
 

 

 

 

Report for the year 2024 and future activities 

 

SOLAS ‘Belgium’ 

compiled by: ‘Gypens Nathalie’ 
 

This report has two parts: 

- Part 1: reporting of activities in the period of January 2024 - Feb/Mar 2025 

- Part 2: reporting on planned activities for 2025 and 2026.  

The information provided will be used for reporting, fundraising, networking, strategic development 

and updating of the live web-based implementation plan. As much as possible, please indicate the 

specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overlap 

between Core Themes or Cross-Cutting Themes.   

Core Theme 1: Greenhouse gases and the oceans; 

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

Core Theme 3: Atmospheric deposition and ocean biogeochemistry;  

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

Core Theme 5: Ocean biogeochemical control on atmospheric chemistry;  

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

Indian Ocean, polar oceans and sea ice);  

Cross-Cutting Theme: Climate intervention; 

Cross-Cutting Theme: Science and society.  

 

IMPORTANT: This report should reflect the efforts of the SOLAS community in the entire country or 

region you are representing (all universities, institutes, lab, units, groups, cities).  

 

First things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
 

 

 

 

 

 

 

 

 

 

 

 



PART 1 - Activities from January 2024 to Feb/Mar 2025 

1. Scientific highlight 
 
1.1 Global Carbon Budget 2024 
 
Accurate assessment of anthropogenic carbon dioxide (CO2) emissions and their redistribution 
among the atmosphere, ocean, and terrestrial biosphere in a changing climate is critical to better 
understand the global carbon cycle, support the development of climate policies, and project future 
climate change. Here we describe and synthesize datasets and methodologies to quantify the five 
major components of the global carbon budget and their uncertainties. Fossil CO2 emissions (EFOS) 
are based on energy statistics and cement production data, while emissions from land-use change 
(ELUC) are based on land-use and land-use change data and bookkeeping models. Atmospheric 
CO2 concentration is measured directly, and its growth rate (GATM) is computed from the annual 
changes in concentration. The global net uptake of CO2 by the ocean (SOCEAN, called the ocean 
sink) is estimated with global ocean biogeochemistry models and observation-based fCO2 products 
(fCO2 is the fugacity of CO2). The global net uptake of CO2 by the land (SLAND, called the land sink) 
is estimated with dynamic global vegetation models. Additional lines of evidence on land and ocean 
sinks are provided by atmospheric inversions, atmospheric oxygen measurements, and Earth 
system models. The sum of all sources and sinks results in the carbon budget imbalance (BIM), a 
measure of imperfect data and incomplete understanding of the contemporary carbon cycle. All 
uncertainties are reported as ±1σ. 
 
For the year 2023, EFOS increased by 1.3 % relative to 2022, with fossil emissions at 
10.1 ± 0.5 GtC yr−1 (10.3 ± 0.5 GtC yr−1 when the cement carbonation sink is not included), and ELUC 
was 1.0 ± 0.7 GtC yr−1, for a total anthropogenic CO2 emission (including the cement carbonation 
sink) of 11.1 ± 0.9 GtC yr−1 (40.6 ± 3.2 GtCO2 yr−1). Also, for 2023, GATM was 5.9 ± 0.2 GtC yr−1 
(2.79 ± 0.1 ppm yr−1; ppm denotes parts per million), SOCEAN was 2.9 ± 0.4 GtC yr−1, and SLAND 
was 2.3 ± 1.0 GtC yr−1, with a near-zero BIM (−0.02 GtC yr−1). The global atmospheric CO2 
concentration averaged over 2023 reached 419.31 ± 0.1 ppm. Preliminary data for 2024 suggest an 
increase in EFOS relative to 2023 of +0.8 % (−0.2 % to 1.7 %) globally and an atmospheric CO2 
concentration increase by 2.87 ppm, reaching 422.45 ppm, 52 % above the pre-industrial level 
(around 278 ppm in 1750). Overall, the mean of and trend in the components of the global carbon 
budget are consistently estimated over the period 1959–2023, with a near-zero overall budget 
imbalance, although discrepancies of up to around 1 GtC yr−1 persist for the representation of annual 
to semi-decadal variability in CO2 fluxes. Comparison of estimates from multiple approaches and 
observations shows the following: (1) a persistent large uncertainty in the estimate of land-use 
change emissions, (2) low agreement between the different methods on the magnitude of the land 
CO2 flux in the northern extra-tropics, and (3) a discrepancy between the different methods on the 
mean ocean sink. 
 
This living-data update documents changes in methods and datasets applied to this most recent 
global carbon budget as well as evolving community understanding of the global carbon cycle. The 
data presented in this work are available at https://doi.org/10.18160/GCP-2024 (Friedlingstein et al., 
2025). 
 

 
 
Figure 1: Schematic representation of the overall perturbation of the global carbon cycle caused by 
anthropogenic activities, averaged globally for the decade 2014–2023. 



