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e 1. WEATHER

G.l. Marchuk.

Physics of the atmosphere and ocean and
the problem of weather forecasting

/| Meteorology and hydrology, 1976, No. 10, pp. 3-14.

“Weather forecasting is one of the central
problems of science, actively influencing many
sectors of the national economy, such as agriculture,
public utilities, aviation, etc. Improving the quality of
weather forecasting almost immediately leads to
increased economic efficiency... and... results in
benefits amounting to hundreds of millions (GSR:
now billions) of rubles.”
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d ONLY supercomputers are used for operational NWP: in the November 2025
TOPS500 list of the fastest supercomputers for NWP, 22 of the first 264
supercomputers are in use (more than 8%).

 Conducting NWP (global and limited-area) using coupled models of the
atmosphere, land and ocean.

1 Seamless operation and, as a result, the use of a single operational
atmospheric and environmental model for all forecast lead times and domains.

1 Working with big data in NWP: if a forecaster spent just one second
reviewing each value of a single temperature forecast field across all levels of
the ICON-RU13/6N29 model, it would take them more than 4 years!

 The use of uniform grids such as triangular or square ones based on regular
polyhedrom inscribed in a sphere.

1 Open source code for NWP models (ICON (30.01.2024), IFS, WRF and MPAS).
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¢ 2. weaTHER and TURBULENCE

A.M. Obukhov. Turbulence and atmospheric _
dynamics // Leningrad: Gidrometeoizdat, 1988, 414 p

22. Weather and turbulence, 25.09.1967, c. 281 — 288)

“ Many of those present here are convinced that

the concepts of 'weather’ and turbulence are signify-
cantly different, or at least not the same thing. (p. 281)

...Let us consider an idealized situation in which
we are dealing with a very dense observation grid with
distances between adjacent stations of the order of 1
mm, and the forecast lead time of interest is of the
order of 1 s. In this case, there is no point in
talking about turbulence, since the forecast
can be made with a very high degree of
accuracy using the Navier-Stokes equations.
(p- 282)... “
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®¢ 3. WEATHER, TURBULENCE and ®
CLIMATE

Wedi, N. P, et al. (2020). A baseline for global weather and climate
simulations at 1 km resolution. Journal of Advances in Modeling Earth
Systems, 12, e2020MS002192. https://doi.org/10.029/2020MS002192

We present the world's first global simulation of an entire season of the
Earth's atmosphere with 1.4 km average grid spacing and the top of the modeled

atmosphere as high as 80 km.

L. Ruby Leung' , David C. Bader? , Mark A. Taylor® , and Renata B.
McCoy? (2020). An introduction to the E3SM special collection: Goals,
science drivers, development, and analysis. Journal of Advances in Modeling
Earth Systems, 12, e2019MS001821. https://doi.org/10.1029/2019MS001821

1 Pacific Northwest National Laboratory, Richland, WA, USA,
2 Lawrence Livermore National Laboratory, Livermore, CA, USA,
3 Sandia National Laboratory, Albuquerque, NM, USA
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=€’ 4. WEATHER, TURBULENCE, CLIMATE and
ICON MODEL

B Equation set describes mixture of dry air and water (all 3 phases)
B o is the total density (including water vapour and condensate)

B velocity is defined as the barycentric velocity (Wacker et. al, 2003)

dry ai
> PEUL o
Yope - \1e — be———————=
D ok Pk — .?Vbc
rain water \vr ‘
A"]

B Current implementation contains approximations w.r.t. moisture effects

i.e. wp. = 0 at the surface
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fac GRID

prognostic fields:

—3» U,, edge-normal vel. component B grid generation is based on the Icosahedron

® W vertical velocity B By RnBk we denote a grid that originates from an

. p density of moist air |cosahedron WhOSG
Qv virtual potential temperature B edges have been initially divided into n parts,
B followed by k subsequent edge bisections.
Q’é mass fractions

The total number of grid cells in the ICON grid is
given by

— 21k

B Operationally used:

R3B7 = 2.95 millions cells
h=13.2 km
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‘.G The system of differential equations of the ICON model B il
Full set of governing equations pouscherwenerdienst (O)

B describes two-component system (dry air + water)
m fully compressible nonhydrostatic, shallow atmosphere approx.

