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Ocean Mixed Layer



The presence of the free surface makes the ocean mixed layer fundamentally 

different from the atmospheric boundary layer.

Å strong TKE generation by wave breakingat the surface

Å Langmuir circulation by the interaction of surface waves and wind stress

Å generation of inertial oscillation after the onset of wind stress



Melville, ARFM (1996)

Enhancement of near-surface turbulence by wave breaking



Langmuir circulation observed in the ocean



generation of inertial oscillation



LES of Ocean Mixed Layer

- Parallel Large Eddy Simulation Model (PALM)

- Inclusion of the effects of Langmuir circulation and wave breaking

(Noh et al. , JPO2004)
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*Craig-Leibovich (1976)



ü Boundary condition at the surface and bottom

;

ü SGS parameterization (Deardorff scheme)
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ü Experimental Setup

¶Lx = Ly = 300 (m), H = 80 (m) ;   dx = dy = dz = 1.25 (m) (240 ³240³64)

¶u* = 1.0 ³10-4 ms-1 ¶l= 40 (m) ¶homogeneous density (rõ=0)



3D View of the Ocean Mixed Layer 

with LC and Particle Settling



Distribution of Vertical Velocity at Horizontal Crosssection  

(Noh et al. JPO2004)



Formation of a diurnal thermocline in the 
ocean mixed layer simulated by LES

(Noh et al,JPO 2009)



atmospheric boundary layer

at night

ocean mixed layer in the 

daytime



Brainerd and Gregg [1993]



Buoyancy distribution in the vertical 

cross-section in the initial stage of 

thermocline formation



Evolution of vertical profiles 

of B and Ů (t < 8h, t = 1h)

1-D model result

(Noh, JPO1996)



( Noh, JPO1996 )
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off

Effects of Langmuir circulation and wave breaking



The formation of a diurnal thermocline was reproduced successfully, in agreement with observation and mixed 

layer model results.

TKE flux dominates TKE productions within the mixed layer, while turbulence maintained by shear 

production at the thermocline  causes restratification in the remnant layer.

TKE flux plays a critical role in thermocline formation

initial stage of diurnal thermocline formation

development of S2 lags behind N2

Ą the rapid increases of Rf, Ri, Km, and Kh at the thermocline to abnormally large values at t ~ 0.5 h

after the formation of thermocline

constant values are approached with Ri ~ 0.35 and Rf ~ 0.4.

Evolutions of horizontal and vertical TKE and mixing and dissipation length scales were also investigated.

Conclusion



Examination of the mixed layer deepening 
during convection using LES

(Noh et al,JPO 2010)



NK model   [ Niiler and Kraus, 1977 ]

PWP model   [ Price et al., 1986 ]
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( n = 0.21, m0 = 0.39, ms = 0.48 )

,                        = const.  at the MLD   

= const.  at the MLD   

KPP model   [Large et al., 1994 ]

* ,Bwbw eh D=- thwe µµ= /

* Q0 = surface buoyancy flux, ru*
2 = wind stress, Vt = convective velocity scale

Parameterization for convective deepening



: t ~ Ù/f      

0.15

u* = 
0.01 m/s

u* = 
0.02 m/s

u* = 0.0 
m/s

hQw    /h,wnbw o
3
*

3
*h =-=- *

( )/hæUwm/hu2mnQbw
2

es
3
*00h ++-=- (NK model)

ú The effects of wind forcing m0 in the NK model is overestimated in the high latitude!
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Rig, Rib, and Rib*  (z = h) for  u* = 0.02 m/s

ú The critical Rig and Rib are overestimated in the PWP model!

The critibal Rib
* in the KPP model is OK!



(a)

(b)

(c)PWP

Seasonal variation of MLD simulated by NK and PWP model

(Station PAPA 1961; 50 N)

overestimation

underestimation



Conclusion

¶In the extratropical ocean, 

- the contribution from wind stress disappears after the inertial period

- the bulk and gradient Richardson number at the MLD increases 

rapidly with time.

ú NK model and PWP models cannot be applied.

¶In the tropical ocean, 

- the contribution from wind stress continues to increase until it reaches 

a critical value.



