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Developments Since 2022 in Forecasting Systems
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AICON in operational production
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AICON

graph neural network 

forecasting model

Based on ICON-DREAM

13km global 

Ensemble Reanalysis

Reanalysis and AICON-Graph Inference

Temperature on model level 101 (~700 hPa)
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AICON Operational Scores

AICON 

vs.

ICON

Upper Air Scores



AICON Operational Scores
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Wind, PS, T2M

Surface Scores

T 850 hPa
AICON vs GraphCast



AICON Operational Scores
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Fractional Skill Scores for Precipitation

Sept 2025 AICON, ICON, AIFS



Example for

Hurricane Melissa

AICON – ML-based Weather Prediction

Film by

Jan Keller



CTH Image Interpretation
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AI-VAR: Learning Analysis from Obs

2025 Roland Potthast 9

AI-VAR / SynCast

neural network based 

data assimilation

Implementation & Testing 

Train with 

Data Assimilation

Loss Function!

ML methods are 

minimizing some functional



AI PF
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Learn to place particles

to fit the posterior 

distribution

Based on the first guess 

ensemble and 

the observation

just from Observations!



Learning the PF from Obs:  AI PF
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Total Loss 

Combined loss function, matching the 

non-Gaussian posterior distribution!



Learning the PF from Obs:  AI PF
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Running Cycling 

with AI PF 



Learning the PF from Obs:  AI PF
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Training



Learning the PF from Obs:  AI PF
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Lorenz 96 Conceptual Tests with AIPF



ORIGEN: Observation based Reconstruction and Inference for 
Generative Emulation of Nonlinear Systems
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1.Carry out Assimilation with 

Persistence

2.Lean a simple model

3.Use the model to carry out 

Assimilation with it

4.Learn a better model 

5.Continue the cycled 

iteration!



ORIGEN: Oscillator Example
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Learn from 

only x1 

observations 

for one cycle, 

then only x2 

observations 

for a second 

cycle.

Small Obs 

Error!



ORIGEN: Oscillator Example
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50 Iterations



ORIGEN: Oscillator Example
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50 Iterations

1000 Iterations

Employ Kalman 

Filter type B matrix 

update!



ORIGEN: Lorenz 96
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Learning Lorenz 96 from 

observations of a random 

selection of observed points



Observations and Artificial Intelligence
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Consequences of current developments, main lines

➔ Users get new access to information through 

large language models

➔ There are new techniques for fast analysis and modelling, nowcasting and 

forecasting, and monitoring

➔ Characterization and detection of phenomena, processes, 

features and their relevance can be automatized in a new way

➔ Conceptual Interpretation of observations becomes 

possible in an new way, with insight, understanding and impact



Summary: back to physics and processes 
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• AI helps us to find and emulate physical processes from 

observations

• AI is a tool which helps us to identify and interpret

• phenomena, 

• characteristics, 

• Processes

• AI can learn to observe (identify) and characterize phenomena 

and temporal changes or evolution of phenomena

We need to think in processes and what information we observe 

on what temporal scale needed for application areas and tasks
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ICON Global

Non-Hydrostatic

Det 13 km 

Resolution

EPS 26 km 

Resolution

120 level

40 member

Analysis every 3h

EnVAR + LETKF

Forecasts
180h: 00,12 UTC, 

120h: 06, 18 UTC, 

51h: 03, 09, 15, 

21UTC

ICON-EU 2-way-

nest

Det 6.5 km 

Resolution

EPS 13 km 

Resolution

74 level

40 member

Analysis every 3h

EnVAR + LETKF

Forecasts 
120 h: 00, 06, 12, 18 

UTC, 51 h: 03, 09, 15, 

21 UTC

ICON D2 LAM

Convective Scale

Det 2 km + 500m 

Resolution

EPS 2 km 

Resolution

65 level

40/20 member

Analysis every 1h

KENDA: 4D-

LETKF

Forecasts 
48h: 00, 03, 06, 09, 

12, 15, 21 UTC

ICON-D2 RUC

Convective Scale

Det 2 km 

Resolution

EPS 2 km 

Resolution

65 level

40/20 member

Analysis every 1h

KENDA: 4D-

LETKF

Forecasts
8h: 06, 07, 08, … 17, 

18 UTC

Global to Regional ICON

GLORI = 

Global-to-Regional 

ICON Digital Twin

ICON ART 

Ensemble

26 km 

resolution

10 member

Analysis 

every 3h

EnVAR + 

LETKF

Forecasts 

120h

AICON

AI 

Forecast

Forecasts 

Every 3h

7 days

AICON-

LAM

AI 

Forecast

Forecast

Every 1h

3 days

Global EU D2 + D05 RUC ART AICONK

Kangu

AI 

Forecast

Forecasts 

Every 3h

7 days


