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European Network fOI' Earth System modelling FOR EARTH SYSTEN HODELLING
Infrastructure

K
FOR EARTH SYSTEM MODELLING

PRACE Curie machine.
CNRS Phototheque/C. Fressillon

IS-ENES infrastructure projects
IS-ENES (2009-2013)

' « IS-ENES2 (2013-2017) P

High-performance IS-ENES3 (2019-2022) TS

computing

Workflow

Climate models

Support WCRP
internationally coordinated

Model evaluation Physical network

climate model experiments
(CMIP & CORDEX)

Simulated change in surface air temperature
(2081-2100) minus (1986-2005)

Support sharing of expertise on
climate models, tools & HPC
https://is.enes.org

IPCC (2013)

215 -1 05 0 05 1 15 2 3 4 5 7 9
CMIPS multi-model mean for high-emission scenario RCP 8.5
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ol e e ‘,/ World Climate Research Program: CMIP6

CMIP6 (Eyring et al., GMD, 2016)

Input to IPCC AR6 2021

CMIP6 (oct 2020)
7 European ESMs & 1 coupled model
22 model versions (DECK)
(All: 30 groups/ 59 versions for DECK)

Per model:
20 to 50 000 simulated years

Cumulated:
About 13 PB distributed
About 2 250 Mh of CPU time
CMIP6 HPC metrics

23 endorsed MIPs

Model Intercomparison Projects Clouds/ Evaluate
Circulation .
Paleo Regional
phenomena

(,\h\\"’ experimeng;

Understand CharacteriiDy

. Syste
/) Ocean/
Q(. ~ Land/ Ice

S‘aﬂdar%”
ical 5 i R, Y
Q’,\"‘o' ,‘9@0 % R
! S
Chemistry / E__ Impacts
Aerosols s
Carbon Scenarios

WSRP{&IB& Land use Geo- | i

World Climate Research Programme pI'Edi(tiOII

Predict/project

engineering




CMIPG6 results IPCC AR6
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ESGF@ Earth system grid federation: o ches

INFRASTRUCTURE FOR THE EUROPEAN NETWORK

Earth System Grid FedercZion A common data infrastructure

@ __________ Dashboard stat
@ @ ESGF: 8 M datasets

P 23,4 PB (w/o replica 12,7)
(oo ._.Q« ’ CMIP6: 7 M datasets
Index Node

— o \ 16,1 PB (w/o replica 9,3)
Identity b )
L e @ ..... @ CMIP5: 5,3 PB (1,5)

ca 15 000 registered users

a
E

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

/’

INFRASTRUCTURE FOR THE EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING

Climate projections 7\ Climate )
‘ @ climate data store ( 3 Change Service @pernlcus




FOR EARTH SYSTEM MODELLING

'S'EHES‘ / Data infrastructure https://enes.org

- 5 > i Support to
> D1a_|ta ac;ess s:rwces Networking &
o providers and users . —
m— CMIP5, CMIP6 & CORDEX Joint Research Activities
- Vi ESGF data access and publication
. Gitati - Ps Europe:
itation & PID, statistics ESGF@
ooee e Long-term archival and replica Earth System Grid Federation 11 d_ata nodes and
AL 4 index nodes
5, PN .
Compute services: access to large data pools :
and evaluation diagnostics ([ ESMValTool
% @ \& B8”  Earth System Model Evaluation Tool
TSI center Service on Data and metadata standards
CF convention & Data Request [0 TN et
@ Almospherc Scnce Model documentation: ES-DOC gS'dOQ Models, Experiments, MIPs
= CERFACS e Climatedimpact portal Ease access to CMIP and CORF)EX data
BT i for climate impact studies
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INFRASTRUCTURE FOR THE EUROPEAN NETWORK
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IS-enes {/7 / Support exploitation of model data

ESGF data statistics from all European ESGF nodes

Data access services

Downloaded data volumes (GB) per month
00000 600 TB Not EU users

500000

CMIP6 data
400000 400 TB

300000

CMIP5 and CORDEX data

200000 200 TB
100000 “ |‘ ‘ ‘
. T T mn _ I..|.|II|I_II|II||I.|||II|I|II|II|II II II
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W E! ncers Not EU users Not availahlaiicare
Apr 2013 2014 2015 2016 2017 2018 2019 2020
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https://es-doc.org/

