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Report for the year 2024 and future activities

SOLAS China
compiled by: Huiwang Gao, Xianghui Guo, Yuan Shen, Yujue Wang,
Yan Yang, Chao Zhang

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

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).




Title: Anthropogenic carbon from open to coastal oceans (Theme 1&2)

Coastal oceans, traditionally seen as a conduit for transporting atmospheric carbon dioxide (CO2)-derived
anthropogenic carbon (CANT) to open oceans, exhibit complex carbon exchanges at their interface. South
China Sea (SCS) exemplifies this complexity, where interactions with the Pacific, particularly through Kuroshio
intrusion, challenge the understanding of CANT source and variability in a coastal ocean. Contrary to prevailing
paradigm expectations, our high-resolution, long-term data reveal that CANT in the SCS primarily originates
from Pacific water injection across the Luzon Strait rather than atmospheric CO2 invasion. Over the past two
decades, the SCS has experienced increasing CANT levels, with notable interannual fluctuations driven by El
Nifilo and La Nifia events influencing Kuroshio intrusion, generating anomalously high and low CANT
inventories, respectively. This highlights an overlooked CANT transport pathway from open to coastal oceans,
responsible for cumulative ocean acidification that has already affected coral reefs enriched in the SCS located

west of the Coral Triangle.
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Figure: Both latitudinal and longitudinal gradients of CANT correspond well to the circulation fields; in particular,
CANT concentrations generally decrease westward along the pathway of intruding Kuroshio waters from the
Luzon Strait.

Citation: Wang Z., Z. Cao*, Z. Liu, W. Zhai, Y. Luo, Y. Lin, E. Roberts, J. Gan, and M. Dai* (2024), Pacific
Ocean-originated anthropogenic carbon and its long-term variations in the South China Sea, Science
Advances, 10, eadn9171.

Title: Weakened large-scale surface heat flux feedback at midlatitudes under global warming (Theme
2)

The surface heat flux feedback, which refers to the response of surface heat flux anomaly to the underlying
sea surface temperature anomaly (SSTA), is one of the key processes in air-sea interaction. It plays an
important role in regulating various aspects of the climate system, ranging from local SSTA persistence to the
global overturning circulation and major climate modes. Yet its change under greenhouse gas-induced
warming remains unknown. Here,using an ensemble of global climate simulations under a high radiative
forcing scenario, we demonstrate that the intensity of surface heat flux feedback for spatially large-scale SSTA
at the midlatitudes is projected to halve by the end of the 21st century, compared to pre-industrial levels. Such
weakening is primarily attributed to a more stabilized marine atmospheric boundary layer, which diminishes
the air-sea thermal disequilibrium caused by SSTA. In a warming climate, the variance of midlatitude SSTA at
large spatial scales is expected to be significantly enhanced in response to the weakened surface heat flux
feedback.
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Figure: Comparison of midlatitude large-scale surface heat flux feedback in the ERAS reanalysis and Coupled
Model Intercomparison Project Phase 6 (CMIP6) during 1950-1999. (a-c), Spatial distribution of surface heat
flux feedback (a) and its decomposition into turbulent (b) and radiative (c) components in the ERAS reanalysis
dataset. (d-f), Same as (a-c), but for the multi-model ensemble (MME) mean of CMIP6. Regions within 20°S-
20°N are excluded from analysis and filled with black oblique lines.

Citation: Wang, Z., Jing, Z. & Song, F. (2024). Weakened large-scale surface heat flux feedback at midlatitudes
under global warming. Nature Communications, 15, 10020.

Title: Methane Distribution, Production, and Emission in the Western North Pacific (Theme 1)

The ocean is a source of atmospheric methane (CH4), but there are still large uncertainties in the estimations
of global oceanic CH4 emission due to sparse data coverage. In this study, we investigated the spatial
distribution and influencing factors of CH4 in the Western North Pacific (WNP) during May—June 2021. High -
resolution continuous underway measurements showed that surface CH4 concentrations indicated an obvious
spatial gradient with an increase from the south to the north due to the influence of water mixing between
Kuroshio Extension (KE) and Oyashio. Surface water was generally oversaturated with respect to the
atmospheric CH4, and high CH4 fluxes occurred in the Kuroshio - Oyashio transition region due to high
productivity and intensive air - sea interaction, emphasizing the importance of the Kuroshio - Oyashio
transition region in global oceanic CH4 emission. Vertically, subsurface CH4 maximums were observed around
50-300 m due to in situ production through multiple pathways, and their distributions in the water column were
affected by subduction of North Pacific Intermediate Water (NPIW) and advective transport.
Methylphosphonate (MPn) enrichment experiment and 16S rRNA gene sequencing showed that in subtropical
region and Kuroshio - Oyashio transition region, Vibrio spp. might produce CH4 by degrading MPn. Although
this process was inhibited by inorganic phosphorus and regulated by iron stress, it might be a potential source
of CH4 in the oxygenated water in the WNP. Our results contribute to better constrain the global oceanic CH4
emission, and help understanding the role of biological and physical processes in regulating CH4 emission in
the WNP.
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Figure: Distributions of (a) Excess CH4 (ACH4 = Cobs - Ceq), (b)Wind speed, (c) gas exchange velocity (k)
and (d) CH4 flux in the WNP. CH4 concentrations are calculated using the random forest regression method.