B vector invariant form (u - Vu = VK + ¢ < u) for horizontal wind component

momentum
energy
mass
5t + V - (pgrv) = —V - (Jr + pgilv partial mass
based on Gassmann and Herzog (2008)
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et of DIRECTIONAL SPLITTING &) sk
b i Directional splitting Il
. Two options are available in ICON
k+1/2 :
Istrang=.FALSE. tra:zg'::f:‘ml Istrang=.TRUE.
STENSIL
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fir Meteorologie Wetter gnd Klima aus einer Hand
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Odd time steps
U = U AU
Ut = W AH (DY)

Tracer transport in ICON
General design and performance
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Even time steps
T* = U+ AtH(I")
= U 4+ AV(T¥)
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Eruption of Eyjafiallajokull (NASA-MODIS,

Daniel Reinert
Deutscher Wetterdienst

Strang splitting O(At?)

II!*
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NN ;AW(W)
T* + ALH (D)
T** 4 %AW(@**)

5t |CON Training Course
April 2019, Langen, Germany

Daniel Reinert — 09.04.2019
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% G W. A. Mueller et al. ICON: Toward Vertically Integrated Model;

== Configurations for Numerical Weather Prediction, Climate
Prediction, and Projections// BAMS, v.106 (2025): Issue 6
(June 2025) DOI: https:lldoi.orgl1 0.1175/BAMS-D-24-0147 .1

2010 ! First ICON hydrostatic atmospheric dynamical core on triangular grids
2015 ? ICON modelling framework of DWD and MPI-M (Zangl et al., 2015)
2015 ? ICON-NWP becomes operational

2015 4 ICON-ART 1.0 (Rieger et al., 2015)

2012 ® Regional ICON on the nested European domain becomes operational
2018 € )cON km-scale Limited Area Mode becomes operational

2017 ! First ICON Ocean (Korn et al., 2017)

2018 * ICON-A, the atmosphere component of the ICON Earth system model (Giorgetta et al., 2018)
2022 ” First ICON coupled Earth system model -~ ICON-ESM (Jungclaus et al., 2022)

2023 “First ICON Earth system at kilometer and subkilometer scales (Hohenegger et al., 2023)
2024 'ICON Open Source Release in 2024

MDAT0 070426_11.15-11.40 o 0 meorotogisl Reseatch Comre of Russian Fegeration. 1
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M (' Daniel Klocke, ..., Bjorn Stevens. Computing the Full Earth @& e
SYstem at 1 km Resolution. arXiv:2511.02021v2 [physics.ao-ph] 7 Nov 225

We present the first-ever global simulation of the full Earth system at 1.25 km
grid spacing, achieving highest time compression with an unseen number of
degrees of freedom.

Our model captures the flow of energy, water, and carbon through key
components of the Earth system: atmosphere, ocean, and land. To achieve this
landmark simulation, we harness the power of 8192 GPUs on Alps and 20 480
GPUs on JUPITER, two of the world’s largest GH200 superchip installations.

We show how separation of concerns can reduce the code complexity by half
while increasing performance and portability. Our achieved time compression of
145.7 simulated days per day enables long studies including full interactions in
the Earth system and even outperforms earlier atmosphere-only simulations at a
similar resolution.

arXiv:2511.02021v2 [physics.ao-ph] 7 Nov 2025
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Table 1: Overview of current state of the art km-scale climate simulations, their horizontal grid spacing, included Earth system
components (A - Atmosphere, L - Land, V - Vegetation, O - Ocean, B - Biogeochemistry, C - Carbon), the system they
ran on, the temporal compression 7 (e.g., Simulated Days Per Day) and a rescaled value 7, o corresponding to the expected
performance on the same resource but with Az = 1.25 km.

