
 

 

 

 

Report for the year 2023 and future activities 

 

SOLAS ‘Belgium’ 

compiled by: ‘Gypens Nathalie’ 
 

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 
 
1.1. Declaration on Operationalising the Surface Ocean Carbon Value Chain 
 
Flanders Marine Institute (VLIZ) has been instrumental in the writing of the 2023 Oostende declaration 
on Operationalising the Surface Ocean Carbon Value Chain 
(https://www.ioccp.org/index.php/more/962-declaration-on-operationalising-the-surface-ocean-
carbon-value-chain) 
 
“We, the 100+ ocean experts and stakeholders specialising in surface ocean carbon measurements 
and quantification of ocean carbon uptake, representing Europe, Australia, Asia, North America, South 
America and Africa, assembled at the Flanders Marine Institute (VLIZ) in Oostende, Belgium and online 
(6-9 November 2023) to assess the status of the multi-component community effort capable of 
measuring, storing, synthesising and mapping of the surface ocean carbon information, call for 
concerted international and intergovernmental efforts to create a robust, resilient and sustainable 
surface ocean carbon observing system. We envisage and expect that such a system, the so-called 
surface ocean carbon value chain, will meet the ever-increasing demands for ocean carbon data and 
information needed to inform national and intergovernmental policies on climate change and mitigation 
efforts, with the Paris Agreement being the most pressing commitment” 
 
1.2. A novel sea surface pCO2-product for the global coastal ocean resolving trends over 
1982–2020 
 
In recent years, advancements in machine learning based interpolation methods have enabled the 
production of high-resolution maps of sea surface partial pressure of CO2 (pCO2) derived from 
observations extracted from databases such as the Surface Ocean CO2 Atlas (SOCAT). These pCO2-
products now allow quantifying the oceanic air–sea CO2 exchange based on observations. However, 
most of them do not yet explicitly include the coastal ocean. Instead, they simply extend the open ocean 
values onto the nearshore shallow waters, or their spatial resolution is simply so coarse that they do 
not accurately capture the highly heterogeneous spatiotemporal pCO2 dynamics of coastal zones. Until 
today, only one global pCO2-product has been specifically designed for the coastal ocean (https://doi: 
10.5194/bg-14-4545-2017; Laruelle et al., 2017). This product, however, has shortcomings because it 
only provides a climatology covering a relatively short period (1998–2015), thus hindering its application 
to the evaluation of the interannual variability, decadal changes and the long-term trends of the coastal 
air–sea CO2 exchange, a temporal evolution that is still poorly understood and highly debated. Here we 
aim at closing this knowledge gap and update the coastal product of Laruelle et al. (2017) to investigate 
the longest global monthly time series available for the coastal ocean from 1982 to 2020. The method 
remains based on a two-step Self-Organizing Maps and Feed-Forward Network method adapted for 
coastal regions, but we include additional environmental predictors and use a larger pool of training and 
validation data with ∼18 million direct observations extracted from the latest release of the SOCAT 
database. Our study reveals that the coastal ocean has been acting as an atmospheric CO2 sink of 
−0.40 Pg C yr−1 (−0.18 Pg C yr−1 with a narrower coastal domain) on average since 1982, and the 
intensity of this sink has increased at a rate of 0.06 Pg C yr−1 decade−1 (0.02 Pg C yr−1 decade−1 with 
a narrower coastal domain) over time. Our results also show that the temporal changes in the air–sea 
pCO2 gradient plays a significant role in the long-term evolution of the coastal CO2 sink, along with wind 
speed and sea-ice coverage changes that can also play an important role in some regions, particularly 
at high latitudes. This new reconstructed coastal pCO2-product (https://doi.org/10.25921/4sde-p068; 
Roobaert et al., 2023) allows us to establish regional carbon budgets requiring high-resolution coastal 
flux estimates and provides new constraints for closing the global carbon cycle. 
 

https://www.ioccp.org/index.php/more/962-declaration-on-operationalising-the-surface-ocean-carbon-value-chain
https://www.ioccp.org/index.php/more/962-declaration-on-operationalising-the-surface-ocean-carbon-value-chain


 
 
 
Figure 1: Evolution of the global coastal CO2 sink (FCO2, in Pg C yr−1) over time using the reconstructed 
coastal pCO2-product (solid black line) with its associated uncertainties (dash-dotted black line). We 
use a 300 km distance from the coast as the outer limit of the coastal domain (wide coastal ocean) in 
(a) and the shelf break as the outer limit of the coastal domain (narrow coastal ocean) in (b). 
 
