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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 2022 - Jan/Feb 2023 

- Part 2: reporting on planned activities for 2023 and 2024.  

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 2022 to Jan/Feb 2023 

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). 
 
Example (Please delete the example when you fill the template):  
 



Title: Threat by marine heatwaves to adaptive large marine ecosystems in an eddy-resolving 
model (Theme 2 & 4) 
Marine heatwaves (MHWs), episodic periods of abnormally high sea surface temperature, severely 
affect marine ecosystems. Large marine ecosystems (LMEs) cover ~22% of the global ocean but 
account for 95% of global fisheries catches. Yet how climate change affects MHWs over LMEs remains 
unknown because such LMEs are confined to the coast where low-resolution climate models are known 
to have biases. Here, using a high-resolution Earth system model and applying a ‘future threshold’ that 
considers MHWs as anomalous warming above the long-term mean warming of sea surface 
temperatures, we find that future intensity and annual days of MHWs over the majority of the LMEs 
remain higher than in the present-day climate. Better resolution of ocean mesoscale eddies enables 
simulation of more realistic MHWs than low-resolution models. These increases in MHWs under global 
warming pose a serious threat to LMEs, even if resident organisms could adapt fully to the long-term 
mean warming. 

 
Figure: Spatial distribution of annual marine heatwave frequency based on OISST data (a) as well as 
the simulation outputs in CESM-HR (b), CESM-LR (c) and CMIP5 (d). 

Citation: Guo, X., Gao, Y., Zhang, S., Wu, L., Chang, P., Cai, W., ... & Gao, H. (2022). Threat by marine 
heatwaves to adaptive large marine ecosystems in an eddy-resolving model. Nature climate change, 
12(2), 179-186. 

 
Title: Epipelagic nitrous oxide production offsets carbon sequestration by the biological pump 
(Theme 1) 
The removal of carbon dioxide from the atmosphere by the marine biological pump is a key regulator 
of Earth’s climate; however, the ocean also serves as a large source of nitrous oxide, a potent 
greenhouse gas and ozone-depleting substance. Although biological carbon sequestration and nitrous 
oxide production have been individually studied in the ocean, their combined impacts on net 
greenhouse forcing remain uncertain. Here we show that the magnitude of nitrous oxide production in 
the epipelagic zone of the subtropical ocean covaries with remineralization processes and thus acts 
antagonistically to weaken the radiative benefit of carbon removal by the marine biological pump. 
Carbon and nitrogen isotope tracer incubation experiments and nitrogen isotope natural abundance 
data indicate enhanced biological activity promotes nitrogen recycling, leading to substantial nitrous 
oxide production via both oxidative and reductive pathways. These shallow-water nitrous oxide sources 

account for nearly half of the air–sea flux and counteract 6–27% (median 9%) of the greenhouse 

warming mitigation achieved by carbon export via the biological pump. A better integrated assessment 
should take N2O generation into account for understanding the climatic impact of the marine biological 
pump in order to devise the best greenhouse gas mitigation strategy. 



 
Figure: Schematic of the proposed linkage between surface N2O production and CO2 removal by the 
biological pump 

Citation: Wan, X.S., Sheng, H.X., Dai, M., Casciotti, K.L., Church, M.J., Zou, W., Liu, L., Shen, H., Zhou, 
K., Ward, B.B. & Kao, S.J. (2022). Epipelagic nitrous oxide production offsets carbon sequestration by 
the biological pump. Nature Geoscience, 16, 29-36. 

Title: Phosphate limitation intensifies negative effects of ocean acidification on globally 
important nitrogen fixing cyanobacterium (Theme 1) 
Growth of the prominent nitrogen-fixing cyanobacterium Trichodesmium is often limited by phosphorus 
availability in the ocean. How nitrogen fixation by phosphorus-limited Trichodesmium may respond to 
ocean acidification remains poorly understood. Here, we use phosphate-limited chemostat experiments 
to show that acidification enhanced phosphorus demands and decreased phosphorus-specific nitrogen 
fixation rates in Trichodesmium. The increased phosphorus requirements were attributed primarily to 
elevated cellular polyphosphate contents, likely for maintaining cytosolic pH homeostasis in response 
to acidification. Alongside the accumulation of polyphosphate, decreased NADP(H):NAD(H) ratios and 
impaired chlorophyll synthesis and energy production were observed under acidified conditions. 
Consequently, the negative effects of acidification were amplified compared to those demonstrated 
previously under phosphorus sufficiency. Estimating the potential implications of this finding, using 
outputs from the Community Earth System Model, predicts that acidification and dissolved inorganic 
and organic phosphorus stress could synergistically cause an appreciable decrease in global 
Trichodesmium nitrogen fixation by 2100. 



