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This report has two parts: 

- Part 1: reporting of activities in the period of January 2023 - Feb/Mar 2024 

- Part 2: reporting on planned activities for 2024 and 2025.  

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 2023 to Feb/Mar 2024 

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: Upper Ocean Biogeochemistry of the Oligotrophic North Pacific Subtropical Gyre: From 
Nutrient Sources to Carbon Export (Theme 3) 
 
Subtropical gyres cover 26%–29% of the world's surface ocean and are conventionally regarded as 
ocean deserts due to their permanent stratification, depleted surface nutrients, and low biological 
productivity. Despite tremendous advances over the past three decades, particularly through the Hawaii 
Ocean Timeseries and the Bermuda Atlantic Time-series Study, which have revolutionized our 
understanding of the biogeochemistry in oligotrophic marine ecosystems, the gyres remain 
understudied. We review current understanding of upper ocean biogeochemistry in the North Pacific 
Subtropical Gyre, considering other subtropical gyres for comparison. We focus our synthesis on spatial 
variability, which shows larger than expected dynamic ranges of properties such as nutrient 
concentrations, rates of N2 fixation, and biological production. This review provides new insights into 
how nutrient sources drive community structure and export in upper subtropical gyres. We examine the 
euphotic zone (EZ) in subtropical gyres as a two-layered vertically structured system: a nutrient-
depleted layer above the top of the nutricline in the well-lit upper ocean and a nutrient-replete layer 
below in the dimly lit waters. These layers vary in nutrient supply and stoichiometries and physical 
forcing, promoting differences in community structure and food webs, with direct impacts on the 
magnitude and composition of export production. We evaluate long-term variations in key 
biogeochemical parameters in both of these EZ layers. Finally, we identify major knowledge gaps and 
research challenges in these vast and unique systems that offer opportunities for future studies. 

 
Figure: Illustration of vertical nutrient and organic carbon profiles within the oligotrophic North Pacific 
Subtropical Ocean, elucidating the interplay of various nutrient sources including diazotroph-derived 
nitrogen that govern the intricate process of carbon sequestration in this expansive oceanic domain. 
Credit: Hong Zhou 
 
Citation: Dai, M.H., Luo, Y.W., Achterberg, E.P., et al. (2023). Upper ocean biogeochemistry of the 
oligotrophic North Pacific Subtropical Gyre: From nutrient sources to carbon export. Reviews of 
Geophysics, 61(3), e2022RG000800. 
 
Title: Atmospheric deposition and river runoff stimulate the utilization of dissolved organic 
phosphorus in coastal seas (Theme 3) 
 
In coastal seas, the role of atmospheric deposition and river runoff in dissolved organic phosphorus 
(DOP) utilization is not well understood. Here, we address this knowledge gap by combining 
microcosm experiments with a global approach considering the relationship between the activity of 
alkaline phosphatases and changes in phytoplankton biomass in relation to the concentration of 
dissolved inorganic phosphorus (DIP). Our results suggest that the addition of aerosols and riverine 
water stimulate the biological utilization of DOP in coastal seas primarily by depleting DIP due to 
increasing nitrogen concentrations, which enhances phytoplankton growth. This “Anthropogenic 



Nitrogen Pump” was therefore identified to make DOP an important source of phosphorus for 
phytoplankton in coastal seas but only when the ratio of chlorophyll a to DIP [Log10 (Chl a /DIP)] is 
larger than 1.20. Our study therefore suggests that anthropogenic nitrogen input might contribute to 
the phosphorus cycle in coastal seas. 
 

 
Figure: In coastal seas, atmospheric deposition and river runoff are mainly contributing dissolved 
inorganic nitrogen (DIN) whereas in the surface open ocean, atmospheric deposition is mainly 
contributing essential trace metals for enhancing the activity of the alkaline phosphatase (APA). DIN 
therefore increases in surface waters of the coastal seas leading to higher N:P ratios, enhanced 
phytoplankton growth, and the uptake of dissolved inorganic phosphorus (DIP). Once DIP is below a 
certain threshold, the APA significantly increases. This process leads to an increase in the utilization 
of dissolved organic phosphorus (DOP). 
 
Citation: 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. 
 
