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Surface layer problem

284 C. Langlais et al./ Ocean Modelling 30 (2009) 270-286
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Fig, 18. Time evolution of the wind speed and of the vertical profile of the zonal current at 3.1°E/42.6°N during a 28 day period in summer, in a simulation with the GoL64
|l.|| 1 | driven with REMO forcing

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

Gliders observations
(Testor et al, 2008)
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HF radars observations
(Forget & Shrira, 2015)




HF radars H current mapping
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SUBCORAD campaign 2013

Sentchev, Forget, Fraunié, 2015
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The Ekman (1905) solution
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Ekman layer inflectional Instability
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Fic. 1. Two-dimensional velocity profiles taken in vertical planes normal to
the roll direction. The angle e denotes the roll angle to the left of the geostrophic
velocity. The height and velocity are given in increments of & and V;, respectively.

Brown 1972

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)
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Fireure 6. Second derivatives of the velocity profiles in two models of viscosity (the classical
Ekman model (thick lines) and time-dependent viscosity model (thin lines)) at different times:
f = 2 (solid lines), t = 3 (dashed lines) and £ = 5 (dotted lines). (a) The second derivative of
a-component. (b) The second derivative of y-component. The paramters: § = 3 hrs, f = 1074571,
vo = 10 4m2s L.

Almelah & Shrira sub



TURBIDENT campaign 2018

Vel. profiles (u-comp)
0

(v-comp)

a1 025
a
428 "
a8 b
27
426"
s
01
24
423}
22
a1 a1
54 58
- s .
Dumas, Granoullé & Guérin
Survey 1: Sep 112017, 1405-17.40 UTC Vel. profiles (cross-section comp) (along-section comp)
o : - ; :
S T
¢ 4 g\_f_\z s E
A0
| 15 15
J £
£ 20 20|
?rfd\”i }»? k3
I3 f - 25 25
) 84
N . i 20 30|
35 35|
g = 6°E = B 4 0z o o0z o4 Ba 0z o o0z oaa
16.00° Velocity (m/z) Velocity (m/s)

0
== )
/ r 5 5t
10} 10— 10| 10f
£20 % 20| R 52 20l
2 &
o \ 25/ 25
30 \ 30| - -
\ i .
4062002040608 ‘98060402 0 0.2 B P T S S 0z 04
Velocity (m/s) Velocity (m/s) Velosiy (mis) Welosity (mis) 2z 0 oz 0e
ety fmis) Vel. profiles (u-comp) {v-comp) {v-comp; 20-min int)
0, ]
5 5
Survey 3 559132017 £:45-12:00 UTC 10 10
RS _15 15
) E
=20 20
B
- D. Bourras, H. Branger, A. Sentchev £ -
30 30

-02 o 02 o 02 Q a2 40 -0z o 2
Velocity (m/s) Velocity (m/s) Velocity (m/s)




Table 1.

Overview of optimization methods, and their pros and cons when applied to complex

geophysical models that are costly to program and run. We do not mention Kalman methods,

which cannot be used for parameter identification in their current form (Sun et al., 2016).

Type Method Pros Cons
By-hand Easy, only model runs.  Need many runs, unlikely
to succeed without a method.
Simulated- Generic, easy to Need many runs,
Annealing implement, noisy data. even for a few parameters.
stochastic, Genetic Generic, many Need many runs,
elobal algorithms parameters, noisy data. hard to tune.
Hamiltonian Generic, Bayesian Need many runs
Monte-Carlo  framework.
Cheap to rumn, Costly to build,
Adjoint explicit gradient, problem-specific,
many parameters. noise-sensitive.
- ' i I i
Local Finite- (Jenerlc,_ Number of runs proportional
: ) easy to implement, to the number of parameters,
gradient Difference . . -
almost exact gradient.  noise-sensitive.
descent, — - . , -
Simultaneous  Generic, easy to Approximative
Perturbation  implement, cheap to gradient.
Stochastic run, many parameters,

Approximation less noise-sensitive.




Eddy viscosity estimate
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The operational problem

# predictions by numerical models of marine circulation
strongly rely on the description of the sea-air interface

# difficult to acquire reliable data close to sea surface

= practical challenge is to parameterize the turbulent
closure schemes modelling the upper mixing layer

« TURBIDENT project aims to optimize turbulent
closure schemes with a new well-suited data set from
HF radars and AUV-mounted ADCP

* we use a new data assimilation method that has never
been used for turbulent closure schemes optimization

)

Why this new method ?

» model derivatives with respect to the parameters to
optimize are usually computed explicitly by an adjoint
model that need to be developed and maintained

e the SPSA methods (Zhu & Spall, 2002} are based on &
small number of model estimates (random parameter
perturbations) to approximate at low numerical cost
the derivatives by finite differences

e due to the random component, different methods (first
and second-order, “modified™) has been proposed to

improve the procedure (numerical cost, stability)

Parameter estimation of turbulent closure schemes in marine circulation models using
Simultaneous Perturbation Stochastic A pproximation method : a proof-of-concept.

