIS regularly interacts with stakeholders during the UN Ocean Decade Labs and 
during Theme Team meetings.  

 

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.).  

 

 POLAR-CHANGE campaign: (Aerosol emissions from POLAR-CHANGing 

Environments) taking place in Jan./Feb. 2023, Antarctic peninsula PI: Manuel Dall’Osto, 
TROPOS contribution: Identifying atmospheric relevant organic matter (carbohydrates, 
amino acids) in Antarctic seawater, sea surface microlayers and aerosol particles, 

identification of formation and transfer pathways  

 Nov./Dec. 2023 Bubble (mediated) Exchange in the Labrador Sea (BELS), Germany-Canada-
USA-UK research cruise aboard the Maria S. Merian (German chief scientist) 

 2022-2026 German DFG Research Unit, Biogeochemical processes and Air–sea exchange 
in the Sea-Surface microlayer (BASS), lab based experiments in 2023  

 Jun./Jul. 2022 Central Baltic Air-Sea Exchange (CenBASE) Germany-USA-UK research cruise 
aboard the Elisabeth Mann Borgese to study inland sea gas exchange (German chief 
scientist) 

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


 

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

 
 Dec. 2022 German convener – Get Involved! Observing Air-Sea Interactions Strategy 

(OASIS) Theme Teams, hybrid Town Hall Meeting, AGU Fall Meeting, Chicago, USA 
 Sep. 2022 German discussion session lead – Strengthening Partnerships between OASIS 

and the Global South, SOLAS Open Science Conference, Cape Town, Republic of South 
Africa.  

 Sep. 2022 German discussion session co-lead - SOLAS Science & Society: building upon 
past achievements & future possibilities, SOLAS Open Science Conference, Cape Town, 
Republic of South Africa.  

 Sep. 2022 German discussion session lead – SOLAS science and global ship emissions – 
common challenges and next steps, SOLAS Open Science Conference, Cape Town, Republic 
of South Africa.  

 Sep. 2022 Organizer of hybrid workshop Cross-linking lab and field measurements and 
numerical modeling to identify and quantify the mechanisms of air-sea gas 
transfer/approx. 100 participants/Germany 

 Jun. 2022 Organizer of UN Ocean Decade Productive Ocean Laboratory Satellite Event – 
OASIS for a Productive Ocean (offshore wind energy)/approx. 100 participants/online 

 Jun. 2022 German director virtual SOLAS summer school, 1 week-long with 62 students, 
lectures, practicals and posters 

 May 2022 German discussion session co-lead – How to cross-link lab and field 
measurements, Gas Transfer at Water Surfaces, Plymouth, UK.  

 May 2022Organizer and note taker for UN Ocean Decade Accessible Ocean Laboratory 
Satellite Event – OASIS for an Accessible Ocean/approx. 100 participants/online 

 Mar. 2022 German organizer for OASIS Panel Discussion/Webinar - Best Practices panel 
discussion on Essential Ocean Variables (EOVs) needed for air-sea CO2 fluxes/approx. 50 
participants/online 

 Feb. 2022 German convener – Get Involved! Observing Air-Sea Interactions Strategy 
(OASIS) Theme Teams, virtual Town Hall Meeting, Ocean Sciences Meeting 
 

 3. Funded national and international projects/activities underway.  

 

 2023 Bubble (mediated) Exchange in the Labrador Sea (BELS), Germany-Canada-USA-UK 
research cruise aboard the Maria S. Merian (German chief scientist) 

 2022-2026 German DFG Research Unit, Biogeochemical processes and Air–sea exchange 
in the Sea-Surface microlayer (BASS) 

 2020-2023 German VW Stiftung cooperation with Israel, A novel approach to quantify 
global oceanic emissions of carbonyl sulfide (COS) 

 2020-2023 Belmont Forum international project with German PI, Global shipping: Linking 
policy and economics to biogeochemical cycling and air-sea interaction (ShipTRASE) 

 

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



 

GEOMAR has submitted two proposals to participate in consortium-based ship emissions and 

biogeochemistry in the Arctic proposals (within Germany and internationally) 

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

 
Christa Marandino (GEOMAR) will continue to work closely within the international OASIS project 
(SCOR and UN Ocean Decade) as co-chair. 

 

Comments 
 

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS Greece 

compiled by: Alexandra Gogou 

 
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, network ing, 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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 

The Mediterranean region is often characterized as a climate change hotspot. 
According to this, it has been the object of the AR6-WG2 cross chapter paper 4 and 
is a well defined world region frequently mentioned also in other parts of the recent 
IPCC AR6 ( in AR6-WG1, WG2-Chapter 13 Europe and WG2-Chapter 9 Africa). As 
Greece is entering now the SOLAS program, it would be a great opportunity to be 
aided to support community building on the SOLAS themes from national to the 
global level. 
 

 

 

 

 

 

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. 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). 

Chemical characterization of the SML 
We investigated the annual variations of  natural organic compounds in surface waters (1 m) and 

the SML, i.e. TEPs and dissolved carbohydrates (CHOs) as well as CDOM/FDOM at a coastal site in 

the Eastern Mediterranean Sea (Fig.1). In parallel, taking into account their role in metal binding, 

we examine any interrelations with Cu and Cu complexing agents (LT) as determined by anodic 

stripping voltammetry. We further explored the role of microplastics in Cu binding in the SML as 

part of a mesocosm experiment ( https://www.poseidomm.eu/) considering microplastics as 

potential Cu binding agents. 

  

Fig. 1 (a) glass plate sampling of the SML; (b) the study site 

 

https://www.poseidomm.eu/


 

Fig 2. Principal component analysis of Chl-a, TEPs, DOC, MCHOs and PCHOs in the SML and the ULW 

in the field study. 

The overall variability of the data as shown in Fig.2, showed that DOC and sugars follow the 

variations of chl-a in the SML.  In contrast, the TEPs formation in both layers showed a time lag 

following the phytoplanktonic blooms, which were dominated by diatoms. The opposite relation of 

MCHOs with PCHOs in the ULW indicate the active polymerization of MCHOs to PCHOs in this layer. 

Similarly, the contrasting relation of PCHOs to TEPs in the ULW shows further aggregation of PCHOs 

to TEPs. The strong correlation TEPs in the two layers shows active aggregation processes in both 

layers. The formation of the SML at the study site, appears to be controlled mostly by upward 

transport processes of organic material as inferred by the strong positive relationships of Chl-a, 

TEPs and DOC between the SML and the ULW. Within the pool of DOM, mono- and poly- 

carbohydrates behave differently in the two layers having an active role in the polymerization and 

aggregation processes. 

In the simulated conditions of high microplastics (MP) concentrations in the mesocosms, and the 

positive correlation of LT with TEPs in the MP treatments in the SML (r= 0.821, p= 0.023, n=7) imply 

that in the presence of MPs physicochemical binding of Cu to either the TEPs or the MPs is 

facilitated. Furthermore, the general decrease in dissolved Cu concentrations (μgL-1) towards the 

end of the experiment from both layers and the negative correlation of dissolved Cu with TEPs in 

controls r= -0.786, p=0.036, n=7) and in the MP treatments (r= -0.679, p=0.094, n=7) in the ULW 

corroborates the argument on the adhesion of Cu-D 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., Adamopoulou A., 
Assimakopoulou G., Iliakis S., Kalantzi I., Sakellari Aik., Tsapakis M., 2022, Annual variations of 
transparent extracellular particles, carbohydrates, and Cu-binding agents in the sea surface 
microlayer of a coastal Mediterranean site. Implications for the role of microplastics. Submitted to 
Frontiers in Marine Science 
 
 
How atmospheric and oceanographic forcing impact the carbon sequestration in an ultra-
oligotrophic marine system (as reported in the OCB Science highlights: https://www.us-
ocb.org/forcing-impact-sequestration-oligotrophic/) 
 

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


Sinking particles are a critical conduit for the export of material from the surface to the deep 

ocean. Despite their importance in oceanic carbon cycling, little is known about the composition 

and seasonal variability of sinking particles which reach abyssal depths. Oligotrophic waters cover 

~75% of the ocean surface and contribute over 30% of the global marine carbon fixation. 

Understanding 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 to project the 

response of these systems to climate fluctuations and anthropogenic perturbations. 

In a recent study published in Frontiers in Earth Science, authors synthesized data from 

atmospheric and oceanographic parameters, together with main mass components, and stable 

isotope and source-specific lipid biomarker composition of sinking particles collected in the deep 

Eastern Mediterranean Sea (4285m, Ierapetra Basin) for a three-year period (June 2010-June 

2013). In addition, this study compared the sinking particulate flux data with previously reported 

deep-sea surface sediments from the study area to shed light on the benthic–pelagic coupling. 

 

 

 

Figure Caption: a) Biplot of net primary productivity vs export efficiency (top and bottom 

horizontal dashed lines indicate threshold for high and low export efficiency regimes). b) Biplot of 

POC-normalized concentrations of terrestrial vs. phytoplankton-derived lipid biomarkers of the 

sinking particles collected in the deep Eastern Mediterranean Sea (Ierapetra Basin, NW Levantine 

Basin) from June 2010–June 2013, and surface sediments collected from January 2007 to June 

2012 in the study area. 

Both seasonal and episodic pulses are crucial for POC export to the deep Eastern Mediterranean 

Sea. POC fluxes peaked in spring April–May 2012 (12.2 mg m−2 d−1) related with extreme 

atmospheric forcing. Overall, summer particle export fuels more efficient carbon sequestration 

than the other seasons. The results of this study highlight that the combination of extreme 

weather events and aerosol deposition can trigger an influx of both marine labile carbon and 

anthropogenic compounds to the deep. Finally, the comparison of the sinking particles flux data 

with surface sediments revealed an isotopic discrimination, as well as a preferential degradation 

of labile organic matter during deposition and burial, along with higher preservation of land-

derived POC in the underlying sediments. This study provides key knowledge to better understand 



the export, fate and preservation vs. degradation of organic carbon, and for modeling the organic 

carbon burial rates in the Mediterranean Sea. 

Reference: Pedrosa-Pamies R, Parinos C, Sanchez-Vidal A, Calafat A, Canals M, Velaoras D, 

Mihalopoulos N, Kanakidou M, Lampadariou N and Gogou A (2021) Atmospheric and 

Oceanographic Forcing Impact Particle Flux Composition and Carbon Sequestration in the Eastern 

Mediterranean Sea: A Three-Year Time-Series Study in the Deep Ierapetra Basin. Front. Earth Sci. 

9:591948. doi: 10.3389/feart.2021.591948 

Optical properties and biochemical indices of marine particles in the open Mediterranean Sea: 

the R/V Maria S. Merian cruise. 

The vertical distribution, horizontal distribution, and export at depth of particulate matter (PM) in 

the world ocean have been the subject of numerous studies over the past decades. Optical 

methods have been used for decades to describe PM behavior in the marine environment, as 

particle quality, distribution, abundance and size, directly affect light scattering in the ocean, and 

subsequently regulate the oceans’ optical properties and the water‐leaving radiance measured 

remotely from satellites. 

The survey was carried out on board the German R/V Maria S. Merian from March 2nd to April 

3rd 2018. The cruise started at Heraklion, Crete, Greece and ended in Cadiz, Spain. In total, 136 

CTD casts were conducted during the cruise materializing a complete east-to-west Mediterranean 

transect plus another one in the Ionian Sea. At 62 stations (with depth < 3000 m) the LISST-Deep 

was deployed along with the rosette system to obtain optical parameters. At 15 stations, 

seawater samples were also collected for the elemental and stable isotopic analysis of carbon and 

nitrogen of PM. 

 

Fig. 1: Figure 1a shows the monthly mean average sea surface chlorophyll-a concentration in the 

Mediterranean Sea for March 2018, while Figures 1b & 1c shows the 8-day average sea surface 

chlorophyll-a concentrations in the Mediterranean Sea for the first (06-13/03/2018) and second 

(30/03/2018-06/04/2018) legs of the MSM72 cruise, which corresponds to the sampling periods 

in the EMed and WMed Mediterranean sub-basins, respectively. According to this, during the 



MSM72 cruise, a west-to-east, as well as a north-to-south gradient in oligotrophy, was observed 

in the two sub-basins (Figures 1a-c). 

 

Fig. 2: A west-east section of Beam Attenuation (cp), Volume Concentration (VC), Median 

Diameter (D50), and PSD slope (ξ) distribution in the study area  

The beam attenuation coefficient, cp, clearly exhibits higher values throughout the water column 

in the WMed, especially in the upper ~100 m and progressively the cp signal decreases towards 

the east. The particle volume concentration, VC, along the section shows similar characteristics to 

cp, with higher values in the WMed and progressively lower values towards the central 

Mediterranean and the EMed. Furthermore, the particle median diameter D50, in the 

Mediterranean shows an average of 27±3 μm. Its evolution from the west to the east is reversed 

with respect to the previously discussed parameters. Finally, the PSD slope ξ, along the section 

shows similar characteristics to cp and VC with high values in WMed and lower values in EMed. 

Surface Atlantic waters were identified as the most turbid waters in the Mediterranean Sea, whilst 

Transitional Mediterranean Water represents the most transparent water mass. A direct 

relationship between hydrological parameters, water masses and LISST-derived particle optical 

properties was observed throughout the Mediterranean Sea. POC concentrations increase 

inversely with D50 and proportionally with ξ, indicating higher organic carbon contents within 

smaller particle populations. 



 

Figure 3: A west-east section of POC and PN contents and their isotopic composition in the study 

area.  

POC and PN concentrations in the study area, considering the entire water column, ranged from 

1.06 to 7.12 µmol L-1, 2.71±1.40 µmol L-1 on average, and from 0.09 to 1.99 µmol L-1, 0.40±0.32 

µmol L-1 on average, respectively. POC/PN molar ratio ranged from 1.9 to 13.7, with an average 

of 8.5±2.6. Higher POC and PN concentrations were consistently recorded within surface waters 

or the maximum of chlorophyll fluorescence of all stations with the highest values being detected 

in the Alboran Sea and Algerian Basin while lower concentrations were observed in the eastern 

Ionian Sea and South Cretan margin. δ13C-POC ranged between -28.73 and -25.02‰. Close and 

Henderson (2020) [11] reported δ13C-POC values in open oceanic waters that span over a broad 

range, varying from −35‰ at high latitudes to −16‰ at low-mid latitudes. δ15N-PN values in our 

data set spans a range from -1.31 to 8.10‰. Depleted values are recorded within surface ranging 

from –1.31 to 3.35‰ (average 1.88‰) 

Our data showed substantial differences between the western-central and the eastern sector of 

the basin, highlighting the transition from mesotrophic to oligotrophic conditions. The presence of 

relatively depleted δ15N-PN values in the surface and the Transitional Mediterranean Water mass 

highlights the role of atmospheric deposition of anthropogenic N (Mara et al., 2009) has on 

marine biogeochemical parameters along with the observed changes in circulation patterns, 

driving the redistribution of particulate matter as a source of nutrients. 

References:  

Mara, P., Mihalopoulos, N., Gogou, A., Daehnke, K., Schlarbaum, T., Emeis, K. C., et al. (2009). 

Isotopic Composition of Nitrate in Wet and Dry Atmospheric Deposition on Crete in the Eastern 

Mediterranean Sea. Glob. Biogeochem. Cycles 23, GB4002. doi:10.1029/2008gb003395 

Chaikalis S, Parinos C, Möbius J,, Gogou A, Velaoras D, Hainbucher D, Sofianos S, Tanhua T, Cardin 

V, Proestakis E, Amiridis V, Androni A and Karageorgis A (2021) Optical Properties and Biochemical 

Figure 4 



Indices of Marine Particles in the Open Mediterranean Sea: The R/V Maria S.Merian Cruise, March 

2018. Front. Earth Sci. 9:614703.doi: 10.3389/feart.2021.61470 

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

Kanakidou M, Lampadariou N and Gogou A (2021) Atmospheric and Oceanographic Forcing 

Impact Particle Flux Composition and Carbon Sequestration in the Eastern Mediterranean Sea: A 

Three-Year Time-Series Study in the Deep Ierapetra Basin. Front. Earth Sci. 9:591948. doi: 

10.3389/feart.2021.591948 

Chaikalis S, Parinos C, Möbius J,, Gogou A, Velaoras D, Hainbucher D,Sofianos S, Tanhua T, Cardin 

V, Proestakis E, Amiridis V, Androni A and Karageorgis A (2021) OpticalProperties and Biochemical 

Indices of Marine Particles in the OpenMediterranean Sea: The R/V Maria S.Merian Cruise, March 

2018. Front. Earth Sci. 9:614703.doi: 10.3389/feart.2021.61470 (PDF) Optical Properties and 

Biochemical Indices of Marine Particles in the Open Mediterranean Sea: The R/V Maria S. Merian 

Cruise, March 2018. 

Myriokefalitakis, S., Bergas-Massó, E. Gonçalves-Ageitos, M., Pérez García-Pando, C., van Noije, T., 

Le Sager, P., Ito, A., Nenes, A., Kanakidou, M., Krol, M.C.,  Gerasopoulos, E.: Global simulations of 

multiphase processes with the climate- chemistry model EC-Earth: the importance on atmospheric 

oxalate, sulfate, and iron cycles, Geosci. Model Dev., 15, 3079–3120, 2022, 

https://doi.org/10.5194/gmd-15-3079-2022  

 

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. 

and Turner, D. R.: Changing atmospheric acidity as a modulator of nutrient deposition and ocean 

biogeochemistry, Sci. Adv., 7(28), eabd8800, doi:10.1126/sciadv.abd8800, 2021. 

 

D. Allen, S. Allen, S. Abbassi, A.Baker, M. Bergmann, J. Brahney, T. Butler, R. A. Duce, S. Echhardt, 

N. Evangeliou, T. Jickells, M. Kanakidou, P. Kershaw, P. Laj, J. Levermore, D. Li, P. Liss, K. Liu, N. 

Mahowald, P. Masque, D. Materić, A. Mayes, P. McGinnity, I. Osvath, K. A. Prather, J. Prospero, L. 

Revell, S. Sander, W. J. Shim, J. Slade, A. Stein, O. Tarasova, S. Wright, The Atmospheric Cycle of 

Micro and Nano plastics in the Marine Environment, Nat Rev Earth Environ 3, 393–405 (2022). 

https://doi.org/10.1038/s43017-022-00292-x 

 

 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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 

https://doi.org/10.5194/gmd-15-3079-2022
https://doi.org/10.1038/s43017-022-00292-x


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

 

BIOCAN (a 3 years project that started May 2022 supported by the Hellenic Foundation for 

Research and Innovation- PI M. Kanakidou, University of Crete): It aims to provide observational 

and modelling survey 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 

3. Funded national and international projects/activities underway.  

PANACEA Infrastructrure 

 

 

 

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. 
 
We actively participate in IMBER and MedCLIVAR international programmes.   

 

Comments 
 

 



 

 

 

 

Report for the year 2021 and future activities 

SOLAS ‘India’ 

compiled by: Sheryl Oliveira Fernandes 

 
First things first…Please tell us what the IPO may do to help you in your current and future 
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 IO 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 IO 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. 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). 

 

3. List SOLAS-related publications published in 2021 (only PUBLISHED articles). 
 If any, please also list weblinks to models, datasets, products, etc.  
Publications 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: 115–130. 

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–
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4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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 (IOGOOS) – XVII, 24th 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: 

 Studying the influence of seabed features & open ocean exchanges on coastal ocean 

dynamics. 

 The Research Moored Array for African-Asian-Australian Monsoon Analysis and 

Prediction (RAMA) consisting of moored observation buoys in the IO to collect 

meteorological and oceanographic data.   

 Biogeochemistry of trace elements and isotopes. 

 Ocean acidification along east coast of India. 

 Assessing carbon budget in Southern Ocean. 

Research cruise details can be availed at: https://ncpor.res.in/pages/view/248-research-

vessel-moment; https://incois.gov.in/IIOE-2/Expedition.jsp  

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

Completed events: 

1. 1. The International Indian Ocean Science Conference (IIOSC), 14-18 March 2022; virtual mode. 
 
