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The EC-Earth consortium and:model

EC-Earth model:

* jointly developed by ,
members of the EC- y
Earth consortium .*.

%

% Core Partner
e Partner

 has started from S3
more than 10 years ago

e was/is used for : . A
CMIP5 and CMIP6 ™
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EC-Earth ambition: towards a coupled ESM
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Courtesy Philippe LeSager, KNMI
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The EC-Earth3 model

Atmosphere: |FS cy36r4 (as S4)
— Enable long runs
— Coupling interface
— CMIP6 specific forcing
— Mass and energy conservation

Ocean: NEMO 3.6_stable
— LIM3 with 5 sea-ice categories

Vegetation: LPJ-Guess

Ocean: bio-geochemistry PISCES
Atmospheric chemistry: TM5
Greenland ice sheet model: PISM



‘,)~ ‘@@F Overview of model configurations and planned simulations

Configuration EC-EAR |EC-EAR |EC-EAR |EC-EAR (EGC-EAR (EC-EAR |EC-EAR |EC-EAR |EC-EAR |EC-EAR
TH3 THaF THIP-H |TH3-HR |TH3-LR |TH3-CC |TH3-Grl |TH3-Aer [TH3-Ve |TH3-Ve
] 8 Chem a g-LR
Description IFS P P EG-EAR |EC-EAR |EC-EAR |EC-EAR |EC-EAR |EC-EAR |EC-EAR
Y36 vergion |wersiom |TH3at  |TH3at | THAwith | TH3 with | THS with | TH3 with | TH3 with
MEMO | for high boiw coupled |coupled |interact |interacti |intersct
36 LIM3 | standand resolufio |resclutic | carbon Greenlz |ve Ve Ve
reisolutio n ni cycle nd ica asrosols  |vegetatl | veogstati
n uged gheat and aim. |on on
85 eniry miadel chemisir |moduls | moduls
card for y at low
HighRes resolutio
MIP n
Resocluti | atm TE55L91 (T2E5LA1 | THIILST | TS1ILS1 |T1580L62 | T255L01 | T255L81 | T255L91 |T2550L91 |T1540e
ons oce ORCAT  (ORCAT | ORCAD |ORCAD |ORCAT [ORCAT [ORCA1 |ORCA1T |ORCAT |ORCAT
LTS LTS 25LTS 2ELTS LTS L75 L75 L7S LTS L75
THMS 2x3 2x3
deg L34 deg L34
LFJ-Gu 25 atm. B8 atm. | &s atm.
BES
FISCES HE 0CH.
FISM S5x5km
Application CMIP, CMIF*, |HighRea |DCPP, |CMIF, CMIP, CMIP, CMIP, CMIF, CMIF,
ODCPP, |HighRes |MIF HighRes |PMIP CORMIP |ISMIPE, |AerChe |CDRMIF | PMIF,
LS3MIP, | IR MIF , CAMIP, | PMIF midlP, , LUMIP, | Scenario
PAMIP, LLIKIP, Scanario |LS3MIP, |MIP
RFMIP, OnMIP MIP* Scanario
Scanario MIP
MIF,
VolMIP,
CORDE
X,
Dyntar
MIF,
SIMIP,
VIACSA
B

HI
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Configuration EC-EAR |EC-EAR |EC-EAR |EC-EAR (EC-EAR (EC-EAR |EC-EAR |EC-EAR |EC-EAR |EC-EAR
TH3 TH3P THIP-H |TH3-HR |TH3-LR |TH3-CC |TH3-Grl |TH3-Aer |TH3-Ve |TH3-Ve
] 8 Chem a g-LR
Description IFS P T
Y36 W
MEMO

=’ Support for different configurations
with components switched on/off

o= |& Support for different resolutions
‘:m e T255L91-ORCA1L75

a5s

PiscES * T159L62-ORCA1L75

PISM

spicztonowe | ® T511191-ORCAO025L75

DCPP,
LSaMIP

rane e T1279L91-ORCAO12L75

Scanario
MIF,
VolMIF,
CORDE
",
Dyntar
MIF,
SIMIP,
VIACSA
B
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CMIP

