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Welcome!

Webinar series aims:

Provide operational forecasters with what you might
need to know to use ECMWF machine learning model
outputs effectively

— Basics of the models (Webinar 1)

— Accessing forecast products (Webinar 1)
— Known issues (Webinar 2)

— Verification (Webinar 2)

— Case Studies (Webinar 3)

Encourage use, and feedback, of ECMWF machine
learning models

 aa
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Please type questions in the chat
— ECMWEF colleagues are online

to answer, we will also answer
some at the end of the webinar

Your comments on your use of
ML models are very welcome —

we would like to better
understand how you use them!




An AIFS guide for operational forecasters

#1 Getting information and support

1.1 Where can | find AIFS documentation and news?
1.2 How can | get support for the AIFS?

#2 Using the AIFS

2.1  What AIFS data are available?

2.2 How can | access AIFS data?

2.3 How can | generate a forecast using the AIFS?

2.4 How can | suggest parameters for future AIFS versions? (from previous webinar)
2.5 How can | work with third-party models? (from previous webinar)

#3 Verifying the AIFS

3.1 How does the AIFS compare to the IFS?
3.2 How does the AIFS compare to other data-driven models?
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An AIFS guide for operational forecasters

#1 Getting information and support

1.1 Where can | find AIFS documentation and news?
1.2 How can | get support for the AIFS?
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1.1 Where can | find AIFS documentation and news?

Machine Learning Services and Support

Created by Meghan Plumridge, last modified on Sept 15, 2025

Introduction

This is the user guide for machine learning (ML) services at ECMWF. For further support, please raise a ticket via
the ECMWF Support Portal or reach out on our User Forum.

For Anemoi support, please create a Github issue for the specific package. Please note that Github issues are
supported on a best-efforts basis.

e User Documentation
o AIFS
o ai-models
o Anemoi
o GPUs
e Further Resources

User Documentation

News Feed

Users may 'watch' this page to receive
notifications of updates and follow our AIFS
blog for the latest developments.

AIFS

The AIFS is ECMWF's Artificial Intelligence Forecasting System. First launched in October 2023, the AIFS generates deterministic and ensemble weather forecasts from

machine learning models.

¢ The AIFS single model has been operationally supported at ECMWF since 25 February 2025.
* The AIFS bl lel has been operationally supported at ECMWF since 1 July 2025.

https://confluence.ecmwf.int/display/UDOC/Machine+Learning+Services+and+Support
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Other resources:

AIFS blog

AIFS upgrades

AIFS model card

Forecast user quide



https://www.ecmwf.int/en/about/media-centre/aifs-blog
https://huggingface.co/ecmwf
https://confluence.ecmwf.int/display/FUG/Forecast+User+Guide
https://confluence.ecmwf.int/display/FCST/Changes+to+the+forecasting+system
https://confluence.ecmwf.int/display/UDOC/Machine+Learning+Services+and+Support

1.2 How can | get support for the AIFS?

ECMWEF User Forum:
ceevwr @ 2 Q [=] Link: https://forum.ecmwf.int/

Home

For: News and community engagement

Topics

More Welcome to our " . .
community! ® an w Example: "When will AIFS ENS tropical
B Announcemen s Jo e foum t ECMWF o discuss and xcrange O QSN O cyclone track forecasts be available ?"
- Accessand Logm Ideas, an 0 TInd answers.
B Datasets and Usage
M A IES and OpeniFs e
ECMWEF Support Portal:

CECMWF  support Portal Home My requests = e e G Link: https://confluence.ecmwf.int/site/support

For: Data licensing, computing issues

. |
Welcome to ECMWF Support Portal 148 : , .
o Example: "/'d like to purchase a licence to

use the ecCharts web service.”
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https://forum.ecmwf.int/
https://confluence.ecmwf.int/site/support

1.2 How can | get support for the AIFS?

ECMWEF User Forum:
cecvwr @ Sgvp 2 togin [=]:

-I'-'E

A Home
= Topics
: More Welcome to our o
community! o - *
~ CATEGORIES . )
 sonacerens
B Access and Login
B Datasets and Usage
B AIFS, IFS and OpenlFS

ECMWEF Support Portal:

S ECMWF Support Portal Home My requests : Q Search

Welcome to ECMWF Support Portal

Support for users of ECMWF, Copernicus Atmosphere Monitoring Service (CAMS) and Copernicus Climate Change Service (C3S)

Link: https://forum.ecmwf.int/

For: News and community engagement

Example: "When will AIFS ENS tropical
cyclone track forecasts be available ?"

Link: https://confluence.ecmwf.int/site/support

For: Data licensing, computing issues

Example: "I'd like to purchase a licence to
use the ecCharts web service.”