2. SOLAS side meeting held as part of the Annual Meetings of Indian Ocean Global Ocean 

Observing System (IOGOOS) – XVII, 24th March 2022; virtual mode. 
 

 

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: 

 Ministry of Earth Sciences (MoES) 

 Council of Scientific and Industrial Research (CSIR) 

 Ministry of Human Resource and Development 

 Department of Science and Technology 

 Space Applications Centre, ISRO. 

 Texas A & M University, Texas, USA  

 Department of Defense, USA  

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

Future research directives discussed during SOLAS India meetings were: 

 Tracking constituent exchange among suspended aerosol particles. 

 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. 

no. 

Project 

no. 

Project title Lead investigator/ co-

investigator from India 

and contact details 

Month and 

year of 

endorsement 

Period of 

project 

1. IIOE2-

EP44 

 

Repercussions of 

ocean warming 

on 

bioluminescent 

zooplankton of 

the Indian Ocean 

 

Dr. Jasmine. 

P, Zoological Survey of 

India. 

E-mail: 

jasbose@gmail.com  

June, 2021 16 

January, 

2020 - 15 

January, 

2025 

2 IIOE2-

EP41 

 

Dinitrogen 

Fixation in the 

Indian Ocean: an 

interbasin and 

seasonal 

comparison 

(DINDE) 

 

Arvind Singh, Physical 

Research Laboratory 

(PRL), India. 

 

E-mail:  

arvinds@prl.res.in 

 

April, 2020 September 

2020 - 

August 

2023 

3 IIOE2-

EP30 

 

Physical 

Deterministic 

Sea Surface 

Temperature 

Prof. Animesh Maitra, 

Institute of Radio Physics 

and Electronics, 

University of Calcutta, 

India 

April, 2018 March 

2018 to 

March 

2021 



from MODIS and 

VIIRS Radiances 

 

 E-mail: 

am.rpe@caluniv.ac.in 

 

4. IIOE2-

EP16 

Biogeochemistry 

of Trace 

Elements and 

Isotopes in the 

Indian Ocean 

(GEOTRACES-

INDIA) 

  

Dr. Sunil Kumar Singh,  

Physical Research 

Laboratory, Ahmedabad 

380009, India 

E-mail: sunil@prl.res.in 

  

 March, 2017 April 2011- 

continuing 

5 IIOE2-

EP18 

 

Impact of climate 

variability on the 

Indian Ocean: 

Role of 

Gelatinous 

zooplankton 

structuring food 

web structure 

and community 

assemblages 

 

Dr. Bijoy Nandan 

Sivasankaran, Cochin 

University of Science and 

Technology, Ernakulam, 

India 

E-mail: 

bijoynandan@yahoo.co.in 

 

May, 2017 NA 

6. IIOE2-

EP17 

Real-time 

Meteorological 

and 

Oceanographic 

data collection 

using moored 

buoy network in 

Indian Seas 

(OON-INDIA) 

  

Dr. R. Venkatesan, NIOT, 

Chennai, India 

 E-mail: 

venakt@niot.res.in 

  

May, 2017 1996-

continuing 

7. IIOE2-

EP23 

  

Influence of 

Indian Ocean 

sector of the 

Southern Ocean 

dynamics and 

biogeochemistry 

on the tropical 

weather and 

climate (ISESO) 

  

Dr. Anil Kumar N, 

NCAOR, Goa 403 804, 

India 

 E-mail: 

anil@ncaor.gov.in 

  

August, 2017 2002-

continuing 

 

 



Comments 
 

 

 

 

 

 

 

 

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS Ireland 

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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
As there is now and IPO office at NUI Galway in Ireland, this is perhaps a mutual activity, as 

SOLAS Ireland 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.  

The new SOLAS MSc course at NUI Galway will also benefit from interactions with both IPO’s to 

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 nuclei 

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. However, 

the SSA number concentration was poorly constrained and often extrapolated from supermicron 

size distribution. Here we analyse long-term observations of concentrations and compositions of 

aerosol in Northeast Atlantic. We derive submicron SSA number size distribution from ambient by 

combining hygroscopicity growth measurement and aerosol number size distribution. Our results 

showed that the number concentration of submicron SSA has been greatly underestimated and 

SSA contributed significantly to the marine CCN budget, exceeding previous estimates by up to 

50% to 500% at moderated marine cloud supersaturations. Given the impact of marine clouds on 

the Earth’s radiative budget, accounting for submicron SSA is essential to better constrain the 

aerosol-cloud interaction and future climate. 

 

Figure | U10 versus NSSA and ΔNCCN. a, NSSA as a function of U10 derived by hygroscopicity-based (dark blue curve and boxes) and free-
monomodal (light orange curve and boxes) approaches. The hourly data are binned to the U10 intervals equal to 1 m s-1, the horizontal lines 
represent the median value, the boxes represent 25th to 75th percentile, the whiskers represent 1.5 inter-quartile range, the points 
represent outliers and the diamond markers represent mean values. Also shown are previous parametrizations. b, The difference of NCCN 

contributed by SSA between hygroscopicity-based and free-monomodal parametrization (denoted as ΔNCCN by SSA) under varying 

supersaturation (0.05% to 0.5%) and U10 (4 to 25 m s-1). 

Citation: Wei Xu, Jurgita Ovadnevaite, Kirsten N. Fossum, Chunshui Lin, Ru-Jin Huang, Darius 
Ceburnis, Colin O’Dowd: Sea spray as an obscured source for marine cloud nuclei, Nature 
Geoscience: https://DOI: 10.1038/s41561-022-00917-2, 2022. 

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). 

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 in 

situ and remote observations of the North Atlantic Atmosphere, as well as representatives from the 

relevant communities and networks.  

The workshop built on the legacy of the ACE experiments1, 2, which successfully brought together 

previously fragmented international aerosol communities to increase quantitative understanding of 

the complex gas/aerosol/cloud system. 

 

 

 

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., Azcárate-García, 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. 
 
Coleman, L., Mc Govern, F. M., Ovadnevaite, J., Ceburnis, D., Baroni, T., Barrie, L. & O’Dowd, C. D. 

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., Voß, D., Zielinski, O., 
Lavik, G., Littmann, S., Martínez-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., 
Schinazi, R.F., O’Keefe, B.R., Hamann, M.T., 2021. Contemporary Approaches to the Discovery and 
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, 

e2020JD033851, https://doi.org/10.1029/2020JD033851 (2021). 

Xu, W., Fossum, K. N., Ovadnevaite, J., Lin, C., Huang, R.-J., O’Dowd, C., and Ceburnis, D.: The 

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 2021? If yes, who? How did you engage? 
 

Walking Air Tour: https://media.heanet.ie/page/42443cf9128c4951ad19e76ebc873617 

“Atmospheric states” is a transdisciplinary art, architecture and science research project 

investigating how atmospheric dynamics, pollution and their politics challenge fixed notions of the 

nation-state and sovereign borders on the land, and as experienced by different bodies. Atmospheric 

States is a collaboration between arts and architectural researchers and artists. Initial activities have 

taken place in Galway city, where the Atlantic Ocean meets western Ireland. 

As part of Atmospheric States, an event entitled “The Air we Breathe/Aer Anála” took place as part 

of the Architecture at the Edge Festival, 9th October 2021 (see images in Figure 1 below). This 

project, co-funded by Architecture at the Edge, suggests that “the air we breathe” is a shared 

resource that offers an alternative way to think about the public realm. The project was led by Paula 

McCloskey and Sam Vardy of art and architecture practice ‘a place of their own’, in collaboration 

with Dr Liz Coleman NUI Galway. The event consisted of a performance walk starting at Seapoint 

ballroom, ending in a collective discussion at the Galway City Museum. 

A new sculptural installation was installed to raise interest in the atmosphere and act as a visible and 

interactive symbol of the project. The sculpture takes the form of a LED neon sign that simply reads 

‘Aer Anála’. With it, a small air quality sensor which monitors particulate matter was set up to live 

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


stream, with a small plaque with information about the project, and a link/QR code that enables 

people to view the live data about air quality from the sensor on their phone or device.  

 
Figure 1 Images from the Aer Anála Performance walk that took place as part of the Architecture at the Edge festival, 
Galway City October 9th 2021. 

Video from the event at this link.  

 

 

 

Deep Blue Sea Workshops  

 

The Deep Blue Sea pilot workshop (October 2021) was developed in collaboration with Baboró 

International Arts Festival for Children, STEM education and public engagement specialist Mairéad 

Hurley, and singer-songwriters and musical education specialists Nicola Joyce and Noelie McDonnell. 

The workshop was aimed at primary school students and explored the interconnections of the Earth 

System, carbon emissions and ocean acidification, the impact of human behaviour on the 

environment and designed multi-scale solutions for reduction of carbon emissions. The topics were 

explored through active learning, and artistic creation (visual art, movement and song). Images 

taken from the workshops, as well as Baboró blurb on the workshop are shown in the figure below 

(Photo credit Anita Murphy). Workshops took place over three consecutive weeks. The workshop 

will be disseminated in a science communication publication, and following positive reception of the 

workshop, it is planned to seek further funding opportunities to scale up the workshop programme.  

 

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


 
Figure 2  Images from the Deep Blue Sea workshop that took place as part of the Baboró International Children's Theatre 
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).  
Currently there are plans for a workshop in the summer of 2022, around the theme of ”sustainability 

of Irish marine transitional zones”, this would be in cooperation with a number of Irish agencies and 

be a contribution from Ireland’s SOLAS, IMBER and Future Earth communities. This workshop is 

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 it’s 4th year and likely will be 

granted a no-cost extension for a 5th 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 2nd 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. 

Samhail Project Samhail (@Samhail_2022) / Twitter. 

Samhail is an arts-science collaborative team which comprises Liz Coleman, artistic and spatial 

research practice a place of their own, and STEM education and public engagement specialist, 

Mairéad Hurley (webpage here). Stemming from exploratory workshops with 

Atmospheric States, Samhail 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-creation of “Stories of the Air/Spéirscéalta”- a 

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 actors 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 

stories 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 Galway 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


 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS Israel 

compiled by: Yoav Lehahn 

 
 

First things first…Please tell us what the IPO may do to help you in your current and future 
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, 
Caribbean Sea, and the Pacific Ocean covering over 42,000 km. The authors discovered a ubiquitous 
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 continental aerosol transport can mask the SSA cycle. The authors did not find significant 
links between the diel cycle of SSA number concentration and diel variations of surface winds, 
atmospheric physical properties, radiation, pollution, nor oceanic physical properties. However, 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 µm. 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. Haëntjens, 
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 
         
 
         
 
 
 
 
 
 



                  
 
 
Twenty-four cycle of aerosol concentration and marine particle size index (M) Map of R/V Tara’s route, with 

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. A Main observation. Aerosol concentration per liter (optical diameter (Dop) > 0.58 μm, 

collected 30 m above sea surface), superimposed on the 24-h beat of incoming solar flux as represented 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 

geometrical diameters (Dgeo) > 0.3 μm. N and D denote night and day, respectively. This is compelling evidence 
for the marine origin of the aerosols. The collection filters were replaced at about 08:00 09:30 and 20:00–21:30 

(see Supplementary Table 1 in the SI for timing details). C Twenty-hour signal of marine particle size index γ 

(vertical axis inverted), where the mean particle size increases during the day and decreases during the night. 

Data collected at 0.5–3 m below the sea surface. 
 
 



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). 

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-Ilan 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 Aqaba, at the northern tip of the Red Sea, several SOLAS-related activities are 

performed by Inter-University Institute (IUI) 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 Gulf 

of Aqaba, a deep oligotrophic sea. This mooring has been deployed cont inuously 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 Aqaba. 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 Aqaba. The results are 
evaluated in the context of dust inputs and water column productivity and physical configuration. 

                                        

3. List SOLAS-related publications published in 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 Haëntjens, Emmanuel Boss, Matthew B Sullivan, Gabriel Gorsky, Naama Lang-Yona, Miri 
Trainic, Sarah Romac, Christian R Voolstra, Yinon Rudich, Assaf Vardi, Ilan Koren (2021). Diel cycle 
of sea spray aerosol concentration. Nat com. 12(1): 1-12. 
 
Krupnik, N, D. Theodora Asis, N. Belkin, M. Rubin-Blum, Á. Israel, A. Paytan, D. Meiri, B. Herut, E. 
Rahav (2021). Dust-borne microbes affect Ulva ohnoi’s growth and physiological state, FEMS 
Microbiology Ecology, 97, https://doi.org/10.1093/femsec/fiab020 
 
Benaltabet T., E. Gutner-Hoch, A. Torfstein (2021). Heavy Metal, Rare Earth Element and Pb Isotope 
Dynamics in Mussels During a Depuration Experiment in the Gulf of Aqaba, 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 level rise can severely reduce 
biodiversity and community net production on rocky shores, Science of The Total Environment 791, 
148377 



 
Silverman, J., C Price, M Asfur (2021), The Possible Effect of Seawater Total Alkalinity on Lightning 
Flash Intensity—An Experimental Approach, Geophysical Research Letters, 
doi.org/10.1029/2021GL093654. 
                                                                          
 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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.).  

 

 

 

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

3. Funded national and international projects/activities underway.  

A coallboration between the Charney School of Marine Science at the University of Haifa and the 

GEOMAR center for ocean science has been, titled The Eastern Mediterranean Sea Centre- An 

Early-Warning Model-System for our Future Oceans: EMS Future Ocean REsearch (EMS FORE), 

has been launched in the frame a German-Israeli Helmholtz International Laboratory. The goals of 

EMS FORE target fundamental questions regarding the impacts of climate change and 

anthropogenic stressors on our oceans and specifically on the EMS. EMS FORE focuses on the 

complex oligotrophic EMS, and intends to draw a direct linkbetween anthropogenic pressures and 
changes in biogeochemical processes and ecosystem structure and function in this ocean region.      

 

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.  
 

 

Comments 
 

 

https://doi.org/10.1029/2021GL093654


 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS Japan 
compiled by: Yuzo Miyazaki 
 
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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
 

 

 

 
 

PART 1 - Activities from January 2021 to Jan/Feb 2022 
1. Scientific highlight 
 
The source apportionment of aerosol iron (Fe) is important because aerosol Fe can enhance 
oceanic primary production in the surface ocean. This study aimed to estimate the relative 
contribution of anthropogenic combustion Fe and natural Fe to marine aerosols and to investigate 
the factors that control fractional Fe solubility in the northwestern Pacific. Air masses from the 
direction of East Asia included fine particles that yielded δ56Fe values 0.5 ‰ to 2 ‰ lower than 
those of the coarse particles because of the presence of combustion Fe. The δ56Fe values of 



coarse and fine particles in air masses from the eastern, central, or northern Pacific were close to 
the crustal value. It was also found that in air masses from the direction of East Asia, fractional Fe 
solubilities are mainly controlled by the presence of combustion Fe. The proportion of combustion 
Fe in the total Fe in marine aerosols was up to 51 % and 20 % in fine and bulk particles, 
respectively. In addition, the contribution of combustion Fe was greater in the soluble component, 
suggesting the importance of combustion Fe as a source of Fe in the surface ocean. However, the 
influence of combustion Fe was limited in the vicinity of East Asia, and natural Fe was the main 
source of aerosol Fe in air masses from the eastern, central, or northern Pacific. The comparison 
with the IMPACT model output suggested that δ56Fe values of size-fractionated aerosol are 
important to make this comparison due to the different characteristics of “combustion Fe” included 
in the different approaches, in which combustion Fe estimated using Fe isotope ratios is limited to 
particles emitted by evaporation mainly contained in fine particles. Considering that the δ56Fe 
values were correlated with fractional Fe solubilities, isotope-based estimation is important when 
discussing the contribution of combustion Fe with high fractional Fe solubility. The contribution may 
be much larger when air masses are transported to the open ocean from East Asia. This study 
showed the applicability of Fe isotope data to further understanding atmospheric Fe sources and 
their fractional Fe solubilities. The result also suggests the possible contribution of combustion Fe 
to the surface seawater, where iron isotope data will be helpful. It is anticipated that this will lead to 
a more quantitative understanding of Fe cycling in the atmosphere–surface ocean system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure: The contribution of combustion Fe to (a) coarse and (b) fine Fe in marine aerosols. Data 
with open circles were not determined. (Kurisu et al., 2021) 
 
Citation: M. Kurisu et al. Contribution of combustion Fe in marine aerosols over the northwestern 
Pacific estimated by Fe stable isotope ratios, Atmos. Chem. Phys., 21, 16027–16050, 2021, 
https://doi.org/10.5194/acp-21-16027-2021. 
 

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). 

Theme 1: Greenhouse gases and the oceans 

Cruise/Field campaigns 

- Atmosphere–sea ice–ocean interaction study in Saroma-ko Lagoon, Hokkaido, Japan 
(February to March, 2021) 

- Gas exchange process in the Arctic Ocean, Mirai cruise, MR21-05C (August to October, 2021) 

- Continuous measurements of atmospheric and surface seawater CO2 along the P01 line at 
47°N in the North Pacific from July to August, 2021 under the framework of GO-SHIP 
(JAMSTEC) 

- Continuous measurements of atmospheric and surface seawater CO2 and CH4 in the North 
Pacific, the Bering Sea, and the western Arctic Ocean during 31 August – 22 October, 2021, as 



a field campaign of the Arctic Challenge for Sustainability II (ArCS II) program (JAMSTEC) 

- Regional Carbon Cycle Assessment and Processes (RECCAP2) 2 -ocean (JAMSTEC, MRI) 

 

Theme 3:  Atmospheric deposition and ocean biogeochemistry 

Cruise/Field campaigns 

- MR21-01 (R/V Mirai), Impact assessment of Asian atmospheric trace species on the marine 
biogeochemistry in the western North Pacific, PI: F. Taketani, Feb-Mar 2021, 

- MR21-03, Impact of iodine species of ocean origins on atmospheric ozone over the Western 
Tropical Pacific Warm Pool, F. Taketani, May-Jul 2021 

- MR21-06, Distribution and ecological/biogeochemical impact of anthropogenic materials derived 
from the Asian countries in the western subtropical Pacific, Nov 2021 - Jan 2022, PI: M. Kitamura 

 

Theme 4: Interconnections between aerosols, clouds, and marine ecosystems 

Cruise/Field campaigns 

- KS-21-6 (R/V Shinsei Maru); Elucidating impact of sea-ice melting in the offing of Shiretoko on 
physical oceanography, marine ecosystem, and biogeochemical processes over the Sea of 
Okhotsk (led by J. Nishioka). April – May 2021. 

- Sampling of aerosol and reactive oxygen spices in seawater during R/V Toyoshio Maru cruise in 
Seto Inland Sea, Japan (PI: Y. Iwamoto and K. Takeda), July 2021. 

- MR21-05C, ArCS II: Arctic Challenge for Sustainability II, Aug-Oct 2021. 

 

General SOLAS 

Meetings/international workshop/ contributions to int. assessments 

- SOLAS-related IGAC activity: Oceans WG of TOAR-II (Tropospheric Ozone Assessment Report 
Phase II) led by Roberto Sommariva and Alfonso SaizRoberto Sommariva with Yugo Kanaya as 
SC Liaison, and Takashi Sekiya, Hisahiro Takashima, and Yuzo Miyazaki as WG members from 
Japan. 

- IPCC AR6 WG1 Chapter 6. Short-lived Climate Forcers, Review Editor (Y. Kanaya) 

- A session of “Biogeochemical linkages between the surface ocean and atmosphere" at Japan 
Geoscience Union (JpGU) Meeting 2021, June 2021 (Conveners: S.  Kameyama, Y. Iwamoto, M. 
N. Aita, D. Sasano) 

 

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

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., and Turner, D. R. (2021) Changing atmospheric acidity as a modulator of nutrient 
deposition and ocean biogeochemistry, Sci. Adv., 7, 1–9, https://doi.org/10.1126/sciadv.abd8800. 

