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Goals

Discuss physics of 1d modeled restratification

Discuss physics of 2d modeled restratification

Discuss physics of 3d modeled restratification

Scaling 3d restratification.

Time & Length Scales of modeled 
restratification





Comparison to 2d.

Penetrating Solar & Mixing of Latent/
Sensible as in Price et al 1d case.



Frontogenesis & Overturning via downfront 
winds; upfront winds -> restratifiation

Thomas & Lee 05 note:

From Thomas & Ferrari 08



Comparison to 2d.

Frontogenesis via downfront winds; 
upfront winds -> restratifiation

Penetrating Solar & Mixing of Latent/
Sensible as in Price et al 1d case.



Turn off solar & Atmos. 
forcing and winds...

Inertial Oscillations about 
Geostrophic Adjustment & little bit of 

diffusion left.  



3d



Turn off solar & Atmos. forcing and winds...Eddy Restrat.



Baroclinic Eddy Restratification

Mixed Layer Instabilities (Boccaletti et al 07)

Parameterization (Fox-Kemper et al. 08a,b,c)



The Scaling of Eddy Restratification:
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The horizontal fluxes are downgradient:

Vertical fluxes always upward to restratify with correct 
extraction rate of potential energy:

Can be thought of as overturning streamfunction or along-
isopycnal bolus flux--mathematically equivalent.

Ce ≈ 0.06→ 0.08



Param vs. unforced model



The Scaling of MLIs
Mixed Layer Eddies (MLEs) begin as ageostrophic 

baroclinic instability of a front in the Mixed Layer:
the Mixed Layer Instability (MLI)

See Boccaletti et al 07,
Fox-Kemper et al 08
& Hosegood et al 06

MLI=infinitesimal
MLE=finite amplitude

(Fastest growing modes of Stone 66, 70, 72)
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The Scaling of MLEs

MLEs form from MLIs, 
but scale differently 
due to an inverse 

cascade.

See Fox-Kemper et al 08



MLEs form from MLIs, 
but scale differently 
due to an inverse 

cascade.

See Fox-Kemper et al 08
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So what do eddies do?



Summary
In 1d, penetrating solar and surface+mixing 
restratifies

In 2d, above plus Thomas & Lee and Geostrophic 
adjustment. 

In 3d, above plus eddies.

Who wins?  Subject to parameters of the 
specific event.

However, scaling of <wb> from all known (in 
theory).

Hosegood et al (JPO, in press) see a very 
different near-inertial restratification.



Observational Possibilities

As in Price et al., Obs can be compared to PWP or KPP 1d.

If edges of wake are observed, Thomas & Lee

In 3d, eddies will compete with above, but will also eliminate 
Bolus trapped below other processes.  Help theory here!

For eddies, must observe          to  Tmle, Lmleτs, Ls



Thanks!


