
DISCOVER ANEMOI ·  WEBINAR SERIES ·  PART 1

Introduction + 
Anemoi Datasets
Building machine-learning–ready datasets for data-driven weather 

forecasting.

P R E S E N TE R

Ana Prieto Nemesio
Machine Learning Team Lead

ana.prietonemesio@ecmwf.intana.prietonemesio@ecmwf.int

P R E S E N TE R

Harrison Cook
Research Software Engineer

harrison.cook@ecmwf.intharrison.cook@ecmwf.int

https://1ffb3391-2be8-444a-90d3-9cac63acab96.claudeusercontent.com/cdn-cgi/l/email-protection
https://1ffb3391-2be8-444a-90d3-9cac63acab96.claudeusercontent.com/cdn-cgi/l/email-protection


Introduction Overview
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• What's Anemoi?

• Overview of the framework

o Main packages

o Earthkit

• Examples of the use cases

• What's next?

• Keep learning about Anemoi



What's Anemoi?

• Anemoi is an open-source framework that provides a 
complete toolkit to develop data-driven weather models –
from data preparation through to inference 

• It's a highly modular framework organised into different 
Python packages  

• The framework builds upon on established Python tooling 
including PyTorch, Pytorch Lighting, Hydra, Pydantic, 
and earthkit.

3

Anemoi: a European framework for operational AI in weather and climate



Goals
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Anemoi: a European framework for operational AI in weather and climate

• Set of tools, shared and co-developed across Europe for building data driven forecasting systems

• Users can bring their data and pick a suitable architecture and training method

• Advanced users can design new architectures or change training strategies

• Enable research, but designed with operations in mind



https://www.ecmwf.int/en/about/media-centre/aifs-blog/2026/anemoi-european-framework-ai
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Anemoi in a Nutshell
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Model

GRIB 
NetCDF

CDS
MARS

...
etc

Anemoi-core

Checkpoint
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User Base

Researchers Developers Operators



User Base

Researchers Developers Operations

Modifies Configs for 
Experimentation and 

Implemenation of 
Operational Models

Modifies Codebase to 
implement new 

Features and 
Augment Anemoi 

Libraries

Runs the Anemoi 
Model in a common 
interface on reliable 

infrastructure
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What's Earthkit aiming at from an ECMWF software stack perspective

Anemoi uses Earthkit components 
across the framework



What does Anemoi enable?
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Data-driven Deterministic Forecast Data-driven Ensemble Forecast

AI forecasts ready in minutes rather than hours

Deterministic Model Probabilistic Model - Learn an ensemble via optimization of a probabilistic 

score

Lang et al. 2024bLang et al. 2024​a



What does Anemoi enable?
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Global Limited area Global Regional Area Modelling

Stretched Grid 

Model

Nipen et al. 2024



What does Anemoi enable?
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- Forecasting and Time Interpolation

Autoregressive forecasts  stepping 6h into the future xn = f(xn-1) …​

Forecasting
Temporal Interpolation
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How does Anemoi achieve this?

o Generation of ML-optimised datasets from common 

meteorological sources (NetCDF, HDF5, GRIB, MARS, CDS)

o Cutting-edge Model architecture blocks 

o Support to track training results using MLflow

o Ability to train large scale models with both data and model 

parallelization 

o Testing Suite – Unit tests and Integration Tests

o Highly configurable framework both for training and inference

o End-to-end capturing of metadata lineage 

o Open research and open development

o Collaboration – investigating and bringing new features (MLPP 

and E-AI programmes)

o End-end workflow – allow to develop DDWF suitable for NWP 

operationalisation



What's next?
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Global Limited area Direct observation 
prediction

Global Limited area Direct observation 
prediction



What's next?
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Keep learning about Anemoi
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•  Webinars and documentation

•  HuggingFace – run AIFS v2 yourself! 

https://huggingface.co/ecmwf/aifs-single-2.0
https://events.ecmwf.int/event/446/

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



Anemoi 
Datasets
The first step in the pipeline.

