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Duties of the Deutscher Wetterdienst
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The Deutscher Wetterdienst ...

.. provides meteorological and climatological services.
.. operates the measuring and observation systems.

.. Issues official warnings about weather phenomena.
.. monitors the processes of the atmosphere.
.. undertakes meteorological research.

.. provides weather and climate predictions.

.. operates necessary compute and HPC facilities.

.. Is under legislation of the Federal Ministry for Transport
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» Meteorology is a versatile discipline

« Big-Tech is not insuperable

« Public agencies and European Centres can enhance their collaboration by developing

under open-source licences

* September 2026 Marek Jacob et al. 4
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Numerical Weather Prediction oemscherwmemenstg

figures: Felix Fundel (DWD)
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Numerical Weather Prediction
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Pressure

» Description of the state of the atmosphere
» Constrained by observations
* Physical model of the motion and processes in the
atmosphere
» Differential equations
* Numerical solver for the equations

* A (super-)computer with corresponding infrastructure

op _
P v.(p)=0
E (Vo)

op0, _
L v (Uph,) =0
- (Vpb,)

* September 2026

Marek Jacob et al. 8



Physical processes
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1 | 4 Example: |
4 Processes In
cloud

aggregative

1) Incoming Solar Radiatio
2) Scattering by Aerosols i
3) Absorption by the Atmo
4) Reflection/Absorption b
5) Emission of Longwave |
Earth's Surface

6) Condensation

7) Turbulence

8) Reflection/Absorption af
9) Snow

10) Soil Water/Snow Melt
11) Snow/lce/Water Cover
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Reliable Meteorological Products
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The Revolution

* September 2026 Marek Jacob et al. 11



Al in Meteorology: Data-Driven Forecasting
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Starting in 2022, substantial progress in the field of data-driven weather forecasting was demonstrated:
FourCastNet, Pangu-Weather, GraphCast, GenCast, Aurora (NVIDIA/Huawei/Google Deepmind,

Microsoft), ...

=>» Decision to enhance DWD numerical weather prediction:
Develop ML-based forecasting to complement the global and regional ICON model.

FOURCASTNET: A GLOBAL DATA-DRIVEN HIGH-
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Numerical Weather Prediction mmxwem*"igj

Surface Pressure

figures: Felix Fundel and Helmut Frank(DWD)
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Machine-Learning Weather Prediction m,z::gxg:sgizzzgg

= The Atmosphere is described by
a set of 3D variable fields

= The changing of weather can be ?*%m;J Eoe s
learned as a transformation of ..-:%“‘%' % % g |
patterns in multi-channel images R ‘ R A :

= Multistep forecast with
autoregressive rollout
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Machine-Learning Weather Prediction ngr;:;g:gsngg

ML models show better forecast scores
 Worth almost a decade of NWP research
* Forecasting (Inference) is much cheaper and much faster —-

e« 10 minutes on 1 node instead of 45 minutes on 10 nodes

ML models tend to produce smooth fields '
» Uncertain behavior for extreme weather situation
« Trained on so called “Reanalysis Data”

 Generated with traditional numerical models

* September 2026 Marek Jacob et al. 15
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European Collaboration

EUMETNET

-SG)EUMETNET ABOUTUS OBSERVATIONS DATA ACCESS FORECASTING & CUMATE SUPPORT TO MEMBERS EXTERNAL PROJECTS NEWS E B B

A network of 33 European National
Meteorological & Hydrological
Services (NMHSs)

WHY EUMETNET ?

e - We are united @) Sharing, we
’ through weather @B (rcate synergies

Our areas of collaboration

T R
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Artificial Intelligence and Machine Learning in Weather, Climate and Environmental
Applications

Objective: Enhance the collaboration of European National Meteorological Services (NMSs) and
external partners in the area of Al/ML in weather, climate and environment.

= Programme Lead: Deutscher Wetterdienst

= Phase: 2024 — 2028 J oz
= Partici patlng: _ _ E-Al L Communication & Training
20 national meteorological Services, g | - .
EUMETSAT, ECMWEF  a)Datacumation  b)Analysis, Modellingand PP <) Products and Services
' RADAR D8 Weather & Al/MLin Al Warn
m sl Weather
i+l EUMETSAT ' High and
Al/ML HIW DB ’ ‘ Al Obs Impact Climate
Project Operators Weather Chat
| Observations, ‘ Toolbox
Data Curation G}:hil' an‘d -Wuther - Identify
| Reanalyses Moiodel | | Anatyies Visuallze

https://www.eumetnet.eu/forecasting-and-climate/artificial-intelligence/



Together with the European Centre Deutscher Wetterdionst (G

ese M~ ¢ V4 ettt o M+ §

c ECMWF ) @ Help +) Log In

Home About Forecasts Computing Research Learning Publications

Who we are What we do jobs Media centre Suppliers Grants Lacation

About us

ECMWEF is the European Centre for Medium-Range Weather Forecasts

We are both a research institute and a 24/7 operational service, producing
global numerical weather predictions and other data for our Member and
Co-operating States and the broader community, We operate a workd-class
supercomputer facility for weather forecasting and hold one of the largest
meteorotogical data archives, Other strategic activities incdude delivening
advanced training and assisting the WMO in implementing its
programmes.

