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1- Climate change and climate modelling



Global warming is unequivocal

Global - IPCC ARG (2021)

Decade 2011-2020: +1.09 warmer than 1850-1900
Each last 4 decades: warmer than any decade that preceded it since 1850
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Increase of greenhouse gases:

use of fossil fuels and demography

Balance of sources and sinks

40 Gt
CO,
30

Sources Fossil carbon

20 . Includes carbonation sink
Atmosphere
101 410 ppm in 2019
0] Land-use change | 4 4804 since 1750
Ocean sink (277 ppm in 1750)
-10 -
Land sink

Unprecedented in
800 000 years

-20 -

Total estimated sources do

-30 -+ not match total estimated Atmosphere
sinks. This imbalance is an
-4() | active area of research.
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Modelling the Earth’s climate system

Understand & Predict Climate Variability and Changes

Copyright CEA



“It is unequivocal that human influence has warmed
the atmosphere, ocean and land”

TPCC AR6 SPM (2021)
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Simulations of future climate change under different scenarios

TPCC AR6 SPM (2021)

a) Global surface temperature change relative to 1850-1900
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Projections of temperature and precipitation

for different global warming

Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming
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Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)
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2- Climate models and international landscape



Earth’s climate system models

EARTH SYSTEM MODELS

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

Physical components .\ Biogeochemical cycles
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Based on physical laws (navier-stokes, conservation)
& parameterizations (clouds, surface fluxes, radiation, sub-grid scale processes)
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World Climate Research Program:

Coupled Model Intercomparison Project, Phase 6 (CMIP6)

Clouds /

CMIP6 Girculats . Evaluate
(Eyring et al., GMD, 2016) WCRP-& Paleo R e

World Climate Research Programme
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Status of CMIP6 experiments

WCRP.

World Climate Research Programme

(CMIP deck)
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ES( ;Fu %& Earth system grid federation: g _gnes ‘//’

Earth System Grid Federction A common data infrastructure

Dashboard stat
ESGF: 13 M datasets, 30.4 PB - ca 15 000 registered users

FAIR data

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




WCRE f Coupled Model Intercomparison Project (CMIP) |

1995 WCRP creation of the Working Group on Coupled Modelling
Foster the development and review of coupled models

™ Central

p
CMIP Launched in 1995 - Mainly control runs - 1 GB storage
CMIP2: Launched in 1997 — Idealised experiment 1%/year increased CO2

0.5 TB - Data accessible only on subproject basis - IPCC TAR (2001) <PCMDI ‘

e N -
CMIP3: more realistic past (20th) and future simulations (scenarios) - IPCC AR4 (2007)

35 TB of data at PCMDI - open and free for non commercial

\_ J

CMIP5 (2008-2013): consistent set for all experiments - IPCC AR5 (2013) EE»'SVSCG;E%;@
1.5 - 5 (with replica) PB of data e

open data (very few closed for non commercial)

CMIP6 (2014-2019) common core and more independent MIPs - IPCC AR6 (2021)

11 (no replica) - 21 (with replica) PB
Full open data




_ A Downloaded data volume over IS-ENES2 and IS-ENES3
e 4 from European ESGF data nodes
(Apr 2013 — Sep 2021)

From dashboard at CMCC

Downloaded data volume [GB]
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is-enes /0 S
P “// ESGF data user distribution

;. 8.0 PB
| 4.7 PB
Total downloaded data volumes

0.2 PB All ESGF nodes

Geographical distribution

. EU users . Not EU users N.a. IPs

10,000

75007500 .......... Not EU V[H] ) EEEREEEERSASR——— 1§ W
5000

Number of distinct clients — 2000 I ....... II
European ESGF data nodes I
o!llllllllllllllll

N S A S SIS I A P I

The IS-ENES3 project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 824084




Evaluation of CMIP6 model results

Correlation with observations
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3- Challenges in climate modelling




WCERP.& WCRP Strategic Plan 2019-2028

World Climate Research Programme

Fundamental
l understanding of

T Variability and changes in the coupled system

Prediction of the
2 near-term evolution of
the climate system

Seasonal to decadal predictions: Adaptation

3 Long-term response of
the climate system

Uncertainties, feedbacks: Mitigation & Adaptation

4 Bridging climate

science and society

Infrastructure

Decision-relevant information and knowledge

L LN
Interactions across spatiol and temp orol scales )

<

A
N7




) Infrastructure Strategy Roadmap IS-enes c/)/

e I l e S g INFRASTRUCTURE FOR THE EUROPEAN NETWORK
EUROPEAN NETWORK 2 0 1 2_2 O 2 2 FOR EARTH SYSTEM MODELLING
FOR EARTH SYSTEM MODELLING
* X %
* *