Goals & non-goals Building datasets Using datasets
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Model

GRIB 
NetCDF

CDS
MARS

...
etc

Anemoi-core

Checkpoint

D A T A S E T S

Anemoi Pipeline



D A T A S E T S

Goals

01

Machine-learning–ready

Create datasets ready to train 

data-driven weather forecasts 

no last-mile pre-processing 

required.

02

Efficient loading

Make the loading of individual 

training samples as fast and 

lightweight as possible

keep the GPU fed.

03

Rich metadata

Carry everything training and 

inference need to interpret a 

sample

- variables, grid, dates, statistics.



D A T A S E T S

Non-goals

✕
IT  IS  N O T

A replacement for the original source 
of data

Keep the original GRIB/NetCDF archive. Anemoi 

datasets exist alongside it — they don't 

supersede it.

✕
IT  IS  N O T

An analysis-ready collection

The read patterns for training differ from those for 

analysis. 

Extracting a single point as a time series will be 

slow.

T H IN K  O F  I T  A S Pre-processed data, kept as close as possible to the needs of training — and nothing more.



T R A I N I N G  D A T A - D R I V E N  F O R E C A S T S

Terminology

sample

The state of the atmosphere at a time T.

model

Given the state at T, returns the state at T+1.

variables

A sample is a collection of meteorological fields.

E X A M P L E  VA R I A B L ES

SUR FACE

2m_temperature surface_pressure 10u, 10v

tp

PRESSUR E LEVELS

geopotential, winds, temperature on

1000 hPa 500 hPa …

Anemoi enforces no constraint on what a sample contains — that's a 

modelling choice.



T R A I N I N G  D A T A - D R I V E N  F O R E C A S T S

The simplest abstraction

Everything that follows exists to make these three lines fast, reproducible and reusable.

x, y = ds[n : n + 1]     # pull one (input, target) pair

y_hat = model.predict(x) # forward pass

loss = model.loss(y, y_hat) # compare to truth

1 · Get the data → 2 · Make the prediction → 3 · Loss & back-prop



T R A I N I N G  D A T A - D R I V E N  F O R E C A S T S

The problems

Our best approximation of the "true" state of the 

atmosphere: ERA5.

A dataset like ERA5 is too large to fit in memory.

We need to store the data on a filesystem ready 

to go.

We want each sample to be one retrieval operation 

— fast, predictable, parallelisable.

I N  O T H E R  W O R D S

The on-disk layout matters as much as the data itself.

STOR AGE LA YO UT MA TTER S

CH UN KI NG

ANEMOI · DATASETS





S T O R A G E

Using Zarr

Zarr offers an array-like view on a collection of files. 

We use it to define an array whose chunks match a training sample exactly — one file per date.

O N E SA M PLE  =  O N E C H U N K  R EA D I N TE R N AL  D I M E N S I ON S

W H Y Z AR R  F IT S

• Array-like view over a directory of chunk files

• Chunk shape mirrors the training access pattern

• Cloud- and POSIX-friendly, language-agnostic

ANEMOI · DATASETS



Building 
datasets
YAML-controlled pipelines — self-documenting and reproducible.



B U I L D I N G  D A T A S E T S

Dataset layouts

Three types of data organisation — pick the one that matches how your data lives in time and space.

Gridded
Model fields on a (possibly 

unstructured) spatial grid, regular in 

time.

most common

Tabular
Unstructured in both time and space.

observations

Trajectories

Forecast fields indexed by base date 

and forecast step — a 5-D on-disk 

array.

5-D



B U I L D I N G  D A T A S E T S

Datasets are built from a recipe

Dates flow through a sequence of operations. Each date produces one field, which becomes one row of the 

final dataset.

• Self Documenting

• Reproducible



B U I L D I N G  D A T A S E T S

Recipes are YAML files

recipe.yaml

dates:

start: 2024-01-01T00:00:00Z

end: 2024-01-01T18:00:00Z

frequency: 6h

input:

grib:

param: [2t, msl, 10u, 10v, lsm]

path: /path/to/some/data.grib

TWO MAIN SECTIONS

dates

What time range and frequency.

input

Where the data comes from and how it's combined.

