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tion research. To explore the spatiotemporal relationship between strong seismic activity in Japan and
moderate-to-strong earthquakes in northeast China, this study develops a data-driven prediction
model. Based on the USGS earthquake catalog from 1980 to 2024, and using M =6.0 earthquakes in
Japan as potential triggers, the model predicts the probability of earthquakes with M =>4 occurring in
northeast China within the next 60 days. A daily-resolution time series dataset is constructed, incor-
porating 32-dimensional features covering earthquake statistics, spatial distribution, energy release,
and aftershock sequences. Deep learning models including long short-term memory (LSTM) neural
networks, attention mechanism-enhanced LSTM (Attention-LSTM), and Transformer are systemat-
ically compared against traditional machine learning methods such as logistic regression and random
forest. Results indicate that the Attention-LSTM model performs optimally, achieving an F1 score of
0.915 and an AUC value of 0.661, and shows significant advantages in Molchan error diagram analy-
sis, a method specific to earthquake prediction evaluation. The model enables both binary
classification prediction and generation of spatial probability distribution maps at 1° X 1° grid resolu-
tion. This study demonstrates the potential of deep learning for revealing cross-regional far-field
earthquake triggering mechanisms and provides new insights for short-to-medium-term regional seis-
mic hazard assessment.

Key words: deep learning; attention-based long short-term memory network (Attention-LSTM) ; far-

field earthquake triggering; spatiotemporal earthquake forecasting
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Abstract: By employing fundamental methods from the theory of curves and surfaces, the concepts of
different types of latitude and longitude (reduced latitude and longitude, geometric latitude and longi-
tude, and geodetic latitude and longitude) at an arbitrary point on a triaxial ellipsoidal surface are pro-
posed. Theoretical relationship models are established between Cartesian coordinates (spatial rectan-
gular coordinates) and geodetic coordinates (geodetic latitude, longitude, and height), as well as be-
tween Cartesian coordinates and geometric coordinates (geometric latitude, longitude, and height),
for any point in space both inside and outside the ellipsoid. Based on the theoretical relationships a-
mong the different latitude and longitude types., approximate geodetic coordinates of the study point
are derived. Using these approximations as initial values, a novel method for the inverse transforma-
tion of coordinates is presented via Newton’s iterative approach. Extensive numerical calculations
demonstrate that, for any arbitrary point in space, the proposed method accomplishes the transfor-
mation from Cartesian to geodetic coordinates nearly instantaneously; even for points near the Earth’s
surface, only three iterations are required to achieve convergence.

Key words: Earth ellipsoid; reduced latitude and longitude; geometric latitude and longitude; geodetic

latitude and longitude; geodetic coordinates



