R011-P04
RZXZ2—3:11/26 PM2/PM3 (14:50-18:25)

ORI S SATHE - FH7 7 U BETORERNTT ) > 7 CRHFHIC
#ﬁEﬁH&Xﬂﬁ%ﬁﬁ”J&ﬁ%%D
TN TR

Stochastic Process-Based Modeling of Storm-Induced Orbital Decay with Ma-
chine Learning Prediction
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With the growing utilization of outer space, the safe operation of satellites and the mitigation of space debris have become
critical challenges. Geomagnetic storms, triggered by the interaction between the solar wind and Earth’s magnetosphere,
cause a rapid increase in upper atmospheric density, enhancing atmospheric drag and accelerating orbital decay of satellites
and debris. The mass deorbiting of Starlink satellites in 2022 highlighted that storm-induced altitude loss can directly shorten
satellite lifetimes and lead to loss of control.

This study aims to quantitatively evaluate storm-induced orbital decay of satellites and debris within a stochastic process
framework. We define the “cumulative altitude loss™ as the total decrease in orbital altitude from the onset of a storm up to n
days, and statistically characterize its probability distribution across altitude-inclination bins. Based on multiple storm events,
the cumulative altitude loss is assumed to follow a normal distribution, from which the mean ( (1) and standard deviation (o)
are derived. Furthermore, we construct a machine learning model trained on storm-event datasets to predict | and o as
functions of altitude, inclination, elapsed days, and storm parameters. The resulting distributions N( 1, ) are then used to
calculate the probability of exceeding a given threshold of altitude loss, thereby providing a probabilistic risk assessment.

Through this framework, we demonstrate that storm-induced orbital decay can be captured and predicted using a stochas-
tic process-based modeling approach combined with machine learning. The results are expected to serve as a new tool for
optimizing satellite operations and developing risk mitigation strategies for debris collision avoidance under space weather
disturbances.
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