We are a key player in Copernicus, the Earth Observation component of
the European Union's Space programme, by implementing quality-assured
Infarmation an climate change (Copernicus Cimate Change Senace),
atmospheric compaosition (Copernicus Atmosphere Monitoring Serace),
and contributing to information on flooding and fire danger [Copernicus
Emergency Management Service). Together with ESA and EUMETSAT, we
are delivering the EU's Destination Earth initiative, which is developing
prototype digital twins of the Earth




ECMWEF Machine Learning Pilot Project m,z:z;:g::sgizngg

Goal: Integrating machine learning (ML) into (numerical) weather prediction (NWP) at national
weather services, based on the Anemoi software ecosystem

Kicked off in June 2024
18 partners from 17 member states
Funded by ECMWEF, but driven by the partners

Covers full forecasting chain: data-driven forecasting,
ensembles, data assimilation, operations and infrastructure

v ¥ VY
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Central development

Deutscher Wetterdienst %
Wetter und Klima aus einer Hand N

% anemoi

\ﬁ_/\

/ ANEMOI \ 4

DATASETS

ANEMOI Training

ANEMOI CORE

ANEMOI Models ANEMDI Graphs

[ ANEMOI \

INFERENCE

Input: Training Graph recipe
* Meteorological file formats, conflguratlon: + Node builder Checkpoint
Reanalysis data Ilée?)rcnkzgg rate  \iodel architecture: * Edg(_e builder file
. Exte_rnal parameters . I_IO - Graph Neural * Multimesh
(forcings) 0Sses Network ’
* Normalization
: » Diagnostics - Layers
Output: « Input Datasets
« Zarr dataset ‘ .
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Joint Software Development &?.ﬁ‘...'??:..".!fﬁf’..‘iii‘:::g

= Open-source Licence (Apache 2.0) % anemoi
= https://github.com/ecmwf/Anemaoi, https://anemoi.readthedocs.io/

1w datasets ’

1 we= transform
] - utils

N core

Opened and closed Pull Requests | Total - 3000
otal ~

aam graphs | [

Hf:g%;, "'WW’ w»w é'wquwtw W mm mr{ ’w M ﬁl‘WHwMM

e models | T |
- e }
registry ‘ | )

* inference q' | d; !
mmm training | | |r ’

July 2024 Oct. 2026

Dependencies: '/";‘\‘ earthkit gwﬂ zar O PYTorCh @ PyG N?: Numpy
(selection) g
HYDR&‘ A\ Pydantic ° PyTorch Lightning
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https://github.com/ecmwf/Anemoi
https://anemoi.readthedocs.io/

Typical Anemoi architecture: Graph neural networ
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(é)raph—Based e_mu[cx‘tor N
o~ N ™ e
(et || Encoder )| [Processor) [ Decoder
\ t=0
t=1
\ J| & J \& \_ J
grid g0id to mesh mesh mesh to grid

. .fig'ure's: I.Zloﬁan Prill, Jan Keller (DWD)
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Typical Anemoi architecture: Graph neural networ
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AICON
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= ML complement to ICON NWP

» Model chain from global to regional
= National sovereignty

» In-hose production of training data

» Training on-premises

» Inference/Forecast production in operational chain

= Leverage the community project
= Software package
= Training best practices

= MLOps exchange

ICON-Global
(13km, up to 180h)

European-Nest
(6.5km, up to 120h)

ICON-D2/RUC
Regional Model
(2.2 km, 48h/14h)

ICON-DO5
(500m, 48h)

-

AICON-Global
(23km, up to 180h)

AICON-EU
(6.5km, up to 120h)

AICON-D2/RUC
Regional Model
(2.2 km, 48h/14h)
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AICON Quality Control mfﬁﬁﬂﬁfmmﬁﬁg
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GERMANY-Al
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Date
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Extreme Case Validation maaczzx::fmiz'::sg

ICON det track (red) & ensemble tracks (MSLP analysis
' —

Typhoon Ragasa _ L _ o 2 N
Init: 18.9.2025 00:00 UTC ~ “*ge® ™ N et :
72
o o
Bl 120
e 144
B 168
W 180

B det

& ' ] 1 1 | | 1 1 1 | | - | |
'8 Typhoon Ragasaatpeak 100 105 110 115 120 125 130 135 140

' intensity on 22.9.2025. (M. Denhard, DWD)
' NOAA satellite image
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Production Environment miﬂﬁﬂfﬁfﬁﬁtiﬁg

AICON fits seamlessly into the existing process chain of 24/7 numerical weather forecasting.

