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Overview

- What’s anemoi-training and what you can do with it

- How to get started with anemoi-training

- Running anemoi-training = configuration. 

- Keep learning about anemoi-training



Anemoi: An overview of its main components
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Model

anemoi-core

Checkpoint



What’s anemoi-training about?

• Anemoi-training is a python package designed to allow users and developers to train machine learning 

models for weather forecasting.

• Some of the key features supported by anemoi-training are:

• Code to train models, using pytorch-lightning and Hydra

• Support for autoregressive and multi-input & output forecasting.

• Multi-node/multi-GPU support + efficient data and model parallelisation strategies

• Deterministic / probabilistic training + Downscaling + Autoencoder 

• Callbacks for profiling, evaluating, plotting and logging intermediate results

• Experiment tracking with e.g. mlflow

• Customised loss functions suitable for weather forecasting and variable scaling 



What’s anemoi-training about?

• What can't you do with it? 

• It’s not a general-purpose deep learning framework – it’s specialised in graph neural 

networks. 

• You can’t train vision models with anemoi-training

• Is designed for multidimensional spatio-temporal modelling, not single-point temporal 

forecasting.

• Who's this useful for?

•  Weather & climate ML scientist and engineers

•  Researches that want to build data-driven weather forecasting models

•  Institutions looking to develop its own operational DDWF models
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Example of what you can do with anemoi-training

Forecasting Deterministic Models

Global Model LAM Stretched Grid

AIFS v1

AICON LAM - Encoder graph

RMI CERRA LAM at 5.5km KNMI Stretched Grid CERRA 
*coarser resolution 

MetNorway - Stretched Grid Bris + Temporal Interpolation
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Examples of models you can train with anemoi-
training

Forecasting Probabilistic Models

Global Model

LAM 

Stretched Grid

CRPS-based Diffusion Model

Lang et al. 2024b



Examples of models you can train with anemoi-training

Temporal Downscaling Spatial Downscaling



Examples of models you can train with anemoi-training

Autoencoder

• Enable scalable latent-space modelling

• Support superresolution and reconstruction tasks

• Learn compressed spatial representations



Examples of models you can train with anemoi-training

Multiple-datasets Multiple-output

Encoder Processor

ERA5

CERRA

Decoder ERA5

Decoder

Atmospheric
variables

ProcessorERA5 DecoderEncoder

surface 
variables
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Getting started with anemoi-training
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trainer

datamodule

callbacks

losses

strategy

model task.py

scalers

Checkpoints I/O
Diagnostics Plots

LearningRater Monitor

optimiser

Model (torch.nn.Module) - anemoi-models

Open Dataset + define dataloader + get_sample

graph

Data indices Statitics



Anemoi: Interfaces Overview
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BaseAnemoiReader
open_dataset

Model in Trainer
Hydra configuration

GraphCreator in Trainer
Hydra configuration

Checkpoint Object



Anemoi: Interfaces Overview
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Training Configuration

• Set up to enable modifying key components of 

the models and training without code changes

• Using the Hydra config system 

• Templates for various use cases based on a 

hierarchy of yaml files

https://hydra.cc/
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Configs

• data: These fields define the variables used by the model and how to normalise them

• dataloader: These fields define parameters about we load the data specified in "data/".

• diagnostics:  Diagnostics produced during training with the validation dataset.

• system: HPC/device specific configurations

• graph: Your graph recipe

• model: The graph neural network configuration

• training: Training hyperparameters (learning_rate, loss function, …)
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Command Line Interface

• Generate user config folder: 

>>> anemoi-training config generate

• Start a training run with the default configurations:

>>> anemoi-training train

• Start a training run with user settings:

>>> anemoi-training train --config-name=my_config

The training script will intentionally crash 
as it does not know where your data is 
stored.

These missing values in the configuration 
are placeholders for the user to fill in 
marked with ???.

Three ways to modify config entries:
- Edit directly in the copied config folder
- Add overrides in the top-level config 
- Use cli overrides
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How to point to where your data is stored

• Picked up by top-level configs

• Can edit here directly

• Sets a default for all top-level configs 

pointing to this file

• Difficult to port to other configurations

Option 1 (in low-level config)

Option 2 (add overrides in top-level config)

Option 3 (as cli override)

>>> anemoi-training train --config-name=config.yaml
system.input.dataset=“my_dataset_name.zarr”
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Loss function
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Loss function Scalers
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Tasks

trainer

Model (Lightning 
Module)

https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#available-tasks

Config (training section)

Graph (HeteroData)

