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Large scale
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I 8 Time-correlated model for v’
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Large scale

group velocity: Simple linear case 1:

(% stationary deterministic,
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inear in x large-scale velocity
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Large scale
group velocity:

0

Small scale
group velocity:

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

ae<?

k =V

. cos 6
_ K(sine

T
§=20—=

Simple linear case 2:

no large-scale current
+ stationary (in space) and divergence-free
small-scale velocity

Stochastic stretching of phase

dk = —V(odB,)"k Log-normal wave- number

Ink(t) = a’t + aBt(l)
((t) = (\/Ea) Bt(z)

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

group velocity: Slmp‘e “near case 3

7 0 : : :
v divergence-free and linear-in-x large-scale current
Sliall seelle + stationary (in space) and divergence-free

group velocity: .

, small-scale velocity
V' = odB,/dt
(Q Wiener process)

Wave: Stochastic stretching of phase

i dk = —V(vdt + cdB,)"k
ace ¢

k=V¢ (1)
_ (oS dInk(t) = (a* —sin{(t))dt + adB,

{=20—-=
: d7(t) = —Z—Z(((t))dt + (V12a) dB?
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

46



Large scale

group velocity: Slmp‘e “near case 3

— O ) ) )
v divergence-free and linear-in-x large-scale current
sirall seells. + stationary (in space) and divergence-free
group velocity: .
small-scale velocity

4

V' = odB,/dt
(Q Wiener process’
Wave: . Stochastic stretching of

ae« phase
dk = —V(vdt + odB,)"k

k =V

o cos 6
_ K(sinB

(
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<\d((t) = -2 (@)de + (V12a) dB _3

with V({) = r { — sin{ and a? = %]EIIV(adBt)TIIZ /dt.
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Large scale
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group velocity:
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Large scale

group velocity: Depends on
% small scale’s
Small scale statistics

group velocity:

/

V' = odB,/dt
(Q Wiener process

Wave:
i

Qe ¢

ochastic shortening

k =V

o cos 6
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Weak

Shortening shortening
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Conclusion



Conclusion

We propose multi-scale closures for simulation of wave-turbulence interactions.
- At large scales,

the oceanic currents are known because measured by satellite.
At intermediate scales,

new stochastic closure, which is non-Markovian, with stochastic currents muilti-
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 generation of data assimilation.
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Bonus slides



Large scale
group velocity:

— 0
- [l

Small scale
group velocity:

v' = odB;/dt
Wave:
i

Qe €

Doppler
frequency:

wpo =—

gllk|
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Time decorrelation
assumption for v’

Advantages :
Simpler / analytic formula
= physical comprehension & lighter CPU for simulations
No precise knowledge needed about v’ time dependency :

Markovian closure

Validity :
L,
_ (Along—ray v’ correlation time) B cJ .
€~ ( characteristic time of ) — ( 1 ) <
wave group properties evolution Vv
Limitations :

Swells (|[C2|| > 1)
Small-scale currents (1,,r «< 1)
Moderate current gradients (J|Vv|| « 1) (= moderate ||[Vv’|| §)



Large scale
group velocity:

2+ B Time-uncorrelated model for v’

Small scale
group velocity:
v' = 6dB,/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' = 6dB,/dt
Wave:

ae<?

Doppler
frequency: I KE Spectrlum 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' = 6dB,/dt
Wave:

i
CLEEQ{J

Doppler
frequency: I KE Spectrlum E (k) -

| ADSD 4(x)

E (k)

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

— 0
- [l

Small scale

group velocity:

v' = 6dB,/dt
Wave:

ae<?

Doppler
frequency:

wpo =—

gllk|

Time-uncorrelated model for v’

Absolute Diffusivity
Spectral Density

A(x) = E(x) t(k)

| KE Spectrum E (k) o

Correlation time along ray

1/k
T(k) = Tray(K) =
[
O
~|ADSD A)| | Residual |
ADSD

v' = 0 B = (filter) * (white noise)
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Reference:
[3] Resseguier, Pan & Fox-Kemper 2020




Large scale
group velocity:

2+ B Time-uncorrelated model for v’

Small scale
group velocity:

v' = 6dB,/dt e
Wave: Absolute Diffusivity Correlation time along ray
; Spectral Density 1/k
CLBEG& T(K) = Trqy(K) = 0
A(x) = E(x) t(k) [t
Doppler o 1
frequency: . |KESpectrumE()| . _|ADSD A(x) Residual |
| ADSD

wpo =—

gllk|

E (k)

v' = 0 B = (filter) * (white noise) 1

Reference:
61 [3] Resseguier, Pan & Fox-Kemper 2020




