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Turbulence at macro-scales (1-100 km)

® [ransport of momentum, heat, salt, and other tracers.
® Modulate the patterns of large scale flow and stratification.

® Play a vital role in the ocean’s mechanical energy cycle

® Form bulk of kinetic energy in ocean.
® [ransfers kinetic energy across scales.

e Goal: Develop scale aware parameterizations that work over
both non-eddying and eddy permitting resolutions.
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(:) Eddies in thickness equation
In layered models: athn —+ V - (unhn) =0

V = (05,0y)

In filtered form: 8thn + V- (ﬁnﬁn) = -V - (unhn — ﬁnﬁn)

Advective form: Frp = 0, W = ‘I’n—l/z — ‘I’n+1/2

Gent-McWilliams: \Iln—l/Z — _KGMVnn—l/Q B.C.- No depth integrated flux: W = \IIN+1/2 =0

Our goal is to build a data driven parameterization of F:

Find/build a function connecting F to large scale variables.
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(General process
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:) ML Parameterization design

1. Non-dimensionalization

2. Range limited inputs
3. Separation of variables
4. Coordinate-Invariance

5. Scale-awareness

©. Lateral non-locality

Point-wise/LLocal models
/. Small ANN

Y inpite) | Yon(ttasto )9(|Vha (itp.i+p) )
u ’ 7 . n,(i+p,; ).
|vun,(i+p,_7'+p)‘ |th,(z-+p,j+p)| P,J+p
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Fo i) = A%V (itp,j4p | £
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‘1) ML Parameterization design

1. Non-dimensionalization

Phillips 2 Layer

2. Range limited inputs

3. Separation of variables

log10 values

4. Coordinate-lnvariance
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ML Parameterization design

1.0 C.t 0.0 0.5 1.C
axU/|VUn|

1.0

Vh, = (———,|Vh

(W - B 2 .
5 0.4 1

0.2 1

0.0 -

1.0 05 0.0 0.5 1.0
ayUI]Wn |

1.0 0.5 0.0 0.5 1.0
ayV/.IVETI

PDF

1.0

0.8 -

0.6 A

0.4

0.2 -

0.0

Functions:
f(VEn) — fl(

Vhn,
Vha

log10|Vup|

F

B 50 km
100 km
200 km

ny(iri) = OV (igpjtp | £

Vﬁn) (2+pa] ‘l'p) tha(z'f'pa]‘l'p) )g(

Non-dimensionalization
Range limited inputs
Separation of variables
Coordinate-Invariance

Scale-awareness

ateral non-locality

Small ANN

|VEn,(i+p,j+p) |)

VU, (i4p,54m)| [V (i4p.54p)]

9



:) ML Parameterization design
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‘1) ML Parameterization design
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1.0 -0 2. Range limited inputs
0.8‘ 08“ I
- 3. Separation of variables
0.6 - o VN
2 S |
0.4 - — 0.4 - 4. Coordinate-lnvariance
—e— |Individul ML models
m@e= Scale-aware ML model o I
0.2 17 —— Gent-McWwilliams | ' g — |
i | LES Gratisst-moe] A 5. Scale-awareness
U100 200 300 400 | 100 200 300 400 I
Filter scale [km] riter scale tkm] 6. Lateral non-locality
/. Small ANN

- Va. (o v/ _
2 — ( n, 7’+pa.7+p) n, ’H—p,]-i-p)
Fn,(i,j) = A |Vun,(i+p,j+p)‘f‘~ va ( J—— ( )9(.|th,(i+p,:i+p)|.)°
VU, (i4p.itm)| Vi idp.itp) ]

11



:) ML Parameterization design

. Non-dimensionalization
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) Some online evaluation - Phillips 2 Layer

Speed after 3650 Days
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Hiah Res
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Stable over large range of resolutions and
coefficients! (No filters added).

Resolved variability is only slightly damped.

Even has some skill when absolutely no eddies are
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:) Some online evaluation - Bulk

12 12 -
10 A 10
% 8 8,
> 3
ML parameterization £ ¢ ANN £ o
. . 5 —’ D
INCreases overturning. & a- & .
/AA\ 2 2 -
=
Q - 0 -
0 7r'.u0 460 660 ar'm mbn 17'00 14'00 lﬁl.’)ﬂ 6 2('10 4:')0 660 850 10'00 12'00 14'00 leO
y [km] y [km]

15



Some online evaluation - Bulk
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) Conclusions

Developed a parameterization based on ML and intuition/physics.
Behavior of the function, and the response of the system to it, need to be studied empirically.
Response of the resolved flow is stable and favorable (less dissipative than GM), but tuning is required.

Some generalization when some eddies are resolved, but not for the case non-eddying resolutions.

Future Work

Does training on larger/more diverse datasets help generalization?
Merging thickness and momentum parameterizations (Kelsey Everard next talk!)
How to ensure that ML model learn bulk response (e.g. APE reduction) to bulk parameters (Rd, f, beta, etc)?

Discretization/Numerics”? Theory? ...
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:) ML Parameterization design

©. Lateral non-locality
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‘) Does velocity grad magnitude scale with sub-grid KE?



::) Dataset design aspects

 GCM filters for spatial filtering
* FGR ~ 5 (maybe this helps with learning)



) ML Design Aspects

 Sub-sample the grid to keep data uniform.
* Architecture:

 Simple ANN, JAX, FLAX

e 2 layers

* N neurons per layer.
e Optimizer:
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::) Topography or interfaces



