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Discover Anemoi = ...

A series of training webinars

e €

Webinar 1: Introduction + Anemoi Datasets Vi 16 June 2026 at 15 CEST

Webinar 2: Anemoi Graphs + Anemoi Models - 17 June, 2026
Webinar 3: Anemoi Training + Anemoi Inference - 18 June 2026 at 15 CEST



Anemoi Graphs + Anem i
Models

Presentations - by Mario Santa Cruz

Questions & Answers — dedicated session after each pfesentation
webinar, via the chat

Recordings — this webinar is being recorded and will be, made
available on the event webpage

No Al meeting assistants — please don't add them for this webinar

Contact —


mailto:training@ecmwf.int

DISCOVER ANEMOI - WEBINAR SERIES - PART 2

Anemoi graphs - @

PRESENTER

Mario Santa Cruz : .
Machine Learning Scientist

mario.santacruz@ecmwf.int


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

Anemoi framework

* Develop machine learning (ML) weather forecasting models.
o Dataset preparation tools.
o Graph creation tools.
O ML model training support.
o0 Inference tools integrated with verification software.

O Registry for datasets and trained models.

* Benefits:
o Simplifies shared meteorological challenges.
o Enables training of models using existing recipes

and custom data.
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Anemoi framework

* Develop machine learning (ML) weather forecasting models.

O

O

O

O

O

Dataset preparation tools.

Graph creation tools.

ML model training support.

Inference tools integrated with verification software.

Registry for datasets and trained models.

* Benefits:

O

O

Simplifies shared meteorological challenges.

Enables training of models using existing recipes

and custom data.

utils

T

transform

training

Diagram of dependencies within anemoi packages.
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Getting started

To train a data-driven weather forecasting model in Anemoi, three main components

are needed:

i N O B O I
Dataset Model

e
= ’“\S

N AN 2N J

P, Zarr &y PyG O PyTorch
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anemoi-datasets

i ) * Create "machine-learning ready" datasets for training data-driven

DataSEt weather forecasts.

* Make the loading of data samples as efficient as possible

W - *‘

S A e L

3 oS o S
4 o

o 1/O operations are minimised

“ | e Zarr

o Offers an array-like view on chunks

o _/

anemoi-datasets.readthedocs.io

o Each file is a single date

Dates Varables Ensembles érid points | Using datasets

o Subsetting datasets (time, variables, member, ...)

r_ J o Combining datasets (join, concat, cutout, ensembile, ...)
eos ' ese ' a0 ’ eoe
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anemoi-graphs

anemoi-graphs.readthedocs.io

In Anemoi, it is represented by a
torch_geometric.data.HeteroData
object, and stored in a .PT file.

* A graph is a structure composed of:
o Nodes: Represent locations in space.
o Edges: Define how information flows between nodes.

HeteroData(

data={
x=[48328, 2], # coordinates in radians (lat in [-pi/2, pi/21, lon in [@, 2pil)
node_type="'ZarrDatasetNodes',
area_weight=[40328, 11,

}!

hidden={
x=[10242, 2], # coordinates in radians (lat in [-pi/2, pi/2], lon in [@, 2pi])
node_type='TriNodes',
area_weight=[10242, 1],

s

(data, to, hidden)={
edge_index=[2, 62980],
edge_type='CutOffEdges',
edge_length=[62980, 1],
edge_dirs=[62988, 2],

s

(hidden, to, hidden)={
edge_index=[2, 81900],
edge_type='MultiScaleEdges’',
edge_length=[8196@, 1],
edge_dirs=[81902, 2],

}!

