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ICON Status Reflection mwwg
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NWP Operational System Setup
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Data Assimilation in High-Dimensional System ggx:scherwetterdienstg
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ICON Status NWP

WMO verification against observations
lead-time: 48h

valid-time: 12UTC

level: 850hPa

nhem

850 hPa 48 h nhem

2.11

Temperature

1.59

1.2

2020 2021

ICON + Ensemble Data Assimilation

14 NWP Centres with global Forecasts,
ICON well positioned in in Top Group

2022
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Scales and Flood Prediction!
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Predictability Diagram for 2021-07-14 18 UTC

Station:

NRW Max.

Variable: RR_12h (144.6)

2004

Measurement

Precipitation amount
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| Model
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Flood Prediction
by

ICON-global,
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ICON-D2

Application
Ions and
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RUC: Advantage of timely EPS Initialization g:tg;ﬁ*;i;nﬁggiﬁmﬁg

2021/05/24-07UTC - 2021/07/17-09UTC
DOM: ALL, STAT: ALL
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Experimental KENDA
RUC System 2022

=  Hourly Initialization by EDA

= Hourly Forecast Runs, 8h

=  Spin-off from classical cycle at 3 UTC

* Younger Fast Initialization shows Best
Scores for several hours

= 3-hourly KENDA with more

observations better after 5 hours
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Best forecast: lower error curve
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ICON ART in Operations s T ©

processes Wetter und Klima aus einer Hand

Radiation

WORLD and.cloud e o Emissions
METEQROLOGICAL formation ;
ORGANIZATION

2018040800, vv: 003, ICON-ART, AOD_DUST

Emergency Response Activities (ERA)

Aerosol Gas phase

dynamics chemistry

v RSMC Nuclear Emergency Setup Operational

v RSMC Non-Nuclear Emergency Setup Operational

v" ICON-ART Operational Pollen Forecast Operational

v' ICON-ART Volcanic Ash Emergency Setup Pre-Operational
v' ICON-ART Mineral Dust Near-Realtime Test System
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I CO N CO n S O rtl u m Deutscher Wetterdienst E

MPI: Advance Climate Science, Atmosphere, Ocean, Land,
“(IT understanding of global processes driving the planet

Max-Planck-Institut Diversity and Partn erShip

fur Meteorologie

Karlsruher Institut fur Technologie

DWD: Forecasting for Weather (NWP/ESM) and Climate
@ DKRZ (Seasonal, Decadal, Projection), Climate Monitoring

9

(Reanalysis), ART and GHG Monitoring and Forecasting

DKRZ: Infrastructure for Climate Science, Tools and

Deutscher Wetterdienst i '
eutscher Wetterdiens Techniques, HPC Leadership

Wetter und Klima aus einer Hand

KIT: Modelling and Forecasting of Aerosols and Greenhouse
Gases, ART and Cloud Process Interaction
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ICON Consortium
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Max-Planck-Institut
fur Meteorologie

@

AT

Karlsruher Institut fiir Technologie

<&=> DKRZ

Deutscher Wetterdienst
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ICON Governance

;»

ICON Board of ICON - ICON
Directors Coordination <:> Development
(ICON-D5) (ICON-C5) Group Leaders

i
Main Themes X
Productive ICON- ICON- Con!s,%ﬁglated 1 Future
System | Seamless Exascale (ICON-C) System
Development (ICON-X) stelopment
Theme _ Themes
[ ICON Gatekeepers ] [ i’v ICON Scientists ]

ICON with its partners is in a phase of significant development

on several layers of the partnership.
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I C O N L I C e n C eS Deutscher Wetterdienst E

Wetter und Klima aus einer Hand

There has been a long process of evaluation including DWD legal
department, DWD finances department, external licence lawyers and
advice by experts.

@ @
Usage Licence )ﬁ(y Support Licence )ﬁ‘&

1st-Level-Support, 2nd-Level-

active

approved

ICON NMHS S @ Gen oy Rl Support, 3rd-Level-Support
Support Licence Official Duty Initial and Boundary Data
Data Assimilation DACE
approved
VS. VS.
Evaluation, Veri{)ication, < 20 T€ p.a. ,Licence Money*“
M t NMH is|
target approved easurements by (Decision by COSMO STC)
% 2022 Roland Potthast 14
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ICON Partners
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¢h

R CEEY
\ Center for Climate
Systems Modeling

Agroscope

HPC Piz Daint

Key Development Partners

C2SM: Heterogeneous
Computing Architectures,
Forecasting Weather and
Climate

e

..

