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Ocean Fronts: An affront to global scales?
How the smallest scales influence the climate

c_ﬁgbmgc_slg EPSRC Aaron Wienkers, Leif Thomas, & John R. Taylor

Department of Applied Mathematics and Theoretical Physics




bal Scales







LA\J

10 km




Submesoscales
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Challenge in Geophysical Fluid Dynamics

e Dynamic range of motions is ~ 10°

.. Capturing every scale is prohibitively expensive
e Under-resolved scales are still important!

e In climate & weather models and storm trackin

e Need to see the Forest and the Trees
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Can Fluid Dynamics Save the Planet?

Energy accumulation within the Earth’s climate system
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----- Uncertainty

e Ocean has taken 93% of heat generated since the

industrial revolution, and 30% of anthropogenic CO> .

— Will this uptake stop?

Bl =
— How does the ocean and atmosphere warming

feedback on these processes?

— Is there a catastrophic tipping point?
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Carbon Fluxes
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Southern Ocean!
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NASA /USGS




van Gogh (1889)
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Force Balance in the Submesoscales (1-10 km)
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M? = —gBxp/po
f: Coriolis Parameter
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f: Coriolis Parameter
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Dynamics within a Front

What happens in a front (doesn’t necessarily) stay within a front
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Structure of a Front

Across-Front
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Internal Gravity Oscillations




Convective (Rayleigh-Taylor) Instability
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Inertial Oscillations




Inertial Oscillations
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Inertia-Gravity Waves

= 1.1
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Inertia-Gravity Waves — Symmetric Instability (Sl)

= 0.9
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NASA/USGS
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Symmetric Instability Observations

Zehnder (2019)

Anatomy of a troplcalfcyclone
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So...why is this important?

e Modelling the entire ocean/atmosphere is impossible

e Back to the Forest and the Trees:
e Should get away from empirically “tuning’” models

e Physically model backscatter (towards large scales)
and eddy damping (to small scales)
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Nonlinear Effects
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Equilibration of an Sl-Unstable Front

I

e 2D pseudo-spectral / finite difference simulations
e Initial condition in Geostrophic Balance
e Focus on a “vertical’ front

e S| prompts large oscillations and enhances mixing
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Equilibration of Frontal Regions
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Summary

Symmetric Instability
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