8 HuggingFace O Scarchmy  _atasets, user. @ Models & Datasets ® S

Ver

ECMWF .
el & hitps:/fecmwling
Upgrade to &7 Team o “nterprise
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https://forum.ecmwf.int/
https://confluence.ecmwf.int/site/support

An AIFS guide for operational forecasters

#2 Using the AIFS

2.1  What AIFS data are available?

2.2 How can | access AlFS data?

2.3 How can | generate a forecast using the AIFS?

2.4 How can | suggest parameters for future AIFS versions? (from previous webinar)
2.5 How can | work with third-party models? (from previous webinar)
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A\ 4 ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



2.1 What AIFS data are available?

https://www.ecmwf.int/en/forecast https://www.ecmwf.int/en/forecast

Dataset description:

s/datasets/set-ix s/datasets/set-x
Forecast runs per day: 00, 06, 12 and 18
Time steps: 6-hourly
Forecast length: 15 days
Grid resolution: N320 Gaussian grid, equivalent to 0.25° lat/lon resolution (=32 km)
Vertical resolution: Provides fields at the surface on 13 pressure levels and 2 soil levels

Compared to AIFS Single:

+ Post-processed products

— Convective precipitation

— Volumetric soil moisture
— TC forecasts

24 surface parameters
6 pressure level parameters
2 soil level parameters
TC forecasts for named storms

Output parameters:
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https://www.ecmwf.int/en/forecasts/datasets/set-ix
https://www.ecmwf.int/en/forecasts/datasets/set-ix
https://www.ecmwf.int/en/forecasts/datasets/set-ix
https://www.ecmwf.int/en/forecasts/datasets/set-ix
https://www.ecmwf.int/en/forecasts/datasets/set-x
https://www.ecmwf.int/en/forecasts/datasets/set-x
https://www.ecmwf.int/en/forecasts/datasets/set-x
https://www.ecmwf.int/en/forecasts/datasets/set-x

2.2 How can | access AIFS data?

Product ECMWF WMO Commercial
Researchers

Type Members Members Customers

Open data

AN

Open charts

Public

ecCharts
PREd

Archive
catalogue

C KKK
7 <

I W< <

Iy M < <

MARS
catalogue v

X
X
X

Further information can be found at:
1) https://confluence.ecmwi.int/display/DAC/Accessing+ECMWEF +data+and+charts

2) https://www.ecmwf.int/en/forecasts/access-forecasts/ordering
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2.2 How can | access AIFS data?

Real-time open data
o All AIFS data are available

o Global coverage on a 0.25° lat—lon grid

o Accessible from a range of platforms through the ecmwf-opendata package

aws

v

"a

azure

4

a
>

open-

meteo

ecmwf
‘_’

October >

Novem

per >

February > March > April > May > June > July > August >September>
|
|

25 February 2025 1 July 2025
Implementation of Implementation
AIFS Single of AIFS ENS
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https://github.com/ecmwf/ecmwf-opendata
https://github.com/ecmwf/ecmwf-opendata
https://github.com/ecmwf/ecmwf-opendata
https://github.com/ecmwf/ecmwf-opendata

2.2 How can | access AIFS data?

Notes

#1 The ECMWEF server can reach capacity during peak times.
Users are encouraged to access open data from other platforms
using the ecmwf-opendata package. For example:

client = Client(source="aws", model="aifs-ens")

#2 All platforms hosting AIFS open data can be found here:
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-
time+forecasts+from+IFS+and+AlFS.
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https://github.com/ecmwf/ecmwf-opendata
https://github.com/ecmwf/ecmwf-opendata
https://github.com/ecmwf/ecmwf-opendata
https://github.com/ecmwf/ecmwf-opendata
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS
https://confluence.ecmwf.int/display/DAC/ECMWF+open+data%3A+real-time+forecasts+from+IFS+and+AIFS

2.2 How can | access AIFS data?

Real-time open data

% grib_1ls -p edition,date,dataType,gridType,stepRange,shortName, level, typeOfLevel 20251116060000-6h-oper-
fc.grib2

20251116060000-6h-oper-fc.grib2

edition date datatype gridType stepRange shortName typeOfLevel
20251116 fc regular_11 mcc isobariclLayer
20251116 fc regular_11 r isobaricInhPa
20251116 fc regular_11 VSW soillLayer
20251116 fc regular_11 VSW soillLayer
20251116 fc regular_11 q isobaricInhPa
20251116 fc regular_11 u isobaricInhPa
20251116 fc regular_11 unknown
20251116 fc regular_11 soilLayer
20251116 fc regular_11 soillLayer
20251116 fc regular_11 isobaricInhPa

