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Motivation: Submesoscale Frontal Regions

2D Eddies &
Circulation
e ff > 10km @ |
N\@‘:OC)LL\, Front: A region with a large horizontal
RO buoyancy gradient, M* = 0,b, typically in

Fronts &
Filaments

- 1210 km near-geostrophic balance.

e Sloping isopycnals and outcropping in fronts
encourage exchange with the ocean interior.

3D Turbulence &
(S ") Dissipation
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Fronts: The Gulf Stream

M? = 8. b

f: Coriolis Parameter
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Inertia-Gravity Waves
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Inertia-Gravity Waves — Symmetric Instability (SI)
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Equilibration of an Sl-Unstable Front

e 2D pseudo-spectral / finite difference simulations

e Horizontal periodicity in perturbations from b

e Initial condition in Thermal Wind Balance

I

e Focus on Ri = 0 (i.e. “vertical” front) and Re = 105

e S| can mix down the Thermal Wind Shear

Primary Aim: Examine the dependence of the equilibration of

an Sl-unstable front on front strength, MZ/fQ.

Eady (1949)

=B UNIVERSITY OF

"8 CAMBRIDGE



Equilibration of Frontal Regions

M?/f? =1

285 UNIVERSITY OF
0 CAMBRIDGE




Secondary Linear Stability: Kelvin-Helmholtz

e 1D pseudo-spectral solver
in rotated coordinates

e Criticality condition:

OkH = Og| at T,

~f> UNIVERSITY OF

i

“$ CAMBRIDGE



Cumulative Transport by SI
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e Cumulative contribution of SI modes
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to the transport, through 7

e Difference in adjustment behaviour
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depending on the

Shear Forcing vs. Inherent Time-scale
H/_/ R/_/

M2/f F1

2v/1 /!
ozv'w

TWS Mixing Time [f ]

ok
S
"

#®% UNIVERSITY OF

% CAMBRIDGE



Frontal Response: Slumping vs Falling

M2/f2 =1 M?/f* =10
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Damping to Equilibrium

e PV fluxes stabilise the front
.. Good metric for equilibration

e Sl-turbulence 2 PV Fluxes

seems to be self-regulatory

e Constant damping time-scale,

Tqf =~ 5.5
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Conclusions

e S| can transport significant geostrophic momentum prior to transition.

e [he adjustment response and equilibration of the front depends strongly
on the front strength, Mz/fz.

e Weak fronts slowly slump into equilibrium

e Strong fronts suddenly lose balance and undergo large oscillations
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Symmetric Instability Geostrophic Adjustment
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Equilibration
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