Title: Important roles and formation of atmospheric organosulfates in marine organic aerosols: 
Influence of phytoplankton emissions and anthropogenic pollutants (Theme 5) 
 
Organic aerosols in marine atmospheres currently are rarely identified or quantified at the molecular 
level. Organosulfates (OSs) could be potentially important compounds in marine organic aerosols, 
while their formation in marine atmospheres is far from clear due to lack of cruise observations. In this 
work, shipboard atmospheric observations were conducted over the Yellow Sea and Bohai Sea to 
investigate the abundance and formation of biogenic isoprene/monoterpene-OSs in marine aerosols. 
The quantified OSs and NOSs accounted for 0.04%– 6.9% of marine organic aerosols and were 
0.07%– 2.2% of the nss-sulfate in terms of sulfur content. Isoprene-related (nitrooxy-)OSs occupied 
27%-87% of the total quantified OSs, following the abundance order of summer>autumn>spring or 
winter. This order was driven by the marine phytoplankton biomass and sea surface temperature 
(SST), which controlled the seawater and atmospheric isoprene concentration levels. Under the 
severe impacts of anthropogenic pollutants from the East Asia continent in winter, monoterpene 
nitrooxy-OSs, generated with NOx involved in, elevated to 34.4±35.5 ng/m3 and contributed 68% of 
the quantified (nitrooxy-)OSs. Our results highlight the notable roles of biogenic OSs in marine organic 
aerosols over regions with high biological activity and high SST. The formation of biogenic OSs and 
their roles in altering marine aerosol properties calls for elaboration through cruise observations in 

different marine environments. 



   
 
Figure: Variations of (OSs+NOSs)/OM mass ratios and OC concentrations in marine atmospheric 
aerosols over the Yellow Sea and Bohai Sea, and in the atmospheres at coastal and inland sites 
reported in previous studies. 
 
Citation: Wang, Y., Y. Zhang, W. Li, G. Wu, Y. Qi, S. Li, W. Zhu, J. Z. Yu, X. Yu, H. H. Zhang, J. Sun, 
W. Wang, L. Sheng, X. Yao, H. Gao, C. Huang, Y. Ma and Y. Zhou (2023). Important roles and 
formation of atmospheric organosulfates in marine organic aerosols: Influence of phytoplankton 
emissions and anthropogenic pollutants. Environmental Science & Technology 57(28), 10284-10294. 
 
Title: Coupling of carbon and oxygen in the Pearl River plume in summer: upwelling, hypoxia, 
reoxygenation and enhanced acidification (Theme 3) 
 
Acidification and hypoxia are universal environmental issues in coastal seas, especially in large river 
estuaries such as the Pearl River estuary. In July and August of 2015, two legs of a field survey were 
conducted in the Pearl River plume. Leg 1 was sampled during the influence of upwelling favorable 
winds, while Leg 2 was during downwelling favorable winds. During both legs, instead of the typically 
observed dissolved inorganic carbon (DIC) consumption and dissolved oxygen (DO) over-saturation, 

upwelling-induced high DIC (>2000 mol kg-1), low pH (7.7-7.8) and low DO (140-150 mol kg-1) 
values were observed in surface waters at the estuary mouth and the area off Hong Kong. In the 
bottom waters, hypoxia, acidification (pH 7.6-7.8) and DIC accumulation (DIC addition of ~ 100-180 

mol kg-1) were observed. Hypoxia was less severe during Leg 2 compared to Leg 1. The 
stoichiometry of oxygen depletion to DIC addition was 0.89 for bottom water, suggesting 
remineralization was dominated by marine sourced organic matter. However, a comparison of data 
from the two legs showed that the stoichiometry of oxygen consumption to DIC accumulation was 

significantly higher during Leg 2 (0.730.03 for Leg 1 vs. 0.800.05 for Leg 2), although N/P ratios 

were the same (13.541.93 for Leg 1 vs. 13.512.04 for Leg 2). This phenomenon was attributed 
mainly to enhanced ventilation (re-oxygenation) under the influence of the downwelling favorable 
winds during Leg 2. Although ventilation relieves hypoxia, it might enhance acidification in bottom 
waters after a short-term ventilation event. The enhanced acidification after short-term ventilation is 
worthy of further study considering that most hypoxia and acidification are found in shallow coastal 
seas. 

 
Figure: Conceptual model of the enhanced ocean acidification process in shallow estuaries or coasts. 
(A) status before ventilation; (B) the ventilation process; (C) enhanced acidification after the re-
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establishment of the stratification following short-term ventilation. N/P indicates nutrients and OM is 
organic matter. The yellow symbols and black dots denote phytoplankton and particulate OM in the 
water column, respectively. The thick and thin dashed lines represent strong stratification and weak 
stratification, respectively. 
 
Citation: Xianghui Guo, Jianzhng Su, Liguo Guo, et l., (2023). Coupling of carbon and oxygen in the 
Pearl River plume in summer: Upwelling, hypoxia, reoxygenation and enhanced acidification, Journal 
of Geophysical Research: Oceans, 128, e2022JC019326. https://doi.org/10.1029/2022JC019326. 
 
