surface ocean SO | a S lower atmosphere study
20 | g e

Report for the year 2025 and future activities
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compiled by: Huiwang Gao, Xianghui Guo, Yuan Shen, Chao Zhang

This report has two parts:

- Part 1: reporting of activities in the period of January 2025 - Feb/Mar 2026
- Part 2: reporting on planned activities for 2026 and 2027.

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 2025 to Feb/Mar 2026

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 s0).




Title: Surface water pCOzand air-sea fluxes in the southeastern coast of Mainland China: Synthesis
of a 22-year dataset of field observation (Themes 1&2)

Air-sea CO: flux in marginal sea is an important component of the global ocean carbon cycle. Located
between the East China Sea and the northern South China Sea shelves which are both CO: sinks, the
southeastern coast of Mainland China has large potential of CO2 sequestration, but studies on air-sea CO2
fluxes in this region are very limited. Surface water CO: partial pressure (pCOz2) and auxiliary parameters
from 51 cruises conducted in 2001-2022 were integrated to estimate the air-sea COz fluxes. Surface water
pCO: exhibited conspicuous spatial and temporal variabilities. The lowest pCO: occurred in winter (349 +
20 patm), gradually increased in spring (357 = 21 pyatm) and summer (371 + 35 patm), and reached a peak
in fall (392 + 27 yatm). Surface water pCO2 was primarily modulated by vertical mixing and cooling during
cold seasons, and by coastal upwelling and biological CO: uptake in warm seasons. Vertical water mixing
and temperature effect induced highest pCO: in fall. Air-sea CO: fluxes also exhibited strong seasonal
variations. The study area acts as a moderate to strong CO:2 sinks of 9.4 £ 5.5 and 3.7 = 3.9 mmol m-2d-
in winter and spring, respectively, and a CO2 source of 3.8 + 7.0 mmol m2d-! in fall. In summer, the surface
water COz: is near equilibrium with the atmosphere with an air-sea CO: flux of -0.6 £ 2.8 mmol -2d1. The
annual average air-sea COz2fluxes is -2.6 £ 6.8 mmol -2d, indicating the study area acting as a weak to
moderate sink annually. pCO: difference between the surface water and the atmosphere is the main factor
regulating the seasonal variations of air-sea CO:2 flux, and wind speed also played an important role,
enhancing CO: sink in winter.
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Figure: Seasonal averages and standard deviations (SDs) of air-sea CO2 fluxes (FCO2) in the 0.25° x
0.25° grids in the southeastern coast of Mainland China. The circled areas are the three domains.

Citation: Bu, D., Guo, X., Zhai, W., Xu, Y., & Dai, M. (2026). Surface water pCO2z and air-sea fluxes in the
southeastern coast of Mainland China: Synthesis of a 22-year dataset of field observation. Progress in
Oceanography, 241, 103659. https://doi.org/10.1016/j.pocean.2025.103659.

Title: Seasonal variability in surface water pCO2 and air-sea CO2 fluxes in the Northwestern Pacific
Ocean (Themes 1&2)

The Northwestern Pacific Ocean is one of the most important carbon sink regions globally. However, spatial
variability and seasonal amplitude of surface water CO:2 partial pressure (pCOz2) and air-sea CO:2 fluxes
remain unresolved. Surface seawater pCO: and auxiliary parameters were investigated in the
Northwestern Pacific during spring, summer and winter in 2019 and 2020. The air-sea COz2 fluxes exhibited
pronounced seasonal variability, acting as a COz2 sink of 5.0+4.1 mmol m2 d-! in winter and a CO2 source
of 1.7+1.6 mmol m2 d! in summer. During summer, surface water pCO: increases with latitude, showing
a “strange” pattern inverse with sea surface temperature. In winter, temperature-normalized pCO2 (NpCO3)
increased with latitude. In addition to the dominating temperature effect, different sub-regions have their
own unique processes that affect the pCO2 behavior which in turn influences the air-sea CO: fluxes. In the
western zone of the 10-14°N sub-region, precipitation reduces pCO:z by 12.4+5.2 pyatm in summer and
14.8+4.4 patm in winter. In the 14-27°N sub-region, the relatively high NpCO: is primarily driven by
evaporation, with elevated salinity increasing surface water NpCO2 by 11.1+£12.7 yatm in summer and
7.7+15.3 patm in winter. The 27-33°N sub-region is located in the Subtropical Mode Water and atmospheric
COz intrusion (increasing pCO2 by 44.2 patm) also have important contributions to the high NpCO2. Under
the context of global warming, the regional changes, such as variations in evaporation and precipitation,
have the potential to significantly alter global ocean CO: sink/source patterns and weaken the surface
ocean’s CO2 sequestration ability.
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Figure: Influence of air-sea CO2 exchange (3pCO2A"se2, a-1 to c-1), horizontal Ekman transport ( pCO2F,
a-2 to c-2) and horizontal geostrophic transport (5pC02%¢°, a-3 to c¢-3) on surface water pCO2. The cruise
tracks were marked with thin dashed liens. The dashed ellipse encloses the Subtropical Mode Water.




Citation: Yang, Y., Guo, X., Ci, D., Xu, Y., Li, Y., Guo, L. & Dai, M. (2025). Seasonal variability in surface
water pCO: and air-sea CO: fluxes in the Northwestern Pacific Ocean, Progress in Oceanography, 237,
103515. https://doi.org/10.1016/j.pocean.2025.103515.