Model Az /km Components  Resource

SCREAM [33] 3.25/4875 A L ~87 % Frontier GPU 458
ICON .2 AL ~95 % Lumi GPU 09 69

NICAM (H. Yashiro pers.) 35 AL ~26' FugakuCPU =~ 365 17
this work 1.2 A L ~85% JUPITER GPU  145.7 1457

[33] Mark Taylor, Peter M. Caldwell, Luca Bertagna, Conrad Clevenger, Aaron Donahue, et al.
The simple cloud-resolving E3SM atmosphere model running on the FRONTIER exascale
system. In Proceedings of the International Conference for High Performance Computing,
Networking, Storage and Analysis, SC '23, New York, NY, USA, 2023. Association for Computing
Machinery. ISBN 9798400701092. doi: 10.1145/3581784.3627044. URL

https://doi.or /10.13145/3581784.3627044.
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9. WEATHER, TURBULENCE, CLIMATE, ICON MODEL and
OPERATIONAL RUSSIAN CONFIGURATION

ICON-RuU13/6N29 model ICON
and CONFIGURATIONS under DEVELOPMENT
(Ru - Russia)
(HUOKTP 125032004255-7)
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Development of short-term NWP
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9.

10.
11.
12.
13.

14.

Improvements to the COSMO and ICON models

Snow cover formation and evolution.

Solar radiation transport and aerosol pollutant accounting.
Urban parameterization.

Modeling and numerical forecasting of polar mesocyclones.
Creation and verification of ensemble forecasts for a limited area.
Perturbation generation for ensemble systems.

Development of an NWP system with a 1.1 km grid spacing for
Sochi 2014 and a 1.0 km grid spacing for Moscow.
Development of verification methods and testing of 1 km
configurations.

Finding optimal solutions for developing data assimilation
systems, including radar systems.

Development of a turbulent mixing scheme in the surface layer.
Application of neural networks for postprocessing.
Development of a new dynamic block for the ICON model (?)
Development of an environmental model (?)

Development of an assimilation system (?)
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.‘G OPERATIVE RUSSIAN ICON-Ru13/6N29 and
- GERMAN CONFIGURATIONS ICON MODEL

Levels 3 ICON-Ru13: global, 120 levels up to 75 km, grid spacing 13,2 km,
km| rfa 3sicoraH, km  TlnotHocTs P, KI/M 5760 cores, 120 h NWP in = 20 min.
' | | ICON-Ru13/6N29:global, 120 levels up to 75 km, grid spacing 13,2 km
I | Teouaciapa | and with a nested grid with a grid spacing of 6.6 km at 74 lower
0,01 PMockep 0.01.10° L__1evels north of parallel 29.5°N, 5760 cores, 120 h NWP in = 55 min.
0,02 ' T e
75 I -3 ] HMC < o VYD | " prs s S
01} 20 L - S e S O
__ Me3socepa | e b
an o . ¥ s 155 Research and Development at DWD
510,05 - | e e Fo o ees
0, 1 1 ’0 . 10-3 e ! i : Fortecasting S?stem
4/ . - Vérsion 2.4.1. 2025
40 | | - 10 107 N Commomm o ommomon oo o e
20174 N |
: e TpaTo/chera ql soN HMC e
e 3
20 i i = 100 10 0
225 : - :
. [-Tponocdepa -1000-10” w 3.03/2 .
} * 1 ) P e e =
'180' 200'220' 240'260"' 280" K S e A e M M R e

1M1¢4A070 070426_1 1 1 5- Federal Service for Mydrometeorology and Envirenmentall Wonitoring [Roshysdoorme(] 1 6

Hydir pmeteansdogeal Resaanch Carire of Russsan Federation



;Mac MESOSCALE ENSEMBLE MODELLING

- BASED ON ICON MODEL: ICON-Ru2-EPS T
ICON-Ru2-EPS, CFD: 2,2km Domain: Central Federal District
PR Rl - R 48-hour forecasts
P *;M\K-,‘fﬂpggg;sﬁsi;,\,: Horizontal grid spacing ~2.2 km, 65 vertical levels
e (up to ~22km)
T g The ensemble size is 15
- Initial/boundary conditions from the global
=T e ICON-Ru13/6N29

Perturbations of initial/boundary conditions
downscaled from the global ensemble prediction
system of the Hydrometcenter of Russia SLAV-EPS

Verification using the METplus package

ICON-Ru2-EPS
demonstrates high
forecast qualit

E.D. Astakhova, A.Yu. Bundel, D.Yu. Alferov, |.A. Rozinkina, G.S. Rivin.
On the application of ensemble methods in short-range regional forecasting

// Hydrometeorological research and forecasting. 2025. Ne 1 (395). pp. 6-36.