Citation: Wang, H. N., Du, G. X, Yu, S. X., Zhang, H. H., Song, G. D., Liu, S. M., ... & Zhang, G. L. (2024).
Methane distribution, production, and emission in the Western North Pacific. Journal of Geophysical Research:
Oceans, 129(4), e2023JC020482.

Title: Distribution Characteristics and Dynamics of Marine Hydrogen in the Eastern Indian Ocean
(Theme 2)

The ocean serves as a significant contributor of atmospheric Hydrogen (H2) with indirect greenhouse effects.
However, uncertainties persist regarding internal production and consumption processes of marine H2, as well
as controlling factors. Our study examined the spatial distribution and source-sink dynamics of marine H2 in
the Eastern Indian Ocean. H2 concentrations in surface seawater exhibited a range of 2.95-21.96 nmol L?1.
High concentrations of H2 were observed in the anoxic water in the Bay of Bengal. Rates of H2 photo-
production and microbial consumption in surface seawater ranged from 1.80 to 17.78 nmol L?1 h?1 and 1.02—
9.18 nmol L?1 h?1, respectively. When considering the entire mixed layer, photo-production contribute to
approximately 31%-43% of the total H2 removal, with cyanobacteria potentially serving as another source in
the mixed layer. Compared with the sea-to-air exchange, microbial consumption was the primary removal
pathway of H2 in seawater.
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Figure: Source-sink budget models for the H2 within the mixed layer in the BBW and EIW region of the Eastern
Indian Ocean (The red letters are potential source and sink of hydrogen). The numerical values in the figure
indicate that the mean rates (standard deviation) of source and sink within the mixed layer in the study survey
are expressed in nmol L-1 h-1.

Citation: Jiang, Y. C., Xu, G. B., Xu, F., Wang, J., Zhou, L. M., Zhang, H. H., & Chen, Z. H. (2024). Distribution
characteristics and dynamics of marine Hydrogen in the Eastern Indian Ocean. Geophysical Research Letters,
51(21), e2024GL110887.

Title: The Ocean Serves as a Net Source of Atmospheric Nitric Oxide but a Net Sink of Nitrogen Dioxide
(Theme 2)

Nitrogen oxides (NOx), comprised of nitric oxide (NO) and nitrogen dioxide (NO2), play a crucial role in the
global nitrogen cycle, but the oceanic occurrence remained unclear. Here, we show an integrated underway
observation of oceanic and atmospheric NO and NO2 from the coastal seas to the open ocean in the
northwestern Pacific Ocean (NWPQO). The concentrations of NO and NO2 showed similar distribution patterns
that the coastal seas with rich nitrogen nutrients showed higher levels, like the Yellow Sea (7.6 and 19.9 pmol
L-1) and the East China Sea (11.8 and 23.3 pmol L-1), while the oligotrophic sea and open ocean showed
decreased levels, like the South China Sea (2.4 pmol L-1 and below the detection limit, LOD) and the NWPO
(3.5 pmol L-1 and below the LOD). Apart from nitrogen nutrients, sea surface temperature might be another
important influencing factor on the NO and NO2 distribution. In the surface water (<10 m), photoproduction
was a major NO source compared to the microbial process, while in the mixed layer, the microbial process
played a more critical role. The saturation values showed that the sea was a net source of atmospheric NO

but was a net sink of NO2.
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Figure: Schematic diagram of the oceanic NO production and consumption, the positive sign represents
production, and the negative sign represents consumption (a). The production or consumption rates of NO
through different processes including photoproduction, microbial functions, and sea—air exchange in the
surface layer waters (b) and the mixed-layer waters (c).

