
Theemulatorreproducesrealistic spatiotemporalhygroscopicitypatternsand ispackagedforreproducible
HPCdeploymentwithSingularityThenear termoutlook is tomatureandvalidate thestandaloneaerosolAI
component through longer-sequencetraining, largerpretrainingdatasets,androbust testing,
whilesupporting implementationof thenewaerosolmodel in IFSatmosphericmodel.

All three architectures achieved consistent convergence. ConvLSTM reached the lowest validation error, followed 

closely by ViT-Temporal, while UNet3D-Temporal suggests that sequence-aware recurrent and attention-based 

models capture temporal dependencies more effectively for this task. All models produced physically plausible 

kappa field distributions across the full atmospheric column.

AcceleratingAerosolHygroscopicityPrediction
withDeepLearningandHPCDeployment

Aerosolhygroscopicitystrongly influencesclouds, radiation,andairquality,butphysics-
basedsimulationsarecomputationallyexpensive.Thisprojectdevelopsamachine-
learningemulator topredictƘSU andƘCA directly fromatmosphericcompositionfields,asasteptowardanAI-
basedaerosolprocesscomponent for integration intohighresolutionglobalclimatemodelswithin theDestinE
ClimateDigitalTwin initiative.

The emulator is trained on NetCDF spatiotemporal data using 12 input variables covering aerosol concentrations, 

dynamical variables, surface temperature, and emissions for four aerosol species. Inputs are subject to per-channel 

z-score normalisation. Three deep learning architectures are evaluated: a 3D U-Net with temporal attention fusion 

(UNet3D-Temporal), a Convolutional LSTM encoder–decoder (ConvLSTM), and a temporal Vision Transformer with 

3D patch embeddings and learnable spatial–temporal positional encodings (ViT-Temporal).
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