DOI: https://doi.org/10.37162/2618-9631-2025-1-6-36 (in Russian)
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M (' THE COMPLEX OF RESEARCH AND DEVELOPMENT
) FOR THE IMPROVED COSMO-Ru SYSTEM

An hourly, supershortrange (0:00 to 12:00) NWP system has been developed,
integrating data from the ground-based observation network, including radars,
with output available every 10 minute, 1.5 hours after the observation time. The
system has been shown to be highly effective compared to other methods in

forecasting intense precipitation, particularly in the first six hours. D.V. Blinov

The ICON-ART-Ru chemical transport modeling e T
system has been adapted to supercomputer

«Roshydromet» and tested. It has been shown that
ICON-ART-Ru6 modeling in passive mode for
chemically inactive pollutants (e.g., CO, most NOx) is
more successful than COSMO-ART-Ru2 with a full
chemical transformation system, enabling its use for
real-time calculations of concentrations of these key

pollutants. A.A. Kirsanov
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1 CRI in ecRAD is implemented in three solvers McICA,

Tripleclouds, SPARTACUS with customizable functionality

CLOUD-RADIATION INTERACTION in ICON o
(a joint work with Meteorology and Climatology department of the Faculty of Geography, MSU)

embedded stand alone

4 A, M'CICA 04 a
! 0.3
= Simulated radiative characteristics are verified against 5 2 i 5
precise observational data of RAD-MSU (BSRN) L __Lg or=—2 o
= Solvers validation z ]
v" joint verification of the radiation and T2m (fig. a,b,c) g N ‘,»:ﬁ %,jﬁ;" wo
v for different cloud conditions B SPARTACUS —okm | [o:F
v studying feedbacks on cloud parameters |_ . o v el B
v’ studying LW scattering contribution (fig. d)/¢ or-—- - £ . Mj, e
S [::5:"*"? SR & o i
M. Shatunova, N. Chubarova, oo 1°§RE ‘;BT,;B;J 9012 =
D. Piskunova, N. Petrov, A. Golikowv. T e &
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Y G A prototype of the improved COSMO-Ru NWP system

1 The Russian ICON-Ru8.8/4.4N20 configuration fasnesve, ﬂpnﬁeuem%ez;z%gg?&gopﬂ Global_RYBG,
has a non-uniform horizontal grid and 120 e
levels up to 75km
v'4.4 km at the 74 lowest levels up to an i
altitude of 23 km north of the 20°N parallel; ol 0
v 8.8 km for the rest of the grid. 8 8 km e *
2.The grid spacing of 8.8 km is smaller (and 4.4 ‘k\:ﬁ/@\m ok !/\}_ﬁ %
km !) than all operational global models in the Jii’( S Snﬁ? iﬁ
world. e “’.“’"“"F 'II:Y phoon
: g : oy ere eogun
3.1t will be significantly improve the reliability of
numerical weather forecasts and the
identification of hazardous event threats for
many regions of Russia with complex
geographic conditions, primarily Siberia, the
Far East, and the Arctic zone. M.A Nikitin, G.S. Rivin
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M. Nikitin, G. Rivin EuNorthAsia_3.3km 30 5571000 63 min 33 min | 22 min
ETR_1.65km 15 2959 000| 85 min 47 min | 29 min
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el © Wildfires in the Central Federal District, 3 sl
smoke aerosol transport forecast

26.08.2022 03:00 (MCK): PM1o Ha BbicoTe 0-10 M, Mr/m3
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A. A. Kirsanov, A. P. Revokatova, G. V. Surkova.
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ac: CONCLUSIONS

1. Itis given the brief overview of 1. Nikit, [Irsanovy. shatunova
the state of modern NWP.

2. G.I. Marchuk: “Weather
forecasting is one of the central
problems of science ... “

3. A.M.Obukhov:
“Macroturbulence, turbulence,
and the Navier-Stokes system of
differential equations”.

4. The results on global climate
modeling with a 1.25 km grid .;_
spacing are given. A

5. It is given information about
Russian operational configuration
ICON-Ru13/6N29 and configurations
under development (Ru - Russia).

