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The Diurnal Evolution of the Depth of the OSBL 
Mixed by Langmuir Turbulence. 

• The diurnal cycle can be thought of as a basic building block for a 
parametrization.  

• Modulation of the OSBL depth by radiation is important during spring 
restratification. 



Radiation Surface Flux TKE Budget Non-Steady 
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Equation for Depth of the Stable OSBL 

Parametrization 





Mixed-Layer Depth  
from Mean Profiles. 

Model – Stokes drift from buoy 

Model – Langmuir number=0.3 

Low Winds – Diurnal Cycle 

Storm Period 

Using High Resolution Data to Test Models and Parametrizations 

• Depth model similar to 
mixed-layer model. 

• Entrainment rate for 
Langmuir turbulence 
determined from LES. 

Perturbations in OSBL depth 



Designing a Parametrization of Turbulent Mixing 
 

A Flux-Gradient Relationship for Langmuir Turbulence 

• Langmuir turbulence arises from the interaction between the Stokes drift 
associated with surface waves and vorticity. 

• This is also the mechanism for generating Langmuir circulations which are 
responsible for windrows seen on the sea surface. 

• Langmuir turbulence is believed to be generally responsible for wind-
driven mixing of the OSBL.  



Transport Pressure Buoyancy Stokes Gradient 

• The contribution of processes to the production of turbulent fluxes can be 
described by budgets. 

• The terms in the budgets can be determined from LES. 

• The flux budget can be used as the basis for a parametrization of turbulent 
transports 

The Reynolds Flux Budget 

Langmuir Turbulence 



Stokes 

Gradient 

Buoyancy 

Pressure 

Transport 

Source Sink Sink Source 

Reynolds Budget for the Heat Flux in Stable Conditions 

• The temperature gradient and Stokes drift are responsible for the transport of 
heat in the bulk of the OSBL. 

• The contribution of the Stokes drift to heat transport becomes more important 
than the contribution by temperature gradient as conditions become more 
stable.  

Increasing Stability 



Gradient Stokes Buoyancy Transport Pressure 

The Flux Gradient Relationship 



Depth of the OSBL Temperature 

Parametrization vs LES of the Diurnal Cycle 

• Forcing – unstable surface buoyancy flux plus absorption of radiation. 

• Depth of OSBL from prognostic equation. 

• Parametrization – non-local flux-gradient relationship from LES. 

• Comparison for stable period just after 12 hours. 

Heat Flux 



OMG 

LES 

Temperature Dissipation Rate 

Comparison between OMG and LES. 

• Comparison between microstructure glider and LES for stable period of day 261. 

• Dissipation rates and the depth of the OSBL agree well. 

• The temperature profiles from the OMG show strong variations but gradient 
above 10m small in agreement with LES. 
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Other Processes 
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Storm 

Increase  
in Nitrate 

(Rumyantseva et al 2015 
DOI:10.1.1002/2015GB005097) 

• During the storm nitrate near the surface 
increases. 

• The increase in nitrate is thought to be due to 
shear associated with inertial oscillations 
excited by the storm. 

• This is probably a non-resonant version of 
Resonant Wind-Driven mixing. 

Surface Nitrate 



• High resolution ocean models will provide a far richer environment in which 
parametrizations will have to operate. 

• Large-Eddy simulation and data from new instrument platforms allow us to 
investigate processes in the OSBL. 

Summary 



• Large-eddy simulation in domains with horizontal dimensions 10km is 
possible which opens up new possibilities –  

• Investigating interactions between surface forced turbulence and 
sub-mesoscale restratification.  

• New observations, combined with LES, give us a clearer view of the small-
scale mixing in the ocean. 

• For resolutions of 1/12o the one-dimensional approach to the 
parametrization of vertical mixing should still be valid but  

• Horizontal ‘advection’ of the OSBL depth may need to be 
represented – prognostic equation for OSBL depth a good idea ?  

 

It’s a Good Time to Improve Parametrizations 



The parametrizations provide the link between the process based understanding 
from LES and their effects on the larger scale. 

Long-Term Observations 
using Gliders 


