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Snapshots of 4 months simulated top-of-the-atmosphere radiation fluxes



Track Record of efficient HPC use on some of the
largest supercomputers in the world
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2020 HPCwire Awards
Readers’ Best Use of HPC in Physical Sciences —

ECMWEF & ORNL
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Compute nodes (Piz Daint x12 / Summit x42 cores)

Wedi et al, 2020




Build on a solid technological m— CECMWF
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Atlas: a library for NWP and climate modelling [EElealaller={ "‘ECMWF —x— H Summit
Deconinck et al. 2017 Memo =— H-GPU Summit

Mueller et al, 2019
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Heterogeneous CPU-GPU compute
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Innovative I/O management, data compression and governance

6,599,680 points x 137 levels x 10 variables

ECMWENWP ™ 2t ~gkm ~ or ~100TB/day

. : TCo7999 L137
Digital Twins (DTs) - 556 800,000 points x 137 levels x 10 variables
at ~1,4km
x 960 pp steps ==
~100TB/simulated month
Summit simulation
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ECMWEF pioneered Ensemble Forecasting

Simon Lang & Irina Sandu

9km TCo1279L137 51 Ensemble
members 20200913 00 UTC + 41 h
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Comparison of simulation output in observation space
Combining multi-instrument and multi-channel satellite information with model data
is an important aspect of ECMWF’s data assimilation

Meteosat-8, Meteosat-11 and GOES-15
2018110100+48h 2018110300

1.4 km

Deep convection explicitly resolved globally

Philippe Lopez & Cristina Lupu



Comparison of simulation output in observation space
Combining multi-instrument and multi-channel satellite information with model data
is an important aspect of ECMWF’s data assimilation

Meteosat-8, Meteosat-11 and GOES-15
2018110100+48h 2018110300

9 km

Deep convection parametrised

Philippe Lopez & Cristina Lupu



MODIS aqua infrared channel
+ cloud radar cross sections from
CloudSat

Data assimilation
EarthCARE mission preparations
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Ensemble of simulated satellite
images from the IFS model with
analysed cross-section cloud profiles

IFS 4 km - Radar reflectivity (dBZ)

-

;515 =
=10 . “ Qt‘ A |!|‘ T
g 51 ‘E(M&Y‘r‘ r‘ | .

=15 IFS 9 km (no conv.) - Radar reflectivity (dBZ)

c1
<
£10
=)
25
0

Latitude (‘N)

Direct comparison in observation space
Mark Fielding and Marta Janiskova




IFS 2018110100+120h

Lago di Garda
Lac Leman
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Innsbruck

Bozen

Trqpto
Different climate zones and

atmospheric transport barriers
Philippe Lopez




Lago di Garda
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|| Patagonia Wind-gusts
10m Wind Gust 2019082800+72:15:00
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Multiscale
severe wind events
across complex topography
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Combining Al and data assimilation tools
with physical and dynamical constraints

Tweet

Geoff Smith @DrGeoffSmith - 25 Jan
@ Check out thede amazing @CopernicustU #S

Sentinel3 #0LCl images from
earlier today showing the snow covered areas of southern #UK after

Sunday's weather had pushed through. False colour format highlights the
snow, but also the major river valleys suffering from flooding (black).
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S ' UK snow and flooding areas
NASA Feb 201 8, https://earthobservatory.nasa.gov/images/91658/snow-and-clouds-around-the-alps

ESA SENTINEL-3 Ocean and Land Colour Imager (OLCI)




Increased realism in water cycle reservoir representation at 1km

Gianpaolo Balsamo, loan Hadade, Gabriele Arduini, Souhail Boussetta, Joey McNorton, Margarita Choulga, et al.

Offline Surface Modelling with increased performance land - surface model at 1km at ECMWF 2N
Increased realism of ia-,» RN
« Land use and land cover (use of ESA-CCI)
« Coastal areas and lakes (use of GSWE)

« Snow over orography & catchment hydrology 9%m (HRES ~ TCo1279

& ERA5Land)

« Urban areas
Prerequisite for improved analysis of TCo7999
» skin temperature
« anthropogenic emissions
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1 km simulated — Eurasia snow depth




Bridging gaps to metre-scale regional refinement e

metre-scale observations,e.g. 10T, social e
movement and urban planning data, etc. | P S P
| ‘P"‘\} _‘.5"‘:*\“:
WMO Research Demonstration Project R N
“Paris Olympic Games 2024 N
A
http://www.umr-cnrm.fr/RDP_Paris2024/ s
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Buildings typology:
Paris and inner suburbs.
Source: mapuce.orbisgis.org
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OMNIVERSE 4-day global forecast at 1km of
Mathias Hummel, Peter Messmer (NVIDIA); Pedro Maciel (ECMWF) Hurricane Dortan in Augustaditd on pUmmit

RN e FPS: 5.35, Frame time: 186.77 ms
x - 23 < 255041350

First glimpse of GPU accelerated
interaction with 1km global forecast
data ...




Sylvie:Lamy=Ihepaut 4-day 1km forecast of Total column liquid water-

& Hurricane Dorian R
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Prepare for silent killers ...
e.g. impact of powerful storms on sea-ice
enhancing Arctic amplification
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Aleuten Low Pressure Svstem Animation: Nikolay Koldunov (AWI)-&



Climate projection at storm-resolving scales

Legacy Development (O7) Application (02 & 03)

o‘—‘\oﬂ
on MISU lead
ad\a“ Aerosol Forcing and Cloud Feedbacks

- Pattern Effects & Convective Organization

Project Clusters:

NextGEMS builds on a rich legacy Challenge Problems (Hackathons)
Tech: ESIWACE2, ESCAPE-2, ENIAC, DYAMOND - Renewable energy & Marine nutrients
Apps: CONSTRAIN PREFACE, PRIMAVERA 4 - . Chdnging natural hazards

Obs: EUREC'A, BOW-TIE/TOOC & FESSTVal

MPI/WUR lead
- Extra-tropical land-atmos coupling
- Blocking & warm and dry spells

People:

NextGEMS expands the modelling enterprise by Communication & Dissemination

integrating groups from outside the traditional \ Video Blog & Social Media

modelling centers - Clips, Results, Progress and Research Videos
NextGEMS benefits from strong institutional commit

ments (MPI-M, ECMWF, AWI and BSC) and Pls with

a track-record of leadership.

Storms & Society

Stevens et al 2019, 2021; Bjorn Stevens, Irina Sandu et al H2020 funded nextGEMS project

Uncovering surprises within the climate system...
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Conclusions

Routine global km-scale data assimilation and prediction of the
coupled Earth System is within reach

Big data handling, unsupervised learning, and near-real time
interaction with km-scale global Earth System data provide
unprecedented opportunities

“Our bigger vision is a near-real-time digital twin of our planet,
particularly the planet’s surface, which opens up a trillion use
cases where traditional photogrammetry like a Google Earth or
what Apple Maps is doing is not helping because those are just
simplified for photos clued on simple geometrical structures”

Quoting CEO Michael Putz of Blackshark.ai in an interview about their
work on MS FlightSimulator2020

https.//techcrunch.com/2020/08/17/
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