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Motivation 
•  Targeting the limited effectiveness of existing ensemble–

variational (EnVar) data assimilation methods  under sparse 
observations and rapidly evolving atmospheric conditions—
where fixed or empirically tuned hybrid parameters fail to 
adequately represent flow-dependent background-error 
characteristics—we propose a deep reinforcement learning-
based ensemble–variational (DRL-EnVar) hybrid data 
assimilation framework. By integrating data-driven feature 
extraction and adaptive decision-making into the EnVar 
formulation, the proposed method aims to improve 
assimilation performance during transitional phases while 
preserving physical consistency and computational efficiency. 
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Main idea 
 A deep reinforcement learning-based ensemble–variational 

hybrid data assimilation framework (DRL-EnVar) is proposed, 
integrating adaptive hybrid-parameter optimization into EnVar 
to improve assimilation accuracy under sparse observations 
and evolving flows. 
 A DL-enhanced feature extraction architecture is introduced, 

where a cyclic convolution module alleviates information loss 
near circular equatorial boundaries and improves 
spatiotemporal representation completeness. 
Hybrid parameter selection is formulated as an RL-based 

process embedded in EnVar, enabling straightforward 
deployment across assimilation settings while preserving 
theoretical consistency and supporting 3DVar and 4DVar. 
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Conclusions 
In this work, we propose a novel deep reinforcement learning-
based hybrid ensemble–variational data assimilation 
framework (DRL-EnVar), which enhances flow-dependent 
background-error representation through intelligent hybrid-
parameter optimization under sparse observations and 
rapidly evolving weather conditions.  By embedding DRL into 
the variational assimilation process with low computational 
overhead, this approach improves assimilation accuracy and 
stability while maintaining practical efficiency, offering a 
promising pathway for extending traditional variational 
methods toward adaptive and scalable real-world weather 
assimilation. 
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