T H E N  B UI L D IT

$ anemoi-datasets create $recipe.yaml dataset.zarr



O P E R A T I O N S

join combine variables

Combine several sources of data. Each source provides different variables at the same dates.

input:

join:

- source1: …

- source2: …

- source3: …

- …

2t, msl 10u, 10v z, t

↓

2t, msl, 10u, 10v, z, t

SAME DAT ES, M ORE VARIABLE S



O P E R A T I O N S

pipe transform fields

Transform fields using a sequence of filters. The first step is typically a source; the rest are filters.

input:

pipe:

- source: …

- filter1: …

- filter2: …

- …

source

↓

regrid

↓

rescale

↓

field



O P E R A T I O N S

concat combine dates

Combine different sets of operations that handle different dates.

input:

concat:

- dates:

start: 2020-12-30 00:00:00

end: 2021-01-01 12:00:00

frequency: 12h

source1: …

- dates:

start: 2021-01-02 00:00:00

end: 2021-01-03 12:00:00

frequency: 12h

source2: …

source1
2020-12-30 → 2021-01-01

source2
2021-01-02 → 2021-01-03

↓

one continuous time axis



Create a forecast dataset. Same sources, same operations — now five-dimensional, indexed by base date and 

lead time.

Enables: Temporal Downscaler, and including the forecast dimension

steps:

start: 6h

end: 30h

frequency: 1h

input:

# same sources / operations

F I V E  D I ME N S I O N S

dates base date — when the forecast starts

steps lead time — new, 5-D axis

variables meteorological fields

ensembles members

grid spatial points

B U I L D I N G  D A T A S E T S

Trajectories



B U I L D I N G  D A T A S E T S

Statistics gathering

Statistics are computed on a subset of dates by default — to keep a tail of truly unseen data.

DE FA UL T S UBS ET  RUL E

≥20y If the dataset covers 20 years or more, the last 3 years are excluded.

≥10y If the dataset covers 10 years or more, the last year is excluded.

else Otherwise, 80% of the dataset is used.

U SE R - P RO VI D ED  D A T ES

statistics: 

    end: 2020

A L L O W  N AN S

By default, fails if a NaN is found.

statistics: 

    allow_nans: true

S T AT IS T I CS  O F  I N CR EM EN T S

Also computable for common lead times:

1h 3h 6h 12h 24h



R E F E R E N C E

General-purpose sources
1 / 2

NAM E DESCR IPT IO N EXA MPLE

grib Access GRIB files on disk.
grib:

param: [msl, 2t]

path: /path/to/file.grib

netcdf Access NetCDF files on disk (xarray-based).
netcdf:

path: /path/to/file.nc

opendap Access OpenDAP servers (xarray-based).
opendap:

url: http://…

xarray-zarr File-based or cloud-based Zarr (xarray-based).
xarray-zarr:

url: http://…

xarray-kerchunk Access kerchunk datasets (xarray-based).
EXP ER IM E NT A L

zenodo Access a dataset given a Zenodo DOI.
EXP ER IM E NT A L



R E F E R E N C E

General-purpose sources
2 / 2

NAM E DESCR IPT IO N EXAM PL E

bufr Access BUFR files on disk.
bufr:

…

anemoi-dataset Access an existing Anemoi dataset.
anemoi_dataset:

path: /path/to/anemoi/dataset

more… And more, plus organisation-specific sources contributed by 

individual sites.

EXT EN SI B L E



R E F E R E N C E

Filters anemoi-transforms

A small selection — work in progress. Some sites implement their own filters too.