 
Citation: Friedlingstein, P., O'Sullivan, M., Jones, M. W., Andrew, R. M., Hauck, J., Landschützer, 
P., Le Quéré, C., Li, H., Luijkx, I. T., Olsen, A., Peters, G. P., Peters, W., Pongratz, J., 
Schwingshackl, C., Sitch, S., Canadell, J. G., Ciais, P., Jackson, R. B., Alin, S. R., Arneth, A., Arora, 
V., Bates, N. R., Becker, M., Bellouin, N., Berghoff, C. F., Bittig, H. C., Bopp, L., Cadule, P., 
Campbell, K., Chamberlain, M. A., Chandra, N., Chevallier, F., Chini, L. P., Colligan, T., Decayeux, 
J., Djeutchouang, L. M., Dou, X., Duran Rojas, C., Enyo, K., Evans, W., Fay, A. R., Feely, R. A., 
Ford, D. J., Foster, A., Gasser, T., Gehlen, M., Gkritzalis, T., Grassi, G., Gregor, L., Gruber, N., 
Gürses, Ö., Harris, I., Hefner, M., Heinke, J., Hurtt, G. C., Iida, Y., Ilyina, T., Jacobson, A. R., Jain, A. 
K., Jarníková, T., Jersild, A., Jiang, F., Jin, Z., Kato, E., Keeling, R. F., Klein Goldewijk, K., Knauer, 
J., Korsbakken, J. I., Lan, X., Lauvset, S. K., Lefèvre, N., Liu, Z., Liu, J., Ma, L., Maksyutov, S., 
Marland, G., Mayot, N., McGuire, P. C., Metzl, N., Monacci, N. M., Morgan, E. J., Nakaoka, S.-I., 
Neill, C., Niwa, Y., Nützel, T., Olivier, L., Ono, T., Palmer, P. I., Pierrot, D., Qin, Z., Resplandy, L., 
Roobaert, A., Rosan, T. M., Rödenbeck, C., Schwinger, J., Smallman, T. L., Smith, S. M., 
Sospedra-Alfonso, R., Steinhoff, T., Sun, Q., Sutton, A. J., Séférian, R., Takao, S., Tatebe, H., Tian, 
H., Tilbrook, B., Torres, O., Tourigny, E., Tsujino, H., Tubiello, F., van der Werf, G., Wanninkhof, R., 
Wang, X., Yang, D., Yang, X., Yu, Z., Yuan, W., Yue, X., Zaehle, S., Zeng, N., and Zeng, J.: Global 
Carbon Budget 2024, Earth Syst. Sci. Data, 17, 965–1039, https://doi.org/10.5194/essd-17-965-
2025, 2025. 
 
 
1.2. A machine-learning reconstruction of sea surface pCO2 in the North American Atlantic 
Coastal Ocean Margin from 1993 to 2021. 
 
Insufficient spatiotemporal coverage of observations of the surface partial pressure of CO2 (pCO2) 
has hindered precise carbon cycle studies in coastal oceans and justifies the development of 
spatially and temporally continuous pCO2 data products. Earlier pCO2 products have difficulties in 
capturing the heterogeneity of regional variations and decadal trends of pCO2 in the North American 
Atlantic Coastal Ocean Margin (NAACOM). This study developed a regional 
reconstructed pCO2 product for the NAACOM (Reconstructed Coastal Acidification Database-pCO2, 
or ReCAD-NAACOM-pCO2) using a two-step approach combining random forest regression and 
linear regression. The product provides monthly pCO2 data at 0.25° spatial resolution from 1993 to 
2021, enabling investigation of regional spatial differences, seasonal cycles, and decadal changes 
in pCO2. The observation-based reconstruction was trained using Surface Ocean CO2 Atlas 
(SOCAT) observations as observational values, with various satellite-derived and reanalysis 
environmental variables known to control sea surface pCO2 as model inputs. The product shows 
high accuracy during the model training, validation, and independent test phases, demonstrating 
robustness and a capability to accurately reconstruct pCO2 in regions or periods lacking direct 
observational data. Compared with all the observation samples from SOCAT, the pCO2 product 
yields a determination coefficient of 0.92, a root-mean-square error of 12.70 µatm, and an 
accumulative uncertainty of 23.25 µatm. The ReCAD-NAACOM-pCO2 product demonstrates its 
capability to resolve seasonal cycles, regional-scale variations, and decadal trends of pCO2 along 
the NAACOM. This new product provides reliable pCO2 data for more precise studies of coastal 
carbon dynamics in the NAACOM region. The dataset is publicly accessible 
at https://doi.org/10.5281/zenodo.14038561 and will be updated regularly. 
 
