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Observation, understanding, and prediction of the solar cycle
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Abstract This article summarizes the observational characteristics of the solar magnetic activity cycle, as represented by sunspots, and
explains that the interaction between the plasma flow and magnetic field inside the Sun is the fundamental cause of the periodic variation
in solar magnetism. It outlines the physical basis of the solar magnetic activity cycle—namely, the magnetohydrodynamic dynamo process
in which the poloidal and toroidal magnetic fields regenerate each other under the influence of plasma flows. The paper reviews recent
progress in the Babcock—Leighton—type kinematic dynamo models and surface flux transport models based on observations, including
advances in understanding the mechanism behind the equatorward migration of toroidal fields and the significant roles of stochasticity and
nonlinearity in the evolution of the surface magnetic field. The importance of physics—based prediction of the solar activity cycle is
highlighted in comparison with other forecasting approaches. The article also emphasizes the contributions and leading role of Chinese
researchers in the field of solar cycle studies and points out key unresolved issues, such as the need for improved observations of the solar
polar regions.

Keywords solar cycle; solar magnetic field; solar dynamo; prediction; sunspot
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