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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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FOR ERATH SYSTEW MODELLING

IS-enes [/.7 / Earth system models (ESM)

EARTH SYSTEM MODELS
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Physical components ::  Biogeochemical cycles
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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




IKFRASTRULTURE FOR THE EUROP! NETWORL
FOR EARTH SYSTEM MODELLING

patial resolution

Vertical exchange
between levels

AT THE SURFACE
Ground temperature,
water and energy
fluxes

\

Time step ~30 minutes
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Wind vectors
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Multiscale interactions

Seconds
b E— Minutes
Hours
s Days
=
—— From Stammer et al. 2018
Years
Decades
v Millennia
4 Microscales  Submesoscales  Mesoscale Basin Planetary scales =
o(L)m O[1)km 10-10% km 10°km 10%km

Climate models
Spatial resolution of 100-200 km

down to 25 km at best

High-performance computing

Ca > 5 Simulated Years per Day




Model evaluation: comparisons with observations

Pattern correlations between models and observations
Annual 1980-1999
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Good performance at large regional scale/ weak at smaller scale
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Simulations of future climate change under different scenarios

RCP8.5 2081-2100

Observations Projections

“C relative to 1986—2005)

COP21
Limit to 2°

Global mean temperature change

*C relative to 18501900, as

Projected Temperature Change
Difference from
1986-2005 mean (°C)

Observed

&= RCPA.5 (a high-emission scenaria)
Bl Overlap
s

RCP2.6 (a low-emission mitigation scenario)
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Model projections:
Sources of uncertainties

Hawkins and Sutton,

BAMS, 2009
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Schematic diagram

Decadal mean temperature anomalies
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[ Natural variability
+ [ Climate response uncertainty
B Emission uncertainty
+ 0 Historical GCM uncertainty
All 90% uncertainty ranges

(@

PCC AR5 WGI Chap 1

2020 2040 2060 2080
Year

4—/A 1 1 1
1960 1980 2000

2100



Climate sensitivity and cloud feedbacks

Temperature changeto 2 x CO,

Multi-model mean Inter-model
CMIP3 (AR4) ! ' rmmmrorciG
0.0l I PLANCK
3.5 WY - LR
, 0.6/ ISFCALB
Mean: 3° C sl —— - I CLOUDS ]
25 E
Uncertainty range of - ;
Equilibrium Climate Sensitivity: = e
2° to4.5° C 1.5/ (. '
Mainly due to cloud feedbacks 1 E
0.5
Dufresne & Bony, J. Climate, 2008
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WCRP# CMIP

Werld Climul e Besswrss Programme

Coupled Model Intercomparison Project

1995 WCRP creation of the Working Group on Coupled Modelling

Foster the development and review of coupled models

-

(S

CMIP Launched in 1995 - Mainly control runs
CMIP2: Launched in 1997 — Idealised experiment 1%/year increased CO2
0.5 TB - Data accessible only on subproject basis - IPCC TAR (2001)

\

s

CMIP3: more realistic past (20th) and future simulations (scenarios) - IPCC AR4 (2007)
36 TB of data at PCMDI - open and free non commercial

\Limitationsz different model versions for CMIP and other MIPs (eg Paleoclimates PMIP)

-

"

CMIP5 (2008-2013): consistent set for all experiments - IPCC AR5 (2013)
1.5 PB of data - ESGF - open data (very few closed for non commercial)
Difficulties: all experiments with same model version / very heavy

CMIP6 (2014-2019) common core simulations and more independent MIPs - IPCC AR6 (2020)
New approach: Allows a better involvement of the community in the design
9 PB of data - ESGF - open data




WCRP-& International coordinated experiments CMIP

‘Werld CL maile Rieseanc h Programme
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WCRP-#’

‘Werld Clomate Rismarch Program s

CMIP5
Basis for AR5

& historical

1%yr GOz (140 yrs)
abrupt 4xCO; (150 yrs)
fxed SS5T with 1x &

understanding

Projections and near-term predictions

CMIP_@’

