M4 EREARAB ERSBBPIZIPMFAY

E
1920 &2 0403 AR BFREZ 2B

2

2024 & 47 3 p o FCEH A RERARB T2 B0 RIRFER S 22522 ¢
Ay Bl A o AB R R LS Fipinsbid 89 a0 o T Z BERE F 4L -
FAAEH25 R 2 javhm b B o rrxavRE 4 2 pFL P pEE o Tt ”‘1’}; i

HF oA AXF RS FR O EFAINTELI TR - H R A

BRA TP EEI{ 2B R BHEHTEI T - Y E IR A A BT
iy W*“%T*?‘f' AERASEL A BFARE o SRS A ELS T AT A
B R o FJI/»,f izt A AR LA P L LRk AR R
R4 F)E AW RATIAIRAE > T 1920 ERBC8 TR H R F
I%K’F A e

AT E D 2024 £ 20 0403 TEIE RiAH S ACEE  BEE T up AP ik
Fors g Rdhg 2y gY A RTHTA > 1 COMCOT i w5t & 7 s &
¥ 0 e 0403 IR B2 ARk 0 Tk A W’:ﬁ*fw 1920 sisg R b 2 2 R
vl o d WA 2P RF UBWEEIRA ] rﬂt“ *\P’“”T%-*@ﬁ‘ﬁ‘i"
Av\‘)ﬁ' > 17 ﬁﬁwﬂaJ = Jﬂjﬂ-/‘*/f— ]/4‘:#“31'*&?:*{—1-? Fi? ’ —%: = lf’% °

A=K B E@#Egﬁ'fﬁ’ 81— dpiavd A e 0403 fEiE %’“\E‘i BTN
fon ik ALS I R BRI S RERIT e AL M2 skl o AT MR 7 A T
FIE A R Bk s R BERM o IR E R R EA L P
GRS L P O

Mé3F @ e 5 (Historical tsunami) » 5 45 3% & 4 #5772 (Impact Intensity
Analysis) » 1920 =i & (1920 Hualien Tsunami) » 0403 7= 3iE/% *& (0403 Hualien
Tsunami) °

175



Abstract

On April 3, 2024, an earthquake with a magnitude of 7.2 on the Richter scale
occurred in Hualien, with a focal depth of 22.5 kilometers. This earthquake triggered a
tsunami. The height of the tsunami reached 89 cm at the Wushi tide station. A tsunami
upstream height of about 2.5 meters was generated at Yanliao Village, Shoufeng
Township. Fortunately, the tsunami occurred during the period of ground tide, so no
casualties were caused. However, this incident also proved that the terrain of Hualien to
Yilan in eastern Taiwan is conducive to the amplification of tsunami wave heights.
Therefore, if a larger tsunami source is encountered, it will cause damage to the area from
Hualien to Yilan. The location of this earthquake is at the junction of the Philippine Sea
Plate and the Eurasian Continental Plate, and the distribution of faults and trenches is
complex. The main cause of this earthquake is still under discussion in the academic
community, but it is generally believed that it was caused by the rupture of the coastal
mountain range or the Central Mountain Range fault system. However, because this
earthquake is close to the Ryukyu Trench, the 1920 Ryukyu Submerged Zone Earthquake
of magnitude 8 has also attracted much attention.

This study will start with the 2024 0403 Hualien earthquake-tsunami, through the
rich coastal tide station data and the first disclosed submarine cable data, and use the
COMCOT tsunami model to simulate and analyze, to deduce the 0403 Hualien
earthquake-tsunami source, and then analyze and restore the 1920 Ryukyu Submerged
Zone earthquake-tsunami. Since earthquakes in the subduction zone have a higher chance
of reaching magnitude 8 or above, this study will also conduct a scenario analysis to
understand the threat of potential large-scale trench tsunamis to Hualien, Yilan, and even
the entire island.

The 0403 Hualien earthquake was unique, unlike a typical tsunami. Although the
epicenter was located on land, it still triggered a tsunami on the East Coast. To research
this type of tsunami generated by a near-shore earthquake, this study will conduct a
qualitative analysis to investigate the relationship between the epicenter of a near-shore
earthquake and the distance to the coast. It will also identify the threshold values for
issuing tsunami warnings for this kind of earthquake and estimate the tsunami wave
height and impact.

Keywords:Historical tsunami, Impact Intensity Analysis, 1920 Hualien
Tsunami, 0403 Hualien Tsunami
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5 ##E# R+ (Wang, 2009)
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Figure 2. Earthguakes with equivalent moment magnitudes My, = 7.0 (see Table 51 in the Supporting Information for references about all earthquakes). (A)
Triangle: available seismic stations during the 1920 earthquakes. (B) Close-up view of the Ryukyu margin with the two locations for the 1920 earthquake
proposed in the literature: “la” after TMO [Tathoku (Taipei) Meteorological Observatory], depth 20 km, and “1b" after the centennial catalogue (Engdahl &
Villasefior 2002) obtained with the EHB process (Engdahl et al. 1998) depth 35 km. Focal mechanisms source: 4: (Chen et al 2004); 5:13: (Kao et al. 1998);

6: BATS; 7.8,9: (Cheng et al. 1996). SOT: Southern Okinawa Trough.
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al., 2010)

¥ 2z (seismicstations) (B)
fFfJev’ 2R’ (Theunissen et

Station name Longitude Latitude First arrival Duration of preliminary tremor (s) S—F duration Epicentre distance (km)
Taichung—TCLI 120041 24709" 12:21:41.7 16.8 125
Hualien—-HWA 121°37 23758’ 12:21:50.0 7.1 52
Taipei-TAP 121°31 25702 12:21:5%.6 16.2 120
Tainan—TAI 120713 23700 12:22:00.0 287 213
Hengehun—HEN 120745 22700° 12:22.09.0 32 246
Penghu—PNG 119733 23732 12:22:27.6 352 261
Taitung-TTN 12109 22°45" 12:27:31.0 218 162
5 [ . sl 5 4a .
28 = 4% 2 b2 %4 (Theunissenetal., 2010)
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033102A TATWAN REGION