HPC CINECA

Israel
cosMO |Egm Russia |

CONSORTIUM FOR SMALL SCALE MODELING

1

COSMO: Regional Weather
Forecasting in different
weather regimes

\—m Supercomputers
HPC HoreKa
EMPA HPC Mistral

HPC NEC Aurora
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ICON Partners Deutscher Wetterdienst E

" R ¢ ICON Research

Arab. Emirate: 1 R
Belgium: 3

Brazil: 2
Burkina-Faso: 1 Cyprus: 1 ; ;
China: 2  — Partnerships with
Egypt Greece: 2 : —r
India: 2 e many Universities
Iran: 1 e and Research Institutions
Israel: 2 Italy: 2
Mexico: 1 i .
Nigeria: § jemburg: 1 by partnerships of our
Pakistan: 1 Norway: 3 consortium members
Saudi Arabia: 1 Poland: 1
South Korea: 1 Russia: 2
Swasiland: 1 .
USA: 2 Switzerland: 4 @
' @
Vietnam: 1 Turkey: 2 A Hans-Ertel-Zentrum
Zimbabwe: 1 UK: 1 o fur Wetterforschung
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ICON & COSMO WGs

Deutscher Wetterdienst g
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WO rkl N g [ COSMO Steering Commlttee ' ICON Steering Group :( C2SM Steering Committee 1
(COSMO STC) (ICON SG / ICON-C5) L (C25M STC)
Groups .
with '
different gl J
FOCUS (COSMO SPM)
[ COSMO Scientific | C25M Executive Office
J,——\ - e |
f I
@ ‘ ™ @ ‘ ™ @ * n a .
) ) o [ - ED B EE (v [
DAss Num Phys. Air Surface
WG4 } WG5S } WG 6 WG 7 ( ‘ :
{ Appl. { Veri { Refer. Predict. l Cllm l Impact
Regional ESM Climate and —Infrastructure
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ICON Support

Deutscher Wetterdienst
Wetter und Klima aus einer Hand

= Support Elements
= Availability of Tools

Installation Support
Bug Support
Evaluation Support

NMHS
University Institute

g

Training
COSM_O List of Software and
Countries Support Level

= Support Licence

ICON Consortium = Technical System
and Partners (Tracker)

= Payment Options

Initial and Boundary Values
Verification MEC and Rfdbk
Data Assimilation DACE

% 2022 Roland Potthast
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4 |CON Seamless Deutscher Wetterdinst E

= Seasonal and decadal climate
simulations based on ICON-NWP
and ICON-O

= one integrated seamless
system for NWP, climate
prediction and climate projections

v’ Technical coupling of ICON-NWP and ICON-O
with YAC/YAC2, Expert Groups

v Extend model IO and diagnostics

v' Create a joint technical environment (BACY)

v’ Varying Aerosol, Solar Radiation, Ozone g
v Experimental investigation of the influence of ;%
NWP physics on processes in the coupled 2 - = = ~ Ngge ,‘gf
climate (TOA, SST, Means, AMOC, ...) Land-Atmosphere Ocean-Atmosphere Data Assimilation [
v Weakly coupled data assimilation for

atmosphere, land and ocean ICCARUS ICON-Seamless
% 2025 Keynote Talk + Session Thursday  roand poithast




ICON Seamless ESM (0-7 Days) T ©

Wetter und Klima aus einer Hand

(1) 2023 Coupling A+O YAC on NEC
I | DACE-A Experimental Data Assimilation,
[ ICON NWP Atmospheric Data Assimilation ] ICON-O-LAM technical
4 + (2) 2024 Coupling A+O in BACY
4 Verification available
[ YAC ] Data Assimilation in DACE technical
ICON-O-ZOOM technical
1 (3) 2025 Near-Realtime Tests with BACY,
A A Data Bases, NUMEX Prep,
[ ICON-O DACE-O ] ICON-O-LAM Data Ass. technical
B Ocean Data Assimilation (4) 2026 Implementation in NUMEX
Deterministic Cycle with Data
Assimilation preoperational
PDAF
Climate Ocean Data] (5) 2027 LETKF implementation and testing
Sl aion (6) 2028 hybrid EnVAR + LETKF implementation and
testing
j{2)J GeolnfoDienst Bw (7) 2029 NUMEX for hybrid system, Testing

