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See also https://community.wmo.int/en/news/exploring-possibilities-artificial-intelligence-areas-water-weather-and-climate

The landscape ...

NVIDIA.

HOME Al DATA CENTER e] GAMING PRO GRAPHICS AUTONOMOUS MACHINES HEALTHCARE STARTUPS Al PODCAST

NVIDIA to Build Earth-2 Supercomputer to See Our Future

Outperforms the World’s Best Medium-Range
Weather Forecasting System

DOWNLOAD 9¢ CLIP =+ SAVE .. E@mniverse: First glimpse of GPU accelerated inte

SUBSCRIBE

LEEMWF glcbal forecast data ...

https://arxiv.org/abs/2212.12794
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SCIENCE & TECHNOLOGY

ECMWEF - DESTINATION EARTH ] \

QUALITY FROM GLOBAL TO LOCAL SCALE

observations, MTGI simulations, 2.8 km

P. Lopez, B. Vaniere



Three entities ECMWF, ESA, EUMETSAT working
together with the European Commission DG-CNECT

Hundreds of European research and computational scientists
from industry, academia, and national institutions contributing

HPC Centre (JU)

Data Handling Software,
Production, FDB

DIGITAL TWINS (DT)

The Engine will provide the software infrastructure needed for

[ECMWF High Performance Data Access
ECMWF Interface (FDB-to-FDB)

HPC Centre (not-JU) DEDL Data Eridge E DE Data Lake (DEDL)

v
DE Data Warehouse

https://destination-earth.eu/

Data Handling and
Interactive Services

ECMWF Cloud native services
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A NOVEL INFORMATION SYSTEM

WHAT IF..?
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RELIABLE INFO AT LOCAL SCALE
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ECMWEF - DESTINATION EARTH

INNOVATION .
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ECMWF’s Use Cases (contracts DE370)

= Resource
adequacy

Energy
systems

» Grid planning
= Validation

= High-res regional
AQ

= Coupled to DT
Extremes

= |nteractive
Immissions

* Five regional/local
hydro models

= Disaster risk and
climate scales

‘#7 /v Renewables (¥
bR aszrusunversty  @rid Initiative
& ECMWF

'__ = Coupled urban

= Simulate heat

climate model

stress/health
impact

¢ 2 = Harvesting

predictions

conditions under
climate scenarios
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Digital Twin data governance, provenance & federation

& Destination Earth Data Lake - physical & digital twin data

Destination Earth

\)se‘.bﬂvel'l Data PO%,, Climate To create and test “what if’ scenarios and to
° \

Adaptation integrate impact sector applications for more

g sustainable development
Green Deal
To support near real-time decision-making at
various levels (e.g. EU, national, regional,
Energy local)
- ST Togo beyfmd the c.urrent complex systems
Mobility » o designed mainly for expert use
2 7)) and Extreme
g § Di ry s WeatherTwin
- > c | €
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Industrial ry) ] Reaes Processing Q To monitor, simulate and predict natural
% Biodiversity phenomena and the impact of human activity
& > on Earth
Health
To assist in designing accurate adaptation
" strategies and climate change related
” Smart Cities by
— ‘ng Comput\“% mitigation measures
To accelerate the EU’s green
Marine and dlgltﬂ transition

Key Points: fusion of data, on-Demand, distributed processing near data, extendable reference Architecture, suitable for Al/ML, workflows

EUM/DSA/TEN/23/1348307, v1, 15 February 2023 manunen Destination Earth _ 6

<> ECMWF @ esa
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ECMWF’s role in EU’s DestinE Initiative

Towards a Digital Twin Earth
ECMWEF is responsible for the delivery of:

Weather-induced and Geophysical* Extremes Digital Twin

» capabilities and services for the assessment and prediction of
environmental extremes

ECMWEF will develop the global component of the Extremes DT

“The French Meteorological Service Méteo-France and partners
D — from 22 European countries will develop a configurable
@ : e 1 \ = capability for an interactive European monitoring and

j - prediction framework.”
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ECMWEF - DESTINATION EARTH