Title: The 2023 summer drought and high temperatures turned the East China Sea off the
Changjiang estuary from a CO; sink to a CO; source (Themes 1&2)

During August 2023, surface water pCO: in the inner region of East China Sea off the Changjiang estuary
was 4274154 patm, and air-sea CO2 flux was 3.0+8.9 mmol m-? d! (a moderate source), which was
contrary to this region generally being a CO:2 sink during summer. Changjiang discharge played a key role
regulating surface water pCOz; the decreased Changjiang discharge in August 2023 increased surface
water pCO2 on the adjacent inner shelf substantially (by 54 patm), and the high sea surface temperature
further elevated the surface water pCO: (by 16 patm). The combined effect of drought and high
temperatures in August 2023 turned the study area from a CO:2 sink to a CO? source. Under the context of
global change, climate events such as floods, droughts and heatwaves occur more frequently, which will
continue to add more complexity to CO:2 sink/source evaluations in large river-dominated marginal seas.
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Figure: A comparison of surface water pCO:2 values in August 2023 (a) with those from August 2009 (b).
The 2009 data are from Guo et al. (2015), and 28 patm was added to the values so they are comparable
with the August 2023 data assuming that the surface water pCO2 was increasing at a rate of 2 patm yr.
The dotted rectangles show the surveyed area of the August 2023 cruise, and the solid rectangles show
the Changjiang plume in summer.

Citation: Xu, Y., Bu, D., Guo, X., Lei, S., Yang, Y., & Zhou, K. (2025). The 2023 summer drought and high
temperatures turned the East China Sea off the Changjiang estuary from a CO: sink to a CO:2 source,
Science China Earth Sciences, 68(7), 2217-2225. https://doi.org/10.1007/s11430-024-1580-0

Title: Atmospheric deposition enhances marine methane production and emissions from global
oceans (Themes 1&3)

Aerobic methane production from biological methylphosphonate degradation contributes to the observed
supersaturation of oceanic methane in oxygenated surface waters. Atmospheric deposition is an important
nutrient source and this process can affect nutrient ratios and biogeochemical cycle in the upper ocean.
Here we present evidence that atmospheric nitrogen deposition modulates methane production by
impacting microbial phosphorus acquisition. We found that methane production from methylphosphonate
decomposition was enhanced (0.1-10.0 pmol L= d-!) by excessive nitrogen deposition from the
atmosphere which altered nitrogen to phosphorus ratios (increase by ~27% in mixed layer) and
exacerbated phosphorus limitation. Enhanced methane production could increase methane emissions
from the open oceans, partially offsetting the decreased radiative forcing of carbon sequestration caused
by atmospheric deposition. Our findings reveal an important linkage between atmospheric deposition and
surface ocean methane cycling, suggesting a broader impact of atmospheric deposition on the feedback
to the climate system that was not previously recognized.
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Figure: Feedbacks between atmospheric deposition, nutrient dynamics, and greenhouse gas cycling in
the ocean. Abbreviations: C-O-P, carbon-oxygen-phosphorus; C-P, carbon—phosphorus; PON,
particulate organic nitrogen; NH4*, ammonium; Nz, Onitrous oxide; CO2, carbon dioxide; CH4, methane.

Citation: Zhuang, G., Mao, S., Zhang, H., Li, M., Wang, W., Ni, Y., Zhou, Z., Gao, X., Lu K., Liu, X., Sun,
J.,Zhang X., Joye, S., Bowles, M., & Yang, G. (2026). Atmospheric deposition enhances marine methane
production and emissions from global oceans. Nature Communication 17, 1811.
https://doi.org/10.1038/s41467-026-68527-9

Title: The Chinese Air-Sea heat Flux (CASFlux) gridded dataset: description and validation
(Theme 2)

As a new member of the global family of air-sea heat flux gridded datasets, this paper introduces the main
production processes and evaluates the performance of the first version of Chinese Air-Sea heat Flux
gridded dataset (CASFlux). The CASFlux dataset absorbed multi-source satellite remote sensing and
reanalysis data and was trained by in situ observations from moored buoys, offshore platforms, flux towers,
and so on. Machine learning approaches and improved parameterization algorithms were employed in the
production of CASFlux. The output CASFlux dataset is provided at a daily interval and has a spatial
resolution of 0.25° spanning from January 1988 to the present. Compared to other widely used flux
products, CASFlux exhibits a higher level of agreement with independent in situ observations from seas
around China. Furthermore, CASFlux demonstrates significantly enhanced capability in accurately
representing the intricate structure of tropical cyclones. Regarding the seasonal and long-term variations
in air-sea heat flux, CASFlux shows similarities to the existing flux products and also possesses its own
distinct features. It is anticipated that CASFlux will play a positive role in enhancing understandings of the
changes in air-sea heat flux in the seas around China.
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Figure: The flow chart of CASFlux data production.
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Citation: Zhang, R., Guo, W., Zhou, F., Yin, J., Huang, J., & Wang, X. (2025). The Chinese Air-Sea heat
Flux (CASFlux) gridded dataset: description and validation. Big Earth Data, 9(4), 1191-1209.
https://doi.org/10.1080/20964471.2025.2530852.

Title: Surface CO; partial pressure and air-sea CO; flux on the China side of the South Yellow Sea
based on multiple-year underway measurements during 2005-2011 and comparison with results
for 2011-2018 (Theme 2)

By resolving spatiotemporal variations in sea surface partial pressure of CO2 (pCO2) based on multiple-
year underway measurements, we quantified basin-scale air-sea CO2 exchange flux on the China side of
the South Yellow Sea between 2005 and 2011, and compared it with the result obtained between 2011
and 2018. Over the three subregions under study, the area-weighted average of the CO: influx rate was
estimated to be 1.1 + 1.5 mol m-2 yr -1 during 2005-2011, which is only half the annual CO: influx rate over
the adjacent East China Sea shelf but not remarkably different from the rate (0.4 £ 2.1 mol m-2 yr 1)
estimated for almost the same sea area during 2011-2018. Over central and western parts of the South
Yellow Sea, subregion-specific fitting curves of monthly variations in air—sea CO: flux during 2005-2011
were consistent with those monthly variations during 2011-2018. However, over the southern part of the
South Yellow Sea near the Changjiang Estuary, the fitting curve of monthly variations in air—-sea CO2 fluxes
during 2005-2011 located systematically on one side of the monthly variation estimated for 2011-2018,
indicating that annual CO2 uptake had weakened in this subregion. Both cases were different from some
other ocean margin areas characterized by enhanced CO: uptake following rise in atmospheric COz. To
study the potential shift in terms of shelf CO2 sources and sinks over multiple decades and under
environmental changes, further field observations and data-based research are needed on several large
continental shelves.
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Figure: Seasonal variations in air—sea CO: fluxes during 2005-2011 and the comparison with those of
2011-2018.