D Blmov

6. We thank the Main Computer Center of
Roshydromet for the excellent working

conditions on its computing systezn%.

Federal Sernvice joor Bydromebeorology and Environmentall Monioring [Roshysdoomme(]
Hydir pmeteansdogeal Resaanch Carire of Russsan Federation

———TV®A70 070426 11.15-11.40



ac: NUMERICAL WEATHER PREDICTION &) sl

~and related problems of TURBULENCE AND CLIMATE MODELING
current state and further development
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McCoy? (2020). An introduction to the E3SM special collection: =~
Goals, science drivers, development, and analysis. Journal of
Advances in Modeling Earth Systems, 12, e¢2019MS0018
https://doi.org/10.1029/2019MS001821 -

1 Pacific Northwest National Laboratory, Richland, WA, USA,
2 Lawrence Livermore National Laboratory, Livermore, CA, USA,
3 Sandia National Laboratory, Albuquerque, NM, USA

eGL Ruby Leung', David C. Bader? , Mark A. Taylor3 , and Renata Bﬁ ol

system. ... the Energy Exascale Earth System Model (E3SM) project aims to improve
predictions of Earth system variability and change. The latter has a particular focus on
predicting changes in the water cycle that influences precipitation and storms, biogeochemistry
that influences greenhouse gases and future warming, and cryosphere systems that influence
sea-level rise that threatens coastal communities. This paper serves as an introduction to
the E3SM special collection, which includes 50 papers published in several AGU
journals. It provides an overview of the E3SM project, including its goals and science drivers. It
also provides a brief history of the development of E3SM version 1 and highlights some key
findings from papers included in the special collection.
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M| The operational numerical weather prediction (NWP)
many years is an example of a digital technology
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BMO: OLIEHKW Psea ana 2012-2026 cesepHee 20°N uﬁln

LA T S—

MPOrHO3  https://iwmolcdnv.ecmwt.intt cpenHEKBAOPATUYECKOE
Ha 72 yac. CPABHEHUWE c AHAJIU3OM OTKITOHeHue

CpenHekBaapaTUyHoe oTknoHeHne, RMSE, 72 h, CpeAHeKBaapaTMyHOe OTKNOHEHMe,

(®
AN ?
s ¥

cCKonb3sllee cpeAHee 3a Mecsl, > 20°N cKonb3sllee cpegHee 3a 12 mecsiLeB
Step: 72 RMSEF/msl/n.hem/analysis Step: 72 RMSEF/msl/n.hem/analysis
c+++ BOM 00 —BOM 12 CMA 00 CMA 12 <+es CMC 00 —
—cMC 12 NCMRWF (India) 00 —— NCMRWF (India) 12 ++++ ECMWF 00 —ECMWF 12 e NCHRIE (k) 0oy ECAAE OO Eemwr 1 L DWD o
++++ DWD 00 —DWD 12 ++++ MetOffice 00 — MetOffice 12 ++++ NCEP 00 —DWD 12 ++++ MetOffice 00 —— MetOffice 12 .-+ NCEP 00 ——NCEP 12
o N A pnce 12 e P, —MA12 MO - MeteoFrance 00 ——Meteo-France 12+« MA 00 —MA 12 ++++ KMA 00

—KMA 12 ++++ RUMS 00 ——RUMS 12

.._moving average for the year

DWD

= MetOffi

ECMWE N ...
w0 :2012.2014 20162018 2020 2022 ... 2024 202
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Global, grid spasing, levels Limited Area Model (LAM) NWP

L _ . 0._ https://Iwww.wcrp-esmo.org/working
ECMWF IFS: ~ 9 km; TC01279 L137 +ocean0.25 0.50 55 Km T T T T
MetOffice UM: 10 km, 70 lev., + ocean 0.25°, 0.5 - 33 kM UM 1.5 k. 950%1025x70
=CO VLG EL R KOHeYHO-pa3HOoCTHas C ’ ’
DWD 13 ICON: 6.5 km Europe x 74,
ICON: 6.5 km Europe, 13 km out; 120 yp. ICON-De: 2.1 km, Germanyx65,

| | o GEM: 10km, 1108x1082x84 +oocean 0.09"

o)/ [e3or- 1, E[. B GEM: 15 km; 84 levels, grid Yin-Yang GEM: 2.5km. 2582x1332x84
CMA. China RAPES- : km. 90 leve RAPES-MESQO: 3 km x1501x7C

