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Enabling tools for the AI revolution:

⚫ Advances in Computing Power and Hardware

⚫ Massive Datasets and Data Quality

⚫ Machine Learning and Deep Learning Models

Why this success?

⚫ Outperforming Traditional Accuracy

⚫ Revolutionary Speed and Efficiency

⚫ Deal with Observations much better

⚫ Accessibility and Operability

AI for Weather and Climate
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⚫ Boomed in 2023, kept improving since then

⚫ Trained on ERA5, currently probabilistic, stable in time

Medium Range – Global Models
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⚫ Boomed in 2023, kept improving since then

⚫ Trained on ERA5, currently probabilistic, stable in time
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⚫ Boomed in 2023, kept improving since then

⚫ Trained on ERA5, currently probabilistic, stable in time

Medium Range – Global Models



Very new implementations (2024)
• Training on numerical LAMs with Anemoi (framework by ECMWF)

e.g., Nipen et al. 2024

Short-term – Limited Area Models 
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Very new implementations (2025)
• Training on numerical LAMs

e.g., Oskarsson et al. 2025

Short-term – Limited Area Models 
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Nowcasting

ConvLSTM 
(2015)

TrajGRU 
(2017)

DGMR
(2021)

LDCAST 
(2023)

GPTCast 
(2024)

Better 
RMSE

Growth and decay
(better CSI)

Ensembles
(better CRPS)

Reliable ensembles
(better Rank Hist)

Conditionability
and interpretability

10 years of achievements (from 2015)
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Nowcasting

ConvLSTM 
(2015)

TrajGRU 
(2017)

DGMR
(2021)

LDCAST 
(2023)

GPTCast 
(2024)

Better 
RMSE

Growth and decay
(better CSI)

Ensembles
(better CRPS)

Reliable ensembles
(better Rank Hist)

GPTCast (2024)
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Open research topic (2025)

e.g., ECMWF AI-Weather Quest for sub-seasonal prediction (i.e., 3rd and 
4th week)

Seasonal Forecasting
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Open research topic (2025)

e.g., ECMWF AI-Weather Quest for sub-seasonal prediction (i.e., 3rd and 
4th week)

Seasonal Forecasting
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Open research topic (2024)

e.g., ECMWF Earth System Model

Climate Modeling
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Open research topic:

• The core idea is to completely untangle AI-based forecasts from 
analyses (i.e., from numerical modeling)

• Goal: End-to-end Data-Driven models

e.g., AIDA from Brightband

Data Assimilation

Data 
Assimilation
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Downscaling

Downscaling

Many available techniques (from 2017)

• Few variables, extremely fast

e.g., NVIDIA CorrDiff, FBK Diffscaler
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Downscaling

Downscaling

Many available techniques (from 2017)

• Few variables, extremely fast

e.g., NVIDIA CorrDiff, FBK Diffscaler

ERA5 Hi-res reanalysesHi-res 
forecast/analysis
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Downscaling – Slapis project

Downscaling

Produce a high-resolution hindcast over the Sahel region

⚫ ERA5 as IC/BC
⚫ Grid spacing ~ 4-6 km
⚫ Time: 1979-2025
⚫ Output: every 15 min
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Downscaling – Slapis project

Downscaling

Produce a high-resolution hindcast over the Sahel region

⚫ ERA5 as IC/BC
⚫ Grid spacing ~ 4-6 km
⚫ Time: 1979-2025
⚫ Output: every 15 min

HPC resources from ECMWF



Python-based framework for weather forecasting based 
on machine learning providing the key building blocks to 
train state-of-the-art data-driven models and run them in 
an operational context (Datasets, Training, Models, 
Inference, Graphs).

Data and software ecosystem

The poster child of HDF5/NetCDF: inherits 
the data model and metadata capabilities

Analysis Ready & Cloud Optimized (ARCO) 
format: Chunk-based and object-storage 
friendly (API / S3 )

Streamable and parrallel-friendly (Dask)

Perfect for creating AI training datasets

DATA MANAGEMENT

FRAMEWORKS AND LIBRARIES



Thank you
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