
How to design decadal  ocean emulator 

with multi-time scale dynamics  ?
• What dynamics does incorporating boundary 

information enable our emulator to capture? 

• What time-step, or training horizon does our 

model need to capture slowly evolving dynamics? 

Key Questions

𝜏𝑢 𝜏𝑣 𝑇𝑎𝑡𝑚 𝑢 𝑣 𝑇

Boundary 

Terms

Emulated 

Ocean Fields

Adam Subel and Laure Zanna

Building Ocean Climate Emulators

Data

• CM 2.6 coupled climate model[1] 

•
1

10

∘
grid for the ocean component 

•
1

2

∘
grid for the atmosphere. 

• 20 years of the preindustrial control

• Both fields regridded to 
1

4

∘

• Ocean Filtered to 1∘ to remove mesoscales

Gulf  Stream

Tropics

South Pacific

African Cape

1

What dynamics does incorporating boundary information enable our emulator to capture? 

What time-step, or training horizon does our model need to capture slowly evolving dynamics? 
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Emulation Setup

Δ𝑡 = 1, 𝑁 = 4

Δ𝑡 = 2, 𝑁 = 8

Δ𝑡 = 1, 𝑁 = 8

time (days)

𝑡0 𝑡1 𝑡2 𝑡3 𝑡4 𝑡5 𝑡6 𝑡7 𝑡8

• Successfully produce emulators stable for 8 years

• Need both fast and slow boundary conditions, 𝜏𝑢, 𝜏𝑣 and 𝑇𝑎𝑡𝑚

• Use longer windows to capture dynamics of slow variables
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Input: 
 full fields

Output: 
 full fields

Replace the boundary 

of the output with the 

boundary halo  

Pass back to 

the network

MSE + KE Loss

 forcing 

 boundary 
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𝝉 = (𝜏𝑢, 𝜏𝑣 , 𝑇𝑎𝑡𝑚)

𝚽 = (𝑢, 𝑣, 𝑡)

𝚽 = (𝑢, 𝑣, 𝑡)
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