(hidden, to, data)={
edge_index=[2, 12@960],
edge_type='KNNEdges "',
edge_length=[120960, 1],
edge_dirs=[120968, 2],
}

)

Console log of a graph created with anemoi-graphs.
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anemoi-models

/ )
Model

* Graph Neural Networks (GNNs) are a type of neural network

designed to operate on graph-structured data.

o GNN(G)=G' where G, G' are graphs

HES
- * Node features are update based on message passing:
_)
O Message creation (from node and edge features)
O Message aggregation
& 4 0 Node update

anemoi-models.readthedocs.io
* Permutation-invariance
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https://anemoi-models.readthedocs.io/
https://anemoi-models.readthedocs.io/
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anemoi-graphs

anemoi-graphs.readthedocs.io

# / Command line tool View page source
Anemo L

Tools for creating graphs used in data-driven, deep o ey

I eCI rnin g We Oth e r for eC QSﬁn g m Od eI Sc {:SML docs When you install the anemoi-graphs package, a command line tool will also be installed called

anemoi-graphs , which can be used to build graphs based on YAML recipe files, and inspect existing

INTRODUCTION

graphs.
.
® H h L I I ' f . Background
Ig - eve n er ace. el e e The tool can provide help with the —-help options:
B Command line usage
. . . . .
*  YAML recipe file to define graph configuration. Create Command ST T
Describe Command
. .. e G To create a graph, use the create command:
* Node Definition:
o e e Inl Io n. BUILDI} APHS $ anemoi-graphs create recipe.yaml graph.pt
Introduction
i B qsed on d q tq Set Coo rd in qte S (e.g o Zq r r, N PZ, TXT .“) o r Nodes - Coordinates The .yanl recipe file consists of high-level specifications for generating the graphs at each layer.
Nodes - Attributes An example of a simple recipe file is given in the the following section.
. . . . .
algorithmic methods (e.g., triangular refined icosahedron). R —
. The create command will read the specifications in the recipe.yanl recipe file, and write to a
Edges - Attributes
PyTorch .pt file.
Post-processors
e e 0
L4 Edge Defl n I 'I o n: RECIPE PLES To describe an existing graph stored asa .pt file, use the describe command:
First recipe
s ) $ anemoi-graphs describe graph.pt
H 1 H Limited Area Modeling (LAM
*  Methods include cut-off radius or K nearest-neighbors. B
MODULES This will generate a text summary of the graph, including the number of nodes and edges at each
. Node builder layer, the geographic boundaries, and statistics about the edge lengths:
* Atiributes: Edge builder
Node attributes -
W Path : graph.pt
Edge attributes & Format version: 8.0.1
« S de and ed ibutes (wei
upports node and edge attributes (weights, lengths, I S,
directions). Graph Inspector Nodes name } Num. nodes 1 Attribute dim ! Min. latitude I\ Max. latitude 1 Min. longitude 1
[RERTEEE data | 10,840 | 4| -3.135 | 3.140 | 0.02 |
hidden | 6,200 | 4| -3.141 | 3.137 | 0.01 |
DEVELOPING M G 5 1 L | 1 1 L
Contrib
Code Structure Source Destination ! Num. edges Attribute dim I\ Min. length ! Max. length ! Mean
T T T T
Testing data hidden | 13508 1] 0.3116 | 25,79 | 11,
hidden data | 40910 1] 0.2397 | 21.851 | 12,
1 | 1 1

Documentation of anemoi-graphs package.
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Command line tool

* Create a new graph:

>>> anemoi-graphs create recipe.yaml graph.pt | )
¥ Path : graph.pt
* Describe an existing graph: & Format version: .0.1
. . B size : 3.1 MiB (3,283,650)
>>> anemoi-graphs describe graph.pt
Nodes name | Num. nodes | Attribute dim | Min. latitude | Max. latitude | Min. longitude |
| | | | | |
. ) ) . | | | I | |
* Inspect visually an existing graph: data | 10,840 | 4 | -3.135 | 3.140 | 2.02 |
- - - hidden | 6,200 | 4 | -3.141 | 3.137 | 9.01 |
>>> anemoi-graphs inspect graph.pt graph_viz/ ' ' ' ' ' '
. Source Destination | Mum. edges Attribute dim | Min. length | Max. length | Mean
~ graph_viz I | I I
¢> data_to hidden.htmi data | hidden | 13508 1 0.3116 | 25.79 | 11
o . hidden | data | 40910 1| @.2397 | 21.851 | 12
I distribution_edge_attributes.png | | | | |
= distribution_node_adjancency.png B Graph ready, last update 17 seconds ago.
- - ul Statistics ready.
I distribution_node_attributes.png

