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Modelling the Earth’s climate system

Understand & Predict Climate Variability and Changes
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Evolution of

climate models

IPCC AR5, WGI, Chap 1 (2013)
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Earth system models (ESM)

EARTH SYSTEM MODELS

.........................................................................................................................................

Physical components :: Biogeochemical cycles
: ATMOSPHERE Atmosphenic
Temperature, water cycle & circulation CHEMISTRY
Y I Trace gases & aerosols
e ! ) | 'y
LAND SURFACE e
COUPLER Temperature, VEGETATION
~ I moisture, runoff J i {_ dynamics
: ! - ' :
: i OCEAN s
: OCEAN ——r - : :
: i - g i Biogeochemistry :
: [ Temperature, salinity & circulation ) | carbon & biology ] :
OACEM | SEA ICE

GCM: originally « General Circulation Models »

Basic physical laws
Based on Navier-Stokes
Conservation of:
energy,
mass (air, water, carbon)

&
Parameterisations
clouds, radiation, surface fluxes
subgrid-scale processes
(eddies, bound. layer turbulence)

each ESM
> 1000 man years:
strong legacy
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Evaluation of climate models with observations

From IPCC AR4 to AR6
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“It is unequivocal that human influence has warmed
the atmosphere, ocean and land”

TPCC AR6 SPM (2021)

1.5
observed

! simulated
human &
natural

simulated
natural only
(solar &
volcanic)
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Simulations of future climate change

under different scenarios

Adding SSPs

. . "Shared Socioeconomic Pathways »
RCPs Representative Concentration Pathways

Shared socioeconomic pathways
History RCPs ECPs
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Simulations of future climate change

under different scenarios

Simulated change at 4 °C global warming

TPCC AR6 SPM (2021)

a) Global surface temperature change relative to 1850-1900
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Change in surface temperature of the Earth

Observations

4,0 -

IPSL model | 32 simulations
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Change in surface temperature of the Earth

CLIMERI-France
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Accounting for uncertainties

_ Internal variability Model uncertainties

Structural (resolution, physics)
Parametric (parameters)

Decadal mean temperature anomalies (a)
Observations

Equilibrium Climate Sensitivity (Gregory method)
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Climate sensitivity and cloud feedbacks

CMIP3 (AR4)

Mean: 3°C

Uncertainty range of
Equilibrium Climate Sensitivity:
2°to 4.5 °C
Mainly due to cloud feedbacks

Dufresne & Bony, J. Climate, 2008
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World Climate Research Program:

Coupled Model Intercomparison Project, Phase 6 (CMIP6)

CMIP6
(Eyring et al., GMD, 2016)

23 endorsed MIPs
Model Intercomparison Projects

Deck: 30 modelling groups (59 models)
Per model:
20 to 50 000 simulated years
HPC: 100s Mh
Data: 1 - 10 PB produced

Input to IPCC AR6 2021

WGRP e — Evaluate
World Climate Research Programme Circulation Regional
Paleo
- phenomena
(,\.\\"’6 experimen &
Ocean/
Land/ Ice

Understand

T

Chemistry /
Aerosols

Decadal

Land use Geo- prediction

engineering

Impacts

Scenarios

Predict/
Project



Status of CMIP6 experiments

WCRP.#

World Climate Research Programme

(CMIP deck)
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ESGF“ § | Earth system grid federation: is-enes )
A common data infrastructure INFRASTRUCTURE FOR THE EUROPEAN NETWORK ‘ /G > x

Earth System Grid Federation R A 824084

Dashboard stat
ESGF: 13 M datasets
31.8 PB

CMIPG6: 12 M datasets

22.6 PB (w/o replica 12.2)
CMIP5: 5.3 PB (1.5)

ca 15 000 registered users

FAIR data
Open access, common data and metadata standards
Multi-agencies support: DOE, NOAA, NASA, IS-ENES, NCI

P

.
INFRASTRUCTURE FOR THE EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING

Climate projections ~2\ climat )
‘ @ climate data store ( 3 Ct:ang: Service kOp@l’ﬂlCUS



Conclusions

 Climate models are key tools to understand mechanisms and predict possible future
changes

« CMIP cycles: key reference set of simulations, with improvements at each cycle

* Europe a key player in the international landscape (models and infrastructure). IS-
ENES a resource for accessing and analysing climate model data

e From GCM to impacts : downscaling, bias corrections and forcing for impact models

Climate models are at the core of climate information for society