Earth system documentation

- Modifier  Afficher

https://search.es-doc.org/

QDK B B 3 = 10%EB) Ven18:04 Q @ i=

& Errata service

x |

es-doc

Earth System Documentation

Project / MIP Era:

CMIP6 v

al Documents iltered Documents = 22

Name

AerChemMIP
CamiP
CDRMIP
CFMIP
CMIP
CMIP6
DAMIP
DCPP
DECK
FAFMIP
GeoMIP
GMMIP
HighResMIP

ISMIP6

Document Type: Document Version:

Description

Aerosols and Chemistry MIP long
Coupled Climate Carbon Cycle MIP

The Carbon Dioxide Removal Model Intercomparison Project
Cloud Feedback Model Intercomparison Project

Climate Model Intercomparison Project

Climate Model Intercomparison Project Number 6

Detection and Attribution Model Intercomparison Project
Decadal Climate Prediction Project

Diagnosis, Evaluation, and Characterization of Klima (Climate)
Flux-Anomaly-Forced Model Intercomparison Project

The Geoengineering Model intercomparison Project

Global Monsoons Modeling Inter-comparison Project

High Resolution Model Intercomparison Project

Ice Sheet Model Intercomparison Project for CMIP6

s://search.es-doc.org/?project=cmip6&documentType=cim.2.designing.Project&client=esdoc-url-rewrite

es-doc

Earth System Documentation

Project / MIP Era:

CMIP6 v

tal Documents

Institute

CCCR-IITM

CNRM-CERFACS

CNRM-CERFACS

CSIRO

EC-EARTH-CONSORTIUM

EC-EARTH-CONSORTIUM

EC-EARTH-CONSORTIUM

EC-EARTH-CONSORTIUM

EC-EARTH-CONSORTIUM

EC-EARTH-CONSORTIUM

EC-EARTH-CONSORTIUM

EC-EARTH-CONSORTIUM

Document Type:

Model

Document Version:

Name

IITM-ESM

CNRM-CM6-1

CNRM-ESM2-1

ACCESS-ESM1-5

EC-EARTH3

EC-EARTH3-AERCHEM

EC-EARTH3-CC

EC-EARTH3-GRIS

EC-EARTH3-HR

EC-EARTH3-LR

EC-EARTH3-VEG

EC-EARTH3-VEG-LR

Earth System Documentation

Project / MIP Era:

CMIP6 v

Document Type:

https://errata.es-doc.or

Experiment

Document Version:

otal Documents = 314. Filtered Documents = 314.

Name Alternative Name

1pctCO2 -
1pctCO2-4xext -
1pctCO2-bge -
1pctCO2-cdr
1pctCO2-rad =
1pctCO2Ndep -

1pctCO2Ndep-bge -

1pctCO2to4x-withism -

a4SST -
a4SSTice -
a4SSTice-4xCO2 -

abrupt-0p5xC02 -

Description

1 percent per year increas
extension from year 140 of
biogeochemically-coupled
1 percent per year decrea:s
radiatively-coupled versior
1 percent per year increasi

biogeochemically-coupled
deposition

Experiment with interactive
(subsequently held fixed)

control plus warming patte
control plus warming patte
control plus warming patte

Abrupt halving of the atmo


https://es-doc.org/
https://search.es-doc.org/
https://errata.es-doc.org/static/index.html
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Climate4impact

Platform for impact

lifier

http://climate4impact.eu/

researchers
Explore climate data
& perform analysis
d

Including:

* In-depth
documentation and
guidance

* Use cases from impact
researchers

* Perform calculations /
Data processing: WPS

Downscaling portal

iIs-enes

Afficher Historique Favoris Personnes Onglet Fenétre Aide QK KB 3 = 00%Ea
X | € Es-DOC—VERC X | [&] ESGF Data Statistics X | [& ESGF Data Statistics X | £ European ESGF Dat: X | () ESGF-DKRZ-Home X (C Clim

Jact.eu/impactportal/general/index.jsp

M. | 1s-ENES | Contact | Signin

OPEAN NETWORK

“/ // Exploring climate model data

Welcome to IS-ENES Climate4impact

The aim of Climatedimpact is to enhance the use of climate research data. |
ENES, IS-ENES2 and CLIPC. Climatedimpact is connected to the Earth System
based authentication, ESGF search, openid, opendap and thredds catalog!
modellers, impact and adaptation consultants, as well anyone else wanti

interfaces for searching, visualizing, analyzing, processing and downloading di

--> Visualize and download data from global climate models (GCM), regional
climate data using Data discovery. Need some help with this tool?