EXTREMES DT: CONTINUOUS AND ON DEMAND

Continuous global component On-demand regional component

Hourly precipitation for for init +1 hours
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ECMWEF - DESTINATION EARTH

ON-DEMAND: REDUCING ECONOMIC VULNERABILTY

[ r
Im Dunkem How can the approaching storm
2 2o mehrere Stunden lang ge affect solar power yield and how will
Energlewende Spekulanten bedrohten am 1 g ur konnte d Netz mit . Lo
gl deusche Sty r; rgung,Ein 4 i b ten Rettungsaktion. Von Uweg, 2019-06-11 06:00UTC it affect energy trading”

MSG cloud water path [kgm’ ]

Unforecasted thunderstorms almost made the German
electricity grid collapse on the 12t of June, 2019



ECMWF’s role in EU’s DestinE Initiative

Towards a Digital Twin Earth
ECMWEF is responsible for the delivery of:

Climate Change Adaptation Digital Twin

« capabilities and services in support of climate change
adaptation policies and mitigation scenario testing

“CSC - IT Center for Science will lead an international
partnership to deliver the Climate Change Adaptation
Digital Twin — a global multi-decadal storm & eddy
resolving simulation capability ”
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ECMWEF - DESTINATION EARTH

GLOBAL INFORMATION WITH LOCAL GRANULARITY

IPCC AR6 (2021), 100km Digital Twin, 5km




ECMWEF - DESTINATION EARTH

EXPLOITING THE WORLD LEADING EUROPEAN HPC PLATFORS

No 3 TOP500 No 4 TOP500

LUMI LEONARDO MareNostrum
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ECMWEF - DESTINATION EARTH

THE DIGITAL TWIN ENGINE

Software environment

Ensuring complex
simulations are run
efficiently on EuroHPC
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Running the
digital twins and
managing big data

Using ML/Al to increase
the efficiency of the
digital twins and
estimate uncertainty

<a

Tailoring information
to user's needs and
interactivity
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Different types of Integration and technology transfer

with other emerging digital twins

An example from DT-geo on component level

Mapping on similar concepts but tool choice differs

DT-GEO Software Stack

HPC, DA & ML Compositions

PyCOMPSs Programming Model Wokflow Definition

Workflow

Description Simulation libraries

Workflow . Metadata
Deployment CORIaInEr Management
Image Creation
Infrastructure
Distributed Execution Manager

EPOS ICS-C

COMPSs runtime
\

eFlows4HPC

Digital Twin workflows (continuous / on-demand) including impact sector applications

Immersive
DTH DESP Servi

Templates for ML / diagnostic workflows

HPC workflow as a service (only phase 2)

DT Hub control

Simulation libraries & ML support

Workflow Management, Deployment & Control

Autosubmit ecFlow - A\_"SO
Notification System

Orchestration: cloud tenancy support service ; CI/CD pipelines, runners,
Monitoring support

Distributed Compute & Distributed Data Bridge

Phase 2:
Federated compute
sQaas Leonardo Luml MN5

DESP / DEDL services

1AM

Data catalogue

Container registry

Artifacts repository

DestinE-GitHub

Basic & Advanced application services (ML, user apps)
Visualisation backend management

Data Management

OGC Polytope

GeoDataCube API Data Federation

Data Store

Copernicus MARS
Archive

Polytope
Feature Extraction

Data Store

Data notification services / Data interoperability
Aviso, polytope, data cubes, data semantic access



SUMMARY

 Novel investment in infrastructure & technology
« Embed Earth-system information into the wider digital
environment to enable creation of new information
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DIGITAL TWINS (DT)
DE Core Platform
(Data)
The Engine will provide the software infrastructure needed for
ECMWF High Performance Da! ccess
EcMwF Interface FDﬁ-m-FDﬁ:
HPC Centre (not-JU) DEDL Data Eridge E DE Data Lake (DEDL) . .
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DE Data Warehouse

Data Handling and
Interactive Services

ECMWF Cloud native services
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