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DESTINATION EARTH {7 | Fundedby | on mlementeary SSECMWF 2esa @ EUMETSAT

DESTINATION EARTH: A DIGITAL TWIN OF THE EARTH SYSTEM
2022 June 2024 June 2026

Phase 1: building the key Phase 2: continuous evolution and Continuous evolution and operational
components of DestinE transition DTs towards operations services

Destination Earth system '_ |
The prestigous event marked the official .
iurch of this grounchreaking irtiative

High Performance Computing I ncreased AI
1 focus
April 2023
EuroHPC access
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DESTINATION EARTH {7 | Fundedby | on mlementeary SSECMWF 2esa @ EUMETSAT

DIGITAL TWINS for exploring plausible what-if scenarios

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?

Slide by I. Sandu
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EXTREMES DT : A MAGNIFYING GLASS on EXTREME WEATHER EVENTS

Global simulations

IFS-NEMO

Initialized daily
4 days ahead
Resolution: 4.4 km

J
< ECMWF

Slide by B. Vanni r e

Detection / triggering

IFS ensemble (9km)

Detection of extreme
weather (intensity and

likelihood)

Wind, precipitation, 2 days ahead

CAPE, surge... Resolution: 750-500m /

O O e M 2 E B B
METEO
TANCE A G@ew SMHl @womc APMA  iame h (\‘\‘i‘ii}; A:v lcelandic |

Regional simulations

ALARO, AROME,
HARMONIE-AROME

On-demand
Flexible domain (500 km)

Impact sector models

Floods, energy, air
quality, storm surge...
User-relevant information
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Forecast Lead Time

MTA.HU

day 3 day 1

day 5

Scorecards for extremes: DestinE (4 km) vs IFS_oper (9km)

ETS 24h precipitation > 99th percentile

NH extratropics
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AUTOMATIC DETECTION & REGIONAL MODEL(S) CONFIGURATION

Select date: 04/03/2025
EDF DTF NWP VERIF OBS
Event detection framework:
Parameter: pr - Lead time: DO+1 -

Optithred EFI-SOT

Total precipitation, severity level @

AFGHZ
IRAQ

. O ‘\“/""“““rs
g \\L\ SAUDI ARABIA

LIBYA | ﬁ
‘ ECYPT

ALGERIA

Select date: 04/03/2025

NWP VERIF

DCMDB EDF DTF

Deode triggering framework:

DO+1 -

Event: no_mask

Lead time:

domain-4

domain-3

domain-1 domain-2

[general]
event_type = “flooding"

[domain]

xloncen = 9.140206378986894
xlatcen = 61.78054633144476
number =1

[general.times]
start = "2025-03-04T00:00:00Z"
forecast_range = "P2D"

flooding

Mask / Pilot ares

Slide by R. Randriamampianina

Suggested domains for 'flooding' events

domain-£

R’ . IRAN
‘
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et 4

Suggested domains for 'flooding’ events
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seale 10|id / ysew
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Global & Hectometric scale models

Global DT DEODE 500m OBS

48rl1

49r1

Sept 27 2024
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Uncertainty Quantification in the Global DT

Aim : Improve Uncertainty Quantification in the Global DT via the use of km-scale ensembles

/

Improved representation of
extreme events

Starting Point

MTA.HU

l

T~

Improved UQ information provided to
the On-Demand DT

Better UQ provided for impact
sector models

End of Phase 1

End of Phase 2

Slide by A. Tsiringakis
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Downscaling to Destination Earth

Problem: Generating kilometre-scale global ensemble forecasts is crucial for tasks like
quantifying extreme event probabilities, but physical models make this computationally

prohibitive

Objective: Develop a high-resolution forecast system based on ECMWEF's operational
forecasts, using advanced Al (generative models) to capture uncertainty and improve
predictions.
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Neighbourhood modszer

Implementalas és validacio



Neighbourhood mddszer: Hatter

Horizontalis mezé
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Theis et al., 2005
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* C ® Iprototipusként szolgalo valdszinliségi produktumok fejlesztése a Destination Earth

program keretében

« Kihivas: bizonytalansag szarmaztatasa (km-es skalaju) determinisztikus elérejelzésbdl

- Otlet: térben és id6ben szomszédos racspontokat tigy kezeljiik, mintha ezek ensemble

tagok lennének

« Eredetileg 2005 kornyéken fejlesztették, széles korben hasznaljak nagy felbontasu

korlatos tartomanyu modellekben

« Hasznalataval kezelhet6 az un. ,double penalty” probléma

Higher resolution Coarser resolution
Raw forecast Raw forecast
Wrong twice
Realistic forecast (same Less realism (wider area, lower
accumulation, small spatial error), accumulation), some overlap, often
penalized twice. penalized less than higher resolution
EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 14



Atlas, a library for NWP and climate modelling
Deconinck et al. 2017, J-CPC
Atlas is an open-source library providing grids, mesh generation,

and parallel data structures targeting Numerical Weather Prediction
or Climate Model developments.

