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with current multi-scale in
space & in time
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Time-correlated model for v’:
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Large scale

SOEEE  Time-correlated model for v':
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Large scale

il Time-correlated model for v':
bhysical scale symmetey Calibration

On-line fit : A4 ||k||~"
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Large scale

scpnelodtiv Time-correlated model for v’
bhysical scale symmetey “Calibration

On-line fit : A4 ||k||~"

(Similar to fractional Brownian motion in space) ~ -
h? = Ak=% — |v|?

Kinetic energy spectrum E (k) Residual
. . — spectrum

Current correlation time
1/ 1/x

Ve VK E (k)

T(K) = Toyr (k) =

Multiscale noise B;

E(x) = |I9]1°

From Bf(x) = [[ Bf (k)e**dx,

Ornstein—Uhlenbeck process in time,
with correlation time (k) at the spatial scale k:

— ’ 2
d Bf (k) = (k) Bc(k)dt + %) (dBy) (k)

and dB;/dt “spatiotemporal white noise”
(cylindrical Wiener Process)

Filter h

= (filter) * (time—correl. noise)
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Time-correlated model for v’
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Markovian closure with
current multi-scale in space &
white in time

- Simple cases & analytic solutions -
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(Q Wiener process)
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Large scale
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(Q Wiener process)

White-in-time
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large scales
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Large scale

group velocity: White—in—time

= 0
L small scales
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v' = adB,/dt

(Q Wiener process)
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Large scale

group velocity: White—in—time
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L small scales
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Large scale
group velocity:

q+co Time decorrelation
Small scale assumption for v’

group velocity:

(ANl 0okl . Advantages :

Wave: « Simpler / analytic formula
ae % => physical comprehension & lighter CPU for simulations
« No precise knowledge needed about v’ time dependency :
Digplolen Markovian closure
frequency:
wo = . Validity :
gl k|l
L,
_ (Along—ray v’ correlationtime) ~ \||CJ “1
€= ( characteristic time of ) B ( 1 )
wave group properties evolution Vv

« Limitations:
« Swells (||C!§’|| > 1)

« Small-scale currents (l,; < 1)

o . Moderate current gradients (||Vv|| <« 1) (= moderate ||7v'|| ])



Large scale

group velocity:

> 0
:
Small scale
group velocity:

Simple linear case

V' = ¢dB,/dt
(Q Wiener process)

id)(et,ex) er — (Cg —+ ﬁ)dt ~+ O-dBt

aee

Wave:

Group velocity
without current

Cg = vk(,l)o

V=V, dk = —V(vdt + UdBt)Tk Wave-vector

Refraction & contraction/dilatation

Conservation of action

dA =V ((CQ+ v)dt + odB,) A | Amplitude
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Large scale

LI Ul Simple linear case 1:

1% stationary deterministic,
divergence-free and

linear in x large-scale velocity

Stretching of phase
dk = —ViTk dt

with Vol =g, [—17" ' ]

—1

0.2 | d(

av
ar TS =500
Y withV({) =r{—sin(

In (|[k]])
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Large scale
group velocity:

0

Small scale
group velocity:

v' = gdB,/dt
(Q Wiener process)
Wave:

ae<?

k= V¢

. cos 60
- K(sin 6

Vs
(=202

Simple linear case

no large-scale current

2:

+ isotropic and divergence-free

small-scale velocity

Stochastic stretching of phase

dk = —V(adB,)Tk

Ink(t) = a?t + aBt(l)
((t) = (\/ﬁa) Bt(z)

with a? = ZE||V(odB,)"||?/d.
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Large scale

oot el Simple linear case 3

7 0
:
Small scale
group velocity:

divergence-free and linear-in-x large-scale current
+ isotropic and divergence-free

small-scale velocity
/

v' = 6dB,/dt

" , .
(@ Wiener process) Stochastic stretching of phase

dk = —V(vdt + odB,)Tk

Wave:

ae<?

k=Vgp 1
(e dInk(t) = (a? - sin{(£))dt + adB™

=20 —-
: 2 di(t) = —g—z (((t))dt + (\/ﬁa) dBt(z)
with V() =r { —sin{ and a? = %IEIIV(adBt)TIIZ/dt.

We can solve the stationary Fokker-Planck for ¢,
and then get the stationary distribution of k
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Large scale

oot el Simple linear case 3

7 0
:
Small scale
group velocity:

divergence-free and linear-in-x large-scale current
+ isotropic and divergence-free

small-scale velocity
/

VUV = odB,/dt
(Q Wiener process)

Wave: Stochastic stretching of

QA€ € ¢ phase
dk = —V(vdt + odB,)"k

k =V

. cos 0
_ K(sin 0

VA
G=1201==

(d Ink(t) = (a? —sin{(t))dt + adBt(l)
)de(e) = —g—‘;(((t))dt + (V12a) dB?
\

withV({) =r{ —sinl and a? = %IEIIV(adBt)TIIZ/dt.
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Large scale

ook zelost Simple linear case 3

z) 0
:
Small scale
group velocity:

divergence-free and linear-in-x large-scale current
+ isotropic and divergence-free

small-scale velocity
/

VUV = odB,/dt
(Q Wiener process)