Citation: Tian, Y., Gong, J. C., Liu, C. Y., Zhang, J., Li, P. F., & Yang, G. P. (2024). The Ocean Serves as a
Net Source of Atmospheric Nitric Oxide but a Net Sink of Nitrogen Dioxide. Environmental Science &
Technology, 58(49), 21662-21668.

Title: Mixing state and ice nucleation properties of aerosol particles over the western Pacific and
Southern Ocean (Theme 4)

Atmospheric particles can impact cloud formation and play a critical role in regulating cloud properties.
However, particle characteristics at the single-particle level and their ability to act as ice-nucleating particles
(INPs) over the marine atmosphere are poorly understood. In this study, we present micro-spectroscopic
characterizations and ice nucleation properties of particles collected over the western Pacific and Southern
Ocean. We found that the mixing state of marine aerosols are more internally mixed as the contribution of fresh
sea salt particles increases. However, non-uniform aging process or new particle sources makes the aerosol
more externally mixed. There were significant differences in the ice nucleating properties of particles from
different sources. Sea salt particles with organic coating exhibit the highest ice nucleation properties, whereas
particles affected by Australia forest fires showed the lowest ice formation ability. The dominant types of
atmospheric particles can serve as INPs, with mixtures of aged sea salt and sulfate being enriched in INPs.
The results suggest that the ice formation ability of aerosols is influenced not only by their composition but also
their physical and chemical mixing state. We propose parameterizations for heterogeneous nucleation rate
coefficients and contact angles of marine aerosols from different sources, which can be used in the cloud and
climate models for a better understanding in aerosol’s climate effects.
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Figure: Different particle types show various ice nucleation properties (contact angles). The various
atmospheric processes and sources have different impacts on the mixing state of marine aerosol particle
population.

Citation: Xue, Jiao; Zhang, Tian; Park, Keyhong; Yan Jinpei; Yoon, Young Jun; Park, Jiyeon*; Wang,
Bingbing*. Diverse sources and aging change the mixing state and ice nucleation properties of aerosol particles
over the western Pacific and Southern Ocean. Atmospheric Chemistry and Physics, 24, 7731-7754, DOI:
0rg/10.5194/acp-24-7731-2024.

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).

Activities

The SOLAS China Youth Committee was prepared in 2024, and officially announced to be established on
January 14, 2025, Xiamen, China.

Minhan Dai, Carbon and nutrient footprints/biogeochemistry and regional earth system sciences in the Greater
Bay Area, Earth-HK Annual Workshop 2024, September 12-15, 2024, Hong Kong, China.




Huiwang Gao, 2024 UK University Day and The 9t Sino-UK Symposium, October 23, 2024, Qing Dao, China.

Minhan Dai, Carbon Fixation and Export in Ocean Desserts, The Fourth International Ocean Science and
Technology Summer School, July 20-23, 2024, Shenzhen, China. (theme lecture)

Minhan Dai, China’s Participation in Large-Scale Ocean International Cooperation Projects, SCOR Annual
Meeting 2024, October 16-18, 2024, Qingdao, China.

Minhan Dai, Predominant Biological Consumption over Physical Transport on Nutrient Budget within
Mesoscale Eddies in the Oligotrophic Ocean, The 3rd Hong Kong and Macau Ocean and Areas of Excellence
(AOE) Forum, October 20-23, 2024, Hong Kong, China. (Invited)

Minhan Dai, Carbon Fixation and Export in Ocean Desserts, 2025 ZGC Forum Annual Conference, March 28,
2025, Beijing, China. (Keynote)

Yujue Wang, Molecular-level insight into the organic aerosol formation under the interactions between VOCs
and inorganic sulfate and NOx: from inland to marine environments, EGU 2024 meeting, April 16, 2024,
Vienna, Austria. (Oral)

Chao Zhang, Atmospheric deposition enhances the utilization of dissolved organic phosphorus in coastal
waters, EGU 2024 meeting, April 18, 2024, Vienna, Austria. (Oral)

Selected Projects

NSFC Key Project: Source-Sink Patterns, Regulatory Mechanisms, and Climate Impacts of Carbon Monoxide
in the Northwest Pacific (2024-2028), Leading PI: Guipeng Yang at Ocean University of China. (Theme 2 & 5)

NSFC General Project: Effects of physiochemical properties of secondary organic aerosol on their ice
nucleation abilities (2024-2027), Leading PI: Bingbing Wang at Xiamen University. (Theme 4)

NSFC General Project: Study on sinking rate and its parameterization of atmospheric particulates in seawater
(2024-2027), Leading PI: Huiwang Gao at Ocean University of China. (Theme 3)

