=R\  Talks will focus on the development and
implementation of DestinE and Digital Twins
. Today:
o I will provide an overview of the

European Commission’s Destination
Earth (DestinE) programme and

How the EC’s DestinE ECMWF’s contribution

programme transforms o Nils Wedi will present recent results of
- . 1km global simulations achieved on the
environmental pollcy Summit system, using the ECMWF

making - Digital twins Integrated Forecasting System (IFS)
as a step-change for

« Future talks on other science/technology

Earth-system modelling components, links to partnership
and data assimilation programmes, policy sectors
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Idea: Hilda Carr, Karen Clarke



DestinE formal announcement /

Aim and goals

Key initiative, announced in:

/ Develop a very high precision digital
model of the Earth (Digital Twin) of

- A European Green Deal (2019) the Earth to monitor and simulate
natural and human activity and to

develop and test scenarios for

* more sustainable development and
achievement of the EU green deal
objectives

A European strategy for data (2020) * saving lives

+ avoiding large economic downturns

» support EU policy-making and
implementation

* reinforce Europe’s industrial and
Shaping Europe's digital future (2020) technological capabilities in

advanced computing, simulation,
modelling, predictive data analytics
and Artificial intelligence (Al)

Courtesy Grazyna Piesiewicz, DG-CNECT

European
Commission

Directorate-General for Communications Networks, Content and Technology is the Commission department responsible to
develop a digital single market to generate smart, sustainable and inclusive growth in Europe



DestinE candidate implementation /

Lead and business owner: European Commission (DG CONNECT)
Strategic partnership with ESA-ECMWF-EUMETSAT
Responsibilities:

ESA : key role of system integrator and implementer of the core platform
e ECMWE: Digital Twin implementer

 EUMETSAT: responsible for the big data lakes and data integration
Formal organization: “contribution agreements” by summer 2021

2021-2023

* Operational cloud-based
platform

* First two digital twins

2023-2025

Platform integrates the next
operational digital twins and
offers services to public sector
users

2025-2027+

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

European 3
Commission

Courtesy Grazyna Piesiewicz, DG-CNECT



DestinE partnership /
-CSa

Core

service platform

* User portal

* ML interface

* MyDestinE: cloud
storage & compute

e European

Commission
Governance incl. =P
external advice
Digital Twins
* Extremes & Data |ak§
Climate change e E2E data handling
* Data bridges

* Extreme-scale software
& ML 1 * User & external sources

_c ECMWF < HPC workflows

* %

@& EUMETSAT




High-priority Digital Twins in DestinE

a

* Extremes &

* Extreme-scale software

SCECMWF Y

esa

Core
service platform
* User portal
* ML interface
* MyDestinE: cloud
storage & compute

Digital Twins
Data lake

* E2E data handling
* Data bridges
& ML * User & external sources

HPC workflows

Climate change

@ EUMETSAT

Weather-induced and Geophysical Extremes:
“Environmental extremes at very high spatial resolution and
close to real-time decision-making support at continental,
country, coastline, catchment and city scales in response to
meteorological, hydrological and air quality extremes”

Climate Change Adaptation:

“Climate change adaptation policies and mitigation scenario
testing at decadal timescales aiming at a real breakthrough at
the level of reliability at regional and national levels, for
understanding the causes and explaining the feedback
mechanisms of change, and predicting possible evolution
trajectories”



How is it different? /

1. Extreme-scale computing and data handling
= much more realistic models + combination of simulations + observations

2. Full integration of policy sectors in workflow
= Earth-system + energy + food + water + finance

3. Open and interactive access to data, software and workflows
= non-expert access and intervention
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@ By Oliver Peckham
Building digital twins of Earth could

help Europe cut carbon emissions | October 10,2020
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At 1-kilometer resolution, a European climate model (left) is nearly indistinguishable from reality (right). (L&

Europe is building a ‘digital twin’ of Earth to
revolutionize climate forecasts

By Paul Voosen | Oct. 1, 2020, 10:40 AM




Industrial Digital Twins /

Feedback insights

Requirements Performance Data

> continuous simulation & observation Mutiphysics Simulaton . Ergonomic Simuation
> performance monitoring & prediction r Bl e eraeagY >
> technical user interaction