Wave: Stochastic stretching of

QA€ € ¢ phase
dk = —V(vdt + odB,)"k

Utates

Stochastic shortening

k =V
o cos 6
_ K(sin %

{=20—=

2 Weak
shortening Shortening shortening
with rotation
bursts

z
dInk(t) = (a? —sin(t))dt + adBt(l)

* di(t) = —g—‘g(((t))dt + (V12a) dB?
\

with V() =7 { — sin{ and a? = %IEIIV(adBt)TIIZ /dt.

Shorténing | Rotation
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Large scale

ook zelost Simple linear case 3

: [I7]

divergence-free and linear-in-x large-scale current

>mall scale + isotropic and divergence-free
group velocity: I | oci

. small-scale velocity Depends on
v' = gdB,/dt
(Q Wiener process)
Wave: Stochastic stretching of

7

QA€ € ¢ phase
dk = —V(vdt + odB,)"k

small scale’s
statistics

Utates

Stochastic shortening

k =V
. cos 0
_ K(sin %
=20 — =

( 2 Weak Weak

shortening Shortening shortening

with rotation
bursts

”
dInk(t) = (a? —sin(t))dt + adBt(l)

) 9
di () = — 5 (¢(©)de + (V12a) dB;” 5
\
with V() =7 { — sin{ and a? = %IEIIV(adBt)TIIZ /dt.
- Rotation Shorténing Rotation
-2 -l o1l 2
r=—
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Large scale
group velocity: Depends on
U small -scz.ale’s
Small scale statistics
group velocity:
v' = gdB,/dt
(Q Wiener process)
Wave: Stochastic stretching of
i phase
aes States

dk = —V(vdt + odB,)Tk

Stochastic shortening

k =V

— cos 60

= 1(Gom 0.
(=20 —-

: Weak Weak
( shortening Shortening shortening
» ith rotati

| dink® = (@ - sing()de +ad -+ i

dg(0) = — 52 (G®)dt + (VI2a) aB?
\

with V() =7 { — sin{ and a? = %IEIIV(adBt)TIIZ /dt.

Shorténing | Rotation
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Large scale

group velocity: Depends on
= 0 small scale’s

Small scale statistics

group velocity:

/

VUV = odB,/dt
(Q Wiener process)

Wave:
1

aes Utates

ochastic shortening

k =V

. cos 0
- K(sinG

/[
{=20-"

Weak

Shortening shortening
with rotation
bursts

”
dInk(t) = (a? —sin(t))dt + adBt(l)

Jdze) = ~Z(¢)de + (V12a) dB?
\

0

with V() =7 { — sin{ and a? = %IEIIV(adBt)TIIZ /dt.
Shorténing Rotation
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Conclusion



Conclusion

We propose multi-scale closures for simulation of wave-turbulence interactions.
« Atlarge scales,

the oceanic currents are known because measured by satellite.
« At intermediate scales,
new stochastic closure, which is non-Markovian, with stochastic currents multi-scale
in space and time.
« For smaller scales,
Markovian approaches —e.g., LU & SALT [2,1,3,4,5] — applied (in the wave frame).

We found an analytical formula for the probability distribution of wave properties at
long time.

In the future, we would like to use it as prior emulator of data assimilation.
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Large scale
group velocity:

2+ B Time-uncorrelated model for v’

Small scale
group velocity:
v' = odB,/dt
Wave:

ae<?

Doppler
frequency:

wpo =—

gl k||

v' = 0 B = (filter) * (white noise)
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Large scale
group velocity:

2+ B Time-uncorrelated model for v’

Small scale
group velocity:
v' = odB,/dt
Wave:

ae<?

Doppler
frequency:

KE Spectrum E (k)

wpo =—

gl k||

v' = 0 B = (filter) * (white noise)
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Large scale
group velocity:

2+ B Time-uncorrelated model for v’

Small scale
group velocity:
v' = odB,/dt
Wave:

i
CLEEQ{J

Doppler
frequency: | KESpectrum E (k)

ADSD A(k)

E (k)

)_I

v' = 0 B = (filter) * (white noise)
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Large scale
group velocity:

vy 0
:
Small scale
group velocity:
v' = odB,/dt
Wave:

{2

Qe €

Doppler
frequency:

wpo =—

gllk|

Time-uncorrelated model for v

Absolute Diffusivity
Spectral Density
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Heterogenous flow : the jet example
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Time-correlated model for v’
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Time-correlated model for v’
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Time-correlated model for v’
Wave spectra
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Time-correlated model for v’
Wave spectra
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Time-correlated model for v’
Wave spectra
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Time-correlated model for v’
Wave spectra
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Time-correlated model for v’
Wave spectra
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