Inoue, J., Tobo, Y., Taketani, F., and Sato, K. (2021) Oceanic supply of ice‐nucleating particles and 

its effect on ice cloud formation: A case study in the Arctic Ocean during a cold‐air outbreak in early 

winter,, Geophys. Res. Lett. 48, https://doi.org/10.1029/2021gl094646 



Ito, A., Ye, Y., Baldo, C.  and Shi Z., Ocean fertilization by pyrogenic aerosol iron. npj Clim Atmos 
Sci, 4, 30 (2021). https://doi.org/10.1038/s41612-021-00185-8 

Kiuchi, M., Nomura, D., Hirano, D., Tamura, T., Hashida, G., Ushio, S., Simizu, D., Ono, K., Aoki, 
S. (2021). The effect of basal melting of the Shirase Glacier Tongue on the CO2 system in Lützow-
Holm Bay, East Antarctica. Journal of Geophysical Research-Biogeosciences, 126, 
e2020JG005762. http://doi.org/10.1029/2020JG005762. 

Kawana, K., Matsumoto, K., Taketani, F., Miyakawa, T., and Kanaya, Y.: Fluorescent biological 
aerosol particles over the central Pacific Ocean: covariation with ocean surface biological activity 
indicators, Atmos. Chem. Phys., 21, 15969–15983, https://doi.org/10.5194/acp-21-15969-2021, 
2021.  

Kurisu, M., Sakata, K., Uematsu, M., Ito, A., and Takahashi, Y. (2021), Contribution of combustion 
Fe in marine aerosols over the northwestern Pacific estimated by Fe stable isotope ratios, Atmos. 
Chem. Phys., 21, 16027–16050, https://doi.org/10.5194/acp-21-16027-2021. 

Nishioka, J., H. Obata, T. Hirawake, Y. Kondo, Y. Yamashita, K. Misumi, I. Yasuda (2021), A 
review: iron and nutrient supply in the subarctic Pacific and its impact on phytoplankton production, 
J. Oceanogr., doi:10.1007/s10872-021-00606-5. 

Simu, S. A., Miyazaki, Y., Tachibana, E., Finkenzeller, H., Brioude, J., Colomb, A., Magand, O., 
Verreyken, B., Evan, S., Volkamer, R., and Stavrakou. T. (2021), Origin of water-soluble organic 
aerosols at the Maïdo high-altitude observatory, Réunion Island in the tropical Indian Ocean, 
Atmos. Chem. Phys., 21, 17017–17029, https://doi.org/10.5194/acp-21-17017-2021. 

Tokoro T., Nakaoka S., Takao S., Nojiri Y., Kuwae T., Kubo A., Endo T. (2021) Contribution of 
Biological Effects to Carbonate-System Variations and the Air -Water CO2 Flux in Urbanized Bays 
in Japan. Journal of Geophysical Research-Oceans, 126 (6) 

Toyoda, S., T. Kakimoto, K. Kudo, N. Yoshida, D. Sasano, N. Kosugi, M. Ishii, S. Kameyama, M. 
Inagawa, H. Yoshikawa-Inoue, S. Nishino, A. Murata, S. Ishidoya, and S. Morimoto (2021), 
Distribution and Production Mechanisms of N2O in the Western Arctic Ocean, Global 
Biogeochemical Cycles, 35, doi: 10.1029/2020GB006881. 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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.).  

(No specific order) 

Cruise/Field campaigns: 

- MR22-03, Distribution and impact of lithogenic materials from east Asia on the western Pacific 
ecosystem in spring, Apr-May 2022, PI: K. Sugie 

- MR22-06C, ArCSⅡ: Arctic Challenge for SustainabilityⅡ, Aug-Oct 2022. 

- KS-22-6, Elucidating tidal mixing and biogeochemical processes during the post-bloom period in 
the southwestern Sea of Okhotsk (led by T. Nakamura). April – May 2022. 



- KS-22-10, Impact of aerosols on the clouds over the Western Pacific coincident with aircraft 
observations, Jul-Aug 2022 (Y. Kawai, T. Miyakawa, Y. Miyazaki) 

- Regional Carbon Cycle Assessment and Processes (RECCAP2) 2 -ocean (JAMSTEC, MRI) 

- SOLAS-related IGAC activity: Oceans WG of TOAR-II (Tropospheric Ozone Assessment Report 
Phase II) planned to continue to 2024 

- Inter-comparison experiment for gas exchange process over the sea ice in Cambridge Bay, 
Canada (April-June, 2022) 

- Sampling of aerosol and reactive oxygen spices in seawater during R/V Toyoshio Maru cruise in 
Seto Inland Sea, Japan (PI: Y. Iwamoto and K. Takeda), July 2022. 

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

(No specific order) 

Meetings/international workshop 

- A session in JpGU Meeting 2022 (May 22-May 27, 2022) A-CG-46 "Biogeochemical linkages 
between the surface ocean and atmosphere" Conveners: Sohiko Kameyama, Yoko Iwamoto, Maki 
Noguchi Aita and Naohiro Kosugi 

- Ocean Decade Laboratories: A Productive Ocean, satellite activity: Prosperous Ecosystems in the 
Western North Pacific, (Led by Maki Noguchi Aita), 1 June 2022, online 

3. Funded national and international projects/activities underway.  

(No specific order) 

- Grant-in-Aid for Scientific Research (A), granted by the Japan Society for the Promotion of 
Science (JSPS), 21H04933, PI: Yugo Kanaya, FY2021-2024, Tropospheric ozone hole and iodine 
chemistry over the ocean: Focus analysis in the western Pacific low-latitude region and global 
assessment. 

- Grant-in-Aid for Scientific Research (A), granted by the Japan Society for the Promotion of 
Science (JSPS), PI: Koji Hamasaki, FY2022-2026, Microbiology of the atmosphere-ocean 
boundary: its linkage with enrichment in ocean bubbles and cloud nuclei. 

- Grant-in-Aid for Scientific Research (B), granted by the Japan Society for the Promotion of 
Science (JSPS), 20H04350, PI: Maki Noguchi Aita, FY2020-2022, Evaluation of the influence of 
anthropogenic aerosols on primary production in the western North Pacific. 

- Grant-in-Aid for Scientific Research (B), granted by the Japan Society for the Promotion of 

Science (JSPS), 20H04329, PI: Akinori Ito, FY2020-2022, Pyrogenic iron: Source attribution of 

atmospheric bioaccessible iron supplied to the Pacific Ocean. 

- Grant-in-Aid for Scientific Research (C), granted by the Japan Society for the Promotion of 
Science (JSPS), 21K12230, PI: Fumikazu Taketani, FY2021-2023, Assessment of Influence of the 
wet deposition to oligotrophic sea area on surface primary productivity by in-situ observations. 

- Grant-in-Aid for Challenging Research (Exploratory) granted by the Japan Society for the 
Promotion of Science (JSPS), PI: Chuya Shinzato (co-Investigator: Sohiko Kameyama), FY 2020-
2022, Are corals creating clouds and changing the climate? Verification using genetic analysis 
technology. 

- Grant-in-Aid for Challenging Research (Exploratory) granted by the Japan Society for the 
Promotion of Science (JSPS), 21K19835, PI: Yuzo Miyazaki, FY 2021-2022, “Exploratory research 
on new source of atmospheric reactive nitrogen focusing on marine nitrogen-fixing organisms”. 

- Grant-in-Aid for Scientific Research (C) granted by the Japan Society for the Promotion of 
Science (JSPS), FY 2018-2022" Sulfur Circulation in the Arctic Sea Ice Area based on Precise 
Sampling Techniques" PI: Sohiko Kameyama 



- Global Environmental Research Coordination System from Ministry of the Environment of Japan 
is planned to support a part of NIES VOS program to investigate the role of biological activity to 
ocean carbon cycle since 2022 for 5 years. 

- Arctic Challenge for Sustainability II (ArCS II) (FYs 2020-2025) 

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

-Cruises of R/V Mirai in spring 2023 (PI: K. Nagashima) 

-Decadal Vison in Oceanography 2022: Air-Sea boundary (in JAPANESE), Iwamoto, Y., Aiki, H., 
Isoguchi, O., Obayashi, Y., Kondo, F., Kondo, Y. and Nishioka J. 
https://www.jstage.jst.go.jp/article/kaiyou/30/5/30_199/_article/-char/en 

5. Engagements with other international projects, organisations, programmes, etc. 
-International program: CATCH, BEPSII, CIce2Clouds. (D. Nomura) 

 

Comments 
 

 



 

 

 

 

Report for the year 2021 and future activities 

SOLAS ‘Korea’ 
compiled by: ‘Kitack Lee (Pohang University of Science and Technology 
and Eunil Lee (Korea Hydrographic and Oceanographic Agency)’ 
 

PART 1 - Activities from January 2021 to Jan/Feb 2022 
1. Scientific highlight 
East China Sea Biogeochemical Studies (2021-2025) funded by Korea Hydrographic and 
Oceanographic Agency, Korea: 
 
The East China Sea is influenced by a mixture of the nutrient-rich Changjiang River water and 
ambient shelf seawater. Both the nutrient-induced growth of biology compensating the 
temperature-driven increase of surface CO2 partial pressure from April to mid-August and the 
enhanced air-sea CO2 flux by the winter cooling and high windspeeds from November to March 
transformed the East China Sea into the strong C sink. The study is designed to provide the 
observational and mechanistic lines of evidence for confirming “continental shelf C pump” theorized 
by Tsunogai et al. (1999)—a mechanism in the shallow waters of the continental shelves 
accumulating a significant amount of C (via reinforced cooling and promoted biological C uptake) to 
be transported from surface waters of the basin to the interior of the adjacent deep ocean. In the 
future, the increasing input of anthropogenic nutrients into the East China Sea is likely to make the 
region further the stronger C sink. However, the magnitude and directionality of C sink by the East 
China Sea remain largely unknown. 

 

 
 
A multi-disciplinary research project was funded for 2021-2025 by Korea Hydrographic and 
Oceanographic Agency. Two overarching goals of this project will be perused through concerted 
efforts by five research teams: Kitack Lee and Jung-Sung Kug from Pohang University of Science 
and Technology; Byung-Joo Choi from Chonnam National University; and Kyung-Ae Park from 
Seoul National University. Upon the completion of this 5-year project, two research outcomes will 
be produced. First, the magnitude and directionality of C sink by the East China Sea are obtained. 
Second, the major drivers of changes in the East China Sea C sink are identified. This project 
consists of direct observations and modeling studies. 
 

Biogeochemical
Processes

Sedimentary 
Environment

Oceanic C uptake and 
Ocean Acidification

Satellite-based 
Observations

Carbon Cycle 
Modeling



2. Activities/main accomplishments in 2021 (projects, field campaigns, events, model and 
data intercomparisons, capacity building, international collaborations, contributions to int. 
assessments such as IPCC, interactions with policy makers or socio-economics circles, 
social sciences, and media). 
Contribution of marine phytoplankton and bacteria to alkalinity: an uncharacterized 
component (published in GRL 2021) 

In seawater thermodynamic calculations involving measured alkalinity, estimates of alkalinity 
contributed by bicarbonate and carbonate ions only are needed, and are made by correcting 
measured alkalinity values for contributions from borate and hydroxide ions, and from other minor 
chemical species. Among those minor components, contributions from phytoplankton and bacteria 
cells are an uncharacterized component of measured alkalinity. The contributions of phytoplankton 
and bacteria cells to alkalinity (AT) were measured in seawater samples obtained from 205 
locations including the East Sea, the North Pacific Ocean, the Bering Sea, the Chukchi Sea, and 
the Arctic Ocean. We attributed the differences in AT values measured for unfiltered versus filtered 
samples to AT components contributed by phytoplankton (retained on a 0.7 µm filter) and by 
phytoplankton and bacteria combined (AT-BIO; retained on a 0.45 µm filter). The AT-BIO values 
reached 10-19 μmol kg-1 in the East Sea and the North Pacific Ocean, and progressively 
decreased to a level of 1 μmol kg-1 with distance towards the Arctic Ocean. The study shows that 
the AT-BIO values are non-negligible in coastal and open ocean environments and need to be 
considered when assessing the accuracy of carbon parameters calculated using the 
thermodynamic models that use measured AT as an input parameter. We recommend that AT be 
measured using filtered seawater samples, particularly in productive ocean regions, because the 
influence of AT-BIO on the calculated parameters is considerably greater than the measurement 
precision. We note that discretion is needed when deciding whether to perform seawater filtration in 
less productive ocean environments, where seawater filtration may not greatly benefit. 

    
 
 

3. Top 5 publications in 2021 (only PUBLISHED articles) and if any, weblinks to models, 
datasets, products, etc.  
Lee, C. H.; Lee, K.; Ko, Y. H.; Lee, J. S., 2021, Contribution of marine phytoplankton and bacteria 
to alkalinity: an uncharacterized component, Geophysical Research Letters, 48, 19, DOI: 
e2021GL093738 

Na, T.; Hwang, J.; Kim, S. Y.; Jeong, S.; Rho, T.; Lee, T, 2022, Large increase in dissolved organic 
carbon in the East Sea (Japan Sea) from 1999 to 2019, Frontiers in Marine Science, 108, DOI: 
10.3389/fmars.2022.825206 

Mo, A.; Yang, E. J.; Kang, S. H.; Kim, D.; Lee, K.; Ko, Y. H.; ... & Kim, T. W., 2022, Impact of Sea 
Ice Melting on Summer Air-Sea CO2 Exchange in the East Siberian Sea, Frontiers in Marine 
Science, DOI: 10.3389/fmars.2022.766810 

Jang, S.; Park, K. T.; Lee, K.; Yoon, Y. J.; Kim, K.; Chung, H. Y.; … & Hermansen, O., 2021, Large 
seasonal and interannual variations of biogenic sulfur compounds in the Arctic atmosphere 
(Svalbard; 78.9°N, 11.9°&E), Atmospheric Chemistry and Physics, 21(12), 9761-9777, 
DOI:10.5194/acp-21-9761-2021 



Moon, J.-Y.; Lee, K.; Lim, W.-A.; Lee, E.; Dai, M.; Choi, Y.-H.; ... & Chae, J., 2021, Anthropogenic 
nitrogen is changing the East China and Yellow seas from being N deficient to being P deficient, 
Limnology and Oceanography, 66(3), 914-924, DOI: 10.1002/lno.11651 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2017? If yes, who? How did you engage? 
 

 

PART 2 - Planned activities for 2018/2019 and 2020 
1. Planned major field studies and collaborative laboratory and modelling studies, national 
and international (incl. all information possible, dates, locations, teams, work, etc.).  
 

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

3. Funded national and international projects / activities underway.  
 

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

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

 

 

 
Comments 
 

 

 

 



 

 

 

 

Report for the year 2021 and future activities 

 

 

SOLAS ‘Mexico’ 

compiled by: ‘J. Martín Hernández Ayón’ 
 

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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
 

 

 

 

 

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

1. Scientific highlight 
 

 The National Congress of Oceanography was held from September 21 to 24, 2021 in the city 
of Ensenada, Baja California, Mexico. This was a mixed congress with a virtual component 
and a face-to-face component, given the health situation of this year 2021. The event featured 
papers from the seven thematic areas that the congress has covered for more than 10 years: 



Biological Oceanography, Oceanography Physics, Geological Oceanography, Chemical 
Oceanography, Fisheries and aquaculture, Management of coastal and marine resources and 
Climate change. In total, 124 works were presented, 99 in the oral modality and 25 posters. 
10 master conferences were presented and two discussion forums and a workshop were 
held, in addition to live interviews through the 'Mares de México' program, available on social 
networks. Students and researchers from most marine science institutions in the country 
participated in the congress, as well as colleagues from Spain, Portugal, France, the United 
States of America, Chile, Colombia, Brazil and Venezuela. There was an EXPO-OCEANO 
exhibition center that showed products and services during the event 
(https://www.researchgate.net/publication/355711792_Memorias_del_XXI_Congreso_ 
Nacional_de_Oceanografia_y_III_Reunion_Internacional_de_Ciencias_Marinas). 
 

 The Mexican Carbon Program is pleased to present the 2021 National Synthesis, a work that 
brings together the efforts of numerous scientists, both national and foreign, to promote 
research and advance knowledge of the Carbon Cycle and its Interactions in Mexico. During 
the XII International Carbon Symposium in Mexico, more than 90 contributions were 
presented in the various thematic areas that make up the Scientific Committee: Atmosphere, 
Bioenergy, Social Dimension, Aquatic Ecosystems, Coastal Ecosystems, Marine Ecosystems, 
Terrestrial Ecosystems and Agricultural Systems. The purpose of the Symposium was to 
encourage and promote the scientific contribution of the PMC towards Natural Climate 
Solutions, hand in hand with the initiative Mexico Clean Economy 2050 (MEL 2050) and the 
Tecnológico de Monterrey, including its expansion towards marine and coastal ecosystems, in 
such a way that opportunities can be generated to trigger carbon markets aimed at the use 
sustainability of the natural capital of Mexico. In addition to evaluating the common 
collaboration agenda of Mexico-United States-Canada, in the context of CarboNA, for the 
establishment of measures that allow continuing with international efforts 
(http://pmcarbono.org/pmc/publicaciones/sintesisn.php). 
 

 

 

 

 

 

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). 

 An international cruise was done in 2021. Mexican Institution as CICESE, Colegio de La 
Frontera and The University of Baja California endorse and support a proposal EAST AND 
GULF COAST OCEAN ACIDIFICATION OBSERVING SUPPORT: GOMECC-4 CRUISE, 
SHIP OF OPPORTUNITY (SOOP) AND MAPPING EFFORTS submitted to the NOAA/OAR 
Ocean Acidification Programmed this September to October 18th 2021. The proposal 
addresses a critical need to perform high quality measurements of the 4 inorganic carbon 
parameters in the Gulf of Mexico, necessary to provide a quality synoptic view of ocean 
acidification in the region. 

 The Scientific Cooperation Service of the French Embassy in Mexico organized from June 28 
to 30, the third edition of the "Oceans" Workshop, in connection with the reactivation of the 
CONACYT thematic network "Ocean Climate and Global Change". The objectives of this 
event were: 1) to take stock of Franco-Mexican and regional collaborations in marine 
sciences and 2) to carry out a prospective exercise for the construction of a roadmap (2021-
2023). The workshop was developed in a blended format from the IUEM (Brest) in order to 
allow the widest possible participation of the scientific community involved in this field, both in 
Mexico and France. 

https://www.researchgate.net/publication/355711792_Memorias_del_XXI_Congreso_


 

  

 
 

 

3. List SOLAS-related publications published in 2021 (only PUBLISHED articles). 
 If any, please also list weblinks to models, datasets, products, etc.  
Grant C. Pitcher, Arturo Aguirre-Velarde, Denise Breitburg, Jorge Cardich, Jacob Carstensen, Daniel 
J. Conley, Boris Dewitte, Anja Engel, Dante Espinoza-Morriberón, Georgina Flores, Véronique 
Garçon, Michelle Graco, Marilaure Grégoire, Dimitri Gutiérrez, José Martin Hernandez-Ayon, Huai-
Hsuan May Huang, Kirsten Isensee, María Elena Jacinto, Lisa Levin, Alberto Lorenzo, Eric Machu, 
Lander Merma, Ivonne Montes, Naqvi SWA, Aurelien Paulmier, Michael Roman, Kenneth Rose, 
Raleigh Hood, Nancy N. Rabalais, Anne Gro V. Salvanes, Renato Salvatteci, Sonia Sánchez, 
Abdelfettah Sifeddine, Abdoul Wahab Tall, Anja K. van der Plas, Moriaki Yasuhara, Jing Zhang, ZY 
Zhu. (2021). System controls of coastal and open ocean oxygen depletion, 
Progress in Oceanography, (197). https://doi.org/10.1016/j.pocean.2021.102613. 
 
Valdivieso-Ojeda, J. A., Huerta-Diaz, M. A., Delgadillo-Hinojosa, F., Otero, X. L., Arenas-Islas, D., & 
García-Orozco, J. (2021). Sediment trace metal levels in the Ojo de Liebre Lagoonal Complex (Baja 
California, Mexico), a marine wildlife protected area. Marine Pollution Bulletin, 165, 112097. 
 
