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TRANSIENT EVOLUTION OF LANGMUIR TURBULENCE 
IN OCEAN BOUNDARY LAYERS DRIVEN BY 

HURRICANE WINDS AND WAVES 



LOW LEVEL FLIGHT IN HURRICANE ISABEL 

Langmuir Turbulence ? 





Langmuir circulations in Monterey Bay courtesy Luc Lenain SIO 



Photograph from the research vessel Knorr in winds ranging from 60 to 100 knots 
and 30-40 foot tall waves on an expedition to the Irminger Sea in October 2007. 
(Photo by Kjetil Vage, Woods Hole Oceanographic Institution) 



Friction velocity 

Stokes drift velocity 



Stokes drift for a pure wave 
motion is the average Lagrangian 
velocity following a fluid particle!





CBLAST HURRICANE FRANCES SST CHANGE 
“COLD WAKE” 

Courtesy Eric D’Asaro (U. Wash.) 



360,000 core-hrs 



LES domains 

Hurricane 
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2D WAVE HEIGHT SPECTRUM FROM WAVEWATCH III 

Stokes drift 



Pre-storm Post-storm wake 
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``Resonant” 
Stokes drift  



RHS 

60 deg. 



Identification of Langmuir 
turbulence in LES solutions 



Max Winds 

Waves 

No waves 

Waves 

No waves 
RHS  

Turbulent 
transport  



Waves 

No waves 

Waves 

No waves 
RHS  

LHS  

?  



RHS  

LHS  



RHS 







Coherent structures 



ROTATION OF LANGMUIR CELLS WITH TURNING WINDS 
AND WAVES, VERTICAL VELOCITY w/u*   

U ust 
t - tm= -20 hr t - tm= -10 hr 



ROTATION OF LANGMUIR CELLS WITH TURNING WINDS 
AND WAVES, VERTICAL VELOCITY w/u*   

t - tm= 0 hr t - tm= 5 hr 
U ust 



ROTATION OF LANGMUIR CELLS WITH TURNING WINDS 
AND WAVES, VERTICAL VELOCITY w/u*   

t - tm= 5 hr t - tm= 10 hr 
U ust 



VERTICAL VELOCITY ON RHS 
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ROTATION OF LANGMUIR CELLS WITH TURNING WINDS 
AND WAVES, VERTICAL VELOCITY w/u*   

U ust LHS   RHS   





CONDITIONALLY AVERAGED LANGMUIR CELL, RHS 

t – tm = -30.2 -12.5 -3.04 

12.8 3.37 -0.003 
Note scale 
change! 



CONDITIONALLY AVERAGED LANGMUIR CELL, LHS 

t – tm = -30.9 -12.7 -3.44 

10.6 2.55 -0.003 

Van Roekel, etal, 2012 (mis-aligned winds and waves) 
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Does Langmuir Turbulence (LT) matter for 
turbulent transport in the hurricane OBL? 

No --- ``LT is simply mixing an already 
well mixed layer …” 

Yes --- ``LT is how the mixed layer got 
mixed in the first place …” 
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dotted lines inertial stress 
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HORIZONTAL CURRENTS WITH VORTEX FORCE ON RHS 
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Stokes-Coriolis term 
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Impacts of Langmuir Turbulence 
on entrainment, mixed layer 
temperature and SST 



no waves 
-0.2 value for 
daytime convective 
boundary layer 

LHS 

RHS 

Turbulent 
gravity waves 
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Langmuir turbulence impacts entrainment  

McWilliams, etal, 1997 
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Hurricane wakes 

•  Stratified rotating decaying turbulence 

•  Upside down boundary layers? 



wake 



mixing 

wake 