 
Figure: The effect of ocean acidification on natural Trichodesmium populations in the northern South 
China Sea surface seawater. a, b Relative contribution of different diazotrophs (a) and N2 fixation rate 
(b) under ambient and acidified conditions of the diazotroph community. c, d Relative transcription of 
the NAD kinase gene ppnk of twomajor Trichodesmium clades T. tenue (c) and T. Erythraeum (d) in 
the diazotroph community under ambient and acidified conditions. 

Citation: Zhang, F., Wen, Z., Wang, S., Tang, W., Luo, Y.-W., Kranz, S.A., Hong, H. & Shi, D. (2022). 
Phosphate limitation intensifies negative effects of ocean acidification on globally important nitrogen 
fixing cyanobacterium. Nature Communications, 13, 6730. doi: 10.1038/s41467-022-34586-x. 
 
 
Title: Deep Learning to Near-Surface Humidity Retrieval from Multi-sensor Remote Sensing Data 

over the China Seas (theme 2) 

Near-surface humidity (Qa) is a key parameter that modulates oceanic evaporation and influences the 

global water cycle. Remote sensing observations act as feasible sources for long-term and large-scale 

Qa monitoring. However, existing satellite Qa retrieval models are subject to apparent uncertainties 

due to model errors and insufficient training data. Based on in situ observations collected over the China 

Seas over the last two decades, a deep learning approach named Ensemble Mean of Target deep 

neural networks (EMTnet) was proposed to improve the satellite Qa retrieval over the China Seas for 

the first time. The EMTnet model outperforms five representative existing models by nearly eliminating 

the mean bias and significantly reducing the root-mean-square error in satellite Qa retrieval. According 

to its target deep neural networks selection process, the EMTnet model can obtain more objective 

learning results when the observational data are divergent. The EMTnet model was subsequently 

applied to produce a 30-year monthly gridded Qa data over the China Seas. It indicates that the climbing 

rate of Qa over the China Seas under the background of global warming are probably underestimated 

by current products. 



 
Figure: (a–d) Climatology of Qa distributions (shading) over the China Seas from the EMTnet, L86, 

ERA5, and NCEP2. Contours denote the intensity of seasonal variation, which is defined by one 

standard deviation from January to December on each grid. (e) The time series of Qa anomalies over 

the China Seas. (f,g) The same as (e) but for the southern (SCS) and northern (ECS and YS) sections 

of the China Seas. The time series in (e–g) have been applied to 13-point running average operations. 

The values in parentheses denote the long-term trend of Qa during the period from 1990 to 2019 with 

unit of g/kg per decade. The units are g kg-1 

Citation: Zhang, R., Guo, W. & Wang, X. (2022). Deep learning to near-surface humidity retrieval from 

multi-sensor remote sensing data over the China Seas. Remote Sensing, 14(17), 4353, doi: 

10.3390/rs14174353. 

 

Title: Simulating the radiative forcing of oceanic dimethylsulfide (DMS) in Asia based on 
machine learning estimates (Theme 4) 
 
Dimethylsulfide (DMS) emitted from seawater is a key precursor to new particle formation and acts 
as a regulator in Earth’s warming climate system. Here we estimated DMS emissions based on a 
machine learning method and used the GEOS-Chem global 3D chemical transport model coupled 
with the TwO Moment Aerosol Sectional (TOMAS) microphysics scheme to simulate the atmospheric 
chemistry and radiative effects of DMS. The contributions of DMS to atmospheric SO42- aerosol and 
cloud condensation nuclei (CCN) concentrations along with the radiative effects over the Asian region 
were evaluated for the first time. We found that the model could predict the observed DMS 
concentrations with a correlation coefficient of 0.75 and fill the values in regions lacking observations. 
Across the Asian seas, the highest seasonal mean DMS concentration occurred in March–April–May 
(MAM), and we estimate the annual DMS emission flux of 1.25 Tg (S), which is equivalent to 15.4% of 
anthropogenic sulfur emissions over the entire simulation domain (which covered most of Asia) in 
2017. The relative contributions of DMS to SO42- and CCN were higher in remote oceanic areas, 
contributing 88% and 42% of all sources, respectively. Correspondingly, the sulfate direct radiative 
forcing (DRF) and indirect radiative forcing (IRF) contributed by DMS ranged from -200 to -20 mWm-2 
and from -900 to -100mWm-2, respectively, with levels varying by season. The strong negative IRF is 



mainly over remote ocean regions (-900 to -600mWm-2). Generally, the magnitude of IRF derived by 
DMS was twice as large as its DRF. This work provides insights into the source strength of DMS and 
the impact of DMS on climate and addresses knowledge gaps related to factors controlling aerosols 
in the marine boundary layer and their climate impacts. 