Rohvdromet SLAV: (0.08-0.14)° x 0.11°), 104 levels (10.2023). ICON-Ru: 6.6 km if > 29.5N x 74,
of R)l:ssia ICON-Ru: 6.6 km if > 29.5N, COSMO-Ru: 2.2 km, 1200%1400x50,
13.2 km out; 120 levels (11.2024). Moscow -1 km, Sochi -1.1 km 200x200%50

12 km,  935x% 835x60;

oSV GFS fv3: 13 km 127 levels  0.29 = 27 KM 3 km_ 1827x1467x60, 1189x1249x60,
373x561%x60,401x325x60; 1.5 km, 333x 333x60.
VTN F = [o08 TL1798¢2.2: 5 — 24 km (WestEu-out WestEu), 105 lev. ALARO: 1.3 km, 1536%1440x90;

JMA. Jaban GSM; 13 km, TG959, 128 levels (up to 0.01 rMa) MSM: 5 km, 817x661x76 upto 22 km;
B (from 03.2023) LSM: 2 km, 1581x1301%76 up to 20 km.

KIM (Korean Integrated Model) + UM: 8 km, 91 lev. 1.5 km, 1188x1148x70 29
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.G https://wmolcdnv.ecmwf.int/
C' BMO: OLIEHKM (cko) H500 ans 2012-2026,CesepHee 20°N
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Ha 72 yac. OTKITOHeHue

CPABHEHUE c HABJIKOOAEHUAMW CPABHEHUE c AHAIIU3OM
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,,,,,,

Step: 72 RMSEF 500 hPa z/n.hem/observations Step: 72 RMSEF 500 hPa z/n.hem/analysis
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ac https://wmolcdnv.ecmwf.int/
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NMPOIHO3 https://wmolcdnv.ecmwf.int/ CPEAHEKBAZIPATUHECKOE

Ha 72 yac.
RMSE, 72 h, OTKJIOHEeHue

CPABHEHME c HABNKOOEHUAMUA > 20°N CPABHEHUE c AHAJIU3OM

Step: 72 RMSEF 250 hPa ff/n.nem/observations Step: 72 RMSEF 250 hPa ff/n.hem/analysis
—BOM 12 CMA 12 —cmc12 — ECMWF 12 —DWD 12 —BOM 12 CMA 12 —cMC 12 — ECMWF 12 —DwD 12
— MetOffice 12 — Meteo-France 12— MA 12 —KMA 12 ——RUMS 12 —— Metoffice 12 o NeEP12 —— Meteofrance 12 —MA 12 T KMAL
——RUMS 12
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| 2012 2014 2016 2018 2020 2022 2024 2026

denepaTbHas CIyk0a 10 THIPOMETEOPOIOrHH H MOHHTOPHHETY OKPY:KArOMIeH CpeIsl
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‘Q Mepexopn K KOHCbVIrypaLl,Iélfllé\g ICON-Ru Moaenu ICON _ sty
- p koHc¢purypaumm ICON-Ru mogenun ICON

Mopgens ICON no coobweHusam 50 45" 3 2

HemMeuKunx KOJJer, CTaTbSAM, Cucrema COSMO-Rul/icon: >
Npe3eHTaLUMAM UM Ha  OCHOBaHMWU rnobanbHbiv ICON-Ru ¢ '
oueHok ELICMM npoyHo Bowna B __ mamv:l?AIG.SIS.ZSI 1.625km

TPOWKY NyHLIMX onepaTUBHbIX
aTMocepHbIX mogenem mMupa,
MPUYEeM MO HEKOTOPbIM MNO3ULMUAM
ABNSAETCA Ny4len B Mupe.

B

1. WUcnone3osaHue moaenu B
Hemeukoit cnyx6e noroabl
. Ucnonk3oBaHue moaenu B
cTpaHax KoHcopuuyma
cosmo
3. OnbIT npuMeHeHUA Moaenm B
Pocrugpomere.