* Open-source C++ library with Fortran interfaces (github.com/ecmwf/atlas)

* In this work: neighbourhood method is applied on the sphere (different to previous
applications with limited area models)

 Kk-d tree algorithm is used for nearby point search and distance
computations via atlas4py Python interfaces to atlas

« Search within a circle on the native TC02559 grid (4.4 km)

grid = atlas.Grid("0320")

kdtree = atlas.IndexKDTree(geometry="Earth")
kdtree.build(grid)

closest_points = kdtree.closest_points_within_radius(lon, lat, radius)
for p in closest_points:

print("index : ", p.-index)
print("coordinates [x,y,z] : ", p.point)
MTA.HU print("distance [m] : ", p.distance)

Slide by W. Deconinck



Neighbourhood mddszer: szabad paraméterek

* A neighbourhood (NB) valészinliségek hasonldak a fizikai
ensemble-bbl szamolt valdszinliségekhez

» A szabad paraméterek beallitdsa nagyban befolyasolja a
neighbbourhood valészinlségi mezat

 Validacio célja:
— Az NB modszer altal szolgaltatott valoszinliségi informacio
értékelése
— Osszehasonlitas fizikai ensemble rendszerekkel (9 km és 4.4
km)

— A szabad paraméterek hangolasa (a legjobb el6rejelzés
elérésére valamint a fizikai ensemble-lel hasonlé
karakterisztika elérésére)

<~ ECMWF

MTA.HU
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ROC Area

Objektiv verifikacio

Eurdpa tartomany, tel 2023/24

Megfigyelesek: synop + nemzeti mérések

Brier score: alacsonyabb értékek jelzik a jobb elbrejelzést

ROC terllet, élesség : magasabb értékek jelzik a jobb elbrejelzést

Neighbourhood from DE-4.4km (STO0), prec-6h > 5.0 mm
2023-12-01 - 2024-02-29, Domain: Europe

D° n t @rd\B sugar ndvekszik az el6rejelzési id6tavval
(1. nap : r=20 km; 2. nap : r=40 km; 3. nap utan :

r=60 km)

Brier score

Neighbourhood from DE-4.4km (STO), Br_orig, prec-6h > 5.0 mm

2023-12-01 - 2024-02-29, Domain: Europe
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Neighbourhood modszer

Aktualis fejlesztések



Alkalmazas 10 tagu ensemble-re

« C ® |Akisérleti 4.4 km-es ensemble rendszer ,hasznos”
szorasanak novelése

* A neighbourhood sugar idében konstans (mivel a fizikai
ensemble élessége az idovel csokken)

* Az NB sugar hangolasa: Brier score komponensek

1 & _ 1 & 2 —
BS =— E N, (f,—0,)" —— E N,(0,-0)*+0(1-0)
N = N i

megbizhatoésag felbontas  bizonytalansag

* D% n t ®0skm-es NB sugar

Ko n k I fAneighbourhood modszert a 10 tagu
ensemble tagjaira alkalmazva mind a felbontas,
mind a megbizhatésag n6

& ECMWF

MTA.HU

6-Hour Accumulated Precipitation

70 A
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Neighbourhood for 10 member 4km ENS, prec-6h > 1.0 mm,
lead _time=12h, 2023-07-01 -- 2023-09-29, Domain: Europe (all)
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Brier score

Alkalmazas 10 tagu ensemble-re

« C ®IA10 tagu 4.4 km felbontasu ensemble teljesitményének

reprodukalasa kevesebb taggal Ko n k | Aneighbbourhood modszert

mindossze 3 tagra alkalmazva hasonlo

- Jelenleg: ensemble tagok kivalasztasa véletlenszerlien teljesitmeny erhetd el, mint a teljes 10 tagu
ensemble-lel

» Terv: ensemble tagok kivalasztasa clusterezéssel

Neighbourhood from DE-4.4km (STO), Br_orig, prec-6h > 1.0 mm
2023-07-01 - 2023-09-29, Domain: Europe

6-Hour Accumulated Precipitation, Udine, Italy, lat/lon: 46.038139 / 13.42421
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Sugarzas elorejelzes
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Osszegzés

* A neighbourhood modszert implementaltam a DestinE Extremes DT modellre A
pre-operativ, kisérleti futtatas az ECMWF Atos szuperszamitégépen 2025
aprilisa ota

* A modszer szabad paramétereit esettanulmanyok és hosszabb verifikacios
id6szak alapjan hangoltam be

Jovobeni tervek

* A neighbourhood modszer tovabbi fejlesztése gépi tanulas bevonasaval
 Hidroldgiai alkalmazasok

 Osszehasonlitas a generativ Al-t hasznalo ensemble leskalazassal

<~ ECMWF
L 4 EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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Koszonom a figyelmet!