Title: Mixed Archaeal Production and Nitrifier Denitrification Dominate N2O Production in the 
East China Sea: Insights From Isotopocule and Hydroxylamine Analyses (Theme 1) 
 
Oceans are identified as potent sources of atmospheric nitrous oxide (N2O), while the magnitude of its 
flux and microbial production mechanisms remain uncertain in highly perturbed coastal zones. Here, 
the first analyses of N2O isotopocule signatures in the East China Sea (ECS) are presented, along 
with hydroxylamine (NH2OH) and N2O concentrations, to clarify the dominant N2O production 
processes in coastal water. In the ECS in October 2015, N2O ranged from 6.3 to 33.1 nmol L−1, 
equivalent to 99%–251% saturation, leading to air-sea fluxes of 1.6–10.5 μmol m−2 d−1 (4.8 ± 2.5 μmol 
m−2 d−1) using the W2014 formula. The coexistence of high levels of NH4

+, NH2OH, and NO2
− 

indicated the potential for nitrification and/or hybrid N2O formation. In the shallow water (<300 m), the 
concentration (∼9.3 nmol L−1), δ15Nbulk–N2O (∼6.8‰), δ18O–N2O (∼45.1‰), and 15N site preference 
(SP, ∼14.8‰) of N2O were close to the isotopic signatures in atmospheric N2O, whereas values in the 
deep water increased with depth, with N2O reaching maxima of 33.1 nmol L−1, 8.6‰, 54.7‰, and 
18.7‰, respectively. From the dual N2O isotopocule mapping approach, almost equal contributions of 
archaeal N2O production (archaeal nitrification and/or hybrid mechanism, ∼47%) and nitrifier 

denitrification (or denitrification) (∼53%) to total in situ N2O production were identified for the shallow 
water, but archaeal nitrification was responsible for ∼83% of the deeper N2O production. Moreover, 
the far-field lateral advection from other areas served as a potential physical supply of deeper N2O. 
Our findings enhance the understanding of N2O dynamics in coastal waters. 
 

 
Figure: Relationships of δ18O–N2O versus (a) δ15Nbulk–N2O, (b) δ15Nα–N2O, and (c) site preference 
for shallow water (<300 m) and deep water (>300 m). The dashed lines represent linear regression 
curves, showing only significant relationships (p < 0.05). 
 
Citation: Gu, X.-J., Wang, L., Casciotti, K. L., Xin, Y., Liu, S.-M., & Zhang, G.-L. (2023). Mixed 
Archaeal production and nitrifier denitrification dominate N2O production in the East China Sea: 
Insights from isotopocule and hydroxylamine analyses. Journal of Geophysical Research: Oceans, 
128, e2022JC019355. 
 
Title: Signature of Mesoscale Eddies on Air-Sea Heat Fluxes in the North Indian Ocean (Theme 
2) 
 
Using a combination of 20-year (1999-2018) remotely-sensed air-sea heat flux products and altimeter-
based eddy atlas, we investigate the signature of mesoscale eddies on sea surface temperature 
(SST) and air-sea turbulent latent and sensible fluxes, or simply, turbulent heat fluxes (THFs), in the 
North Indian Ocean. On average, eddy-induced THF feedback can approach ~40 W m−2 k−1 for warm-
core anticyclones (AEs) and ~28 W m−2 k−1 for cold-core cyclones (CEs) at their extreme values. In 
addition to these conventional sea surface height (SSH)-SST coherent eddies and their imprints as 



monopoles in heat fluxes, a comparable proportion of SSH-SST incoherent eddies (cold-AEs and 
warm-CEs) are surprisingly active in this region, which offset the monopolar paradigm of coherent 
eddy-induced THF anomalies or develop a dipole structure when combined with these conventional 
eddies. In terms of seasonality, the aggregation of SSH-SST coherent and incoherent eddies in the 
Arabian Sea develops concentrated monopoles within eddy contours in both summer and winter, with 
a damped THF located farther away from the eddy core in winter. In the Bay of Bengal, a strong 
compensation between SSH-SST coherent and incoherent eddies is observed in summer that leads 
to null net fluxes, while the winter-time THF composite of these two eddy types displays a dipolar 
structure which was described as eddy-stirring effect in the literature. 
 

 
Figure: Schematic of anticyclonic and cyclonic eddies in depth. Panel (a) illustrates an example of 

SSH‐SST coherent eddies, and (b) shows a possible vertical structure of SSH-SST incoherent 

eddies. 
 
Citation: Chen, Y., and Yu, L. (2024). Signature of mesoscale eddies on air-sea heat fluxes in 
the North Indian Ocean. Journal of Geophysical Research: Oceans, 129, e2023JC019878. 
 