DWD classical NWP process chain ML-model process chain

Global File System Global File System

ICON Model

ML-WP Model

GPU node

Vector Engine
e

Model-Script
CPU Node

Madel-Script
CPU Node

Containerized multi-GPU inference
straight deployment into production environment: base layer for meteorological libraries
incl. pre-processing, post-processing (horizontal interpolation, clipping)

* September 2026 Marek Jacob et al. 28



AICON Operational
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= AICON global became operational
in March 2026

| AICON-Graph
2023

AICON

Anemoi
2024

’ NV
Implamentierur a
—

AICON v1.0 AICON 24/7 (EinfUhrungsgruppe

= 24/7 production _ Prototypen o5 092025 /™%  AICON
( > 09/2025-02/2026 |
= Evaluated by forecasters , ' :
Evaluierung " AICON operationell
NWV 03/2026
N ow: {Sesees: I Koer, OWD)
= AICON used by forecasters at work place
=» Forecasts distributed to/used by customers
= Available on opdendata.dwd.de for general public
* September 2026 Marek Jacob et al. 29



Pillars of Al software development at DWD
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-

~N

anemoi

AICON

/
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Pillars of Al software development at DWD
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-

Platform for
Al Language
Applications

\_

~N

/

4 A

m
FRAIM

Meteorological and
Climatological
Al Applications

\_ /
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Pillars of Al software development at DWD
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Platform for
Al Language
Applications

\_

/

Meteorological and
Climatological
Al Applications

\_ /

[ Cla ) o — Workdlows
| DWD Al Centre within E-Al. | _ e W
Womcites | biAvay Medetngand A s
+ N | | e i ||
FRAIM bt i 43 Toolbox
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DWD Al Center
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Goals of DWD’s Al Center

A uniform, easy-to-maintain software architecture for Al/ML
Implement sustainable Al solutions along the entire value chain
Coordinate Al developments and resources within DWD

Network with national and international partners, esp. E-Al

Modular Al toolbox for sustainable Al development

Focus on data and data formats used at DWD

DWD

amework for

m
FRAIM

« Focus on flexibility and maintainability for applications In
. eteorology
» Documentation and knowledge management
» Close cooperation between Al and domain experts
* September 2026 Marek Jacob et al. 33



Goals and Approach Detscher Wetterdiens E

AL A Al TOOLBOX
FRAIM

Al DEVELOPERS
/ T \ 5 Selection of current use cases
ase ’ Az 9 4 11 . . . 5
FIELDS sss x’ RO o5, > 35 rELDS SMAI (Soil Moisture with Al)
. ~ L 8. -4 + A
SINGLE VALUES 9508 —————p {@‘ . o ,{@* —p 292 SINGLE VALUES road weather forecasts,
000 X, ) S ooo

TIME SERIES |~ S g | : e s S u’TIME SERIES

S [%‘ TEXTS

development is use case driven.

data output

data curation Al models and
and evaluation

and organisation training
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SMAI (Soil Moisture with Al)
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Project Goal: High-resolution (hourly, 1x1 km grid) and
improved soil moisture forecasts for Germany and the EU

Previously: Forecasts from the DWD’s Agricultural
Meteorology were available only for Germany and individual
stations (AMBAV + LWF-Brook90)

Target product for the EU: Correction and spatial downscaling
(from 13 km to 1 km) of the ICON soil moisture forecast

}:‘ Correction +
-“.

. Reference data:
# AMBAV + LWE-
Brook90

ICON
forecasts

Reference data:

» For agricultural land: AMBAV (Agricultural
Meteorological Model for Calculating Actual
Evaporation)

» For forests: LWF-Brook90

» Soil-Vegetation-Atmosphere Models

» 1x1 km grid, 10 cm layers at depths of 0—2 m

» Input: soil parameters

» Input: meteorological data: SYNOP

» Modeling evapotranspiration, soil water balance,
percolate, and runoff

» Parameterized for various crop types

. L

* September 2026
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FRAIM-WISKI: Al road weather DO Wetta E

Current statistical approach The new method developed at the DWD’s Al
Centre provides high-resolution weather
information along the entire road network.

o Startaelle Narten + Siationen =~ Bevichie = Nontekt Wile ~

work by Sebastian Brune, Matthias Mages, and Felix Strnad (DWD)
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\_

Platform for
Al Language
Applications

/

»What is DAWID?

