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ECMWF’s progress in degrees of freedom 

(levels x grid columns x  prognostic variables)

(Schulthess et al, 2019)
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ECMWF Scalability Programme
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DIGITAL TWINS
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Expected contribution of main system developments necessary to 
achieve key science and computing technology performance goals. 
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Bauer et al, 

Nature Computational Science, 2021
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Hybrid CPU-GPU compute

Erik Lindahl, Professor of Biophysics at Stockholm 

University, "Strategies & Lessons from Scaling 

Programs that are hard to Scale - Molecular 

Dynamics on Accelerators & Exascale Resources"
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“

“

=> IFS spectral transforms (LT/FFT) on GPUs

GPU

Physics Radiation Dynamics

semi-impl trans I/O

IFS at 1km on Summit

Mueller et al, 2019

The OLCF INCITE programme supported 

the simulation of two seasons (7 months) at 1.4 km globally on 960 Summit nodes
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Innovative I/O management, data compression and governance
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6,599,680 points x 137 levels x 10 vars

at ~9km ~ 9 Billion points or ~100TB/day 

TCo7999 L137

256,800,000 points x 137 levels x 10 variables at 

~1,4km

352 billion points x 960 pp steps == 

~100TB/simulated month

Same amount produced in 6 days with 15min pp

ECMWF NWP

Digital Twin prototype

T. Quintino, O. Iffrig, S. Smart , et al

Exploiting node-local NVMe

and asynchronous data transfers
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IFS FC+89h at 9 km (oper)

RTTOV-MFASIS (satellite image simulator) to produce simulated visible images from IFS 3D data

Philippe Lopez
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IFS FC+89h at 1.4 km

RTTOV-MFASIS (satellite image simulator) to produce simulated visible images from IFS 3D data

Philippe LopezHuricane Dorian
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GPU accelerated visualization with 
Omniverse 
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First glimpse of GPU accelerated 

interaction with 1km global forecast

data …

Mathias Hummel, Peter Messmer (NVIDIA); 

Pedro Maciel (ECMWF)

Hurricane Dorian 4-6 day 

forecast in August 2019 on Summit

Extremes



Using CloudSat observations in the evaluation of 3D km-scale simulation data …

• Radar observation 

operator is highly 

effective tool for 

evaluating 

convection in high-

resolution model 

forecasts

Forecast from 1st November 2018
Unpicking the effects of resolution and 

convection parameterization on 3D structureMark Fielding
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Stratosphere
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[mPa]

Resolved zonal gravity wave momentum flux at 

50hPa from 1 km IFS simulations on Summit 

for 5-15 Nov 2018.  

At 1km resolution, smaller-scale 

GWs are as or more important 

than long- and meso-scale GWs.
Polichtchouk, Wedi & Kim (submitted)
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Californian coastal fog

Forecast from 28 August 2019 

00Z, Steps: +48h to +72h every 

15mn. 

Patagonian wind gusts

Forecast from 28 August 2019 

00Z, Steps: +72h to +96h every 

15mn. 

Philippe Lopez
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CO2 Emissions and transport
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Transport uncertainty using ensembles

Balsamo et al, 2021 

Looking ahead:
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Capturing changing landscapes
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M. Choulga, G. Balsamo, S. Boussetta, J. McNorton

Water resources & management

Land use and coastal area management and risk

Estimate methane emissions

Monthly inland water changes at 1km

Monthly wetland changes at 1km

A changing land-sea mask at 1km 
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Towards a 
Digital Twin of the 

Earth System

big data 
handling

fast & flexible 
user interface

data lakes

methodologies
Earth system 

models

Earth 

observation

Simulated
Observed

Simulated

Internet of 

things

Digital twin engine

extremes & hazard 
management

climate change 
adaptation

analytics

production
extreme-scale 
compute and data 
handling

full integration 
of impact sectors

interactive workflow 
management

Observed

High-performance
& Cloud computing

A unified digital environment for the assessment and prediction of 

environmental extremes at km-scale for informed decision making at 

city, catchment, coastline, country and continental scale.

Wedi et al, JAMES, 2020

=> See the presentations this afternoon!

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