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Computer resources allocated/used for the current year and the previous one  
 

 Previous year Current year 

 Allocated Used Allocated Used 

High Performance 
Computing Facility  (units) 10000 23391 10000 0 

Data storage capacity (Gbytes) 500 32 1000 32 

 
Summary of project objectives  
 

The special project focuses on optimally extracting energy budget terms from the IFS in the version to be 
adopted for the forthcoming Copernicus reanalysis ERA6. Its second focus is to investigate the use of 
machine learning for meteorological applications, in particular for replacing the ensemble prediction 
system and for physics-informed machine learning based weather forecasting. 

 
Summary of problems encountered (if any) 
 
Use of European Weather Cloud not yet extensive. A VM with GPU capabilities was tested and 
spherical harmonics transforms were successfully performed there on the shared GPU. 
 
Testing of OpenIFS and machine learning approaches was not possible due to lack of time, therefore we 
also made no use of HPC at ECMWF this year and used only MARS. 
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Summary of results of the current year (from July of previous year to June of current year)  
 
 
The energy budget group at Univ. Vienna worked on using the newly developed Straitflux 
(Winkelbauer et al. 2024) tool for an in-depth comparison of the variability of horizontal oceanic 
energy transports through the OSNAP array Winkelbauer et al. (2026a). A comprehensive comparison 
of ocean energy transports across various Atlantic mooring lines (from SAMBA in the south to 
ARCGATE in the polar regions) with observational products together with an assessment of AMOC 
strength and its change is in preparation (Winkelbauer et al. 2026b) 
 

 
Mean meridional heat transport (MHT) as a function of latitude for the (a) global ocean and (b) 
Atlantic Ocean. Mean transports are computed over the available period of each product (Table 1). 
Units are PW. Ocean reanalyses are compared to inferred estimates (black lines), direct observational 
estimates from hydrographic sections (red and blue symbols) and altimetry-based estimates from 
Dong et al. (2021) (gold symbols). From Winkelbauer et al. (2026b) 
 
Further we extended energy budget time series back to 1950. For that we use both ERA5 and JRA3Q 
model level fields. The energy budget calculation code now runs with FORTRAN and python, the 
python version also runs on GPU and has tested with preliminary analyses from ERA6 (at full 
TCO799 resolution).  
 
Regarding the project objective on physics-informed machine learning based weather forecasting, 
significant progress was made by evaluating the hybrid differentiable atmospheric model NeuralGCM 
for diagnosing extreme heatwaves across Africa. Leveraging the model's fully differentiable core, we 
utilized gradient-based optimization of initial conditions to drive four documented 2024 heatwave 
events to their plausible worst cases, bypassing the need for computationally intensive ensemble 
searches. Advanced physical diagnostics, including a first-order thermodynamic decomposition, 
pointwise closure scores, and a moisture flux convergence decomposition, confirmed that the model 
achieves these unprecedented extremes through physically coherent, regionally appropriate pathways 
rather than numerical artifacts. Specifically, the optimization successfully distinguished between 
thermally driven intensification under mid-tropospheric ridging and subsidence in dry environments 
(Southern and Northeastern Africa), moisture-driven amplification under weaker circulation in the 
humid West African Guinea zone, and a balanced transitional pathway in East Africa. These results 
showcase the power of differentiable hybrid modeling frameworks to identify synoptic-scale 
preconditioning mechanisms and establish plausible storylines for high-impact climate extremes. 
 
 
List of publications/reports from the project with complete references 
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Summary of plans until the end of the project  
 
In the remaining time we plan to improve the temporal resolution of the energy budget calculations, 
since essential input fields for this purpose, e.g. CERES Top of Atmosphere fluxes, are now available 
at higher than monthly resolution.   
 
The port of the recently developed multi-parameter ensemble machine learning systems to the HPC or 
EWC has not yet been materialized. This system can forecast not only single meteorological 
parameters as in our previous work, but the entire catalogue of meteorological parameters of interest.  
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