¢» hidden_to_data.html Console log when describing/inspecting a graph with anemoi-graphs.
< hidden_to_hidden.html

<» isolated_nodes.html

Local files generated to inspect graphs.
Note: The inspection tools provided are designed for testing different graph configuration but

itis not recommendded for high-resolution graphs with a high number of nodes/edges.

SECMWF = @ = EF D I " EE NN S =66 @0 ™ & @ @ B =




Encoder — Processor — Decoder

anemoi-training uses a specific encoder-processor-decoder graph structure:
* Data Nodes: Represent the locations of input/output data points (e.g., temperature, wind speed).

* Hidden Nodes:

* Operate at a lower spatial resolution than the input/output nodes. (~2)

* Allow for feature extraction and dimensionality reduction, enabling the model to capture large-scale
patterns.

Note: For weather forecasting, the input and output nodes often correspond to the same physical locations. In
other use cases (e.g., downscaling), input and output nodes may differ.
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GI‘CIph reCipe recipe.yaml

nodes:
data:
node_builder:

_target_: anemoi.graphs.nodes.AnemoiDatasetNodes o
dataset: my_anemoi_dataset -8
hidden: <
node_builder: w
_target_: anemoi.graphs.nodes.TriNodes
resolution: 5 # num ofrefinements
edges: Hidden
# Encoder configuration
- source_name: data =
target_name: hidden ?
edge_builders: 3
- _target_: anemoi.graphs.edges.CutOffEdges §
cutoff_factor: 0.6 o3

# Processor configuration
- source_name: hidden
target_name: hidden
edge_builders:
- _target_: anemoi.graphs.edges.MultiScaleEdges
x_hops: 1
# Decoder configuration
- source_name: hidden
target_name: data
edge_builders:
- _target_: anemoi.graphs.edges.KNNEdges
num_nearest_neighbours: 3

Hidden

A
()
§S;
o
O
)
(@]
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nodes:
hidden:
node builder:
_target_: anemoi.graphs.nodes. TriNodes
resolution: 5 # num. of refinements

Triangular refined mesh

* |t starts with an icosahedron (20 faces)

projected to a sphere.

o Each refinement splits each face into 4
faces.
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Encoder - CutOffEdges

For each target node, it connects all nodes within a
given radius.

Why is this important?

o You want to maximise the information flowing to the
hidden nodes.

o You want to minimise the number of edges
(efficiency)

® Source nodes

% o Poofoolee® @ @ Destination nodes

000000 OOPS = Cut-off radius
(LR E N T NN _J @
(R N X N N N N N

}..%.. ... °
@
@

Dest. nodes reference dist
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edges:
- source_name: data
target_name: hidden
edge_builders:
- _target_: anemoi.graphs.edges.CutOffEdges
x_hops: 1




Processor - MultiScaleEdges edges:

- source_name: hidden
target_name: hidden
edge_builders:

* The processor connections define how far the information
- _target_: anemoi.graphs.edges.MultiScaleEdges

flows.

x_hops: 1
o Connections are created for each level of refinement.
L ]
- Z K T IS K IR SR S OOOA RS
. . ] { S NSRS
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Processor - MultiScaleEdges edges:

- source_name: hidden
target_name: hidden

* The processor connections define how far the information edge_builders:
f - _target_: anemoi.graphs.edges.MultiScaleEdges
OWS. x_hops: 1

o Connections are created for each level of refinement.

