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“Europe is building a ‘digital 
twin' of Earth to revolutionize 
climate forecasts”
Science, Oct 1, 2020 

2021 : Syukuro Manabe 
reçoit 
le prix Nobel de 
physique 



PEPR TRACCS

¿General Circulation Models ? 
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ocean, atmosphere = geophysical fluids
➡mathematical equations
➡physical approximations 
➡algorithms for spatio-temporal 

discretisation
➡computing programs or softwares
➡execution on HPC infrastructures
➡climate simulations !
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What ails the GCMs ?

❖The column abstraction vs large-
scale organization 

❖ calibration or tuning of parameters 

❖GCMs are numerous :
114 for CMIP6 feeding IPCC AR6

529/03/2023
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✅ Spatial resolution must 
derive from scientific 
question :

Meridional  Overturning Circulation 
(MOC)

shading : mean surface 
temperature

snapshot of surface 
currents

Take home messages after 50 years of climate modelling…

29/03/2023



PEPR TRACCS

✅ Climate simulations contain 
various sources of uncertainties : 

structural : related to 
mathematical choices and plysical 
approximations in build-up of 
models

parametric : related to processes 
that are not explicit represented

intrinsic to climate !

729/03/2023
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+ influence 
of ice sheets !

Take home messages after 50 years of climate modelling…

29/03/2023

amplitude of the oceanic circulation MOC (Sv)
(adapted from Jackson et al. 2022 and Weijer et al. 2021)

CMIP6 models => IPCC 2023
historical simulations
SSP585 scenario
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What is at stake with climate services ?

❏ need for climate information at much 
smaller spatial scale (city, region…) 
with quantified uncertainties (risk 
assessment)

29/03/2023
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What is at stake with climate services ?
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❏ need for climate information at much 
smaller spatial scale (city, region…) 
with quantified uncertainties (risk 
assessment)

❏multi-decadal projections with 
reduced uncertainties (to inform 
adaptation of infrastructures)
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Proposition : assembling a hierarchy of models
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spatial resolution

to transfer climate information through 
different spatial scales

29/03/2023
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complexity dimension: +/- ice sheets, 
BGC cycles …

to represent complex processes in 
simplified configurations

Proposition : assembling a hierarchy of models

29/03/2023
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duration of simulations 
from decadal predictions to millenial integrations

to understand better the impacts of climate 
change onto extreme weather events, and 

vice versa

29/03/2023
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to address all societal 
questions and needs !

Proposition : assembling a hierarchy of models

spatial resolution

29/03/2023

complexity dimension: +/- ice sheets, 
BGC cycles …

duration of simulations 
from decadal predictions to millenial integrations
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Challenge of computing infrastructures
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❏ how to translate / adapt existing softwares,  
which are "alive", to new HPC infrastructures 
(without stopping development) ?

❏ which infrastructures are best adapted to 
climate simulations ? 

➡ strengthen links with AI to progress in data-
model integration
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