I

oy YOO OO OO O

2
P
2
P
P
2
P
2
P
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2.2 How can | access AIFS data?

Real-time open data

client.download(
param="mcc",

type="Ffc",
step=6", )

edition date datatype gridType stepRange shortName level typeOfLevel
2 20251116 fc regular 11 6 mcc 800 isobariclLayer

Notebooks are available! Demonstrating how to:
« Use ecCodes to inspect GRIB data

« Use ecmwf-opendata to retrieve all or a subset of AIFS data
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https://git.ecmwf.int/projects/USS/repos/eccodes_notebooks/browse/grib_tools/grib_tools_inspect.ipynb
https://git.ecmwf.int/projects/USS/repos/eccodes_notebooks/browse/grib_tools/grib_tools_inspect.ipynb
https://git.ecmwf.int/projects/USS/repos/eccodes_notebooks/browse/grib_tools/grib_tools_inspect.ipynb
https://git.ecmwf.int/projects/USS/repos/eccodes_notebooks/browse/grib_tools/grib_tools_inspect.ipynb
https://github.com/ecmwf/notebook-examples/tree/master/opencharts
https://github.com/ecmwf/notebook-examples/tree/master/opencharts
https://github.com/ecmwf/notebook-examples/tree/master/opencharts
https://github.com/ecmwf/notebook-examples/tree/master/opencharts
https://github.com/ecmwf/notebook-examples/tree/master/opencharts
https://github.com/ecmwf/notebook-examples/tree/master/opencharts

2.2 How can | access AIFS data?

Real-time open data

Static charts are available for a subset of AIFS products:
« MSLP +
850 hPa wind | 200 hPa wind | 100 m wind | Precipitation

 Geopotential +
Temperature | Wind

* And many others (2 m temperature, 2 m dewpoint
temperature, total accumulated precipitation, total cloud
cover, total column water, total snowfall...)

Charts can be viewed, shared and downloaded for 31
subareas (Africa, Europe, Pacific) or with global coverage
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Alternatively, you can generate

plots yourself with AIFS open data!

To generate the png file you can run the following cell.

png = mv.png_output(
output_name = "aifs_single_medium-2t-wind", # specify relative or full path
output_title = "aifs_single_medium-2t-wind", # title used by a viewer
output_width = 1000, # set width in pixels

mv.setoutput(png)
mv.plot(view, t2m, t2m_shade, wind_vector, wind_arrows, title, ecmwf_text)

https://github.com/e cmwf/notebook-examples/tree/master/opencharts

15


https://github.com/ecmwf/notebook-examples/tree/master/opencharts
https://github.com/ecmwf/notebook-examples/tree/master/opencharts
https://github.com/ecmwf/notebook-examples/tree/master/opencharts

2.2 How can | access AIFS data?

Note

Open data are available under the Creative Commons CC-BY-4.0
licence, and therefore subject to attribution requirements.

An example attribution could be:
"Adapted from “ECMWF IFS 15-day Forecast Data” by ECMWF, licensed
under CC BY 4.0, available at https://data.ecmwf .int/forecasts/.”

See https://www.linkedin.com/posts/ecmwf-users ecmwf-opendata-
forecasting-activity-7338934286546358274-

aw2K?utm source=share&utm medium=member desktop&rcm=ACoAA
Bf3au0BSOMSWNLk-IvysZJpyOCy4vbe2lA for more details

£
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https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA
https://www.linkedin.com/posts/ecmwf-users_ecmwf-opendata-forecasting-activity-7338934286546358274-aw2K?utm_source=share&utm_medium=member_desktop&rcm=ACoAABf3au0B8OMSWNLk-lvysZJpyOCy4vbe2lA

2.2 How can | access AIFS data?

Product ECMWF WMO Commercial Researchers
Type Mem bers Mem bers Customers

Open data v/
Realt Open charts \/ \/ \/ Vv
® Artiie ecCharts v/ v/ X
PREd Vv B X
Archive . g
catalogue v = X
@ Historical ARS
catalogue v X X X X

Further information can be found at:
1) https://confluence.ecmwi.int/display/DAC/Accessing+ECMWEF +data+and+charts
2) https://www.ecmwf.int/en/forecasts/access-forecasts/ordering
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2.2 How can | access AIFS data?
ecCharts

" L ) R
- Probe x
) ) ) - Data values near location 52.71°N 2.38°W, Friday 14 Nov, 06 UTC T+6 \

» ecCharts is a restricted web service providing Altitude (gtopo30): 120m HRES: 82m ENS: 82m ENS(Extended): 147m
additional fu nctional |ty e. g P robi ng ] Layer Value Point selected  Location  Distance |
AIFS ENS Control: Total precipitation over 6 4.8 kg/m? (mm) nearest 52.75°N 2.5°W  9.17 km '

D | N - = ‘ ~ 1T (~ \./

SECMWF =

Products ~ Projections Views

ATt 7ol a's

* More AIFS ‘layers’ are available here.
See the full list of layers at:
https://eccharts.ecmwf.int/tools/layer-list/

AlFS

54 matching items
AIFS

AIFS ENS Control layers

A ;-” = AR gTI® i ey D o ~ =¥ rve ’ 'ound (t
y SR 2Y 32T L3 2 3T

T SRTur SATYagE b
4 e e > 4 3 - .

