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Abstract

The chaotic nature of the atmosphere imposes inherent limitations on the accuracy and predictability of
meteorological forecasts. Ensemble forecasting, which utilizes a large number of ensemble members to quantify
predictive uncertainty, has been widely adopted to enhance forecast performance. However, such approaches are often
constrained by limited computational resources, restricting the achievable number of ensemble members. The
Liouville equation, which describes the conservation of probability density, offers a theoretical framework for
evolving probability density functions from discrete ensemble members, thereby providing a pathway to overcome
the bottlenecks associated with small ensemble sizes. In this study, we develop a data-driven Liouville equation based
on artificial neural network, trained using extended-range ensemble forecast data from the European Centre for
Medium-Range Weather Forecasts (ECMWF). This approach aims to predict the continuous evolution of ensemble
density in phase space and evaluates its potential benefits for extended-range forecasting applications.
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