A 2030 Ensemble-Variational ESM ready for

and DWD Pro (8) . .
roject Stal’ting operational forecasting

% 2022 Roland Potthast 23



I C O N L an d Deutscher Wetterdienst
urren’t\yi design phase Wetter und Kiima aus einer Hand E

= Based on the Land models
TERRA and JSBach

[e{e]\RR-Tle} Software Framework
= Allowing explicit, semi-implicit and \ I

carbon
ICON-N we "’Z,C'Zf;'ﬁ - [ ICON-NWP.

implicit coupling between A and L
= Tiles including transfer layer

carbon momentum

N-NWF energy
= Include all necessary state-of-the-art O s
surface processes and vegetation

= Codesign with Partners from
Hydrology with their hydrological

Codesign with Partners
models Hydrological Models

% 2022 Roland Potthast




Gl Oba I-to_ Reaqi Deutscher Wetterdienst E
=

I CON Rean alys I S anal eglonal ICON Wetter und Klima aus einer Hand
ysis S
_VStem = :
= Global-to-regional ICON Reanalysis Frank Kaspar, Deborah
. . Niermann, Michael Borsche,
=  Adaptation of [@leIAEITe I MIgICIgEEISYfOr Stephanie Fiedier, Jan Keller,
. . . . Roland Potthast, Thomas
historical observations ongoing Rosch, Thomas Spangehi,
Birger Tinz

é ) ICON Ensemble Reanalysis System Convective Scale: _ é

IFS ERA 5 a

/ 2-way-nesting \ Central Europe s |
30kmx 1 ’ ‘ ICON EU Coverage by DE '
ICON global
62 km x 10 |:;’> Nest +
26 km x 1 ( \ b

AN / 13kmx1 ICON DE , :

Initialization 52 km x 40 26 kim x 40 = 55 kmx 1 0.80 - i L1

\\‘ 4 k & 2.5 km x 40 7% '
Observations: Transfer from DWD Database N\ J/ . EERE%/:C:_EEAG

daily -
weekly -
monthly —

Time dependence of the Pearson correlation coefficient averaged over 128 German locations above

100-m station height for COSMO-REA6 and the two global reanalyses ERA5 and ERA-Interim derived
from the time period 01/1995-08/2019.

6-hourly —
12-hourly —
quarterly -
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ICON Consolidated Target

Wetter und Klima aus einer Hand

Modularization, Infrastructure, Mind-Set Lines for Change Management

Our goal is to formulate and realize a — oo
process leading to a common and SR
modular structure for the ICON
development. This includes a process to
manage a consolidated ICON version
and how to interact between key icon-c-dev-1
branches for individual ICON

=5 -
development lines. _
FirSt Steps taken _ icon-c-dev-2 |

Clearer
*  Interfaces

Production

Management process

1 _
Change H ” Deta|I ﬂ Experlmental “ Testlng & ”
Integranon
RequeSt Plan COdIng ConSOIIdatlon _

ow Con :
% o ceptiona] concretization

2
Consultation
Phase
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ICON Consolidated Projects
—

Several projects
by all partners!

Deutscher Wetterdienst
Wetter und Klima aus einer Hand

6

| 2021 2022 ‘ 2023 2024 ‘ 2025 2026 EXCLAIM Project C2SM
< PHAS.E ! > PHASE Il > PHASE Il >
HARDWARE T Exascale Computing
: and Data Platform
THREAD 1 ICON (Fortran+) I Pwhon-b:::m:::::( - {/?/r Cloud Resolving
; Exasca:demo |coﬁ-A in _ Couplegsystem € at h eran d
THREAD 2 Physics packageé pw;;,r;";agte:;;ng ok C | | mate M (0] d e | | | n g
¥ psremees Mty T S

