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Old Bias—Reynolds Avg.—~LowRes New Bias—Large Eddy Sims. (LES)
Questionable eddy parameterizations Questionable subgrid parameterizations
Diversity of approaches, no cross-evaluation Diversity of approaches, no cross—evaluation
Not nuch data to assess them Not much data to assess them

Unclear relationship of ey impacts to params. Unclear relationship of ey impacts to schemes,



Larqest (Mesoscale) Ocean EAddies are Small vs. Earth
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Absent realistic global models, &
. I\ Pl / r/ * @E
We studied “"Cascade” Scalings @

3D: Richardson/Kolmogorov/Smagorinsky/Corrsin
E o< €2/305/3  Syoc edr?P g Vo v =Pr k.oela lol oc el P00

¢ = conserved energy flux

2D: Barnier/Kraichnan/Leith
Eoxn?380: Sokn"r%, 1o uNVw)a o Az ANl ox n'/30% gk x?

n = conserved enstrophy flux

Quasigeostrophy: Bariier/Charney/QGLeith
FE x n2/3€3, So X 772/37°2, n X I/(VQ)Q, V=Kpsig: = kioig on Aa:3\Vq\ X 771/3€2

SQG? n = conserved potential enstrophy flux
Submesoscale: McWilliams/?/?2F-K?
Foct?, Sooxr, ~aditPE+REI =il =7 K="



QG & 2D Leith

Different (Pot'l) Vorticity Gradients:
qu:erk:-qu*
q;g:erl%-qu*qL

strebtching—needs “taming” where Q& is a bad
approx (equator, boundary layers, etc.)

S T 2 7,2

Use gridscale nondims to Ro* = U Bu* — N EAz R * 2 Ri*

determine when on the ﬂj : i f ANG» ot f2 a\ CEQ' ~ 110 L

B. Pearson, BFK, S. D. Bachman, and F. O. Bryan, 2017: Evaluation of scale-aware subgrid mesoscale eddy models in a global eddy-rich

model. Ocean Modelling, 115:42-58.

S. D. Bachman, BFK, and B. Pearson. A scale-aware subgrid model for quasigeostrophic turbulence. Journal of Geophysical Research-Oceans,
122:1529-1554, March 2017.




* = as resolved QG & ZD Lei.l.h

Different (Pot'l) Vorticity Gradients:
qu:erk-qu*
qjg:f+l%-qu*+

Also, different implications, because relative vorticity,
buovawﬁv, 4 B, d&ssipa&am now musk be consisktent wikth PV:

Dqq,q
Dt

= -V -u'q,, = V- [ + Kgm V (dgg — )] —> Kgm = V7

S. D. Bachman, B. Fox-Kemper, and B. Pearson. A scale-aware subgrid model for quasigeostrophic turbulence. Journal of Geophysical
Research-Oceans, 122:1529-1554, March 2017.



QG Turbulence: Pot’l Enstrophy cascade (potential

Inverse

-7

vorticity?)

S. D. Bachman, B. Fox-Kemper, and B. Pearson. A scale-aware subgrid model
for quasigeostrophic turbulence. Journal of Geophysical Research-Oceans,
122:1529-1554, March 2017.

BFK, W. Pan and V. Resseguier. Data-driven versus self-similar
parameterizations for Stochastic Lie Transport and Location Uncertainty. In
preparation.
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Where does ocean energy go?
Spectrally speaking
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S. D. Bachman, B. Fox-Kemper, and B. Pearson, 2017: A scale-aware subgrid model for quasi- geostrophic turbulence.
Journal of Geophysical Research—Oceans, 122:1529-1554. URL http: //dx.doi.org/10.1002/2016JC012265.




Where does ocean energy go?
Spectrally speaking

107,

QG Leith:
Just Right!
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2D Leith: Y &~ |
Too Noisy ' '

Energy / wavenumber (m’ s™)
=

3D Smagorinsky:
Too Smooth

S. D. Bachman, B. Fox-Kemper, and B. Pearson, 2017: A scale-aware subgrid model for quasi- geostrophic turbulence.
Journal of Geophysical Research—Oceans, 122:1529-1554. URL http: //dx.doi.org/10.1002/2016JC012265.



0 x QG Leith: ==

Works OK in an idealized flow: E::] L?

e 2D Leith Let’s Erv b o realistic, 10km P

we QG Leith CORE-forced qlobal model!
vt = K = kk,, o« Azd|Vq|
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B. Pearson, BFK, S. D. Bachman, and

F. O. Bryan, 2017: Evaluation of scale-
aware subgrid mesoscale eddy

models in a global eddy-rich model.
Ocean Modelling, 115:42-58.




B Dissipation (horiz.)
I Bottom Drag
[lvertical Friction (Below BL) [

" IVertical Friction (BL)

Energy Extraction Rate (TW)

(most U upper 200m)

B. Pearson, BFK, S. D. Bachman, and F. O. Bryan, 2017:
Evaluation of scale-aware subgrid mesoscale eddy models in a
global eddy-rich model. Ocean Modelling, 115:42-58.
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Enerqgy Dissipation is Approx. Lognormally distributed—
AND lhows where the Gult Skream s
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Emergv
mssi;[mﬁom Staks
are Self-Similar

A (weal)
dissipation of
enerqgy
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cascade
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Lloghor mod.i.y
diskributed

(super-Yaglom ‘6&)

90% of K&
dissipation i
10% of ocean

B. Pearson and BFK. Log-normal
turbulence dissipation in global
ocean models. Physical Review
Letters, 120(9):094501, March 2018.
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Gridded Semi-Lagrangian and Eulerian
Second Order Structure Functions

Launch Locations
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Under “"Cascade” Scalings,
new bias is a Litbtle different

Grounded Param: Following Smagorinsiky’s 3D approach,
we builk schemes suitable for mesoscale-permitting
ocean models, where 2D or QG cascades rule.

Intercomparison: By comparing across schemes, the
Goldilocks test, the self-consistent scaling test, and
numerical robuskness select Q@Gleith

Eval. Data (challenges): lognormal Aissipation, together
with Limited observing Pta&mfo-rms (e.q, drifters), malkes
observing dissipation & scalings challenging.

Ké.v Imya&%sz Global KE budqget, ma jor currents,
adiabatic scheme. Watermasses? Heat uptale?