Citation: Zhai, W., Guo, X., Bai, Y., He, X, Tang, K., & Dai, M. (2025). Surface CO: partial pressure and
air-sea CO: flux on the China side of the South Yellow Sea based on multiple-year underway
measurements during 2005-2011 and comparison with results for 2011-2018. Progress in
Oceanography, 234, 103466. https://doi.org/10.1016/j.pocean.2025.103466.
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Title: Enhanced wintertime surface heat flux feedback in the North Pacific over six recent decades
(Theme 2)

Sea surface temperature (SST)-heat flux feedback refers to a surface heat flux response to SST
anomalies. Under global warming, an overall weakening trend of SST-heat flux feedback over global
oceans has been reported. However, the seasonality of the feedback change remains unknown. In this
study, the winter time air—sea feedback in the North Pacific is estimated over the past six decades, and a
notable increasing trend is found. The air—sea specific humidity difference is the key determinant of the
trends in the SST—heat flux feedback process. While the wind speed and air—sea temperature difference
are secondary factors, the enhanced ocean eddy heat transport mechanism in the Kuroshio Extension also
plays a contributing role. These findings suggest that trends in specific seasons could run opposite to the
overall trend and should be considered in impact assessments.
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Figure: Wintertime turbulent heat flux feedback in the OAFlux data set. (a)-(f) awr in each decade from
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Citation: Tong, J., Song, X., Jiang, W., & Cai, W. (2025). Enhanced wintertime surface heat flux feedback
in the North Pacific over six recent decades. Geophysical Research Letters, 52, e2025GL116861.
https://doi.org/10.1029/2025GL116861.

Title: ENSO shapes salinity regimes and fish migration in the China Seas (Theme 2)

Salinity shapes ocean circulation and marine biogeography, yet its long-term spatiotemporal variability and
ecological impacts in marginal seas remain poorly constrained. We reconstruct a high-resolution sea
surface salinity dataset (2000-2020) for the China Seas using a machine learning framework that
integrates in situ cruises and buoys with satellite observations and diagnose drivers with an eigen
microstates approach. The El Nifio/Southern Oscillation (ENSO) is the dominant control, modulating
evaporation—precipitation, river discharge and Kuroshio intrusion. During El Nifio, sea surface salinity
increases by up to 25% in ocean-dominated regions but decreases up to 21% in river-dominated zones,
amplifying meridional salinity contrasts. Species-distribution models indicate a southward habitat shift up
to 2.5° latitude for 90% of key fish species. Under projected ENSO intensification, salinity inhomogeneity
and associated ecological impacts are likely to strengthen. These results support an ‘ENSO forcing—
salinity—fishery’ positive feedback framework and call for integrating salinity dynamics into adaptive,
climate-informed fisheries management.
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Figure: Southward migration of fish species and changes in species richness in response to SSS variations
during El Nifio years in the China Seas.

Citation: Wang, Z., Huang, H., Wang, G., Qu, T., Liu, Y., Guo, X, Lei, S., Hu, J., Fan, J., Gan, J., Cao, L.,
Chen, X., & Dai, M. (2026). ENSO shapes salinity regimes and fish migration in the China Seas. Nature
Climate Change, 16, 468-476. https://doi.org/10.1038/s41558-41026-02559-41553.

Title: Atmospheric deposition and lateral transport enhance nitrogen supply to the North Pacific
Subtropical Gyre (Theme 3)

Atmospheric nitrogen deposition is an important external nitrogen source to the ocean that can fuel export
production, yet its origin and contribution remain uncertain in the nitrogen-limited North Pacific Subtropical
Gyre (NPSG). We present aerosol nitrate and reduced nitrogen (RN) concentrations and nitrogen isotopic
composition (8'°N), along with air-mass back trajectories, across the NPSG in summer and winter. High
815N values (—0.4%o to 3%o) of aerosol nitrate and RN suggest that natural sources dominate in both
seasons, contributing only modestly to the local external nitrogen supply. A synthesis of historical
observations reveals pronounced zonal gradients in aerosol nitrogen concentrations and 8'°N between the
NPSG and transition zone, indicating enhanced anthropogenic influence in the latter, where nitrogen
limitation is weaker. We estimate that lateral ocean transport from the transition zone increases external
nitrogen inputs to the NPSG by 18%, highlighting an indirect pathway linking human emissions to
oligotrophic ocean productivity.
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Figure Concentrations and N isotope composition of NOs~ (a and ¢) and RN (b and d) in aerosols over the
western North Pacific. e: In situ fluxes of net aerosol Nr deposition and Nz fixation (Fano and Fenr; pmol m-
2 day?) in the subregions and their lateral transport fluxes from the NPTZ to the central subtropical gyre
(CSG) via lateral ocean circulation above the mixed layer. The map’s background colors represent nutrient
limitation conditions.

Citation: Wu, L., Dai, D., Ma, W., Yang, J., Zhang, Z., Luo, L., Liu, X., Bao, H., Kao, S., & Dai, M. (2026).
Atmospheric deposition and lateral ocean transport enhance nitrogen supply to the North Pacific
Subtropical Gyre. npj Climate Atmospheric Science, 32, e70736. https://doi.org/10.1038/s41612-026-
01388-7.

