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Methods

● WAVEWATCH III (WW3) running as a component of CESM.
● Ocean and wave only with Large and Yeager Normal Year forcing.
● Surface Stokes drift u

s
(0) and turbulent Langmuir number La

t
 are directly calculated in WW3.

● La
t
 is then passed back to the ocean model to update K-Profile Parameterization (KPP) using 

different schemes.
● Experiments for comparison:

― CTRL: No Langmuir Mixing effects included.
― MS2K: KPP updated according to McWilliams and Sullivan (2000) by applying an enhancement 

factor to the turbulent velocity scale.

― VR12a: The misalignment of wind and waves is considered according to Von Roekel et al. 
(2012). 

where α is the angle between wind and LC direction and θ
ww

 is the angle between wind and 
Stokes drift. Here the mixed layer depth H

ML
 is simply taken as a constant of the global mean 

value (65 m) and z
1
 is taken as four times the significant wave height. The aligned case (θ

ww
 = 0) 

is tested first.
― OBS: IFREMER Mixed Layer Depth climatology (de Boyer Montégut et al., 2004). 

● gx3v7 resolution for the ocean and a 4 x 3.6 deg resolution for the wave. The average over the last 
10 years of 40-year run for each case are analyzed. 
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Introduction

Surface wind waves influence the climate through variety of processes at the interface 
between ocean and atmosphere. Langmuir Mixing is one important process but currently not 
included in almost all climate models. This work focuses on the effects of its roles in deepening 
the mixed layer depth (MLD), as a first stage toward including the surface wind wave effects in 
CESM and exploring their influences to the global climate. 
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Fig. 1. Summer mean MLD (m; 
Averaged over JAS for NH and 
JFM for SH) for cases (a) OBS, 
(b) CTRL, (c) MS2K and (d) 
VR12a. 

Fig. 2. Winter mean MLD (m; 
Averaged over JFM for NH and 
JAS for SH) for cases (a) OBS, 
(b) CTRL, (c) MS2K and (d) 
VR12a. 
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Results
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RMSE (m)
Global 90ºS-30ºS

CTRL 14.94 20.53
MS2K 25.95 20.56
VR12a 14.92 16.67

RMSE (m)
Global 90ºS-30ºS

CTRL 59.57 63.46
MS2K 135.55 184.87
VR12a 54.86 53.93
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