Santamaría-del-Ángel, E., Cañon-Páez, M. L., Sebastiá-Frasquet, M. T., González-Silvera, A., 
Gutierrez, A. L., Aguilar-Maldonado, J. A., ... & Castillo-Ramírez, A. (2021). Interannual climate 
variability in the West Antarctic Peninsula under austral summer conditions. Remote Sensing, 13(6), 
1122. 
 
Damien, Pierre, Julio Sheinbaum, Orens Pasqueron de Fommervault, Julien Jouanno, Lorena 
Linacre, and Olaf Duteil. "Do Loop Current eddies stimulate productivity in the Gulf of Mexico?." 
Biogeosciences 18, no. 14 (2021): 4281-4303. 
 
 
 
 
 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? If yes, who? How did you engage? 

 

We have a talk/Panel with the topic “Effects of climate change on marine ecosystems: ocean 

acidification” organized by the The Secretariat of Sustainable Economy and Tourism in Baja California 

Mexico. 

 

PART 2 - Planned activities for 2021 and 2022 

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

 

Project 2021-2023: Phytoplankton Blooms in a Loop Current Eddy (PhytBloomEddy) 

 This project were the conceptual framework is inconsistent with recent Bio-Argo floats 
observations scattered in the GoM reported by several authors  that show constant 
vertically integrated content of Chla and phytoplankton production in the Gulf of Mexico 
(GoM) throughout the year. However, a regionalization of the open waters of the Gulf of 
Mexico based on the seasonal and interannual variability of chlorophyll concentration using 
a coupled physical-biogeochemical model  shows that the central and northern Gulf of 

https://doi.org/10.1016/j.pocean.2021.102613


Mexico appears to be affected by winter convection and phytoplankton bloom driven by the 
increase of nutrient concentration in the euphotic layer. While the importance of mesoscale 
eddies in physical and biological processes has been recognized, above cited literature 
shows that contrasting results exist regarding the role of the anticyclonic warm core eddies 
in the upper ocean ecosystem and their role in the annual cycle of phytoplankton biomass 
and community structure. A better understanding of the influence of the mixed-layer depth 
on biological activity in the GoM is clearly needed. The project target is to understand, from 
observational and numerical approaches, how physical transport mechanisms, (turbulent) 
winter convention and (advective) eddy-induced Ekman pumping, influence nutrient, 
dissolved organic carbon (DOC), glider-inferred particulate organic carbon (POC), and 
dissolved inorganic carbon (DIC) fluxes; phytoplankton biomass and community structure, 
and ultimately how are they linked in the context of the biological carbon pump. A new 
report based on 25-years (1993-2017) of daily satellite data (Delgado et al., 2019) shows 
three main aspects of physical-biogeochemical interactions in the Gulf of Mexico: 1) The 
intrusion of the subtropical underwater (SUW) by LC- LCEs extends further into the 
western GoM than was previously known; 2) Chl-a concentrations respond to the dynamics 
inside the GoM and are influenced by the LC anticyclonic and cyclonic eddies and 3) Since 
2002, near surface Chl-a concentrations over bathymetry deeper than 250 m have 
decreased, and GoM surface waters may be turning more oligotrophic than in the previous 
decade. This work emphasizes the role of climatology in determining GoM circulation and 
its productivity and suggests that further climatologically- induced changes are probably 
imminent. It explores the ability of the LCEs to export carbon into the deep ocean, in 
response to increasingly frequent extreme wind events (tropical storms and cold-fronts) in 
the Gulf of Mexico. The project is led by Dr. Enrick Pallas with institution involved as Centro 
de Investigacion Cientifica de Educacion Superior de Ensenada (CICESE) and the 
University of Baja California. 

 

A cruise to the heart of the ETNP oxygen minimum zone off Acapulco/Mexico 

 

 A cruise is scheduled for June 2022 to the center of the Eastern Tropical North Pacific 
Oxygen Minimum Zone (ETNP-OMZ) with a working transect of 400 km WSW from the 
coast of Acapulco, using the Mexican research vessel ‘Alpha Helix’ stationed in Ensenada 
Baja California. The cruise, including ship time is financed by an ‘individual’ grant from the 
Mexican CONACYT. We will work seven 24 hour stations with the aim to do ‘everything’ 
from primary production and detailed near surface profiling, to routine casts down to 2000 
m. The latter will provide hydrographic data and samples for a range of data from 
particulate matter (C, N, P), organic chemistry to inorganic carbon and nutrients. There will 
be a limited number of samples for eDNA, prokaryote 16S, cell counts and the intent to 
measure respiration rates. We are not trying to focus on one of the current questions in 
oxygen deficit waters, e.g. the nitrogen cycle, but rather take a holistic view as far as that is 
possible with such a short cruise. Our cruise effort will be greatly helped by the 
participation and sample processing of Mexican, French, American, and German interested 
of oceanographic oxygen minimun zone.The region that we target has seen few 
oceanographic observations in the last decades even though it is at the heart of the ETNP–
OMZ which by any measure is the most extensive of the global OMZs. This region has also 
been deprived of the benefit of ARGOs deployments. So, with good fortune they will 
manage to avoid hurricanes (June!) and find interesting information that will help to come 
closer to the understanding of the formation and maintenance of the ETNP_OMZ. And with 
some luck the obtained data will provide the arguments for a more extensive cruise in the 
future. The project is led by Dr. Helmut Maske from Cicese, Mexico. 

 

2. Events like conferences, workshops, meetings, summer schools, capacity building etc. 
(incl. all information possible).  
XIII International Carbon Symposium in Mexico Hosted virtually from Xalapa, Veracruz 26 - 28 

October 2022 Main theme: Ecosystem Restauration and Conservation for Climate Change 

Mitigation. 

 



3. Funded national and international projects/activities underway.  
2021 Seatrec FIND Project Proposed Science Mission 
The proposed mission of a frequently profiling (≤1 cycle per day) float over a prolonged period 
(years), sustained by energy harvesting technology, presents a unique opportunity to make 
scientific discoveries. Most floats profile on the 10-day Argo mission and those that profile more 
frequently generally carry only physical (and occasionally biooptical) sensors and expend their 
batteries more rapidly, limiting their science potential. To take advantage of the FIND Project 
opportunity, we propose to add chemical and bio-optical sensors (costs covered by NOAA) to the 
NavisSL1 float to study primary production, carbon export, air-sea fluxes of oxygen and carbon 
dioxide gas, as well as modulation of ocean heat content and physical and biogeochemical 
transformations driven by ubiquitous mesoscale structures in the Gulf of Mexico (GOM). While 
some of these processes have been evaluated individually on rapidly profiling floats in other 
regions, capturing these processes simultaneously and over multiple years will provide new 
information in a poorly observed region that is characterized by economically important fisheries, 
extensive physical and biogeochemical gradients, and extreme weather systems. The GOM 
exhibits a year-round >10 °C temperature gradient within the upper 1000m and is home to one of 
NOAA’s BGC Argo pilot arrays. We propose to deploy the Navis-SL1 float in the southwestern 
deep basin of the GOM during a fall 2022, Mexican-lead research cruise. This float would 
complement four NOAA BGC-Apex floats deployed in US GOM waters during 2021. The Navis-SL1 
float deployment will be coordinated with Mexican seaglider fleet deployments and the resulting 
data will be assimilated into ongoing US and Mexico-led regional modelling efforts.  

 

4. Plans / ideas for future national or international projects, programmes, proposals, etc. 
(please indicate the funding agencies and potential submission dates).  
 
Mexico as a part of the NorthAmerica´s HuB is also part of the Ocean Acidification Research for 
Sustainability (OARS) - Providing society with the observational and scientific evidence needed to 
sustainably identify, monitor, mitigate and adapt to ocean acidification; from local to global scales 
 
OARS will foster the development of the science of ocean acidification including the impacts on 
marine life and sustainability of marine ecosystems in estuarine-coastal-open ocean 
environments.  As part of the EC we will participate in the organization during this year direct with 
the Outcome “3” dedicated to codesign and implement observation and research to address the 
threat of ocean acidification, and 4) communication and delivery of the outputs to policy makers 
and communities.  
 
 
 
 
 

5. Engagements with other international projects, organisations, programmes, etc. 
See the above 

 

Comments 
 

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS New Zealand 

compiled by: Mike Harvey and Cliff Law 

 

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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
It would be useful to be aware of regional SOLAS activities by other countries;  the development of 

SOLAS regional networks could provide a platform for dissemination of this information and also 

coordination of regional activities. 

 

 

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

1. Scientific highlight 

 

Surface ocean microbiota determine cloud precursors 
As part of the New Zealand-France collaboration in the Sea2Cloud campaign, the influence of surface 
ocean biology on sea spray emission was examined. Application of a consistent seaspray generation 
methodology in field studies and mesocosm experiments in three different regions (Arctic, 
Mediterranean, coastal NW Pacific), identified a significant relationship between nanophytoplankton 
cell abundance and sea-spray derived Cloud Condensation Nuclei (CCN) number fluxes (Figure a). The 



relationship indicated that seaspray fluxes vary over an order of magnitude in response to 
nanophytoplankton abundance,  which was attributed to nanophytoplankton influence on dissolved 
organics that modify bubble surface tension and so lifetime. The relationship in Figure a) was applied 
to examine the regional variability of CCN number fluxes at the global scale, by use of ocean colour 
phytoplankton group retrieval, with calculated CCN0.1% number fluxes 5 times greater at high latitudes 
compared to the subtropical areas (Fig. b). Surface ocean biogeochemistry is currently only considered 
in global models via simulated marine organic matter in CCN mass; as our new relationship 
demonstrates greater sensitivity of seaspray flux it provides an improved parameterisation for global 
models. 

 
Fig a)  Sea spray aerosol (>100 nm) flux number (m-2 s-1, calculated at wind speed 9 m s-1 and 15°C) as 
a function of  nanophytoplankton abundance(cells ml-1). The solid line indicates the linear fit and the 
different colour symbols the different regions. b) Global CCN0,1% emission fluxes (m−2 s−1) computed at 
15°C from satellite-based nanoplankton cell abundance in June. 
 
Sellegri K, Nicosia A, Freney E, Uitz J, Thyssen M, Grégori G, Engel A, Zäncker B, Haëntjens N, Mas S, 
Picard D, Saint-Macary A, Peltola M, Rose C, Trueblood J, Lefevre D, D’Anna B, Desboeuf K, Meskhidze 
N, Guieu C, Law CS. 2021 Surface ocean microbiota determine cloud precursors. Scientific 
Reports, 11(1), 1-11. 

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). 

 

Cliff Law was International SOLAS Co-chair January-July 2021.  

Cliff and Lisa Miller (SOLAS Canada) have initiated a Special Issue on SOLAS science in Elementa  

Theme 1: Greenhouse gases and the Oceans 

1. A Policymakers handbook for addressing the impacts of Ocean Acidification was produced on 
behalf of the Commonwealth Blue Charter Action on Ocean Acidification and launched by the 
New Zealand Government Minister for International Affairs. 
https://bluecharter.thecommonwealth.org/new-policy-handbook-to-help-governments-fight-
ocean-acidification/ 

2. The New Zealand Ocean Acidification Observing Network (NZOA-ON) increased the number of 
monitoring sites in collaboration with the NZ Department of Conservation and Waikato Regional 
Council. https://marinedata.niwa.co.nz/nzoa-on/ 

3. The Munida Time Series Transect continued in its 23rd year of measuring ocean carbon 
chemistry 

4. Methane emissions in New Zealand shelf waters were examined in a project on Economic 
opportunities and environmental implications of energy extraction from gas hydrates (HYDEE) 

https://bluecharter.thecommonwealth.org/new-policy-handbook-to-help-governments-fight-ocean-acidification/
https://bluecharter.thecommonwealth.org/new-policy-handbook-to-help-governments-fight-ocean-acidification/
https://marinedata.niwa.co.nz/nzoa-on/


5. Southern Ocean/Ross Sea Voyage in January/February 2021included some SOLAS related 
aspects such as dissolved methane measurement and collection of water and air samples for 
microplastics 

6. 14th New Zealand National Ocean Acidification Workshop; two-day meeting at University of 
Otago in February 2021 http://nzoac.nz/conferences  

7. NIWA and Otago support for the establishment of the Pacific Islands Ocean Acidification Centre, 
will provide support, training, and capacity development throughout the Pacific. 

Theme 3: Atmospheric deposition and ocean biogeochemistry 

1. Atmospheric dust transport to high-elevation Dronning Maud Land, Antarctica, over the satellite 
era was examined using FLEXPART dust trajectory modelling and the implications for 

centennial scale ice core records of dust deposition were assessed . 

Theme 4 “Interconnections between aerosols, clouds, and marine ecosystems” 

1. Analysis of data from the Sea2Cloud campaign (https://niwa.co.nz/climate/research-
projects/sea2cloud  has resulted in insights and publications on the influence of surface ocean 
biology on sea spray aerosol properties and VOC production.  

2. goSouth – Planning for campaign on high-resolution meteorological modelling of aerosol and 
cloud properties in the Southern Hemisphere marine boundary layer, in collaboration with 
Leibniz Institute for Tropospheric Research for measurement (TROPOS) and LOSTECCA 
(Lidar Observations of SpatioTEmporal Contrasts in Cloud and Aerosol).  

3. Aerosol nitrogen chemistry: Analysis of aerosol samples collected at the Baring Head GAW 
station with colleagues from Pudue University identified that seasonal variations in the 
oxidation pathways of NO2 are the main driver of the seasonal variations of nitrate δ15N values 

4. Potential climate impacts on marine aerosol precursors – a mesocosm study established that 
ocean acidification have little impact on DMSP and DMS emissions, whereas higher 
temperatures had more significant effect (Saint-Macary et al, 2021).Development of new ice 
core biomarkers of phytoplankton composition and abundance to extend satellite records of 
primary production.  

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

 

Theme 1: Greenhouse gases and the Oceans 

McGraw CM, Currie KC, Law CS, Vance JM. 2021. A Policymakers’ Handbook for Addressing the 

Impacts of Ocean Acidification. https://bluecharter.thecommonwealth.org/new-policy-handbook-to-help-

governments-fight-ocean-acidification/ 

Theme 3: Atmospheric deposition and ocean biogeochemistry 
 
Saint-Macary AD, Barr N, Armstrong E, Safi K, Marriner A, Gall M, McComb K, Dillingham PW, Law CS. 
2021. The Influence of Ocean Acidification and Warming on DMSP & DMS in New Zealand Coastal Water. 
Atmosphere 12(2):181.  
 
Sellegri K, Nicosia A, Freney E, Uitz J, Thyssen M, Grégori G, Engel A, Zäncker B, Haëntjens N, Mas S, 
Picard D, Saint-Macary A, Peltola M, Rose C, Trueblood J, Lefevre D, D’Anna B, Desboeuf K, Meskhidze 
N, Guieu C, Law CS. 2021 Surface ocean microbiota determine cloud precursors. Scientific 
Reports, 11(1), 1-11. 

 
Rocco, M., Dunne, E., Peltola, M., Barr, N., Williams, J., Colomb, A., Safi, K., Saint-Macary, A., Marriner, 
A., Deppeler, S., Harnwell, J., Law C, Sellegri K 2021. Oceanic phytoplankton are a potentially important 
source of benzenoids to the remote marine atmosphere. Communications Earth & Environment, 2(1), 
pp.1-8. 

 
Li, J., Davy, P., Harvey, M., Katzman, T., Mitchell, T. and Michalski, G., 2021. Nitrogen isotopes in nitrate 
aerosols collected in the remote marine boundary layer: Implications for nitrogen isotopic fractionations 
among atmospheric reactive nitrogen species. Atmospheric Environment, 245, p.118028. 

http://nzoac.nz/conferences
https://niwa.co.nz/climate/research-projects/sea2cloud
https://niwa.co.nz/climate/research-projects/sea2cloud
https://bluecharter.thecommonwealth.org/new-policy-handbook-to-help-governments-fight-ocean-acidification/
https://bluecharter.thecommonwealth.org/new-policy-handbook-to-help-governments-fight-ocean-acidification/


 
Stephen Archer, Kevin Lee, Tancredi Caruso et al. Global biogeography of atmospheric microorganisms 
reflects diverse recruitment and environmental filtering, 08 February 2022, PREPRINT (Version 4) 
available at Research Square [https://doi.org/10.21203/rs.3.rs-244923/v4] 
 
McFarquhar, G.M., Bretherton, C.S., Marchand, R., Protat, A., DeMott, P.J., Alexander, S.P., Roberts, 
G.C., Twohy, C.H., Toohey, D., Siems, S. and Huang, Y., 2021. Observations of clouds, aerosols, 
precipitation, and surface radiation over the Southern Ocean: An Overview of CAPRICORN, MARCUS, 
MICRE, and SOCRATES. Bulletin of the American Meteorological Society, 102(4), pp.E894-E928.  
 
Kremser, S., Harvey, M., Kuma, P., Hartery, S., Saint-Macary, A., McGregor, J., Schuddeboom, A., Von 
Hobe, M., Lennartz, S.T., Geddes, A. and Querel, R., 2021. Southern Ocean cloud and aerosol data: a 
compilation of measurements from the 2018 Southern Ocean Ross Sea Marine Ecosystems and 
Environment voyage. Earth System Science Data, 13(7), pp.3115-3153. 
 
Paton-Walsh, C., Emmerson, K.M., Garland, R.M., Keywood, M., Hoelzemann, J.J., Huneeus, N., 

Buchholz, R.R., Humphries, R.S., Altieri, K., Schmale, J. and Wilson, S.R., 2022. Key challenges for 

tropospheric chemistry in the Southern Hemisphere. Elem Sci Anth, 10(1), p.00050. 

Integrated studies of high sensitivity systems 

Grégoire, M. et al. . (2021). "A global ocean oxygen database and atlas for assessing and predicting 
deoxygenation and ocean health in the open and coastal ocean." Frontiers in Marine Science, Ocean 
Observation 8. 
 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? If yes, who? How did you engage? 

Theme 1: Greenhouse gases and the Oceans 

Commonwealth Blue Charter Action on Ocean Acidification - coordination and delivery of Handbook for 

Policymakers involved engagement with a number of international partners (see Handbook) 

The New Zealand Ocean Acidification Observing Network (NZOA-ON). Sampling Partners: Te Papa 

Atawhai Department of Conservation, Waikato Regional Council, Bay of Plenty Regional Council, Te 

Runanga o Nga Tahu, Paua Industry Council, Marlborough Shellfish Monitoring Programme 

 

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.).  

 

Theme 1: Greenhouse gases and the Oceans 

Continuation of: 

The New Zealand Ocean Acidification Observing Network (NZOA-ON) 

https://marinedata.niwa.co.nz/nzoa-on/ 

The Munida Time Series Transect bimonthly sampling of ocean carbon chemistry 

 

Theme 3: Atmospheric deposition and ocean biogeochemistry  

 
Hunga Tonga–Hunga Haʻapai volcano impact voyage. R/V Tangaroa April-May 2022. Impacts of 
volcanic ash deposition o marine biogeochemistry and primary production. 

 

Western Ross Sea voyage and Nz-Ross Sea transect voyage. R/V Tangaroa January -February 

2023. SOLAS-related topics include aolien deposition, coastal trace metal inputs and budgets 

Climatic and environmental impacts of the largest explosive volcanic eruptions on Earth: SOLAS 

activities include the investigation of volcanic ash deposition, iron fertilisation and Southern Ocean 

https://marinedata.niwa.co.nz/nzoa-on/


biogeochemical response to the Taupo and Oruanui supereruptions from Antarctic ice core records 

(3 year project).   