Citation: Roobaert, A., Regnier, P., Landschützer, P., and Laruelle, G. G.: A novel sea surface pCO2-
product for the global coastal ocean resolving trends over 1982–2020, Earth Syst. Sci. Data, 16, 421–
441, https://doi.org/10.5194/essd-16-421-2024, 2024. 
 
 
1.3. A Synthesis of Global Coastal Ocean Greenhouse Gas Fluxes 
 
The coastal ocean contributes to regulating atmospheric greenhouse gas concentrations by taking up 
carbon dioxide (CO2) and releasing nitrous oxide (N2O) and methane (CH4). In this second phase of 
the Regional Carbon Cycle Assessment and Processes (RECCAP2), we quantify global coastal ocean 
fluxes of CO2, N2O and CH4 using an ensemble of global gap-filled observation-based products and 
ocean biogeochemical models. The global coastal ocean is a net sink of CO2 in both observational 
products and models, but the magnitude of the median net global coastal uptake is ∼60% larger in 
models (−0.72 vs. −0.44 PgC year−1, 1998–2018, coastal ocean extending to 300 km offshore or 1,000 
m isobath with area of 77 million km2). We attribute most of this model-product difference to the 
seasonality in sea surface CO2 partial pressure at mid- and high-latitudes, where models simulate 
stronger winter CO2 uptake. The coastal ocean CO2 sink has increased in the past decades but the 
available time-resolving observation-based products and models show large discrepancies in the 
magnitude of this increase. The global coastal ocean is a major source of N2O (+0.70 PgCO2-e year−1 
in observational product and +0.54 PgCO2-e year−1 in model median) and CH4 (+0.21 PgCO2-e 
year−1 in observational product), which offsets a substantial proportion of the coastal CO2 uptake in 
the net radiative balance (30%–60% in CO2-equivalents), highlighting the importance of considering 
the three greenhouse gases when examining the influence of the coastal ocean on climate. 
 



 
 

Figure 2: Net globally-integrated coastal fluxes of (a) CO2 [PgC year−1], (b) N2O [Tg N year−1] and (c) 
CH4 [Tg CH4 year−1] over the wide and narrow coastal oceans. Figure shows individual products and 
models (symbols) and their median and interquartile ranges. Models are shown for the full ensemble 
available (11 models for CO2 and 4 for N2O) and a subset of higher resolution models (4 models for 
CO2 and 2 for N2O, see Methods and Table 2 for details). Previous estimates available for the narrow 
coastal ocean are shown on the right of panel a (see list in Table S2 in Supporting Information S1). 
Coastal-SOM-FFN-kw, which is a second version of Coastal-SOM-FFN computed using different wind 
speed and kw formulation (filled diamond, see Methods), is not used in the calculation of the pCO2-
product median. Weber-CH4 total flux (diffusive + ebullitive) and diffusive contribution (comparable to 
MARCATS-CH4 flux) are shown in panel (c). 
 

Citation: Resplandy, L., Hogikyan, A., Müller, …, A. Roobaert, …, G.G. Laruelle, …, and P.Regnier 
(2024). A synthesis of global coastal ocean greenhouse gas fluxes. Global Biogeochemical Cycles, 38, 
e2023GB007803. https://doi.org/10.1029/2023GB007803 
 
 
1.4. Unravelling the physical and biological controls of the global coastal CO2 sink 
 

The drivers governing the air-sea CO2 exchange and its variability in the coastal ocean are poorly 
understood. Using a global ocean biogeochemical model, this study quantifies the influences of thermal 
changes, oceanic transport, freshwater fluxes, and biological activity on the spatial and seasonal 
variability of CO2 sources/sinks in the global coastal ocean. We identify five typical coastal behaviors 
(dominated by biological drawdown, vertical transport, land imprint, intracoastal alongshore currents, 
and weak CO2 sources and sinks coastal regions) and propose a new processed-based delineation of 
the coastal ocean based on the quantification of these controlling processes. We find that the 
spatiotemporal variability of CO2 sources/sinks is dominated by strong exchanges with the open ocean 
and intracoastal processes, while continental influences are restricted to hotspot regions. In addition, 
where thermal changes appear to drive the seasonal CO2 variability, it often results from compensating 
effects between individual non-thermal terms, especially biological drawdown and vertical transport.   
 