 

Figure: Panel (a) presents the spatial distributions of annual mean percent changes and absolute 
changes in surface SO42- and CCN, and panel (b) presents the spatial distributions of annual mean 
all-sky DRF and cloud-albedo IRF between XG (updated DMS emissions predicted by the XGBoost 
model) and ND (no DMS) simulations 
 

Citation: Zhao, J., W. Ma, K.R. Bilsback, J.R. Pierce, S. Zhou, Y. Chen, G. Yang, and Y. Zhang (2022), 
Simulating the radiative forcing of oceanic dimethylsulfide (DMS) in Asia based on machine learning 
estimates, Atmospheric Chemistry & Physics, 22, 9583-9600. 
 

 
Title: Contribution of wind speed and sea-air humidity difference to the latent heat flux-SST 
relationship (theme 2) 
Surface turbulent heat flux is a key variable for understanding the air-sea interactions, which consists 

of latent heat flux (LHF) and sensible heat flux. Sea surface wind speed, sea surface temperature 

(SST), and air-sea humidity difference are closely related to the heat flux. Previous studies have 

revealed the spatial variation and temporal and spatial scale dependence of the LHF-SST relationship. 

Sea surface wind speed and air-sea humidity difference both affect the LHF-SST relationship. The 

relative contributions of wind speed and air-sea humidity difference to the LHF-SST relationship vary 

with regional and seasonal variations, and with time scale variations. Firstly, there are regional 

differences. In the mid latitude sea temperature front region and the tropical Indian Western Pacific, the 

sea air humidity difference dominates the LHF-SST relationship; wind speed dominates the subtropical 

circulation and the tropical Indian Western Pacific. Secondly, in the mid latitude frontal zone, the 

seasonal variations of the air-sea humidity difference indicate that the SST effect in winter is greater 

than that in summer; in the subtropical circulation, the seasonal variations of wind speed indicate that 

the LHF effect in summer is greater than that in winter. Finally, the contribution of the sea air humidity 

difference to the SST effect increases with the increase of the time scale; the contribution of the wind 

speed to the impact of SST has regional differences. In most regions of the tropical Indian Ocean and 

the Western Pacific Ocean, the contribution of wind speed to the LHF effect is limited to a short time 

scale. The above variations reveal the complexity of the air-sea relationship and help to further 

understand the impact of wind fields on sea surface temperature variations. 



 
Figure: Correlation of LHF, the wind speed term, and the sea-air humidity difference (qs-qa) term with 

the SST and SST tendency in the tropical North Indian Ocean-western North Pacific. Correlation of (a, 

b) LHF, (c, d) the wind speed term, and (c, f) the sea-sir humidity difference (qs-qa) term with (a, c, e) 

the SST and (b, d, f) SST tendency in the tropical North Indian Ocean-western North Pacific based on 

daily anomalies in all months from OAFlux. The four black diamonds are the locations within the Arabian 

Sea, the Bay of Bengal, the South China Sea, and the Philippine Sea. The white regions denote 

correlation coefficients below the 95% confidence level according to the Student’s t test. The 

percentage of grid points with correlation coefficients reaching the 95% confidence level is 

approximately 92% in (a), 100% in (b), 100% in (c), 100% in (d), 100% in (e), and 44% in (f). 

Citation: Sun, X. & Wu, R. (2022). Contribution of wind speed and sea-air humidity difference to the 

latent heat flux-SST relationship. Ocean-Land-Atmosphere Research, 2022, 9815103, doi: 

10.34133/2022/981510. 

Title: Spatial reconstruction of long-term (2003-2020) sea surface pCO2 in the South China Sea 

using a machine learning based regression method aided by empirical orthogonal function 

analysis (theme 2) 

