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2. Constrain to global observations in present climate 
Refine parameterizations in global context

1. Constrain free parameters to physics 
Match parameterizations to high-res simulations 

I. The ClimateMachine is an Earth system model 
that synthesizes diverse data:

I. Large eddy simulations in horizontally-
periodic domains provide “synthetic data”.

github.com/climate-machine/Oceananigans.jl

Data generation ApplicationsProblem formulation

I. Calibration and uncertainty quantification of 
free parameters (Souza et al, JAMES, 2020).

II. Training neural networks embedded in 1D 
PDEs (Ramadhan et al, in prep).

II. We quantify the discrepancy (error) between 
horizontally-averaged LES data and 
parameterized 1D solutions.

III. Error minimization optimizes free parameters or 
trains neural networks embedded in 1D 
models.

I. We define “idealized” and “realistic” 
numerical experiments.

II. Idealized experiments impose constant 
surface fluxes over uniform or non-uniform 
initial density stratification. 

III. Realistic cases are boundary-forced by 
reanalysis and gently relaxed to the ECCO 
ocean state estimate.

uncertain free parameter

3 Calibration to large eddy simulations of shear-driven turbulence

4 Calibration to large eddy simulations of both convection and shear-driven
turbulence

A Alternative formulation and ”Coriolis-aware” model

An alternative way to write the CATKE di↵usivity
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Written in this way, we then propose an extension to CATKE that adds a Coriolis-aware ”correction” to
vertical momentum fluxes of the form
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p
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The motivation for this model comes from the prognostic equation that wu and wv obey. We might also
attach a (single) free parameter to the ‘additional’ terms that are proportional to f .

@tT = @z (K@zT � NN[T ]) (21)

@tTmodel = @z
�
CK `

p
e @zTmodel

�
(22)

L def=
����Tmodel �

1

A

Z
TLES dA

����
2

(23)

@tTLES + u ·rTLES = r · LESrTLES (24)
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http://github.com/climate-machine