Theme 4 “Interconnections between aerosols, clouds, and marine ecosystems” 

goSouth – Planning for campaign on high-resolution meteorological modelling of aerosol and cloud 

properties in the Southern Hemisphere marine boundary layer, in collaboration with Leibniz Institute 

for Tropospheric Research for measurement (TROPOS) and LOSTECCA (Lidar Observations of 

SpatioTEmporal Contrasts in Cloud and Aerosol) 

Biogenic aerosol composition in the Ross Sea and Weddell Sea: planning for RV Tangaroa voyage 

to Ross Sea region and BIO Hesperides voyage to the Weddell Sea in January 2023 to collect 

aerosol samples to characterise the physical and chemical composition of biogenic aerosol 

emissions. 

Ocean-Atmosphere-Snow interactions of biogenic emissions in the Ross Sea:  Air-snow transfer 

study of biogenic emissions, ice core records of biogenic emissions and biogeochemical modelling 

to understand relationships between sea ice and phytoplankton composition in the Ross Sea over 

the past 200 years (3 year project). 

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

Theme 1: Greenhouse gases and the Oceans 

15th NZ Ocean Acidification Conference November 2022 

3. Funded national and international projects/activities underway.  

Theme 1: Greenhouse gases and the Oceans 

Munida Time Series (continuing) 

New Zealand Ocean Acidification Observing Network (Continuing)  

Theme 3: Atmospheric deposition and ocean biogeochemistry 

Climatic and environmental impacts of the largest explosive volcanic eruptions on Earth (Marsden 

Fund; PI Barker) 

Theme 4 “Interconnections between aerosols, clouds, and marine ecosystems” 

goSouth – see above 

How did changing sea ice conditions impact primary production in the Ross Sea over the past 200 

years? (Marsden Fast-Start Fund; PI Winton) 

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. 
 
NIWA and University of Otago partnering with SPC and University of the South Pacific to establish 
the Pacific Islands Ocean Acidification Centre. 
 

 



Comments 
 

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS Norway 

compiled by: Siv K. Lauvset 

 

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 things first…Please tell us what the IPO may do to help you in 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). 
 



Stratification constrains future heat and carbon uptake in the Southern Ocean between 30°S and 
55°S 
 
The Southern Ocean between 30°S and 55°S is a major sink of excess heat (Hexcess) and 
anthropogenic carbon (Cant), but model projections of these sinks remain highly uncertain. Reducing 
such uncertainties is required to effectively guide the development of climate mitigation policies for 
meeting the ambitious climate targets of the Paris Agreement. Here, we show that the large spread in 
the projections of future Hexcess uptake efficiency and cumulative Cant uptake in this region are strongly 
linked to the models’ contemporary stratification. This relationship is robust across two generations of 
Earth system models and is used to reduce the uncertainty of future estimates of the cumulative Cant 
uptake by up to 53% and the Hexcess uptake efficiency by 28%. Our results highlight that, for this 
region, an improved representation of stratification in Earth system models is key to constrain future 
carbon budgets and climate change projections. 
 

 
Figure: Emergent constraints on the sensitivity of projected carbon and heat uptake to stratification. 
a, b cumulative future Cant uptake between 30°S and 55°S and c future ocean Hexcess uptake efficiency 
and their emergent relation to the contemporary stratification. CMIP5, CMIP6 and combined CMIP5/6 
ensembles are denoted in blue, red and magenta, respectively. Emergent constraints include a linear 
regression fit (dotted line), its 68% prediction interval (abbreviated pred. int., coloured shaded area 
according to the ensemble), the observational constraint (vertical black dots) and its uncertainty (grey 
shaded area). All emergent constraints are accompanied by d–f prior- and after-constraint probability 
density functions and g, h correlation timeseries obtained by sliding the predictand over time while 
leaving the predictor fixed. 



 
Bourgeois, T., Goris, N., Schwinger, J. and Tjiputra J. Stratification constrains future heat and carbon 
uptake in the Southern Ocean between 30°S and 55°S. Nat Commun 13, 340 (January 2022). 
https://doi.org/10.1038/s41467-022-27979-5 
 
 

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). 

EGU General Assembly 2021 

We have obtained the first year of surface ocean pCO2 observations from our new ship Tukuma 

Arctica (submitted to SOCAT 2021: 30 datasets).  

We have installed a new pCO2 observation system on the Norwegian tall ship Statsraad Lehmkuhl, 

which is sailing around the world between summer 2021 and Spring 2023. Data from the 3 first legs 

(August to December) was submitted to SOCAT).  

Keynote presentation at 2nd Conference on Climate Justice, Italy, Oct 2021. 

Presentation of surface ocean CO2 measurements and the ICOS network to the US Ambassy and the 

Norwegian minister for Climate, Akvariet, Bergen 

We have contributed to RECCAP 2, a global initiative of the ocean carbon cycle community to better 

quantify and understand the CO2 fluxes into and out of the ocean and the associated changes in 

ocean carbon storage beneath the sea surface. 

Meike Becker was elected as Co-Chair of the ICOS ocean MSA in October 2021 

 

3. List SOLAS-related publications published in 2021 (only PUBLISHED articles). 
 If any, please also list weblinks to models, datasets, products, etc.  
Bourgeois, T., Goris, N., Schwinger, J. and Tjiputra J. Stratification constrains future heat and carbon 

uptake in the Southern Ocean between 30°S and 55°S. Nat Commun 13, 340 (2022). 

https://doi.org/10.1038/s41467-022-27979-5 

Terhaar, J., Torres, O., Bourgeois, T., and Kwiatkowski, L. Arctic Ocean acidification over the 21st 

century co-driven by anthropogenic carbon increases and freshening in the CMIP6 model ensemble, 

Biogeosciences. 18, 2221–2240 (2021). https://doi.org/10.5194/bg-18-2221-2021  

Fransner et al., Acidification of the Nordic Seas, https://doi.org/10.5194/bg-19-979-2022. 

Ali et al., Sea surface pCO2 variability and air sea CO2 exchange in the coastal Sudanese Red Sea, 

https://doi.org/10.1016/j.rsma.2021.101796, 2021. 

Becker et al., The northern European shelf as increasing net sink for CO2, https://doi.org/10.5194/bg-

18-1127-2021, 2021. 

Bock, J., Michou, M., Nabat, P., Abe, M., Mulcahy, J. P., Olivié, D. J. L., Schwinger, J., 

Suntharalingam, P., Tjiputra, J., van Hulten, M., Watanabe, M., Yool, A., and Séférian, R.: 

Evaluation of ocean dimethylsulfide concentration and emission in CMIP6 models, 

Biogeosciences, 18, 3823–3860, https://doi.org/10.5194/bg-18-3823-2021, 2021. 

Liddicoat, S. K., Wiltshire, A. J., Jones, C. D., Arora, V. K., Brovkin, V., Cadule, P., Hajima, T., 

Lawrence, D. M., Pongratz, J., Schwinger, J., Séférian, R., Tjiputra, J. F., and Ziehn, T., 

https://doi.org/10.1038/s41467-022-27979-5
https://doi.org/10.5194/bg-18-2221-2021
https://doi.org/10.5194/bg-19-979-2022
https://doi.org/10.5194/bg-18-1127-2021
https://doi.org/10.5194/bg-18-1127-2021
https://doi.org/10.5194/bg-18-3823-2021


Compatible Fossil Fuel CO2 emissions in the CMIP6 Earth System Models’ Historical and 

Shared Socioeconomic Pathway experiments of the 21st Century, Journal of Climate, 

doi:10.1175/JCLI-D-19-0991.1, 2021. 

Becker, M., Olsen, A., Landschützer, P., Omar, A., Rehder, G., Rödenbeck, C., Skjelvan, I., 2021, The 

northern European shelf as increasing net sink for CO2, Biogeosciences.    

Becker, M., Olsen, A., Reverdin, G., In-air on-point calibration of oxygen optodes in underway systems, 

2021, L&O Methods.  

Macovei, V.A., Voynova, Y.G., Becker, M., Triest, J. and Petersen, W. (2021) Long-term 

intercomparison of two pCO2 instruments based on ship-of-opportunity measurements in a dynamic 

shelf sea environment. Limnology and Oceanography: Methods, 19, pp.37-50. 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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.).  

Cruise on R/V Johan Hjort in May-June 2022 along several monitoring sections and the GO-SHIP 

line at 75N 

 

 

 

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

EGU General Assembly 2022 

ICOS science conference in Utrecht on 13-15 September 2022 

3. Funded national and international projects/activities underway.  

EU infrastructure project: ICOS (2021-2024) on measuring CO2 fluxes between ocean, 

atmosphere, and land 

Verfiy 

Havforsuringsprogrammet 

The Nansen Lecacy 

 

 

 

 

https://doi.org/10.1175/JCLI-D-19-0991.1


 

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

ICOS Norway and OTC, (2021-2024), funded by Research Council of Norway.  

Norwegian Ocean Acidification Monitoring program (2021-2025), funded by Norwegian 

Environment Agency. 

NorEMSO (2020-2025), funded by the Research Council of Norway 

EU proposal to the programme HORIZON-INFRA-2022-TECH-01 (GEORGE), submitted April 

2022. 

5. Engagements with other international projects, organisations, programmes, etc. 
Ocean Acidification expert member of OSPAR commission (the mechanism by which 15 
Governments & the EU cooperate to protect the marine environment of the North-East Atlantic). 
 
Deliveries towards UN’s SDG on Ocean Acidification. 
 
Delivery towards SOCAT (Surface Ocean CO2 Atlas) 

 

Comments 
 

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS Poland 

compiled by: Tymon Zielinski 
 

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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
 

 

 

 

 

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

1. Scientific highlight 
 
In their work, David McKee and Jacek Piskozub (McKee D., Piskozub J., 2021, Transmission 
across the water-air interface: resolving the impact of multiple interactions at the sea surface, 
Optics Express, 2(29), 1296-1303, https://doi.org/10.1364/OE.414085) run a series of Monte Carlo 
and HydroLight radiative transfer simulations to demonstrate that the traditional form of the Fresnel 
transmission across the water-air interface is accurate. This contradicts assertions to the contrary 
in a recent paper [Opt. Express 25, 27086 (2017) that suggested that the impact of multiple surface 



interactions had previously been ignored and that the transmission factor was dependent upon the 
turbidity of the water. 
Monte Carlo simulations that explicitly include the effects of multiple interactions at the sea surface 
have demonstrated that the standard approach to simulating light transmission through the sea 
surface are valid. These results were further confirmed using the HydroLight simulation software 
package which also resolves multiple interactions. 
 

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). 

Sea cruises of r/v Oceania in the Baltic and the Arctic. Interdisciplinary marine and atmospheric 

studies. 

Participation in the Maritime Aerosol Network 

(https://aeronet.gsfc.nasa.gov/new_web/maritime_aerosol_network.html) activities.  

Works within the Re-evaluation and Homogenization of Aerosol Optical Depth Observations in 

Svalbard (ReHearsol) - RCN project no. 311250. 

INES- International School on INtegrated Environmental Studies in the Arctic 

(http://www.iopan.pl/Ines/index.html) with respect to climate changes summer school. Five days of 

lectures and activities for international students.  

Participation in the works of the Scientific Committee of the European Marine Board 

Communication Panel. 

Chairing of the Climate and Ocean Working Group of the EU4Ocean Coalition.  

Expertizes for the Polish Ecological Club. 

Numerous popular interviews in various media. 

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

1. McKee D., Piskozub J., 2021, Transmission across the water-air interface: resolving the 
impact of multiple interactions at the sea surface, Optics Express, 2(29), 1296-1303, 
https://doi.org/10.1364/OE.414085 

2. Małgorzata Kitowska and Tomasz Petelski, Svalbard's Mesoscale Enviromental Factor 
Impact on the Wind Field. Atmosphere. (2021) 12(9), 1165, 
https://doi.org/10.3390/atmos12091165 

3. Nilsson ED, Hultin KAH, Martensson EM, Markuszewski P, Rosman K, Krejci R. Baltic Sea 
Spray Emissions: In Situ Eddy Covariance Fluxes vs. Simulated Tank Sea Spray. 
Atmosphere. (2021); 12(2):274. https://doi.org/10.3390/atmos12020274 

4. An update of Ocean Climate Change Indicators: Sea Surface Temperature, Ocean Heat 
Content, Ocean pH, Arctic Sea Ice Extent, Sea Level and strength of the AMOC (Atlantic 
Meridional Overturning Circulation). C. Garcia-Soto, L. Cheng, L. Caesar, E. B. Jewett, A. 
Cheripka, I. Ganzon Rigor, A. Caballero, S. Chiba, J. C. Báez, T. Zielinski, J. P. Abraham. 
Frontiers in Marine Science. DOI: 10.3389/fmars.2021.642372. 2021. 

5. Abundance of environmental data vs. low public interest in ocean and climate issues. 
Where is the missing link? T. Zielinski, E. Bolzacchini, K. Evans, L. Ferrero, K. Gregorczyk, 
T. Kijewski, I. Kotynska-Zielinska, P. Mrowiec, B. Oleszczuk, P. Pakszys, E. Piechowska, J. 
Piwowarczyk, J. Sobieszczanski, M. Wichorowski. Frontiers in Marine Science, doi: 
10.3389/fmars.2021.619638  2021. 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? If yes, who? How did you engage? 

The Ocean-Non Textbook – short popular science films on the role of the ocean and atmosphere 

(climate issues) in co-operation with Gdynia Aquarium and Today We Have (public and private 

sector). 

https://doi.org/10.1364/OE.414085
https://doi.org/10.3390/atmos12091165
https://doi.org/10.3390/atmos12020274


 

 

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.).  

Continued research activities, with use of the r/v Oceania, whenever possible. We plan both the 

Baltic and the Arctic cruises. 

Organization and co-organization of many scientific and outreach events, such as: 

- CommOcean Conference 2022,  

- Open Science Days 2023, 

- European Maritime Days 2023, 

- And more. 

 

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

Continued conference and educational activities, mostly in an online mode.  

INES- International School on INtegrated Environmental Studies in the Arctic 

(http://www.iopan.pl/Ines/index.html) with respect to climate changes summer school, as well as 

Open Science Days (http://www.iopan.pl/odn2021/index-eng.html). 

Participation in numerous, other conferences is planned, however, due to the still uncertain 

pandemic situation, it is difficult to list them all. 

3. Funded national and international projects/activities underway.  

There are a number of projects being run. 

 

 

 

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

A number of Horizon 2020 proposals have been submitted and are under evaluation. Other 

projects are planned for submissions at relevant dates.   

5. Engagements with other international projects, organisations, programmes, etc. 
There are a number of projects being run. Some include: 
1. Marine Knowledge Sharing Platform for Federating Responsible Research and Innovation 
Communities - MARINA. 
2. AERONET. 
3. International Ocean Carbon Coordination Project (IOCCP; www.ioccp.org). 
4. MARBEFES. 
5. LOAD-RIS. 
6. SURETY. 

http://www.iopan.pl/odn2021/index-eng.html
http://www.ioccp.org/


 

 

Comments 
 

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS South Africa 

compiled by: Brett Kuyper 

 

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, network ing, 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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
Thank you for the great work and on-going support.  

 

 

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). 
 
The surface ocean is supplied with nutrients through ocean circulation. These nutrients fuel global 

ocean productivity. The rates and mechanisms of nutrient and water transport are poorly known. 



Using nitrate isotope measurements and a box model, we show that Southern Ocean nutrients 

support >60% of lower latitude productivity. The nutrients are transported north predominantly 

through mixing (Fripiat et al. 2021; Nature Geoscience). 

 
 

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). 

South African Polar Research Infrastructure (SAPRI)  

The South African Polar Research Infrastructure is a consortium and was established in 2021. The 

ultimate goal of SAPRI is enable broadscale research growth across the polar disciplines and 

further expand the world class datasets already established. The Implementation Phase is being 

finalised between the Department of Science and Innovation (DSI) and the National Research 

Foundation (NRF) of South Africa. SAPRI is currently hosted by the South African Earth Observing 

Network (SAEON) under Dr Juliette Hermes. SAPRI aims to close the gap between existing 

infrastructure (logistics) and ongoing and upcoming research in the South Africa marine and polar 
regions.  

Part of the SAPRI umbrella includes facilitating research cruises on the R/V SA Agulhas II. These 

include SEAmester and the Winter Cruise. SAPRI is also heavily involved in establishing a Polar 

Laboratory, which will be hosted at UCT. One of the Polar Laboratory’s missions is to make 

research in the polar regions accessible for universities and students who would otherwise not 
have the opportunity.  

 

Southern African Marine Science Symposium (SAMSS) 

The conference is formally hosted by the University of KwaZulu Natal and the KZN Sharks Board, 

on behalf of SANCOR (South African Network for Coastal and Oceanic Research). SAMSS 2022 

saw the annual conference recommence after a COVID hiatus. This conference therefore aims to 

explore the links, continuity and changes in marine science of the past and present, with emphasis 

on how the science being done today will determine the ‘future pasts’ of our marine ecosystems 
and the people who depend on them. 

 

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

*Flynn, R.F., Bornman, T.G., Burger, J.M., Smith, S., Spence, K.A.M., Fawcett, S.E. Summertime 

productivity and carbon export potential in the Weddell Sea, with a focus on the waters adjacent to 

Larsen C Ice Shelf. Biogeosciences 18: 6031-6059, 10.5194/bg-18-6031-2021 (2021).  

 

*Stirnimann, L., Bornman, T.G., Verheye, H.M., Bachèlery, M.-L., van der Poel, J., Fawcett, S.E. 

Plankton community composition and productivity in the vicinity of the Subantarctic Prince Edward 

Island archipelago in autumn. Limnology and Oceanography 66:4140-4158, 10.1002/lno.11949 

(2021).  

 

Landwehr, S., Volpi, M., Haumann, F.A., Robinson, C.M., Thurnherr, I., Ferracci, V., Baccarini, A., 

Thomas, J., Gorodetskaya, I., Tatzelt, C., Henning, S., Modini, R.L., Forrer, H.J., Lin, Y., Cassar, 

N., Simó, R., Hassler, C., Moallemi, A., Fawcett, S.E., et al. Exploring the ocean and atmosphere 

coupled system with a data science approach applied to observations from the Antarctic 



Circumnavigation Expedition, Earth System Dynamics 12: 1295-1369, 10.5194/esd-12-1295-2021 

(2021).  

 

Fripiat, F., Martínez-García, A., Marconi, D., Fawcett, S.E., Kopf, S.H., Luu, V.H., Rafter, P.A., 

Zhang, R., Sigman, D.M., Haug, G.H. Nitrogen isotopic constraints on nutrient transport to the 

upper ocean. Nature Geoscience 14: 855-861, 10.1038/s41561-021-00836-8 (2021).  

 

*Puccinelli, E., Sardenne, F., Pecquerie, L., Fawcett, S.E., Machu, E., Soudant, P. Omega-3 

pathways in upwelling systems: the link to nitrogen supply. Frontiers in Marine Science 8: 664601, 

10.3389/ fmars.2021.664601 (2021).  

 

Altieri, K.E., Fawcett, S.E., Hastings, M.G. The surface ocean-lower atmosphere reactive nitrogen 

cycle. Annual Review of Earth and Planetary Sciences 49: 513-540, 10.1146/annurev-earth-

083120-052147 (2021).  

 

*Kravitz, J., Matthews, M., Lain, L., Fawcett, S.E., Bernard, S. Potential for high fidelity global 

mapping of common inland water quality products at high spatial and temporal resolutions based 

on a synthetic data and machine learning approach. Frontiers in Environmental Science 9: 587660, 

10.3389/ fenvs.2021.587660 (2021).  
 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? If yes, who? How did you engage? 

International:  

National (non university)  

Collaborations included shared field work (specifically):  

Research cruises – Relief Voyage of the R/V SA Agulhas II along the ‘Goodhope Transect’ 

between Cape Town and Antarctica. 

Ongoing collaboration between the South African Weather Service and University of Cape Town. 
Resulting in research at the Cape Point Global Atmospheric Watch Tower.  

South African Polar Research Infrastructure (SAPRI) – See above.  

 

 

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.).  