Aldebert Clément", Devenon Jean-Luc'™?, Fraunié Philippe(), Pairaud Ivanne!®, Garreau Pierrel®
(1} Mediterrnmesn Institute of Oceanography, A to-Momaille Untrersity, Toulon Untrerstty, CNRS/TRDY, France, (2} [IFREMER Lerper, La Soyne, France, (3) IFREMER LPOS, Brest, Fronce
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Preliminary results

+ we identified the most stable SPSA algorithm
through theoretical examples of the surface layer

» ongoing tests for KPP model (link with
interior domain, surface layer thickness)

Next steps

» stratified and/or unsteady situations

¢ zensitivity to sampling under realistic scenarios
» coupling 3P5A with existing methods

o zame work with k- model

optimize parameters

to fit current profile
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A steady-state example

Outline of SPSA methods
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Hormontal current (u) experiencing a turbulent diffusion
(confficient 11, ) along a scaled vertical axis (= [0, 1]) -

[ ,.;;]'”“) — 0, with the boundary condition (0] = ug

Like in KPP model (Large of al, 1904), 1y () is taken as a
third-vrder polymomial that depends on two pammeters -
its walue 1 (1) and decvative 1 {1) at the lower boundary
([continaity with the interior profile in KPP model)

For reference parameters, we compute the vy and u profiles.
The current profile is smpled at depths 7y and a random
noise is added to geoerate peewdo-data, -

= mgulzy), arg ~ A1, 7]

to regularize it, here (a8 r:u.n:;»]c] :
S(0) =3y (ugte — up=ie))

P e

For a set of pammeters to optimize @ (here 8 = (i (1,0 (1])],
we define a cost function, here : S{#) = E:‘ | {uf‘“ - u[“"d:ﬁ':l]z_,":n..

Starting From initial parameter values, cach step imvolves -

1. simultaneous random perturbations : Af, = +1 (equiprobability]
2. use S(§ £ cAd) to approximate the gradient by finite differences
3. opticnmal : similar method for the Hessian (add 2 model mns)

4. use 2. and 3. to compute new parameter estimates (with chedking)

For step 4., the modified SPSA method is the most stable
e = § — o grad( (1)), where o is the mean of Hessian eigemaloes

Uhne may include additicomal information in the cost function

{1,

reconstruct | turbulent
diffusion | profile

ot

(raguinricabion)

T T T T
am [ am

en
lurtbubet dffomon ooeffoied v, (LT 1)




Classical standard values of TKE
turbulent closure model parameters

Table 2. Model parameters.Gaspar et al. (1990)

Parameter  Value Unit  Meaning
Ck 0.1 - TKE constant (eddies diffusivity)
Ce 0.7 - TKE constant (turbulent dissipation)
K i 3107° m?*s™! minimal value for moment diffusivity
€min 2107% m?%.s™? minimal value for TKE
€min 0 107%  m2.s™? minimal value for TKE at surface
Pr, 1 - Prandtl number
K .tio 1 - ratio between TKE and momentum diffusivities

bb 3.7 - constant to compute surface TKE from wind stress




Simple hydrodynamic model 1DV

- T temperature ; S salinity ; U=(u,v) and w horizontal and
vertical velocity , | solar irradiance, F  solar constant, cp
specific heat. sol
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Turbulent closure scheme
Eddy diffusivities: K , K , K

h S m
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Turbulent closure scheme
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Optimization : arbitrary starting state

model prediction: first guess

(c) temperature T (°C) (d) horizontal current v (m.s™1)
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Optimization : Twin experiments

(a) temperature T (°C)
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Optimal search in the control space
example in a 2D sub-space

optimization
. (e) search the best parameter values (f) decrease model-data discrepancy
o 703 4 -
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Cost function and minimization algorithm

(Nesterov Momentum)

n

L n N\ 12
7(6) = au (Z (ufred(e) B ugbs) n Z (vfred(e) — Ufbs) )

1=1

T

n ) 1/2 , 1/2
+arp (Z (T@Pred(g) B Tiobs) ) +ag (Z (sffed(e) B Sfbs) ) 7

procedure starting from an arbitrary initial guess of the parameter

values (9
gk+1) _ gk) _ (k) (k) (2)
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J Gradient estimation

Classical : 1
Parameter
at a time
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Comments and perspectives

1 Example of use of SPSA method for a turbulent closure scheme embeded
in a one-dimensional vertical model of the ocean.
Parameters that constrain model predictions are estimated with a high
accuracy.
1 Some other parameters are well-estimated on average, but with less
accuracy(The same as other methods)
» Results are obtained at a relatively low numerical cost.
- Allows to optimize models without an adjoint model costly to derive.
Method fast enough to allow repetitions, to perform a sensitivity analysis
- Easy to change the optimization problem to solve (model, cost function,
available data)
- Possibility to use for boundary conditiions fitting or in coupled
hydrodynamic-biogeochemical models



Persistence extremal index method
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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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