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STOCHASTIC CLOSURE FOR PARTIALLY-RESOLVED TURBULENCE

Resseguier V., Caville C., Talla M., Moneyron A., Lepape G., Picard A., Ladvig M.,
Hascoét E., Wallian L., Jacquet P., Stabile G., Mémin E., Heitz D., Chapron B.

To better constraint and explain data-based algorithms (e.g., data _ Spectrum
assimilation, Bayesian inference, machine learning), we tie priors to
physics. Although statistical physics propose stochastic processes to
be used as priors, many real systems hardly accommodate with
some usual statistical simplifications (e.g., stationarity, delta-
correlation). Therefore, our framework stands halfway between
analytic stochastic descriptions and heavy numerical simulations.
We rely on turbulence multiscale decomposition and stochastic
transport. This framework is applied to wave-turbulence
interactions and model errors quantification for data assimilation in coarse resolution  l, dx'

geophysical fluid mechanics and reduced order models. -
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Stochastic transport

We consider v’ = o B,, a divergence-free (conditionally-)Gaussian process, §-correlated in time & correlated in space

to be injected in physics eo
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Some references:

e Kunita (1990); Piterbarg & Ostrovskii (1997); Mikulevicius & Rozovskii (2004). SIAM J Math Anal 35.5: 1250-1310.
* Location Uncertainty (LU) : Mémin (2014). Geophys. Astro. Fluid 108.2: 119-146; Resseguier et al. (2017). Geophys. Astro. Fluid. hal-01391420
e Stochastic Advection by Lie transport (SALT) : Holm (2015) Proc. Royal Society A. 471.2176 (2015): 20140963.
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Notations

Velocity wave-number

Several possible calibrations:
 Brute-force data-driven : PCA from residues v’
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e More in the review: Resseguier et al. (2021). Arch Comp Eng. hal-02558016.
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Wave-turbulence interaction
application
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Further reading with LU/SALT data
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(aﬁr « t whereas the usual branching)
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Wave groups trapped in an adversarial turbulent jet

* OQOur fast wave approximation still valid for strong current

if [,//1, small enough (steep v spectrum or fine resolutlon)
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Stochastic transport models were successfully applied to several fluid dynamics problems. Possible model improvements could consider

time-correlated and/or non-Gaussian subgrid velocities, through e.g. rough path advection and Gaussian multiplicative chaos.