NAM E DESCR IPT IO N

apply-mask Apply a mask to the fields (set values to NaN according to a mask).

rotate_wind / 

unrotate_wind
Rotate wind vectors.

rename Rename variables.

regrid Interpolate input fields to a different grid.

rescale Apply unit conversions.

orog_to_z Convert orography (m) to z (geopotential height).

uv-2-ddff / ddff-2-uv Convert wind components between cartesian and polar coordinates.

wz_to_w Convert geometric vertical velocity (m/s) to vertical velocity (Pa/s).



I N  P R A C T I C E

Real recipes scale up
Production datasets stitch together many sources, filters and date ranges. 

A  S M A L L  O NE ~10 nodes A  B IG G E R O N E



Using 
datasets
One Python entry point. Lazy slicing, selecting, combining.



U S I N G  D A T A S E T S

Basics

To open a dataset, use the open_dataset function:

from anemoi.datasets import open_dataset

ds = open_dataset("/path/to/dataset.zarr")

Then access data via ds as if it were a NumPy array:

print(ds.shape)

print(len(ds))

print(ds[0])

print(ds[10:20])



U S I N G  D A T A S E T S

Basics (cont.)

1 Ability to subset:

from anemoi.datasets import open_dataset

ds = open_dataset("path/to/dataset.zarr",

start=2000,

end=2020)

2 Or combine datasets:

from anemoi.datasets import open_dataset

ds = open_dataset("path/to/dataset1.zarr",

"path/to/dataset2.zarr")

Lazy by default — these operations compose without touching the disk. Reading happens only when you index into ds.



U S I N G  D A T A S E T S

Opening a dataset

Two equivalent forms — pick whichever fits your config file or call site.

K E Y WO R D  A RG U M E N TS

from anemoi.datasets import open_dataset

ds = open_dataset(dataset,

option1=value1,

option2=…)

or

D I C T I ON A R Y  FO R M

from anemoi.datasets import open_dataset

ds = open_dataset({

"dataset": dataset,

"option1": value1,

"option2": …,

})

ANEMOI · DATASETS



U S I N G  D A T A S E T S

Selecting variables

list keep + preserve order

ds = open_dataset(

dataset,

select=["2t", "tp"],

)

set keep, any order

ds = open_dataset(

dataset,

select={"2t", "tp"},

)

drop remove specific ones

ds = open_dataset(

dataset,

drop=["10u", "10v"],

)



U S I N G  D A T A S E T S

Reordering variables

… using a list

ds = open_dataset(

dataset,

reorder=[

"2t", "msl", "sp",

"10u", "10v",

],

)

… or using a dictionary

ds = open_dataset(

dataset,

reorder={

"2t": 0,

"msl": 1,

"sp": 2,

"10u": 3,

"10v": 4,

},

)



C O M B I N I N G  D A T A S E T S

cutout limited-area + global

Use a limited-area model where you have it; fall back to the global model everywhere else.

from anemoi.datasets import open_dataset

ds = open_dataset(

cutout=[

lam_dataset,

global_dataset,

],

)

L E G E ND

LAM points (high resolution, regional)

Global points (used outside the LAM region)

Global only LAM only

Overlap removed Cutout result



R E F E R E N C E

Attributes
Rich metadata is attached to every dataset — available without reading a single chunk.

shape A tuple of the dataset's dimensions.

field_shape Original 1D or 2D shape of a single field (fields are flattened 

to 1D when building).

dtype The dataset's NumPy data type.

dates Dates as a NumPy vector of datetime64.

frequency Delta between two consecutive dates.

latitudes Latitudes as a NumPy vector.

longitudes Longitudes as a NumPy vector.

resolution The dataset's resolution.

statistics mean, stdev, minimum, maximum per variable.

name_to_index
Dict mapping variable names → channel index. 

ds.name_to_index["2t"]

variables Variable names in dataset order.

missing Set of indices of the missing dates.

stats = ds.statistics; stats["mean"][ds.name_to_index["msl"]] When combining datasets, the statistics of the first encountered dataset are used.



What does Anemoi enable?

48

Global Limited area Global Regional Area Modelling

Stretched Grid 

Model

Nipen et al. 2024

Datasets
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Thank you

Questions?
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