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How to ensure stability and robustness in a 

data-driven reduced order model?

Why?How?

Factor 1000 speed-up Reducing dimension
New workflows, e.g. 

Ensemble and climate 
scenario forecasts

Robust and stable
Physical constraints, 

controlling eigenvalues
To use for reliable real-world 

modeling

Wind velocity

Air Pressure

Boundary conditions:

• Surface elevation

• Current velocities

Forcings

Water surface 

elevation

Current velocities

State variables

MIKE 21 Flow Model FM

~3k-100k flexible 

mesh elements

Surrogate model

Approach: Datadriven autoencoder

Preliminary results

P
h
ys

ic
a
l 
sp

a
ce

L
a
te

n
t 

sp
a
ce

MIKE 21

Regression 

model

Timestep 𝑘 Timestep 𝑘 + 1

t0 , t1 , ... tN-1
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Decoding

t1 , t2 , ... tNReduce dimension

Eigenvalue control:

𝜆 < 1

Temporal unrolling:

ℒ =෍

𝑖=1

𝑠

ℒ(𝑥𝑖+𝑠,𝒩
𝑠(𝑥𝑖))

Koopman Autoencoder
• End-to-end differentiable training

Proper orthogonal decomposition 

with linear regression (PODLR)

• Non-differentiable autoencoder, 

differentiable training of  LR

Autoencoder structure
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