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Background 

• Upper ocean and large scale climate models 

From Belcher et. al 2012 



Background: upper ocean structure 



Wave induced forcing 

From Bakhoday-Paskyabi et al. 2012 (CSR) 

 

From Rascle et. al 2006 



Background: wave-wind-cuurrent-turbulence 

• Wave-wind interaction. 
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• Wave-current interaction: 

1. Vortex force effect. 

2. Radiation stress. 

3. Hybrid approach. 

 

 

From D’asaro et. al 2013 
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Background: wave-wind-cuurrent-turbulence 

• Wave-wind interaction. 

1. Hybrid approach. 

 



Background: wave-turbulence interaction 

some aspects 
1.  near the sea surface, most of turbulent energy is concentrated in frequencies lower than the 

wave–affected frequency band;  

2. there exists an inertial subrange with a slope of -5/3 for the turbulent spectra similar to those 

observed in the vicinity of a solid boundary;  

3. wave orbital velocities, together with mean current advect turbulent eddies past a fixed point;  

4. surface gravity waves dissipate energy locally through the wave breaking into the water column 

(with depths proportional to the scale of wave height) resulting in a substantial enhancement of 

TKE and its dissipation near the sea surface;  

5. surface waves are not perfectly irrotational, i.e., the horizontal and vertical velocities are not in 

quadrature and there exist the wave–induced downward Reynolds stresses;  

6. wave energy can be transferred to the turbulent field associated with attenuation of surface waves 

and non–breaking wave effects; and  

7. wave–induced transport of TKE can be another responsible mechanism for the wave–turbulence 

interaction. 



Observation of dissipation rates of TKE 
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Site:  

Havsul-1 



Wave measurements from subsurface moving 

pressure sensor 

From Bakhoday-Paskyabi & Fer 201 4 (NPG) 

 



• Very good agreement with waverider 

buoy (BIOWAVE cruise 2011) 

Wave measurements from subsurface moving 

pressure sensor 

From Bakhoday-Paskyabi 2014 (submitting) 

 



Wave and microstructure shear 



Wave and microstructure shear 

From Bakhoday-Paskyabi & Fer 2013 (JEP) 

 



Wave and microstructure shear 

From Fer & Bakhoday-Paskyabi 2014 (JTEC) 

 



Numerical Modelling 



Governing equations 



Parameterizations 



Parameterizations 

From Belcher et. al 2012 



Bakhoday Paskyabi, M., I. Fer, and A. D. Jenkins (2012). Surface gravity wave effects on the upper ocean boundary layer: 

modification of a one-dimensional vertical mixing model. Continental Shelf Research, 38 (63-78), 

 

Jenkins, AD Bakhoday Paskyabi, M; Fer, I; Gupta, A K; Adakudlu, Mr (2012): Modelling the effect of ocean waves on the 

atmospheric and ocean boundary layers, Energy Procedia. 

 

• Modification on  1D general ocean turbulence model 

by including  wave effects 

• Enhancement of mixing near surface 

• More realistic representation of mixed layer 

deepening 

Air-sea interaction 



Comparisons with measurements 

From Bakhoday-Paskyabi & Fer 2013 
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      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 
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