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Could we generate the meteo

for TM5 with an AI based emulator?
• fast
• less data needed
• flexible in resolutions
• …



PanguWeather

FourCastNet

GraphCast

FuXi 2.0

FengWu

• Not based on physics, but trained on long time series of meteorological data

• When trained, extreme fast (seconds on a GPU), and very good statistics

• ECMWF joined the arena with AIFS

AIFS



Criteria to select an appropriate AI-weather-model to generate input for TM5:

• Feasibility:
Can we get it running on our local server? 

• Vertical resolution: 
Most emulators have 13 or 37 (pressure) levels

• Output parameters: 
All have pressure, temperature, horizontal wind.
But also vertical velocity? Or even mass fluxes as used in TM5?

• Performance:
Quality when compared to ERA5?

• Future proofing:
Likely we would use ECMWF's AIFS, but that is not available yet.
Which emulators are already supported by ECMWF, or comparable to AIFS?

Google's "GraphCast" selected as 
most feasible, most all-round emulator



• Trained on ERA5 data:

• publicly available data from Climate Data Store

• horizontal resolution: 0.25o

• vertical: 37 pressure levels

• analysis fields (data assimilated)

• Source:

• python package

• configuration file (neural network weights)

• Input:

• 2 data sets for -6 and 0 hour
(subsets of ERA5, or GraphCast generated sets)

• Output:

• same grid/levels as input set

• forecast over 6 hour



• Compared GraphCast forecasts with ERA5 analysis:

• initialized from ERA5 analysis, roll-out over 72 hours

• Example: temperature at 1000 hPa

• Differences for 6 / 24 / 72 hour forecasts

• Differences increase with forecast step, but remain small

24 72



• Compared GraphCast forecasts with ERA5 analysis:

• initialized from ERA5 analysis, roll-out over 72 hours

• Example: temperature zonal mean

• Differences for 6 / 24 / 72 hour forecasts

• Differences in stratosphere become rather large

GraphCast training is less constrained for higher levels!



TM5 meteo input (for CAMS CH4 inversions):

• horizontal resolution 1ox1o

• 34 hybride model layers

• 3D fields: temperature, humidity, 
horizontal mass fluxes, vertical mass fluxes

• mass fluxes computed from spectral vorticity/divergence

Preprocessing of GraphCast output needed for TM5:

• horizontal averaging [easy]

• vertical mapping: from 37 pressure levels, 
to 37 hybride model layers (newly defined!) [less easy]

• variable conversion:

• horizontal mass fluxes [rather easy]

• vertical mass fluxes [complicated]



• Vertical flux has rather large errors:

• Derived from pressure tendency, vertical velocity, 
horizontal velocities, and pressure gradient:

• Result is noisy …

• Temperature, humidity, and horizontal mass fluxes 
for TM5 could be represented rather well:

• At some locations, mapping from pressure levels to 
model layers is inaccurate
→ for 3D temperature, fixed using 2m-temperature 

current TM5 massflux-w

GC computed massflux-w



Four different pipelines for TM5 simulations:

Test configuration: 

• 1ox1o grid, 37 model layers,

• simulation over 2022, initialized from CAMS emission optimized mixing ratios

Impact of change from 34 to 
37 model layers
→ neglecatble

Impact of using 
GraphCast-like variables ?

Impact of using 
GraphCast forecasts?



What is the impact of using meteo variables like GraphCast produces?

4 simulations, each with one new variable:

→ Neglectable impact of T, Q, massflux-uv

→ Strong impact of using massflux-w

➔Do not use the new computed vertical massfluxes yet!



What is the impact of using GraphCast produced forecasts?

Simulations using GraphCast forecasts with different max. steps;
many configurations possible …



What is the impact of using GraphCast produced forecasts?

Differences between 24h or 72h forecast 
seen mainly at South Pole station:
(impact of stratosphere ?)

RMSE over all flasks is rather similar for 
the various max. forecast steps:



What is the impact of using GraphCast produced forecasts?

Large differences in CH4 mixing ratio's in 
stratosphere …

.. but only small differences near surface.



What is the impact of using GraphCast produced forecasts?

Relative error in global total CH4 mass is higher
for longer forecast range …
But this requires less data to be downloaded!

→ Trade-off between efficiency and accuracy

NOTE: >100% since GraphCast requires 2 
previous time records for a forecast ..
To be optimized in future!

longer forecast range



Using AI-based meteo emulators to generate TM5 input?

• Promising! This could save a lot of preprocessing/storage/slow-down ….

• First tests using GraphCast to generage "ERA5"-like meteo:

• Accurate at surface

• Less accurate in stratosphere

• need more layers?

• AI-model should be constrained on stratosphere

• Vertical velocity seems most problematic, and thus vertical fluxes in TM5

• Requires dedicated training of models?

• Not tested yet: convective fluxes, diffusion coefficients

• Preferably these are also put out by emulators

• Run time of few seconds on GPU?
To be solved: segmentation fault



Next: tests using ECMWF's AIFS ?

• Possibly more focus on all layers of the atmoshere

• … and on (vertical,convective) mass fluxes

Thursday: online meeting with Mihai.Alexe@ECMWF about our whishlist …





• Installation:

• Download Python source package

• Download model configuration data
(weights for neural network)

• Download input data (from CDS)

• Run …



• Compared GraphCast forecasts with ERA5 analysis:

• initialized from ERA5 analysis, roll-out over 72 hours

• normalized RMSE (divided by mean) of T/U/W for different levels

• error increases with forecast time

• error increases with altitude

• vertical velocity has rather high errors



• Temperature, humidity, and horizontal mass fluxes 
for TM5 could be represented rather well:

• At some locations, mapping from pressure levels to 
model layers is inaccurate
→ for 3D temperature, fixed using 2m-temperature 



What is the impact of changing to 37 layers?

→ Neglectable impact of changing layers



• Weights in loss-function used for training of GraphCast:
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