The South China Sea (SCS) is the largest marginal sea in the North Pacific Ocean, and it is also one 
of the most studied marginal seas in terms of carbon cycling. Using a machine learning-based method 
facilitated by empirical orthogonal function (EOF) analysis, this study provides a reconstructed dataset 
of the monthly sea surface partial pressure of CO2 (pCO2) in the SCS with a reasonably high spatial 
resolution (0.05º×0.05º) and temporal coverage between 2003 and 2020. The data input to the 
reconstructed model includes remote sensing-derived sea surface salinity, sea surface temperature, 
and chlorophyll, the spatial pattern of pCO2 constrained by EOF, atmospheric pCO2, and time-labels 
(month). The construction was validated with three independent testing datasets that are not involved 
in the model training. The root-mean-square error (RMSE) between the reconstructed data and in situ 
data in the tests ranges ~8-10 µatm. In addition to the typical machine learning performance metrics, 
the uncertainty resulting from reconstruction bias and its feature sensitivity were estimated. These 
validations and uncertainty analyses strongly suggest that the reconstruction effectively captures the 
main spatial and temporal features of sea surface pCO2 distributions in the SCS. Using the 
reconstructed dataset, the long-term trends of sea surface pCO2 in 5 sub-regions of the SCS with 
differing physico-biogeochemical characteristics were shown. Mesoscale processes such as the Pearl 
River plume and China Coastal Currents significantly impact sea surface pCO2 in the SCS during 



different seasons. While the SCS is overall a weak source of atmospheric CO2, the northern SCS acts 
as a sink, showing a trend of increasing strength over the past two decades. 

 
Figure: Reconstructed seasonal and annual pCO2 fields in the South China Sea during the period from 
2003 to 2020 (a, 2003-2011; b, 2012-2020) 

Citation: Wang, Z.X., Wang, G.Z., Guo, X.H., Bai, Y. Xu, Y. & Dai, M.H. (2023), Spatial reconstruction 
of long-term (2003-2020) sea surface pCO2 in the South China Sea using a machine learning based 
regression method aided by empirical orthogonal function analysis, Earth System Science Data, 
accepted.  

 

Title: Weakened fertilization impact of anthropogenic aerosols on marine phytoplankton—A 
comparative analysis of dust and haze particles (theme 3) 

Although increases in air pollutants are changing chemical compositions of atmosphere, the resultant 
impacts on marine biogeochemistry remains elusive. We performed a collective analysis of 12 



microcosm experimental data concerning treatments of dust particles (DPs, typically mineral aerosols), 
haze particles (HPs, typically anthropogenic aerosols), and various nutrients in varying trophic 
seawaters of the Northwest Pacific Ocean. The addition of DPs and HPs generally stimulated 
phytoplankton growth, as indicated by total chlorophyll a (Chl a), and shifted the phytoplankton size 
structure towards larger cells (> 2 μm in cell size), as indicated by size-fractionated Chl a. We further 
found that DP/HP-derived Chl a increase relative to the control (RCChl a) was proportional to the 
proportion of nitrogen (N) supplied by DPs/HPs relative to the baseline N concentration in seawater 
(PSN) and was higher than that in the N alone treatment when the PSN exceeded ~480%. The enhanced 
utilization of dissolved organic P potentially contributed to the stimulation of DPs/HPs. The slope of 
fitted line based on RCChl a and PSN in the DP treatments (0.14) was higher than that in the HP treatments 
(0.11). When the particle loading was extremely high (2 mg L-1), the addition of HPs exhibited an 
obvious inhibition impact on phytoplankton and was adverse to the shift of the size structure towards 
larger cells. These results suggest that the impact of HPs on phytoplankton is a composite result of 
stimulation by nutrients and inhibition by toxic matter, which may affect carbon sequestration efficiency 
in the ocean by regulating phytoplankton biomass and size structure. 

 

Figure: Summary graphic diagram of distinct effects of dust and haze particles on marine phytoplankton 
growth and shift in size structure. 

 

Citation: Zhang, C., Chu, Q., Yingchun, M., Yao, X. & Gao, H. (2022). Weakened fertilization impact of 
anthropogenic aerosols on marine phytoplankton—A comparative analysis of dust and haze particles. 
Ecotoxicology and Environmental Safety, 230, 113162. 

2. Activities/main accomplishments in 2022 (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). 

1) Cruises 

ID Time Location Activities Theme  

1 

Jun.-Jul., 2022 
Northwest 
Pacific  

Parameters investigated include greenhouse 
gases (CO2, CH4, N2O), chemical 
compositions of aerosols, alkaline 
phosphatase activities and marine 
phytoplankton 

1, 3-5 



2 

Jun.-Jul., 2022 
Northwest 
Pacific  

Parameters investigated include carbonate 
system in water column and surface water 
partial pressure of CO2. The biogeochemical 
cycling of carbon, nitrogen and iron as well 
as their coupling and decoupling across the 
ocean-land-air interfaces will be studied. 