» scientific theory and adaptation scenario testing

Courtesy Dirk Hartmann, Siemens



Earth-system Digital Twins
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Digital Twin Engine = rather close to data assimilation /

Past Present Future
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> continuous simulation & observation
» performance monitoring & prediction

> science user interaction

» scientific theory and adaptation scenario testing aret of, Nature Comp. Sci, 2021
Courtesy Mark Fielding & Marta Janiskova




Digital Twin production modes

simulations

observations

continuous real-time prediction cycle

v

continuous real-time monitoring cycle

on-demand, USER driven:

v

i

smmE

\4

regional, hyper-resolution

more frequent updates

added data

impact sector specific extensions
adaptation/mitigation scenarios

v

v

extreme

__________________________

on-demand, EVENT driven:

regional, hyper-resolution

more frequent updates

added data

impact sector specific extensions
adaptation/mitigation scenarios



New levels of flexibility: on-demand configuration

Courtesy Georg Teutsch, UFZ

=

hyper-resolution limited-area nesting
extreme-type added components
more value-chain components
adaptation & mitigation planning

* simulation — observation fusion
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2 m temperature Ej 10 m wind gust EFI Total pyecipitation EFI

wind-storm/flooding case
heat/drought case

www.formind.org




Future weather under climate change /

2m Maximum Temperature / SST [Deg C]
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28.06.2019 11:00 _ 095 What would the June 2019 heatwave

T A\ = S S like in a +4° climate?

. —N HELMHOLTZ
* = W CLIMATE INITIATIVE
Courtesy Thomas Jung, AWI

'Hanging' glacier broke off to trigger
India flood




The benefits of having invested in the Scalability Programm

Input data = ~108 observations/day + loT; Output

data = PBs/day; Compute = ~100 PFLOP/s:

FEATURE 10 October 2018

Could the world’s mightiest computers be too
complicated to use?

China, Japan and the US are racing to build the first exascale computer - but devising programmes clever enough to
runonthemis adifferent story

ew Scientists

Projects with ECMWF lead/partner roles supported by DG CNECT’s FET-H
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A template for a digital infrastructure

Digital-twin engine control layer: Cloud federation
Architecture
* Resilient workflow management (centralized & federated) * Orchestration across centers
* Ensemble assimilation algorithms (variational, Kalman/digital filters, ML) * Access management for users
* Building blocks (observations, observation simulators, pre-conditioners, minimizers)
* Interfaces with Earth-system & impact models System architecture
N Interconnect
o./- b
Numerical methods

Generic data & algorithms: Memory-storage NN

i *
structures: hierarchy [ — — x 7 ok
: ] — % * T
local stencils E F"_' r .
" variable grids * large time steps Domain-specific toolchain: Nodes & e * * 5
« model coupling « multiple grids g4y  Processors: Sy e *
* flexible memory layout * mixed precision . imkE — . % *
* parallel communication * neural networks Automatic Har d;’“’ e J i — *
code extraction specific code HBM CPU
' ' — EuroHPC
Model ensembles & abstraction back-ends u ro
GPU : :
S Joint Undertaking
- process #7 Low-precision
-z
§ process #2 process #4 ML processor
S
Q
process #3 process #5 Dataflow
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sequential
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Bauer et al. Nature Comp. Sci., 2021



DestinE Phase 2: Digital Twins of the Solid Earth

The Network News FocusAreas» Events Reports Consultancy Advertising AboutUs)»  Contact P searc

09 Feb 2021 | News

Framework Programmes

science | Business journalists and sxperisin VIEWPOINt: how Horizon Europe could change the face of
Brussels, together with our partners in the ea rthq uake pred iction

Science | Business Network, are closely

T
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following developments of the EU's research Accepted wisdom holds earthquakes can't be predicted. But a large-scale Al supported sensor system could
a) 15 kr;:< dt/-zl]:th b) v framework programmes, Horizon 2020 and change that, at the same time building Europe’s skills in real time environmental monitoring and becoming a
Vg, [KM/s » .
[ | /‘ Horizon Europe, which aim to boost standard bearer for citizen science

4.00 =mantle 4.80

= crust

innovation in Europe until 2020 and beyond. By Ramon Alexander Wyss
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70 km depth

v, lkm/s]

4.40

The 1991 eruption of
Mount Pinatubo in the
Philippines, classified
as VEI 6, cooled global
climate by up to 0.7 °C
for several years.

e) 200 km depth f)
vy, [km/s]

4.45

Fichtner et al., GRL, 2018
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Papale and Marzocchi, Science, 2019



DestinE Phase 2:

Digital Twins of the

Ocean

I

Courtesy Martin Visbeck, GEOMAR

Minimal Defense

Many communities have developed
right along the ocean with only minimal
natural defenses from a small strip of
beach between them and the ocean.

