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This study focuses on equatorial plasma bubbles (EPBs), ionospheric disturbances that may cause communication failures
in satellite communication and navigation systems. These bubbles are depleted regions rising from the bottom side ionosphere
to higher altitudes and extending along geomagnetic field lines, with their extent proportional to the equatorial development
altitude. While typical EPBs reach “500 km, strong solar activity can drive them above 1000 km [Huang et al., 2018]. Esti-
mating their altitude distribution is therefore vital for assessing impacts across low-to-mid latitudes.

This study aims to estimate the maximum development altitude of equatorial plasma bubbles (EPBs) based on space
weather parameters. The proposed approach is formulated as a supervised regression task, where space weather parameters
such as solar activity, geomagnetic activity, and interplanetary magnetic field serve as explanatory variables, and the maxi-
mum EPB development altitude is the target variable. To achieve robust prediction and capture nonlinear relationships, we
employ tree-based ensemble learning models, including Random Forest, Gradient Boosting, and XGBoost. In addition, we
exploit the fact that high-altitude EPBs extend along geomagnetic field lines from the equator to middle and high latitudes,
introducing altitude retrieval as an inverse problem.

In the first experiment, we develop a method to estimate EPB altitudes from ROTI (Rate of TEC Index) derived from
GNSS data. ROTT signatures at middle and high latitudes are projected along geomagnetic field lines to reconstruct equatorial
altitude distributions. A candidate altitude h(t) is identified as the maximum altitude H,,,., (t) when it is at most 3000 km,
with at least two detections within + 10 minutes and variance exceeding 50 km.

In the second experiment, these derived altitudes were used as training labels for machine learning models. Ten geo-
magnetic storm events between 2016 and 2022 were analyzed. XGBoost with a Tweedie regression loss achieved the best
performance, yielding a mean absolute error of 149.7 km and an adjusted R? of 0.58, reflecting the suitability of the Tweedie
distribution for modeling the target variable.

This study demonstrates a new approach for estimating EPB altitudes by integrating GNSS-based inversion with ma-
chine learning. XGBoost with Tweedie regression shows strong potential. Future work will focus on improving prediction
accuracy through model design that incorporates EPB dynamics, by refining the loss function and introducing explanatory
variables that account for seasonal, diurnal, and temporal variability.
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