2, 3-5 

3 

Jan. 2022-Jan. 
2023 

Xiamen, 
Haikou 

Monthly aerosol sampling, parameters 
investigated include chemical compositions 
of aerosols (water-soluble ions, water -
soluble organic carbon, water-soluble black 
carbon, ultra-high resolution molecular 
composition, organic carbon/elemental 
carbon etc.) 

3 

4 
July 2022 Jiulong Estuary 

Parameters investigated include chemical 
composition of surface water 

3 

5 

Aug.-Sept., 2022 

Swan Lake in 
Shandong and 
Maoweihai Bay 
in Guangxi 

Investigate carbon cycling in selected 
seagrass ecosystems involves multiple 
interfaces (water-gas, water-soil, soil-gas, 
vegetation-water) and multiple parameters 
(CO2, CH4, N2O, etc.) 

3-5 

6 

Nov., 2022 

Li’an Port in 
Hainan and 
Maoweihai Bay 
in Guangxi 

Investigate carbon cycling in seagrass 
ecosystems involves multiple interfaces 
(water-gas, water-soil, soil-gas, vegetation-
water) and multiple parameters (CO2, CH4, 
N2O, etc.) 

3-5 

 

 Selected Projects 

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: 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 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 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 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). 

National Key Research and Development Program of China: Refined Air-Sea Interface 
Observation Technology and Flux Process Cognition (2022-2027), Leading PI: Xin Wang at South 
China Sea Institute of Oceanography, CAS. (Theme 2) 

NSFC Innovative Research Group: Nitrogen Cycle under Global Change (2018-2023), Leading PI: 
Shuh-Ji Kao at Xiamen University. (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 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 Special Project: Air-sea Carbon Fluxes, Budget and Uncertainties in China Seas (2022-
2025), leading PI: Xianghhui Guo at Xiamen University. 

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 international, creating a plateau of scientific innovation and development. (Theme 1 & 3) 

Tencent BLUE-CARE Project or “Blue Carbon Ecosystem Assessment, Restoration and 
Accounting Project” (2022-2024), Leading PI: Minhan Dai at Xiamen University. 

 

 Infrastructure 

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 2022.  

The National Observation and Research Station for the Taiwan Strait Marine Ecosystem (T-
SMART) is committed to the long-term monitoring of and experimental research on marine 
ecosystem structure and function, providing scientific and technological solutions for healthy 
ecosystems and sustainable economic development. T-SMART quarterly cruises in 2022 included 
observations of the upwelling region in the Taiwan Strait, Dongshan Bay, Xiamen Bay and 
Zhangjiang Estuary, as well as improvements to its intelligent observation facilities. In total, over 
35 GB of observational data were collected. 

 
 International interactions and collaborations 

1) Conference presentations 

Minhan Dai. Ocean carbon cycle and ocean-based carbon dioxide removal. 19th Annual Meeting 
of the Asia Oceania Geosciences Society. August 1-5, 2022. Online. (AOGS Axford Medal 
Lecture) 

Minhan Dai. SOLAS Sciences: A Regional Perspective and Opportunity. Online Workshop on 
Surface Ocean Lower Atmosphere Study in Southeast Asia. August 23, 2022. Online. (Keynote 
speech) 

Nianzhi Jiao. Global Ocean Negative Carbon Emissions (Global-ONCE). 7th BRICS Young 
Scientist Forum. August 29 - September 1, 2022. Xiamen China. (Invited talk) 

Dalin Shi, The complex effect of ocean acidification on marine primary producers in a multi-
stressor environment. 5th International Symposium on the Ocean in a High CO2 World. September 
13 - 16, 2022. Lima, Peru. Online. (Plenary talk) 

Bingbing Wang. Micro-spectroscopic characterization and ice formation potential of marine related 
aerosol particles. 8th hybrid SOLAS Open Science Conference. September 25 - 29. Cape Town, 
South Africa. Online. (Invited talk) 

Minhan Dai. Upper Ocean Biogeochemistry of Oligotrophic Subtropical Gyres: from Nutrient 
Sources to Carbon Export. 4th Open Science Symposium on Western Pacific Ocean Circulation 
and Climate. October 25-27, 2022. Xiamen China. (Keynote speech) 

Minhan Dai. Fertilization in Oligotrophic Oceans. 1st International Forum on Ocean Negative 
Carbon Emissions. November 14, 2022. Xiamen China. (Invited talk) 

Minhan Dai. Coastal-SOS and BRICS cooperation under UN Decade framework. The BRICS 
Workshop on Climate Prediction and Marine Disaster Prevention and Mitigation. December 12 - 
13, 2022. Qingdao, China. Online. (Keynote speech) 