“physics” and DyCore
Warmworld

by MPI,
DWD, KIT
and many
partners

P

Fortran-based main
and “physics”

Fortran-based main
and “physics” Python-based implementation of “Physics,” DyCore
and rest of workflow
23
DaCe Other Backend
Compiler

Dawn  Grid-
Compiler Tools

C++ DyCore

STELLA or

GridTools

Target architecture

WARMWORLD

(A proposal to the BMBF)

% 2022
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ICONIC = ICON-in-the-Cloud E

Wetter und Klima aus einer Hand

THE
WORLD
BANK

Principle:

s ‘DrivingData = Design Container
* * Tech Support with ICON

M m ’ . = Upload the
ICON-LAM Y\ P> Container
Contalnes oS = Control via Jupyter

Meteorologists

ICON is running in the Cloud, in particular:

% v Amazon Cloud Move towards a
‘ v" Google Cloud Sustained cloyq
v’ Microsoft Azure Cloud

% 2022 Roland Potthast




Destination Earth = DestinE Sty me

Procurement iS ru Wetter und Klima aus einer Hand
- European |
Commission

Destination Earth aims to
CCECMWF

develop a high precision
digital model of the Earth to
model, monitor and simulate
natural phenomena and
related human activities.

& EUMETSAT

As part of European Commission s Greenbealland the Digital Strategy, Destination Earth (DestinE) will
contribute to achieving the objectives of the twin transition, green and digital.

DestinE will unlock the potential of digital modelling of the Earth system. It will focus on the effects of the
climate change, water and marine environments, polar areas, cryosphere, biodiversity or extreme weather
events, together with possible adaptation and mitigation strategies. It will help to predict major
environmental degradation and disasters with unprecedented fidelity and reliability.
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Tri-lateral Cooperation
Germany, Italy, Switzerland

DestinE
2"d Phase Option

The GLORI (Global-to-
Regional ICON) Alpine
Digital Twin (DT) is a

configurable on-demand
global-to-regional short-
range high resolution Digital
Twin based on the
prediction capability of the
earth system model
and the Data Assimilation
Coding Environment
developed by the COSMO
Consortium.
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Agenda/Topics

Deutscher Wetterdienst %
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Status Reflection
Very Strong Weather and Climate Model
Status NWP: ICON and Data Assimilation
Systems, Scales, high Quality, good scores
New Observation Systems
Status ICON-ART in Operations
RSMC Nuclear, Non-Nuclear, Pollen,
Volcanic Ash, Mineral Dust/Sea Salt/Fires
Consortium
Very Strong Partners, Process, Risks
Governance evolving
ICON-Board, ICON-C5, Leaders, Experts
ICON Licences
Research, NMHS, Support, Open-Source
Partner
Consortia (COSMO, C2SM, ...)
Computing Centres,
Research Groups, Hans-Ertel Centre
CLM Community
National and international Institutions

Working Mode
ICON and COSMO Working Groups
ICON and DACE Support

ICON-Seamless Theme

ICON-Seamless ESM Climate
ICON-Seamless ESM Weather
ICON-Land: Terra+JSBach+Vegetation
ICON Reanalysis

national ESM Initiative

ICON-Consolidated, ICON-X

Modularization, Infrastructure, Mind-Set
ICON-C Project World

heterogeneous HPC and Exascale

ICONIC ICON-in-the-Cloud

Destination Earth EU Initiative
Global-to-Regional ICON (GLORI) Alpine Twin

Processes

ICON High-Resolution High-Quality Weather and Climate
Parametrizations and Circulation
Clouds
Modelling, Al, Data Assimilation
Radiation
ecRAD, ART, Data Assimilation, PV
Precipitation
Codesign with Hydrology and ICON-Land
Uncertainty Estimation Minutes-to-Days-to-Decades
SINFONY, Extremes, Reliability, Communication
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and Precipitation, Radiation, Microphysics, ART, ...
Cl O u d S p p y Deutscher Wetterdienst g
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ICON-Land Processes in Complex Terrain e 6
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Perspectives on the Future of Land Surface Models and the
Challenges of Representing Complex Terrestrial Systems Journal of Advances in Modeling Earth Systems, 12, €2018MS001453. https:/doi.org/10.1029/2018MS001453
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