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Part I
Computer design experiments aka Surrogate modeling

aka Hyperparameter tuning aka….
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The problem from a data scientist PoV
Model TuningIPSL

Example from a normal day of a machine 
learner some years ago

Kriging aka Gaussian Process 
Regression

Not the case anymore (if you have 
the necessary computing power)
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The problem from a climate scientist PoV
Model TuningIPSL



5INSTITUT PIERRE-SIMON LAPLACE 5

The problem from a climate scientist PoV
Model TuningIPSL

● It is important that modeling 
groups communicate their tuning 
strategy

● When comparing models given a 
metric, it is very important to know 
which models were tuned for that 
metric
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Context of my work 
Model TuningIPSL

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

Julie Deshayes 
(CNRS, LOCEAN-IPSL)

V. Balaji 
(Schmidt Sciences, 

IPSL)
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Part II
History Matching
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A little bit of History
History MatchingIPSL

● Originated from the oil reservoir 
modeling

● In the recent literature for climate 
model tuning, History Matching 
seems to gain more popularity 
(partly thanks to the ANR 
HighTune), but other techniques 
are being investigated too such 
as CES (Calibrate Emulate 
Sample) by Cleary et al.

● HM goes beyond finding a unique 
reference version of a model and 
allows us to explore the possible 
model worlds compatible with a 
set of observational constraints
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Challenges
Model TuningIPSL
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ex: LHS
Space filling designIPSL

25 points of a Latin hypercube sample in [0, 1]x[0, 1]

● Old and well established 
technique discovered many times 
in the past by independent 
groups

● Called N-Rooks in the computer 
graphics community

● In practice we use the “maximin” 
version of LHS: values are added 
to the design one by one such 
that the maximin criteria is 
satisfied
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ex: Gaussian Processes
Surrogate ModelingIPSL

Illustration by Johannes E. M. Mosig
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ex: Gaussian Processes
Surrogate ModelingIPSL

Illustration by Johannes E. M. Mosig
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ex: Gaussian Processes
Surrogate ModelingIPSL

Illustration by Johannes E. M. Mosig
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Gaussian Process RegressionIPSL

Deisenroth et al. 2020
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The Algorithm
History MatchingIPSL

Done in waves !
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Part III
HM on simple & intermediate complexity models
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Experimental design
Simple model: Lorenz96 modelIPSL

* Periodic system of K (k=1,…,K) ODEs

* Two-level version: add periodic 
variable Y with its own set of ODEs. 

* The X and Y ODEs are linked through 
coupling terms. Each X has J Y 
variables associated with it.

Analogy with coupled ocean-atmosphere models:

Experiment: HM for the tuning of parameters (F, h, c, b)

Ocean

Atmosphere Y

X

Fast dynamics

Slow dynamics
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Experimental design
Simple model: Lorenz96 modelIPSL

* Metrics: long-term time means to 
mimic climatological quantities

* Ground Truth:  perfect setting 
K=36 X variables each coupled 
with J=10 Y variable. F=10, h=1, 
c=10, b=10, chaotic behavior.

* HM code: Python code run on 
Jean-Zay cluster + Parallel 
computation + ML models can be 
trained on GPU 

Justified by energy 
conservation constraints, 
check Schneider et al. 2017 
for details (ESM 2.0 paper)
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Experimental design
Application to the Lorenz96 modelIPSL
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Not Ruled Out Yet space (NROY space)
Application to the Lorenz96 modelIPSL
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Lessons learned
Application to the Lorenz96 modelIPSL

● On an idealized experiment, HM combined with 
dimensionality reduction techniques (ex: PCA) 
applied to the two-scale L96 succeeded in 
narrowing the NROY on the ground truth values

● Incorporating as much physical expertise as 
possible (for example in the priors) helps 
reaching satisfying results in fewer waves than 
with a blind approach

● Raising questions about the “default” choices 
used by practitioners. Example: After the first 
wave, how to perform a space filling sampling 
of a discontinuous space? and how to select 
representative points from the final NROY ?

SLO
W

FAST
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Lguensat et al. 2023
Paper and CodeIPSL

https://github.com/HRMES-MOPGA/L96HistoryMatching 

https://github.com/HRMES-MOPGA/L96HistoryMatching
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Experimental design
Intermediate complexity model: iLoveClim IPSL

● iLOVECLIM is a climate model of intermediate 
complexity, derived from the LOVECLIM model
from Goose et al. (2010). 

● 9 tunable parameters, affecting the atmosphere, 
the ocean and land surfaces

● Oceanic metrics are crucial to tune not only the 
oceanic parameters but can help improve tuning 
of land and atmospheric parameters as well.

● The temporality of the metrics is important, as 
computing 5-year-means is the best when 
considering atmospheric metrics alone, while 
computing 20-year-means seems optimal when 
considering atmospheric and oceanic metrics
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Janvier et al. 2023
Paper and CodeIPSL

https://github.com/mayajanvier/iLOVECLIM_HistoryMatching 

Extended paper 
in prep..

https://github.com/mayajanvier/iLOVECLIM_HistoryMatching
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Part IV
HM on real climate models
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Atmospheric Model
History Matching at IPSL & CNRMIPSL

● HM was used to tune atmospheric models, ex: 
LMDZ (Hourdin et al. 2020, Couvreux et al. 2020)

● Using single-column models (SCMs) they afford to 
run several simulations with different set of 
parameters

● Short timescales, generating training datasets 
is fast

● Revisiting the “hand tuning” of IPSL-CM6A-LR 
configuration

● HM indicates ARPEGE-Climat 6.3 turbulence 
parameterization deficiencies due to poor 
calibration
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Oceanic Model
History Matching at IPSLIPSL

● HM was used to tune ocean models, 
ex: NEMO ORCA 2° (Williamsson et al. 
2017)

● Using an available ensemble of 400 
NEMO simulations ran for 150 years

● Very long timescales in oceanic 
models which makes tuning 
complicated

Accelerating spin-up ? Emulating NEMO ?
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Land Surface Model 
History Matching at IPSLIPSL

● There is a trade-off to be found 
computationally speaking: waves in 
HM vs population in GA

● HM is a gradient-free technique which 
is seen as an advantage, as the 
adjoint of ORCHIDEE is expensive to 
maintain
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Coupled models
History Matching at IPSL & CNRMIPSL

I used DALLE3 to generate this image
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PEPR TRACCS
Future workIPSL

Towards HM-tuned IPSL/CNRM models for CMIP7 !
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Tune in this Friday !IPSL
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Redouane Lguensat
rlguensat@ipsl.fr

I wish I had an emulator…

    Website: redouanelg.github.io                       Twitter: @redouanelg

I used Stable Diffusion to generate the image

https://redouanelg.github.io