The World Climate Research Programme’s
Coupled Model Intercomparison Project

he history of climate change 1995, in preparation for CMIP3

modeling was first characterized . improve our understanding of

in the 1980s by a number of  ,5cesses and simulation capabilities in
distinct groups developing, running,  global coupled models “
and analyzing model output from their Meehl, 1995
own models with little opportunity
for anyone outside of those groups to
have access to the model data. This

2016, in preparation for CMIP6

“...to better understand past, present,
and future climate change arising from

was partly a consequence of relatively natural, unforced variability or in
primitive computer networking and response to changes in radiative forcing
data transfer capabilities, along with /7 a multi-model context.”

Eyring et al., 2016

the daunting task of collecting and
storing such large amounts »



World Climate Research Programme

CMIP6 will address 3 broad scientific
questions...

Clouds / What are the origins and

Circulation  poional consequences of
How does the Earth Pales . systematic model biases?
system respond to forcing?

Characterizing & / N Ocean/
; Land/ Ice

......
-

-
cccc
-

Impacts
Aerosols

v.—‘"

How can we assess

(arl:':n Scenarios future climate changes
E: given internal
variability,
tand Decadal dictabilit d
and use Gao- Srediction pre lca. l.l nyln
engineering uncertainties in

scenarios?
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World Climate Research Programme

CMIP6 will address 3 broad scientific
questions...
Clouds/ What are the origins and
Circulation pocio o consequences of
How does the Earth Paleo Shenomena systematic model biases?
system respond to forcing?

Ocean/
Land/ Ice

Characterizing &¥

/Scientific topics are addressed in 21 MIPs, each of them Impacts

defining specific experiments

The production of future scenarios is organised by How can we assess
\ScenarioMIP which is just one out of the 21 MIPs rios future climate changes
given internal
variability,
Decadal . .y
Land use Geo- rediction predlcta.bll-lty fJnd
engineering uncertainties In

scenarios?



(Peary SMHI

... and help to evaluate and compare global
models (GCM or ESM)

DECK = Description, Evaluation
and Characterisation of Klimate

e piControl

 AMIP (atmosphere-only)
* 4xCO2 instantaneous

* 1% increase of CO2

Historical experiment 1850-2014
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piControl: “cold” —”"warm” composite

Air temperature at 2m

Air temperature at 2m - Air temperature at 2m (K)
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How good is EC-Earth3
compared to EC-Earth v27?e o

Normalized standard deviation
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Historical + scenarios
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Adressing climate change
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Equilibrium climate sensitivity (ECS)

Equilibrium climate sensitivity is likely in the range [1.5°C to 4.5°C (high
confidence), extremely unlikely less than 1°C (high confidence), and very unlikely
greater than 6°C (medium confidence)

IPCC AR5 SPM (2013)

However, the ‘likely’ range of ECS as stated by the Intergovernmental Panel on
Climate Change (IPCC) has remained at 1.5—-4.5 degrees Celsius for more than 25
years. [...] Here we present a new emergent constraint on ECS that yields a central
estimate of 2.8 degrees Celsius with 66 per cent confidence limits (equivalent to
the IPCC ‘likely’ range) of{2.2—3.4 degrees Celsius.
Cox et al (2018), Nature

Early results suggest ECS values from some of the new CMIP6 climate models are higher
than previous estimates, with early numbers being reported between

2.8C (pdf) and 5.8C. This compares with the previous coupled model intercomparison
project (CMIP5), which reported values between 2.1C to 4.7C. The IPCC’s fifth
assessment report (AR5) assessed ECS to be “likely” in the range 1.5C to 4.5C and “very
unlikely” greater than 6C.

