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Vliotivations

« Mimic interaction wave / (small-scale) current
Small-scale currents are hardly observed or simulated
Waves see them during very short time

« Quantification of associated modelling errors

* Ensemble forecasts and data assimilation

« Improve the Scalian’s wave simulator

« Study influence of swell / current interactions onto satellite altimetry
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SeaMotion-radar
simulator

Simple and fast simulation of surface
gravity waves over very large domain

Coupled with radar simulation

Lot of physical phenomena taking into
account

Used to study satellite altimetry
measurements (e.g. SKIM)




Large scale

group velootty Wave group dynamics
N the presence of currents

At the first order in steepness

.Random ray

Doppler
frequency:

Stretching of phase

wWo =

] k= —Vwlk

Conservation of action

a’ == - =—S—=—
“o White & Fornberg 1997

(stationary velocity)



Part 1

Waves under location
uncertainty



Large scales: MOde‘S ur del’

“ location uncertainty (LU) :
Small scales: ] ,
B Adding random velocity
Resolved White-in-time
large scales small scales

Initially for (

uncertainty
quantification

& data assimilation
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Large scale

..  Dispersion ratio

Small scale At the first order

SIELIP el in steepness :
oB

Stochastic
transport

D¢
Dt

Doppler
frequency:

Frequency without currents
wo —

gl k||

wo(k) = v/ gllk|




Large scale
group velocity:

(General case

group velocity:
ocB

Wave: Fonction of k

ae<?

Doppler
frequency:

wo —

gl k|| Wave- vector

Conservation of action

. az
—V-u, A A= — Amplitude
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Some first numerical results




Dynamics of 3 wave group
N high-resolution SQG currents (512x512)

t = 101.5 day 101.5days + 5.8925sec
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Dynamics of 3 wave group

in low-resolution SQG currents (64x64)
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Dynamics of 3 wave group
in stochastic low-resolution SQG currents (64x64)

t = 101.5 day 101.5days + 66.5345sec
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Conclusion



Conclusion and outlooks

« Method of characteristics : low computational costs
We can simulate a lot of realisations, and initial conditions

e Understanding and simulating the dynamics with increasing complexity
« Backward integration to obtain wave spectra (Quilfen et al. 2018)

e Analytic time integration for wave-group subgrid dynamics

e Heterogeneous small-scale velocity variance and correlation lengths
(e.g. Pannekoucke et al. 2018)

« With satellite measurements,
try to predict wave spectra variations due to Agulhas courant

e Integration into the SeaMotion Radar
« Which are the swell / current effects on satellite measurements?

e (Qutlook : stochastic Wave Watch Il

16 V. Resseguier - valentin.resseguier@scalian.com
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Large scale
group velocity:

Wave:
1

ae

Doppler
frequency:

wWo —

gl k||
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Simple linear case 1:
stationary deterministic,
divergence-free and
inear in x large-scale velocity

Stretching of phase
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Large scale

group velocity Simple linear case 2:
no large-scale current
cmell seale + homogeneous and divergence-free

group velocity:

small-scale velocity
oB

Wave:
i

- /8(37 t)ei(wOH—k'o-Bt) Wave with
. )

Brownian phase

Doppler

e UEmey: Stochastic stretching of phase

wWo =

gl k||

NT
=—-V(oB)" k Log-normal wave- number

Conservation of action

a2

cst. = A= — Log-normal amplitude

wo




Large scale

group Le ety Simple linear case 3
2 +Viwo divergence-free and linear-in-x large-scale current
Sgﬁ';)svﬁ'iity_ + homogeneous and divergence-free
e ' small-scale velocity Depends on
small scale’s

Wave:

statistics

Stochastic stretching of
phase

= —V(w+0oB)Tk

3

ae

States

Doppler
frequency:

Stochastic shortening
wWo —

g “ k ” Weak Weak

shortening Shortening shortening
with rotation
bursts

Ratio -2 -1 " 2
vorticity / strain rate 20




t = 100 day

Reference flow:

deterministic

SQG

512 x 512




Carge scaies Absolute Dittusivity

(1

S Spectral Density

oB (homogeneous but non-stationary and tuning-free ;g )

Variance
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