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Impact of finescale currents 
on biogeochemical cycles 

in a changing ocean
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Biological Carbon pump
Anthropogenic CO2 sequestration
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Importance for biodiversity 



Introduction : Biogeochemical climate projections with Earth System Models

Major threats    

2020

Deoxygenation    Surface nitrate deficit (PP decline)     
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Challenge 1 :  Conventional tools pushed to their limits



Soutenance de stage - Master 2

Challenge 1 :  Conventional tools pushed to their limits

lack of computing power

lack of spatio-temporal coverage

limited to surface phytoplankton 

Have allowed targeted studies 
Understanding of processes



Introduction : Fine scales

Soutenance de stage - Master 2

More energetic meso + submeso at increasing model resolution

Fine scales = mesoscale (10-100 km / months) + submesoscale (1-10 km / days)   



Introduction : ageostrophic vertical circulation

Soutenance de stage - Master 2

Levy et al, 2018



Introduction : fine-scale fronts
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Introduction : individual processes

Soutenance de stage - Master 2

Levy et al, 2018



Introduction : observations

Soutenance de stage - Master 2

Levy et al, 2018

Fine scales = mesoscale (10-100 km / months) + submesoscale (1-10 km / days)   

Mangolte et al, 2023



Introduction : processes acting together

Soutenance de stage - Master 2

Levy et al, 2018

Nutrient supplies

Biotic interactions

Transport

Mangolte et al, 2023
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Objectives

Multi-scale problem
impact of finescale currents on province-scale budgets 
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Introduction : Impact of fine scales

< . > : Average over bio-provinces and over periods > 1 year

0   : Mean state
> and < : Natural variability 
long term trend: Climate change 
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Eddy advection

Soutenance de stage - Master 2

> 200 papers 

Primary production
Carbon export
Oxygen ventilation

10 to 100 %

1) Horizontal eddy advection: stirring
2) Vertical eddy advection: nutrient supply
3) Vertical eddy advection: oxygen ventilation



Global Estimate of Horizontal Eddy Advection

Soutenance de stage - Master 2

Chl-a

Decomposition into: 
Subseasonal      20-100 km
Seasonal >> 100 km
Multi-annual >> 100 km

Subseasonal

Seasonal

Multi-annual

⅓ of Chl-a variance due to fine-scales



Regional Estimate of Vertical Eddy Advection

Soutenance de stage - Master 2

Chl-a distribution

up to + 30% more Chl-a over fronts



 Regional Evaluation of Eddy Advection of nitrate and phytoplankton

Soutenance de stage - Master 2

Less than + 10% more Chl-a attributed to finescales



Eddy advection of Oxygen

Soutenance de stage - Master 2

More than + 70% of O2 ventilation attributed to finescales



Eddy vertical mixing

Soutenance de stage - Master 2

1 paper
Resplandy et al (2019) 



Eddy Biogeochemical Reactions

Soutenance de stage - Master 2

2 papers
Levy et al (2014)
Martin et al (2015)
1-5 % 
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Soutenance de stage - Master 2

Challenge 2 :  Scale interactions



Upscale connection

Soutenance de stage - Master 2

Equatorial Pacific Oxygen Minimum Zone (OMZ)

1° resolution model 1/10° resolution model Observations 

Change in position and strength of equatorial undercurrent affects the OMZ

OMZ OMZ OMZ



Downscale connection

Soutenance de stage - Master 2

Phytoplankton production

with finescales
without finescales

Nutrient vertical fluxes in LES model



Impact of finescales on  Biogeochemical cycles Natural variability

Soutenance de stage - Master 2

Upscale feedback



Impact of finescales on  Biogeochemical cycles Natural variability

Soutenance de stage - Master 2

Eddy fluxes
Drivers of phytoplankton interannual variability 

Finescales explain most of phytoplankton interannual variations  in the SO



Impact of finescales on  Biogeochemical cycles projections

Soutenance de stage - Master 2

CTL Primary production

1° 1/9° 1/27°

Climate change (warming)



Impact of finescales on  Biogeochemical cycles projections

Soutenance de stage - Master 2

Damping of climate change impacts and of climate change with finescales

due to upscale feedback

no change in eddy fluxes



Parametrisation of finescales for  Biogeochemical cycles 

Soutenance de stage - Master 2

Physique

Bio

2023



Summary points 

Soutenance de stage - Master 2

1. Multiple processes at play 
2. Progress on understanding the processes
3. Challenge in quantifying them due to the 

multi-scale nature of the problem
4. Parametrisation for the physics are unsufficient
5. Upscale feedback seems to prevail for CC
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March 2023

Opportunities :  New tools 

Conventional altimetry SWOT 

43 years later