Title: Assessingthe Intensity of Marine Biogenic Influenceon the Lower Atmosphere: An 
Insight into the Distribution of Marine Biogenic Aerosols over the Eastern China Seas (Theme 
4) 
 
Marine biological activities make a non-negligible contribution to atmospheric aerosols, leading to 
potential impacts on the regional atmospheric environment and climate. The eastern China seas are 
highly productive with significant emissions of biogenic substances, but the spatiotemporal variations 
of marine biogenic aerosols are not well known. Air mass exposure to chlorophyll a (AEC) can be 
used to indicate the influence of biogenic sources on the atmosphere to a certain degree. In this 
study, the 12 year (2009−2020) daily AEC were calculated over the eastern China seas, showing the 
spatial and seasonal patterns of marine biogenic influence intensity which were co-controlled by 
surface phytoplankton biomass and boundary layer height. By combining the AEC values, relevant 



meteorological parameters, and extensive observations of a typical biogenic secondary aerosol 
component, methanesulfonate (MSA), a parameterization scheme for MSA simulation was 
successfully constructed. This AEC-based approach with observation constraints provides a new 
insight into the distribution of marine biogenic aerosols. Meanwhile, the wintertime air mass retention 
over land exhibited a significant decrease, showing a decadal weakening trend of terrestrial transport, 
which is probably related to the weakening of the East Asian winter monsoon. Thus, marine biogenic 
aerosols may play an increasingly important role in the studied region. 
 

 
Figure: The 12 year (2009–2020) daily AEC were calculated over the eastern China seas, showing 
the spatial and seasonal patterns of marine biogenic influence intensity which were co-controlled by 
surface phytoplankton biomass and boundary layer height.. 
 
Citation: Zhou, S., Chen, Y., Wang, F., Bao, Y., Ding, X., & Xu, Z. (2023). Assessing the Intensity of 
Marine Biogenic Influence on the Lower Atmosphere: An Insight into the Distribution of Marine 
Biogenic Aerosols over the Eastern China Seas. Environmental Science & Technology, 57(34), 
12741-12751. 
 
Title: Isoprene Production and Its Driving Factors in the Northwest Pacific Ocean (Theme 5) 
 
Marine isoprene plays a crucial role in the formation of secondary organic aerosol within the remote 
marine boundary layer. Due to scarce field measurements of oceanic isoprene and limited laboratory-
based studies of isoprene production, assessing the importance of marine isoprene on atmospheric 
chemistry and climate is challenging. Calculating in-field isoprene production rates is a crucial step to 
predict marine isoprene concentrations and the subsequent emissions to the atmosphere. The 
distribution, sources, and dominant environmental factors of isoprene were determined in the 
Northwest Pacific Ocean in 2019. The nutrient enrichment in the Kuroshio Oyashio Extension (KOE) 
surface seawater, driven by the upwelling and atmospheric deposition, promoted the growth of 
phytoplankton and elevated the isoprene concentration. This was confirmed by observed responses 
of isoprene to nutrients and aerosol dust additions in a ship-based incubation experiment, where the 
isoprene concentrations increased by 70% (t = 4.417, p < 0.001) and 35% (t = 2.387, p < 0.05), 
respectively. Biogenic isoprene production rates in the deck incubation experiments were positively 
related to chlorophyll a, temperature, and solar radiation, with an average production of 
7.33 ± 4.27 pmol L−1 day−1. Photochemical degradation of dissolved organic matter was likely an 
abiotic source of isoprene, contributing to approximately 14% of the total production. Driven by high 
isoprene production and extreme physical disturbance, the KOE showed very high emissions of 
isoprene of 46.0 ± 13.0 nmol m−2 day−1, which led to a significant influence on the oxidative capacity 
of the local atmosphere. 
 



 
Figure: Modeled production rate of isoprene in the mixed layer in the Kuroshio Oyashio Extension 
(KOE) (P01, and P05) and the subtropical Northwest Pacific Ocean (NWPO) (P24). Blue lines are 
photochemical production rates, red lines are biological production rates, and orange lines are the 
observed isoprene concentrations. Green points are the Chl-a concentration of seawater at sampling 
depth. Purple and green lines show the temperature and Chl-a used in model rate calculation. 
 
Citation: Wang, J., Zhang, H.-H., Booge, D., Zhang, Y.-Q., Li, X.-J., Wu, Y.-C., et al. (2023). Isoprene 
production and its driving factors in the Northwest Pacific Ocean. Global Biogeochemical Cycles, 37, 
e2023GB007841. 
 