Title: Large scale submarine groundwater discharge dominates nutrient inputs to China’s coast
(Theme 3)

Submarine groundwater discharge (SGD) is a nutrient source to coastal waters. However, most SGD
estimates are restricted to a local scale and hardly distinguish contributions from fresh (FSGD) and
recirculated (RSGD) SGD. Here, we compiled data on radium/radon of groundwater (n~2000) and
seawater (n ~ 10,000) samples along ~18,000 km of China’s coastal seas to resolve large scale FSGD and
RSGD and their associated nutrient loads. Nearshore-scale FSGD (~3.56 x 108 m3 d-') was only 2% of
the total SGD but comparable to RSGD in terms of nutrient loads. Despite large uncertainties quantified
via Monte Carlo simulations, SGD was a dominant contributor to China’s coastal nutrient budgets, with
dissolved inorganic nitrogen, phosphorus and silicate fluxes of ~395, 2.9, and 581 Gmol a', respectively.
Total SGD accounted for 19-54% of nutrient inputs, exceeding inputs from atmospheric deposition and
rivers. Overall, SGD helps sustaining primary production along one of the most human-impacted marginal

seas on Earth.
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Figure: The contributions of submarine groundwater discharge (SGD) to nutrients budgets along China’s
continental shelf. a. Dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorus (DIP), and
dissolved inorganic silicate (DSi) budgets in China’s continental shelf including SGD’s contribution
excluding the undersampled Southern South China Sea. All fluxes are in Gmol a™'. SGD is composed of
fresh SGD (FSGD) and recirculated SGD (RSGD). The sedimentation of nitrogen (N), phosphorus (P), and
silica (Si) are in forms of organic nitrogen (ON), organic phosphorus (OP), and biogenic silica (BSi). The
white, black, and green arrows denote the inflow, outflow, and internal cycling of nutrients within the
system, respectively. Details can be found in Supplementary Note 2. b. Synthetic probability distribution
functions (pdfs) of the multi-scale SGD water flux calculations conducted with the 10,000 input values (i.e.,
Monte Carlo simulations). The data accompanying each histogram represent the SGD water flux (the mean




and standard deviation or 25th, 50th, and 75th quantiles) with the unit of cm d~'. The Y axis is normalized
frequency. ¢ Percentages of external nutrient sources to China’s coastal waters.

Citation: Zhu, T., Zhao, S., Xu, B. Liu, D., Cardenas M. B., Yu, H., Zhang, Y., Chen, X., Xiao, K., Yi, L.,
Cho, H., Liu, S., Zhang, Z., Lian, E., Burnett, W. C., Chen, G., Yu, Z., & Santos, |. R. (2025). Large scale
submarine groundwater discharge dominates nutrient inputs to China’s coast. Nature Communication,
16, 2932. https://doi.org/10.1038/s41467-025-58103-y.

Title: Submarine Groundwater Discharge Emerges as a Non-Negligible Source of Dissolved Black
Carbon to the Ocean (Theme 3)

Dissolved black carbon (DBC), a refractory component of dissolved organic matter produced during
incomplete combustion of biomass and fossil fuel, represents a major long-lived carbon pool in the ocean
and plays an important role in linking terrestrial, oceanic, and atmospheric carbon cycles. Rivers are
generally considered the dominant source of DBC to the ocean; however, discrepancies of the stable
carbon isotope signature between riverine and marine DBC indicate additional sources and substantial
transformation during estuarine and coastal transport. Despite the potential importance of estuaries as
critical interfaces, the mechanisms controlling DBC input, removal, and internal cycling remain poorly
constrained, particularly under varying tidal and hydrological conditions. Using multi-season observations
across three contrasting estuaries, together with measurements of DBC in the water column and sediment
porewater and the application of mixing models, DBC is shown to exhibit clear non-conservative behavior.
Experimental evidence and model analysis indicate that photodegradation, biodegradation, and
flocculation play minor roles in regulating DBC in estuarine regions. Instead, tidal forcing emerges as a key
control, characterized by DBC input during flood tides and removal during ebb tides. Elevated DBC
concentrations in porewater further point to submarine groundwater discharge as an important and
previously underappreciated source, contributing substantially to estuarine DBC budgets and potentially to
the global ocean.
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Figure: A conceptual diagram illustrating the transport of dissolved black carbon driven by the flood-ebb
tidal cycle in the estuarine region. The blue and red arrows denote changes occurring during flood and ebb
tides, respectively, while the up and down arrows indicate enhancement or inhibition of the process. The
numbers represent the flux of various terms in the Jiulong River Estuary.

Citation: Zhao, W., Bao, H., Peng, L., Du, M., Li, K., Zhan, X., Li, S., Tian, L., Huang, D., Zou, W., Yang,
J.Y.T. & Kao, S.J. (2025). Transport of Dissolved Black Carbon in Three Estuaries in China: Roles of
Flood-Ebb Tides and Submarine Groundwater Discharge. Global Biogeochemistry Cycles 39(6),
€2025GB008532. https://doi.org/10.1029/2025GB008532.
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Title: CARE Radiative Transfer Model: atool for supporting polarization and hyperspectral radiative
transfer simulation in the coupled atmosphere-ocean system (Theme 4)

Radiative transfer modelling in coupled atmosphere-ocean systems provides a fundamental theoretical
basis for retrieving atmospheric and oceanic optical parameters from remote sensing observations. The
accurate retrieval of these parameters relies on forward radiative transfer calculations performed by flexible
and high-precision radiative transfer models (RTMs). Despite substantial progress, RTMs that
simultaneously achieve benchmark-level hyperspectral gas absorption with enhanced computational
efficiency, incorporate irregular particle scattering, and account for polarized radiative transfer in coupled
atmosphere—ocean systems remain limited. In this study, Chinese and Japanese scientists cooperated to
develop CARE-RTM, a comprehensive radiative transfer model designed to support polarimetric and
hyperspectral simulations across ultraviolet to infrared wavelengths in coupled atmosphere-ocean
systems, through sophisticated modelling of absorption and scattering processes in both atmospheric and
oceanic substances. Particularly, the CARE-RTM incorporates a GPU-accelerated line-by-line scheme
with line-mixing refinement, a Voronoi ice crystal scattering model, and comprehensive bio-optical ocean
modules, enabling the accurate treatment of hyperspectral gas absorption, irregularly shaped ice cloud
scattering, and underwater light simulation, respectively. Validation against benchmark solutions confirms
the high accuracy of CARE-RTM, with errors typically below 0.02% (relative values) for total radiance and
0.005% (absolute values) for the degree of linear polarization at the top of the atmosphere under various
scenarios, including coupled atmosphere-ocean conditions. Additional intercomparisons with established
models further verify the accuracy of in-water solar radiation and water-leaving radiance simulations. The
model’s performance is further demonstrated through extensive comparisons with satellite observations,
underscoring its capability in ocean color remote sensing applications. CARE-RTM provides a fundamental
RT simulation platform for satellite remote sensing of atmospheric and oceanic optical parameters,
particularly in the coupled atmosphere-ocean system.
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Figure: The general structure of CARE-RTM

