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Application of Symbolic Regression to Solar-Terrestrial Physics Data
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In solar-terrestrial physics, advances in observational instrument performance, multi-point observations, high temporal res-
olution, and increased storage capacity have led to the continuous production of vast datasets that are difficult to process by
human effort alone. Traditionally, researchers have plotted observational data and applied statistical analyses to elucidate
the properties of various electromagnetic phenomena in space, identify controlling parameters, and formulate relationships
among physical quantities. However, with the exponential growth of data volume, it has become increasingly difficult to
handle this information purely through manual analysis.

In information science and deep learning, a method known as ’symbolic regression” has been developed to automati-
cally derive mathematical models from data without incorporating human biases, relying on domain-specific knowledge, or
pre-specifying functional forms. Proposed approaches include genetic algorithms, discovery of modular structure via neural
networks, and hybrid frameworks that combine symbolic-regression and inference modules. Nevertheless, there are very few
reports of applying these state-of-the-art techniques to real, large-scale observational datasets.

In this study, we focus on solar wind-magnetosphere coupling functions formulated in solar-terrestrial physics and investi-
gate how these expressions—and related relationships among physical variables—are re-evaluated using symbolic regression.
Among the many methods proposed (e.g., Eureqa, PySR, Al Feynman, Al-Descartes, and PhySO [ ®-SO]), we adopt PhySO,
which offers publicly available code and demonstrated robustness to noise. On synthetic test data generated from theoretical
equations, symbolic regression recovers the underlying formulae with high accuracy. Even when Gaussian artificial noise is
added, and when working with OMNI data that include rounding errors, the estimates remain comparatively robust.

Because solar-terrestrial physics datasets almost invariably contain noise, symbolic regression may provide an effective tool
for uncovering hidden governing equations. In this talk, drawing on concrete application examples, we discuss the potential
of symbolic-regression methods to advance research in solar-terrestrial physics.
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