Title: Ambiguous Variations in Tropical Latent Heat Flux since the Years around 1998 (Theme 
2) 
 
The tropical latent heat flux (LHF) has experienced a significant increase under the background of 
global warming in the past four decades. However, since the years around 1998, the long-term LHF 
variations in the tropics have been found to be quite different in various flux products. Three different 
trends in the LHF, climbing, near zero, and declining, are suggested by five widely used flux products, 
which hinders our knowledge of the actual LHF variations. Although there are buoy observations in 
the tropics, these observations are hard to use to evaluate flux products as they have been 
assimilated and/or used as benchmarks in the flux data production. This study aims to identify 
credible long-term LHF variations since 1998. A linear model decomposing the LHF variations into 

contributions from sea surface wind (U) and air-sea humidity differences (ΔQ) is first applied. The 
linear model results show that the LHF variations have been more positively connected to U variations 
since 1998. Evidence from in situ and remote sensing observations is subsequently employed to 
identify how U has varied recently. Both Global Tropical Moored Buoy Array (GTMBA) buoy 
observations (from 82 buoys) and a multi-sensor merged satellite product support a slightly downward 
trend in U in the last two decades. Such a weakening of U is not conducive to oceanic evaporation 
and leads to a reduced LHF. Consequently, a declining LHF under a weakening U since the 
emergence of the global warming “hiatus” in approximately 1998 might be more convincing in the 
sense of data accuracy and physical consistency. 
 



 
Figure: Time series of the anomalous (a) LHF, (b) U, and (c) ΔQ over tropical oceans (30°S-
30°N, 0-360°). The thin and thick straight lines denote the linear trends in 1979 to 1998 and 1999 
to 2018, respectively. The anomalies in each flux product are computed by removing their 
climatology mean values from 1979 to 2018. The two values in parentheses denote the linear 
trends before and after 1998, respectively. The bold italics indicate that the value passes the 
95% confidence level. The units for the linear trends in (a), (b), and (c) are W m-2 yr-1, m s-1 10yr-

1, and g kg-1 10yr-1, respectively. The green filled area denotes the period from 1979 to 1998. 
During this period, all the products show consistent signs of long-term trends in the LHF, U, and 
ΔQ. 
 
Citation: Zhang, R., Guo, W., Wang, X., & Wang, C. (2023). Ambiguous Variations in Tropical Latent 

Heat Flux since the Years around 1998. Journal of Climate, 36, 3403‒3415. 

 

2. Activities/main accomplishments in 2023 (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 

Time Location Activities Theme  

Jul.-Aug., 2023 
South China 
Sea 

Parameters investigated include 
carbonate system in water column and 
surface water partial pressure of CO2. 

1 



May and Jul., 
2023 

Swan Lake in 
Shandong  

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 

Apr. and Aug., 
2023 

Maoweihai 
Bay in 
Guangxi 

Mar.-Apr. and 
Jul.-Aug., 2023 

Li’an Port in 
Hainan 

Sep., 2023 
Yellow River 
Delta Nature 
Reserve 

Apr. and Aug., 
2023 

Bohai Sea 
and Yellow 
Sea 

Parameters investigated include 
chemical compositions of aerosols 

4, 5 

May and Jul., 
2023 

Northwest 
Pacific 

Parameters investigated include 
chemical compositions of aerosols, 
alkaline phosphatase activities, marine 
phytoplankton, and multiple 
parameters (CO2, CH4, N2O, etc.) 

1, 3-5 

 

- Selected Projects 

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. (Theme 1) 

Project supported by the Major Research Plan of NSFC: Integrative Study of Multi-scale Cycling at the 
Air-sea Interface in the Western Pacific Ocean (2023-2025), Leading PI: Zhimian Cao at Xiamen 
University. (Theme 1, 2, 3) 

National Key Research and Development Project: Refined Air-Sea Interface Observation Technology 
and Flux Process Cognition (2022-2027), Leading PI: Xin Zhang at South China Sea Institute of 
Oceanography, Chinese Academy of Sciences (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 Special Project: Air-sea Carbon Fluxes, Budget and Uncertainties in China Seas (2022-2025), 
Leading PI: Xianghui Guo at Xiamen University. (Theme 2) 

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

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 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 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) 

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 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 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: 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 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 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: Chemical compositions and formation pathways of atmospheric organosulfates 
in marine aerosols (2023-2025), Leading PI: Yujue Wang at Ocean University of China. (Theme 5) 

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) 

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) 

- International interactions and collaborations 

1) Conference presentations 

Minhan Dai. Upper ocean biogeochemistry of the oligotrophic North Pacific Subtropical Gyre: from 
nutrient sources to carbon export. The second Hong Kong-Macau Ocean Forum. 6 July, 2023. Hong 
Kong, China. (Oral) 

Huiwang Gao. Strengthened Ocean-Desert Processes in the North Pacific Over the Past Two Decades. 
International Digital Twins of the Ocean Summit 2023. 11 November., 2023. Xiameng, China. (Oral)   

Xianghui Guo, Surface water pCO2 and air-sea CO2 fluxes in the northwestern Pacific, Ocean Science 
Meeting. 18-23 February, 2024. New Orleans, USA. (Oral) 

Yujue Wang. Formation of atmospheric organosulfates in marine organic aerosols: influence of 
phytoplankton emissions and anthropogenic pollutants. AGU 2023. 11-15 December 2023. San 
Francisco, CA, USA. (Oral)  

 

2) Conference & meetings organized 

⚫ SOLAS Session and Town Hall at XMAS-VI 

Organized by the State Key Laboratory of Marine Environmental Science, Xiamen University (MEL), 
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. 