Minhan Dai. Carbon Fixation and Export in oligotrophic ocean (Carbon-FE). 8th hybrid SOLAS 
Open Science Conference. September 25-29, 2022. Cape Town, South Africa. Online. (Poster) 

 

2) Conference & meetings organized 

The 1st seminar of the SOLAS Seminar Series focuses on “Interconnections between aerosols, 

clouds and marine ecosystems”, which was held on 29 April 2022 online and onsite in Xiamen, 



China. It was host by State Key Laboratory of Marine Environmental Science (Xiamen University) 

and convened by Bingbing Wang and Minhan Dai. This seminar aimed to explore recent findings 

obtained from laboratory and field measurements on marine aerosol physicochemical properties 

and discuss the links among plankton bloom, key aerosol processes, and aerosol cloud-forming 

properties.  

The SOLAS co-sponsored Sixth Xiamen Symposium on Marine Environmental Sciences (XMAS-

VI) was held in Xiamen, China and online from 9-12 January 2023 with the theme focusing on 

Multidisciplinary and Solution Sciences for a Sustainable and Healthy Ocean. A SOLAS session 

entitled “Surface Ocean - Lower Atmosphere Study: Air-Sea interaction and its climatic and 

environmental impacts” was included. SOLAS Town Hall “SOLAS in the new era: harnessing 

partnership and transforming science into solutions” was held as part of XMAS-VI.  

A special session entitled "Endorsed or Planned Actions of the UN Decade of Ocean Science for 

Sustainable Development in Asia and Beyond" was included in XMAS-VI. This Ocean Decade 

Session invited the endorsed/planned Ocean Decade programmes or projects from Asia and other 

regions to demonstrate their actions and progress and to exchange ideas for initiating new 

cooperation under UN Ocean Decade framework. 

The 4th Open Science Symposium on Western Pacific Ocean Circulation and Climate (4th OSS-
WPOC) was held during October 24-27, 2022 in a hybrid format, virtually on Zoom and on-site in 
Xiamen, China. This symposium provided a forum for the ocean community to exchange recent 
progress in the study of western Pacific Ocean (WPO) circulation and climate, marine 
biogeochemistry, and ecosystem, including their inter-connection and the connection with other 
oceans, to address environmental challenges and promote multi- and cross-disciplinary 
collaborations with a view towards the goals of the UN Decade of Ocean Science for Sustainable 
Development. 

3) Contribution to international initiatives  

Xin Wang serves as Associated Editor of Frontiers in Climate;  

Xianghui Guo serves as Associate Editor of Frontiers in Marine Science (section Global Change 
and Future Ocean);  

Yan Bai, et al. launched a Research Topic entitled “Insights on Air-Sea CO2 Fluxes from Remote 
Sensing” at Frontiers in Marine Science in 2022;  

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 is a member of IOC working group on Integrated Ocean Carbon Research (IOC-R). 
Established in 2018, this group aims at filling knowledge gaps in relation to ocean carbon by 
designing and promoting the implementation of a new generation of integrated ocean carbon 
research. The working group fosters active collaboration and synergies amongst IOC, IOCCP, 
SOLAS, IMBeR, GCP, CLICAR, WCRP and relevant international efforts on carbon research. 

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.  

4) International collaborations 

Ocean University of China and University of East Anglia continue a sustained and stable relations 

https://unesdoc.unesco.org/ark:/48223/pf0000376708


of collaborations, covering the exchange of undergraduate and graduate students. 

 

3. Representative Publications in 2022 (only PUBLISHED articles) and if any, web links to 
models, datasets, products, etc.  
1. Shi, J., Guan, Y., Gao, H., Yao, X., Wang, R. & Zhang, D. (2022). Aerosol Iron solubility specification 

in the global marine atmosphere with machine learning. Environmental Science & Technology, 
56(22), 16453-16461. 

2. Chen, D., Yao, X., Chan, C. K., Tian, X., Chu, Y., Clegg, S. L., Shen, Y. J., Gao, Y. & Gao, H. (2022). 
Competitive uptake of dimethylamine and trimethylamine against ammonia on acidic particles in 
marine atmospheres. Environmental Science & Technology, 56(9), 5430-5439. 

3. Zhang, C., Chu, Q., Yingchun, M., Yao, X. & Gao, H. (2022). Weakened fertilization impact of 
anthropogenic aerosols on marine phytoplankton—A comparative analysis of dust and haze 
particles. Ecotoxicology and Environmental Safety, 230, 113162. 