--> Tools like indices calculations, downscaling, subsetting and regridding are: x7"

data.

-->Want to know more on how to use climate scenarios, how the climate
example use cases in several impact and adaptation themes? Go to guidance

-->New here? Create an account and sign in.

$3333

o 19812010 (. AN 1)

4

—

M
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http://climate4impact.eu/

INFRASTRUCTURE FOR THE EUROPEAN NETWORK

FOR EARTH SYSTEM MODELLING Analytical Software

CDO @ ESMValTool

C]_imate Data Operators £ Earth System Model Evaluation Tool
https://code.mpimet.mpg.de/

A community diagnostic and performance
metrics tool for routine evaluation of

(@ 'f\ﬂ?T\AP:Z(C)l:Ollr;Ztlgut cD Earth system models in CMIP

apercu  Actvts  Annonces [[O]] Forums Fichiers  Embedded https://www.esmvaltool.org/

Welcome to the Climate Data Operators

CDO is a large tool set for working on climate and NWP model data. ' NetCDF 3/4, &' GRIB 1/2 ESMValTool examples
including =/ SZIP (or 7 AEC) and JPEG compression, EXTRA, SERVICE and IEG are supported as I0-  Cc

formats. Apart from that CDO can be used to analyse any kind of gridded data not related to

C @& code.mpimet.mpg.de/projects/cdo/wiki

Accueil Projets Imprint + Privacy Policy Aide

W
climate science. D; e mtme e vy RMSD- Globa\ 50 Near-Surface Air Temperature
CDO has very small memory requirements and can process files larger than the physical memory. Ho ,wwmmmmm“ 080
bpsernt 1771011 VA o040 45
) o Ine ot ) m;m MJVMWZV va'vAM
CDO is open source and released under the terms of the ©/GNU General Public License v2 (GPL). Do II"mi:éWE a; 1;nivwny‘m'v;; :2’: =
= ""”"‘“ N 0 =
. f y
Documentation et i o €
Vit i Yy Q35
i vl - I
ion is avai df and html g - -
Full documentation is available as P and . ¥ AM m““hmi AW 30 PP PSP FF PP F =
Y W v
There is no man-page since operator descriptions are built into the interpreter: 25
cdo -h [operator] 20 T
04 06 08 10 12
Lower tropospheric mixing index [1]
More documentation is available: cc
Us
* Tutorial, continuously under development
« FAQ, continuously under development
+ Reference card, for everyone with a really large coffee mug Number of Global surface temperature change (°
+ ECA Climate Indices Package 12 TP Lt
« Plotting with Magics++ Hrcean .\ S
* Operator News - Subscribe to keep yourself up-to-date! HadGEM2A 1 —e
* (1CDO CMOR handson slides by Fabian Wachsmann 8 st

Em portugués [Author: Guilherme Martins]:
o (I Tutorial
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https://code.mpimet.mpg.de/
https://www.esmvaltool.org/

SLEIES c// Overview of ENES consortium activities in C3S

FOR EARTH SYSTEM MODELLING

Dec 16,2019 ) (Apr 30, 2021

|

Start and end dates
approximate;

AICES Dat > [ 434: CDS Link to Climate-ADAPT >

In Progress

Courtesy of Martin Juckes



1IS-8rnes Conclusions

« CMIP: strong basis to IPCC (WMO, 2019)
Evaluation / Understanding / Projections

 Importance to continue supporting shared standards data base
(ESGF) and tools

IS-ENES: need for a long term sustained infrastructure
(under discussion)

 Strong complementarity with C3S:
IS-ENES brings expertise and support to C3S
C3S brings reanalyses and observations to climate modelling




