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The Mixed Layer (Submesoscale) Eddy
parameterization

* Represents the restratification effect of mixed layer eddies
acting to slump submesoscale fronts

Temperature on day:20

Fox-Kemper et. al. 2011



The Mixed Layer (Submesoscale) Eddy
parameterization

* Represents the restratification effect of mixed layer eddies
acting to slump submesoscale fronts

As H2Vb X 2

FA 2T
*  Strength depends on frontal width Lf
NH
*  Previously set as deformation radius L= T

Fox-Kemper et. al. 2011



A new scaling for frontal
width Lf

Bodner, et al. (2023)
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A new scaling for frontal
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A new scaling for frontal
width Lf
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Implementation in Differences: New — Old

C ES M - PO P: Mixed Layer Depth Difference: New Lf minus Control (coupled simulation)
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New parameterization estimates stronges 30
submesoscale fluxes . *
Uchida et al (in prep) © 36 36
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Multi Model Comparison:
GFDL-MOM6 CESM-MOM6 BLOM
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a) GFDL Winter b) GFDL Summer

Mixed layer depth

Results from Bodner23 minus
results from Fox-Kemper 2011
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a) GFDL Winter b) GFDL Summer

Mixed layer depth

Results from Bodner23 minus
results from Fox-Kemper 2011

Li et al 2016
Mixing scheme

Mixed layer depth (m)




Ideal Age
Results from Bodner23 minus
results from Fox-Kemper 2011
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Ideal Age
Results from Bodner23 minus
results from Fox-Kemper 2011
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Ideal Age
Results from Bodner23 minus
results from Fox-Kemper 2011
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CNN submesoscale
parameterization

Bodner, Balwada, Zanna (under review)
Contreras et al. (in prep.)

* CNN implemented in NEMO

* Streamfunction inverted from predicted

fluxes z &‘;”;
w'b’ X

U = 5

* Online performance compared with
Calvert MLE parameterization

deBoyer et al (2023)
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Extra slides



The Mixed Layer (Submesoscale) Eddy
parameterization e

*  Overturning streamfunction within the mixed layer, acting to

z(m)

slump isopycnals (submesoscale front)

* For asingle front

H2Vyb X1z
Yyre =Ce |h}| u(z)

*  Coriolis parameter f , mixed layer depth H

* Depth averaged horizontal buoyancy gradient V HEZ

e  Efficiancy factor 0.06 < C, < 0.08

. Vertical structure function

_ 2
((z) = max (0, [1— (%+1)

5 (22 \*
l+—|—+1
(7]

) Fox-Kemper et. al. 2008



The Mixed Layer (Submesoscale) Eddy
parameterization

*  Assuming a submesoscale buoyancy spectral slope of k2
estimates the intensity of unresolved fronts in a single grid
cell

* Introduces a factor AS/Lf: Ly s the width of the front, As is
the GCM grid scale

* Implementing in coarse resolution climate models
— ~
As H*Vb x Z
U =C, 7 - = w(z)
FAF2 AT

2 =2
*  The substitution of r \/f +T
is used to renormalize across the equator

Fox-Kemper et. al. 2011
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Timeseries from GFDL
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Elevation [m]

Tropics from CESM

Elevation [m]
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Streamfunction from BLOM
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