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Motivations :
Increase the precision of the surface
drift

Pollution

@ Search and rescue
@ Air-sea fluxes
[*]

Surface transport process

Methods :
@ Whole surface waves spectrum E(k, ) given by Wavewatch 3
@ 1D water column at one fixed coordinate

@ Validation with surface velocity measured by HF radar
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Localization and phenomenology of the Iroise sea

IROISE SEA
Image from www.demis.nl Image from www.previmer.org

@ Strong wind : North atlantic depression
@ Strong tidal currents

@ Extreme waves conditions
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Velocity measured by HF radar HF Radar antena
Image from www.previmer.org Cléden-Cap-Sizun ((© Actimar)

@ Use lagrangian surface velocity measured by HF radar for
validation F. Ardhuin & al. [2009]
HF Radar Model Surface waves
—

ULagrangian ~ UQuasi Eulerian T+ UStokes
@ Hypothesis : horizontal homogeneity in the vicinity of point A

@ Point A : water column, 120 m, time series over 2 years
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Mixing by Turbulence

Coriolis 5 Tide
— —
gu —"fe, Au —Eu’ w' —gVy& Equation for velocities
0 —— :
%{ = ——wT + ®5(z) Equation for temperature
0z N——

Mixing by turbulence Atmospherics flux

Turbulence feedback : with turbulente viscosity and diffusivity

Qv

/

uw = =vTgHUu in momentum equation
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82u 'T = KT 53 T in temperature equation
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Surface flux of momentum

= CpsL22r UigUq19 with Cps = 1.6 10~ 3
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Including tide in 1D vertical model
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Discretization dependencies 01,/2007 to 01/2008

The tide pressure —gV & is computed by finite differences on SSH
using CST France from SHOM with 150 main harmonics
constituents R. Le Roy & B. Simon [2003] (dx = 1000 m)
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Wide range of oscillatory phenomenon present at point A

Mg = 89.45 uHz
Me = 67.092 pHz
My = 44.72 uHz
Tide My = 22.36 uHz
Ky =11.61 uHz
Mf = 847.23 nHz
Mm = 420.03 nHz

Radiation of internal gravity waves w € 0, O(300)] mHz

Radiation of inertial waves w € ]0,17.4] pHz
Mixed inertio-gravity waves w € ]0,0(300)] mHz
Distortion by shear ?

= spectral analysis
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Spectral density (m2/s7Hz)
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Rotary spectra of a basic Coriolis system with N = 88

G. SIMON,

u(t) = cos(2rft)u(0) + sin(27ft)v(0)
{ v(t) = —sin(27ft)u(0) + cos(2rft)v(0)

At ¢ = 48.500° of latitude and —6.0° of longitude

2Qsin¢ -
fcoriolis = or ¢ I.€.

fcoriolis = 17.4 pHz or fcoriolis = 1.50 cpd
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We use one sided spectra to compare rotation trend
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Spectral density (m2/s7Hz)
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We use one sided spectra to compare rotation trend
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We use one sided spectra to compare rotation trend
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Inertial oscillation in 3D and 1D simulation

Same turbulence model, atmopheric forcing, tidal forcing and
vertical discretization

10* : 10 ——
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Ew e N 9 q N E
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g 10 S0
10 o :
107‘0 0.5 1 15 2 25 35 4 10 ‘0 0.5 1 1.5 2 25 35 4
frequency (cpd) frequency (cpd)
1D code = well known
Code MARS3D = Signature problem with inertial frequency
of inertial waves accurate R. T. Pollard & R. C. Millard [1969]

G. L. Mellor [2000]
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Inertial wave propagation in 3D

Inertial waves as the
explanation of over estimation
of inertial frequency in 1D
oceanic boundary layer model.

2/

S f=2s1
% wWprummer = 0,5 st
Visualization of iso-enstrophy when the rotating fluid is excited by
a periodic impulse at the frequency wprummer = 0,5
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Inertial wave propagation in 3D

o
X w = +2Qcos¥
S f=2s1 Theoritical angle 75.52
£ = Wprummer = 0,5 571 Measured angle 75.94

Visualization of iso-enstrophy when the rotating fluid is excited by
a periodic impulse at the frequency wpyymmer = 0,5
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Inertial wave propagation in 3D

5
X, Excitation in real ocean :
G f=2s"1 Wind ?
% Wprummer = 0,5 571 Tide?

Incompatibility of 1D modelling with the nature of the inertial waves
— 3D anisotropic waves (and inertio-gravity)
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Some of tested turbulence models with Taylor diagram

Taylor diagram : polar

22 - No turbulence representation of performance
54 o 0.4. 0 equation: Munk & Anderson

ot T 5 Radius : Standard deviation

I L { A S/ 5 0.7 normalized

e O,éq,u,atjbn:,aca/n’c;wki/,& hilander Angle : Correlation coefficien

g A \0-8 (D Unbiased roo

st . | /1equation: Mellor& Yamada k mean square difference

E LA T \0.9 S normalized

S ® .

o ) I Strong dependencie to

&4 -~ 1 equation: Gaspar 3, turbulence model

3 e D99 Why ? = maybe the

Ny Quptions:-Mellor & Yamada k-k anisotropy ?

0B 1
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VVhy so many differences from one model to another / Because
anisotropic turbulence hides a wide range of dynamics

Classical
Isotropic turbulence

shear S inertial f internal gravity N
turbulence waves turbulence waves turbulence

Visualization of iso-enstrophy from homogeneous turbulence Direct
Numerical Simulation (DNS)



Oceanic turbulence with mean rotation, stratification and shear wit
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Ri = . Simulation with 1D code

during 3 years in Iroise Sea at point A.