AIFS ENS Control: AIFS ENS Control: AIFS ENS Control: AIFS ENS Control: AIFS ENS Control: ?a wind
Mean sea level Total column water Total precipitation Total accumulated Total snowfall

« WMO members have one free account per institution:
https://confluence.ecmwf.int/display/DAC/Request+change+of+\WMO+account
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https://eccharts.ecmwf.int/tools/layer-list/
https://eccharts.ecmwf.int/tools/layer-list/
https://eccharts.ecmwf.int/tools/layer-list/
https://confluence.ecmwf.int/display/DAC/Request+change+of+WMO+account

2.2 How can | access AIFS data?

Bespoke data

® Real-time data:

Real-time catalogue

* Files use ECMWF’s new file naming convention
« Data can be delivered as soon as the data are

produced, or according to a schedule.

disseminate,
class = ai,
stream = oper,
expver = 0001,
domain = g,
model = aifs-single,
type = fc,
levtype = sfc,
param = ms1l/1Qu/10v/2t/2d/tp/sf/ssrd/100u/100v,
time = 0000/0600/1200/1800,
step = 0/t0/360/by/b,
area = 90/-180/-90/180,
grid = .25/.25

<& ECMWF

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

{9 Historical data:

MARS archive catalogue

« AIFS Single data from February 2024

AIFS ENS data from July 2025

Time Step Parameter

(4 values) (61 values) (14 values)
00:00:00 0 | 2 metre dewpoint temperature
06:00:00 6 2 metre temperature
12:00:00 12 10 metre U wind component
18:00:00 18 10 metre V wind component

24 Convective precipitation

30 Geopotential

36 Land-sea mask

42 Mean sea level pressure

48 Skin temperature

54 Slope of sub-gridscale orography
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https://www.ecmwf.int/en/forecasts/datasets/catalogue-ecmwf-real-time-products
https://www.ecmwf.int/en/forecasts/datasets/catalogue-ecmwf-real-time-products
https://www.ecmwf.int/en/forecasts/datasets/catalogue-ecmwf-real-time-products
https://www.ecmwf.int/en/forecasts/datasets/catalogue-ecmwf-real-time-products
https://apps.ecmwf.int/archive-catalogue/?class=ai
https://apps.ecmwf.int/archive-catalogue/?class=ai

2.2 How can | access AIFS data?

Bespoke data
@ Real-time data: @ Historical data:
Real-time catalogue « MARS archive catalogue
* Files use ECMWF’s new file naming convention » AIFS Single data from February 2024
 Data can be delivered as soon as the data are AIFS ENS data from July 2025

produced, or according to a

disseminate,
[class = al,J
stream = oper,
expver = 0001,
domain =g,
[model = aifs-single, |
type
levtype
param
time
step
area
grid

36 Land-sea mas

42 Mean sea level pressure

48 Skin temperature

54 Slope of sub-gridscale orography
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https://www.ecmwf.int/en/forecasts/datasets/catalogue-ecmwf-real-time-products
https://www.ecmwf.int/en/forecasts/datasets/catalogue-ecmwf-real-time-products
https://www.ecmwf.int/en/forecasts/datasets/catalogue-ecmwf-real-time-products
https://www.ecmwf.int/en/forecasts/datasets/catalogue-ecmwf-real-time-products
https://apps.ecmwf.int/archive-catalogue/?class=ai
https://apps.ecmwf.int/archive-catalogue/?class=ai
https://confluence.ecmwf.int/display/UDOC/Keywords+in+MARS+and+Dissemination+requests
https://confluence.ecmwf.int/display/UDOC/Keywords+in+MARS+and+Dissemination+requests
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#2 Using the AIFS

2.1  What AIFS data are available?
2.2 How can | access AIFS data?

2.3 How can | generate a forecast using the AIFS?

2.4 How can | suggest parameters for future AIFS versions? (from previous webinar)
2.5 How can | work with third-party models? (from previous webinar)
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2.3 How can | generate a forecast using the AIFS?

