Impacts of sub-mesoscale physics on
phytoplankton growth and distribufion
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Mesoscale - 20-100 km
scale of oceanic eddies

Sub-mesoscale :  1-20 km
scalo of fitaments, strong vorticity gradioents



* Review the main processes that have been proposed
fo axplain the obsarved phytoplankion
mesoscafe and sub-mesoscale varfablity

> New insight on sub-mesoscale physics :

double impact on phytoplankion
1 - minforcement of mesoscale physics
2 - appearence of small-scale frontogenesis

jange ampiification of vertical vefociies
and therefore of vertical transport of nutrients
* New insight on the mesoscale distribution of phytopfankton

within cyclones / anticyciones
during the period of formation of the eddles
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Sub-mesoscale
processes

1- Nitrate injection can occur at sub-mesoscales

Due to the phase relationship between vertical velocities and strain

Whereas Abraham (1998) scenario is mostly 2D

2- New production can be enhanced in anticyclonic

regions . during the period of formation of the eddies and in the
absence of wind

Due to the redistribution of water masses by the baroclinic
instability.



Numerical protocol

Mesoscale and Submesoscale dynamics result from the
nonlinear equilibration of an unstable baroclinic jet

*Zonal jet periodic in the zonal direction

*Rossby radius of deformation Rd = 30 km

*Regime with Rossby number O(1) : use of Primitive Equations
*Mixed-layer model

*No atmospheric forcing

Progressive increase of horizontal resolution :

from Rd/3 to Rd/30

Experiment M (mesoscale) : 6 km resolution

Experiment S (sub-mesoscale) : 2 km resolution

Oligotrophic regime

Nutrients are initially depleted from the euphotic layer

Bloom regime

Meridional nutrient gradient at the surface
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Barociinic instabifity

Cold
side




Small scale frontogenesis
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New Production

exp: S, duy 14







Giobal hiogeochemical budgels
Oligofrophic conditfons

5 experiment
M experiment
steady state




Evidence for sub-mesoscale Nifrate injection
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initial Nitrate distribution

oligatrophic comnditions k”'//\ bloom conditions
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Global biogeochemical budgeits

Bloom conoifons

Subductked bipmase

—_—

Days Dayn

5 experiment
M expericnent




Conclusions

Two effects of sub-mescscale physics :
1- Reinforcement of mesoscale dynamics

2- Appearance of small-scale frontogenasis

Both affects are regpongible for a large Increase
of tha vertical velocities

at mesoscala
at sub-mesoacale

At sub-mesoscale

Small scale frontogenesis is responsible for nutrient
inputs at sub-mesoscale

Sub-mesoscale New Production accounts for a large part
of total NP in oligotrophic regions

Al mesoscale

NP is enhanced in anticyclonic eddies (baroclinic instability)

but phytoplankton distribution can be more important
in ¢yclonic eddies depending on the biogeochemical contexdt
in the region where the eddy is formed

Open guestions

role of the atmospheric forcing,
aqing of the ecosysiem, decay of the eddies