 
 
 

https://doi.org/10.5281/zenodo.14038561


 
 
Figure 2: Spatial distribution of the annual mean pCO2 climatology in the NAACOM from different 
sources. (a) SOCAT observations, (b) the ReCAD-NAACOM-pCO2 product, (c) the ensemble mean 
of the seven global open-ocean pCO2 products listed in Table 1, and (d) the coastal pCO2 product 
ULB_SOMFFN_coastal_v2. The black contour delineates the coastal-ocean margin. The three 
boxes represent subregions in the NAACOM: box 1 for the Louisiana Shelf (LAS), box 2 for the West 
Florida Shelf (WFS), box 3 for the entire northern region, and box 4 for the outhern GStL (S.GStL). 
Mean pCO2 ± standard deviations of all the grid cells are provided for each dataset. The color scale 
represents pCO2 (µatm). 
 
Citation: Wu, Z., Lu, W., Roobaert, A., Song, L., Yan, X.-H., and Cai, W.-J.: A machine-learning 
reconstruction of sea surface pCO2 in the North American Atlantic Coastal Ocean Margin from 1993 
to 2021, Earth Syst. Sci. Data, 17, 43–63, https://doi.org/10.5194/essd-17-43-2025, 2025. 
 
 
 

2. Activities/main accomplishments in 2024 (e.g., projects; field campaigns; workshops and 

conferences; model and data intercomparisons; capacity building; international 

collaborations; contributions to int. assessments such as IPCC; collaborations with social 

sciences, humanities, medicine, economics and/or arts; interactions with policy makers, 

companies, and/or journalists and media). 

• 2023-2024 - François Fripiat is coordinator of the ENGAGE project (FNRS) "Assessing the 

roles of the polar oceans on global biogeochemical cycles" during which a new interface has 

been built to measure the nitrogen and oxygen isotopic composition of reactive nitrogen. 

• Tango2 survey on the West Antarctic Peninsula onboard the Sailboat Australis, in the frame 

of the project TANGO funded by BELSPO and led by Bruno Danis 

 



 

Figure 3: Filtration setup at the back of the Australis 

 

Follow-up the TANGO1 survey in 2023, the TANGO2 expedition ventured to accumulate new data 

on the responses of marine ecosystems to shifts in ice regimes in the Northern Part of the West 

Antarctic Peninsula (WAP), taking full advantage of a nimble sampling platform, the R/V Australis, a 

steel-hulled, fully rigged motor sailor. TANGO2 took place between February and March 2024, 

sampling three main locations at different spatial scales. Deploying 14 different types of gear (both 

traditional and modern) the team focused on synchronized, transdisciplinary sampling to understand 

the linkages between realms (atmosphere, sea-ice, water column, seafloor) and their potential 

responses to changes in climate-changed linked ice regimes at various spatial scales. 

The use of R/V Australis for coastal studies deemed to be extremely efficient, in terms of 

environmental impact (ca. 40 times less CO2 emissions than a Polar class icebreaker) and reactivity, 

allowing the team to adapt the sampling efforts in function of the weather or anchoring conditions. 

Fully devoted to the expedition, the ship allowed the team to sample in shallow areas, not accessible 

to icebreakers and too far away from research stations, and which have been under sampled. 



 

Figure 4: General map of the sampling effort during  TANGO2, representing stations with full 

deployments (yellow) and additional oceanographic sampling (orange) 

During that cruise, we collected samples for CH4 and N2O in surface waters and investigate supply of 

CH4 from subglacial discharge in surface waters. 

 

• Greenfeedback cruise on the RV Belgica (RV BELGICA CRUISE 2023/14b) 

Greenfeedback European funded Research and Innovation Action (https://eu-greenfeedback.com/) 

is aiming, among other objectives, to enhance understanding of air-sea exchange of GHG in ocean 

and coastal areas affected by sea ice and glacier runoff, riverine inputs and biogeochemical surface 

processes. The objective will be addressed by: (1) improving parameterizations of air-sea and air-ice 

gas exchange to provide a robust quantification of the Arctic Ocean (AO) CO2 sink, and potential 

source and sinks of CH4 and N2O, (2) understanding C cycling in coastal-shelf areas and improve 

the description of exchange processes from coastal and shelf areas to the open ocean in Earth 

System Models, (3) evaluate the feedbacks of the AO CO2 sink to ongoing climate change and 

assess the future Arctic CO2 sink. 

Most of the ocean survey in 2023 and 2024 focus on water surrounding Greenland. 

https://eu-greenfeedback.com/


 

Figure 5: Marine surveys carried in the frame of the Greenfeeback project 

 

3. Publications in 2024 (only PUBLISHED articles) and if any, weblinks to models, datasets, 
products, etc.  
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53159-0. 
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the Southern Ocean, Science Advances, 10,eadn5781, DOI:10.1126/sciadv.adn5781. 