Influence of Langmuir circulation on the 
deepening of the wind - mixed layer

(Noh et al,JPO, resubmitted)



Influence of LC on Vertical Mixing

Å It has been confirmed that LC enhances vertical mixing greatly 

within the mixed layer.

Å The role in the mixed layer deepening is still under debate.

* Li et al. (1995), Sullivan et al. (2007), Grant and Belcher (2009), 

Kukulka et al. (2009)

- enhanced mixed layer deepening

* Weller & Price (1988), Thorpe et al. (2003)

- no evidence of the contribution by LC

* Skyllingstad et al. (2000)

- The effects of LC are mostly confined to the initial stage of 

mixed layer growth.



Experiments

Å u* = 0.02 m/s

Å h0 = 5 m

Å f = 10-4 s-1

-LC: a (m) = 0  (L0), 0.5 (L1), 1 (L2)

-Stratification: N2 (s-2) = 10-5 (N1), 5 x 10-5 (N2), 2 x 10-4 (N3)



Fig. 1Time series of MLD (h) (upper), the buoyancy flux at the MLD ()  (middle), and  (lower). Here  = , and  is 

the buoyancy flux in the absence of LC (). (blue: L0 (La = ¤), green: L1 (La = 0.64), red: L2 (La = 0.32), black: 

theoretical prediction by Pollard et al. (1973)): (a) N1 ( = 10-5 s-2), (b) N3 ( = 2 ³10-4 s-2).

The contribution of LC to 

the mixed layer deepening 

is important, only if 

stratification is weak and 

MLD is shallow!



Dimensional Analysis
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Variation of                                    with)(/)( 0 hbwhbwD
2/ LvBhD

dLC induces a significant enhancement of the ML deepening, 

only if stratification is weak and MLD is shallow.



Evolution of the OML from the observation (PATCHEX) (left) and simulation (right): (a) 

surface forcing, (b) dissipation rate (m2 s-3) and (c) temperature (0C)

Noh Mixed Layer Model
( Noh et al., JGR1999, JPO2002, GRL2004, 2005)



SST anomaly

PP mixing a new mixed layer model



Å length scale;
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with z0 = 1 m

*Mellor & Yamada (1982): A = 0 m, z0 = 0 m - neglect wave breaking

0=-- ebs PP

Å TKE flux at the surface;

with A= 100
3

*/ AuzEKE =µµ

Basic Concept of the Noh Model

Å effects of stratification;
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*Mellor & Yamada (1982), Pacanowski & Philander (1981),

Canuto et al. (2001),  Kantha and Clayson (1994).

)Ri(/ 0 fll = 2)/(Ri SN=

Ŷ

- TKE production is dominated by shear production(                         ). 



Scatter plots l/l0 vs. Ri and Rt (N3): (a) L0, (b) L2

Ri cannot be a parameter in the presence of LC



L0: blue, L1: green, L2: red
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Conclusion

Å LC induces a significant enhancement of the mixed layer deepening, only 

if stratification is weak and MLD is shallow.

Å Stronger vertical mixing within the ML in the presence of LC is due to 

much larger l. 

Å Vertical mixing must be parameterized in terms of Rt instead of Ri in the 

presence of LC.

Å Vertical mixing in the presence of LC can be parameterized by

2/12

0 )Rt1(/ -+= aggll (a~ 50, g~ 10) 



Prediction of Diurnal Variability of SST 
Using the Numerical Weather Prediction 

- Ocean Mixed Layer Coupled Model 
and Comparison with Satellite Data

(Noh et al,in preparation)



NWP (WRF)

OMLM (Noh)

 

Qtotal

 

t

 

SST

 

Qtotal=QSW+QLW-QSE-QLA-sT
4

Total heat flux :

Surface wind stress:

 

t

NWP ïOML coupled model

OML model WRF model

Domain
East Asian region 

[100 - 150ôE, 11 ï61ôN] 

Horizontal grid 50km

Vertical grid 100 layers (æz = 1m) 31 layers 

I.C, B.C 

NCEP Final Analysis

(1ôresolution, every 6 hours), 

Climatological temperature profile.



7-8 July 15-16 July 23-24 July 

2008 Daily mean SST difference

MTSAT

Coupled

Model


