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Reconstruction of a Bi-LSTM Framework for Detecting Pre-Earthquake
Ionospheric TEC Anomalies in Taiwan and Analysis of Model Reproducibility
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Abstract

This study reconstructs the bidirectional long short-term memory (Bi-LSTM) framework proposed by Tsai et al. (2022)
for identifying ionospheric total electron content (TEC) anomalies preceding earthquakes of magnitude 6.0 or greater in
Taiwan. The study also examines the influence of data preprocessing and model configuration on anomaly classification.
TEC is extracted from the CODE Global Ionosphere Map at the single grid point nearest Taiwan, located at 120°E and
22.5°N. The model inputs further include the disturbance storm time index (Dst), F10.7 solar radio flux, sunspot number,
and Lyman-o emission. Daily solar activity parameters are converted into hourly features according to the solar elevation
angle. Positive, negative, and training periods are defined according to the Supporting Information of the original study.
Multivariate observations from the preceding 168 hours are used to predict TEC for the following hour. Root-mean-
square error and mean absolute error are calculated for two adjacent 15-day stages, and their normalized differences are
used as relative-error indicators. Multiple trained models are subsequently combined through majority voting to identify
ionospheric variations potentially associated with earthquake preparation. The main objective is to establish a traceable
and reproducible workflow for data reconstruction, TEC prediction, relative-error calculation, and model evaluation.
Particular attention is given to the effects of TEC normalization scope, local-time alignment, model architecture, training
protocol, and random-seed variability on the relative-error distributions and classification sensitivity. Comparisons with
the reference cases and reported results of the original study are used to evaluate the reproducibility of the Bi-LSTM
framework. This work provides a methodological basis for future investigations of earthquake-related ionospheric
anomalies and for assessing the reliability and reproducibility of artificial-intelligence models applied to long-term
ionospheric observations.
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