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Vlotivations

Rigorously identified sudgrid dynamics effects
Injecting likely small-scale dynamics

Studying bifurcations and attractors

* Climate projections

Quantification of modeling errors
* Ensemble forecasts and data assimilation
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Comparison

Scalar
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Vorticity 2 differences
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conservation
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Navier-Stokes LU
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transport
of lto drift

Dw
Dt

Pressure

1
——Vp
P

13



Navier-Stokes LU

Stochastic

transport

of Ito drift Pressure
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Conserve (lto) kinetic energy
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Navier-Stokes SALT

Stochastic
transport of
Stratonovich drift
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Navier-Stokes SALT

Stochastic
transport of
Stratonovich drift

Additional term Pressure
Dw™ 1 v
—— VP
Dt P

Conserve (Stratonovich) helicity
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Part 1

Unresolved velocity
parametrisation

Code available online
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Large scales:

- Parameter-free models for O

Small scales:
oB

Cotter et al. Resseguier et al.

Variance
tensor:

2018b 2017b

a=a(x,x)=

E{ocdB (¢dB)"}
dt

LU & SALT

Applicable to : LU & SALT

Homogeneous No Yes

Stationary Yes Not anymore

Self-similar NG Ves

assumption

Data-driven Yes No
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Large scales: Cotter et al. 2018b:

= Karhunen—Loéve
Small scales: .
e decomposition (EOF)
Variance
tensor: iid
e odB; = ) dW;(t 4— Brownian
L motion
weighted
EOFs learned
on data

PCAon: AXj(x) th tk+At( )| th tk+At(x)

Flow from high- Flow from low-
resolution velocity resolution velocity

17



Large scales: (imprOvement Of)

w ' [ ]
Resseguier et al. 2017b;
Small scales: . .
oB Self-similar model
Variance
tensor:
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Large scales: (improvement Of)

w " [ |
Resseguier et al. 2017b;
Small scales: . .
o B3 Self-similar model
Variance
tensor: Absolute Diffusivity . . —3/271/2
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Large scales: HeterOgeﬂeOUS
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Small scales: mOdU‘athn Of 0-
o B (for Resseguier et al. 2017b)

Variance
tensor:
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dt
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Large scales: HeterOgeﬂeOUS
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Small scales: mOdU‘athﬂ Of 0-
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Variance
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Large scales: HeterOgeﬂeOUS
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tensor:
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Conclusion

Stochastic transport (in LU & SALT) blindly describes
unresolved triades

LU conserves kinetic energy / SALT conserves helicity

For the small-scale velocity parametrisation,

both the data-driven (Cotter et al. 2018b) and the selt-
similar method (Resseguier et al. 2017b)

lead to accurate uncertainty quantification

(to address filter divergence)

Energy-tlux modulation improves the simulations

27 V. Resseguier - valentin.resseguier@scalian.com
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