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Machine learning roadmap
https://www.ecmwf.int/en/elibrary/19877-machine-learning-ecmwf-roadmap-next-10-years
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Hybrid NWP+ML
• Incremental approach to incorporating ML into existing NWP framework.

– Augment existing model and tools.

• Many examples across the entire workflow.
– Emulating model components for acceleration.

– Observation operators.

– Online learning of model bias within DA framework.

– ML postprocessing.

– Observation monitoring.

• Mix of supervised and unsupervised learning to detect drift and other erroneous observations.

• Operational in Q1.

• Good progress made, more to come…
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Hidden state…

RNN
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Model component emulation

The radiation scheme is an expensive model component, being run at with a coarser timestep and spatial grid.

Can we accurately emulate the radiation scheme using neural networks?

Matthew Chantry, Robin Hogan, Peter Dueben @ ECMWF 
Peter Ukkonen @ DMI
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Model component emulation

The radiation scheme is an expensive model component, being run at with a coarser timestep and spatial grid.

Can we accurately emulate the radiation scheme using neural networks?

Example column predictions comparing existing scheme with neural network.

No degradations in forecast below 100hPa.
Faster than existing scheme decoupled from IFS.

Next steps: GPU use within IFS.

Matthew Chantry, Robin Hogan, Peter Dueben @ ECMWF 
Peter Ukkonen @ DMI



Infero library - A lower-level API for ML Inference in Operations
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Infero

TF-lite

ONNX

TensorRT

TF C-API

• One Interface, multiple backends
– TF-lite
– TensorRT
– ONNX
– TF C-API

• Infero provides API’s: 
– C, C++, Fortran, Python

• Supports C and Fortran tensor

• Open-Source:

– github.com/ecmwf-projects/infero

model%initialise_from_yaml_file(yaml_path)
model%infer(input_tensor, output_tensor)Fortran

model = pyinfero.Infero(model_path, model_type)
output = model.infer(input_tensor, output_shape)Python

https://github.com/ecmwf-projects/infero


Towards online training of neural networks in the IFS 4D-Var
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From offline, TensorFlow-based training of Neural 
Networks towards online learning within the ECMWF 4D-
Var framework

FNN (Fortran Neural Network) library
• Fortran implementation of sequential Neural Networks 

equipped with tangent linear and adjoint operators 
required by incremental 4D-Var

• Tested for learning model error in a QG model (Farchi et 
al., 2022) and now implemented in the IFS.

• Potential applications: model error, observation bias, 
physics parametrizations, ..
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However…
landscape has changed in 2 years

t850z500

IFS

Pangu-Weather
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ECMWF assessment of data-driven models 
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Assessing Pangu-Weather against SYNOP 
observations.

• Still skilful when verified against independent 
dataset.

• For some variables it beats HRES and 
ERA5 forecasts at 0.25°.

• Pangu model now public, we have it running 
at ECMWF for further evaluation.
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Assessing Pangu-Weather against SYNOP 
observations.
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dataset.

• For some variables it beats HRES and 
ERA5 forecasts at 0.25°.

• Pangu model now public, we have it running 
at ECMWF for further evaluation.
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ECMWF assessment of data-driven models 

Pangu T850HRES T850



Analysis HRES + 60h

Pangu +60h

Case study: Windstorm 
Friederike 18 January 2018

Contours of surface pressure, colour 
map wind speed.
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A new forecast tool?
Strengths

• Models can run in seconds on single GPUs.

• Only a sparse representation of model state required (e.g. only O(10) vertical levels).

Weaknesses

• Unclear evaluation for humidity/precipitation.

• Blurring/damping at longer lead times minimises MSE but may impact value.

• If a complete state of the atmosphere is required this will undercut computational advantages.

Existing results do not incorporate much domain knowledge, room to add value.
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Three possible futures?
1. Hybrid NWP+ML.

– Already delivering improvements.

2. Data-driven model trained from analysis, providing giant ensembles at a fraction of the cost.
– Convential NWP (or hybrid) provides initial conditions.

3. Data-driven model trained from observations…

• Not equally likely destinations.

• But now is the time to explore.
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