4. Zhang, R., Guo, W. & Wang, X. (2022) Deep learning to near-surface humidity retrieval from multi-
sensor remote sensing data over the China Seas. Remote Sensing, 14, 4353, doi: 
10.3390/rs14174353. 

5. Sun, X. & Wu, R. (2022). Contribution of wind speed and sea-air humidity difference to the latent 
heat flux-SST relationship. Ocean-Land-Atmosphere Research, 2022, 9815103, doi: 
10.34133/2022/981510. 

6. Li X., Yang, J., Yan, Y. & Li, W. (2022). Exploring CYGNSS mission for surface heat flux estimates 
and analysis over tropical oceans. Frontiers in Marine Science, 9, 1001491, 
doi:10.3389/fmars.2022.1001491. 

7. Wan, X.S., Sheng, H.X., Dai, M., Casciotti, K.L., Church, M.J., Zou, W., Liu, L., Shen, H., Zhou, K., 
Ward, B.B. & Kao, S.J. (2022). Epipelagic nitrous oxide production offsets carbon sequestration by 
the biological pump. Nature Geoscience, 16, 29-36. 

8. Zhang, F., Wen, Z., Wang, S., Tang, W., Luo, Y.-W., Kranz, S.A., Hong, H. & Shi, D. (2022). 
Phosphate limitation intensifies negative effects of ocean acidification on globally important nitrogen 
fixing cyanobacterium. Nature Communications, 13, 6730. doi: 10.1038/s41467-022-34586-x. 

9. Wan, X.S., Lin, H., Ward, B.B., Kao, S.-J. & Dai, M. (2022). Significant seasonal N2O dynamics 
revealed by multi-year observations in the northern South China Sea. Global Biogeochemical 
Cycles, 36(10), e2022GB007333. 

10. Yang, W., Guo, X., Cao, Z., Su, J., Guo, L., Wang, L., Xu, X., Huang, T., Li, Y., Xu, Y., Wang, Z., 
Wang, G. & Dai, M. (2022). Carbonate dynamics in a tropical coastal system in the South China 
Sea featuring upwelling, river plumes and submarine groundwater discharge. Science China Earth 
Sciences, doi: org/10.1007/s11430-021-9963-8. 

11. Bao, H., Qiao, J., Zhang, R., Huang, D., Wang, B., Lin, X. & Kao, S.-J. (2022). Multiproxy probing 
of anthropogenic influences on the different components of dissolved organic matter in coastal 
rainwater. Science of the Total Environment, 824, 153846. 

12. Zhao, W., Bao, H., Huang, D., Niggemann, J., Dittmar, T. & Kao, S.-J. (2022). Evidence from 

molecular marker and FT‐ICR‐MS analyses for the source and transport of dissolved black carbon 

under variable water discharge of a subtropical estuary. Biogeochemistry, 162, 43-55. 
13. Zheng, H., Sun, Y., Luo, T., Cheng, X., Shao, S., Zheng, S., ... & Liu, J. (2023). Advances in coastal 

ocean boundary layer detection technology and equipment in China. Journal of Environmental 
Sciences, 123, 156-168. 

14. Yao, Y., Alpert, P. A., Zuend, A. & Wang, B. (2023). Does liquid–liquid phase separation impact ice 
nucleation in mixed polyethylene glycol and ammonium sulfate droplets?. Physical Chemistry 
Chemical Physics, 25(1), 80-95. 

15. Chuan Qin, Guiling Zhang, Yu Han, Guicheng Zhang, Jun Sun. The influence of Vietnam Offshore 
Current and Kuroshio Intrusion on net community production in the oligotrophic South China Sea 
in summer. Journal of Geophysical Research: Oceans, 2022. 

16. Liu, C., T. Zhang, B. Lu, G. Zheng, X. Liu, Y. Gao, Y. Chen, and X. Li. Multiple models used to 
deconstruct the characteristics of atmospheric particles in arid region of northwest China. Frontiers 
in Environmental Science, 2022. 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2022? If yes, who? How did you engage? 



Blue carbon ecosystems – mangroves, seagrasses, and salt marshes– are highly productive coastal 
ecosystems that are particularly important for their carbon sequestration capacity, and are thereby 
considered a key component of nature-based solutions to climate change. Based on this, Xiamen 
University and Tencent co-initiated the BLUE-CARE project entitled “Blue Carbon Ecosystem 
Assessment, Restoration and Accounting Project” partnering with leading research institutes and non-
governmental organizations. Focusing on the carbon cycles of typical seagrasses and salt marshes in 
China, the generated knowledge will be used to develop methodologies for accounting carbon sinks 
and credits of these ecosystems. Specifically, the project will select two demo sites to perform seagrass 
restoration, whose carbon credits will be used for Tencent’s blue carbon trading. The ultimate goal of 
BLUE-CARE is to provide guidance for carbon sink measurement and monitoring practices in China's 
blue carbon trading. 

