surface ocean

S O I a S lower atmosphere study
20|ge

Report for the year 2024 and future activities

SOLAS Aotearoa New Zealand
compiled by: Holly Winton

This report has two parts:

- Part 1: reporting of activities in the period of January 2024 - Feb/Mar 2025
- Part 2: reporting on planned activities for 2025 and 2026.

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 Core Themes or Cross-Cutting Themes.

Core Theme 1: Greenhouse gases and the oceans;

Core Theme 2: Air-sea interfaces and fluxes of mass and energy;

Core Theme 3: Atmospheric deposition and ocean biogeochemistry;

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

Core Theme 5: Ocean biogeochemical control on atmospheric chemistry;

Cross-Cutting Theme: Integrated studies of high sensitivity systems (upwelling systems,

Indian Ocean, polar oceans and sea ice);

Cross-Cutting Theme: Climate intervention;

Cross-Cutting Theme: Science and society.

IMPORTANT: This report should reflect the efforts of the SOLAS community in the entire country or
region 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 2024 to Feb/Mar 2025

1. Scientific highlight

Core Theme 5:

Sea salt aerosols (SSA) are the main source of natural aerosols in the Earth's atmosphere and are
formed when waves break and bubbles burst at the ocean surface. Due to their role in aerosol-
radiation and aerosol-cloud interactions, SSA are routinely included in Earth system models (ESMs).
The models that participated in the sixth Climate Model Intercomparison Project (CMIPG6) all represent
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SSA production differently. Some base it on the wind speed close to the ocean's surface, while others
include additional factors such as the sea surface temperature. To understand how SSA production
cascades to other important processes in the climate system, we used a single model (the UK Earth
System Model run in an atmosphere-only configuration (UKESM1-AMIP)) to test seven different SSA
parameterisations. Using a fixed SSA size distribution, we found that parameterisation uncertainty
causes large inter-model diversity in SSA emissions (Fig. 1). The choice of SSA parameterisation
influences the ambient aerosol size distribution, cloud condensation nuclei and cloud droplet number
concentrations, and therefore direct and indirect radiative forcing. Using available observations, we
were able to identify which SSA parameterisation produced the most realistic simulation outputs in
UKESM. The simulations also identify that the largest model variability is seen over the Southern
Ocean; future model evaluation efforts would benefit strongly from further observations here (Fig. 2).
We recommend that other modelling groups evaluate their SSA parameterisations and update them
where necessary in preparation for future model intercomparison activities.
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Fig. 1: Near-surface SSA mixing ratio measured at Cape Grim (40.38°S, 144.4°E) compared to seven
UKESM1-AMIP simulations, each using a different SSA production parameterisation.
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Fig. 2: The pooled standard deviation calculated for seven UKESM1-AMIP sensitivity simulations
highlights that SSA induces large variability in annual-mean Southern Ocean (a) CCN concentrations;
(b) cloud droplet number concentrations; (c) clear-sky radiative forcing and (d) cloudy-sky radiative
forcing.

For more information see: Venugopal, A. U., Y. A. Bhatti, O. Morgenstern, J. Williams, N. Edkins, C.
Hardacre, A. Jones and L. E. Revell (2025). Constraining the Uncertainty Associated With Sea Salt
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Aerosol Parameterizations in Global Models Using Nudged UKESM1-AMIP Simulations. Journal of
Geophysical Research: Atmospheres 130(2): €2024JD041643.

2. Activities/main accomplishments in 2024 (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 campaigns:
Core Theme 1:

Munida Time Series — Bimonthly voyages from coastal to subantarctic water through 2024 with the
primary aim of characterizing CO2 and carbonate system in surface waters.

Ross Sea fieldwork for Royal Society Marsden Award on Antarctic seafloor seeps: A driver of coastal
change? (S. Seabrook)

Core Theme 4
Fieldwork in Hauraki Gulf examining Whale Foraging Cues (C. Law, R. Constantine, A. Della Pena)
Core Theme 5:

Antarctic & Southern Ocean Scientific Research Voyage — Actuate: TAN2502 RV Tangaroa voyage to
Ross Sea (January-February 2025) aerosols, microplastics, seawater biogeochemistry.