SAPRI –  

  SEAmester 

The SEAmester recommenced in 2022. This programme offers postgraduate students from South 

Africa a hands-on learning opportunity aboard the SA Agulhas II. The cruise lasts around 10 days 

and is comprised of lectures and practical demonstration and activities.  Introducing students to 

various facets of ocean and atmospheric dynamics. This includes physical, chemical and biological 

oceanography, atmospheric chemistry and meteorology, data analysis and measurement 

techniques. cruise involves running a transect across the core of the Agulhas Current off Port St 
Johns, known as the ASCA line  



  Winter Cruise 

The R/V SA Agulhas II embarks on a cruise each year departing from Cape Town to the marginal 

ice zone. This cruise closes a seasonal gap / bias in the knowledge in physical oceanography and 

in better understanding the processes affecting the sea ice formation and the Southern Ocean 

during winter months. The cruise follows the same transect as in summer, known as the ‘Goodhope 
Transect’.  

 

Polar Change –  

Aerosol emissions from polar changing environments. The aim of this project is to link aerosol 

emission processes with the polar marine biosphere and cryosphere interactions. Part of this study 

includes a research cruise to the Antarctic in 2023 to examine bout the sources of aerosols and the 

vertical distribution and transformation. The UCT Marine Biogeochemical Laboratory will likely be 

taking part in the cruise. The cruise and the project are being run and facilitated by  the Institut de 
Ciencies del Mar under Rafael Simo and Manuel Dall'Osto. 

 

International Conference on Mercury as a Global Pollutant (ICMGP)  

The 15th ICMGP was held virtually in 2022. This meeting will seek to assess implementation of 

solutions to reduce the emissions and exposure to mercury as a global environmental pollutant and 

test the efficiency of implementation of the Minamata Convention in various parts of the world.  The 

conference will bring together representatives from industry, government, research institutions, 

non-governmental organizations (NGOs) and academia to discuss, inter alia, options for low-

mercury energy and industrial technologies and the concept of low-mercury society. The event will 

also showcase new equipment to measure mercury in various environmental samples, and 

technology to reduce mercury emissions and exposure. 

 

Southern African Marine Science Symposium (SAMSS) 

See above.  

 

2. Events like conferences, workshops, meetings, summer schools, capacity building etc. 
(incl. all information possible).  
SOLAS OSC CPT September 2022 

The SOLAS Open Science Conference is taking place in Cape Town in September 2022. 

 

UN/GESAMP Working group 38 

A number of South African scientists including members of the UCT Marine Biogeochemistry 

Laboratory, North-West University, Nelson Mandela University, and Rhodes University (perhaps 

others) will be taking part in the UN/GESAMP WG38 project taking place in Gqeberha, South Africa 
and focused on atmospheric deposition to the South Indian Ocean.  

 

SEAmester 

SEAmester is an ongoing training platform for young students. The SEAmester cruise aims to 

provide a learning opportunity for postgraduate students, who might not have otherwise had such a 



chance. There is also the opportunity for the training of early career scientists, by becoming 

involved in the teaching aspects of the course.  

3. Funded national and international projects/activities underway.  

BIOGRIP –  

The Biogeochemistry Research Infrastructure Platform (BIOGRIP) is a South African research 

initiative. The multidisciplinary initiative aims to broaden research capacity and discovery biological, 

geological, chemical and physical process. To explore how these processes interact and shape 
natural environments over time and space.  

 

South African National Antarctic Programme (SANAP) –  

The South African National Antarctic Programme is funded by the Department of Forestry, 

Fisheries and the Environment (DFFE) and the National Research Foundation (NRF). The DFFE 

remain responsible for logistics and infrastructure with the SANAP programme. The NRF is the 

agency responsible for grant allocation for the scientific community to continue research in the 

polar regions, utilising SANAP infrastructure. Large infrastructure includes the manned station on 

Antarctica as well as on Marion and Gough Islands, the SA Agulhas II and a number of smaller 
research vessels.  

 

South African Polar Research Institute (SAPRI) –  

Part of the goal of SAPRI is to bridge this disconnect between research being funded in the polar 

regions and access to the infrastructure.  

 

 

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

Joint venture 

A joint measurement campaign between the Department of Oceanography and Mayis Universitesi 

Department of Physics Turkey / Samsun is being examined. The venture aims to place underway 

atmospheric instrumentation onboard the SA Agulhas II. Proposed measurements include CO, O3, 
NOx and FTIR. Dates for the start of the project are still being determined.  

 

5. Engagements with other international projects, organisations, programmes, etc. 
The Marine Biogeochemical Group at the University of Cape Town will be taking part in the Polar 

Change and PICCASSO programmes, both supported by SOLAS and involving SOLAS scientists 

from other countries.  

 

 

Comments 
 

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS Spain 

compiled by: Alfonso Saiz López 

 
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, network ing, 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 things first…Please tell us what the IPO may do to help you in 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). 

 

Dissolved black carbon (DBC) plays a role in the oceanic carbon 
cycle. DBC originates from the heating and incomplete combustion of organic  
matter, including fossil fuels, a shared origin with polycyclic aromatic hydrocarbons  



(PAH). DBC is quantified using the benzene polycarboxylic acids produced by 
oxidation of the organic extract, a fraction of which derive from PAHs and other  

semivolatile aromatic-like compounds (SALCs). However, the current view of the  
DBC cycle does not take into account the inputs and sinks known for PAHs, such 
as diffusive air−water exchange and degradation. A meta-analysis of oceanic PAHs, 
SALCs, and DBC concentrations shows that SALCs account for 16% of DBC 

(ranging from 5% to 31%). Such a large contribution of semivolatile aromatic 
hydrocarbons to DBC is consistent with the large atmospheric input of SALCs 
(estimated as 400 Tg C y−1). Furthermore, photodegradation at the surface ocean 
and microbial degradation in the water column of semivolatile DBC can be 

important sinks, consistent with the ubiquitous occurrence of the degradation 
genes of the metabolic routes for aromatic hydrocarbons. Future work should focus on the 
characterization of semivolatile DBC and 
its degradation in order to constrain its contribution to refractory organic matter and the an-

thropogenic perturbation of the carbon 
cycle. 
 

 
 

Figure: Comparison of dissolved black carbon and semivolatile aromatic-like hydrocarbons (SALCs) in the ocean. Upper 

panel shows all data points collected in the compilation. Green dots mark all DBC measurements, orange dots all PAHs 

measurements, and red dots all gene data points from Tara Oceans. Lower panel shows the box-plots of the dissolved black 

carbon and dissolved  aromatic hydrocarbons for the eight oceanic regions shown in the upper panel  
 

Citation: Núria Trilla-Prieto, Maria Vila-Costa, Gemma Casas, Begoña Jiménez, and Jordi Dachs Environmental Science 

& Technology Letters 2021 8 (10), 918-923  

DOI: 10.1021/acs.estlett.1c00658 

 



2. Activities/main accomplishments in 2021 (e.g., projects; field campaigns; workshops and 

conferences; model and data intercomparisons; capacity building; international collabora-

tions; 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). 

 

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

Spolaor, A., Burgay, F., Fernandez, R.P. et al. Antarctic ozone hole modifies iodine geo-

chemistry on the Antarctic Plateau. Nat Commun 12, 5836 (2021). 

https://doi.org/10.1038/s41467-021-26109-x. 

Brean J, Dall'Osto M, Simó R, Shi Z, Beddows D. C, Harrison R. M. Open ocean and 

coastal new particle formation from sulfuric acid and amines around the Antarctic Penin-

sula. Nature Geoscience 2021;14:383-388. 

Pérez G. L, Galí M, Royer S. J, Gerea M, Ortega-Retuerta E, Gasol J. M et al. Variability 

of phytoplankton light absorption in stratified waters of the NW Mediterranean Sea: The 

interplay between pigment composition and the packaging effect. Deep Sea Research Part 

I: Oceanographic Research Papers 2021;169:103460. 

García-Lafuente J, Sammartino S, Huertas IE, Flecha S, Sánchez-Leal RF, Naranjo C, 

Nadal I and Bellanco MJ (2021) Hotter and Weaker Mediterranean Outflow as a Response 

to Basin-Wide Alterations. Front. Mar. Sci. 8:613444. doi: 10.3389/fmars.2021.613444. 

 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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.).  

CSIC has planned modelling studies in collaboration with Shanghai Key Laboratory of Atmospheric 

Particle Pollution and Prevention: Studying coastal atmospheric chemistry using the WRF-Chem 
model. 

 

 

 

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



Several Spanish groups have been and will be presenting research at the EGU and AGU 2021-

2022. 

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. 
 

 

Comments 
 

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS Sweden 

compiled by: Paul Zieger, Stockholm University 

 

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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
Maybe providing an email list of Swedish participants within SOLAS would be helpful. I am not sure 

that I reach everyone.  

 

 

 

 

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). 
 



Swedish scientists involved within SOLAS were active in various field ranging from gas-transfer to 
sea-air exchange of aerosol particles and many other fields. As such it was difficult to select just 
one highlight and thus I choose two. 
 
Highlight I: 
 
We measured the Hg0 flux on the Baltic Sea coast using micrometeorological methods (gradient-
based and relaxed eddy accumulation, REA) and also simulated the flux with a gas exchange 
model. The coastal waters were typically supersaturated with Hg0 (mean ± 1σ = 13.5 ± 3.5 ng m−3; 
ca. 10% of total Hg) compared to the atmosphere (1.3 ± 0.2 ng m−3).  The Hg0 flux calculated using 
the gas exchange model ranged from 0.1–1.3 ng m−2 h−1 (10th and 90th-percentile) over the course 
of the campaign (May 10–June 20, 2017) and showed a distinct diel fluctuation.  

 
Figure 1: Overview of the average fluxes of Hg0 at Östergarnsholm, Gotland. Figure taken from 
Osterwalder et al. (2021). 
 
Reference: Osterwalder, S., Nerentorp, M., Zhu, W., Jiskra, M., Nilsson, E., Nilsson, M. B., et al. 
(2021). Critical observations of gaseous elemental mercury air-sea exchange. Global 
Biogeochemical Cycles, 35, e2020GB006742. https://doi.org/10.1029/2020GB006742 
 
Highlight II: 
 
In the perspective paper “Aerosols in current and future Arctic climate” by Schmale et al. (2021), we 
discuss the role of aerosols in the current Arctic climate change. The natural baseline of aerosols in 
the Arctic is changing fast and regional effects of aerosols are very diverse. To improve our 
understanding of current and future Arctic climate, more detailed knowledge on processes related 
to the emission, processing and formation of especially natural aerosol is needed (e.g. emitted from 
ocean or ice/snow, see Figure 2). The article summarizes current measurement gaps and 
modelling issues for Arctic processes, discusses various regional processes that will be impacted 
by Arctic warming, and also gives examples for important model issues when determining the 
climate effect aerosols in the Arctic.  
 
Reference: Schmale, J., Zieger, P., Ekman, A. (2021): Aerosols in current and future Arctic climate, 
Nat. Clim. Change, 11, 95–105. 
 

https://doi.org/10.1029/2020GB006742


 
Figure 2: Overview of main Arctic aerosol processes during polar day (panel A) and night (panel B). 
Figure taken from Schmale et al. (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). 

 ICOS pCO2 intercomparison ongoing (Anna Rutgersson, Uppsala University). 

 Co-location of ICOS and ACTRIS stations and received infrastructure funding for this (Anna 
Rutgersson, Uppsala University). 

 Synoptic Arctic Survey 2021 expedition on icebreaker Oden to central Arctic Ocean: 
measurement of air-sea and air-ice exchange of CO2 and CH4 using eddy covariance and 
chamber flux systems (John Prytherch, Stockholm University). 

 Field campaign at Askö laboratory (https://www.su.se/stockholm-university-baltic-sea-
centre/infrastructure/ask%C3%B6-laboratory): Measuring coastal Baltic emissions of CH4 
using different techniques in order to develop upscaling methods (John Prytherch, 
Stockholm University). 

 Sea-surface microlayer sampling during Arctic cruise Synoptic Arctic Survey 2021; 
Sampling of microlayer in surface slicks of the Baltic Sea for microbial and viral analysis; 
isolation of ~80 bacteriophages from sea-surface microlayer, surface slicks, sea foams and 
beach foams (Janina Rahlff, Linnaeus University). 

 Measurement campaign related to cloud forming properties of ship emissions (Erik 
Thomson, University of Gothenburg).  

 Field campaigns on R/V Electra (Sweden) and R/V Oceania (Poland) close to 
Östergarnsholm/Gotland to study the sea-air exchange of aerosol particles as part of the 
CROISSANT project (Douglas Nilsson, Matthew Salter and Paul Zieger, Stockholm 
University). 

 SCOR working group “Coupling of ocean-ice-atmosphere processes: from sea-Ice 
biogeochemistry to aerosols and Clouds (CIce2Clouds)” got started, https://scor-
int.org/group/coupling-of-ocean-ice-atmosphere-processes-from-sea-ice-biogeochemistry-
to-aerosols-and-clouds-cice2clouds/  (Paul Zieger, Stockholm University). 

https://www.su.se/stockholm-university-baltic-sea-centre/infrastructure/ask%C3%B6-laboratory
https://www.su.se/stockholm-university-baltic-sea-centre/infrastructure/ask%C3%B6-laboratory
https://scor-int.org/group/coupling-of-ocean-ice-atmosphere-processes-from-sea-ice-biogeochemistry-to-aerosols-and-clouds-cice2clouds/
https://scor-int.org/group/coupling-of-ocean-ice-atmosphere-processes-from-sea-ice-biogeochemistry-to-aerosols-and-clouds-cice2clouds/
https://scor-int.org/group/coupling-of-ocean-ice-atmosphere-processes-from-sea-ice-biogeochemistry-to-aerosols-and-clouds-cice2clouds/


 Preparation of ARTofMELT expedition 2023 (on I/B Oden, 
https://www.polar.se/en/research-support/open-calls/open-call-expedition-artofmelt-2023/ ) 
with the selection of the theme proposal and dedicated workshop (Michael Tjernström and 
Paul Zieger, Stockholm University). 

 Successfully securing infrastructure funding to develop a new atmospheric science 
laboratory at the marine research laboratory Askö as part of the multidisciplinary Centre for 
Coastal Ecosystem and Climate Research (CoastClim, https://www.coastclim.org/) 
(Matthew Salter, Ilona Riipinen and Christoph Humborg, Stockholm University).  

 

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

 Kong X, Castare`de D, Thomson E S, Boucly A, Artiglia L, Ammann M, Gladich I & Pet- 
tersson J B C. (2021). A surface-promoted redox reaction occurs spontaneously on 
solvating inorganic aerosol surfaces. Science, 374:747–752.  

 Zhao X, Allen R J, Thomson E S. An implicit air quality bias due to the state of pristine 
aerosol (2021). Earth’s Future, 9:e2021EF001979. 

 Gutiérrez-Loza, L., Wallin, M.B., Sahlée, E., Holding, T., Shutler, J.D., Rehder, G., 
Rutgersson, A. (2021). Air-sea CO2 exchange in the Baltic Sea--A sensitivity analysis of 
the gas transfer velocity. Journal of Marine Systems, 103603. 

 Rahlff, J., Stolle, C., Giebel, H. A., Mustaffa, N. I. H., Wurl, O., & PR Herlemann, D. (2021). 
Sea foams are ephemeral hotspots for distinctive bacterial communities contrasting sea-
surface microlayer and underlying surface water. FEMS microbiology ecology, 97(4), 
fiab035. 

 Osterwalder, S., Nerentorp, M., Zhu,  W., Jiskra, M., Nilsson, E., Nilsson, M.  B., et al. 
(2021). Critical observations  of gaseous elemental mercury air-sea  exchange. Global 
Biogeochemical  Cycles, 35, e2020GB006742. https://doi. org/10.1029/2020GB006742 

 Zhang, S.; Rutgersson, A.; Philipson, P.; Wallin, M.B. Remote Sensing Supported Sea 
Surface pCO2 Estimation and Variable Analysis in the Baltic Sea. Remote Sens (2021). 13, 
259. https://doi.org/10.3390/rs13020259. 

 Elvidge, A. D., Renfrew, I. A., Brooks, I. M., Srivastava, P., Yelland, M. J., & Prytherch, J. 
(2021). Surface heat and moisture exchange in the marginal ice zone: Observations and a 
new parameterization scheme for weather and climate models. Journal of Geophysical 
Research: Atmospheres, 126, e2021JD034827. https://doi.org/10.1029/2021JD034827  

 Prytherch, J., & Yelland, M. J. (2021). Wind, convection and fetch dependence of gas 
transfer velocity in an Arctic sea-ice lead determined from eddy covariance CO2 flux 
measurements. Global Biogeochemical Cycles, 35, e2020GB006633. 
https://doi.org/10.1029/2020GB006633  

 Nilsson, E.D.; Hultin, K.A.H.; Mårtensson, E.M.; Markuszewski, P.; Rosman, K.; Krejci, R. 
Baltic Sea Spray Emissions: In Situ Eddy Covariance Fluxes vs. Simulated Tank Sea 
Spray. Atmosphere (2021). 12, 274. https://doi.org/10.3390/atmos12020274 

 Schmale, J., Zieger, P., Ekman, A. (2021). Aerosols in current and future Arctic climate, 
Nat. Clim. Change, 11, 95–105. 

 Siegel, K., Karlsson, L., Zieger, P., Baccarini, A., Schmale, J., Lawler, M., Salter, M., Leck, 
C., Ekman, A.M. L., Riipinen, I., and Mohr, C. (2021). Insights into the molecular 
composition of semi-volatile aerosols in the summertime central Arctic Ocean using 
FIGAERO-CIMS, Environ. Sci.: Atmos., RSC, 1, 161-175 

 Triesch, N., van Pinxteren, M., Salter, M., Stolle, C., Pereira, R., Zieger, P., and Herrmann, 
H. (2021). Sea Spray Aerosol Chamber Study on Selective Transfer and Enrichment of 
Free and Combined Amino Acids, ACS Earth and Space Chemistry, 5, 1564-1574 
 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? If yes, who? How did you engage? 

 Shiptrase Belmont forum project. Discussions on shipping scenarios with stakeholders 
(Anna Rutgersson, Uppsala University). 

 Engagement in the Gothenburg Air and Climate Center (Erik Thomson, University of 
Gothenburg). 

 

https://www.polar.se/en/research-support/open-calls/open-call-expedition-artofmelt-2023/
https://www.coastclim.org/
https://doi.org/10.3390/rs13020259
https://doi.org/10.1029/2021JD034827
https://doi.org/10.1029/2020GB006633
https://doi.org/10.3390/atmos12020274


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.).  

 Summer 2022: ArcOP expedition to Arctic Ocean. Deep sea drilling program but will 
include opportunistic trace gas flux measurements (John Prytherch, Stockholm University). 

 May 2023: ARTofMelt expedition to central Arctic Ocean. Planning extensive trace gas 
surface exchange measurements (John Prytherch, Stockholm University). 

 Second Field campaign with University of Oldenburg (Leonie Esters, Uppsala University). 

 2022 - follow up ship engine emission campaign (Erik Thomson, University of Gothenburg). 

 Sea-spray aging experiments in the laboratory and within an international field campaign 
on Graciosa, Azores, in summer 2022 as part of the AGENA campaign in collaboration with 
US partners (Claudia Mohr, Matthew Salter and Paul Zieger, Stockholm University). 

 Planning and coordinating ARTofMELT expedition in 2023, conducting extensive 
atmospheric and oceanic observation to study the onset of sea ice melt within an 
international collaboration with participants from Sweden, US, UK, Switzerland, Finland, 
Denmark and others (Michael Tjernström and Paul Zieger, Stockholm University). 

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

 Shiptrase Belmont forum project. Discussions on shipping scenarios with stakeholders. 

 Gas-Transfer on Water Surfaces, Plymouth, UK, May 2022 

 The 8th international symposium on gas transfer at water surfaces (Plymouth, UK, 17-20 
May 2022) 

 Baltic Earth Conference (Hel peninsula, Poland, 30 May-3 June, 2022) 

 3rd CATCH Open Science Workshop 9-13 May 2022 
(https://www.catchscience.org/OpenScienceWorkshop) 
 

3. Funded national and international projects/activities underway.  

 Continued Integration of ICOS-ACTRIS (Anna Rutgersson, Uppsala University). 