 
 

https://doi.org/10.1029/2023GB007803


 
 

 

Figure 3: Processes controlling the annual average coastal ocean CO2 response in the mixed layer 
depth (CResponse, which includes all pCO2 changes whether they are equilibrated by the air-sea CO2 
flux or not) in (a) the global coastal ocean and (b-f) in the five coastal systems identified in this study. 
Specifically, in (b) regions under imprint of land, (c) strong CO2 sources dominated by the vertical 
biophysical dynamics, (d) strong CO2 sinks dominated by the vertical biophysical dynamics, (e) strong 
CO2 sinks dominated by the freshwater and lateral transport and (f) weak coastal CO2 sources and 
sinks. Colors indicate the relative contributions from vertical biophysical dynamics (vert. biophysical 
dyn., in blue, balance between biological activity and vertical transport of chemical species), and the 
freshwater and lateral transport (FW and lateral trans., in purple, sum of dilution/concentration effects 
and lateral transport of chemical species). The thermal effect is not represented since its contribution 
to the annual average is near-zero. Results on all panels are averaged at 1° spatial resolutions for 
visibility. Black circles show the 20 largest annual average river runoffs. 
 
Citation: Roobaert, A., Resplandy, L., Laruelle, G.G., Liao, E., and Regnier, P. (2024). Unraveling the 
physical and biological controls of the global coastal CO2 sink. Global Biogeochemical Cycles, 38, 
e2023GB007799. https://doi.org/10.1029/2023GB007799 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



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). 

• Workshop on surface ocean pCO2 observations, synthesis and data products – 6-9 November 
2023, Oostende, Belgium, hosted by the Flanders Marine Institute (VLIZ) under the umbrella 
of ICOS https://www.icos-otc.org/node/222 

• Tango1 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 4: Tango1 survey on the West Antarctic Peninsula onboard the Sailboat Australis 

We have just released the TANGO1 expedition report. The report will give you an overview of the 

activities of the TANGO1 team in the West Antarctic Peninsula, onboard RV Australis.  

The TANGO1 expedition ventured to accumulate new data on the responses of marine ecosystems to 

shifts in ice regimes in the West Antarctic Peninsula (WAP), taking full advantage of a nimble sampling 

platform, the R/V Australis, a steel hulled, fully rigged motor sailor. TANGO1 took place between 

February and March 2023, sampling two main locations at different spatial scales. Deploying 14 

different types of gear (both traditional and modern), the TANGO1 team gathered over 4000 samples 

that will be brought back to Belgium for further analysis. The team focused on synchronized, 

transdisciplinary sampling to understand the linkages between realms (atmosphere, sea-ice, water 

column, seafloor) and there potential responses to changes in climate-changed linked ice regime 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 B121 team to sample in shallow areas, not accessible to icebreaker 

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

https://www.icos-otc.org/node/222


 

Figure 5: The TANGO 1 expedition track 

 

During that cruise, we collected sample for CH4 and N2O is surface waters and observed an obvious 

supply of CH4 from subglacial discharge in surface waters that will be presented at the next EGU 

conference by Axelle Brusselman https://meetingorganizer.copernicus.org/EGU24/EGU24-18144.html. 

 

• 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. 

https://meetingorganizer.copernicus.org/EGU24/EGU24-18144.html
https://eu-greenfeedback.com/


 
 

Figure 6: The Greenfeedback cruise on the RV Belgica 

For that particular cruise, one of the first Arctic survey of the new Belgian Oceanographic vessel RV 

Belgica, we focused on greenhouse gases (GHGs) sampling along Tunulliarfik Fjord in Southwest 

Greenland (Figure 7). To do so, a hydrographic transect from the fjord’s head to the adjacent continental 

shelf was performed. Along this transect, we used underway GHGs systems that was connected to the 

vessel's non-toxic seawater supply for underway (UW) measurements. We also performed vertical CTD 

casts at selected locations (see red markers in Figure 1 and exact locations in Table 1) combined with 

water sampling through Niskin bottles for DIC, TA, pH, CH4, and N2O analysis. In addition, the velocity 

field was monitored through both vessel-mounted shallow- (600 kHz) and deep-water (75 kHz) ADCPs 

that were runned constantly and simultaneously. Altogether, this will allow us to characterize GHG-

related processes, as well as the water mass distribution and circulation within the fjord and respective 

connections with the continental shelf. 