Ross Sea Polynya: PNRA39 AN24 RV Lara Bassi voyage to Ross Sea (January 2024) seawater
biomarkers, seafloor seeps.

We continue our ships of opportunity programme, collecting air flask samples for 14C0O2 analysis. In
this programme, volunteers on a variety of ships travelling between New Zealand and the Ross Sea
fill air flasks for us on transects across the Southern Ocean. The 14C0O2 measurements are intended
to provide new information on the strength and variability of deep water upwelling.

Antarctic fieldwork at Therm Promontory, Victoria Land (Dec-Jan 2025) — ocean-air-snow transfer of
biogenic aerosols.

Conferences:
Core Theme 1

S. Seabrook, C. Law, M. Druce, A.R. Thurber, V. Cummings, |. Hawes, S. Cox, S. Deppeler, J.
Hillman, J. Mikucki, Y. Ladroit, A. Maurice, A. Paytan, R. Westerhoff. Antarctic seafloor seeps: A
signal of climate sensitivity on coastal margins? Antarctic seafloor seeps: A driver of coastal
ecosystem change? SCAR Biology Symposium 2023. Christchurch, 31st July 2023

Cristi, A, Deppeler S, Barr N, Druce M, Gall M, Safi K, Seabrook S, Gutiérrez-Rodriguez A, Law CS.
Response of Ross Sea phytoplankton communities to projected increases in iron and temperature.
SCAR Biology Symposium 2023. Christchurch, 31st July 2023

Core Theme 4

J. Alroe M. D. Mallet, J. Mace, A. Protat, K. Barber, L. Ackermann, S. P. Alexander, C. Bekemeier, S.
D. Chambers, H. Crawford, J. M. Creamean, E. Dunne, E. B. Franklin, W. J. R. French, J. Harnwell,
R. S. Humphries, B. Miljevic, S. Molloy, C. Mynard, J. Powell, K. Sellegri, S. Sodano, R. F. Strzepek,
S. Taylor, J. Ward, A. G. Williams, V. H. L. Winton, 2024. Pursuing ocean-atmosphere links in the
Southern Ocean: A 2024 MISO voyage overview. 2024 Atmospheric Composition & Chemistry
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Observations & Modelling Conference incorporating the Kennaook/Cape Grim Annual Science
Meeting, CSIRO Environment, Climate, Atmosphere & Ocean Interactions, Aspendale, Victoria,
Australia, 12 — 14 November 2024.

Bahamondes Dominguez, Angela, Macdonald, Helen, Winton, Holly, Rickard, Graham, 2024. Testing
extremes: how sea-ice has changed phytoplankton biomass in the Ross Sea polynyas using a 1-D
model. Oral presentation at Scientific Committee on Antarctic Research Open Science Conference,
Pucon, Chile, 19-14 August 2024.

Holly Winton, Emma de Jong, Angela Bahamondes-Dominguez, Xavier Crosta, Johan Etourneau,
Caroline Holmes, Alison Ming, Sebastian Naeher, Peter D. Nichols, Osamu Seki, John Turner, 2024.
Baseline records of sea ice and phytoplankton in the Ross Sea Marine Protected Area: biomarker
evidence from marine and ice cores over the past 200 years. Oral presentation at Scientific
Committee on Antarctic Research Open Science Conference, Pucon, Chile, 19-14 August 2024.

Cross-Cutting Theme: Science and society.

Aves, A., MacDonald, A., Naeher, S., Materic, D., Winton, H., Davy, P., Gaw, S., Revell, L.: How
much plastic is in the air? A quantitative intercomparison of common microplastic analysis methods
and new observations from Northern Victoria Land, Scientific Committee on Antarctic Research Open
Science Conference, Pucon, Chile, 2024.

McErlich, C., Hardacre, C. & Revell, L.: Global climate model development to constrain the impact of
airborne microplastics on climate change, EGU General Assembly, Vienna, Austria, 2024.