N

Database Reference Manual
for ICON and ICON-EPS

Version 1.2.11
%05 A———"F——F—T1T——T— T — T — T — T — T — T — T
180 150W 120W 90W 60W 30W 0  30E 60E 90E 120E 150E 180

OueHka 00bEMOB nepegay B Te4eHUN OgHUX CYTOK HeOOXOAMMbIX HavyarbHbIX AAaHHbIX U OOKOBbIX
TPEXYACOBbDbIX rpaHuyHbix ycnosun ana COSMO-RuU6ENA — 60 6, HeobxoAMMbIX Ha4alribHbIX AAHHbIX

ansa ICON-Ru13/6N29 — 20 6, T.e B 3 pa3a MeHbLue!

Bpemsa nepegayum aaHHbIX ana ogHoro cpoka ansa COSMO-RU6ENA paBHo 60 MMH, a Ha4anbHbIX
NMOBAJIbHbIX paHHbIX ana ICON-Ru13N29 5 muH, T.e B 12 pa3 MmeHbLue.
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M - https:/Inextgems-h2020.eu/ https://mpimet.mpg.delen/communicati@” ogus
myge Rt oo s

[MpoekThl, B KOTOpbIX y4acTByeT MHCTuTyT Makca lNnaHka-MennoHa, takue kak WarmWorld n European Eddy-Rich Earth System
Models (EERIE), yxe paboTatoT Hag ganbHEULWNM pa3BuTueM U yrydweHnemM Moaerien KUIoOMeTpoBOro Macilutaba n nogrotoBkom
X Onsa camblX BLICTPLIX cyrnepkoMnbioTepoB EBponbl. EBponenckas nHnumnatmea Destination Earth , koTopas paspabartbiBaeT
LMppoBble ABONHUKN 3EMHON CUCTEMBI, B 3HAYUTENBHOM CTEMNEHM onnpaeTcs Ha pa3paboTkn nextGEMS. A Ha eBponenckom
cynepkomnbtotepe JUPITER mogenb ICON, nossonstoLwas BbisiBNATL LUTOPMbI, YXKe paboTaeT ¢ paspeLleHnemM BCero B OAnH
KMIOMETP B TEYEHNE Lenoro roga, BKNYasa rnonHbln yrinepoaHbln LUK — OOCTUXKEHNE, KOTOPOE HedaBHO ObINo OTMEYEHO NpeMUEN
[opaooHa benna 3a knumartnyeckoe mogennposaHune n npemven HPCwire Readers' Choice Award .

Ho Bbirogy ot paspaboTok n pesynsratoB nextGEMS nony4yatoT He Tonbko nccregosatenn. C camoro Havana uenbio 6bino
NpPeaoCTaBUTb AaHHbIE B PYKU JTIOAEN N MHCTPYMEHTLI AN UX UCNONb30BaHWUS, Yero yaanocb AOCTUYb, BOBMeKas noTeHunanbHbIX
nonb3oBaTenemn Bo BeCb npouecc. B byayliem B 3TOM MOXET CbIrpaTb BaXKHYH POSfib UCKYCCTBEHHbLIN MHTEMNMEKT. JTa NOEA NEXUT B
ocHoBe uHuumatmesbl Earth Virtualization Engines (EVE), npegnoxeHHon MHctutytom Makca lNnaHka-MennoHa: npegoctaBneHune
NEerkogoCTyrnHOW KnumMaTuveckon NMHopmMaLmm BCceM, KTO B HeU Hyxaaetcs. « Mbl B3S5iM HEYTO, YTO Ka3anocCb TEXHOMOMMYHbLIM Y
9KCKITHO3MBHBLIM — 3TY OFPOMHYIO BbIYUCIUTENBHYH MOLLHOCTb, 3TY OFPOMHYK0 MOLLHOCTb 06paboTkmn gaHHbIX — WU caenanm aTto
WHTYUTUBHO MOHATHLIM, OOCTYMHbLIM U AEMOKPaTUYHbIMY», — roBopuT CTUBEHC.

