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An Update on Langmuir Mixing
Parameterizations in CESM2.2

& Discussions on Wave Coupling

Qing Li (Los Alamos National Laboratory)
with Alper Altuntas, Mike Levy, & many others in OMWG



Langmuir turbulence enhances vertical mixing

e Evidence from the observations

D’Asaro, 2001 O
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Langmuir turbulence enhances mixed layer entrainment

» Scaling from Large Eddy Simulations

Polton & Belcher, 2007
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See Li et al., 2019, JAMES for discussions

Li & Fox-K , 2017, JPO :
| & FOX-REMPpeEr on other effects of Langmuir turbulence




Parameterization of Langmuir turbulence in KPP
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Li et al., 2016, OM; Li & Fox-Kemper, 2017, JPO

Enhanced vertical mixing

cEsM2.1 4

» Enhancing the turbulent velocity scale by an
enhancement factor

» Scaling derived from LES
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CESMZ2.2 » Enhanced mixed layer entrainment
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Enhancing the entrainment at the base of the ocean surface

boundary layer by enhancing the unresolved shear term

Scaling derived from LES
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Winter MLD

1980-2009: years 23-52 for JRA55do & 33-62 for CORE?2
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The “Theory Wave”

An empirical estimate of the Stokes drift

Surface layer averaged Stokes drift
-> Stokes drift profile
uy ~ 0.016U,
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Li et al., 2017, OM



The “Theory Wave”

Tests in CESM1 forced by CORE-II
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The “Theory Wave” 20— | T .
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Wave coupling

 Wave component in CESM
« WW3
* A “theory wave” option in the “data wave” mode (DWAV)

* An estimate of the Stokes drift profile -> Langmuir number & Langmuir
enhancement factor for Langmuir mixing parameterizations

e Other wave parameters?
 Wave coupling interface

 \Wave statistics passed to the coupler
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Wave statistics

o Stokes drift (e.g., surface Stokes drift partitions)
 Momentum fluxes, energy fluxes, breaking waves, etc

« COWCLIP wave statistics — (significant wave height, mean wave period,
mean wave direction, swell wave height)

« COWCLIP standard: diagnosed offline from 6-hourly output

 mean, maximum, 10th, 50th, 90th, 95th, 99th percentiles (monthly, seasonal
and annual)

« CESM standard output from the coupler, but keep the option to turn on the
WW3 output in the native format
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Moving forward

* Langmuir turbulence parameterization in MOM®6 via CVMix

* The “theory wave” as an option in the “data wave” mode (DWAV)
 Update WWSa3 to the latest version, wave grid

* Wave coupling interface:

* \Wave variables for parameterizations (e.g., Langmuir turbulence, wave-ice
interactions)

* \Wave statistics for wave climate analysis (e.g., COWCLIP)

Thank you!