Based on the global consensus on carbon neutrality and international research frontiers on ocean 

negative carbon emissions, Nianzhi Jiao led the launch of Global ONCE (Ocean Negative Carbon 

Emission), a UN Ocean Decade program, in June 2022. Its objective is to provide data, knowledge and 

best practices to enable society to develop mitigating and adaptative approaches to climate impacts. 

Global ONCE will establish a network of instrumented marine field stations and research facilities to 

evaluate such approaches, develop the protocols for initiation and evaluation, undertake and facilitate 

co-designed interdisciplinary research on key ecosystem carbon processes, build technical and 

personnel capacity and enhance knowledge exchange between scientists, policy makers, industry, 

managers and communities. The approaches considered span nature-based interventions to optimize 

organic carbon sequestration capability alongside biodiversity as well as chemical and engineering 

technologies. Global ONCE will promote equitable ocean governance of adaptative and mitigative 

approaches, through enhanced interaction with local regional and global industries, decision makers 

and legislators. 

Led by Xiamen University, the COASTAL-SOS was endorsed as a project of the UN Ocean Decade in 

2021. COASTAL-SOS partners cross-sectoral stakeholders, including leading academic institutions, 

industrial enterprises, non-profit foundations and nongovernmental/intergovernmental organizations 

(NGO/IGOs) from East Asian countries to advance scientific understanding of critical coastal ocean 

health issues. Multiple research funds for COASTAL-SOS have been granted through the Xiamen 

Ocean Development Bureau, Chinese Academy of Sciences, China Ocean Development Foundation 

and Tencent. Implementation plans are progressing in an orderly manner. In 2022, COASTAL-SOS 

organized several activities targeting different stakeholders, including 2022 Sustainable Ocean Forum, 

Virtual Training Program for Sustainable Oceans 2022 and 6th China Oceanic Development Foundation 

Beach Cleanup Event.  

 

PART 2 - Planned activities for 2023 and 2024 

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 regular spring cruise to the Northwest Pacific conducted by R/V Dong-Fang-Hong 

3 in the next few years, which is closely related to themes 1, 3, 4 and 5 of SOLAS. 

2. The long-term monitoring of atmospheric deposition of different organic components will continue 

in Xiamen and Haikou in the next few years; more efforts will be put to the biogeochemical processing 

of atmospheric deposited organic matter (OM) to help to evaluate its potential influences on coastal 

biogeochemical cycling and environment healthy. 

3. There will be a summer cruise to the South China Sea conducted by R/V TKK in 2023, which is 

closely related to themes 3-5 of SOLAS. 

4. There will be two cruises (spring and summer) in selected seagrass ecosystems in 2023, which is 

closely related to themes 3-5 of SOLAS. 

5. There will be collaborative laboratory studies focus on the dissolution of olivine in 2023, which 

focus on theme 5 (the Environmental impacts of geoengineering). 



6. There will be a summer cruise to investigate the key processes and mechanisms of the biological 

pump and microbial carbon pump in the Qiongdong Upwelling system and Changjiang plume. 

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

 

3. Funded national and international projects/activities underway.  

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. 

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. 

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

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

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.  

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 Special Project: Air-sea Carbon Fluxes, Budget and Uncertainties in China Seas (2022-2025), 
leading PI: Xianghhui Guo at Xiamen University. 

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.  

Tencent BLUE-CARE Project or “Blue Carbon Ecosystem Assessment, Restoration and Accounting 
Project” (2022-2024), Leading PI: Minhan Dai at Xiamen University.  

NSFC Major Program: Integrated Study on the Multiscale Material Cycling at the Sea-Air Interface in 
the West Pacific (2023-2025), Leading PI: Zhimian Cao at Xiamen University.  

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 2023. 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. 
Huiwang Gao is the chair of Sino British Joint Research Centre, which aims to develop the 
collaboration between Ocean University of China and University of East Anglia. 

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 is a member of IOC working group on Integrated Ocean Carbon Research (IOC-R). 
Established in 2018, this group aims at filling knowledge gaps in relation to ocean carbon by 
designing and promoting the implementation of a new generation of integrated ocean carbon 
research. The working group fosters active collaboration and synergies amongst IOC, IOCCP, 
SOLAS, IMBeR, GCP, CLICAR, WCRP and relevant international efforts on carbon research. 

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.  

 

Comments 
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