Preliminary results will be presented at the next EGU conference by Coraline Lesseure 

https://doi.org/10.5194/egusphere-egu24-7427 



 

Figure 7: Region of study with vessel’s transect along Tunulliarfik Fjord (green line) and CTD stations 

(red markers). 

 

3. Publications in 2023 (only PUBLISHED articles) and if any, weblinks to models, datasets, 
products, etc.  
Fripiat, F.,  D.M. Sigman, A. Martinez-Garcia, D. Marconi, X.E. Ai, A. Auderset, S.E. Fawcett, S. Moretti, 

A.S. Studer, and G.H. Haug, 2023. The impact of incomplete nutrient consumption in the Southern 

Ocean on global mean ocean nitrate δ15N. Global Biogeochemical Cycles 37(2), e2022GB007442. 

Geilfus N.-X., B. Delille B., J.-L Tison., M. Lemes and S. Rysgaard S, 2023. Gas dynamics within 

landfast sea ice of an Arctic fjord (NE Greenland) during the spring–summer transition, Elementa: 

Science of the Anthropocene, 11(1):00056 doi: 10.1525/elementa.2022.00056  

Henley, S.F., S. Cozzi, F. Fripiat, D. Lannuzel, D. Nomura, D.N. Thomas, K.M. Meiners, M. 

Vancoppenolle, K. Arrigo, J. Stefels, M. van Leeuwe, S. Moreau, E.M. Jones, A. Fransson, M. 

Chierici, and B. Delille, 2023. Macronutrient biogeochemistry in Antarctic land-fast sea ice: Insights 

from a circumpolar data compilation. Marine Chemistry 257, doi:10.1016/j.marchem.2023.104324 

Lannuzel D., M. Fourquez; J.de Jong; J.-L. Tison; B. Delille and V. Schoemann 2023. First report on 

biological iron uptake in the Antarctic sea-ice environment, Polar Biology, 46:339–355, 

doi:10.1007/s00300-023-03127-7 

Marshall, T.A.,  D.M. Sigman, L.M. Beal, A. Foreman, A. Martinez-Garcia, S. Blain, E. Campbel, F. 

Fripiat, R. Granger, E. Harris, G.H. Haug, D. Marconi, S. Oleynik, P.A. Rafter, R. Roman, K. 

Sinyanya, S.M. Smart, and S.E. Fawcett, 2023. The Agulhas Current transports signals of local and 

remote Indian Ocean nitrogen cycling. Journal of Geophysical Research: Oceans 128, 

e2022JC019413. 

Nomura D., Y. Kawaguchi, A.L. Webb, Y. Li, M. Dall'osto, K. Schmidt, E.S. Droste, E.J. Chamberlain, 



N. Kolabutin, E. Shimanchuk, M. Hoppmann, M.R. Gallagher, H. Meyer, M. Mellat, D. Bauch, C. 

Gabarró, M.M. Smith, J. Inoue, E. Damm, B. Delille, 2023. Meltwater layer dynamics in a central 

Arctic lead: Effects of lead width, re-freezing, and mixing during late summer, Elementa, 11(1), doi: 

10.1525/elementa.2022.00102 

Reithmaier GMS, A Cabral, A Akhand, MJ Bogard, AV Borges, S Bouillon, DJ Burdige, M Call, N 

Chen, X Chen, LC Cotovicz Jr, MJ Eagle, E Kristensen, K D Kroeger, Z Lu, DT Maher, LJ Pérez-

Lloréns, R Ray, P Taillardat, JJ Tamborski, RC Upstill-Goddard, F Wang, Z Aleck Wang, K Xiao, 

YYY Yau and IR Santos, 2023. Carbonate chemistry and carbon sequestration driven by inorganic 

carbon outwelling from mangroves and saltmarshes, Nature Communications, 14, 8196,. 

https://doi.org/10.1038/s41467-023-44037-w 

Smith, M.M., H. Angot, E. Chamberlain, E.S. Droste, S. Karam, M. Muilwijk, A.L. Webb, S.D. Archer, I. 

