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Crlobal Model Resolukion is

Limited, and will be for centuries

Resolution of Ocean Component of Coupled IPCC models
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Some Parameterizations, e.q., Mixed Layer Eiciciv

Restratification and Langmuir Turbulence, are builk
for standard climate models
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The Symmetric Iv\s&abiti&v arameberizakion

requires resolved fronts, so
mesoscale-resolving and submesoscale-permitting.

Resolution of Ocean Component of Coupled IPCC models
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S. D. Bachman, BFK, J. R. Taylor, and L. N. Thomas. Parameterization of frontal symmetric

instabilities. |: Theory for resolved fronts. Ocean Modelling, April 2016. Submitted.




The QG Leith parameterization requires large mesoscale

eddies resolved, but smallest are parameterized
(Mesoscale Ocean Large E4dy Simulation)

Resolution of Ocean Component of Coupled IPCC models

| | | | |

Ocean Model Resolution (km equivalent)
o

1O1

' '
N
TTTT

AR4

—m ~

- Langmuir-resolving NS

3

980

|
2000

B. Pearson, BFK, and S. D. Bachman. Evaluation of scale-aware subgrid mesoscale eddy models
in a global eddy-rich model. Ocean Modelling, November 2016. Submitted.

S. D. Bachman, BFK, and B. Pearson. A scale-aware subgrid model for quasigeostrophic turbulence.
Journal of Geophysical Research-Oceans, November 2016. Submitted.




Mixed Layer Eddy
Restratification

(Capet et al., 2008)
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Physical Sensitivity of Ocean Climate to MLE:
(submeso)
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Improves CFCs (water masses)
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Parameterization of Langmuir Turbulence
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Langmuir Mixing: Boundary Llayer Depth Improved

Case Summer Winter
Global South of 30°S 30°S-30°N Global South of 30°S 30°S-30°N
Control CTRL 10.6240.27* 17.2440.48 5.3840.14 43.85+0.38 57.19+0.76 12.5740.28
(13.404+0.19)°  (21.73+0.32) (6.714+0.09) (45.5040.40) (56.531+0.59) (16.1640.29)
MS2K 15.37 15.47 17.03 119.91 171.92 40.31
SS02 36.79 63.83 7.54 99.32 164.34 17.39
3 versions of VR12-AL 9.06 13.47 6.49 40.45 50.33 14.52
Van Roekel et VR12-MA 8.7340.30 12.6540.47 6.6140.22 40.99+0.37 51.78+0.65 14.23+0.30
al (11.8340.29) (18.134+0.62) (7.5240.16) (42.0240.39) (50.7840.67) (15.6740.35) [

VR12-EN 8.95 10.52 8.91 41.94 52.98 19.58
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L. P. Van Roekel, BFK, P. P. Sullivan, P. E. Hamlington, and S. R. Haney. The form and orientation of Langmuir cells
for misaligned winds and waves. Journal of Geophysical Research-Oceans, 117:C05001, 22pp, May 2012.

Q. Li, A. Webb, BFK, A. Craig, G. Danabasoglu, W. G. Large, and M. Vertenstein. Langmuir mixing effects on global
climate: WAVEWATCH Ill in CESM. Ocean Modelling, 103:145-160, July 2016.




Symmetric Instabilit
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resolved fronts. Ocean Modelling, April 2016. Submitted.
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AVISO: log10(0.5 (u%+v?)) on 19940101

Traditionally, no eddies were resolved (100km grid)
Bleeding edge models resolve Large Eddies, but not All Eddies:
Mesoscale Ocean Large Eddy Simulations

BFK and D. Menemenlis. Can large eddy simulation techniques improve mesoscale-rich ocean models? In M. Hecht and H. Hasumi, editors,
Ocean Modeling in an Eddying Regime, volume 177, pages 319-338. AGU Geophysical Monograph Series, 2008.
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Conclusions

Parameterizations wanted! Go out and make one, no CPT reqd!

@ We are finding the “equations of motion” relevant for
discretized oceans.

@ Match these to the need—what model class are they
intended for, how long will they be needed

Many processes probably affect climate, not all are amenable

It is the parameterization that allows you to estimate how big
their effect is

Advantages of CPT
@ Implementation Assistance from Modeling Centers
@ Audience
Dis-advantages of CPT
@ Climate models are not the only target
@ (NWHP, regional pollution, coastal models, etc.)
@ 3-5 yr timescale likely not enough to start from scratch.
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results!
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