.
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hidden
data

edge_builders

target_name

- source_name

edges

target_: anemoi.graphs.edges.KNNEdges

3

ighbours:

num_nearest_ne

Decoder - KNNEdges
* For each target node, it connects the N nearest

hbours.
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Graph configurations

O ecmwf / anemoi-core Q Typ

Encode r-P rocesso r-Decoder Code () Issues 46 i Pullrequests 21 ) Discussions () Actions [ Projects 1 [0 wiki ) Security |~ Insights
Files [training /| O Add file ~

develop “& JPXKQX c (traini dd default config files for 2 and . b j0 O History

Last commit message Last commit date
l v [@ training »
> [ docs
Merge commit '3 fadd5fedf: a92801... last month
v @ src
- hl I . N - h
Hierarchical Processor & anemoiftaining ning): Add defalt co | IS I s
y, by g A > [ commands tests build: rt and ommits last month
vidten B b—u{ bisden 3 ) B config
W Fd b 4 v . . P . A
b /! b i .gitattributes Add 'training/' from commit ' e0014 £ last month
P . : F e _J ) > [ data
i ; > ) / \ P— .gitignore Add 'training/' from commit * 069ee0014 y last month
i ) \ > ataloader
of Duna 4 \.'- { idem 1 [-T4Y ~
\ i Ay ! ™, / > @@ diagnostics -readthedocs.yaml docs: point RTD to right subfolder last month
/' ! / \ / \

~ [ graph

encoder_decoder_only.yaml

CHANGELOG.| chore(training): Add default config files for 2 and 3 level hi... 19 hours

CONTRIBUTORS.md Add 'training/' from commit ' e00147e889c94 last month

hierarchical_2level yaml|

~ Multiple Encoder/Decoder hierarchical_slevel yam

\/’ Dats 1 \s— limited_area.yaml|

LICENSE Add 'training/' from commit * e00147e88¢ t month
README.md docs: Tidy fi € last month

pyproject.toml bump anemoi-datasets re:

\ / \\ — — /’\\\ multi_scale.yaml

v " N N,

" riden —.\ Hidden [ ] / stretched_grid.yaml|

A y Fut \\ / > @ hardware
<_, >./ > W model
N

0D 0D OO DD O oo e R —”R

pytest.ini Add 'training/' from commit ' e00147e889 last month

README.md g =
> [ training

[ —init__py

0} configyami anemoi-training

Example configuration files for different use cases.
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https://github.com/ecmwf/anemoi-core/tree/develop/training/src/anemoi/training/config/graph​

Use case

Some user may focus in specific regions of interest. e \ / et he BT N\

In this case, there are several options:
Global graphs

* Stretched graphs
O Increases resolution over a region of interest

while maintaining a coarser grid elsewhere.

L

Limited area graphs

N (B

* Limited area graphs
o Nodes are restricted to a specific region.
O A coarser dataset can be used as boundary

forcing.
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Regional modelling

nodes:
data:
node_builder:
_target_: anemoi.graphs.nodes.ZarrDatasetNodes
dataset:
cutout:
-my_local_zarr_dataset
- my_global_zarr_dataset
adjust: all
attributes:
area_weight:
_target_: anemoi.graphs.nodes.attributes.SphericalAreaWeights
norm: unit-max
cutout_mask:

_target_: anemoi.graphs.nodes.attributes.CutOutMask

Graph recipe file containing the data nodes configuration. Data and hidden nodes for a streched graph.

hidden: hidden:
node_builder: node_builder:
_target_: anemoi.graphs.nodes.LimitedAreaTriNodes _target_: anemoi.graphs.nodes.StretchedTriNodes
resolution: 5 lam_resolution: 5
reference_node_name: data

global_resolution: 3
node_attr_name: cutout_mask reference_node_name: data

node_attr_name: cutout_mask

Graph recipe file containing the nodes configuration for LAM. Graph recipe file containing the nodes configuration for stretched graphs.
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Regional modelling

nodes:
data:
node_builder:
_target_: anemoi.graphs.nodes.ZarrDatasetNodes
dataset:
cutout:
-my_local_zarr_dataset
- my_global_zarr_dataset
adjust: all
attributes:
area_weight:
_target_: anemoi.graphs.nodes.attributes.SphericalAreaWeights
norm: unit-max
cutout_mask:

_target_: anemoi.graphs.nodes.attributes.CutOutMask

Graph recipe file containing the data nodes configuration. Data and hidden nodes for a streched graph.

hidden: hidden:
node_builder: node_builder:
_target_: anemoi.graphs.nodes.LimitedAreaTriNodes _target_: anemoi.graphs.nodes.StretchedTriNodes
resolution: 5 lam_resolution: 5
reference_node_name: data

global_resolution: 3
node_attr_name: cutout_mask reference_node_name: data

node_attr_name: cutout_mask

Graph recipe file containing the nodes configuration for LAM. Graph recipe file containing the nodes configuration for stretched graphs.
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Limited Area Modelling

edges:
# Encoder configuration
- source_nhame: data
target_name: hidden
edge_builders:

- _target_: anemoi.graphs.edges.CutOffEdges
cutoff_factor: 0.6

attributes:

edge_length:

_target_: anemoi.graphs.edges.attributes.EdgelLength
# Processor configuration
- source_name: hidden
target_name: hidden
edge_builders:

- _target_: anemoi.graphs.edges.MultiScaleEdges
x_hops: 1

attributes:

edge_length:

_target_: anemoi.graphs.edges.attributes.EdgelLength
# Decoder configuration
- source_name: hidden
target_name: data
edge_builders:

- _target_: anemoi.graphs.edges.KNNEdges
target_mask_attr_name: cutout_mask
num_nearest_neighbours: 3

attributes:

edge_length:

_target_: anemoi.graphs.edges.attributes.EdgelLength

Cont.: Graph recipe file containing the edge configuration for LAM.
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Wrap up

* anemoi-graphs is used by anemoi-training to create the graphs on the fly.

* anemoi-training contains recipes for all use cases

* anemoi-graphs has a command line tool to create and inspect graphs

* anemoi-graphs is designed to be extended with new node, edge and attribute builders.

* anemoi-graphs supports different use cases:
o Global graphs
o Limited area graphs

o Stretched graphs
* More complex setups (multi-encoder/decoder, hierarchi | graphs, ...) are supported in anemoi-graphs.

* Graph configuration plays a key role in the flow of information and the efficiency of the model.
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Questions?

mario.santacruz@ecmwf.int www.ecmwf.int


http://anemoi-graphs.readthedocs.io
http://anemoi-graphs.readthedocs.io
http://anemoi-graphs.readthedocs.io
http://anemoi-graphs.readthedocs.io
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Anemoi in a Nutshell

« Anemoi is an open-source framework to develop - Anemoi is developed through a collaborative

data-driven meteorological forecasting. European initiative

)

pataset Checkpoint °
anemoi P anemoi % % anemoi
datasets ” training inference

/ . N
Graph
Model )

)
GRIB
NetCDF

CDS

MARS R
anemaol
etc

__ models

\ }
|

Anemoi-core

N

anemoi
graphs
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Animol Models

AnemoiModellinterface «

3

Preprocessing

Mormaliser

Models

encoder_processor_decoder

T shapes

Distributed

qgraph
primitives

transformer
khop_edges

Layers (Core ML components)

Data_indices

collection

Imputer

index
tensor
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mip
conv
mapper
graph
processor
chunk
block
attention




Animol Models

AnemoiModelinterface

3

Preprocessing

Mormaliser

Imputer

encoder_processor_decoder

Distributed

graph
primitives
shapes
transformer
khop_edges

Layers (Core ML components)

Data_indices

collection

index
tensor
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mip
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Graph Neural Networks

Node Classificati Link Predicti
* Graph Neural Networks (GNNs) are a i ot L Ink Frediction

type of neural network designed to

operate on graph-structured data.