21 CMIP6-Endorsed MIPs

CFMIP, DynVarMIP

Covpled Mool intercomperinan Projedt

PMIP S—
Clouds/ HighResMIP
Circulation R
egional
Paleo phenomena

QNP6 experimepgs

RFMIP, DAMIP, OMIP, FAFMIP/
VolMIP Characterizing Ocean / I.SS!:;I’;{ 'f'GM'P'

forcing Land/ ke

AerChemMIP Chemistry/ CORDEX,

Aerosols 3 fpencts VIACS AB

hon Scenarios

cyde
C4mip ScenarioMIP
Decadal
Land use oy prediction
engineering
LUMIP DCPP
GeoMIP

Diagnostic MIPs

Meehl et al., EOS, 2014



WCRP.

World Climate Resssrch Programme

28 modelling groups

61 models

1 Canada

CCCma

CanAM4
CanCM4
CanESM2

NSF-DOE-NCAR

CESM1(BGC)
CESM1(CAMS)
CESM1(CAMS.1, FV2)
CESM1(FAST CHEM)
CESM1(WACCM)

NCAR

CCSM4

GFDL-CM2.1
GFDL-CM3
GFDL-ESM2G
GFDL-ESM2M
GFDL-HIRAM-C180

NOAA GFDL GFDL-HIRAM-C360
NASA GMAO GEOS-5
GISS-E2-H
GISS-E2-H-CC
GISS-E2-R
NASA GISS GISS-E2-R-CC
COLA & NCEP CFSv2-2011
6 USA

Status of CMIP5 experiments

1 Brazil (with UK)

NorESM1-M
NCC NorESM1-ME 7 in Europe s-enes
MPI-ESM-LR MIFALLL 30 LA
MPI-ESM-MR
MPI-M MPI-ESM-P
HadCM3
Hadcm3Q
HadGEM2-A
MOHC HadGEM2-CC
(with INPE) HadGEM2-ES 5 China/1 Korea
—— FF&:LE?I?;IHS-{A-LR RGOAL:g|
LASG-IAP FGOALS-s2
IPSL-CM5A-MR
IPSL IPSL-CMS5B-LR (LB’ES’EGS-';CESS ;ﬁﬁp‘gﬁz
CNRM-CM5 FIO FIO-ESM
CNRM-CERFACS | CNRS-CM5-2
BCC-CSM1.1(m)
CMCC-CESM BCC BCC-CSM1.1
CMCC-CM
CMCC CMCC-CMS NIMR/KMA HadGEM2-A0
INM INM-CM4 NICAM NICAM.09
MRI-AGCM3.2H
1 Russia MRI-AGCM3.25
MRI-CGCM3
MRI MRI-ESM1
MIROC-ESM
4 Japan| yroc MIROC-ESM-CHEM
MIROC4h
MIROC MIROCS
CSIRO-QCCCE CSIRO-MK3.6.0
2 Australia ACCESS1.0
CSIRO-BOM ACCESS1.3

&
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Earth System modelling in Europe

EARTH SYSTEM MODELS

R NN NN R RN NN NN AR N A EEEEEEEEEEEEEEEEEEEEEER
Physical components =.  Biogeochemical cycles

http://enes.org

Atmospheric
CHEMISTRY
Trace gases & aerosols

ATMOSPHERE
Temperature, water cycle & circulation

¥ (]

LAND SURFACE
COUPLER Temperature, VEGETATION
moisture, runoff dynamics
( (
OCEAN
OCEAN A p
Temperature, salinity & circulation Bé:g:::zi?;:jgy
. .

; Status CMIP5
o P 9010

Land
name of model Surface  Atmospheric Ocean Bio-

Country (CMIP5) Atmosphere  Ocean  Sea Ite  Coupler *Vegetation Chemistry geochemistry
Consartium |EC-EARTH IFs MNEMT LIM JASIS HTESSEL TS
France IPSLCMB LMDz MEMO LIM OASIS ORCHIDEE IMNECA PISEES
France CNRM-Cerfacs ARPEGE MNEMO GELATO QASTS SURFEX
Germany MFPI-ESM ECHAMS MPIOM MPIOM JASIS TSBACH* HAM HAMOCC
Ttaly C-ESM ECHAMS NEMO LIM 0ASIS SILVA PELAGOS
UK HadGEM2 UM UM CICE OASIS TRIFFID* UKCA diat-HADOCE
Morway MorESMm MEAR MICOM CICE ERLT ELM Chemistry HAMOCE