SOLAS session on Surface Ocean - Lower Atmosphere Study: Air-Sea interaction and its climatic and 
environmental impacts was convened by Guiling Zhang, Bingbing Wang, Lin Du, and Zhijun Wu. 



This session provided opportunities for the scientific community to exchange new ideas and discuss 
the latest achievements in our understanding of the key biogeochemical-physical interactions and 
feedbacks between the ocean and the atmosphere, and of how this coupled system affects and is 
affected by climate and environmental change. 

SOLAS Town Hall on SOLAS in the new era: harnessing partnership and transforming science into 
solutions was convened by Cécile Guieu, Erik van Doorn, Mohd Talib Latif, Li Li, Anoop Mahajan, 
Christa Marandino, Lisa Miller, Arvind Singh, and Guiling Zhang. 

This town hall allowed XMAS-VI attendees to provide direct input and contribute new ideas for SOLAS 
in planning our future activities, notably on how SOLAS can most usefully facilitate scientific research 
in understudied regions, identifying the research priorities of underrepresented communities, and 
discussing how SOLAS science can be transformed to societal solutions. 

⚫ International Digital Twins of the Ocean Summit 2023 

Initiated by the United Nations Decade of Ocean Science endorsed programme Digital Twins of the 

Ocean (DITTO) and co-hosted by the Fujian Ocean Innovation Center and MEL, the International 

DITTO Summit 2023 took place in conjunction with the 2023 World Ocean Week in Xiamen, China on 

9-12 November 2023, attracting 450 renowned experts, scholars and industry representatives from 19 

countries and regions. The Summit enabled sharing of the latest advances on digital twins of the 

ocean and discussion of future joint actions.  

⚫ SOLAS Scoping Workshop 

The SOLAS Scoping Workshop was held in Xiamen and online on 25-28 September 2023. The 

workshop gathered 40 leading oceanographers and atmospheric scientists from 18 countries to 

discuss SOLAS future beyond 2025 and draft the SOLAS 2026-2035 science plan and organization. 

⚫ 8th OUC-UEA Symposium on Integrative Ocean Sciences 

On September 12th, the 8th UEA-OUC Symposium was held at the University of East Anglia (UEA). 

More than 40 scholars participated in the symposium and had in-depth discussions on topics such as 

climate change, biogeochemical cycling, marine microbial ecology, and sea ice dynamics. President 

David Maguire attended the opening ceremony and delivered a speech. President Maguire expressed 

his sincere gratitude to Ocean University of China (OUC) for joining in the celebration of the 60th 

anniversary of UEA. He reviewed the latest developments in personnel exchange, student 

development, and research cooperation between the two universities, and expressed hopes for 

exploring more possibilities for future cooperation.  

3) Contribution to international initiatives 

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

Future Ocean). 

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.  

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. 

3. Publications in 2023 (only PUBLISHED articles) and if any, weblinks to models, datasets, 
products, etc.  



Bao, Y., Chen, Y., Wang, F., Xu, Z., Zhou, S., Sun, R., ... & Yan, K. (2023). East Asian monsoon 

manipulates the richness and taxonomic composition of airborne bacteria over China coastal area. 

Science of The Total Environment, 875, 162581. 

Chen, Y., Yang, J.-Y.T., Tang, J.-M., et al. (2024). Changes in isotope fractionation during nitrate 

assimilation by marine eukaryotic and prokaryotic algae under different pH and CO2 conditions. 

Limnology and Oceanography, doi: org/10.1002/lno.12546. 

Chen, Y., and Yu, L. (2024). Signature of mesoscale eddies on air-sea heat fluxes in the North Indian 

Ocean. Journal of Geophysical Research: Oceans, 129, e2023JC019878. 

Dai, M.H., Luo, Y.W., Achterberg, E.P., et al. (2023). Upper ocean biogeochemistry of the oligotrophic 

North Pacific Subtropical Gyre: From nutrient sources to carbon export. Reviews of Geophysics, 

61(3), e2022RG000800. 

Feng, W., Liu, S., Li, W., Yang, H., Chen, Y., & Wang, Y. P. (2024). Seismic investigation uncovers 

formation and spatial distribution of seafloor erosional features on the Changjiang (Yangtze) River 

subaqueous delta. Marine Geology, 470, 107268. 