_ .  AIFS Single
Notebooks for the models are available on HuggingFace « AIFS ENS

1) Import packages (including Anemoi) %anemoi

2) Retrieve initial conditions from ECMWF open data

3) Load the model Checkpoint checkpoint = {"huggingface":"ecmwf/aifs-single-1.1"}

for state in runner.run(input_state=input_state, lead_time=12

4) Generate a forecast on GPUs BT e i

oo
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https://huggingface.co/ecmwf/aifs-single-1.1
https://huggingface.co/ecmwf/aifs-single-1.1
https://huggingface.co/ecmwf/aifs-ens-1.0
https://huggingface.co/ecmwf/aifs-ens-1.0

2.3 How can | generate a forecast using the AIFS?

2) Retrieve initial conditions from ECMWF open data

» Forecasts generated from open data will differ from ECMWF'’s forecasts due to differing interpolation pathways

Solution: Retrieve IFS
analysis data from the
MARS archive with
grid=n320.

ECMWF’s
operational
interpolation

Open data
interpolation

V as )
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https://huggingface.co/ecmwf/aifs-ens-1.0

2.3 How can | generate a forecast using the AIFS?

_ .  AIFS Single
Notebooks for the models are available on HuggingFace « AIFS ENS

1) Import packages (including Anemoi) %anemoi

2) Retrieve initial conditions from ECMWF open data

» Forecasts generated from open data will differ from ECMWF'’s forecasts due to differing interpolation pathways

3) Load the model Checkpoint checkpoint = {"huggingface":"ecmwf/aifs-single-1.1"}

for state in runner.run(input_state=input_state, lead_time=12

4) Generate a forecast on GPUs BT e i

« The FlashAttention library only supports Nvidia and AMD GPUs
 Member State users can access ECMWEFE GPUs through their Computing Representative

oo
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https://huggingface.co/ecmwf/aifs-ens-1.0
https://www.ecmwf.int/en/computing/access-computing-facilities

An AIFS guide for operational forecasters

#2 Using the AIFS

2.1  What AIFS data are available?

2.2 How can | access AlFS data?

2.3 How can | generate a forecast using the AIFS?

2.4 How can | suggest parameters for future AIFS versions? (from previous webinar)
2.5 How can | work with third-party models? (from previous webinar)

oo
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2.4 How can | suggest new parameters for future AIFS versions?

]
\é‘ Coming soon! "@4

Version 2 of AIFS Single and AIFS ENS will be
released in Q1 2026, including new parameters which
will be announced soon.

A thread will be created on the user forum, listing all new
parameters and giving users an opportunity to suggest
additional parameters for future AIFS upgrades.

Want to get updates about future AIFS cycle upgrades?
« Send an email to forecast changes-request@lists.ecmwf.int with “Subscribe” as the subject

 Join our user forum at https://forum.ecmwf.int/ and 'watch' the announcements

 Follow our LinkedIn channel on https://www.linkedin.com/showcase/ecmwf-users/posts

oo
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2.5 How can | work with third-party models?

+ ECMWF runs several third-party data-

A Home / Packages / Products from various Al Models dr|ven Weather forecast|ng mOd els
Q . .
« The models are run daily, for comparison
Model .
| with the AIFS.

[] AIFS Single
[J AIFSENS 22 ST\ - AT\ ~ ] ] ] ]
O] urers » Graphical output is publicly available on

FourCastNet ixopde;:TJQLiI:sl:ejlrloervae'lprressure waopdeg:?thgza::szc;ulre(\:/zlst)r\:eezx:e the OpenChartS platform’ InCIUdIng p|0ts

measuring the performance of the AIFS
and these third-party models.

Note: Raw output data are not available to users; users can generate
forecast products themselves using the ai-models package.

oo
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https://charts.ecmwf.int/catalogue/packages/ai_models/?facets=%7B%22Product%20type%22%3A%5B%22Experimental%3A%20Machine%20learning%20models%22%5D%7D

How can we make the AIFS more user friendly for you?

V as )
A\ 4 ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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An AIFS guide for operational forecasters

#3 Verifying the AIFS

3.1 How does the AIFS compare to the IFS?
3.2 How does the AIFS compare to other data-driven models?

V as )
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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Operational since 25.2.2025; Lang et al (2024 a)

AIFS-Single

AIFS-ENS

Operational since 1.7.2025; Lang et al (2024b)

INPUTS

Atmospheric state:

X1, X{t-6h)

AIFS model (GNN based)

QOUTPUTS

Prediction:
X(t+6h)

Encoder
Ensemble initial conditions
to, Len

Target

("true” atmospheric state at t,gp, , €.9.
the ERAS reanalysis)

All-gather 4-‘ CRPS loss \

Output ensemble
ti6h

500 hPa geopotential height and 850 hPa temperature

Base time: Thu 06 Nov 2025 00 UTC Valid time: Thu 06 Nov 2025 00 UTC (+0h) Area : Europe