Citation: Shi, C., Letu, H., Nakajima, T., Sekiguchi, M., Wang, W., Yao, W., Shang, H., Yin, S., Xu, J., An,
N., Jiang, W., Cui, Y., Su, L., Wu, Y., & Shi, G., (2026). CARE Radiative Transfer Model: a tool for
supporting polarization and hyperspectral radiative transfer simulation in the coupled atmosphere-ocean
system. Advances in Atmospheric Science, accepted. https://doi.org/10.1007/s00376-026-5676-6.

Title: Droplet surface spontaneous oxidation as a dominant formation pathway of organosulfates
in the marine atmosphere (Theme 4)

Organosulfates (OSs) have been widely detected in marine aerosols and have various potential formation
pathways in the atmosphere. However, the key formation mechanism of OSs in the marine environment
remains unclear. Here, by combining field measurements, laboratory experiments, and model calculations,
we suggest that the surface spontaneous oxidation of sea spray aerosol (SSA) particles produces OSs




rapidly and is the dominant formation pathway of OSs in the marine atmosphere. SSA microdroplets
provide a large surface area for the spontaneous formation of OH radicals, inducing the oxidization of
dimethyl sulfide into sulfate (SO4?-), sulfuric acid, and organic acids, thereby acidifying the droplets.
Subsequently, SO4?- reacts with dissolved alcohols under such acidic conditions to produce OSs. This
process is fast enough to be a major source of detected OSs in the aerosol samples collected in the marine
atmosphere. This pathway contributes to a global OS production of 13.96 + 10.99 Tg yr—1, comparable to
global isoprene-derived OS production. This study reveals that rapid secondary processes are the main
source of OSs in the marine atmosphere and highlights the important role of the droplet surface
spontaneous oxidation process in atmospheric chemistry over the ocean.
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Figure: -OH concentration and organosulfates (OSs) formation pathway. a -OH production measured as
the intensity of 2-hydroxyterephthalic acid (TAOH) in bulk water samples, droplets, and sea spray aerosol
(SSA) particles. Terephthalic acid (TA) was added as an -OH scavenger; no alcohol or dimethyl sulfide
(DMS) was added in ASW. Error bars represent the standard deviation (SD). BDL means “below detection
limit”. b Reaction mechanism for the formation of OSs initiated by surface OH radicals.

Citation: Du, L., Song, Y., Li, J., Wan, Y., Yu, H., Ma, X., Yang, Z., Hu, J., Hu, K., Gao, X., Li, Q., George,
C., Ge, M., & Li, K.. (2025). Droplet surface spontaneous oxidation as a dominant formation pathway of
organosulfates in the marine atmosphere. Nature Communication 16, 10146.
https://doi.org/10.1038/s41467-025-65008-3.

Title: Sustainability pathways enable China’s marine economic sectors to reach a 2030 emissions
peak (Cross-Cutting Theme: Climate intervention)

Amid intensifying climate urgency, decarbonizing marine economic sectors presents both a critical
challenge and a pivotal opportunity in global mitigation strategies. However, systematic approaches to
assessing reduction potential remain limited. Here, we developed an integrated analytical framework with
statistical data and found a 28.35% increase in greenhouse gas emissions in China’s marine economic
sectors during 2000-2020. The decoupling trajectory of emissions from economic growth improved during
2005-2015 but deteriorated thereafter. Energy intensity reduction offsets 81% of cumulative emission
growth driven by economic expansion. Scenario comparisons indicate that adopting the sustainability
pathway could constrain the emissions peak to 126.4-143.2 Mt carbon dioxide equivalent during 2022—
2028, achieving dual advantages of 10-35% lower peak volumes and 3-6 years earlier than the fossil-
fueled development pathway. This study establishes a transferable framework for coastal nations to align
blue economy growth with Paris Agreement targets through targeted peaking strategies.
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Figure: Projected GHG emission trajectories for China’s marine economy under the SSP1, the SSP2, and
the SSP5. a National-level projections of future GHG emissions under three SSP pathways. b Provincial-
level distribution of emissions peak times and magnitudes across coastal provinces under three pathways.
Blank base map was made with Natural Earth (https://www.naturalearthdata.com/).

Citation: Ge, S., He, L., Feng, C. & Ye G.. (2025). Sustainability pathways enable China’s marine economic
sectors to reach a 2030 emissions peak. Communications Earth & Environment 6, 1004.
https://doi.org/10.1038/s43247-025-02967-x.

2. Activities/main accomplishments in 2025 (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international collaborations;
contributions to int. assessments such as IPCC; collaborations with social sciences, humanities,
medicine, economics and/or arts; interactions with policy makers, companies, and/or journalists
and media).

Activities
The meeting of SOLAS China Youth Committee was held on April 24t 2025, Jingdezheng, Jiangxi,
China.

