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Think back a couple of decades:
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With 40+ years of reanalysis, what if 
a computer could make forecasts 
based on the past experiences?

Photo credits: Icelandic Met service



And what we are used to now:
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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 week ago:
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AIFS-singleIFS control

AIFS-ENS control 1-day forecast
(from IFS)

How is AIFS doing in terms of:
Skill?
Realism?
Extremes?



AIFS-single: Storm Eowyn (forecast from 22 Jan 2025 00UTC)
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from AIFS model
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Storm Eowyn (2-day forecasts valid 24 Jan 2025 06UTC)
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Analysis IFS CF AIFS-single v1.0

• Better position forecast in of the maximum wind in AIFS
• Similar minimum pressure 935-940hPa
• Less extreme wind speed in ML models 46 m/s vs. 33 m/s

See ECMWF Newsletter 183



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

4



10EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Observations

Conditional systematic errors:
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



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, ECMWF 

AIFS-single IFS-control AIFS-single IFS-control



IFS Bias based on SYNOP observations winter 2024/25 (12UTC + 48h)
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𝛀𝛀 + 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



Spurious snowfall in AIFS-ENS
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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



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

• Reforecast dataset

• Sub-seasonal system

• How are we going to use the information from the different models in practice?
– Come and discuss this afternoon!
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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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