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Stochastic modeling of the 
oceanic mesoscale eddies
The 6th STUDO Sandbox Workshop — 12 February 2021



Motivations

I. Can LU model better represent the mesoscale eddies effect on the 
large-scale circulation?


II. Can LU model improve the internal variability of coarse-resolution 
ocean models?
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Dynamical core

Quasi-Geostrophic Coupled Model (Q-GCM) [http://q-gcm.org]
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Deterministic QG equations

• Evolution of -th layer potential vorticity (PV)k
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• Update -th layer pressure, height and velocityk
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• Evolution of mixed layer temperature (or SST)
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Eddy-resolving simulations

Upper-layer PV (  km,  km) of Exp.1 (without SST)Δx = 5 Ld = [39,22]
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Eddy-resolving simulations

Upper-layer PV (  km,  km) of Exp.2 (with SST)Δx = 5 Ld = [39,22]
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Stochastic QG equations

Advection flux Sources flux Sinks fluxDiffusion flux

�kḂt• -th layer eddy velocity noise (m/s)k
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h
u?
k 6= 0 if F2 6= F

i
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Data-driven modeling
(i) LU-POD

= (uLR
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Pk = I� r✓k(r✓k)T

kr✓kk2
, ✓k =

f0

Hk
(⌘k � ⌘k�1)

(ii) LU-POD-P

Data-driven modeling

e�kḂt = Pk �kḂt, eak = Pk ak P
T

k

LU-POD
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Illustration of noises
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Coarse-resolution simulations

Upper-layer PV (  km,  km) of Exp.1 (without SST)Δx = 80 Ld = [39,22]
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Coarse-resolution simulations

LR LU-POD LU-POD-P

Upper-layer PV (  km,  km) of Exp.2 (with SST)Δx = 80 Ld = [39,22]
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Statistical prediction
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Statistical prediction
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Statistical prediction
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Energy analysis
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• KE decomposition
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Low-pass filtering
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Energy analysis

uk = uk + u0
k
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• KE contributions

KE PE Buoyancy 
forcing

( = 0 in Exp.1)
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Wind 
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Bottom 
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Energy analysis
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Energy analysis



Conclusion

• The correction drift is found to be important in reproducing the meandering 
jet on coarse mesh.


• The non-stationary noise based on the projection method enables us to 
improve the low-frequency variability of the large-scale circulation.
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Working on …
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Coupled model
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Thanks for your attention ! 
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