Carbonbrief (2019)



https://www.nature.com/articles/nature25450
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_SPM_FINAL.pdf
https://www.researchgate.net/profile/Thorsten_Mauritsen/publication/330364000_Developments_in_the_MPI-M_Earth_System_Model_version_12_MPI-ESM_12_and_its_response_to_increasing_CO_2/links/5c3f46f8299bf12be3cc66fa/Developments-in-the-MPI-M-Earth-System-Model-version-12-MPI-ESM-12-and-its-response-to-increasing-CO-2.pdf
https://www.metoffice.gov.uk/research/modelling-systems/new-flagship-climate-models
https://cmip.llnl.gov/cmip5/
https://www.ipcc.ch/assessment-report/ar5/
https://www.carbonbrief.org/guest-post-why-results-from-the-next-generation-of-climate-models-matter
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Equilibrium climate sensitivity (ECS)

Equilibrium climate sensitivity is likely in the range [1.5°C to 4.5°C (high
confidence), extremely unlikely less than 1°C (high confidence), and very unlikely
greater than 6°C (medium confidence)

IPCC AR5 SPM (2013)

EC-Earthv2 3.3K
However, the ‘likely’ range of ECS as stated by
Climate Change (IPCC) has remained at 1.5-4.! EC Ea rth V3 4'2 K
years. [...] Here we present a new emergent constraint on ECS that yields a central
estimate of 2.8 degrees Celsius with 66 per cent confidence limits (equivalent to

the IPCC ‘likely’ range) of|2.2—3.4 degrees Celsius.
Cox et al (2018), Nature

Early results suggest ECS values from some of the new CMIP6 climate models are higher
than previous estimates, with early numbers being reported between

2.8C (pdf) and 5.8C. This compares with the previous coupled model intercomparison
project (CMIP5), which reported values between 2.1C to 4.7C. The IPCC’s fifth
assessment report (AR5) assessed ECS to be “likely” in the range 1.5C to 4.5C and “very
unlikely” greater than 6C.

Carbonbrief (2019)
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For a

Obsew/\

ny given temperature target, such as limiting the warming of global mean surface

temperatures to 2 °C above preindustrial levels, there is a total amount of carbon dioxide that
can be emitted into the atmosphere. [...] Scientifically, this conceptual framework of a fixed
carbon budget for a given temperature target has proved compelling and influential, and in
principle it is also of strong relevance to policy.

Frame et al (2014), Nature



https://www.nature.com/articles/ngeo2254

JeARTH Finding the ECS without SMHI
running to equlibrium

Gregory et al (2004)

+ Annual averages from
+_|_ 4xCO2 experiment

Net TOA radiation

SFC temperature



@)EARW Finding the ECS without SMHI

Instantaneous radiative forcing

running to equlibrium

Net TOA radiation

Slope is inversely
proportional to feedback
parameter

L I + Equilibrium temperature ]

SFC temperature

~ECS
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ECS

— SMHI
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Towards EC-Earth4

THE EC-Earth consortium has decided to replace
IFS by OpenlFS in the next generation of the EC-
Earth model because

* Connect to a wider community
(e.g. universities, non-European groups)

* Ease upgrade path and reduce cycle lag
* Improve feedback loop with ECMWF

* Reduce code complexity (370kLOC vs. 1.4MLOC)
* Improve code quality
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penlFS integration in EC-Earth4

Wait for upgrade to cy43r3, then

* Create OIFS vendor branch, incl. maintenance

e Build system adaptation

* |ntroduction of CPLNG to OIFS

* Interface for reading SST/SIC files (AMIP forcing reader)
* NEMO/LIM interface

* Prepare for making long runs (integer overflow, handling
output)

* Implement CMIP6 forcing (if possible)
 Couple components for vegetation, chemistry, land ice, ...



@)EART”‘ First results with EC-Earth4 SMHI

(OIFS cy40r1)
ECE3 - ERA interim ECE4 - ERA interim
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