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MOPGA project: HRMES

Using machine learning to help tuning 
climate models

Modeling groups tune by hand 
models to make them match 

observations

Very expensive, for example it took 
5 years to find an acceptable 

tuning of IPSL model

Our goal : 
• Use ML-based emulators to replace the expensive climate model 

• find one or many good tunings 
• run the expensive model with these “good” tunings



Motivation



History Matching and ML



History Matching pipeline



HM for climate model tuning



The Lorenz96 as a toy model

http://www.youtube.com/watch?v=KZmUUlhHsGg


HM on the Lorenz96



HM on the Lorenz96

Use PCA
y_train.size=(40,8)



explaining NROY plots



HM on the Lorenz96

wave 1 wave 6



what to do with the NROY?
Open question, depends heavily on the computational 

budget

In case of a very short budget, an idea can be the use of 
clustering and selecting cluster centers

Here we use K-means and find six clusters

verification step where we make sure the six cluster centers 
belong to the last NROY

centers of clusters



HM on the Lorenz96
We take the set of parameters and run the real 

Lorenz96 simulation then check the metrics and 
compare them with observations
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Lessons learned
● History Matching is a powerful tool that can 

assist (and not replace) the expertise of 
domain-based tuning

● Setting a computational budget in advance 
is important and plays an important role in 
the final result 

● Incorporate as much domain expertise as you 
can in the History Matching process

● There are still many open questions that could 
make History Matching more efficient for 
climate models (dimensionality reduction, 
non-convex NROY clusters, etc.)



Our review paper on Machine 
Learning for ocean science


