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Fig. 1. System diagram of the original TRA earthquake rapid reporting system.
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Table 1. Installation sites of 54 strong-motion seismometers and 70 earthquake alarms of the optimized
TRA earthquake rapid reporting system. The symbol “©” indicates the functions for earthquake

response at site.
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Fig. 2. Distribution map for instrument installation sites of the optimized TRA system, including 44 rail

stations and 26 substations.
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Fig. 3. System diagram of the optimized TRA earthquake rapid reporting system. The equipment
configuration mainly includes strong-motion seismometers and earthquake alarms installed at

rail stations and substations, and a data processing and reporting system at Taipei headquarters.
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Fig. 4. Regarding the March 23, 2022 M6.7 off eastern Taiwan earthquake, the system website reveals

information of the seismic intensities and related response actions along the Taiwan railway.
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Fig. 5. According to the stages of earthquake early warning, onsite alert, and rapid reporting, five

operational processes are developed in the optimized TRA earthquake rapid reporting system

respectively.
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Fig. 6. Epicentral distribution map of 856 felt earthquakes collected and analyzed for the study.
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Fig. 7. Operational performances of the optimized system on receiving various CWB earthquake reports

from January 2021 to June 2022, including the statistics of receive proportion (above) and

receive time (below).
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Fig. 8. Operational performances of the optimized system on earthquake trigger notification, including
the statistics of numbers of the different seismic intensity level (above) and the statistics of
calculation time (below).
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Fig. 9. Operational performances of the optimized system on seismic intensity estimation from CWB
gridded seismic intensity data, including the accuracy of estimated seismic intensities (above)

and the statistics of issuance time (below).
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Fig. 10. Relationship on triggering time of the earthquake alarms in stations with hypocentral distances.
The data are collected from the April 18, 2021 M6.2 Shoufeng earthquake, the March 23, 2022
M®6.7 off eastern Taiwan earthquake, and the June 20, 2022 M6.0 Guangfu earthquake.
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Fig. 11. Operational performances of the optimized system on earthquake early warning, including the

accuracy of predicted response levels (above) and the time efficiency (below).
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Table 2. Operational performances of the optimized system on earthquake early warning, onsite alert,

and rapid reporting during the September 17, 2022 M6.4 Guanshan earthquake.
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Table 3. Operational performances of the optimized system on earthquake early warning, onsite alert,
and rapid reporting during the September 18, 2022 M6.8 Chishang earthquake.
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Fig. 12. Triggering conditions of the strong-motion seismometers along the railway on May 2022. The

left map shows the number of triggers, and the right one is the proportion reaching the

earthquake response level.
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Abstract

The Taiwan Railways Administration (TRA) and the Central Weather Bureau (CWB) have
cooperated to optimize the TRA earthquake rapid reporting system since 2019. Totally 54
strong-motion seismometers and 70 earthquake alarms are installed at 44 rail stations and 26
substations respectively. Furthermore, in Taipei headquarters, a new data processing and reporting
system is developed and operated. While a felt earthquake occurs, by receiving the real-time seismic
data along Taiwan railway and related seismic reports from CWB, operations for generating
earthquake early warning, onsite alert, trigger notification, seismic intensity, and earthquake report
successively. Timely information of earthquake impacts are provided to the TRA for the purpose of
earthquake response. The optimized system has been in operation since 2021. In order to understand
the system performance, 18 monthly operational data are collected and analyzed in this study. The
result shows that the distributions of observed seismic intensities along the railway could be
obtained 2.5 minutes after earthquake happening averagely. In addition, while a significant
earthquake occurs, earthquake alarms in stations are activated and give alert successively at a speed
of 5.7 km/sec according to the hypocentral distances. Hence, timely message for emergency
response is provided before the largest shaking wave arrives. The new function for earthquake early
warning (EEW) is implemented, which could be activated within 1 second after receiving the CWB
EEW message. Currently, the warnings with predicted seismic intensity 4 or above are effective for
reference on emergent applications. In addition, by means of the CWB gridded seismic intensity
data, it is possible to provide estimated intensities for sites without seismometer implementation.
Thus the measures for earthquake response accordingly are capable of conducting at these stations
as well. During the Chishang earthquake of September 18, 2022, both Yuli substation and Guanshan
substation reached the threshold for automatic power-off. After the actual damages on railways
caused by the earthquake, it is revealed that an automatic power-off function is crucial for the
railway system.

Key words: Taiwan railway, earthquake rapid reporting system, earthquake early warning,
earthquake onsite alert, earthquake response
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