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Surface layer problem  
 

Internal waves permitting models: summer 2008 
Langlais et al, 2009, Schaeffer et al 2010 

 Gliders observations 
(Testor et al, 2008) 

HF radars observations 
(Forget & Shrira, 2015) 



 HF coastal radar observations  

M.I.O. HF Radar team : C. A. Guérin (PR), C. Quentin(IR),  

A. Gramoullé (IE), D. Dumas(IE), B. Zakardjian(PR), A. Molcard (PR), 

M. Saillard (PR) 
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HF radars H current mapping 



SUBCORAD campaign 2013 
Sentchev, Forget, Fraunié, 2015 
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K-e model (C. Verdier-Bonnet 1996, 1999) 

• Steady solution •  unsteady solution 

 

The Ekman (1905) solution 
𝜕𝑢

𝜕𝑡
− 𝑓𝑣 = 𝜐𝑡

𝜕2𝑢

𝜕𝑧2
 

𝜕𝑣

𝜕𝑡
+ 𝑓𝑢 = 𝜐𝑡

𝜕2𝑣

𝜕𝑧2
 



Ekman layer inflectional Instability 

- Ekman Spiral (Ekman 1905, Gonella 1971, Madsen 1977, Lewis&Belcher 
2004, Elipot&Gille 2009, Almelah&Shrira sub) 

 
- Stability analysis (Faller 1965, Brown 1974, Leibovich & Lele, 1985) 
 
- LES (Deardorff 1970, 1972, Mason & Thomson 1987, Moeng&Sullivan 1994, 

Zikanov et al, 2003, Sullivan&McWilliams 2010) 

 
- DNS (Coleman, Ferziger, Spalart, 1990) 
 

- Observations PBL (Le Mone 1973) 

 

- Observations Ocean (Price et al 1987, 1999, Csanady 2001) 

  

Almelah & Shrira sub 

Moeng&Sullivan 1994 

Brown 1972 



TURBIDENT campaign 2018 
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Sketch of the optimization problem from pseudo-
data (a,b) and a model to attempt to describe data 
(c,d).  
 
Model-data discrepancy is minimized by an 
optimization procedure that tunes the control 
parameters: evolution of parameters and map of 
the cost function (e), and corresponding decrease 
of the cost function J relatively to its value at 
optimum J opt in log-scale (f).  
 
Here, one finite-difference gradient descent (red) 
and 10 SPSA runs (blue) starting from the same first 
guess are shown. The obtained parameter values 
lead to model predictions that are closer to 
observed data (g,h). 

Simultaneous Perturbation Stochastic Approximation method  

1D TKE DyFaMed 

(Aldebert et al, submitted) 
 



TKE closure model experiment 
Aldebert et al sub 



Persistence extremal index method 

Caby, Faranda, Vaienti, Yiou, 2019 

Figure A.6: Relative changes in the frequency of a), d) extreme cold; b), e) extreme wet and c), f) extreme 

10m wind events for days with instantaneous dimension beyond the a-c) 0.98 and d-f) 0.02 quantiles of d 

in the ERA-Interim data. Contours start at 0, with an interval of 0.5; the grey shading shows statistically 

signicant changes. The maps in this gure are generated by MATLAB R2013a. 

 Faranda, Messori & Yiou 2019 Dumas, Granoullé & Guérin 



Conclusions 

- 3D observations of the marine surface layer in microtidal sea have been started  
       (2DH HF radars + 1V ADP/CTD profilers) 

 
- Sensitivity of the surface mixing layer to eddy viscosity as function of 3D space and time 

has been investigated (still in a very limited number of situations) 
 
- A fast method for Identification of parameters of turbulent closure models (TKE, KPP, etc) 

has been proposed (tests in progress) 
 

- A data analysis approach based on dynamical systems has been proposed for sparse data 
sets to classify events (from rare to extreme) and provide statistics (persistence) 
 

- Ekman model needs to be revisited for high resolution modeling (surface and internal 
waves, Stokes drift, Langmuir circulations, horizontal variations) 
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