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The Physical Science Basis

Human-induced climate change is
already affecting many weather and

climate extremes in every region
across the globe.

#IPCC

#ClimateReport
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Precipitation data: Extended version of E-OBS. Graphic credits: © Deutscher Wetterc
Geodata: ® GeoBasis-DE/BKG 2020 (Last update: 01.01.2020)
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NatCatSERVICE

Relevant natural catastrophe loss events worldwide 2021 Munich RE =
Natural disasters caused overall losses of US$ 280bn

Hurricane Ida, sy ::2|001(3,J . Netheriands. Bek
) : - ul, Germany, Netherlands, Belgium
29 Aug — 2 Sep, United States : )
Overall losses: US$ 65bn IOveraIId Ilosses: LLJJSS$$ 5;2;“
Insured losses: US$ 36bn nsu.re Rp08! n
: L L
° ° 3 o
3 : s, Yo oy * e w %o o °
. H o 3
TOMado (SEries), swwewssseresssimmssssmsssssssssssiseesses o : X CARTI 3 : X . - Henan flood,
10 — 11 Dec, United States £ oS ily N S A [ Ay A ST o July, China
Overall losses: US$ ~5.2bn ety ¥ O B~ .o o %o ‘ '., .. Overall losses: US$ 16.5bn
Insured losses: US$ ~4bn 2 3 b .';& o ) . Insured losses: US$ 1.7bn
L 2 : A3 T s
P ' . r-q' ° * 2° @ o » .
i . va o -
Winter storm Uri : o & P H ol " ®.e : Earthquake,
B Sytat wo S50, LA TN A s RO S, . 13 Feb, Japan
Ove_ it €b, 'nlng$ % 1ebs é‘ * 5 -o’.. " ® m‘ P Overall losses: US$ 7.7bn
ral losses: -1on : ¢ : { 4. 5 i Nge Ses? Insured losses: US$ 2.3bn
Insured losses: US$ 15bn i «® : g & : q Va4 o
: [ : = i Doy °
o e *» , Typhoon Rai (Odette), '.
Earthquake, .........................:0;\‘ 1 16 — 18 Dec, Philippines :
14 Aug, Haiti 3 Pe Fétalities: 408
Overall losses: US$ 1.5bn $ *%e o g “ o®
Insured losses: minor °d %2 Volcano (Cumbre Vieja), b Cyclone Seroja, et : oo
Fatalities: 2,248 »e, 19 Sep — 25 Dec, Spain 3212 Apr roress ol 3
ﬁ\;i:e]ell(j Ir:)s:szz_ Lri:o(:.an Overall losses: US$ 0.8bn &
’ Insured losses: US$ 0.3bn
Fatalities: 272
@ Geophysical events Meteorological events == | Hydrological events Climatological events O Significant catastrophes
Earthquake, tsunami, Tropical storm, extratropical storm, M B Flood, mass movement Extreme temperature, O Small, medium and large loss events

volcanic activity convective storm, local storm drought, wildfire

Inich Re, NatCatSERVICE



N2
§ Y % Utrecht University

NS

Vulnerability

Weather and
Climate
Events

DISASTER
RISK

IPCC Special Report on Extremes and AR6
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Current approaches to forecasting weather-
induced extremes
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Predict then act

RANK STRATEGIES CONTINGENT ON CHARACTERIZATIONS OF UNCERTAINTIES

Characterize
uncertainty

\

Rank alternative
Strategies

\

Conduct sensitivity
analysis

After Lempert and Groves 2006, and many others on Robust Decision Making
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ECMWEF seasonal
meteorological

forecasts (SEAS5)
Issued monthly
Daily time steps
7 month lead time
51 members
36 km

ECMWEF sub-
seasonal

forecasts (S2S)

Issued twice weekly
Daily time steps
46 day lead time

51 members
18/36 km

24-11-2022

ECMWFs Flood Warning System

Seasonal outlook

il Weeldy regona o
ischarge forecasts A
B discharge averages ekl e

Overview and pop-up plots
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LISFLOOD

Sub-seasonal outlook
Issued twice weekly
Weekly time steps
8-week lead time
Overview and pop-up plots

ECMWEF sub-seasonal

discharge forecasts
5 x 5km

Weekly regional
discharge averages

https://confluence.ecmwf.int/display/COPSRV/EFAS+sub-seasonal+and+seasonal+forecasting



Slingo et al Nature Clim Change 2022
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Advantages: -

Initial condition
uncertainty

High-end model infrastructure and domain scientific knowledge

Quality controlled data

" forecast

Probabilistic information (allows for quantitative risk assessment) e
Time 5

Challenges:

Representing extremes in simulations and data Glue A

Model accuracy and reliability, with cascading uncertainties

Latency in chain from observation to decision

The cascade of uncertainty

Huge data volume, but limited use of disparate data

In the current situation user comes in at the very end ! —— TedeEen —
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Societal choices and actions in the next decade
determine the extent to which pathways will
deliver climate resilient development

Abbreviated quote from IPCC AR6
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Carbon dioxide (GtCO,/yr)

140
SSP5-8.5
120
Fossil fuel development
100
30 Regional Rivalry SSP3-7.0
60
o Middle of the road
PN : :
PV implementation, Prof. van Sark
<0 inability
0
SSP1-2.6
_20 SSP1-1.9
2015 2050 2100
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Sea level rise
1.5 Low-likelihood, high-impact storyline,
including ice sheet instability
1 processes, under SSP5-8.5—— .-
SSP5-8.5
z SSP3-7.0
SSP1-2.6
0.5 SSP1-1.9
0
1950 2000 2020 2050 2100
Total high-end estimate Upper end of the range 0.9 1.6 2.5 10 |P[t: ARG6
&
Lower end of the range 0.7 1.3 2.2 9 Up ate vd Wal et al 2022
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Adaptation Pathways Map

Action A

Current
situation

Action C

Action D

Changing conditions

0
Time low-end scenario

: + + - :
Time high-end scenario 10 0 &0 geears 100
o Transfer station to new policy action

. Adaptation Tipping Point of a policy action (Terminal)

= Policy action effective
A Decision node

M. Haasnhoot

24-11-2022
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Alternative Approaches

and Concept of |

Digital Twins

24-11-2022



NI
£ U= Utrecht University

NS

Changing the workflow

CHARACTERIZE UNCERTAIN VULNERABILITY CONTINGENT ON PROPOSED STRATEGY

Identify/Propose = <
strategy
|dentify
vulnerabilities

)

|dentify and assess
options for reducing
vulnerabilities

After Lempert and Groves 2006; and many others on Robust Decision Making
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Models : abstractions

Digital Twins: replicas

complexe models can be digital twins
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Some characteristics of Digital Twins

Accurate and reliable simulators
convection resolving weather and ocean models

Full integration of data and simulators with a systems approach
integrating physical and social dimension; including data-driven approaches (Al/ML)

User interaction with low latency
flexible steering allowing for ‘what if’ scenarios

Bring together science, technology, and users
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Destination Earth

—

DT family of weather-induced, climate and
geophysical extremes

I



N2
% Y % Utrecht University 24-11-2022
N

Bauer, Stevens, Hazeleger, NCC, 2020
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EU’s Destination Earth (DestinE) initiative

Towards a Digital Twin Earth

ECMWF esa :

" - :

EUMETSAT

Entrusted entities Key elements

Digital Twin Engine
Digital Twins

Data lake

Core platform

2021-2023

_- A European Green Deal (2019) + Operational cloud-based
platform Platform integrates the next

« First two digital twins operational digital twins and
A European strategy for data (2020) offers services to public sector

2025-2027+

Towards a full “digital twin of the
Earth” through a convergence of
multiple digital twins on the

users
- Shaping Europe's digital future (2020)

< ECMWF

Funded by the
European Union

platform

24-11-2022
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Enabled by digital technology:
The exascale (108

| —

Performance Development

10 EFlop/s

1 EFlop/s

100 PFlop/s

10 PFlop/s

1 PFlop/s

100 TFlop/s

10 TFlop/s

Performance

1 TFlop/s

100 GFlop/s

10 GFlop/s

1 GFlop/s

100 MFlop/s
1990

1995 2000 2005 2010 2015 2020

Lists

® Sum A #1 = #500

Pre-exascale

I Petascale

2025

Meluxina,
LuxProvide, Bissen (LU).

Deucalion,
Univ. Minho, I
Riba de Ave (PT)

MareNostrum 5,
BSCj Barcelona (ES)

kéonardo,

ops) era arrived

Lumi,
CSC, Kajaan¥/(Fl)

Euro-IT41,*
IT4l, Ostrava (CZ)

CINECA, Bologna (IT)

Vega,
1ZUM, Méribor (SI)

Rettscs
Sofia FechgPark, Sofia (BG)

Figure 1 - Site locations of EuroHPC JU supercomputers

24-11-2022
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Global kilometer-scale and non-hydrostatic
ensemble simulations are on the horizon
Data-driven and physics aware methods

WHAT IS A DIGITAL TWIN?

Our planet is a complex system.
To better understand how it works,
we have created a simulated
living’ replica.

Driven by advanced Al, this computer
model is fed by a continuous flow of
observations from the physical world.

It allows us to revisit our past,
understand our present and
predict our future.