* *
*

Resolution: *
Resolution x 2 > Computing x 8

Complexity :
carbon cycle, aerosols, chemistry, biosphere

Resolution

Duration: need for long simulations
Multi-decadal to multi-centennial
At least 5-10 SYPD

Ensemble size: document internal
variability, quantify uncertainties




Spatial resolution

Key for regional patterns FEIHHUERA el HighResMIP
130 km 60 km Wy

HOGGEM:"I_&7905%8C)91 30km, HodGEMZ?IB/;QG_AZ:)o%.gGOkm. T
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il models 1eh
2 esolution’

| 25 km Observat}ions .
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a5 R Bias in precipitation variability
Danubius river

Simulated tropical cyclones
Roberts et al. (2015)




Spatial resolution and computation

Roberts et al., GMD, 2019

Model CMIP6 resolution  Initial Total years Nodes Max turnaround  Output per
name (atmosphere—ocean) (km)  condition (spinup years) (atmosphere—ocean) (years per day) year (TB)
LL 250-100 | LL-spinup (30 years) 1130 (30) 12-2 4+ 0.13
MM 100-25 | MM-spinup (30 years) 680 (30) 50-24 1.3 0.73
HM 50-25 | MM-spinup (30 years) 117 (0) 90-24 0.5 2.8
MH 100-8 | MH-spinup (30 years) 205 (30) 34-171 0.45 2.0
HH 50-8 | MH-spinup (30 years) 100 (0) 90-171 04 4.5

Resolution Nodes Speed Data

<5 x 10 /10 x 35




Need for ensemble simulations

Changement de température (°C) par rapport a 1880-1919

__7.0;
O 6.57 = Observations

o‘w’ 60 ——— Modeéle IPSL - simulation 14
5 3.51 —— Modele CNRM - simulation 1
© 207 Modeéle IPSL - 32 simulations
Q0 45 Modéle CNRM - 10 simulations
g 4.07 Modeles - SSP5 8.5

8 359 Modéles - SSP3 7.0

o 3.01 R

T 55} Modt‘ales-SSPZ 4.5

‘ac'; 2.0 Modeles - SSP1 2.6

£ 1.51

S 1.0:

G 0.5

5 0.0

CLIMERI-France



Petabytes (1,000 TB)

Overpeck et al. (Science 2011)

400

Data deluge

Tsengdar Lee, Icas17
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Data workflow: increasing complexity

Parallel IO / « on the fly » processing / Compression / Reduction of data

Computing near data




Multiple Types of Storage & Data Interaction

i Dedicated Analysis Facilities
' (“Data HRC/Data Cloud”)

:
T LT — ‘ ‘ :
: “Traditional” HPC Platform ; ; Multiple - '
T 1 peeesssssssseee. T Tools '
!+ Earth System E post- i (other . '
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physical ) .....................
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Reformatting, H
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Downloading, . = |
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Multiple
Tools,
Visualisation

Processing.

Computing
Distributed/Federated Archives
(Servers/Public Clouds)

Q &

- =4

Multiple Roles, at least: = &

Model Developer, Model Tinkerer, Expert Data Analyst, Service Provider, Data User

.
INFRASTRUCTURE FOR THE EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING

Multi-model
analysis platforms

ESGF data nodes
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FOR EARTH SYSTEM MODELLING

Facing a large range of use

Climate science:
understand and predict
past, present and future climates

Climate impacts:

sectors (agriculture, hydrology, energy,
health ...)

Climate services:
for mitigation & adaptation decision




SIENES ‘V / ENES Climate Analytics Service (ECAS)

Temperature Anomaly (° C)

Multi-model analyses:

Data at multiple sites

Multiple computation needs:
Averaging, Sub-setting,
Climate diagnostics and indices,
Downscaling at regional scale,
Bias correcting to force impact models
Processing &Visualisation tools

—— CMIP3
09 { —— CMIPS
—— CMIP6
0.6 { —— HadCRUT4

Specific Ul

e.g. Jupyter Hub Others
Climate4impact

\L/

Run data analysis

ECAS Compute Service <

OGC WPS interface

s

@

\\“

Earth System Grid Federatlan

Data providers:
data node




) Addressing a range of users

.
INFRASTRUCTURE FOR THE EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING

D, | 15-eniEs | contace | Account W B

Pl atform for IS-EHES ‘V / Exploring climate model data

Impact researchers

Home | Data discovery ’ Downscaling | Documentation | Help | Aboutus | Account ‘

EXplore Climate data Search | Catalogs | Explore your own catalogs or files | Map & Plot | Processing l

& perform analysis

B Parameter 1721) [ O Tl

Quick select Parameter All Parameter properties (1721)