National Key Research and Development Program of China: Influence of Deep-see Mining on the Environment
of Surface Ocean and Lower Atmosphere (2025-2027). Leading PI: Yujue WANG at Ocean University of China,
who is also the member of SOLAS China Youth Scientific Committee. This project will focus on the influence
of deep-see mining on the surface ocean, lower atmosphere and climate, which is within the scope of SOLAS.
This project is a collaboration between researchers of atmospheric science and those of marine science, as
well as a collaboration between SOLAS China Youth Scientific Committee Members from Ocean University of
China and Xiamen University. (Theme 3 & 5)

3. Publications in 2024 (only PUBLISHED articles) and if any, weblinks to models, datasets, products,
etc.
Guo, X., Gao, Y., Zhang, S., Cai, W., Leung, L. R., Lu, J., ... & Wu, L. (2024). More high-impact atmospheric

river-induced extreme precipitation events under warming in a high-resolution model. One Earth, 7(12), 2223-
2234. (Theme 3)

Hu, J., Li, J., Tsona Tchinda, N., Song, Y., Xu, M., Li, K., & Du, L. (2024). Underestimated role of sea surface
temperature in sea spray aerosol formation and climate effects. npj Climate and Atmospheric Science, 7(1),
273. (Theme 5)

Jiang, H. B., Hutchins, D. A,, Zhang, H. R., Feng, Y. Y., Zhang, R. F., Sun, W. W., ... & Chai, F. (2024).
Complexities of regulating climate by promoting marine primary production with ocean iron fertilization. Earth-
Science Reviews, 249, 104675. (Theme 3)

Jiang, Y. C., Xu, G. B., Xu, F., Wang, J., Zhou, L. M., Zhang, H. H., & Chen, Z. H. (2024). Distribution
characteristics and dynamics of marine Hydrogen in the Eastern Indian Ocean. Geophysical Research Letters,
51(21), e2024GL110887. (Theme 2)




Jin, H., Zhang, C., Meng, S., Wang, Q., Ding, X., Meng, L., ... & Gao, H. (2024). Atmospheric deposition and
river runoff stimulate the utilization of dissolved organic phosphorus in coastal seas. Nature Communications,
15(1), 658. (Theme 3)

Liang, W., Chen, X., Chen, Z. L., Zhu, P., Huang, Z., Li, J., ... & He, D. (2024). Unraveling the impact of Spartina
alterniflora invasion on greenhouse gas production and emissions in coastal saltmarshes: New insights from
dissolved organic matter characteristics and surface-porewater interactions. Water Research, 262, 122120.
(Theme 1)

Lisi Zhao, Jiao Xue, Shengkai Wang, Ping Tian, Mengyu Huang, Kai Bi, Bingbing Wang, (2024), Single particle
characteristics and ice nucleation potential of particles collected during Asian dust storms in 2021, Science of
the Total Environment, 948, 174829. (Theme 4)

Ma, W., Zhao, Z., Wang, T., Liang, B., Wang, Y., Xiu, P., & Chai, F. (2024). Contrasting supply dynamics of
dissolved iron and nitrate shape the biogeography of nutrient-limiting conditions in the North Pacific.
Geophysical Research Letters, 51(20), e2024GL111335. (Theme 3)

Shang, T., Kong, L., & Qi, J. (2024). Metal elements in atmospheric aerosols during different pollution events
in the coastal region of the Yellow Sea: Concentration, solubility and deposition flux. Marine Pollution Bulletin,
206, 116711. (Theme 3)

Tian, Y., Gong, J. C,, Liu, C. Y., Zhang, J., Li, P. F., & Yang, G. P. (2024). The Ocean Serves as a Net Source
of Atmospheric Nitric Oxide but a Net Sink of Nitrogen Dioxide. Environmental Science & Technology, 58(49),
21662-21668. (Theme 2)

Wang, H. N., Du, G. X,, Yu, S. X., Zhang, H. H., Song, G. D., Liu, S. M., ... & Zhang, G. L. (2024). Methane
distribution, production, and emission in the Western North Pacific. Journal of Geophysical Research: Oceans,
129(4), e2023JC020482. (Theme 1)

Wang, S., Gao, H., Jia, S., Gu, M., Shi, F., & Yao, X. (2024). Settling velocity of atmospheric particles in
seawater: Based on hydrostatic sedimentation method using video imaging techniques. Marine Pollution
Bulletin, 203, 116472. (Theme 3)

Wu, Z., & Zhang, H. (2024). Near-surface ocean temperature and air-sea heat flux observed by a buoy array
during summer to autumn in year 2014 in the northern South China Sea. Frontiers in Marine Science, 11,
1457829. (Theme 2)

Xue, J., Zhang, T., Park, K., Yan, J., Yoon, Y. J., Park, J., & Wang, B. (2024). Diverse sources and aging
change the mixing state and ice nucleation properties of aerosol particles over the western Pacific and
Southern Ocean. Atmospheric Chemistry and Physics, 24(13), 7731-7754.

