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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

Please type questions in the chat 

– ECMWF 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!
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Machine Learning in NWP: Example of 
cases

Linus Magnusson and colleagues at ECMWF



October 29, 2014

Seasonal (SEAS5)

• Atmosphere: 36 km

• 7 months lead time

• 51 ensemble members

• Initialised 1st every month

• Distributed 5th every month
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Sub-seasonal

• Atmosphere: 36 km

• 6 weeks lead time

• 101 ensemble members

• Initialised every day at 00UTC

• Distributed in the evening (UTC time)

Medium-range

• Atmosphere: 9 km

• 15 days lead time

• 50 ensemble members + 1 unperturbed control forecasts

• Distributed around 8 hours after initialisation time*

Physics-based forecast systems using IFS model

* In the assimilation system, it has used observations +3h after the labelled initialisation time
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Medium-range deterministic AIFS-single v1.1

• Atmosphere: AIFS Model v1.0 using MAE loss, N320 

(0.25°, ~25 km)

• 15 days lead time 

• Initialised from physics-based analysis

Machine-learning based forecast systems using AIFS model

* In the assimilation system, it has used observations +3h after the labelled initialisation time

** With the use of CRPS-loss, also the control forecast include the “noise” to simulate model uncertainty

Medium-range ensemble AIFS-ENS v1.0

• Atmosphere: AIFS Model v1.0 using CRPS loss, N320 (0.25°, 

~25 km), 13 vertical levels

• 15 days lead time 

• 50 ensemble members + 1 unperturbed** control forecasts

• Same initial conditions including perturbations as physics-

based ensemble



So here are forecast (MSLP and precipitation) from a 6 days ago:
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AIFS-singleIFS control

AIFS-ENS control 0.5-day forecast

(from IFS)

How is AIFS doing in terms of:

Skill?

Realism?

Extremes?



Evaluation results on the ECMWF web:
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Extreme weather cases
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AIFS cases usually included in the 

ECMWF Severe Event Catalogue

https://confluence.ecmwf.int/display

/FCST/Severe+Event+Catalogue 

https://confluence.ecmwf.int/display/FCST/Severe+Event+Catalogue
https://confluence.ecmwf.int/display/FCST/Severe+Event+Catalogue


Evolution of Humberto / Imelda into Amy in the analysis
MSLP and 10-metre mean wind
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30 Sept 00UTC

4 October 00UTC

Humberto

Imeda
Amy
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30 Sept 00UTC

4 October 00UTC

Evolution of Humberto / Imelda into Amy in the AIFS
MSLP and 10-metre mean wind



Error in day-6 forecasts

2025-10-01 00UTC +144h

Z500 forecast (black), analysis (red) and error (shading)
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IFS control AIFS-single



Anomaly correlation coefficient for z500, day 6 over Europe
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TC Erin

TC Gabrielle(?)

TC Huberto / Imelda

TC Melissa Tropical cyclone track error 

Basin: North Atlantic

Period: 1 Jun – 30 Nov 2024

Thanks to Michael Maier-Gerber

IFS control – red

AIFS-single – blue



Frequency of large errors over Europe day 6
RMSE for z500, March 2024 – mid-Feb 2025
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IFS control – red

AIFS-single – blue

Reduction in 

number of forecast 
busts in AIFS



Storm Amy 3-4 October 2025
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Eumetsat Viewer

Extreme forecast index for maximum wind gusts for 3 October (1-day forecast) 

Sting jet(?)



42-hour forecasts for Storm Amy valid 3 October 18UTC
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Analysis IFS CF AIFS-single v1.1

Eumetsat Viewer



Summary of all forecast for the event:
24-hour maximum* 10-metre mean wind** in a 1x1 degree box 
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* Based on 6-hourly output

** Maximum wind gusts not yet in AIFS

Tiree station failed during the event

Forecast initialisation date



Quantile-quantile plots for 10-metre mean wind 
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Storm Amy
Stations below 500 metres

3-month period

The most extreme wind speed is underestimated in AIFS

Similar conclusions as for previous storms (Ciaran, Eowyn)

Thanks to Zied Ben-Bouallegue

Too weak

Too strong



Precipitation during Storm Amy over southern Norway
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Extreme forecast index for precipitation for 4 October (1-day forecast) 

Observations of precipitation on 4 October



24-hour precipitation on 4 October in forecasts from 2 October
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Observations IFS ENS control

AIFS-single AIFS-ENS control



Summary of all forecast for the event:
Precipitation on 4 October in the box in south-eastern Norway
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Precipitation performance varies in 

AIFS for different events - no 

strong conclusion yet

Forecast initialisation date



Western European heatwave 2025
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Extreme forecast index for 11 August (1-day forecast) 

Daily - thin

7-day running mean –thick
Climate - dashed

2-metre temperature in SW France



2-metre temperature 11 August 12UTC
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Observations IFS ENS control +36h

AIFS-single +36h AIFS-ENS mem 1 +36h



2-metre temperature 31 August 12UTC* around Toulouse
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* Maximum temperature over a 

period not available from AIFS

• More short-range spread in AIFS ensemble

• Similar level of medium-range predictability in IFS and AIFS ensembles. AIFS-single had a good early signal



