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Discretization

Observations: all processes
contribute to observations

Model: only resolved
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Model data
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climatological forcing (normal year, ERA5)

MR integrated on full domain, used as boundary condition for HR
five years integration time, last three years used for analysis
data saved as bidaily averages
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Submesoscale Fronts: Frontogenesis I[

(Mahadevan, 2016)

emerge at horizontal density fronts, driven by
mesoscale eddy strain or atmospheric forcing

ageostrophic secondary circulation to restore
geostrophic balance of jet

upwelling at less dense side, downwelling at
dense side ((@(m/day) )

modulated by mixed layer depth

(Thomas et al.,, 2008; Mahadevan, 2016)
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Vertical velocity field at 25m depth
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Vertical velocity field at 25m depth
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radius 20 km - 200 km, several
months lifetime

tracking by SSH anomaly

trap fluids and transport
biogeochemical tracers

interactions with wind stress or
other eddies can induce strong
vertical velocities

displacement of isopycnals allows
for fluxes into/out of euphotic
zone and alters mixed layer depth

(McWilliams, 2008; Kurian et al., 2011; Freilich & Mahadevan, 2019)
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Energy Cascade:
Submesoscale Contribution

Schubert et al., 2020 Our work

* inverse energy cascade is fueled by eddies with » eddies < 20 km much better
radius down to 17 km resolved in HR model

« energy reaches mesoscale in late spring/early « strongest increase in EKE in
summer (seasonality of submesoscale fronts) early summer by ~50 %

« kinetic energy at mesoscale is reduced by 20 % « overall EKE increases by ~10 %
when submesoscale motions are not resolved in HR

I Submesoscale fronts energize mesoscale eddies
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» also observed by Brannigan et al., 2017
« anticyclonic vorticity and deeper MLD

« fronts lead to strong vertical velocities
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Su et al,, 2018; Klein et al., 2019)
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« fronts lead to strong vertical velocities
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« fronts induce a positive vertical heat flux
which could undermine positive
temperature anomaly of anticyclones

(Thomas et al.,, 2013; Brannigan et al., 2017;
Su et al,, 2018; Klein et al., 2019)
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fix shortcomings: longer integration time, better tuning of model

reason for increased presence of submesoscale fronts and for
reduced density anomaly in anticyclones

iInteraction with other processes, e.g. coastal filaments, submesoscale
coherent vortices or inertial gravity waves

confirm impact on biological productivity with Lagrangian experiments

impact on carbon export and biodiversity
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Submesoscale Fronts: Detection Algorithm I[

b) = //
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d)

Calculate an adaptive
threshold for every depth
level (Gaussian filter,
average). Threshold
vertical velocities.

. Perform 2D connected

component on every depth
level, filter out noise and
too circular structures.

. Perform 3D connected

component, filter out too
shallow fronts.