 Arctic Climate Across Scales (K&A Wallenberg Foundation, PI Michael Tjernström). 

 Baltic Sea CH4 upscaling (Bolin Centre for Climate Research Flagship Project funding, PI 
Volker Brüchert).  

 FORMAS Mobility grant (Leonie Esters, Uppsala University). 

 Viral-bacterial interactions between ocean and atmosphere (VIBOCAT) funded by the 
German Research Foundation (DFG), 
https://gepris.dfg.de/gepris/projekt/446702140?language=en, (Janina Rahlff, Linnaeus 
University). 

 FORMAS ending, related to ship emissions in Arctic. VR ongoing related to molecular-level 
understanding of aerosol surfaces (Erik Thomson, University of Gothenburg). 

 VR (Swedish Research council) project “Closing the gap between properties of fresh sea 
spray aerosol and aerosol observed in the marine boundary layer” (Claudia Mohr, Matthew 
Salter and Paul Zieger, Stockholm University). 

 H2020 project CRiceS (Climate Relevant interactions and feedbacks: the key role of sea 
ice and Snow in the polar and global climate system, https://www.crices-h2020.eu/) which 
is dedicated to improve model predictions of the role of polar processes in the climate 
system of oceans, ice, snow and atmosphere, start 2021 (Paul Zieger and Annica Ekman, 
Stockholm University). 

 VR (Swedish Research council) project “Characterizing properties of Climate Relevant 
Organic and Inorganic Sea-Spray-aerosols, Sources and Air-sea-exchange causing their 

https://www.catchscience.org/OpenScienceWorkshop
https://gepris.dfg.de/gepris/projekt/446702140?language=en
https://www.crices-h2020.eu/


Net-emission (CROISSANT)” (Douglas Nilsson, Matthew Salter and Paul Zieger, 
Stockholm University). 

 VR (Swedish Research council) project “Biogenic particles and their role in the formation of 
Arctic clouds” (Paul Zieger, Stockholm University). 

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

 Arctic surface exchange observations (surface flux observations in the central Arctic, 
including trace gases - submitted to VR March 2022). Surface-atmosphere gas exchange 
in sea-ice regions project (submitted to Formas April 2022) (John Prytherch, Stockholm 
University). 

 Peculiar transmission routes of novel and neustonic viruses along the natural water cycle 
(PATRONUS), German Research Foundation, Emmy Noether research group grant 
(submitted in January 22), (Janina Rahlff, Linnaeus University). 

 Potentially joining ARTofMELT, (Erik Thomson, University of Gothenburg). 

 Studying the properties of marine primary biological particles in pristine atmospheres 
(proposal submitted to VR, April 2022) (Paul Zieger, Stockholm University). 

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

 Engagement within (Biogeochemical Exchange Processes at Sea Ice Interfaces, 
https://sites.google.com/site/bepsiiwg140/home) and CATCH (the Cryosphere and 
Atmospheric CHemistry, https://www.catchscience.org/) 

 New SCOR (Scientific Committee on Oceanic Research) working group: Coupling of 
ocean-ice-atmosphere processes: from sea-Ice biogeochemistry to aerosols and Clouds 
(CIce2Clouds), https://scor-int.org/group/coupling-of-ocean-ice-atmosphere-processes-
from-sea-ice-biogeochemistry-to-aerosols-and-clouds-cice2clouds/  
 

 

Comments 
 

 

https://sites.google.com/site/bepsiiwg140/home
https://www.catchscience.org/
https://scor-int.org/group/coupling-of-ocean-ice-atmosphere-processes-from-sea-ice-biogeochemistry-to-aerosols-and-clouds-cice2clouds/
https://scor-int.org/group/coupling-of-ocean-ice-atmosphere-processes-from-sea-ice-biogeochemistry-to-aerosols-and-clouds-cice2clouds/


 
 

1 
 

 

SOLAS-related research/activities in the United Arab Emirates (UAE) 
provided by Diana Francis, SOLAS National Representative UAE 

June 2022 

The two main institutions pursuing activities related to SOLAS in the United Arab Emirates (UAE) are 
Khalifa University (ENGEOS Lab) and New York University Abu Dhabi (ACCESS center). 
Below is a list of activities in each of those. 

1 New York University Abu Dhabi (NYUAD) 
The ACCESS (Arabian Center for Climate and Environmental ScienceS) is undertaking a large 
number of observational, laboratory and modelling activities that overlap SOLAS’ core themes. In 
particular, we focus on investigating the mutual interplay of physics and biology in shaping the marine 
systems of the Arabian (Persian) Gulf and of the Sea of Oman. The below activities are either planned 
or ongoing. 

1.1 Field activities 

 Deployment of a monitoring buoy in the UAE shallows (temperature, salinity, turbidity, DO, 
chlorophyll at different depths, plus basic atmospheric parameters: temperature, humidity, 
wind speed and direction, solar radiation). 

 Periodic transects in selected locations of the UAE shallows (same parameters as above).  
 Hyperspectral ocean-color surveys. These will be conducted from a drone platform starting 

from shore.  

 In a second phase, the drone will also be able to take off and land from the boat. 
Biogeochemical sampling 
Nucleic acid sampling 

1.2 Lab activities 

 Flow cytometry analysis of biogeochemical samples in order to assess the planktonic 
communities of the Southern Gulf. 

 Enrichment experiments in order to assess nutrient limitation. 
 Nutrient analysis of the Southern Gulf, including nitrate/nitrite, phosphate, silicate, ammonia, 

dissolved organic carbon. 
 Microscopy and chlorophyll pigment monitoring in the Southern Gulf to assess phytoplankton 

populations.  
 Characterize and monitor microbial population dynamics geographically and temporally in the 

Southern Gulf using next-generation sequencing. 

 Opportunistic sampling of harmful algal bloom patches to characterize potential toxin 
production, toxigenic species characterization and their impact on the local environment.  

1.3 Modeling activities 

 High-res (½ minute of arc) Gulf model, with ERA5 forcing and Copernicus reanalysis 1/12o 
boundary conditions.  

 Arabian Sea model for biogeochemical climatological analysis. 
 Nested WRF atmospheric model (9-3-1 km) of the Gulf region / UAE. 
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2 Khalifa University 
The Environmental and Geophysical Sciences (ENGEOS) Lab at Khalifa University is undertaking 
several research activities relevant to SOLAS core themes.  
These can be divided into: 

2.1 Observations 
ENGEOS lab is currently using satellite observations as well as in-situ measurements to understand 
the climate of the Arabian Peninsula and the surroundings seas. An emphasis on the role of extreme 
weather events such as dust storms, tropical cyclones and fog is being developed by mean of both 
satellite and in-situ measurements.  

2.2 Modelling 
Modelling activities encompass atmospheric (WRF model) and marine (ROMS and MITGCM) 
simulations to understand and predict the variability in the Arabian Peninsula and Arabian Gulf climate.  

  

 



 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS UK 

compiled by: Philippa Rickard 

 
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, network ing, 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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 

 I would like to make sure that the SOLAS UK mailing list is up to date, so subject to GDPR, 
a cross-check with the IPO records would be very useful. 

 Help in facilitating time and space for networking mixers of the SOLAS UK community at 
conferences (such as the upcoming SOLAS 2022 conference), to enable members of the 
UK community have continued opportunities to be introduced, and catch up, face to face. 
This would be particularly beneficial for ECRs. 

 Support in organising a SOLAS UK seminar. 
 

 

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

1. Scientific highlight 
 
Highlight 
Satellite observations now recognised as a critical approach for studying and quantifying 

atmosphere-ocean exchange. 



Following an invited contribution from Jamie Shutler (University of Exeter) to the United Nations 
Educational, Scientific and Cultural Organisation (UNESCO) and International Oceanographic 
Commission (IOC) decadal vision for ocean carbon research 
(https://unesdoc.unesco.org/ark:/48223/pf0000376708), remote sensing approaches are now 
considered a key aspect of studying and quantifying atmosphere-ocean exchange of carbon, and 
identified as an area where research should be focussed. 
 
Summary 
The ocean, the second largest long-term store of carbon on Earth, annually absorbs more than a 
quarter of all carbon emissions, primarily across the atmosphere-ocean interface, and so the ocean 
is a fundamental component and powerful constraint within global carbon assessments used to 
guide action for reducing emissions. Assessments of the global ocean carbon sink rely heavily on 
remotely-sensed satellite observations for interpolating in situ data and as inputs for calculating the 
integrated net sink. The importance of satellite observations within these global assessments has 
been gradually increasing since the 1990s but their use is often invisible or opaque as they were 
generally considered as just another set of environmental observations. Whereas the 
electromagnetic response of the ocean surface encapsulates many atmosphere-ocean exchange 
processes and so these satellite sensing technologies can be used to probe the atmosphere-ocean 
interface in ways not possible in situ. To date the full potential of satellite observations to expand 
our scientific knowledge of the atmosphere-ocean exchange and movement of carbon, heat and 
energy remains largely unexplored and these methods will likely be critical for answering key open 
questions now facing the marine carbon communities (Shutler et al., 2020). This year, for the fi rst 
time, these capabilities and potential have been recognised internationally by the United Nations 
Educational, Scientific and Cultural Organisation (UNESCO) and International Oceanographic 
Commission (IOC) within their decadal vision for ocean carbon research, where a dedicated 
section identifies the opportunities that remote sensing technologies can now provide to the marine 
carbon communities (Arico et al., 2021). 
 

 
 

Figure 1 This view of the Pacific Ocean from International Space Station illustrates the synoptic-
scale view uniquely provided by satellite observations, but advances over recent decades have 
identified that satellites offer more than just another set of ocean observations and this potential for 
gaining new knowledge of exchanges across the atmosphere-ocean interface remains mostly 
unexplored. Credit: European Space Agency. 
 
Citations 
Aricò, S., Arrieta, J. M., Bakker, D. C. E., Boyd, P. W., Cotrim da Cunha, L., Chai, F., Dai, M., 
Gruber, N., Isensee, K., Ishii, M., Jiao, N., Lauvset, S. K., McKinley, G. A., Monteiro, P., Robinson, 

https://unesdoc.unesco.org/ark:/48223/pf0000376708


C., Sabine, C., Sanders, R., Schoo, K. L., Schuster, U., Shutler, J. D., Thomas, H., Wanninkhof, R., 
Watson, A. J., Bopp, L., Boss, E., Bracco, A., Cai, W., Fay, A., Feely, R. A., Gregor, L., Hauck, J., 
Heinze, C., Henson, S., Hwang, J., Post, J., Suntharalingam, P., Telszewski, M., Tilbrook, B., 
Valsala, V. and Rojas Aldana, A. 2021. Integrated Ocean Carbon Research: A Summary of Ocean 
Carbon Research, and Vision of Coordinated Ocean Carbon Research and Observations for the 
Next Decade. R. Wanninkhof, C. Sabine and S. Aricò (eds.). Paris, UNESCO. 46 pp. (IOC 
Technical Series, 158.) DOI: 10.25607/h0gj-pq41 

 
Shutler J.D., Wanninkhof R., Nightingale P.D., Woolf D.K., Bakker D.C., Watson A., Ashton I.G., 
Holding T., Chapron B., Quilfen Y., Fairall C., (2020). Satellites will address critical science 
priorities for quantifying ocean carbon, Frontiers in Ecology and the Environment, doi: 
10.1002/fee.2129 
 

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). 

Projects: 

Mingxi Yang at Plymouth Marine Laboratory lead the Atmospheric Composition and Radiative 

forcing changes due to UN International Ship Emissions regulations (ACRUISE: 

https://www.pml.ac.uk/science/Projects/ACRUISE); PML collaborators Frances Hopkins, Tim 

Smyth and Tom Bell. Project duration: January 2019-2022. Endorsed by SOLAS. 

Mingxi also: 

 designed the novel gas transfer efficiency (GTE) method to quantify how gas exchange 
varies with surfactants; application of this at sea in combination with eddy covariance CO2 
flux measurements shows that sea/air CO2 exchange depends not just on wind, but also 
on surfactants; this innovative work inspired 3SAGES (see citation 71). 

 led the most definitive assessment yet on the uncertainties in sea/air CO2 exchange 
measurements by eddy covariance at sea, a foundational guide for processing, filtering, 
and interpreting existing/future data (see citation 18). 

Fieldwork: 

Ben Murray’s team at the University of Leeds have recently (March 2022) completed the ACAO 

(Arctic cold air outbreaks) campaign where they used the FAAM aircraft to study boundary layer 

clouds and the aerosol that control their properties in the springtime Arctic. The project is a 

collaboration between the Met Office and the NERC funded M-Phase project (Resolving climate 

sensitivity associated with shallow mixed phase cloud in the oceanic mid- to high latitudes) 

https://cloudsense.ac.uk/m-phase/ (in turn this is part of NERC’s CloudSense programme 

(https://cloudsense.ac.uk/about/). 

Ryan Pereira’s team at the Lyell Centre, Heriot-Watt University (Edinburgh) completed field 

campaigns on the Essequibo River (Guyana) in April-May 2022 and during the RAPID cruise 

February-March 2022. They also supported students on the WASCAL cruise from CVOO to 
Bremerhaven with GEOMAR (Germany). 

Rob Upstill-Goddard’s team (Newcastle University) completed two 21-day field campaigns between 

May-October 2021 (final campaign in spring 2022), at Lake Erken (Sweden), in collaboration with 

Uppsala University (Sweden) exploring surfactant control of air-water gas transfer in a freshwater 

lake. 

Tom Bell’s team at Plymouth Marine Laboratory had a successful aircraft campaign out of Exeter to 
measure ship emissions in the English Channel and NW European Shelf. 

Conferences: 

https://www.pml.ac.uk/science/Projects/ACRUISE
https://cloudsense.ac.uk/m-phase/
https://cloudsense.ac.uk/about/


The Gas Transfer at Water Surfaces (GTWS) 8th International Symposium was postponed for a 

second time due to the ongoing COVID-19 pandemic, so the Plymouth Marine Laboratory 

organising committee hosted a ‘bitesize’ online event on 19th May 2021 with ~150 participants from 

30+ countries spanning the entire range of time zones; the in person/hybrid conference was 
postponed until 17th-20th May 2022.  

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

 

The following alphabetical list of SOLAS-relevant, peer-reviewed March 2021 – February 2022 

publications (n = 73) with UK authors and/or co-authors is based on researchers’ input and Web of 

Knowledge searches. There has been no attempt to formally rank the “top 5” in terms of scientific 

quality or importance. 
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Viera, L., Baker, A.R., Hamilton, D.S., Tanhau, T. and Moore, C.M. (2021) Trace element 
biogeochemistry in the high latitude North Atlantic Ocean; seasonal variations and volcanic 
inputs, Global Biogeochemical Cycles, 34, e2020GB006674. 
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Turner, D.R. (2021) Changing atmospheric acidity as a modulator of nutrient deposition and 
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https://doi.org/10.1126/sciadv.abd8800 
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11. Brown, Alison M., Bass, Adrian M., Pickard, Amy E., Brown, Alison M, Bass, Adrian M, and 

https://doi.org/10.1029/2020GB006674
https://doi.org/10.5194/bg-18-4431-2021
https://doi.org/10.1029/2020GB006569
https://doi.org/10.5194/bg-19-223-2022
https://unesdoc.unesco.org/ark:/48223/pf0000376708
https://doi.org/10.5194/bg-19-223-2022
https://doi.org/10.1126/sciadv.abd8800
https://doi.org/10.5194/acp-21-13067-2021
https://doi.org/10.1016/j.earscirev.2021.103604
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(2021): Estimating the Impact of Atmospheric Reactive Nitrogen and Phosphorus Deposition to 
the Western English Channel, UK. Atmospheric Environment. 
https://www.sciencedirect.com/science/article/abs/pii/S1352231021002107 

69. White, C, Ussher, SJ, Bell, TG, White, Caroline, Ussher, Simon J, Fitzsimons, Mark F, Atkinson, 
Sov, Woodward, E Malcolm S, Yang, Mingxi, and Bell, Thomas G. "Inorganic Nitrogen and 
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70. Wohl, C., Jones, A. E., Sturges, W. T., Nightingale, P. D., Else, B., Butterworth, B. J., and Yang, 
M.: Sea ice concentration impacts dissolved organic gases in the Canadian Arctic, 
Biogeosciences, 19, 1021–1045, (2022), https://doi.org/10.5194/bg-19-1021-2022 
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71. Yang, M., Smyth, T.J., Kitidis, V., Brown, I.J., Wohl, C., Yelland, M.J. and Bell, T.G. (2021) 
Natural variability in air–sea gas transfer efficiency of CO2. Sci Rep 11, 13584. 
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72. Yoon, JE, Son, S, Kim, IN, Yoon, Joo-Eun, Son, Seunghyun, and Kim, Il-Nam. "Capture of 
Decline in Spring Phytoplankton Biomass Derived from COVID-19 Lockdown Effect in the 
Yellow Sea Offshore Waters." Marine Pollution Bulletin 174 (2022): 113175. 
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4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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.).  

Field studies: 

Helen Czerski (University College London) plans to participate in the CenBASE study (three weeks 

in the Baltic Sea) to study air-sea gas flux in the central Baltic (PI: Henry Bittig) during June/July 

2022, and also has tentative plans (depending on grant proposal decision due in June/July 2022) to 

participate in the six-week BELS expedition to the Labrador Sea to study air-sea gas flux and how 
deep circulation affects gas export into the deep ocean (PI: Christa Maradino, GEOMAR). 

Mingxi Yang (Plymouth Marine Laboratory) plans to participate in ACSIS/ACRUISE flights (Apr-

May 2022): atmospheric sulphur cycling in SW UK and near Azores, and SEANA cruise - air-sea 
fluxes of CO2 and VOC (May-June 2022). 

Ryan Pereira’s team (Lyell Centre, Heriot-Watt University) will be participating in fieldwork on the 

Essequibo River (Guyana) and Cape Verde Islands, and are joining the AMT cruise in February-

April 2023. 

Tom Bell (Plymouth Marine Laboratory) will be participating in the AMT4CO2flux field campaign on 
RRS Discovery (https://amt4oceansatflux.org/). 

Projects: 

Jamie Shutler (University of Exeter) is leading a new project from April 2022 (with French and 

Swiss partners): European Space Agency (ESA): Ocean satellite datasets for acidification 

(OceanSODA: https://esa-oceansoda.org/), €550K, 2-year project. Scientific development of 

satellite observation-based datasets with co-designed early-adopter user cases (for policy makers, 
regional resource managers and small businesses). 

Lucy Carpenter and Rosie Change at the University of York have a new NERC funded project 

starting September 2022: I-SEA: Iodine sea-air emissions and atmospheric impacts in a changing 
world (Carpenter, L. J., Chance, R., Evans, M.). 

 

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

https://doi.org/10.1038/s41598-021-92947-w
https://doi.org/10.1016/j.marpolbul.2021.113175
https://doi.org/10.5194/bg-18-2107-2021
https://amt4oceansatflux.org/
https://esa-oceansoda.org/


 

Conferences: 

The 8th Gas Transfer at Water Surfaces (GTWS) Symposium (https://www.pml.ac.uk/Events/The-

8th-International-Symposium-on-Gas-Transfer-at) is being held at Plymouth Marine Laboratory on 
17th-20th May 2022 (originally postponed from May 2020 due to the COVID-19 pandemic). 

The Challenger Society Conference (https://www.nhm.ac.uk/our-science/science-events/the-

challenger-society-conference-2022-in-london.html) is being held at the Natural History Museum 

and Imperial College, London, on 5th-9th September 2022.  

Summer schools: 

Jamie Shutler (University of Exeter) is an invited Lecturer for ocean carbon and air-sea exchange 

within the 2022 European Space Agency (ESA) Remote Sensing Summer School (online over 3 

months, with an at-sea fieldwork element in the Agulhas current). 