@ ClassA @ ClassB @ Class C | Will these nodes connect?
o GNN (G) =G/, where G, G' are graphs |
Graph Classification Node Regression

Molecule

/]
E
X Toxin

Graph Classification Node Regression
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Graph Neural Networks

Send Messages Aggregate Messages Update State

o Node features are update based on

message passing:

O Message creation (from node and edge

features)

Neighboro nodes Receive messages Compute new
O Message aggregation to node i from neighbors representation

o Node update ~Uj A a_d
t Z O m OQC

~N =4 l
— [§
O mj=Ffusg(h), i) m; = Agg({m;}) hi = fupd(hi, m;)
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Encoder-Processor-Decoder

10000, ) Goo0o, 102

Hiclelam
redes

SIS

Date
nodes

Hiclhen
nodes

(0000, 1%2)
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Encoder-Processor-Decoder

Q0000, 4 QUDDOD, 102:4) Uoo00, 1024
o dder [ PROCESSOR ] dder
I ‘[ " [ ENCODER ]
Date
nodes
(40000, 1%2)
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Encoder-Processor-Decoder

Q0000, 4 QUDDOD, 102:4) Uoo00, 1024
o dder [ PRocessoR] dder
I ‘[ " [ ENCODER ] j i i
Bate Date
- nodes
(40000, «)
(40000, 1%2)
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Encoder-Processor-Decoder

o000, 4 U000, 1024) o000, 10a4)
_ s [ PROCESSOR ] e
i
I “‘ " [ ENCODER ] l l | DECODER
Dato Data
Do %
m.::: noele: nodes
HOO00D, ) (40000, )
«@o000, 1%2)
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Animol Models

AnemoiModelinterface

F

Preprocessing

Mormaliser

Imputer

Models

encoder_processor_decoder

Distributed

qgraph
primitives
shapes
transformer
khop_edges

ayers (Core ML component

Data_indices

collection

index
tensor
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block
attention




How to build an encoder processor decoder?

* Encoders/decoders use Mappers.
- Map from one grid to another.
* 4 to choose from:
* GNN (message passing) E=— T | T [ T 7 7= e Sl ie
- GraphTransformer 1

* Transformer
* PointWiseMLP
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How to build an encoder processor decoder?

Sliding window transformer

* Processors layers to build the processor.
» Operate on fixed grid.
* 4 to choose from:
* GNN (message passing)
* GraphTransformer

 Transformer
* PointWiseMLP

®
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encoder:
_target_: anemoi.models. layers.mapper.GraphTransformerForwardMapper
trainable_size: ${model.trainable_parameters.data2hidden}
sub_graph_edge_attributes: ${model.attributes.edges}
num_chunks: 4
mlp_hidden_ratio: 4 # GraphTransformer or Transformer only
num_heads: 16 # GraphTransformer or Transformer only
gk_norm: False
cpu_offload: ${model.cpu_offload}
layer_kernels: ${model.layer_kernels}
shard_strategy: "edges"

processor: Hidden
_target_: anemoi.models.layers.processor.GraphTransformerProcessor

trainable_size: ${model.trainable_parameters.hidden2hidden}

sub_graph_edge_attributes: ${model.attributes.edges}
num_layers: 16

num_chunks: 4

mlp_hidden_ratio: 4 # GraphTransformer or Transformer only

num_heads: 16 # GraphTransformer or Transformer only 4
gk_norm: False
cpu_offload: ${model.cpu_offload}

Hidden
layer_kernels: ${model.layer_kernels}
decoder:
_target_: anemoi.models.layers.mapper.GraphTransformerBackwardMapper
trainable_size: ${model.trainable_parameters.hidden2data}
sub_graph_edge_attributes: ${model.attributes.edges}
num_chunks: 4
mlp_hidden_ratio: 4 # GraphTransformer or Transformer only v
num_heads: 16 # GraphTransformer or Transformer only
initialise_data_extractor_zero: False
gk_norm: False
Data

cpu_offload: ${model.cpu_offload}
layer_kernels: ${model.layer_kernels}
shard_strategy: "edges"
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How to index the big array?