PHYSICAL WORLD

Planet Earth

DIGITAL TWIN

# Computer mode

24-11-2022
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On-demand Extremes DT (procured)

Flexible and scalable workflows for the monitoring and
short-range prediction of extremes at sub-km scales, that
are configurable and operable on demand; builds on the

CCORD prediction system and selected impact models)

Meteo-France led consortium

Participant countries and agencies from
the ACCORD consortium

@ sweden B Spain @ Slovenia @ Slovakia @ Portugal @ Poland @ Netherlands @ Lithuania @ Latvia
@ reland @ Iceland @ Hungary @ Finland @ Estonia @ Denmark @ Czech Republic @ Croatia @ Bulgaria
@8elgium @ Austria @ France @ Norway

Source: MeteoFrance « Hover in the countries to read the entities involved.
Yellow: Countries with another agency involved in addition to the National Meteorological service.

&S ECMWF

# A Flourish map

Today’s
prediction
systems

Examples of
configurability

E=(H
L™
e

24-11-2022
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Remaining challenges
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Persistant biases in
climate models

High resolution repairs
some, but not all

80% quantile ICON-S
Fiedler et al 2020 (WMR), Segura et al submitted 80% quantile OBS
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Flexible user steering
Replicate integrated systems
Low latency
Data — model fusion across systems

2 federated & integrated data and compute infrastructure
at extreme scale where user steers

New software and hardware platforms needed
(EuroHPC, ESA, ECMWEF etc don’t do the job...yet)
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A real human dimension
Proximate and distant social worlds are impacted by social and
physical worlds, but also contribute to shaping it.
I.e. human behavior is part of feedback loops.

There is an epistemic stance of naieve realism. Le. response of
behavior is seen as objective, but trust is essential.

The interaction with digital tools matter.

Finkenauer, pers comm
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w Streamed data availability
‘climate Netflix’

KASTANJEMANDEN

Nederlandse series en films

TIM FRANSEN ! > : V7. sy BANKIER

HET KROMME HOUT DER MENSHEID ' > .‘}\ : ') \ | :Vu A " v E R Z L ]

V\‘; ?i . ‘.M sz S N y K*FE": - »7: ’ Y
N{oé TEN UNO

ey

Pareltjes voor jou

HERRIE IN.
HUIZE GERRI

Many access same data, extract and process data that is produced on the fly
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Climate Navigator; ‘ClimClim’

200. recht/Breda)

t17 ) . %

Navigate your way in future climates and physical and social virtual realities



§L% Utrecht Sharing science,
S

?{4‘» University  shaping tomorrow



z Utrecht University Di3CLAIMER

~

The information in this presentation has been compiled with the utmost care,
but no rights can be derived from its contents.

© Utrecht University



: Utrecht University

Gevolgen zeespiegelstijging

2menmeer 5men meer

Druk op dijken -
Getijdengebied actiever - -
Plas, dras, kwel en -

versterkte verzilting

Plas, dras, kwel en
versterkte verzilting

kans op overstromingen

Geulen ondergraven
dijken met grotere
kans op overstromingen

Uiterwaarden onder water
tot Zaltbommel (2m) of
Lobith (5m zeespiegelstijging)

4 Universiteit
Utrecht

24-11-2022
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DestinE’s Digital Twins: need extreme computing
-1 .
P $
! 5
o o
PERSPECTIVE - K
https://doi.org/10.1038/543588-021-00023-0 science - Y &3 TN
Could the world’s mightiest computers be too Hivam ERN
(B Chock ecupiates complicated to use’
The digital revolution of Earth-system science ot - - ’

Peter Bauer ©'%, Peter D. Dueben’, Torsten Hoefler?, Tiago Quintino®3, Thomas C. Schulthess* and
Nils P. Wedi'

i

Computational science |s crucial for delivering reliable weather and climate predictions. However, despite decades of
high i there is serious concern about the sustainability of this application in the post-Moore/
Dennard era. Here, we discuss the present limitations in the iield and propose the design of a novel infrastructure that is scal-
able and more ad: ble to future, yet unk

> Science

Spatial resolution

Technology

Time and energy to solution
L3

‘ New Scientists

Challenges Solutions

v

« Machine learning

* Programming models
& , Earth-system - Heterogeneous processing, memory, interconnect
Code portability «¢-- process complexity technology

¥ —
Benefit beyond the state of the art C -

- * - EuroHPC
i &
* ok

< Uncertainly estimate

System resilience of Earth-system view ... make sure that technology is not running away from us!

-
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Geoinformation Digital Twin
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Destination Earth: Core Platform

—

CORE PLATFORM

Sk

' 1| (NEW)

APPLICATIONS
& SERVICES

T [ |

21 HIGH
CLOUD 1O ] PERFORMANCE
INFRASTRUCTURES {@} 7+ 5] COMPUTING

DATA SOURCES &
INFRASTRUCTURES