:](:

Non-trivial vertical and meridional
flux
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P. Gaspar & al. [1990] turbulence model

diffusion production by mean shear dissipation
A 2 2 :
ok 0 Sy Ok ou\*, (Ov C.k3/?
AT A B A R a4 _
ot o\ TSy oz "\\oz 9z I
turbulent viscosity vt = Ck/kﬂ and turbulent diffusivity kT = %
g z+1,
travel upward I, define by / [6(z) — p(2')]dz’ = k(z)
PO Jz
Z—/d
travel downward ly define by 5/ [6(z) — p(2')]dZ’ = k(z)
0.Jz
energetic scale Iy = min(ly, lq) and dissipation scale I. = /(I lg)

@ No zy for define internal lengths scales

@ Successfully used H. Muller & al. [2007] and H. Muller & al.
[2010] in Iroise Sea
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auto-spectrum of velocity vector

Radar HA4# | 1D Tjded
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1D equation with drift Stokes generated by surface waves

Justification by the generalized Lagrangian Mean :
D. G. Andrews & M. E. Mcintyres [1978]
F. Ardhuin & al. [2008]

% = —fe; A (u+ Us) — %u'w' —gVné

o Us =4r f02” Joo f k€ k) ZE(f,0)dfdOes K E Kenyon [1969]

(z—h)
@ Us =0.016 e tw Ujg with L,, =
2
0.12% M. Li & C. Garrett [1993]
Y US = (625 1074U10 min {U107 145}

fpeak

peak (,_p
+0.025 (Hs — 0.4)ey ) e" ¢ (=) F. Ardhuin & al. [2009] adapted
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Stokes drift : parametrisations or spectral composition ?

auto-spectrum of velocity vector

2" ’R - Stratified open ocean with
g, | eied Stokes drift in momentum
g \'& equation following N. Rascle
57 - and F. Ardhuin [2009]

ol W Us(E(f,0)). o US(f‘/ 97 E(f/ 9))

-2 0 2 4
frequency (cpd) °

° US(H57 fpeaky UlO)

coherence magnitude of urad and umod

The Stokes drift based on wind
and Hs is more coherent than
the one based only on the wind

Spectral density
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Modified TKE equation with surface waves

@ Production by Stokes drift Prods;okes in TKE equation :
% = Diff + ’DrOdl\/lean + PrOdStokES + Diss

2 2
® Prodscse = vr (%) + (32)7)
@ TKE production by breaking of deep water waves with «
parameter at top boundary condition :
% = o(|ref* + |y ) at z = H

(1) P. D. Craig & M. L. Banner [1994]

Q@ |a = —— |E. A Terray & al. [1996]
VT +TY
O |if —2= <300 then v = ——5— else a = 150
x Ty VX Ty
_ g = — g
Coeak = —F—— and T =
pea 2 fpeak 21 fMean
Nyl
Peak frequency Mean frequency
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What about white caps parametrisation ?

auto-spectrum of velocity vector

=

2 f
:: wﬁ N e Stratified oceanic mixed layer
g4 following Y. Noh [1996]Y. Noh
51 Ll & H. J. Kim [1999]N. Rascle
gl i e & F. Ardhuin [2009]

-2 0 2
frequency (cpd)
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: Creation of turbulence by

4 a(Cp,TH00) ) «(Cp.1) breaking surface waves based
207 on E. A. Terray & al. [1996]
N are less energetic that the one
;,%Z: of P. D. Craig & M. L. Banner

- ﬁL [1994]
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Log of spectral density

Spectral density

Production of TKE by Stokes drift

auto-spectrum of velocity vector
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Why ?

@ Langmuir cell due to non-linear
interaction between the Stokes
drift and the vertical shear A. D.
D. Craik & S. Leibovich [1976] .

Parametrisation based on sea state
increase the coherence and the
energy in low frequency and decrease
the energy in height frequency.
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Overview of sea states parametrisations with 37 runs

Correlation coefficient
v around R ~ 0.1 — Not
: a problem with waves
parametrisation but with
the overestimation of

t , inertial frequency in 1D
?s /US(UlO)} > modelling
X RMSd

- ‘(x‘(C',f-"[,B(’)O) 0=100 “PS(E(F.8)) The better normalized

i Nowaves | .. RMS difference is
j e "Min RMSd “ obtained for model with
T Y L S a(e.7. 300)

parametrisation.
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Overview of sea states parametrisations with 37 runs

Parametrisation STDd
1 «afc,7*,300) & Prodsiokes(E(f,6)) 0.31547
2 afc,7%,300) & Us(E(f,0)) 0.31694
3 afc,7%,300) & Us(E(f,0)) & Prodsiokes(E(f,6)) 0.31694
4 ¢, 7,300) & Prodsiokes(Uio) 0.31761
32 WITHOUT WAVES PARAMETRISATION 0.33884
33 PrOdgtokes(HS, UlO; fp) & Us(HS7 U10, fp) 0.33897
34 =100 & Us(Ulo) & Prodstokes(Ulo) 0.33946
35 «a =100 & Us(Uio) 0.33946
36 Us(Hs, Uro, fp) 0.33998
37  Us(Uio) 0.34111

A

STDd = \/(VModel — VRadar — (VI\/Iodel - VRadar))2
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Conclusion

@ In Iroise sea adding Usiokes, Prodsiokes and a increase the
accuracy

@ Coherent parametrization needed
@ For breaking surface waves : best formulation a(c, 7%, 300)

e U(z, Hs, U10, fyeak)) = representative of the spectral based

v

Work in progress

@ Link the Cps of velocity boundary condition to the sea states

@ Fit more precisly vertical dependency of the Stokes drift

@ Evaluate the surface rugosity lenght scale zy induces by this
sea state parametrisations

@ 3D implementations and analysis

A
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Thank you for your attention
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