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Waves Provide Stokes Drijt
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Wave-Averaged Equations __ V'H

following Lane et al. (07), McWilliams & F-K (13) f i H.
and Suzuki & F-K (15): Multiscale Asymptotic Red. Dynamics
(for horizontally uniform Stokes drift) ’UJI-’ = Uy -+ Ug

Lagrangian advection! Lagrangian geostrophic!
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Plus boundary conditions

LAGRANGIAN (Eulerian+Stokes) advection & Coriolis
Stokes shear force is NEW *nonhydrostatic* term in Vert. Mom.

J. C. McWilliams and BFK. Oceanic wave-balanced surface fronts and filaments. Journal of Fluid Mechanics, 730:464-490, 2013.
N. Suzuki and BFK. Understanding Stokes Forces in the Wave-Averaged Equations, JPO, in prep, 2015.



Stolkees Shear Force:
Craik-Leibovich mechanism for Langmuir circulations
Flow along Stokes shear=rnonhydrostatic downforce

& : Stokes-shear force  ¢): water parcel
& : turbulent velocity
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N. Suzuki and BFK. Understanding Stokes Forces in the Wave-Averaged Equations, JPO, in prep, 2015.




Traditional Stokes effect: [REEEEEE= e
.Langmuir. Turbulence
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Climate Model Parameterization based on
Large Eddy Stmulatons of Langmuir Turbulence.
Tricky: Misaligned Wind & Waves
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L. P. Van Roekel, B. Fox-
Kemper, 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, 1 20 200
117:C05001, 22pp, May 2012. Distance (m)




Tricky: Misaligned Wind & Waves
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Tricky: Misaligned Wind & Waves
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Tricky: Misaligned Wind & Waves
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Langmuir Mixing in Climate: pth Improved

Case Summer Winter
Global South of 30°S 30°S-30°N Global South of 30°S 30°S-30°N
Control CTRL 10.62+0.27* 17.2440.48 5.384+0.14 43.85+0.38 57.19+0.76 12.574+0.28
(13.404+0.19)°  (21.73+0.32) (6.71+£0.09)  (45.50%£0.40) (56.531+0.59) (16.1640.29)

MS2K
SS02
3 versions of VR12-AL 9.06 13.47 6.49 40.45 50.33 14.52
Van Roeleel VRI2-MA  8.73+0.30 12.65+40.47 6.6140.22  40.9940.37 51.7840.65 14.2340.30
et al (11.8340.29)  (18.13+0.62)  (7.52+0.16)  (42.02+0.39)  (50.7840.67) | (15.67+0.35) |
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, B. Fox-Kemper, A. Craig, G. Danabasoglu, W. G. Large, and M. Vertenstein. Langmuir mixing effects on global climate:
WAVEWATCH [Il in CESM. Ocean Modelling, 2015. Submitted.




Enhancing ocean ventilation 1 Ocean U Pfa ke:
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Case (depth) Global 90°S-30°S 30°8S-30°N  30°N - 90°N

Subsurface Temperature errors reduced CTRL (0m) 153 0.90 1.10 3.01
: VRI12-MA (0 m) 1.54 1.04 1.14 2.90

(monthly means vs. Observations) CTRL (100m) 196 139 192 285
VRI12-MA (100 m) 1.75 1.29 1.60 2.76
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Not Traditional: Stokes forces affect 1o
Submesoscale Fronts & Instabilties km

(Capet et al., 2008)

Fronts
Eddies
Ro=0(1)
Ri=0(1)

near-surface
GEele])
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BFK, R. Ferrari, and R. W. Hallberg. Parameterization

Tcn;peraturcondayﬂS?l;s 1% ) I_IOkm’ days of mixed layer eddies. Part I: Theory and diagnosis.
Journal of Physical Oceanography, 38(6):1145-1165,
—mONe s T T Eddy processes often BFK, G. Danabasoglu, R. Ferrari, S. M. Griffies, R. W.
RS al baroclinic instabi li’ry Hallberg, M. M. Holland, M. E. Maltrud, S. Peacock,
and B. L. Samuels. Parameterization of mixed layer
Param e’reriza’rions - eddies. Ill: Implementation and impact in global ocean

F—K Ferrari e’r Cll climate simulations. Ocean Modelling, 39:61-78, 2011.
4

: (08_11) ; challenge suite. |: Eady spindown. Ocean Modelling,
Routinely resolved in 2100  ¢,.15.08 2013

S. Bachman and BFK. Eddy parameterization




Obs. Indicate Stokes force directly affects
the 1lkm—-100km (sub)wesoscale!!

e V.HfL V,H
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J. C. McWilliams and BFK. Oceanic wave-balanced surface fronts and filaments. Journal of Fluid Mechanics, 730:464-490, 2013.