RMSE over Europe - 1 July to 1 September
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500hPa geopotential height (against analysis) 2-metre temperature (against obs)

(Short-range 

forecast errors) +

Biases + 

Representativeness 

errors

Loss of predictability

Loss of predictability

IFS control – red

AIFS-single - brown

IFS-ENS ensemble mean - pink

AIFS-ENS ensemble mean - cyan

0

1

2

3
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Observations

Winter-time temperatures:
Example valid 31 December 12UTC: 2-metre temperature

48-hour IFS Control 48-hour AIFS-single

Karmouche et al. (2025):

AIFS blog: https://www.ecmwf.int/en/about/media-centre/aifs-blog/2025/verifying-2-m-temperature-forecasts-wintertime-anticyclonic



Forecast evolution for Southern Germany valid 31 December 12UTC
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2-metre temperature Total cloud cover

Too few clouds in IFS



Conditional verification based on flow pattern, Winter  2024/2025
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Days with Cyclonic flow Days with Anticyclonic flow

(verified against ECMWF analysis)
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Bias, step +36h, validity 

dates (2024-10-02 
12UTC - 2025-02-25 
12UTC)

Flow conditions based 

on CURV index 
developed by Nigel 
Roberts, ECMWF

Thanks to Soufiane 

Karmouche and Maria 
Pyrina, ECMWF 

AIFS-single IFS-control AIFS-single IFS-control
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𝛀 + winter



But not everything is perfect (yet) in the AI model world…
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Remember that AIFS is still a very new model…



Example of cloud forecasts, 14 August 2025 00UTC+144h
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IFS CF AIFS-single

AIFS-ENS control

Too smooth 

and lack 

”overcasts”

“Block” 

pattern



Problem over ”warm” orography in AIFS-ENS
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Seems to develop after day 10

850hPa temperature and geopotentialMSLP and precipitation

Day 15 forecast from AIFS-ENS control

Should hopefully be solved in AIFS-ENS v2.0



Spurious snowfall in AIFS-ENS – 22 August
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Physical inconsistencies due to (dynamical) physical limits 
(not implemented explicitly in AIFS)

• 2-metre dew point temperature can be higher than 2-metre temperature

• Accumulated downward short-wave radiation at surface can be higher than 

the clear sky value

• …

• In the first version of AIFS, the precipitation could be negative but that is 

solved by an explicit limiter in the training now

• With more variables included in AIFS, the risk for physical inconsistencies 

increases (e.g with inclusion of snow depth in AIFS v2.0)
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Known forecast issues page for AIFS-single / AIFS-ENS
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(in a similar way as we document issues in IFS)

However, solving the issues require 

different strategies for an AI model 

compared to NWP https://confluence.ecmwf.int/display/FCST/Known+AIFS+ENS+Forecasting+Issues 

https://confluence.ecmwf.int/display/FCST/Known+AIFS+Single+Forecasting+Issues 

https://confluence.ecmwf.int/display/FCST/Known+AIFS+ENS+Forecasting+Issues
https://confluence.ecmwf.int/display/FCST/Known+AIFS+Single+Forecasting+Issues


Summary
• Different characteristics in AIFS-single and AIFS-ENS, but both:

– Able to make very skilful prediction of the large-scale flow

– Capture extremes, but missing the magnitude for some types of extreme weather

– Improves on (conditional) systematic error in IFS

• Continued efforts in the evaluation team to find strange behaviours in AIFS

• AIFS limited by the skill of the training data (ERA5 + operational analysis)

– Efforts to add observation data into training

• Under development:

• Including more earth-system components (e.g waves)

• Higher resolution (temporal and spatial)

• Reforecast dataset

• Sub-seasonal system

• Hybrid model between IFS and AIFS
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Further reading:
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ECMWF newsletter articles over the past year about extreme events like 

Storm Eowyn, Storm Boris, …

AIFS: Lang et al., AIFS -- ECMWF's data-driven forecasting 
system https://arxiv.org/abs/2406.01465

AIFS-ENS: Lang et al., AIFS-CRPS: Ensemble forecasting using a model 

trained with a loss function based on the Continuous Ranked Probability 

Score
https://arxiv.org/html/2412.15832v1

AI-Model assessments: Ben Bouallègue et al., The Rise of Data-Driven 

Weather Forecasting: A First Statistical Assessment of Machine Learning–

Based Weather Forecasts in an Operational-Like 
Context: https://doi.org/10.1175/BAMS-D-23-0162.1

https://arxiv.org/abs/2406.01465
https://arxiv.org/html/2412.15832v1
https://doi.org/10.1175/BAMS-D-23-0162.1
https://doi.org/10.1175/BAMS-D-23-0162.1
https://doi.org/10.1175/BAMS-D-23-0162.1
https://doi.org/10.1175/BAMS-D-23-0162.1
https://doi.org/10.1175/BAMS-D-23-0162.1
https://doi.org/10.1175/BAMS-D-23-0162.1
https://doi.org/10.1175/BAMS-D-23-0162.1
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