The 3 Annual Conference of Marine System Science of Sun Yat-sen University-Session 9 (October 18,
2025): Meeting of the Chinese Young Scientists Working Group on the International Surface Ocean —
Lower Atmosphere Study (SOLAS) (Convener: THAM Yee Jun).
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Snapshot of 2025 SOLAS China Youth Committee Activities

Huiwang Gao, Study on the Parameterization of Particle Settling Velocity in Sea Water Based on Image
Recognition and Machine Learning, International Joint Research Workshop of FY2024 Widespread
Aerosols and Their Climate Impacts over East Asia, 15-19 February, 2025, Kumamoto, Japan (Invited).

Huiwang Gao, Yujue Wang, Qi Yuan, Chao Zhang, BACO25 (Busan IAMAS-IACS-IAPSO Joint Assembly),
20-25 July, 2025, Busan, Republic of Korea (Oral & Poster).

Prof. Huiwang Gao and Prof. Yuzo Miyazaki at the BACO25 Conference

Rui Bao (Convenor): The 14th "Chemistry and the Ocean" Future Scientists Forum, 20-21, November,
2025, Ocean University of China, Qingdao, China.

Minhan Dai (Panelist): Side event "The Ocean and Planetary Boundaries: Unlocking a Deeper Vision for
the Earth’s Future" at the UN Ocean Conference 2025, 12 June 2025, Nice, France.
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Prof. Minhan Dai at the Planetary Boundaries side event of the UN Ocean Conference 2025




Selected Projects

NSFC Key Project: Effects of dust enrichment on carbon sequestration and non-CO2 greenhouse gas
release in continental shelf sea (2025-2029), Leading PI: Huiwang Gao at Ocean University of China.
(Theme 1&3, Cross-Cutting Theme: Climate intervention)

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

NSFC General Project: Study on the Molecular Composition and Formation Mechanism of Atmospheric
Aerosol Organic Nitrogen in the Northwest Pacific Ocean (2025-2028), Leading PI: Yujue Wang at Ocean
University of China. (Theme 4)

NSFC General Project: Mechanism of the Influence of Atmospheric Aerosol Mixing State on Hygroscopicity
and Size-Resolved Parameterization Study (2025-2028), Leading PI: Qi Yuan at Ocean University of
China. (Theme 4&5)

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

National Key Research and Development Program of China: Influence of Deep-see Mining on the
Environment of Surface Ocean and Lower Atmosphere (2025-2027). Leading PI: Yujue Wang at Ocean
University of China (Theme 3 & 5)

Contribution to international initiative

Minhan Dai is one of the authors of the Integrated Ocean Carbon Research (IOC-R) Report, released by
the Intergovernmental Oceanographic Commission (IOC) of UNESCO in February 2026. This report
provides the most comprehensive assessment to date of how the ocean absorbs and stores carbon, and
identifies critical knowledge gaps that could shape climate action for decades to come.

3. Publications in 2025 (only PUBLISHED articles) and if any, weblinks to models, datasets,
products, etc.

Bao, H., Yi, Y., Zhao, W., Niggemann, J., Merder, J., Li, K., Li, S., Peng, L., Zhan, X., Fang, Z., Yang, W.,
Li, P., He, D., Dittmar, T. and Kao, S.J. (2025). Predicting Dissolved Black Carbon Concentration From
Chromophoric Dissolved Organic Matter Along the Land-Ocean Continuum. Geophysical Research
Letters, 52(22), e2025GL119009. https://doi.org/10.1029/2025GL119009. (Theme 3)

Bu, D., Guo, X., Zhai, W., Xu, Y., & Dai, M. (2026). Surface water pCO: and air-sea fluxes in the
southeastern coast of Mainland China: Synthesis of a 22-year dataset of field observation. Progress in
Oceanography, 241, 103659. https://doi.org/10.1016/j.pocean.2025.103659. (Theme 2)

Cheng, T., Ding, Z., Zhang, X., Chai, J., Shen, Y., Cai, L., Bao, R., Chen, Y., & Pan, Y. (2025). Chemical
Engineering and Processing: Process Intensification, 216, 110428.
https://doi.org/10.1016/j.cep.2025.110428. (Theme 1)

Du, L., Song, Y., Li, J., Wan, Y., Yu, H., Ma, X,, Yang, Z., Hu, J., Hu, K., Gao, X., Li, Q., George, C., Ge,
M., & Li, K.. (2025). Droplet surface spontaneous oxidation as a dominant formation pathway of
organosulfates in the marine  atmosphere. Nature Communication 16, 10146.
https://doi.org/10.1038/s41467-025-65008-3. (Theme 4)

Fang, W., Guo, M., Guo, L., Shu, C., Li, A. & Xiu, P. (2025), Typhoon-induced surface chlorophyll a decline
on the shelf of the South China Sea. Limnol. Oceanogr. Lett. https://doi.org/10.1002/1012.70075. (Theme
2)

Feng Xu, Xiao-Song Zhong, Hong-Hai Zhang, Jin-Wei Wu, Gao-Bin Xu, Shi-Bo Yan, Jian Wang, Xiao-Jun
Li, Gui-Peng Yang?*, Effects of different environmental stressors on marine biogenic sulfur compounds in
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the Northwest Pacific and Eastern Indian Oceans. Geophysical Research Letters, 2025, 52,
€2024GL113603. DOI: 10.1029/2024GL113603. (Theme 1&3)

Ge, S., He, L., Feng, C. & Ye G.. (2025). Sustainability pathways enable China’s marine economic sectors
to reach a 2030 emissions peak. Communications Earth & Environment 6, 1004.
https://doi.org/10.1038/s43247-025-02967-x. (Cross-Cutting Theme: Climate intervention)

Gong, J. C,, Li, B. H., Liu, C. Y., Li, P. F., Hu, J. W., & Yang, G. P. (2025). Impact of salinity gradients on
nitric oxide emissions and functional microbes in estuarine wetland sediments. Water Research, 273,
123046. (Theme 1)