[Mocne veTbipex net pabotbl NextGEMS coobLuecTBO y4eHbIX, TEXHUKOB W MONb3oBaTefien HaXxoamUTCHa HE B KOHLE NYTU, a B ero
Havane, 3akntodaeTr CtueeHc : «Mbl paspaboTanu HOBbIN TUM MOAESN, HOBLIE TUMbl aHann3a, Mbl ChopMUpoBanu coobwecTso —
Mbl 0O bEOMHUNN MHOIOE, YTO 3HAMEHYET Hadano HOBOW 3pbl B UCCIeQ0BaHMNAX KnnmaTay.

[ononHntenbHas nHpopmaums

Beb-cant npoekta NextGEMShttps://mpimet.mpg.de/en/communication/focus

KoHTakT

[Mpodeccop bbopH CTMBEHC,

NHcTuTyT MmeTteoponorum nm. Makca lNnaHka ,

bjorn.stevens@mpimet.mpg.de
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O Based on the Icosahedron (a convex, regular 20-sided polyhedron).

1 Ability to calculate on a global grid with increased resolution in any region
(non-uniform grids)

1 Ability to enable/disable nested domains during calculations

1 Ability to nest grids one- or two-wayNested grids vertically

PROPERTIES AND CAPABILITIES OF g7 e
THE GLOBAL ICON MODEL.  #Z7at g/l Sauy

: . : . L VAN SRS o .
d Conservation laws, including local conservation of ma ,;.;‘TE‘% b

are satisfied. P \},; AR o S
1 Applicability over a wide range of scales, from !Eﬁﬁn *' b &:ﬂ

~100 km to ~100 m. W i
1 Possibility of horizontal and vertical grid nesting. N o f

1 Scalability and efficiency across a range of computers WA
with both standard and GPU processors.
O Quasi-monotonic tracer transfer.
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.G https://mpimet.mpg.de/en/communication/news/mpi-m-is-one-of-
the-first-users-of-europes-fastest-supercomputer-jupiter

C masa 2025 rogaa wvccnepoBaTenu BrnepBble Ha4vanu MoaenupoBaTb KnMmart
3eMfim C wWwarom cetkm 1 KM B Te4yeHMe Uenoro roga, yuyumTbiBasg BCe BaXHble
KOMMNMOHEHTbI KNTMMaAaTU4YeCKOU CUCTeMbl 3eMIu.

NMomumo aTtmocdepbl, OKeaHa, CyLLUM U MOPCKOro JfibAa, 3TO TaKXe BKIO4YaeT B cebs
MoaenupoBaHUe BCEero yrrnepogoHoro uUukKna, BKIKO4Yas MepeHoC YrreKMcnoro rasa.
«IJTO OONnbWOU War Ansa Hac, U A0 CUX NOP ITO ObINIO HEBO3MOXHO», — rOBOPUT
OaHuen Knoke.

C 6onee yem ogHUM KBUHTUNINIMOHOM — T.e. 1 000 000 000 000 000 000 — onepauuu c
nnasawwen Toykou B cekyHay (FLOPS), BbicokonpousBoguTernbHbIA KOMMNbHOTEP
JUPITER, ycTtaHOBneHHbIN B uccrnegoBatenbCKoM UeHTpe HOnux, ctan nepBbIM Tak
Ha3blBaeMbIM exascale-KOMNnbLITepOM Ha eBPONEeUCKOM KOHTUHEHTe.

. Oaxe cdomHckum cynepkomnbrotep LUMI — Ha koTopom MPI-M n ero naptHepbl no
npoekty «Destination Earth» BbINONMHAKOT CHNOXHble BbIYUCIIEHUA C MoAensaAMuU
BbICOKOro paspeweHusa — gocturaet «Bcero» 380 PFLOPS — noGpasa TpeTb TOro, 4yero
MoxHO oxupaTtb oT JUPITER.
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eG The system of differential equations of the ICON model

B Equation set describes mixture of dry air and water (all 3 phases)
B p is the total density (including water vapour and condensate)

B velocity is defined as the barycentric velocity (Wacker et. al, 2003)

dry ai
Z PLUE v
’ch — k _________._N
> i =T
rain water \vr
L]

B Current implementation contains approximations w.r.t. moisture effects

i.e. wp. =0 at the surface

B flux form for p and q, — inherently mass conserving

Prognostic equation for 6, actually re-formulated into equation for Exner
pressure 1T
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