Statistics

Data Indices

Supporting Arrays

1. Deterministic Forecasting — GraphForecaster
2. Ensemble Forecasting — GraphEnsForecaster
3. Time Interpolation — GraphMultiOutInterpolator
4. AutoEncoder — GraphAutoEncoder

https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#anemoi.training.train.tasks.forecaster.GraphForecaster
https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#anemoi.training.train.tasks.ensforecaster.GraphEnsForecaster
https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#anemoi.training.train.tasks.interpolator.GraphMultiOutInterpolator
https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#anemoi.training.train.tasks.autoencoder.GraphAutoEncoder
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Tasks

trainer

Model (Lightning 
Module) = Task

https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#available-tasks

Model (Torch Module) = 
Model
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Configs
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• Make it easy to 
switch components

• Allow for 
reproduceable 
training

• Easy to extend with 
new models and 
components

anemoi-training train model=gnn

anemoi-training train model=graphtransformer

anemoi-training train model=transformer
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Schemas
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Config validation

• In , runs are controlled by YAML configuration files defining datasets, model

architecture, hyperparameters, ...

• Misconfigured fields can silently break runs or produce inconsistent results.

• Schema validation ensures:

– Consistency: all configs follow the same structure and naming.

– Error prevention: catches typos, missing fields, wrong data types before training starts.

– Transparency: users and automated systems know exactly what parameters are valid.

• Validate a config file:

>>> anemoi-training config validate --config-name my_config



October 29, 2014

Schemas
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Scaling your models



Why do we parallelise?
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Why do we parallelise?
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Why do we parallelise?
• Faster training!

• Share the work across multiple GPUs e.g. 1 attention head per GPU

• Each can compute a fraction in parallel

• … and sychronise their results via messages at the end

• Larger models!

• Split the globe across multiple GPUs

• Each GPU only needs to communicate the boundary conditions

• Never materialise the full globe in a single GPUs memory
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Parallelism in Anemoi

• Data Parallelism: DistributedDataParallel (PyTorch)

• Model Parallelism: domain-specific sharding

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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Parallelism in Anemoi

• Data Parallelism: DistributedDataParallel (PyTorch)

o Distribute training batch across model replicas

o Aggregate gradients via all-reduce, good scaling 

o Limited by batch size 

•  Model parallelism: domain-specific sharding

o Distribute input data and activations across GPUs

o Collective communication to handle synchronisation

o Limited by communication overheads

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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Experiment tracking
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Experiment tracking

trainer

logger

AnemoiMlflowLogger

Weights & Biases
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Anemoi.training – MLFlow servers for Experiment Tracking
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Reproducibility Monitoring Comparison



MLflow server
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Internet

Console or web browser
AnemoiMLflowLogger

Anemoi-training

Callbacks

Mlflow sync
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Contributing to 
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Open an Issue

• Go to the repository (e.g. github.com/ecmwf/anemoi-core).

oClick “Issues” → “New issue.”

o Choose the right template (bug report, feature request).

• Fill in clear details:

oWhat happened?

o What are the steps to reproduce the bug?

oWhat happened (include logs, error messages)

o Environment (Python version, OS, dependencies)

• Submit: maintainers will triage and respond.

https://anemoi.readthedocs.io/en/latest/contributing/contributing.html
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Create a Pull Request (PR)

When: You’ve fixed a bug, improved documentation, or added a feature.

• Fork the repository to your GitHub account.

• Clone your fork locally and create a new branch:

• Make and test your changes.

• Commit with a clear message.

• Push your branch and open a PR on GitHub.

o In the PR description, explain what you changed and why.

• Wait for automated checks & maintainer review.

https://anemoi.readthedocs.io/en/latest/contributing/governance.html
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Keep Learning about anemoi-training

• Docs: 

https://anemoi.readthedocs.io/projects/training/en/latest/

• Config templates: https://github.com/ecmwf/anemoi-

core/tree/main/training/src/anemoi/training/config

• Integration tests configs: 

https://github.com/ecmwf/anemoi-

core/tree/main/training/tests/integration

• https://github.com/ecmwf/anemoi

https://anemoi.readthedocs.io/projects/training/en/latest/
https://github.com/ecmwf/anemoi-core/tree/main/training/src/anemoi/training/config
https://github.com/ecmwf/anemoi-core/tree/main/training/src/anemoi/training/config
https://github.com/ecmwf/anemoi-core/tree/main/training/src/anemoi/training/config
https://github.com/ecmwf/anemoi-core/tree/main/training/tests/integration
https://github.com/ecmwf/anemoi-core/tree/main/training/tests/integration
https://github.com/ecmwf/anemoi-core/tree/main/training/tests/integration
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anemoi-configs
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Questions
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