Cross-Cutting Theme: Climate intervention

Hoffmann, L. J., L. Bach. SOLAS mCDR nodes - A global network to develop guidelines for MRV.
AMSA/NZMSS 2024 Hobart, Tasmania.

Workshops:

Core Theme 1:

NZ Ocean Acidification Community workshop, November 2024 including:
e S.van de Velde. Future of the NIWA/Otago carbonate chemistry facilities and NZOA-ON
e J. Zeldis. Carbonate and the NIWA Cross-Shelf Exchange (C-SEX) Database

e C. S. Law An alkaline solution to ocean acidification and marine carbon uptake? NZOAC
Virtual Conference

e C. Cornwall Update on responses of coralline algae to ocean acidification

Cross-Cutting Theme: Science and society.

A workshop on airborne microplastics was held at the University of Canterbury (Christchurch, NZ) &
online in November 2024 — several of the presentations focused on SOLAS-relevant topics (e.g.
ocean-atmosphere fluxes of microplastics and microplastics in coastal New Zealand air).

Interactions with policymakers:

Law C.S., “Is the Ocean part of the climate solution”. Presentation to the Parliamentary Commissioner
for the Environment, Wellington, February 2024

Reports prepared for Ministry for the Environment (MfE):
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Evaluation of New Zealand’s background particulate matter sources (2024), P. Davy, W. Trompetter,
L. Revell and C. Hardacre, https://environment.govt.nz/assets/publications/Environmental-
Reporting/Evaluation-of-New-Zealands-background-particulate-matter-sources.pdf

Methane science and target review (2024), N. Shadbolt, D. Frame, W. Collins, L. Revell and S.
Mikaloff-Fletcher, https://environment.govt.nz/publications/methane-science-and-target-review/

Hillman JIT, Crutchley GJ, et al. 2024. Economic opportunities and environmental implications of
energy extraction from gas hydrates. Aotearoa New Zealand. Lower Hutt (NZ) GNS Science. 157p.
(GNS Science Report 2023/53)

Turner J. et al. Science to OA Information for Decision Making released at “Moving from Science to
Action on Ocean acidification, Side Event, 2024 Ocean Decade Conference, Barcelona, 11 April 2024

Contributions to international assessments:

Boundary Shift: The Air-Sea Interface in a Changing Climate; SOLAS Special Feature in Elementa
(Guest Editors: C. Law, L. Miller, T. Bell, B.W. Blomquist, M-X Yang.
https://online.ucpress.edu/elementa/pages/boundary_shift_the air-

sea_interface in_a_changing climate

Core Theme 1:

OARS#2 Outcome #2: Turner J, Bellerby RGJ, Law CS; Dupont S; Calosi P, et al. 2024.0ARS
Outcome 2: Identify data and evidence needs for OA mitigation and adaptation strategies, from local
to global. IOC-UNESCO. (I0C Technical Series, 185.) Paris, UNESCO. (19-22), doi:
https://doi.org/10.25607/YPE3-0H04Ocean Acidification Research for Sustainability - A Community
Vision for the Ocean Decade / 3

Core Theme 4
Sea2Cloud Special Issue in Atmospheric Chemistry & Physics/Ocean Sciences (Coordinators:
Susannah Burrows and Maria Kanakidou, Karine Sellegri, Cliff Law, and Mike Harvey

Core Theme 5
UNEP Environmental Effects Assessment Panel, which assesses the environmental effects of ozone
layer depletion

International networks:

Cross-Cutting Theme: Climate intervention

Building global network with continental nodes to develop guidelines for MRV: Linn Hoffmann
(University of Otago) is leading a global network of ocean experts to global develop standards for
Monitoring, Reporting, and Verification (MRV) for marine Carbon Dioxide Removal (mCDR) activities.
As part of this initiative, she has established a large global network with individual teams for each
continent together with Lennart Bach (UTAS, Australia) during 2024. Each continental team has
answered a series of questions concerning MRV and we are currently summarising the findings as a
policy brief report. She also ran a large-scale Ocean Alkalinity Enhancement experiment as part of
OAEPIIP (Ocean Alkalinity Enhancement Pelagic Impact Intercomparison Project).