»How Is It different from any

other chat bot?

* September 2026
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Design and Functionality miazzzxiﬁs;‘;ﬁz::g

> (- oo @
‘f‘"’ s Continue a Session Internal 0 | CER services m

@

DAWID (siict phase |

Tell me about the Weather in Berlin on Tuesday! ot
¢ B
Giobal vervices 17 (P Agemt assimt [ 49 @ @ ;
A3 (Www) GPT-5,6 Luna (FAST) v & None v
Tasks
Developed by: Eumnetnet E-A) & DWD Ki-Zertrum -~ Contact: dawid@dwd de - (8 DAWID News Maore info in LeOn
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Design and Functionality &e:.tii'.:zﬁ..".!f:‘::.‘;‘.:':::g

‘f‘"’ s Continue a Session l Internal © | CER sorvices m

&

DAWID (siict phase |

Input data
Tell me about the Weather in Berfin on Tuesday’ Qeersion

Giobal vervices 17 (P Agemt assimt [ 49 @ @ ¢

& | wwwiorrssLn AT | S | tore v context data

.\
Developed by: Eurneinet E-A & DWD Ki-Zartrum @Muwa < @ DN
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Example Meteorological Data Deutscher Wetterdienst
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D€ | = L.
- R > N ==
3 a )
o v Centinue a Session Intarnal | GEi sarvices (1 EICENPRENESET ]

@ Forecasting

DAWID (st pmass ) Service cell LA

Tell me about the Weather in Berfin on Tuesday! |

P wer
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@ M |t et 0. =N
 Pursiion ool_sutetiow st [AT00-00-24 10095 V) e m [USTEE —— Mg Lacal Ve, Terguimae
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Tha forecast task for Berlin on Tuesday, 29 September 2026 s silll being processed. It wil cover tamparatures e e » X
three-hour intervals. L ' o
A -
£ B Alusage: 80053849 ovim =
e . o
7
e .
 —— -
el - —
- y Y — -td
"
» .
.
—— -
-
- M .
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Architecture of DAWID %)

.y
LLM Service
‘ .s '. ° in EU ®
o, o,

D AW'D API/ routing / policies
QOEPLATFORH
Backend Frontend
v API v oul
v Auth User v Sessions -
v Orchestration DB v’ Streaming
SERVICELAYER

Runner Weather System Models APIs

Data Stores (Files, embeddings, contexts, caches, etc.)

—

SERVICE LAYER Conlrel Plane

DAWID assistant system architecture with the LLM layer (top), the service layer (bottom), and the core
platform layer (middle), which orchestrates the interaction between the two layers.
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S
NN t&'detect Volcanic

OBSERVATIONS ", satﬁlﬁegata
~

~

~
Dtogutomate N \CASTING

weathe tions NN
k\

~ . ~
Al/MLfor Quality  BecPleamingfor  nMODE)ING OF ™

~
| sting of Al for'ﬁagCorrection
Contro Thunder Storms  OBSERVATIONS Soo
~ ~
Ao ~
Al for Satellite Al Training Data for \AI to correct DATA

Retrieval
clouds rad

Neural Networks to
Al for Data Merging  detect ice clouds in
satellite image

Al Combination of
Nowcasting and NWP-
Ensembles

Al Applications
are being developed and

used in all areas of DWD.

(R. Potthast DWD)

RTTOV MFASIS:
NN for faster radiative
transfer calculations

~
iCamCloudOps: Al Dataassimilation

volcanic ash and ice inhorﬁbggneities of

Observations Bias Data A§i'niation

for Cltied Cams with model emulators
\~ (

iance inwe|s ASSIMILATION
~
~
~
Al estimates Al-ﬁhgula r-Vectors in

=~ ~
Al technology for
| Oobject Detection in

Al 12xts

genAl for
CONSULTING adminisirative

Processes

SUPPORTING
APPLICATIONS =

genAl for Tansulting
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Summary e, E

m
FRAIM

A

« DWD leverages generic LLMs for customized internal Al agents @
DAWID

 Big-Tech is not insuperable @ .c ECMWF % anemoi

EUMETHNET

« Public agencies and European Centres can enhance their collaboration by developing

under open-source licences
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Thanks for your attention ©