Climate4impact portal '

|:| Temperature {tas) [] Pracip. (pr) [] Speacific Humidity (huss) [[] vind (sfewind)
[j Min. Temoera(ure (asmin)  [] Conv, Precip. {pr) [CJ Rel. Humidity (hurs) [T] Max. wind {sfcwindmax)
----- [_]Snow(ocen [CIMax. Rel. Humidity
-------- P, ¥ [C]Min. Rel. Humidiy (ehsmin) [ E Wind (uaz)
e R 3 []RaL Humidity (rhs) ] N wind fvas)
(Y ] spec. Humidry (hus)
[T Rel. Humidity (hur)

[[] Act. Bvap. (evspsbl)
[[] Pot. Evap: [evzp=blpot

Including:

* In-depth documentation and
guidance

[[] 50 Evap, (evspsbisoi)
[[] canopy Evap. (sv=p=bhveg)

* Use cases from impact
researchers

o=

* Perform calculations/
Data processing: WPS
* Downscaling portal



http://climate4impact.eu/

from European Commission
e.g.,FP7 Space calls, H2020

Copernicus Climate Change Service (C3S)

T

at ECMWF

from other bodies e.g., Member States,

ESA, EUMETSAT, EEA, WMO..

— |

Climate Data Store

$ U

— |

Sectoral Information System

¥

3

|

https://cds.climate.copernicus.eu/

Climate Data Store
Reanalyses
Satellite data (ESA CCI)
Seasonal Forecasts
Projections (Global/Regional)

Evaluation & QC function
uoneulwaessiq % yoeanno

Stakeholders & users

4 N

Projections: broker on ESGF
relying on the expertise from IS-ENES partners
Subset of simulations (historical and projections), models & variables
for
GLOBAL: CMIP5, CMIP6
&
REGIONAL: CORDEX including additional simulations for Europe

- v



https://cds.climate.copernicus.eu/
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ENES Climate Analytics Service (ECAS)
an EOSC-Hub Thematic Service

Data Sources 4 ECAS Work Environment h Data Sharing
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Supporting services
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GA 777536 01/2018-03/2021

CMCC, DKRZ

DARE Platform:
Use of cloud resources

ESGF Climate Research

ENES - DARE
Cyclone Use Case
Final
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—_—

Execution
Environments

Resource |
Mapping |
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| test-bed |
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ENES Data Space

GA 101017567

01/2021- 06/2023
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http://is.enes.org/

Earth System Grid Federation

C Jupyterhub

Grafana

N’
ﬁ UDOCKER

yecas
ONZ)JATA

Collection
DB

Cache Manager

Data Transfer tools

[clictes) SYNchronize
P N your DAta
- / N
-7 / S
P / N
\
e - .I N
Data Access & Data Access & Data Access &
Compute Service Compute Service Compute Service

https://enesdataspace.vm.fedcloud.eu /

O & nhttps://enesdataspace.vm fedcloud.eu

ENES Data Space

The ENES Data Space delivers an open,
scalable and cloud-enabled data science
environment for climate data analysis on top of
the EOSC Compute Platform. It provides both
storage and computational capabilities.

Home Notebooks User guide Login

It consists of a JupyterHub instance jointly with
a large set of pre-installed Python libraries for
running data manipulation, analysis, and
visualization, and a data publication service
enabling file browsing and data access for
scientific datasets.

The ENES Data Space hosts (open) data from
the ESGF federated data archive on compute
cloud to support meteorological and industrial
researchers in realistic climate model analysis
experiments.

EUROPEAN OPEN | |
- Allresour... v My EOSC Marketplace
“39  SriENCE CLOUD Q
G > Resources » Processing & Analysis » Data Anal lysis » ENES D:
ENES Data Space

Data science environment for climate data analysis on top of the EOSC Compute Platform

Access the resource

0 OPEN ACCESS

Organisation: Euro-Mediterranean Center on Climate Change

(0.0/5) Oreviews Addto comparison || Add to favourites

Ask a question about this resource?

Webpage Helpdesk e-mail



https://enesdataspace.vm.fedcloud.eu/

Earth System Grid Federation
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Conclusions
Climate models: at the core of climate information for mitigation and adaptation
But also needed for understanding

To address climate research challenges, need for a sustained European climate
modelling infrastructure : support data infrastructure, development of codes, sharing of
expertise Key for IPCC assessment reports and Copernicus C3S

Data and computing challenges:
HPC:

* Range of needs, such as spatial resolution and large ensemble

* Prepare for future architectures although using legacy codes & complex workflows
Data:

 Manage large amounts of data near HPC

* Ease the access and democratize the analysis of large climate datasets (i.e. multi-model

ensembles) — ESGF 2.0, IS-ENES and collaborations
 Enable complex analyses, e.g. Al-based analysis of very large ensemble of datasets
Collaborations are important (ESGF, C3S, EGI ...)
European infrastructures: EuroHPC & EOSC should help
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