DESTINATION EARTH AND
Al CAPACITY FOR
PREPAREDNESS

Tiago Quintino, ECMWF

On behalf of ECMWF & 100 partner organisations

**:i :I:I:gﬁ?ots;anumon DEStinatiOn Earth implemented by CECMWF @esa GEUMETSAT




~ ECMWF

Established in 1975, Intergovernmental Organisation

« 23 Member States | 12 Cooperating States
« 500+ staff

24/7 operational service
» Operational NWP — 4x forecasts / day [00z, 06z, 12z, 18Z]
» Supporting NWS (coupled models) and businesses

Research institution
« Experiments to continuously improve our models
» Reforecasts and Climate Reanalysis

Destination Earth

» Operates 2 Digital Twins
+ Extreme Weather
» Climate Change
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The potential of digital twins
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Digital twins for exploring plausible what if questions
WEATHER-INDUCED EXTREMES DIGITAL TWIN CLIMATE CHANGE ADAPTATION DIGITAL TWIN

A few days ahead Multi-decadal timescales

What specific adaption measure can limit the  How will different scenarios change droughts and heatwaves ?
consequences of recent and future events? How will this impact European food production?
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Climate Digital Twin

Aims to towards operationalize an end-to-end framework producing bespoke climate information
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EXTREME DT

Aims to operationalize an end-to-end framework producing bespoke extremes information

Global simulations Detection/Configuratio Regional simulations Impact sector models
n Suggested domains for 'flooding’ events
IFS-NEMO ALARO, AROME,
IFS ensemble HARMONIE-AROME
« Run daily (9km) * Run in real-time for + Floods, renewable energy,
* 4 days hundreds of cases air quality, storm surge,
e 4.4Kkm _ * Flexible domain thermal comfort, fire
*  Detection of extremes - 2days « User-relevant information
«  Wind, precipitation, «  750-500m
CAPE, surge...
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SUB-KM SCALE INFORMATION COMPLEMENTS EXISTING PREDICTION SYSTEMS -

Supporting events FIS Nordic World Ski Championships 2025 Wind energy Wind energy production in Austria
e DT 4.4 HARMONIE-AROME 500 m
VERSE K&Her Turbines - Other Turbines 25
48.15” + Wind Farm ID 8 (18 turbines) - Wind Farm ID 8 (18 turbines)

+  Wind Farm ID 10 (25 turbines)

« Wind Farm ID 10 (25 turbines)

@ observations
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Wind
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Digital Twin Engine

Routinely used to operate complex Earth-system and impact-sector workflows on EuroHPC, and provide software
solutions and services for accessing, handling and interacting with the digital twins data on distributed infrastructures

HPC (EuroHPC)

SIWER DIGITA ,
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ANALYSIS SERVATION
DATA STORE

EXTERNAL
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MULTIO PRODUCT

B ﬁ https://platform.destine.eu/

e TS WMO WIS2.0 compatible data
access
https://pygeoapi.io/

- DIGITAL TWIN ENGINE COMPONENT httpSI//pOthODe-

DEDL BRIDGE

- client.readthedocs.io/en/latest/



https://platform.destine.eu/
https://pygeoapi.io/
https://polytope-client.readthedocs.io/en/latest/
https://polytope-client.readthedocs.io/en/latest/
https://polytope-client.readthedocs.io/en/latest/
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Interoperable Semantic Data Access

Swagger API; STAC catalogue;
OGC/FAIR/INSPIRE compliant
interfaces, Al-ready datasets,
“truly harmonized” data access,
hierarchical access, etc...

Polytope - service GREECE

B Terminal 1 X A| Healpix_ocean_example.ipyX | +
B+ XD » = C » Code v @ gt & o
[Z1+ [ AmpUT ©oCOT N G U e
request = {
nelass': d1t
: ’
"dataset": "climate-dt",
"act:LVJ..ty": "scenariomip", 274 278 282 286 _—
'q "experiment": "ssp3-7.0", Temperature at 2 mete )

"realization": "1",
"generation" : "1",

' "model™: "icon",
"resolution": "high", 6EF
"expver": "@eel",
"stream": "clte",

"date": "20251129",
"time": "0000",
"type": "fc",
"levelist" : "2",
"levtype": "o3d",
"param": "263501"

282 284
Temperature at 2 meters (Kelvin)

data = earthkit.data.from_source("polytope", "destination-| Temperature at 2 meters (Kelvin)

I
Examples: ST T
https://github.com/destination-earth-digital-twins/polytope-
examples
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DestinE: toward a European Al earth system model

@ EXPANDING TOWARDS AN EARTH-SYSTEM Al MODEL WITH : :

FORECASTING THE WEATHER FOR WEATHER FOR CLIMATE DEMONSTRATORS FOR
(ECMWF'S AIFS) EXTREMES PROJECTIONS IMPACT SECTORS



Anemoi: numerous operational Al applications in weather & climate

Global Direct observation
prediction

Sehrence s HORALSTLE 00 04 G0MON0  Lasd Seme: 008

Surtace short-wave (sclar) radaten downwards AIFS FC Mhie
202206-01T18:00
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Forecast-In-A-Box

Forecast In a Box

Share this image

Ee0aE

Forecast-in-a-Box Decision-Makers

Come see the Demo!

https://destine.ecmwf.int/news/forecast-in-a-box-portable-ai-forecasting-workflows-within-the-destine-digital-twin-engine
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Al — Earth system Components : Waves

Significant wave height
2024-12-20 00:00

Data-driven model Operational wave model
AIFS ecWAM

0 1 2 3 4 5 6 7 8
Significant wave height (m)

For more on Al activities see https://destine.ecmwf.int/ai-in-destination-earth/
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