Natural

Natural habitats that can provide storm
protection include salt marsh, oyster and
coral reefs, mangroves, seagrasses,
dunes, and barrier islands, A
combination of natural habitats can be
used to provide more protection, as seen
in this figure. Communities could
restore or create a barrier island,

followed by oyster reefs and salt marsh, )
Temporary infrastructure (such as a AWt

removable sea wall) can protect natural
Iinfrastructure as it gets established.

Managed Realignment

Natural infrastructure can be used to
protect built infrastructure in order to
help the built infrastructure have a
longer lifetime and to provide more
storm protection benefits. In managed
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Partnership is essential /

DestinE will engage in continuous partnerships to co-evolve its components
and deliverables > complementarity!

- Science
» Technology
: ISnefrt-‘\&/]IsCterflctures cECMWF OpernICUS
Lesa ot
EuroHPC

EUMETSAT

V‘¢ WORLD ( , Tc I
\'( ’ METEOROLOGICAL v TransContinuum Initiative
N N_T# ORGANIZATION
UN &

environment
programme

European ‘
Commission

ECMWF Member States



Digital Twins in a nutshell /

A digital twin of Earth for the green transition

For its green transition, the EU plans to fund the development of digital twins of Earth. For these twins to be more
than big data atlases, they must create a qualitatively new Earth system simulation and observation capability
using a methodological framework responsible for exceptional advances in numerical weather prediction.

Peter Bauer, Bjorn Stevens and Wilco Hazeleger

e
Whatif ... 2

“A Ieap in .. ."_///// =90 o
information quality & intervention 23 N §I

... and a role as a substrate”

Offered by

1 ()
A e) S
)))3“—” ¢:- Digital Twin Engine

§

... with Data Lake as the
global repository

Offered by Core Service Platform

Whatif ... ?

Bauer et al. Nature Clim. Change, 2021



DestinE in the media

European Commission gl

Science and Nature o

https://ec.europa.eu/digital-single-market/en/destination-earth-destine

https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-digital-age/shaping-europe- dlq\T'_;;;
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal en =

https://www.sciencemag.org/news/2020/10/europe-building-digital-twin-earth-revolutionize- cllmate-forecasts

https://www.nature.com/articles/s41558-021-00986-

y?utm source=feedburner&utm medium=feed&utm campaign=Feed%3A+nclimate%2Frss%2Fcurrent+%28Nature

+Climate+Change+-+Issue%?29

https://www.nature.com/articles/s43588-021-00023-0

Other

https://www.newscientist.com/article/2256715-building-digital-twins-of-earth-could-help-europe-cut-carbon-

emissions/
https://www.hpcwire.com/2020/10/10/eu-to-create-digital-twins-of-earth-run-on-eurohpc-supercomputers/
https://geographical.co.uk/nature/climate/item/3940-the-eu-announces-plans-to-build-destintation-earth-a-digital-

twin-of-our-planet

. thanks to many people having worked on this for months in addition to their regular duties


https://ec.europa.eu/digital-single-market/en/destination-earth-destine
https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-digital-age/shaping-europe-digital-future_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://www.sciencemag.org/news/2020/10/europe-building-digital-twin-earth-revolutionize-climate-forecasts
https://www.nature.com/articles/s41558-021-00986-y?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+nclimate%2Frss%2Fcurrent+%28Nature+Climate+Change+-+Issue%29
https://www.nature.com/articles/s43588-021-00023-0
https://www.newscientist.com/article/2256715-building-digital-twins-of-earth-could-help-europe-cut-carbon-emissions/
https://www.hpcwire.com/2020/10/10/eu-to-create-digital-twins-of-earth-run-on-eurohpc-supercomputers/
https://geographical.co.uk/nature/climate/item/3940-the-eu-announces-plans-to-build-destintation-earth-a-digital-twin-of-our-planet