SOLAS-CDRMIP Collaboration Projections Panel (C. Law)

3. Publications in 2024 (only PUBLISHED articles) and if any, weblinks to models, datasets,

products, etc.

Aves, A., H. Ruffell, N. Evangeliou, S. Gaw and L. E. Revell (2024). "Modelled sources of airborne
microplastics collected at a remote Southern Hemisphere site." Atmospheric Environment. 120437 .

Bach LT, Vaughan NE, Law CS, Williamson P, 2024. Implementation of marine CO2 removal for climate
mitigation: The challenges of additionality, predictability, and governability. Elementa: Science of the
Anthropocene 12 (1): 00034.

Barthelmel T, Cristi A, Deppeler S, Safi K, Law CS, Sellegri K, Engel A. 2024. Pronounced Diel Cycling
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https://environment.govt.nz/assets/publications/Environmental-Reporting/Evaluation-of-New-Zealands-background-particulate-matter-sources.pdf
https://environment.govt.nz/assets/publications/Environmental-Reporting/Evaluation-of-New-Zealands-background-particulate-matter-sources.pdf
https://environment.govt.nz/publications/methane-science-and-target-review/
https://online.ucpress.edu/elementa/pages/boundary_shift_the_air-sea_interface_in_a_changing_climate
https://online.ucpress.edu/elementa/pages/boundary_shift_the_air-sea_interface_in_a_changing_climate

of Dissolved Carbohydrates and Amino Acids in the Surface Ocean and across Diverse Regimes.
Environmental Science & Technology 59(1)

Bhatti, Y. A., L. E. Revell, A. J. McDonald, A. T. Archibald, A. J. Schuddeboom, J. Williams, C.
Hardacre, J. Mulcahy and D. Lin (2024). "Aerosol and Dimethyl Sulfide Sensitivity to Sulfate
Chemistry Schemes." Journal of Geophysical Research: Atmospheres 129(12): €2023JD040635.

Lange, N., Fiedler, B., Alvarez, M., Benoit-Cattin, A., Benway, H., Buttigieg, P.L., Coppola, L., Currie,
K., Flecha, S., Gerlach, D.S. and Honda, M., 2024. Synthesis Product for Ocean Time Series
(SPOTS)[Dataset].

Law CS, Collins C, Marriner A, Bury SJ, Brown JCS, Rickard G. 2024. Dispersion and fate of methane
from seeps on the Hikurangi Margin, New Zealand. Frontiers in Earth Science, 12, p.1354388.

Olgun, N., U. Tari, N. Balci, S. Altunkaynak, I. Gurarslan, S. D. Yakan, F. Thalasso, M. S. Astorga-
Espafia, L. Cabrol, C. Lavergne and L. Hoffmann. 2024. Lithological controls on lake water
biogeochemistry in Maritime Antarctica. Science of the Total Environment 912: 168562. 17 pages.

Revell, L. E., N. J. Edkins, A. U. Venugopal, Y. A. Bhatti, K. M. Kozyniak, P. K. Davy, G. Kuschel, E.
Somervell, C. Hardacre and G. Coulson (2024). "Marine aerosol in Aotearoa New Zealand:
implications for air quality, climate change and public health." Journal of the Royal Society of New
Zealand: 1-23.

Robinson, S. A., L. E. Revell, R. Mackenzie and R. Ossola (2024). "Extended ozone depletion and
reduced snow and ice cover—Consequences for Antarctic biota." Global Change Biology 30(4):
e17283.

Vance JM, Currie K, Suanda S H, Law CS 2024. Evaluating the drivers of mixed layer carbon cycle
variability over seasonal to decadal time scales using the Munida Time Series Frontiers in Marine
Science, 11, p.1309560.