Beck, B.W. Blomquist, J. Bowman, M. Boyer, D. Bozzato, M. Chierici, J. Creamean, A. D’Angelo, B. 

Delille, I. Fer, A.A. Fong, A. Fransson, N. Fuchs, J. Gardner,M.A. Granskog, C.J.M. Hoppe, M. 

Hoppema, T. Mock, S. Muller, O. Müller, M. Nicolaus, D. Nomura, T. Petäjä, E. Salganik, J. Schmale, 

K. Schmidt, K.M. Schulz, M.D. Shupe, J. Stefels, L. Thielke, S. Tippenhauer, A. Ulfsbo, M. van 

Leeuwe, M. Webster, M. Yoshimura and L. Zhan, 2023. Thin and transient meltwater layers and false 

bottoms in the Arctic sea ice pack-Recent insights on these historically overlooked features, 

Elementa 11(1), doi: 10.1525/elementa.2023.00025 

Tang, W., B.B. Ward, M. Beman, L. Bristow, D. Clark, S. Fawcett, C. Frey, F. Fripiat, G.J. Herndl, M. 

Mdutyana, F. Paulot, X. Peng, A.E. Santoro, T. Shiozaki, E. Sintes, C. Stock, X. Sun, X.S. Wan, M.N. 

Xu, and Y. Zhang, 2023. Database of nitrification and nitrifiers in the global ocean. Earth Syst. Sci. 

Data, doi.10.5194/essd-15-5039-2023. 

Willis M.D., D. Lannuzel, B. Else, H. Angot, K. Campbell, O. Crabeck, B. Delille, H. Hayashida, M. 

Lizotte, B. Loose, K. M. Meiners, L. Miller, S. Moreau, D. Nomura, J. Prytherch, J. Schmale, N. 

Steiner, L. Tedesco and J. Thomas, 2023. Polar oceans and sea ice in a changing climate, Elementa, 

11 (1) doi:10.1525/elementa.2023.00056 

 

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? 
 
 
Flanders Marine Institute (VLIZ) has been instrumental in the writing of the 2023 Oostende declaration 
on Operationalising the Surface Ocean Carbon Value Chain 
(https://www.ioccp.org/index.php/more/962-declaration-on-operationalising-the-surface-ocean-
carbon-value-chain) 
 
 

 

 

 

https://doi.org/10.1038/s41467-023-44037-w
https://www.ioccp.org/index.php/more/962-declaration-on-operationalising-the-surface-ocean-carbon-value-chain
https://www.ioccp.org/index.php/more/962-declaration-on-operationalising-the-surface-ocean-carbon-value-chain


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.).  

 

- February- March 2024 – Second TANGO survey in the West Antarctica Peninsula. 
https://belgica120.be/  

- March 2024 - Workshop with stakeholder on the impact on human activities on marine 
arctic systems in the frame of Greenfeedback EU-funded research and innovation action 
https://eu-greenfeedback.com/ 

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 Aida 
Alvera Azcarte et al. https://www.ocean-
colloquium.uliege.be/cms/c_14229949/en/international-liege-colloquium-on-ocean-
dynamics?id=c_14229949 

- BEPSII Field School co-ordinated by Daiki Nomura, Bruno Delille, Odile Crabeck et al… in 
Saroma-Ko in February 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 

- Sea Ice to sea Spray aerosol (SIP, 2023-2024) Research Project funded by the F.R.S.-
FNRS, coordinator 

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

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 
 

 

https://belgica120.be/
https://www.ocean-colloquium.uliege.be/cms/c_14229949/en/international-liege-colloquium-on-ocean-dynamics?id=c_14229949
https://www.ocean-colloquium.uliege.be/cms/c_14229949/en/international-liege-colloquium-on-ocean-dynamics?id=c_14229949
https://www.ocean-colloquium.uliege.be/cms/c_14229949/en/international-liege-colloquium-on-ocean-dynamics?id=c_14229949