850 hPa temperature (C)
B0 TD 00 52 4B 44 -0 R 2B 20 WAG12 B ¢ 0 4 8 12 16 ) 2 28 R I 40 4 @ R W

https://charts.ecmwf.int

AIFS ENS Meteogram
Reading - England - United Kingdom 51.57°N 0.83°W (ENS land point) 48 m
AIFS ENS Distribution Thursday 6 November 2025 00 UTC



https://charts.ecmwf.int/

IFS-CF and AIFS-Single (example of a 5-day forecast)

Rain and mean sea level pressure AIFS Single: Rain and mean sea level pressure

Base time: Sun 02 Nov 2025 12 UTC Valid time: Fri 07 Nov 2025 12 UTC (+120h) Area : Europe Interval (hr) : 6 Base time: Sun 02 Nov 2025 12 UTC Valid time: Fri 07 Nov 2025 12 UTC (+120h) Area : Europe Interval (hr) : 6

- , YV, g
Z b % (NS
~ L
- O Bl S d
/ . / o i
% ) f 3

More detailed, but also
more information?

A
p
= o R LY o L/

v/

| More realistic structures [

Total precipitation over the last 6 hours (mm)
0s 2 4 10 25 50 100 260 05 2 1 100

AIFS Single; Total precipitation over 6 (kg/m2 (mm))
4 0 25 50

Physics-based model ML model
(IFS-CF) (AIFS-Single)
[former HRES]




Precipitation forecast skill: dry vs light vs moderate/heavy

0.6

0.5 7

0.4 4

0.3 7

0.2 4

0.1 1

0

ECMWF deterministic 12UTC forecast skill

Stable Equitable Error in Probability Space | total precipitation AT Single

Extratropics

20250301 12z to 20250930 122 | oper_ob oper 0001 12z mean_fair 1> cf
SEEPS skill

1 2 3 4 5 6 7 8

Forecast Day

Northern Extratropics

0.6 +

0.5

0.4 4

0.3

0.2 4

0.1

0

ECMWF deterministic 12UTC forecast skill
Stable Equitable Error in Probability Space | total precipitation

Europe
20250301 12z to 20250930 122 | oper_ob oper 0001 12z mean_fair

= AIFS-Single

—IF5-CF

AIFS
IFS

SEEPS skill

1 2 3 4 5 6 7 8 3 10
Forecast Day

Europe

» AIFS improves on IFS, especially in the medium range (by about 0.5-1 forecast days)

* Smaller benefit in the short range




Precipitation >30mm/24 hrs: equitable threat score (ETS)

Nh - All Tropics - All

Contingency Comparison
8000 1 7834

IFS
AIFS

Contingency Comparison
8000 7767

T000 - 7000

6000 - 6000 -

5000 - 5000 4

day

Em ifs_oper_0.25degree

4000 | mmm aifs1.0_oper_0.25degree 3822

4000 -

Count

3000 4 3000

Forecast Lead
day 6

2000 4 2000 -

day 7

1000 4 1000 A

day 8

Hits Misses False Alarms Hits Misses False Alarms

day 9

AIFS improvement stronger
outside winter season

day 10

Season E. Gascon



IFS precipitation forecast skill gap Extratropics vs Tropics

ECMWF deterministic 12UTC forecast skill — AIFS-Single {Extratropics) ECMWF deterministic 12UTC forecast skill — AIFS-Single {Extratrapics)
Stable Equitable Error in Probability Space | total precipitation IFS-CF (Extratropics) Stable Equitable Error in Probability Space | total precipitation IFS-CF (Extratropics)
tropics30,extrop30 — AIFS-Single (Tropics) extrop30,tropics30 = AIFS-Single (Tropics)
T+4B‘ | Umr_ﬂb oper 000112z = |F5-CF ({Tropics) T+120 | UpEI'_Db oper 0001 12z = |F5-CF (Tropics)
0.7 0.55
0.65 0.5
0.6
. 0.45
Extratropics
0.55 .
0.4 Extratropics
0.5
0.35
0.45 - Tropics
0.3
0.4 .
Tropics 025
0.35
03 4 0.2
0.25 0.15 1
0.2 T T T T T D.l T T T T T T T L L T T T T T T
Mar May Jul Sep Maow an Mar May Jul Sep MNow an Mar May Jul Sep Mar May Jul Sep Maow Jan Mar May Jul Sep Now an Mar May Jul Sep
2024 2025 2024 2025

Day 2 Day 5

» Extratropics almost twice as sKkillful than tropics in the short range
- Skill gap smaller at longer lead times Score = SEEPS