Gong, J. C., Jin, H., Li, B. H., Tian, Y., Liu, C. Y., Li, P. F., ... & Yang, G. P. (2023). Emissions of nitric 

oxide from photochemical and microbial processes in coastal waters of the Yellow and East China 

Seas. Environmental Science & Technology, 57(9), 4039-4049. 

Guo Xianghui, Jianzhng Su, Liguo Guo, et l., (2023). Coupling of carbon and oxygen in the Pearl 

River plume in summer: Upwelling, hypoxia, reoxygenation and enhanced acidification, Journal of 

Geophysical Research: Oceans, 128, e2022JC019326. 

Gu, X.-J., Wang, L., Casciotti, K. L., Xin, Y., Liu, S.-M., & Zhang, G.-L. (2023). Mixed Archaeal 

production and nitrifier denitrification dominate N2O production in the East China Sea: Insights from 

isotopocule and hydroxylamine analyses. Journal of Geophysical Research: Oceans, 128, 

e2022JC019355. 

Jian, Z., J. Yu, Y. Wang, H. Dang, M. Dai, C. Li, X. Ji, X. Wang, and Y. Chen, 2023. Equatorial Pacific 

sea-air CO2 exchange modulated by upper ocean circulation during the last deglaciation. Geophysical 

Research Letters, 50(22), e2023GL105169. 

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. 

Resplandy, L., Hogikyan, A., Müller, J.D., et al. (2024). A synthesis of global coastal ocean 

greenhouse gas fluxes. Global Biogeochemical Cycles, 38(1), e2023GB007803. 

Song, Z., Yu, S., Bai, Y., et al. (2023). Construction of a high spatiotemporal resolution dataset of 

satellite-derived pCO2 and air–sea CO2 flux in the South China Sea (2003–2019). IEEE Transactions 

on Geoscience and Remote Sensing, 61, 1-15. doi: 10.1109/TGRS.2023.3306389. 

Wan, X.S., Sheng, H.-X., Dai, M., et al. (2023). Epipelagic nitrous oxide production offsets carbon 

sequestration by the biological pump. Nature Geoscience, 16(1), 29-36. 

Wang, J., Zhang, H.-H., Booge, D., Zhang, Y.-Q., Li, X.-J., Wu, Y.-C., et al. (2023). Isoprene 

production and its driving factors in the Northwest Pacific Ocean. Global Biogeochemical Cycles, 37, 

e2023GB007841. 

Wang, Y., Y. Zhang, W. Li, G. Wu, Y. Qi, S. Li, W. Zhu, J. Z. Yu, X. Yu, H. H. Zhang, J. Sun, W. 

Wang, L. Sheng, X. Yao, H. Gao, C. Huang, Y. Ma and Y. Zhou (2023). Important roles and formation 



of atmospheric organosulfates in marine organic aerosols: Influence of phytoplankton emissions and 

anthropogenic pollutants. Environmental Science & Technology 57(28), 10284-10294. 

Wang, Z.X., Wang, G.Z., Guo, X.H., Bai, Y., et al. (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, 15 (4), 1711-1731, 

https://doi.org/10.5194/essd-15-1711-2023. 

Yu, S., Song, Z., Bai, Y., et al. (2023). Satellite-estimated air-sea CO2 fluxes in the Bohai Sea, Yellow 

Sea, and East China Sea: Patterns and variations during 2003–2019. Science of the Total 

Environment, 904, doi: org/10.1016/j.scitotenv.2023.166804. 

Zhou, S., Chen, Y., Wang, F., Bao, Y., Ding, X., & Xu, Z. (2023). Assessing the Intensity of Marine 

Biogenic Influence on the Lower Atmosphere: An Insight into the Distribution of Marine Biogenic 

Aerosols over the Eastern China Seas. Environmental Science & Technology, 57(34), 12741-12751. 

Zhou, Z., Zhuang, G. C., Mao, S. H., Liu, J., Li, X. J., Liu, Q., ... & Yang, G. P. (2023). Methanol 

concentrations and biological methanol consumption in the northwest Pacific Ocean. Geophysical 

Research Letters, 50(8), e2022GL101605. 

Zhang, R., Guo, W., Wang, X., & Wang, C. (2023). Ambiguous Variations in Tropical Latent Heat Flux 

since the Years around 1998. Journal of Climate, 36, 3403‒3415. 

Zhang, T., Zheng, M., Sun, X., Chen, H., Wang, Y., Fan, X., ... & Chai, F. (2023). Environmental 

impacts of three Asian dust events in the northern China and the northwestern Pacific in spring 2021. 

Science of The Total Environment, 859, 160230. 