Anemoi datasets, we built a big array.

But we may use data differently.

Prognostic (in and out), forcing (in), and diagnostic (out).

Need code to understand how to get data in and out of the tensor.

------ =% Input
( First input tensor ( Next input tensor ) °
—  Output

( Prognostics ]
[ Diagnostics J

Output tensor

( Prognostics

( D?agnostics

Output tensor
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normalizer:

Normal iser default: "mean-std"

# Remap cp statistics to those of tp when using FractionBounding. This ensures
) Apply the Stat|st|CS to norma“se the data # that cp, as a fraction of tp, remains consistent with tp's scale and statistics.
# NOTE: This remap should only be applied if FractionBounding is enabled for cp.
. L # remap:
* Could be in the training code. # cpi tp

Standardization applied to tp and cp variables. Ensure that if cp is bounded

TR . . . #

¢ BUt It IIVIng N the mOdel heIpS Wlth Inference # as a fraction of tp, both variables are normalized using these shared statistics.
#
#

"Std" normalization is preferred here over "mean-std" to avoid shifting of the
zero value in the normalized space.

» Options: sta:

- "‘tp“
# - "cp"
* Mean-std
min-max:
max:
¢ Std - "sdor"
- "slor"
Hon
’ Max none:
- "cos_latitude"
® Min-max - "cos_longitude"
- "sin_latitude"
- "sin_longitude"
° None - "cos_julian_day"

- "cos_local_time"
- "sin_julian_day"
- "sin_local_time"
- "insolation"

- "lsm"
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Snow Cover over
ocean

Without

masking NaNs S -

0.0 0.2 0.4 0.6 0.8 1.0
Snow cover fraction

In training: NaNs are replaced by values and masked in the loss
function with zeros

At inference: the model 'predicts' values in the masked areas —
these are removed in a post-processing step

SECMWF = B = &= DIl =/ E &= BN & = 5 @ =

Sea Surface Temperature over land

Deali W|th missing values
;’" 7 ra

Target _Predicted field
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> Additional issues caused when NaNs move! This
was the case with waves fields.




Bounding — a missing piece of the model diagram!

S oRNUunoooooSt
[slelllelelslelels]

oo

o bEOOOOEN BO

ocooo

Precipitation accumulation (mm)

Previous AIFS Input to bounding layer New AIFS

# Bounding configuration
bounding: #These are applied in order

RelLU Activation Function

10 # Bound tp (total precipitation) with a Relu bounding layer

S RELU(X) # ensuring a range of [@, infinity) to avoid negative precipitation values.
- _target_: anemoi.models.layers.bounding.ReluBounding #[@, infinity)
8 variables:
- tp
3‘2 6 # [OPTIONAL] Bound cp (convective precipitation) as a fraction of tp.
bl # This guarantees that cp is physically consistent with tp by restricting cp
3 # to a fraction of tp [@ to 1]. Uncomment the lines below to apply.
&-’ 4 1 # NOTE: If this bounding strategy is used, the normalization of cp must be
# changed to "std" normalization, and the "cp" statistics should be remapped
# to those of tp to ensure consistency.
2 -
# - _target_: anemoi.models.layers.bounding.FractionBounding # fraction of tp
# variables:
0 # -cp
y 2 . 3 : Y Y v g # min_val: @
-10.0 =75 =-5.0 =25 0.0 25 50 7.5 10.0 # max val: 1
X # total_var: tp

SECMWF = 1 ==
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Thank you!

mario.santacruz@ecmwf.int www.ecmwf.int


http://anemoi-models.readthedocs.io
http://anemoi-models.readthedocs.io
http://anemoi-models.readthedocs.io

See you tomorrow at 15:00 CEST L
Webinar 3: Anemoi Training + Anemoi Inference

The Teams link will be shared via emalil

training@ecmwf.int

https://events.ecmwf.int/event/562/

www.ecmwf.int
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