Jin-Wei Wu, Feng Xu, Shi-Bo Yan, Gao-Bin Xu, Yu-Cheng Jiang, Xiao-Ran Li, Xing Zhai, Li-Min Zhou,
Hong-Hai Zhang, & Zhao-Hui Chen, Effect of anticyclonic eddies on the production and emission of marine
dimethylsulfide in the Northern South China Sea. Global and Planetary Change, 2025, 252, 104883. DOI:
10.1016/j.gloplacha.2025.104883. (Theme 1&2)

Kuanyun Hu, Narcisse Tsona Tchinda, Kun Li, Hartmut Herrmann, Jianlong Li, & Lin Du (2026). Coastal
terrestrial emissions modify the composition and optical properties of aerosols in marginal seas. Atmos.
Chem. Phys., 26, 2225-2240, https://doi.org/10.5194/acp-26-2225-2026. (Theme 5)

Lang, X. P., Liu, S. S., Ni, J., Liu, Q., He, Z., & Yang, G. P. (2025). Polystyrene microplastics alter plankton
community and enhance greenhouse gas emissions: A case study in the China coastal sea. Water
Research, 124412. (Theme 1)

Liu, Z., Qi, J., Ni, Y., Xue, L., & Liu, X. (2025). Enhanced atmospheric oxidation and particle reductions
driving changes to nitrate formation mechanisms across coastal and inland regions of north China.
Atmospheric Chemistry and Physics, 25(15), 8719-8742. (Theme 4)

Li, S., Wang, Y., Zhang, Y., Yi, Y., Wang, Y., Guo, Y., ... & Hu, M. (2025). Atmospheric organosulfate
formation regulated by continental outflows and marine emissions over East Asian marginal seas.
Atmospheric Chemistry and Physics, 25(19), 12585-12598. (Theme 4&5)

Li, M., Yuan, Q., Chen, X., Xu, L., Wang, Y., Zhang, J., ... & Gao, H. (2026). Morphology and mixing state
of multi-core soot over the eastern China seas. Atmospheric Environment, 121978. (Theme 4&5)

Li, XiaoJdun, Li, S., Gao, XuXu, Li, JianLong, Xu, F., & Zhou, C., et al. (2025). Regulation of mesoscale
eddies on oceanic methane production, oxidation, and emissions. Global Biogeochemical Cycles, 39 (10).
(Theme 1)

Liang, S., Ye, G., & Sun, T. (2025). A novel approach to optimize offshore wind farm siting in the Eastern
China Sea. Ocean & Coastal Management, 269, 107854. (Cross-Cutting Theme: Climate intervention)

Wang, S., Gao, H., Jin, H., Yao, X., & Lin, Y. (2025). Refining the parameterization of atmospheric particle
settling velocity in seawater: Insights from interpretable machine learning. Journal of Hazardous Materials,
140985. (Theme 3)

Ma, Q. Y., Zou, Y. W,, Yang, J. Q., & Yang, G. P. (2025). Decreased dimethylsulfide and increased
polybrominated methanes: potential climate effects of microplastic pollution in acidified ocean.
Environmental Science & Technology, 59(24), 12145-12157. (Theme 1&4)

Mao, J., Zhang, Y., Yu, F., Bie, S., Yu, Q., Ma, W,, ... & Chen, L. (2025). Contribution of ship emissions to
aerosol number concentrations: Parameterization of plume-scale nonlinear microphysics and application.
Journal of Geophysical Research: Atmospheres, 130(4), e2024JD042867. (Theme 3&4)Shi, C., Letu, H.,
Nakajima, T., Sekiguchi, M., Wang, W., Yao, W., Shang, H., Yin, S., Xu, J., An, N., Jiang, W., Cui, Y., Su,
L., Wu, Y., & Shi, G., (2026). CARE Radiative Transfer Model: a tool for supporting polarization and
hyperspectral radiative transfer simulation in the coupled atmosphere-ocean system. Advances in
Atmospheric Science, accepted. https://doi.org/10.1007/s00376-026-5676-6. (Theme 4)
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Tong, J., Song, X., Jiang, W., & Cai, W. (2025). Enhanced wintertime surface heat flux feedback in the
North Pacific over six recent decades. Geophysical Research Letters, 52, €2025GL116861.
https://doi.org/10.1029/2025GL116861. (Theme 2)

Wang, Z., Huang, H., Wang, G., Qu, T., Liu, Y., Guo, X., Lei, S., Hu, J., Fan, J., Gan, J., Cao, L., Chen, X.,
& Dai, M. (2026). ENSO shapes salinity regimes and fish migration in the China Seas. Nature Climate
Change, 16, 468-476. https://doi.org/10.1038/s41558-41026-02559-41553. (Theme 2)

Wu, L., Dai, D., Ma, W., Yang, J., Zhang, Z., Luo, L., Liu, X., Bao, H., Kao, S., & Dai, M. (2026). Atmospheric
deposition and lateral ocean transport enhance nitrogen supply to the North Pacific Subtropical Gyre. npj
Climate Atmospheric Science, 32, e70736. https://doi.org/10.1038/s41612-026-01388-7. (Theme 3)

Xu, Y., Bu, D., Guo, X., Lei, S., Yang, Y., & Zhou, K. (2025). The 2023 summer drought and high
temperatures turned the East China Sea off the Changjiang estuary from a CO2 sink to a CO2 source,
Science China Earth Sciences, 68(7), 2217-2225. https://doi.org/10.1007/s11430-024-1580-0. (Themes
1&2)

Yang, Y., Guo, X., Ci, D., Xu, Y., Li, Y., Guo, L. & Dai, M. (2025). Seasonal variability in surface water
pCO:2 and air-sea CO: fluxes in the Northwestern Pacific Ocean, Progress in Oceanography, 237,
103515. https://doi.org/10.1016/j.pocean.2025.103515. (Themes 1&2)

Yu, G., Zhang, Y., Wang, Q., Han, Z., Jiang, S., Yang, F., ... & Huang, C. (2025). Changes in the impacts
of ship emissions on PM 2.5 and its components in China under the staged fuel oil policies. Atmospheric
Chemistry and Physics, 25(16), 9497-9518. (Theme 3&4)