Duke, P. J., Hamme, R. C., Ianson, D., Landschützer, P., Swart, N. C., and Covert, P. A. (2024) 
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Christodoulaki S., Seppala J., Thyssen M., Borges A.V., Krasakopoulou E. (2024) A carbonate 

system time series in the Eastern Mediterranean Sea. Two years of high-frequency in-situ 

observations and remote sensing. Frontiers in Marine Science, 11:1348161, 1-16, 
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Ford, D. J., Blannin, J., Watts, J., Watson, A. J., Landschützer, P., Jersild, A.,  Shutler, J. D.(2024) 
A comprehensive analysis of air-sea CO2 flux uncertainties constructed from surface ocean data 
products. Global Biogeochemical Cycles, 38, e2024GB008188. 

https://doi.org/10.1029/2024GB008188. 

Gooya, P., Swart, N. C., and Landschützer, P. (2024) Improving GCM-based decadal ocean carbon 
flux predictions using observationally-constrained statistical models. Earth's Future, 12, 

e2023EF004204. https://doi.org/10.1029/2023EF004204. 
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Nitrous oxide dynamics in the Kara Sea, Arctic Ocean, Frontiers in Marine Science, 
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Resplandy, L., et al.,Roobaert, A. et al, Landschützer, et al. (2024) A synthesis of global coastal 
ocean greenhouse gas fluxes. Global Biogeochemical Cycles, 38, e2023GB007803. 
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Roobaert, A., Regnier, P., Landschützer, P., and Laruelle, G. G. (2024) A novel sea surface pCO2-
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Wanninkhof, R., J. A. Triñanes, P. Landschützer, A. Jersild, R. A. Feely, and B. R. Carter (2024) 
Global ocean carbon cycle [in “State of the Climate in 2023”]. Bull. Amer. Meteor. Soc., 105 (8), 
S198–S201, https://doi.org/10.1175/BAMS-D-24-0100.2. 

Wu M., L. Zhan, L.Jian, J. Zhang, W. Ye, B. Delille (2024) A study on the role of sea ice in the 

nitrous oxide cycle in the Prydz Bay, Antarctica, Frontiers in Marine Science, 
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Yau YYY, A Cabral, G Reithmaier, LC Cotovicz Jr, J Barreira, G Abril, C Morana, AV Borges, W 

Machado, S Bonaglia, JM Godoy, IR. Santos (2024) Efficient oxidation attenuates porewater-

derived methane fluxes in mangrove waters, Limnology and Oceanography, 

https://doi.org/10.1002/lno.12639 

 

 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2024? If yes, who? How did you engage? 
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PART 2 - Planned activities for 2025 and 2026 

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

Participation to the Micro-shift (Microbial life of Sea ice Habitats Investigated For The Arctic) sea ice 

survey led by Dr K. Campbell (UiT) north of Svlabard in May 2025  

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

- Liège Colloquium on Marine Carbon Dioxide Removal, May 2025, organized by Bruno 

Delille, Odile Crabeck and Aida Alvera Azcarte,  https://www.ocean-

colloquium.uliege.be/cms/c_14229949/en/international-liege-colloquium-on-ocean-
dynamics?id=c_14229949 

- BEPSII|CATCH|Cice2clouds  Field School co-ordinated by Daiki Nomura, Bruno Delille, 
Odile Crabeck, Letizia Tedesco et al… in Saroma-Ko from the 28th Feb to 9th Mar 2026 is 
Saroma-Ko, Japan https://sites.google.com/site/bepsiiwg140/news/bepsii-catch-sea-ice-
school-2026   

 

3. Funded national and international projects/activities underway.  

- Estimating Tipping points in habitability of ANtarctic benthic ecosystems under GlObal 
future climate change scenarios (TANGO, Brain, 2021-2025) funded by the Belgian 
Science Policy  

- Greenhouse gas fluxes and Earth system feedbacks (Greenfeedback, 2022-2026, 
HORIZON-CL5-2021-D1-01, Project: 101056921 — GreenFeedBack) EU funded Horizon 
Research and Innovation Action 

- Arctic ocEan Greenhouse gases bIogeochemiStry (AEGIS, CDR, J.0057.24, 2024-2025) 
Research Credit funded by the F.R.S.-FNRS 

- 2024-2027 – François Fripiat is a Principal Investigator of the Human Frontiers Science 
Program (HFSP) Research Grant "Trapped in Ice" looking how microorganism colonize sea 
ice. 

- 2025-2026 - François Fripiat is the coordinator of the ONIC project (FNRS) "Ocean 
Nitrogen Isotopes Cycles" to study fixed nitrogen budget in the ocean. 

- 2023-2026 - Coordinator of the STEREO project (FWB) "Southern Ocean's overturning 
circulation during ice ages" to study the coupling between biological pump and Southern 
Ocean’s overturning during glacial-interglacial timescale. 

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 
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