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Outline 

 
• Wave processes in the Atmospheric Boundary Layer (ABL) 

 
• Wave-current interaction 

 
• Wave-turbulence interaction. 



Wave Processes in ABL 
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The air-sea fluxes 
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Analysis: Momentum 

Temporal scale for seperation 



Analysis: Momentum 

wave-induced stress 



Analysis: Momentum 





Analysis: Momentum 

Belcheher et al 2008 



Analysis: momentum flux 
 

Grachev & Friall 2001 

the direction change of total stress change within wave ages ragend  
Between 0-0.2.   



Analysis: Drag Coeffiecent 

Bakhoday etal 2013 



Analysis: TKE 
 

In the presence of gravity waves 



Aw is inverse of wave age 



Wave-ocean processes 



Wave parameters 

From Rascle 2007 



Wave Current Interaction 

Background Fig. From S. Monismith From Bakhoday-Paskyabi & Fer a2013 



Wave turbulence interactions 

     By simplifying motion equations: 
 

 
 
 
 

 

From Bakhoday-Paskyabi & Fer b 2013 



Grant & Belcher (2009) 

Wave turbulence interactions 



Comparisons with measurements  
From Bakhoday-Paskyabi & A. Jenkins 2013 

Data extracted from Kukula etal 2010 



Comparisons with measurements  
From Bakhoday-Paskyabi & A. Jenkins 2013 



Comparisons with measurements 
From Bakhoday-Paskyabi & Fer 2013 



Comparisons with measurements 
From Bakhoday-Paskyabi & Fer 2013 



      Comparisons with measurements 
From Bakhoday-Paskyabi & Fer 2013 



       Comparisons with measurements 
From Bakhoday-Paskyabi & Fer 2013 



Conclusions: 
1. Wave modified momentum and energy equations 

in both ABL and OBL, 
2. Modified MY and k-epsilon models, 
3. Wave induced momentum parameterization 
4. Wave-current interaction, 
5. Wave turbulence interaction (Wave-swell 

interaction) 

Future works 
1. Model-observation comparison with Marstein 

measured turbulence data acquired during 
November 2012 and 2013 

2. Modification of 3D model, 
3. Developing parameterizations using accessible 

data and theories. 
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