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Abstract: Driven by advancements in reanalysis data, deep learning, and high-performance computing,
Al-based weather forecasting has evolved from simple post-processing corrections to global deterministic
and ensemble forecasting, and further to learning-based systems that ingest observational data directly.
However, existing studies typically categorized these methods based on network architectures, forecast
scales, or specific tasks. The absence of a unified framework for classification and performance evaluation
hindered a comprehensive understanding of the applicability of different technical approaches. Although
current Al models demonstrated capabilities in global multivariate, multi-lead-time forecasting and rapid
inference, they faced challenges regarding data and state representation, statistical smoothing, physical
constraints, and the alignment between performance evaluation and operational verification. To address
these issues, the technological evolution of Al weather forecasting was reviewed and a classification
framework was proposed based primarily on forecasting inputs and secondarily on the core computational
roles of Al. The existing methods were categorized into three paradigms: forecast product-driven post-
processing and fusion methods, analysis-initialized state forecasting models, and observation-driven
learning-based forecasting systems. Furthermore, a multidimensional performance evaluation framework
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covering overall skill, extreme events, spatial processes, physical consistency, and probabilistic

reliability was constructed. By analyzing typical studies, the capability boundaries and application

contexts of these methods were defined. Finally, key bottlenecks in data, modeling, evaluation, and

operations were identified, proposing a convergence pathway that integrated multi-source data synergy,

hierarchical physical coupling, consistent operational verification, and robust version management,

thereby providing a reference for the advancement and operational deployment of Al weather forecasting.

Key words: Al weather forecasting; numerical weather prediction; developmental paradigms;

multidimensional performance evaluation; convergence pathway
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Fig.2 Technological evolution, methodological framework and capability boundaries of Al-based weather forecasting
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