EC-Earth Cor Netherlands, Sweden, Ireland, Denmark, Spain, Partugal, Ttaly, Belgium



a) Control state

Climate model genealogy
Ny K CMIP3 & CMIP5 (*)

*EC-EARTH

EC-EARTH

CSIRO-Mk3.0
CSIRO-Mk3.5
“CanESM2
UKMO-HadCM3
UKMO=HadGEM1
*HadGEM2-CC
*HadGEM2-ES
*ACCESS1.0
*ACCESS1.3
CCsM3
*CCSM4

Model similarity
in the model simulated fields:
Surface air Temperature & Precipitation

“CESM1(FASTCHEM)

"CESM1-BGC
CESM *CESM1(CAMS)

“CESM1(WACCM)

m— “NorESM1-M

“NorESM1-ME

NorESM “BCC-CSM1.1

*FIC-ESM

Knutti et al., GRL (2013)

MRI-CGCM2.3.2

ERA40/GPCP

NCEP/CMAP
CGOMA1(T47)
CGCM3.1(T63)
IPSLCMA
*IPSL-CM5A-LR

IPSL-CM *IPSL-CM5A-MR
*IPSL-CMSE-LR
“MRI-CGCM3
*CSIRO-MK3 6.0
“GISS-E2-H
“GISS-E2-R
INM-CM3.0
PCM

“INM-CM4
GISS-EH

GISS-AOM 1
GISS-ER J




Earth System Gricl Federation A common data infrastructure s

ESGF@ Earth system gr.id federation: iS-enes o

Dashboard stat
ESGF: 8 M datasets

23,4 PB (w/o replica 12,7)

CMIP6: 7 M datasets
16,1 PB (w/o replica 9,3)
CMIP5: 5,3 PB (1,5)

ca 15 000 registered users

FAIR data
Open source software, common data and metadata standards
International, Community led : GO-ESSP, WIP
Multi-agencies support: DOE, NOAA, NASA, IS-ENES, NCI

e,

S e”es‘/ >

Climate projections 2\ Climate :
@ climate data store @ i @D(?rnICUS

Change Service



Coordinated Regional Downscaling Experiments -
CORDEX (dynamical & statistical) W,CMRgﬁn

Dynamical downscaling

~100-200 km

~44 km

- .f-'.’.

Regional climate model

0:11°

GCM

RCM44 Precipitation
Over the Alps

RCM11

Torma et al., JGR, 2015

EURO4M



Impact models: use of bias corrected GCM simulations

Temperature change
EESSGE‘:.J at which ecosystems are at severe risk of change

Inter_Sectoral Impact MIP I[SIMIP from CMIP5

Warszawski et al. ERL (2013)

Impact on malaria distribution

rcp26 2080s rcp45 2080s
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enes O ENES Infrastructure Strategy Roadmap
‘_/ Mitchell et al., 2012; Joussaumeet al., 2017

LU DA TL A i O L Y

http://enes.org/

A grand challenge: \
Towards~ 1 km scale for atmosphere
resolving deep convective clouds
in global climate models
Need to accelerate progress

in computing efficiency )

Ensemble of Global
High Resolution, High Complexity

Ensemble of 1 km
Regional Models, nested in:

> Ensemble of 10 km
Global Models

Ensemble of 2.5 km
Regional Models, nested in:

Ensemble of 20-30 km
P> Global Models of higher complexity « CIMIP6 »

Ensemble of 10 km

Regional Models, nested in: « CORDEX»

> Giobamoseis "« CMIP5»




CMIP6 first results

Temperature Anomaly (° C)
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Bock et al., JGR (2020)
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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

CMIP5 very well documented, CMIP6 now available
Europe a key player in the international landscape (models and infrastructure)

Grand challenge: towards very high resolution (key for adaptation) but also
larger ensembles and better account for complexity

Climate models are at the core of climate information for society

Enjoy the IS-ENES autuwnmw school !




