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The rationale
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Can we use the tools and models developed as part of the NWP ML revolution to bypass some of the scientific 

and technical challenges in state-of-the-art data assimilation systems?
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Conventional and satellite observations provide a 

rich amount of information about the atmospheric 

state and its spatio-temporal evolution …

so … 

Can we learn a medium-range forecast directly 

from observations?



5

• Use historical observations to train a neural network to forecast future 

observations (don’t need analyses)

• Include all available observations of the full Earth system (atmosphere, ocean, land) 

simultaneously

• Once trained, we initialize the model directly with the observations

• The model can produce a forecast at unobserved locations (e.g., on a grid)

AI-DOPAIFS (Lang et al., 2024)
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The observations
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Observations
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GraphDOP (arXiv version) 

training and validation period
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As of April 2025, ca. 81 billion reports available for us to train on – ca. 7TB of zarr data

More instruments are being added …

METOP-B AMSU-A ch7

NPP ATMS ch18 BUFR Land TEMP 850hPa Temperature

BUFR Land SYNOP 2m Temperature

METOP-B IASI ch756

AVHRR visible reflectances
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The neural network
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METOP-B AMSUA

channel 13 radiances

12-hour window

SYNOP stations

(12-hour window)

OBS-to-H graph
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Does this work?

https://arxiv.org/abs/2412.15687

https://arxiv.org/abs/2412.15687
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10.8µm

SEVIRI prediction SEVIRI target

6.2µm
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AI-DOP      Target

Forecasts of satellite observations
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AI-DOP                  Target

SEVIRI water-vapour 6.2 channel 5 

IASI (window) channel 921 (875cm-1)
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Input OBS DOP forecast

GraphDOP can forecast observations on a regular grid (here o96)



Gridded forecasts
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AI-DOP         ERA5

AI-DOP          ERA5

2m temperature

10m wind speed

Wind speed 200hPa

Temperature 850hPa
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How well does it work?



Weather parameters (t2m) at observation locations
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AI-DOP better IFS 9km better

• Globally, slightly better than IFS at 24h, slightly worse at 120h

• Better than IFS over the tropics out to 120h (and beyond)

• Winter high latitude (snow) surfaces clearly a problem

Normalized RMS difference in t2m forecast departures

Comparing only obs 

processed by both systems!
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Verification of gridded DOP forecasts (o96) against reanalysis
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Use cases
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A rapid freezing event in the Arctic (October 2022)
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AMSR-2 channel 5 (10v) 

brightness temperatures

12h forecast

10-day forecast
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Hurricane Ian
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Outlook
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Ongoing work

Improving observation QC

Probabilistic training (e.g., CRPS)
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Bypass some of the most challenging aspects of conventional DA

Full Earth system forecasting without coupling, by learning simultaneously from atmosphere, ocean and land 

/ cryosphere observations

Better exploitation of observations, even those with complex difficult physics…

The value of observations goes beyond initial conditions for physics-based NWP models – they become the 

model!

Sustainable R2O process… with the only dependency on observations!

If AI-DOP works as well as we expect it to …

If it doesn’t …

Hybrid options (e.g., AIFS + observations) are already showing promise, also in a regional context

We will have learned a lot about the observations – this knowledge will carry over to hybrid designs

Other applications possible, e.g. real-time observation QC
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