Date: 20882/ 3/31 Centroid Time: 6:53: 6.8 GMT
Lat= 24.19 Lon= 121.96
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Abstract

In near-field strong earthquakes, ocean-bottom pressure gauges can record tsunami-
related sea-level changes, but their signals are often mixed with non-tsunami components
such as seafloor shaking and co-seismic deformation. Prior studies show that pressure and
acceleration maintain a stable proportional relationship within a specific frequency band,
allowing earthquake-induced pressure fluctuations to be removed and the tsunami-related
component to be extracted.

This study uses pressure and acceleration data from Taiwan’s submarine cable
observatory network to analyze the Mp 7.19 earthquake that occurred southeast of
Hualien at 07:58:11 (local time) on April 3, 2024, along with several moderate-to-large
events during the same period. The analysis examines the correspondence between the
two sensors in both the frequency and time domains and evaluates the feasibility of using
pressure gauges for early post-earthquake tsunami detection.

In the event analysis, this study utilizes the correlation between acceleration and
pressure within the forced-oscillation band (0.05-0.15 Hz) to remove acceleration-related
effects from the pressure records, and applies this approach to earthquakes. The results
show that, for events with sufficient shaking, the pressure gauges exhibit physically
meaningful long-period variations shortly after the earthquake. In contrast, the traditional
0.01 Hz low-pass filter is easily distorted or delayed under near-field strong-motion
conditions. The proposed method can reveal relatively stable long-period pressure
variations within approximately 1-2 minutes after the earthquake, indicating that it
possesses a certain level of early signal identification capability in high-intensity near-
field environments.

Overall, the observations indicate that cable-based pressure gauges record both
earthquake-induced seafloor motion and longer-period signals associated with potential
tsunami processes, suggesting that this approach may offer useful information for near-
field tsunami monitoring in the offshore region of eastern Taiwan.

Keywords: Tsunami Warning, Ocean Bottom Seismometer, Pressure gauge
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90.98 (403 # Z.%)
EOS2 | -6.15 353
86.11 (403 ¥ & 4)
10.25 (11/01 #)
EOS3 | -0.7 328
14.03 (11/01 i)
1120.54 (403 ¥ E)
EOS4 | -11.4 357
S119.11 (403 ¥ £.1%)
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b-| =~ B ki ° 3 °
% p P =R’ (°) ¥R (°) (km) (ML)
1| 2024-04-02 | 11:58.09 23.8757 121.5735 19.72 7.19
2 | 2024-04-03 | 00:11:26 24.13 121.6513 13.44 6.56
3| 2024-04-03 | 02:14:34 24.1468 121.9762 26.9 6.24
4 | 2024-0424 | 18:11:54 23.9807 122.3355 24.79 5.71
5 | 2024-0220 | 16:08:37 23.9807 122.439 26.68 5.0
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Abstract

Taiwan is situated within an active orogenic belt formed by arc—continent collision,
characterized by frequent seismic activity and complex geological structures. The
completeness of its earthquake catalog is therefore essential for seismic hazard mitigation
as well as for understanding regional tectonic processes. In this study, we develop a fully
automated earthquake monitoring system that integrates deep-learning-based phase
picking, a three-dimensional velocity model, back-projection event searching, and
hypocenter determination within a 3D structural framework. The system has been
deployed and tested on the operational workstations of the Central Weather
Administration (CWA).

By validating the system against official earthquake catalogs over designated test
periods, and through high-density aftershock analyses following the 2025 January Dapu
earthquake sequence, the system demonstrates robust performance in both event
detection and hypocenter determination. Results from 2019 and 2025 show that the
system successfully detects over 90% of high-quality events, achieving accuracy
comparable to manual phase picking. For events of moderate waveform quality, the
detection rate remains around 60%, effectively compensating for omissions that
commonly occur during periods of intense seismic activity.

The advantages of the system are particularly evident in post-mainshock aftershock
conditions. During the 2025 Dapu earthquake sequence—when events occurred
frequently and waveform overlap was substantial—manual analysis faced heavy
workload and significant limitations. In contrast, the automated workflow remained
stable and efficiently identified thousands of additional events not captured manually.
These newly detected events display spatial and temporal patterns consistent with known
seismogenic structures, confirming that they represent genuine earthquakes rather than
noise. A considerable portion of these additional detections exhibit good or moderate
signal quality, underscoring the system’s capacity to enhance catalog completeness.

The system is now fully implemented on CWA workstations, with ongoing
collaboration involving threshold tuning, event verification, and performance assessment.
The introduction of this automated workflow not only reduces the labor required for
manual phase picking but also improves the consistency, completeness, and timeliness of
the earthquake catalog. Overall, the results demonstrate that the proposed system is
reliable, scalable, and operationally feasible, making it a valuable contribution to seismic
monitoring, hazard mitigation, and future scientific research in Taiwan.

Keywords:Earthquake monitoring, earthquake catalog, machine learning
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P-wave SNR Distribution Comparison
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P-wave SNR Distribution Comparison
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Event Classification by SNR Criteria
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Event Classification: Match vs Miss Analysis
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MLL(RP) Event Classification by SNR Criteria
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Event Classification by SNR Criteria
Total Events: 3062
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Event Classification: Match vs Miss Analysis
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NLL(RP) Event Classification by SNR Criteria
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