LES C}{" L&MQMME.,]'“ Movie: P. Hamlingtown
Submeso Multiscale?

Perform large eddy simulations (LES) of
Langnuir turbulence with a
submesoscale temperature front

Use NCAR LES mwodel ko solve Wave-
Averaged Elq&ms.

2 Versions: 1 With Waves & Winds
1 Wikh cmtv Winds

Ccmpu&a&omat Farame&ersr
Domaiin size: 20km X 20km X —160m
Grid Foim&sr 4096 x 4096 x 12%

Resolubtion: Sm x §m x -1.26m . " e 85 d
1000%x more gricipc:vi,m?:s Ehan CESM o

P. E. Hamlington, L. P. Van Roekel, BFK, K. Julien, and G. P. Chini. Langmuir-submesoscale interactions: Descriptive analysis of multiscale fro
down simulations. Journal of Physical Oceanography, 44(9):2249-2272, September 2014.
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P. E. Hamlington, L. P. Van Roekel, BFK, K. Julien, and G. P. Chini. Langmuir-submesoscale interactions: Descriptive analysis of

multiscale frontal spin-down simulations. Journal of Physical Oceanography, 44(9):2249-2272, September 2014.



Diverse types of interaction

P. E. Hamlington, L. P. Van Roekel, BFK, K. Julien, and G. P. Chini. Langmuir-submesoscale
interactions: Descriptive analysis of multiscale frontal spin-down simulations. Journal of Physical
Oceanography, 44(9):2249-2272, September 2014.



Stolkes Shear Force Affects Fromks and Filamemnks

&-: Stokes-shear force  ): water parcel
& : turbulent velocity

J- C MCWIIIIamS and BFK OCeanlC .................................................................................................
wave-balanced surface fronts and

filaments. Journal of Fluid Mechanics,
730:464-490, 2013.

N. Suzuki and BFK. Understanding Enhances Fronks ﬂfor Down-kFront Sktolees

Stokes Forces in the Wave-Averaged
Equations, In prep, 2015.

Opposes Fronts for Up-Front Stolkes
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Waves May Give 30% of Power Produced ab Fronk
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P. E. Hamlington, L. P. Van Roekel, BFK, K. Julien, and G. P. Chini. Langmuir-submesoscale interactions: Descriptive analysis of
multiscale frontal spin-down simulations. Journal of Physical Oceanography, 2014. In press.



Stokes Shear force affects
0(100m) Symmetric Instabilities
(eriterion & effects)
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-0.2. \ 0.2
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Cross front velocity
pattern shows growing -0 8
mode—Dblack lines ;
indicate density surfaces 14

S. Haney, BFK, K. Julien, and A. Webb.\.\
26 Symmetric and geostrophic instabilities in the'.

Physical Oceanography, 2015. Submitted.

. N\
wave-forced ocean mixed layer. Journal of




With Waves

So, if £9<0 indicates Likely regions

of symmetric instability—Surface
Waves STRONGLY offect SI!

P. E. Hamlington, L. P. Van Roekel, BFK, K. Julien, and G. P. Chini. Langmuir-submesoscale

interactions: Descriptive analysis of multiscale frontal spin-down simulations. Journal of
Physical Oceanography, 44(9):2249-2272, September 2014.
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Conclusions

Upper Ocean Turbulence, Fronts, & Instabilites
are important, and are beautiful to contemplate

Interesting tramsition in physics, as nonhydro, &
ageostrophic effects beqin to dominate

Nomkjdroshﬁ& effecks of the Stokes forces on
i to 10kem c&vnamics are umderwappreaaa&ed.

Applications & parameterizations just beginning!

ALl papers at: fox-kempercom/pubs
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