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Motivations 
Ocean waves have significant impacts  

on upper ocean processes 
Wind stress 

Explicit evaluation of wave effect is crucial for 
OGCM and coupled models 

Wave-induced mixing 
(breaking, Langmuir cells, ..) 

Stokes-Coriolis force 
Vortex force 

surface mixed layer 

The Stokes drift 



Ocean wave hindcasts in the Pacific 

Methodology 

The Stokes drift and  
wave induced-mass flux (wave momentum) 

  The Stokes drift in the Pacific 
  Parameterization of the Stokes drift 
  LES forcing parameters 
  Impact of the WMF on the Ekman transport 
  Mixing (Non-wave breaking) 



Summary and conclusions 
 The Stokes drift strongly depends on spectral 

shape. 
 
 In the Pacific Ocean, the Stokes drift is mainly 

confined near the surface and the Stokes depth 
scale is of the order of the significant wave height. 

 
 The div./conv. of wave induced-mass flux is 

significantly modified by local fetch, the coast and 
ocean currents. 

 
 For the application of wave-current coupling 

processes to OGCM, it is clear that high vertical 
resolution is required to accurately represent the 
Stokes drift field.  



The Stokes drift (linear waves for deep sea) 
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Stokes drift for random directional waves (Kenyon, 1969) 

Statistically stationary and spatially homogeneous  
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Wave induced-mass flux in Eulerian coordinate is equal to the 
Stokes transport (depth-integrated Stokes drift); 

The stokes e-folding depth 



Ocean wave hindcasts in the Pacific 

Third generation wave model (WAVEWATCH-IIITM) 

Spectral resolution: 
     Frequency: 0.04-1.02 Hz (35 grids), Direction: 10o (36 grids) 

Wind forcing: NCEP/Reanalysis; 6 hourly 
Surface current: Ambe et al (2012) 

1 degree 0.25 degree 

NW Pacific model 

2006-2010 (5 years) 

Pacific model 



Annual mean of the Stokes drift field 
(2006-2010) 

The surface Stokes drift (arrows with white speed contours, 
cm/s) and Stokes e-folding depths (color, m) 



Instantaneous plane view of wind & wave field 
Surface wind vector & wave height 

Wave direction & peak period 

Swell propagation 

wave: High 

wave: Low 

Down-shifting of the  
spectral peak (by Snl) 
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Spectral evolution 

Higher latitude 

frequency 
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Lower latitude 

Higher freq. Component  
(constant; trade wind) 

Up-shifting 
(by Swells) 

t=t0+∆t 

t=t0 

t=t0+2∆t 
Storm track Westerlies 

Trade wind 
ITCZ 

NP 



Surface Stokes drift & depths scale (bulk) 

Surface Stokes drift & depths scale (spec) 

Instantaneous plane view of the Stokes drift 
Surface wind vector & wave height 

Wave direction & peak period 



Validation (surface Stokes drift) 

ww3spec: wave spectrum 

ww3bukl: monochromatic wave 
  Wave parameters only 

Ardhuin et al (2009):  
  Empirical (wind and wave) 

Li & Garrett (1993):  
  Wind speed only 
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This study (North Pacific)  

LES forcing parameters for Langmuir Circulation 

The turbulent Langmuir number                   
                                              & The stokes e-folding depth  
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Harcourt and D’Asaro (2008) 

PM spectrum 

LES experiments 



Wave induced-mass flux 

The divergence and convergence of wave induced-mass flux act as 
sources and sinks of mean flow field at the surface (Hasselmann, 1971) 

Depth-integrated continuity equation within the Ekman layer 

Induced by the surface wind, 
local fetch, and ocean current 
(wave refraction) 

McWilliams and Restrepo (1999) 
estimated from NCEP/reanalysis wind 



Monthly mean wave field (Feb. 2007) 

Significant wave height and wave-induced mass flux 

The Kuroshio axis 



Divergence of WMF and geostrophic current 

Monthly mean wave field (Feb. 2007) 

The Kuroshio axis 

Wave momentum 



□ Qiao et al. (2004) 
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wave-turbulence correlation 
Levitus data 

Bv effect 

Mellor-Yamada 
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monthly mean temp. 
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Reynolds 
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Radiation 
 stress 
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□ Kantha and Clayson (2004) 

 +















∂
∂

+
∂
∂

∂
∂

+







∂
∂

+
∂
∂

∂
∂

+







∂
∂

∂
∂

=+
∂
∂

z
v

z
v

z
v

z
u

z
u

z
uK

z
qK

zt
q stokesstokes

Mq 2
22

z
ustokes

∂
∂

z
vstokes

∂
∂

+ Langmuir cells 
(Stokes production) 

Upper ocean mixing: non-wave breaking 

(Qiao et al. 2010) 



1D experiments 

MY2.5: Mellor and Yamada L2.5 closure model 
MB04 : Mellor and Blumberg (2004); Wave breaking 
KC04: Kantha and Clayson (2004); Stokes production 
Q04 : Qiao et al. (2004); Bv modeling 

Experiment conditions 

)5,05.024max()(0 zzT +=Temperature stratification:  

wind speed: 8.5m, wave filed Hs: 1.65, Tp: 5.9s  

Water depth: 500 m (dz=1m), 30oN  

Without the Stokes-Coriolis force in momentum equations 



Temporal evolution of temperature 
and vertical viscosity 

MY2.5 Stokes Production 

-0.2 0.2 oC 0.0 

Wave breaking Bv modeling 



Conclusions 

We investigated the Stokes drift in realistic wave fields and its 
impact on vertical mixing in the upper ocean by using a third 
generation wave model. 
 
Stokes drift strongly depends on spectral shape. 
 
In the Pacific Ocean, mean Stokes e-folding depth scale is of the 
order of the significant wave height. 
 
The spatial characteristics of the Stokes drift can be explained by 
considering the spectral evolution of ocean surface waves. 
 
The divergence of wave induced-mass flux is significantly 
modified by local fetch, the coast and ocean currents. 
 
For the application of wave-current coupling processes to OGCM, 
it is clear that high vertical resolution is required to accurately 
represent the Stokes drift field.  
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