Precipitation forecast skill gap Extratropics vs Tropics

ECMWF deterministic 12UTC forecast skill — AIFS-Single {Extratropics) ECMWF deterministic 12UTC forecast skill — AIFS-Single {Extratrapics)
Stable Equitable Error in Probability Space | total precipitation IFS-CF (Extratropics) Stable Equitable Error in Probability Space | total precipitation IFS-CF (Extratropics)
tropics30,extrop30 — AIFS-Single (Tropics) tropics30,extrop30 = AIFS-Single (Tropics)
T+48 | Dper_ﬂb oper 0001 12z = |F5-CF ({Tropics) T+120 | UpE'r_ﬂb oper 0001 12z = |F5-CF (Tropics)
0.7 0.55
0.65 0.5
067 0.45
0.55
AIFS > AlIFS
0.5
0.35
0.45
0.3
o8 IFS
0.25
035 - o AIFS
o AIFS o
0.25 0.15 1
ﬂ.2 T T T T T D.l T T T T T T T L L T T T T T T
Mar May Jul Sep Mow Jan Mar May Jul Sep MNow an Mar May Jul Sep Mar May Jul Sep Maow Jan Mar May Jul Sep Now an Mar May Jul Sep
2024 2025 2024 2025

Day 2 Day 5

» AIFS does not (yet) reduce the forecast skill gap significantly
* New AIFS version (since March 2025) provides improved precipitation Score = SEEPS




Surface parameters: ML models vs IFS (JJA 2025, Europe)

=== FourCastMet === |F3 === FourCasth et == |[FS

Season: JJA 2025 Season: JJA 2025
G Cast AIFS : G Cast AIFS
2m temperature et 10m wind speed et
Rool mean square error | Europe — AUTOTE == Pangu-Weather Rool mean square error | Europe = Aurora === Pangu-Weather
4.5 2.6

2 m Temperature

10 m Wind speed FS
(I _ _ _
—AIFS

7 [ A e
2.3
gazd S

21

18
1 E T T T T T T T T
10 2 3 4 5 & T B 9 0]
Forecast Day Forecast Day

Season: JJA 2025

10m wind speed GraphCast —— IS

Mean error | Europe —— Aurora == Fangu-Weather

0.4

IFS
Negative bias for a lower-bounded quantity like wind speed '

(precipitation, radiation) helps reduce RMSE

“ AIFS

aaaaaaaaaa



Upper-air parameters: ML models vs IFS

100

B - --

A

=== FourCastMeat ol | 3
Season: JJA 2025
500hPa geopotential Grapnast == AFs
Anamaly correlation | NHem Extratropics = AUTOTE = Pangu-Weather

L

JAIFS

'IFS

Anomaly correlation:

56

H 3 4 i & 7 B g
Forecast Day

Forecast skill

== FourCastNet === |FS
Season: JJA 2025
500hPa geopotential GrghCast  ==AR
—— Aurora === Pangu-WWeather

Forecast activity | NHem Extratropics

68 4

64 o

60 4

B& Ao

G2 -

BB afcscsaianianabianiniansasabiasans

IFS

AIFS

Standard deviation of forecast anomaly (SDEV)

1

3 H 3 5 H 7 B )
Forecast Day

Forecast activity

« Smoother fields help improve anomaly correlation

ML models improve on physics-based even if activity level is OK
But SDEV does not measure the spatial scale of variations




Forecast activity: spectra of 500 hPa kinetic energy

KE spectra [m®s?]
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IFS kinetic energy starts to drop off around 100 km
AIFS kinetic energy drops off around 1000 km at Day 1 and 2000 km at Day 10

|. Polichtchouk



Measuring jumpiness (‘flip-flop’ behaviour)

4-Day  3-Day 2-Day 1-Day Ana
Fcst Fcst Fcst Fcst

Monotonous approach towards analysis

Z |AYi| = |Y4'Yo|

4-Day  3-Day 2-Day 1-Day Ana
Fcst Fcst Fcst Fcst

Jumpy approach towards analysis
> 1AY > 1Y 4-Yol

* Quantifying the smoothness of approach towards the observed value ‘%




Jumpiness: AIFS vs IFS

500 hPa Geopotential

250

IFS-CF

200

AIFS-Single

—

150

IFS-ENS
(ensemble mean)

Jumpiness (m

p—
[=]
(=]

50

« Z500 in AIFS about 15% less jumpy than in IFS

* AIFS still far from ensemble mean

1 5 3 3 5 6 7 5 5 10 » All three very similar up to Day 3




2t RMSE change (%)

2t RMSE change (%)