Xu, F., Zhang, H. H., Zhong, X. S., Xu, G. B., Yan, S. B., Wu, J. W,, ... & Chen, Z. H. (2024). Rapid cycling
and emission of volatile sulfur compounds in the eastern Indian Ocean: Impact of runoff inputs and implications
for balancing atmospheric carbonyl sulfide budget. Water Research, 267, 122475. (Theme 2)

Zhang, K., Zhou, K., Cai, Y., Yuan, Z., Chen, Y., Xu, F., ... & Dai, M. (2024). Decoupled cycling of particulate
cadmium and phosphorus in the subtropical Northwest Pacific. Limnology and Oceanography, 69(9), 1941-
1954. (Theme 5)

Zhang, R., Zhang, Z., Chen, X., Jiang, J., Hua, L., Jia, X., ... & Wang, F. (2024). Pyrogenic carbon degradation
by galvanic coupling with sprayed seawater microdroplets. Journal of the American Chemical Society, 146(12),
8528-8535. (Theme 2)

Zhao, J., Zhang, Y., Bie, S., Yang, G. P., Bilsback, K. R., Pierce, J. R., & Chen, Y. (2024). Improving estimates
of dynamic global marine DMS and implications for aerosol radiative effect. Journal of Geophysical Research:
Atmospheres, 129(2), e2023JD039314. (Theme 4)




4. Did you engage any stakeholders/societal partners/external research users in order to co-produce
knowledge in 20247 If yes, who? How did you engage?

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.).

1. There will be a Spring and Summer cruise to Bohai Sea and Yellow Sea in 2025 which is closely
related to themes 3 and 5 of SOLAS.

2. There will be at least two cruises to the Northwest Pacific in 2025 and 2026, which is closely
related to themes 1, 2, 3, 4, 5 of SOLAS.

3. There will be a summer cruise to Yangtze River Estuary in 2025 which is closely related to themes
1 and 2 of SOLAS.

2. Events like conferences, workshops, meetings, summer schools, capacity building etc.
(incl. all information possible).
The Symposium of SOLAS China Youth Committee will be held in Jingdezhen, Jiang Xi, April 24.

3. Funded national and international projects/activities underway.
NSFC Key Project: Source and Flux of N20 in the Euphotic Zone of the Northwestern Pacific (2021-
2024), Leading PI: Shuh-Ji Kao at Hainai University. (Theme 1 & 2)

NSFC Key Project: Identification, Transport, and Impact on Oceanic New Production of
Anthropogenic Iron and Nitrate Sources in the Northwest Pacific (2021-2025), Leading PI: Mei Zheng
at Peking University. (Theme 3 & 5)

NSFC General Project: Spatial and Temporal Patterns and Regulatory Mechanisms of Dimethyl
Sulphide (DMS) Production, Distribution, and Release in the Kuroshio Extension Region of the
Northwest Pacific (2023-2026), Leading PI: Honghai Zhang at Ocean University of China. (Theme 2
& 5)

NSFC General Project: Spatial and Temporal Patterns and Regulatory Mechanisms of Dissolved
Methane Distribution and Air-Sea Flux in the Northwest Pacific (2022-2025), Leading PI: Guiling
Zhang at Ocean University of China. (Theme 1)

NSFC General Project: Study on the Transport and Transformation Processes of Nutrients from
Different Sources in the Yellow Sea and Their Contribution to Primary Productivity (2022-2025),
Leading PI: Jie Shi at Ocean University of China. (Theme 2&3)

NSFC General Project: The Impact of East Asian Aerosol Deposition on the Structure, Metabolic
Function, and Up-Down Regulation of Bacterial Communities in the South China Sea (2022-2025),
Leading PI: Cui Guo at Ocean University of China. (Theme 3)

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. (Theme 4)




NSFC General Project: Investigation on abnormal fluctuations of amines in concentration and
composition in marine atmospheres (2023-2026), Leading PI: Xiaohong Yao at Ocean University of
China. (Theme 4)

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