Venugopal, A. U., Y. A. Bhatti, O. Morgenstern, J. Williams, N. Edkins, C. Hardacre, A. Jones and L.
E. Revell (2025). "Constraining the Uncertainty Associated With Sea Salt Aerosol Parameterizations
in Global Models Using Nudged UKESM1-AMIP Simulations."” Journal of Geophysical Research:
Atmospheres 130(2): €e2024JD041643.

Winton, V.H.L., Mulvaney, R., Savarino, J., Clem, K. R., and Frey, M.M., 2024: Drivers of late
Holocene ice core chemistry in Dronning Maud Land: The context for the ISOL-ICE project, Climate of
the Past., 20, 1213-1232, https://doi.org/10.5194/cp-20-1213-2024.

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2024? If yes, who? How did you engage?

Cross-Cutting Theme: Climate intervention:

An Endeavour Fund Smart Idea developing an assessment framework for Ocean Alkalinity
Enhancement (P.1.: C. Law), has involved engagement with Regional Councils, Department of
Conservation, Ministry of Environment and Ngati Mutunga iwi. Engagement initiated through existing
and new contacts followed by presentations and discussions, with all parties now members of the
Project Advisory Group.

PART 2 - Planned activities for 2025 and 2026

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

Core Theme 1:

Munida Time Series — Bimonthly voyages from coastal to subantarctic water continue throughout
2025 into 2026 with primary aim of characterizing CO2 and carbonate system in surface waters.
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https://doi.org/10.5194/cp-20-1213-2024

NZOAON - Bimonthly sample collection of water for carbonate system analysis at 20+ coastal sites
around New Zealand, with current expansion to include riverine sites to determine alkalinity input

Tangaroa pCO2 mapping — ongoing collection of CO2 data on R/V Tangaroa voyages with , quality
control and data submission to SOCAT

NIWA SSIF Strategic Voyage determining natural freshwater alkalinity supply from rivers and
groundwater (March 2026)

Core Theme 4:

RV Sonne, Fahrtvorschlag German Research Foundation, German Research Vessels “Sonne-
South - Atmospheric Clouds, Aerosol, and Radiation in the Southern Ocean around Aotearoa
(ACAROA)” currently postponed due to logistics.

Cross-Cutting Theme: Climate intervention:

Endeavour Fund Smart Idea developing an assessment framework for Ocean Alkalinity
Enhancement (P.1.: C. Law) involves a) incorporation of observational data from the north Taranaki
shelf region into a coupled hydrodynamic-biogeochemistry (ongoing), and (b) field sampling for
laboratory-based experiments determining response of plankton, shellfish larvae and sediment
alkalinity flux to alkalinity addition (September - December 2025)

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

3. Funded national and international projects/activities underway.
Rutherford Discovery Fellowship (2023-2028), Airborne microplastics in a changing climate (Laura
Revell, UC)

Marsden Fund (2023-2026), Constraining the longevity of microplastic-climate forcing, Laura Revell
(UC), Karin Kvale (GNS) and Nikolaos Evangeliou (Norwegian Institute for Air Research)

Rutherford Discovery Fellowship (2023-2028), Southern Ocean phytoplankton and climate:
understanding the ability of phytoplankton to modulate climate in a warmer world (Holly Winton,
VUW)

Marsden Fund (2023-2026), How did changing sea ice conditions impact primary production in the
Ross Sea over the past 200 years? (Holly Winton, VUW, Adam Hartland, University of Waikato,
Alison Ming, University of Cambridge, Caroline Holmes, John Turner, British Antarctic Survey,
Manul Dall'Osto, Spanish Institute of Marine Science)

RSNZ Catalyst award (2024-2025) Go South 2 — Finding the missing Southern Ocean aerosol and
cloud processes (Guy Colson, NIWA, Adrian McDonald, UC, Patrick Seifert, TROPQOS).

OAEPIIP (Ocean Alkalinity Enhancement Pelagic Impact Intercomparison Project) funded through
UTAS (Linn Hoffman).

Endeavour Fund Smart Idea: Developing an assessment framework for Ocean Alkalinity
Enhancement (C. Law)

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

Comments
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