Zhang, Y., Tan, D. D., He, Z., Yu, J., & Yang, G. P. (2023). Dimethylated sulfur, methane and aerobic 

methane production in the Yellow Sea and Bohai Sea. Journal of Geophysical Research: Oceans, 

128(8), e2023JC019736. 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2023? 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 

nongovernmental organizations. The first 107.33 ha of salt marshes restoration project in the Jiangsu 

Yancheng Wetland & Rare Birds National Nature Reserve has generated about 1926 tCO2-e net 

carbon credit. The net carbon credit accounting is based on the salt marshes methodology. On 26 

September 2023, this salt marshes carbon credit has been registered in the Ecological Product Value 

Realization Platform of Guangzhou Emissions Exchange, and has been subscribed by Tencent 

Company. It will open a new chapter for salt marshes blue carbon trading in China. 

Led by MEL, the COASTAL-SOS, or “Coastal Zones Under Intensifying Human Activities and 

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

Ocean Sustainability,” 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. In 2023, multiple research funds for COASTAL-SOS were granted. Implementation 

plans are progressing in an orderly manner. In July, COASTAL-SOS co-organized the interdisciplinary 

panel “Coastal Issues: Support Ocean Sustainability” at the 20th Annual Meeting of the Asia Oceania 

Geosciences Society in Singapore, to jointly promote healthy and sustainable development of the 

oceans and coastal zones. 



The Global Ocean Negative Carbon Emissions (Global-ONCE) Program was approved by the 

Intergovernmental Oceanographic Commission (IOC) of the United Nations Educational Scientific and 

Cultural Organization (UNESCO). It is in the framework of the United Nations Decade of Ocean 

Science for Sustainable Development. The program aims to promote ONCE's “public products” to the 

international community and governments through official channels, disseminating knowledge, 

promoting exchanges, and enhancing mutual trust. On November 8th, the opening ceremony of the 

ONCE Open Science Conference was held in Xiamen. The ONCE Program’s series of achievements 

were released. After the opening ceremony, Dr. Xiankang Dou and Mr. Peter Thomson delivered 

keynote speeches during the ninth session of the Xiamen University Qunxian Lecture, focusing on the 

development and transformation of the NSFC and ocean health issues and sustainable development 

goals. 

 

 

PART 2 - Planned activities for 2024 and 2025 

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 summer cruise to Pearl River Estuary in 2024 which is closely related to themes 
1 of SOLAS. 

2. There will be a cruise to Yangtze River Estuary in July 2024 which is closely related to themes 
1 of SOLAS. 

3. There will be two cruises to the West Pacific in 2024, which is closely related to themes 1, 2, 3, 
4 of SOLAS. 

4. There will be a cruise to the Yellow Sea in April 2024 which is closely related to themes 3, 4, 5 
of SOLAS. 

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

The 7th Xiamen Symposium on Marine Environmental Sciences (XMAS-VII) will be held in Xiamen 

from January 14 to 17, 2025. It will focus on interdisciplinary cutting-edge sessions covering 

physical oceanography, chemical oceanography, biological oceanography, and marine 

ecotoxicology along with workshops for emerging topics in marine environmental sciences such as 

ocean-based carbon removal, ocean governance and sustainability, and marine economy. 

"Training Workshop on Marine Radioactivity" is scheduled to take place from 19-23 August 2025 at 

Xiamen University Malaysia, Selangor Darul Ehsan, Malaysia. This workshop is being organized by 

MEL, in collaboration with Center for Marine and Environmental Radioactivity of Woods Hole 

Oceanographic Institution (CMER), Xiamen University Malaysia (XMUM), and China-ASEAN 

College of Marine Sciences (CAMS).  

The workshop on “Formation, Ageing and Heterogeneous Chemistry of Marine Aerosols” will be 

held in September 2024. This workshop is being organized by Ocean University of China, 

University of Gothenburg and University of Helsinki. 

The 9th OUC-UEA Symposium on Integrative Ocean Sciences will be held at Ocean University of 

China, which is also for celebrating the 100th anniversary of OUC. 

3. Funded national and international projects/activities underway.  
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 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 5) 

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 3) 

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 5) 

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: 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) 

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) 

NSFC Special Project: Air-sea Carbon Fluxes, Budget and Uncertainties in China Seas (2022-2025), 
Leading PI: Xianghui Guo at Xiamen University. (Theme 2) 

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. (Theme 1) 

Project supported by the Major Research Plan of NSFC: Integrative Study of Multi-scale Cycling at 
the Air-sea Interface in the Western Pacific Ocean (2023-2025), Leading PI: Zhimian Cao at Xiamen 
University. (Theme 1, 2, 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 2024. 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. 
Xianghui Guo serves as Associate Editor of Frontiers in Marine Science (section Global Change 

and Future Ocean). 

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.  

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. 
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