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Su rvey AI m eets NWP Deutscher Wetterdienst E

Wetter und Klima aus einer Hand

1. NWP - Purpose, Processes, Components

2. Al = Functions, State-of-the-Art, Promise

3. Alin NWP - Concepts and Project World

4. ICamCloudOps:
1. Webcams, Al for Cloud Identification and Characterization
2. Infrared-Cameras, Radiative Transfer and Al

3. Wind-Retrievals based on Flow-Filtering and Al

5. Assimilation and Forecasts based on Al+Cloud Operators
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1 N WP — P u r p O S e Deutscher Wetterdienst E
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Predict Weather
Renewable Energy
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Wind and Photovoltaics
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1 NWP - Purpose ] ©
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Predict Weather
Extremes and Flooding
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1 N WP — P u r p O S e Deutscher Wetterdienst E

Wetter und Klima aus einer Hand

Predict Weather
Snow, Ice, Storm
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1 NWP — P u r p O S e Deutscher Wetterdienst E

Predict Weather
Air Traffic, Turbulence,
Clouds, Storms
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1 NWP — Processes
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1 NWP — CO m p O n en tS Deutscher Wetterdienst E
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. Forecast
Model Parametrizations Variability

Observations & Assimilation
Obs-Operators Algorithms

Verification
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Global Model: ICON with Ensemble DA T ©
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Data Assimilation in High-Dimensional System neutschervveueraienstg
N N
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Operational System Setup T ©
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ICON Status — International Comparison mza‘:z*::::::iﬁiﬁ:;:zg
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ICON Status — Surface Scores mﬁﬁ':zﬁ:!:::imiﬁ:;:sg
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Scales and Flood Prediction!
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Predictability Diagram for 2021-07-14 18 UTC

Station: NRW Max.
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RUC: Advantage of timely EPS Initialization
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Experiment

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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2 Al — Functions, State-of-the-Art, Promise me
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LOGIC
Patterns ldentification
Association
Characterization
Image
Recognition
Learning
Techniques of Al: Language
* Programming in Logic Dynamics
« Statistical Learning/Bayes and Control

 Neural Networks and Neural Fields
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2 Al — Functions, State-of-the-Art, Promise WME
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3 Al in NWP — DWD Project World

Al for Learning
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3 AliIn NWP — Concepts and Project World  peutscher weteraienst
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How to progress — specific milestones

ECMWF Roadmap Vision 2031
* Itis difficult to distinguish
between machine learning

and domain sciences

JupyterHub and loT data used 2 use cases of machine

machine learning in operations learning accelerators for )

libraries available conventional modelling + Data handling Iiully cap‘able
to serve machine learning

Machine learning First machine 5 machine learning needs
network established learning training course applications integrated . .
and roadmap updated in operational workflow Fully supported diagnostic

tools via trustworthy Al

2021 2022 2023 2024 2025 2026 + Physical constraints can be

represented in deep learning

* Use of machine learning
as easy and normal as
data re-gridding

One machine Machine learning team Copernicus Machine learning + Unsupervised learning
learning conference established at ECMWF ITTs involve considered in and causal discovery
per year ° ° machine learning @ HPC procurement used on a regular basis
Sufficient hardware 4 machine learning Comprehensive and + Machine learning solutions
for machine learning benchmark datasets well-documented machine from end-users integrated
established published learning workflow in place in workflow

Figure 2: Timeline of machine learning developments at ECMWF with all milestones.

DWD activities took very similar steps
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3 Al'iIn NWP — Concepts and Project World — peser weterenst
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EC MW F Road m ap Hydrology models and Gravity wave ecPoint precipitation
identification of human influence drag emulation post-processing
Automated quality Clustering and categorisation for i Hybrid ML/conventional [ Pellution anomaly detection @ Post-processing for extreme
control of analysis predictability and model errors land-surface models and pollution downscaling predictions in Copernicus
Anomaly Radiation ML preconditioning Learn forecasts Feature
detection emulation from observations detection

Observations Data assimilation Numerical weather Post-processing
- - forecasts — and dissemination

&——— High-performance and (big) data processing infrastructure =————

ML preconditioning Bias correction Optimise CliMetLab Precipitation
for 4D-Var and model learning data access downscaling

Use land surface observations Bias correction and gap filling Anomaly detection and Fuse observations and predictions
and data assimilation for aerosol observations workflow for IT infrastructure for sea ice products
Mapping of non-Gaussian to Gaussian
distributions for data assimilation

Optimise chillers Ensemble
for HPC post-processing

Figure 1: Machine learning applications at ECMWF that are already being explored or planned.
The colour-coding of the boxes corresponds to the respective component of the workflow for NWP
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3 Al in NWP — DWD Project World
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4 ICamCloudOps: 4.1: Webcams + Al wwE
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4 ICamCloudOps: 4.1: Webcams + Al
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~ Entwicklung beim DWD:
Schoger, Reinhardt, Potthast
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4 ICamCloudOps: 4.1: Webcams + Al

Deutscher Wetterdienst
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covering by Camera (Offenbach Webcam, red)
and Model Grid Points (icon-Lam, blue)
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4 ICamCloudOps: 4.1: Webcams + Al WME
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4 1CamCloudOps: 4.2: IR-Cams + RAD + Al WME
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> Infrared Camera from RAD = Radiative Transport
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4 ICamCloudOps: 4.2: IR-Cams + RAD + Al WME
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4 ICamCloudOps: 4.2: IR-Cams + RAD + Al s vetssens 6}
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4 ICamCloudOps: 4.3: WIND through Al T ©

Wetter und Klima aus einer Hand
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| Flow Estimation
— for Wind Derivation
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4 ICamCloudOps: 4.3: WIND through Al T ©
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5 Assimilation and Forecasts: Basic ldea me
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5 Assimilation and Forecasts wwg
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NWP Experimental Hierarchy at Deutscher Wetterdienst DWD

Deutscher Wetterdienst
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DATOOL = Tool and Wrapper for Visualization, Evaluation and Diagnostics
FC = Model Equivalent Calculator (for Verification against Observations) Int2lm = Interpolation to Local Model (Boundary Conditions) Graphics: Roland Potthast 2017 land Potthast




5 Assimilation and Forecasts: Al + VIS neutscherwmewienstg
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5 Assimilation and Forecasts: : IR+RAD Deutscher Wetterdienst
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1. NWP - Purpose, Processes, Components

2. Al = Functions, State-of-the-Art, Promise

3. Alin NWP - Concepts and Project World
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1. Webcams, Al for Cloud Identification and Characterization
2. Infrared-Cameras, Radiative Transfer and Al
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