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Fluid dynamics: 
Life engine in the Ocean



Fuiman et al, 2015
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©Mercator Ocean



Ocean mesoscale eddies

Sea-level Anomaly



Ocean mesoscale eddies

Atmospheric weather system - Clouds Stirring of phytoplankton by ocean mesoscale eddies
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December 1981 issue

Phytoplankton are invisible to the eye but visible from satellites 
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Gulf of Gascogne



Gulf of Finland





ESA Sentinel 2, 10 m resolution, Baltic Sea
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Evolution over 8 days



Gangrade and Mangolte, 2024
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Light Nitrate
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Adapted from Najjar, 2009

Nutrients

Nutrients Phytoplankton

Organic detritus
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Ocean deserts

Ocean forests

Basin-scale patterns of  phytoplankton



Wind-driven vertical currents

Liang et al., 2017
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Prants, 2024

Fishermen discovered fronts are hotspots

M.C. Escher, 1957



De Monte, 2012

Fregate birds foraging behavior in the Mozambique Channel 

Fast descent

3D-GPS tracking + satellites 

Seabirds hunt fronts too
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Introduction : ageostrophic vertical circulation
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Levy et al, 2018
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Bridging scales: from one front to multiple fronts

Haeck et al., 2023



Lévy et al, 2024

Lévy et al, 2025

Bridging knowledges : from fronts to community structure 
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Copernicus 2024







Impact of finescales on  Biogeochemical cycles 
projections
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Damping of climate change impacts and of climate change with finescales

due to upscale feedback, no change in eddy fluxes



Copernicus 2024
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NOAA, Septembre 2017
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Océan = un corps malade
Espèces marines non adaptées au changement de température
Migration vers les pôles: 30 à 100 km / 10 ans
Mortalité massive
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GIEC SROCC (2019) 
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Epilogue

30 y

30 y

30 y