ML vs higher resolution: RMSE differences for T2m

Flat areas Complex areas
All areas Flat areas Complex areas
10 sl | It = e | e
5 ° 4 AIFS
. /\ /\ A, IFS . 4\ /\/\/\'FS/«H . 1/\\//\v/\w
Ravan%aaviNl B 5 JJA 2025
AIFS IFS
-10 -10 04
AIFS
All areas Flat areas Complex areas
10 palel| R palealll O T
ot N R N IFS ,
T T SRS
IFS ies || DJF 2024-25
= = AIFS g
-10 AlFS -10 0+
s o ’] AIFS
» AIFS gives large improvement in flat areas
» High resolution IFS (4.4 km) gives more consistent improvement in complex terrain

M. Pyrina
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IFS-ENS and AIFS-ENS (example of a 5-day forecast)

Rain and mean sea level pressure AIFS ENS Control: Rain and mean sea level pressure

Base time: Thu 13 Nov 2025 12 UTC Valid time: Tue 18 Nov 2025 12 UTC (+120h) Area : Europe Interval (hr) : 6 Base time: Thu 13 Nov 2025 12 UTC Valid time: Tue 18 Nov 2025 12 UTC (+120h) Area : Europe Interval (hr) : 6

Less obvious

in smoothness

= 7 y R W ~— i ———

Total precipitation over the last 6 hours (mm)
0s 2 4 10 25 50

Physics-based model
(IFS-ENS)

AIFS ENS Control: Total precipitation over 6 (kg/m2 (mm))
250 0s 2 4 10 25 50 100 250

ML model
(AIFS-ENS)



AIFS-ENS vs AIFS-Single: spectra

IDE 3 . 1
3 850 hPa temperature —— 24h AIFS
—— 240h AIFS
1 1 = 24h AIFS-CRPS
10 —— 240h AIFS-CRPS
107 3
101 AIFS-ENS
AIFS-Single
1074 3
10° 10 10°
Wavenumber

* AIFS-ENS keeps smaller scales better than AIFS-Single
« AIFS-ENS does not lose activity with lead time S. Lang




Predicting the large-scale flow: 500 hPa anomaly correlation

sss AIFS-EM
Anomaly correlation | 500hPa geopotential —=-IFS-EM
NHem Extratropics — AIFS-Single
20250701 00z to 20251020 00z | oper_an 0001 00z mean_fair — IFS-CF
100
90 4
B8O A
70 A
60 4
£
50 A
40 -
30 A
.o | | Deterministic use of the ensemble:
AIFS-Single
ACC of ensemble mean FSCR 9
T 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Forecast Day



AIFS-ENS vs IFS-ENS: scorecard
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« AIFS-ENS gives large improvements across parameters, levels, lead times, domains

« Stratosphere issue (100 hPa) to be resolved by modified training

Lang at al. (2024)



ENS skill of 2 m temperature (July-Oct 2025)

Continuous ranked probability skill score | 2 meter temperature

Extratropics
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ENS skill of 24-h precipitation (July-Oct 2025)

= AIF5-ENS

Continuous ranked probability skill score | total precipitation
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Concluding remarks

« ML forecasts bring substantial improvements

* Designed to minimize RMSE, CRPS

* Look at results from categorical verification

» Important to check forecast activity and spectra

* ML forecasts are less jumpy

* ML forecast for extremes: depends on parameter

« ML forecasts lack some of the physical consistencies built into physics-based models

— ML Webinar #3 by Linus Magnusson on 25 November

<& ECMWF



Verification resources & links

« ECMWEF OpenCharts page: https://charts.ecmwf.int

Daily scores of forecasts of upper-air Scores of forecasts of surface Scores of forecasts of surface
i machine i

by by machine parameters by experimental machine
learning models learning models learning models

AIFS-Single only, AIFS-ENS to be added

Technical CE_Q_MM

* Annual ECMWF Tech Memo on forecast performance:
https://www.ecmwf.int/en/publications/technical-memoranda

Historically main focus on IFS but now including AIFS

EECMWF |50

Home About Forecasts Computing Research

Verifying 2 m temperature forecasts in

« AIFS blog: https://www.ecmwf.int/en/about/media-centre/aifs-blog s 0 v € S YO

In-depth evaluations, case studies



https://charts.ecmwf.int/
https://www.ecmwf.int/en/publications/technical-memoranda
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https://www.ecmwf.int/en/publications/technical-memoranda
https://www.ecmwf.int/en/about/media-centre/aifs-blog
https://www.ecmwf.int/en/about/media-centre/aifs-blog
https://www.ecmwf.int/en/about/media-centre/aifs-blog
https://www.ecmwf.int/en/about/media-centre/aifs-blog
https://www.ecmwf.int/en/about/media-centre/aifs-blog
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