3. Funded national and international projects/activities underway.  

Projects: 

Jamie Shutler (University of Exeter) is leading two ongoing projects: 

 A two-year, £15K, UK Research and Innovation (UKRI) Globalink UK-Canada award 
(Canada lead: Brent Else): Remote sensing for understanding air-ice-sea gas exchange 
over land fast sea ice during spring melt season in the Canadian Archipelago (UK student 
recipient: Jenny Watts). 

 A two-year, €500K, project with the European Space Agency (ESA) (with French and Swiss 
partners): Ocean satellite datasets for acidification (OceanSODA: https://esa-
oceansoda.org/). 

Jamie is also involved in a European Union (EU) Joint Baltic Sea Research and Development 

Programme (BONUS: https://www.bonusportal.org/) Integrated carbon and trace gas monitoring in 
the Baltic Sea (Integral), €3 million, four-year project led by Germany (Gregor Ryhder). 

Karen Heywood (University of East Anglia) is leading the NERC funded Processes Influencing 

Carbon Cycling: Observations of the Lower limb of the Antarctic Overturning (PICCOLO) 

(https://roses.ac.uk/piccolo/.  

Rob Upstill-Goddard (Newcastle University) is leading a three-year Leverhulme Trust funded 

project in collaboration with Erik Sahlée (Uppsala University, Sweden): Surfactant control of air-

water gas exchange is freshwater systems. This project ends in July 2022.  

Ryan Pereira (Lyell Centre, Heriot-Watt University) is leading a five-year, £1.6M, interdisciplinary 

research project, Breathing Oceans: Understanding the Organic Skin that Modulates the Exchange 

of Greenhouse Gases between the Atmosphere and the Ocean (BOOGIE: 
https://cordis.europa.eu/project/id/949495), funded by the European Research Commission. 

Tom Bell’s team (Plymouth Marine Laboratory) are involved with multiple ongoing projects: 

 ASEauto, enabling the purchase of a range of SOLAS-relevant equipment in relation to the 
developments in marine autonomy: https://www.pml.ac.uk/News/Funding-award-will-
facilitate-game-changing-advanc 

 AMT4CO2flux (https://amt4oceansatflux.org/), funded by the European Space Agency 
(ESA), and led by Plymouth Marine Laboratory (UK) in cooperation with the University of 
Southampton (UK), the Institut Francais de Recherche pour l'Exploitation de la Mer 
(France); IFREMER) and the University of Exeter (UK), and endorsed by SOLAS. This 
project aims to develop a processing chain for satellite products and uncertainties for the 
air-sea flux of carbon dioxide and ocean acidification parameters.  

 SeaCURE marine mediated anthropogenic carbon removal (Sea Carbon Unlocking and 
Removal) (£250K grant: https://www.pml.ac.uk/News/Champagne-technology-to-capture-
carbon-dioxide-via) led by the University of Exeter, with support from Brunel University 
London and industrial partner tpgroup; NERC funded. 

https://www.pml.ac.uk/Events/The-8th-International-Symposium-on-Gas-Transfer-at
https://www.pml.ac.uk/Events/The-8th-International-Symposium-on-Gas-Transfer-at
https://www.nhm.ac.uk/our-science/science-events/the-challenger-society-conference-2022-in-london.html
https://www.nhm.ac.uk/our-science/science-events/the-challenger-society-conference-2022-in-london.html
https://esa-oceansoda.org/
https://esa-oceansoda.org/
https://www.bonusportal.org/
https://roses.ac.uk/piccolo/
https://cordis.europa.eu/project/id/949495
https://www.pml.ac.uk/News/Funding-award-will-facilitate-game-changing-advanc
https://www.pml.ac.uk/News/Funding-award-will-facilitate-game-changing-advanc
https://amt4oceansatflux.org/
https://www.pml.ac.uk/News/Champagne-technology-to-capture-carbon-dioxide-via
https://www.pml.ac.uk/News/Champagne-technology-to-capture-carbon-dioxide-via
https://www.tpgroupglobal.com/what-we-do/innovation-and-technology


 PICCOLO (https://roses.ac.uk/piccolo/): PI Karen Heywood (see above). 

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. 
 

 

Comments 
 

 

https://roses.ac.uk/piccolo/


 

 

 

 

Report for the year 2021 and future activities 

 

SOLAS USA 

compiled by: Rachel Stanley 

 

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 things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
 

It would be great to have an updated email list of all the SOLAS members in the US so I can email 

them periodically with SOLAS related news or questions.  

 

 

 

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). 
 



For this national report in 2021, the US scientific highlight will not be a typical scientific highlight 
relating to one group or cruise. Rather, we’d like to highlight our new US SOLAS Science Plan that 
was published in 2021 (a copy is attached to this report) as it was a major achievement of US SOLAS 
community and represents the work and thoughts of over a hundred US SOLAS researchers. In 
October 2019, with funding from the US Ocean Carbon Biogeochemistry office, the US Ocean 
Atmosphere Interaction Committee (OAIC) convened a multiday open community workshop to 
discuss high priority science questions that should be included in a US SOLAS Science Plan as well 
as to foster collaborations and identify knowledge gaps. Over the next two years, the OAIC, with help 
from other attendees of the workshop, wrote the US SOLAS Science Plan. After some introductory 
material, the plan steps through the five themes of SOLAS and for each theme, discusses some major 
unanswered questions that the US community deems as especially important. Then the plan 
discusses high priority, crosscutting topics and research questions that the US community wants to 
explore in more depth. These topics include the sea-surface microlayer, surfactants, aerosols, air-sea 
gas exchange, hologens, reactive nitrogen, and redox chemistry (Fig. 1). An overarching US goal of 
investigating these crosscutting topics will be to determine (i) the extent to which increased 
understanding of these topics will improve oceanic and atmospheric chemistry, biogeochemistry, and 
climate models and (ii) the predicted changes in these systems in response to a changing climate. 
Each crosscutting topic is discussed in detail with research gaps clearly identified. The plan then 
includes an implementation section where it describes major types of techniques used to conduct 
SOLAS related research (i.e. field campaigns, numerical and data anlaysis, etc.) and lists specific 
steps that are needed to improve these techniques and make them even more powerful tools. We 
hope this Science Plan will prove to be a catalyst for US SOLAS research, rejuvenating the 
community and letting our funders know high priority items that have bubbled up from the community. 
Indeed, the latter is already starting to happen – NASA referenced the US SOLAS Science Plan in its 
recent funding call.   
 
 

 
Fig. 1: Schematic showing the interrelationships between the crosscutting themes, identified by US 
researchers as high priority topics for future SOLAS research within the United States. Figure is from 
Stanley et al. (2021), US SOLAS Science Report, see full reference below. 
 
 
Full Reference: Stanley, R, T Bell, Y Gao, C Gaston, D Ho, D Kieber, K Mackey, N Meskhidze, B 
Miller, H Potter, P Vlahos, P Yager, B Alexander, S Beaupre, S Craig, G Cutter, S Emerson, A 
Frossard, S Gasso, B Haus, W Keene, W Landing, R Moore, D Ortiz-Suslow, J Palter, F Paulot, E 
Saltzman, D Thornton, A Wozniak, L Zamora, H Benway. 2021. US 
SOLAS Science Report. 62pp. DOI 10.1575/1912/27821 

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). 

Major conferences in the US that are relevant to SOLAS themes include the fall meeting of  American 
Geophysical Union (AGU), the American Society of Limnology and Oceanographers (ASLO) 2021 
Meeting, and American Meterological Society (AMS) Annual Meeting. These large meetings always 
have multiple sessions of interest to SOLAS research. Additionally, the biennial Ocean Sciences 
Meeting was held virtually  in Feb 2022.  

 

A workshop on iron at the air-sea interface in Asheville, NC in July 2021 was organized by Nicholas 
Meskhidze and Bill Landing. The workshop was dedicated to an improved understanding of how 
does bioaccessible LFe move across the ocean-atmosphere interface and become bioavailable for 
uptake in the ocean at scales important for ocean ecosystems and the carbon cycle. A white paper 
from the workshop will be forthcoming.  More information can be found at 
https://zzqvaay3twhzlhnmvpvdvq.on.drv.tw/Web/Iron_Workshop/ 

 

The OCB Summer Science workshop in Woods Hole included several plenary sessions related to 
SOLAS themes such as filling in gaps in observation-based estimates of air-sea carbon fluxes, carbon 
capture and biogeochemical cycling in coastal waters, CO2 transfer between air and atmosphere, 
and using coastal observing systems to understand and predict changes. More information on the 
workshop can be found: https://web.whoi.edu/ocb-workshop/ 

 

A workshop on the New Global Ocean Biogeochemistry (GO-BGC) Array was held in June 2021.Such 
an array could be used to address some SOLAS relevant questions, particularly in SOLAS themes 1, 2, 
and 3. The Global Ocean Biogeochemistry (GO-BGC) array is a 5-year effort funded by the US 
National Science Foundation to produce and deploy 500 profiling floats equipped with 
biogeochemical sensors in the world ocean.  Deployments began in the first quarter of 2021. The 
objectives of the workshop were to: (1) Introduce the GO-BGC plan to the global scientific 
community (2) Discuss and innovate on scientific applications of GO-BGC data (3)Provide background 
information on the flow of data and archiving and (4) Deliver hands-on tutorials and computer code 
for accessing GO-BGC data. 

 

While not in the US, a workshop that was well attended by US researchers, under the theme: Air-sea 
interface and fluxes of mass and energy, was carried out in November 2020 under the auspices of 
GESAMP WG 38 entitled “The Atmospheric Transport of Microplastics to and from the Ocean”.  A 
scientific paper was developed from the workshop and was published in Nature Reviews – Earth and 
Environment in 2022 entitled “Microplastics and nanoplastics in the marine-atmosphere 
environment”.  The citation is: Allen, D., Allen, S., Abbasi, S. et al. Microplastics and nanoplastics in 
the marine-atmosphere environment. Nat Rev Earth 
Environ (2022). https://doi.org/10.1038/s43017-022-00292-x.  

  

A field campaign related to a SOLAS themes 3, 4 and 5 is the Bermuda boundary Layer Experiment 
on the Atmospheric Chemistry of Halogens (BLEACH), led by Principle Investigator Becky Alexander. 
The primary activity of this project is a field campaign to measure an unprecedented set of reactive 
gaseous and particulate halogen abundances at the Bermuda Institute of Ocean Sciences (BIOS) 
Tudor Hill Marine Atmospheric Observatory (THMAO) in June 2022 and January 2023. As part of this, 
we are also measuring fluxes of ozone and NOx. In addition to the field observations, we will also 
perform model simulations using the GEOS-Chem global chemical transport model for analysis of the 

https://zzqvaay3twhzlhnmvpvdvq.on.drv.tw/Web/Iron_Workshop/
https://web.whoi.edu/ocb-workshop/
https://doi.org/10.1038/s43017-022-00292-x


field observations and ongoing model development. Measurements proposed here will provide a 
quantitative observational constraint for the dependence of reactive halogen abundances on 
pollution levels, as well as allow us to assess the model’s representation of the abundance and 
speciation of reactive halogens at a tropical, marine location and their interactions with one another. 

 

3. List SOLAS-related publications published in 2021 (only PUBLISHED articles). 
 If any, please also list weblinks to models, datasets, products, etc.  
There are too many SOLAS related publications in the USA to record in this document. Below is a 
sampling of papers relevant to SOLAS themes published by US scientists.  

Theme 1: 

Bishop JKB, Amaral VJ, Lam PJ, Wood TJ, Lee J-M, Laubach A, Barnard A, Derr A and Orrico C (2022) 
Transmitted Cross-Polarized Light Detection of Particulate Inorganic Carbon Concentrations and 
Fluxes in the Ocean Water Column: Ships to ARGO Floats. Front. Remote Sens. 3:837938. doi: 
10.3389/frsen.2022.837938. 
 
Bennington, V.S., L. Gloege, and G.A. McKinley (2022) Variability in the global ocean carbon sink 
from 1959-2020 by correcting models with observations, Geophys. Res. Lett. in press. Read it on 
ESSOArchive   

Bourne, H. L., J. K. Bishop, E. J. Connors, and T. J. Wood, “Carbon export and fate beneath a dynamic 
upwelled filament off the California coast.”  Biogeosciences, 18, 3053–3086, 2021 
https://doi.org/10.5194/bg-18-3053-2021 

Gloege, L., M. Yan, T. Zheng and G.A. McKinley (2022) Improved quantification of ocean carbon 
uptake by using machine learning to merge global models and pCO2 data, 
JAMES, doi:10.1029/2021MS002620Access the LDEO HPD data product on Zenodo  

Vernet, M., I. H. Ellingsen, C. Marchese, S. Bélanger, M. Cape and P. A. Matrai. 2021. “Net primary 
production and bloom initiation around Greenland”. Progress in Oceanography, 198, 
102655, 10.1016/j.pocean.2021.102655. 

Yang, B., E.H. Shadwick, C. Schultz, and S.C. Doney, 2021: Annual mixed layer carbon budget for the 
West Antarctic Peninsula continental shelf: insights from year-round mooring measurements, J. 
Geophys. Res. Oceans, https://doi.org/10.1029/2020JC016920 

 

Theme 2: 

Olivarez, H., N.S. Lovenduski, R. Brady, A.R. Fay, M. Gehlen, L. Gregor, P. Landschützer, G.A. 
McKinley, K. McKinnon, and D. Munro (2022) Alternate histories: Synthetic large ensembles of sea-
air CO2 flux, Global Biogeochem. Cycles, 36, e2021GB007174, doi:10.1029/2021GB007174  

Zippel, S.F., J.T. Farrar, C.J. Zappa and A.J. Plueddemann, 2022. Parsing the Kinetic Energy Budget of 
the Ocean Surface Mixed Layer, Geophys. Res. Lett., 49(2), DOI:10.1029/2021GL095920. 
 

Theme 3: 

Lawler, M. J., Saltzman, E. S., Karlsson, L., Zieger, P., Salter, M., Baccarini, A., et al. (2021). New 
insights into the composition and origins of ultrafine aerosol in the summertime high Arctic. 
Geophysical Research Letters, 48, e2021GL094395. https://doi.org/10.1029/2021GL094395 

https://www.essoar.org/doi/abs/10.1002/essoar.10510815.1
https://www.essoar.org/doi/abs/10.1002/essoar.10510815.1
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2021MS002620
https://zenodo.org/record/4760205
https://doi.org/10.1029/2020JC016920
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021GB007174
https://doi.org/10.1029/2021GL094395


Lewis, S. L., Saliba, G., Russell, L. M., Quinn, P. K., Bates, T. S., & Behrenfeld, M. J. (2021). Seasonal 
Differences in Submicron Marine Aerosol Particle Organic Composition in the North 
Atlantic. Frontiers in Marine Science, 8, Article 720208. https://doi.org/10.3389/fmars.2021.720208 
 
Theme 4: 
Aldhaif, A.M., Lopez, D.H., Dadashazar, H., Painemal, H., Peters, A.J., and Sorooshian, A. (2021) An 
aerosol climatology and implications for clouds at a remote marine site: Case study over Bermuda. 
Journal of Geophysical Research: Atmospheres, 126, doi: 10.1029/2020JD034038 
 
Dadashazar, H., Alipanah, M., Hilario, M.R.A., Crosbie, E., Kirschler, S., Liu, H., Moore, R., Peters, A.J., 
Scarino, A., Shook, M., Thornhill, K.L., Voigt, C., Wang, H., Winstead, E., Ziemba, L. and Sorooshian, A. 
(2021) Aerosol responses to precipitation along North American air trajectories arriving at Bermuda. 
Atmospheric Chemistry and Physics, 21, 16121-16141, doi: 10.5194/acp-21-16121-2021 
  
Orellana, M.V., D.A. Hansell, P.A. Matrai, C. Leck. 2021. “Marine Polymer-Gels’ relevance in the 
Atmosphere as Aerosols and CCN”. Gels, 7(4), 185; https://doi.org/10.3390/gels7040185. 

Twohy, C. H., DeMott, P. J., Russell, L. M., Toohey, D. W.,Rainwater, B., Geiss, R., … McRobert, I. M. 
(2021). Cloud-Nucleating Particles Over the Southern Ocean in a Changing Climate. Earths 
Future, 9(3), Article e2020EF001673. https://doi.org/10.1029/2020ef001673 

 
Theme 5: 

Jackson R. L., A. J. Gabric, P. A. Matrai, M. T. Woodhouse, R. Cropp, G. B. Jones, E. S. M. Deschaseaux, 
Y. Omori, E. L. McParland, H. B. Swan and H. Tanimoto. 2021. “Parameterizing the impact of 
seawater temperature and irradiance on dimethylsulfide (DMS) in the Great Barrier Reef and the 
contribution of coral reefs to the global sulfur cycle”. J. Geophys. Res. Oceans, 126(3), 
e2020JC016783. 
 
Pendergraft MA, Grimes DJ, Giddings SN, Feddersen F, Beall CM, Lee C, Santander MV, Prather 
KA. 2021. Airborne transmission pathway for coastal water 
pollution. PeerJ 9:e11358 https://doi.org/10.7717/peerj.11358 
 
Zhu, Y., Wang, Y., Zhou, X., Elshorbany, Y., Ye, C., Hayden, M., and Peters, A.J. (2022) An investigation 
into the chemistry of HONO in the marine boundary layer at Tudor Hill Marine Atmospheric 
Observatory in Bermuda. Atmospheric Chemistry and Physics, 22, 6327-6346, doi: 10.5194/acp-22-
6327-2022 
 

 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2021? 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.).  

https://doi.org/10.3389/fmars.2021.720208
https://doi.org/10.3390/gels7040185
https://doi.org/10.1029/2020ef001673
https://doi.org/10.7717/peerj.11358


 

The USA is a large research community that primarily  works in small groups so there aren’t many 

major national field studies. Rather, there are huge numbers of field studies with several PI’s that 

are not necessarily embraced “nationally”. The EXPORTS project was a national level project but 

the fieldwork for that project is over.  

That being said, some national programs do exist, such as field studies that take place as part of 

the Longterm Ecological Resarch Network: LTER, https://lternet.edu/ which has a number of ocean 

sites, such as on the Northeastern Shelf, Gulf of Alaska, California Coastal Current, and at Palmer 

Station in Antarctica. Additionally, cruises take place as part of NOAA GO-SHIP Repeat 

Hydrography (https://usgoship.ucsd.edu/) with section P02 along 30 N in the Pacific being planed 

for April-July 2022 and perhaps P04E and A16N in 2023 though those cruises are currently on 

hold.  US Geotraces, another national effort, is planning a GP17 Cruise that will take place in 

December 22 to January 2023 from Tahiti to Chili 

(https://usgeotraces.ldeo.columbia.edu/content/gp17 ).  

 

 

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

 

AGU Fall Meeting 2022  Dec 12 to Dec 16, Chicago https://www.agu.org/Events/Meetings/Fall-

Meeting-2022 

 

American Meteorological Society AMS Annual Meeting Jan 8-12, 2023 Denver 

https://annual.ametsoc.org/index.cfm/2023/ 

NASA’s Carbon Cycle and Ecosystems Joint Science Workshop May8-12, 2023 in Baltimore. 

https://cce.nasa.gov/meeting_2023/index.html 

 

American Society of Limnologists and Oceanographers (ASLO) Aquatic Science Meeting, June 4-9 

2023 in Palma de Mallorca, Spain. https://www.aslo.org/palma-2023/  

   

3. Funded national and international projects/activities underway.  

 

There are too many to record.  

 

 

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

See the US SOLAS Science plan, attached, for ideas for future US SOLAS research.  

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

https://lternet.edu/
https://usgoship.ucsd.edu/
https://usgeotraces.ldeo.columbia.edu/content/gp17
https://www.agu.org/Events/Meetings/Fall-Meeting-2022
https://www.agu.org/Events/Meetings/Fall-Meeting-2022
https://annual.ametsoc.org/index.cfm/2023/
https://cce.nasa.gov/meeting_2023/index.html
https://www.aslo.org/palma-2023/


 

 

Comments 
 

 