Zhai, W., Guo, X., Bai, Y., He, X,, Tang, K., & Dai, M. (2025). Surface CO: partial pressure and air—sea
COz2 flux on the China side of the South Yellow Sea based on multiple-year underway measurements
during 2005-2011 and comparison with results for 2011-2018. Progress in Oceanography, 234, 103466.
https://doi.org/10.1016/j.pocean.2025.103466. (Theme 2)

Zhao, W., Bao, H., Peng, L., Du, M., Li, K., Zhan, X., Li, S., Tian, L., Huang, D., Zou, W., Yang, J.Y.T. &
Kao, S.J. (2025). Transport of Dissolved Black Carbon in Three Estuaries in China: Roles of Flood-Ebb
Tides and Submarine Groundwater Discharge. Global Biogeochemistry Cycles 39(6), e2025GB008532.
https://doi.org/10.1029/2025GB008532 (Theme 3)

Zhang, H.R., Wang, Y., Xiu, P., Ma, W., Zhang, R., & Feng, Y., et al. (2025). Seasonal variability of
phytoplankton following extreme aerosol events in the western subarctic Pacific. Geophysical Research
Letters, 52, e2025GL117114. https://doi.org/10.1029/2025GL117114. (Theme 3)

Zhang, R., Guo, W., Zhou, F., Yin, J., Huang, J., & Wang, X. (2025). The Chinese Air-Sea heat Flux
(CASFlux) gridded dataset: description and validation. Big Earth Data, 9(4), 1191-1209.
https://doi.org/10.1080/20964471.2025.2530852. (Theme 2)

Zhang, T., Xiang, Y., Liu, Y., Yan, C., Zhu, B., Liu, X., ... & Zheng, M. (2025). Source apportionment of
atmospheric iron in northern China based on 3-year continuous measurements. Geophysical Research
Letters, 52(20), e2024GL114462. (Theme 3)

Zhang, T., Xiang, Y., Zhu, B., Yao, X., Fan, X., Wang, Y., ... & Zheng, M. (2026). Distinct spatiotemporal
patterns of atmospheric total and soluble iron from three sources revealed by shipboard online
observations in the Northwest Pacific. Atmospheric Chemistry and Physics, 26(4), 3001-3024. (Theme
3&4)

Zhang, Y., Wang, Y., Li, S., Yi, Y., Guo, Y., Yu, C., ... & Gao, H. (2025). Sources and optical properties of
marine organic aerosols under the influence of marine emissions, Asian dust, and anthropogenic
pollutants. Journal of Geophysical Research: Atmospheres, 130(18), €2025JD043472. (Theme 4)

Zhu, T., Zhao, S., Xu, B. Liu, D., Cardenas M. B., Yu, H., Zhang, Y., Chen, X., Xiao, K., Yi, L., Cho, H., Liu,
S., Zhang, Z., Lian, E., Burnett, W. C., Chen, G., Yu, Z., & Santos, I. R. (2025). Large scale submarine
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groundwater discharge dominates nutrient inputs to China’s coast. Nature Communication, 16, 2932.
https://doi.org/10.1038/s41467-025-58103-y (Theme 3)

Zhuang, G., Mao, S., Zhang, H., Li, M., Wang, W., Ni, Y., Zhou, Z., Gao, X., Lu K., Liu, X., Sun, J.,Zhang
X.,Joye, S., Bowles, M., & Yang, G. (2026). Atmospheric deposition enhances marine methane production
and emissions from global oceans. Nature Communication 17, 1811. https://doi.org/10.1038/s41467-
026-68527-9. (Themes 1&3)

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 20257 If yes, who? How did you engage?

PART 2 - Planned activities for 2026 and 2027

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

1. There will be a Spring and Summer cruise to Bohai Sea, Yellow Sea, East China Sea and South
China Sea in 2026, which is closely related to themes 1, 3, 4 and 5 of SOLAS.

2. There will be at least two cruises to the Northwest Pacific in 2026 and 2027, which is closely
related to themes 1, 2, 3, 4, 5 of SOLAS.

3. There will be a summer cruise to Yangtze River Estuary in 2026 which is closely related to
themes 1 and 2 of SOLAS.

2. Events like conferences, workshops, meetings, summer schools, capacity building etc.
(incl. all information possible).
The SOLAS-IGAC Symposium and Academic Event of SOLAS China Youth Science Committee

during the XMAS 2027 conference will be held in Xiamen, January 11 to 14, 2027.

3. Funded national and international projects/activities underway.

NSFC Key Project: Effects of dust enrichment on carbon sequestration and non-CO2 greenhouse
gas release in continental shelf sea (2025-2029), Leading PI: Huiwang Gao at Ocean University of
China. (Theme 1&3, Cross-Cutting Theme: Climate intervention)

National Key Research and Development Program of China: Influence of Deep-see Mining on the
Environment of Surface Ocean and Lower Atmosphere (2025-2027). Leading PI: Yujue Wang at
Ocean University of China (Theme 3 & 5)

NSFC-NRF Exchange Program Agreement: Marine atmospheric organic aerosol formation and
phytoplankton responses in East Asian Seas under the influence of transported anthropogenic
pollutants (2024-2026), Leading PI: Yujue Wang at Ocean University of China and Jang Kyoung-
Soon at Korea Basic Science Institute. (Theme 3 & 4)

NSFC General Project: Study on the Molecular Composition and Formation Mechanism of
Atmospheric Aerosol Organic Nitrogen in the Northwest Pacific Ocean (2025-2028), Leading PI:
Yujue Wang at Ocean University of China. (Theme 4)
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NSFC General Project: Mechanism of the Influence of Atmospheric Aerosol Mixing State on
Hygroscopicity and Size-Resolved Parameterization Study (2025-2028), Leading PI: Qi Yuan at
Ocean University of China. (Theme 4&5)

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

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

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

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

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

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

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

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

Comments




