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This study investigated Taiwan’s earthquake disaster resilience and remaining
challenges after the Hualien earthquake, which occurred at 07:58 a.m. local
time (UTC+8) on 3 April 2024. Through a survey, we found possible factors
for the relatively suppressed damage caused by this earthquake. The 2024
Hualien earthquake (ML: 7.1) was not as severe as the 2018 earthquake (ML:
6.2) in terms of the maximum velocity of ground motion, which greatly
affected the structural damage, owing to the different mechanisms of the
earthquakes. Earthquake-resistant measures in Taiwan have high standards,
such as building codes and seismic monitoring networks. At the 2024
earthquake, early warning systems and data-sharing networks for seismic
records were useful for prompting immediate evacuation. Based on rapidly
shared information and predesigned frameworks, disaster response operations
quickly made evacuations, rescues, and other decisions. In addition to these
government actions, support from non-government organizations (NGOs) has
greatly contributed to evacuation, shelter management, and evacuee care in
severely affected areas. The timing of this earthquake positively acted to limit
the impact on Taroko National Park, as it was not the peak time for visitors,
although the park still had the majority of casualties caused by landslides.
These lessons can be possibly reflected in earthquake disaster resilience in
other countries.

KEYWORDS

Hualien, peak ground velocity, earthquake resistant measures, disaster management,
NGO, tourism

1 Introduction

The 2024 Hualien earthquake occurred on 3 April 2024, with a local
magnitude ML = 7.1 (Central Weather Administration, 2025a) and a moment
magnitude MW = 7.4 (United States Geological Survey, 2025a), according to Central
Weather Administration (CWA) and United States Geological Survey (USGS),
respectively. The epicenter was located offshore of Hualien and 15 km from the
center of Hualien City. The earthquake caused 18 fatalities and 1,155 injuries
(Chang et al., 2024). The earthquake caused severe damage in Hualien County,
resulting in the collapse of multiple buildings and even causing some damage
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in Taipei, the capital of Taiwan, located 130 km from the epicenter
(Chou et al., 2024; Wolohan et al., 2024). Human casualties were
concentrated in Hualien County, with the majority occurring
in Taroko National Park, renowned for its impressive gorges
and valleys.

Hualien is one of the most seismically active areas of Taiwan.
Since 2000, approximately 17 earthquakes with magnitudes greater
than 6.0 have occurred near the area, according to AllQuakes
(2025). The 2024 earthquake was the largest and caused the most
human casualties, followed by the 2018 Hualien earthquake (ML
= 6.2 (Central Weather Administration, 2025b) and Mw = 6.4
(United States Geological Survey, 2025b)), which caused a similar
number of human losses (17 fatalities (Nieh et al., 2020)). The 2018
earthquake, induced by the Milun Fault, caused very strong ground
shaking, with peak ground velocity exceeding 1.0 m/s. It resulted
in significant structural damage, including the collapse of four
buildings, in areas near the fault (Lin et al., 2020). Despite the clear
difference in magnitude between the 2018 and 2024 earthquakes,
the damage and losses caused by both events do not appear to be
significantly different.

One possible reason for the relatively limited losses and damage
in the 2024 Hualien earthquake is that Taiwan, with strong support
from both the public and private sectors, could have sufficiently
strengthened earthquake disaster resilience measures, particularly
following the 1999 Chi-Chi earthquake (Tsai et al., 2000) (ML = 7.3
and Mw = 7.6 (Yang et al., 2014)), which caused more than 2,400
deaths and destroyed tens of thousands of buildings. Other possible
factors include the characteristics of the earthquake itself or the level
of exposure to people and buildings. If this limited damage was the
result of organized preparations, such knowledge could be beneficial
to other countries with a high seismic risk.

In general, lessons learned from earthquakes that result in
significant losses tend to receive more attention than those from
events with smaller impacts. Since the highlighted lessons are
often related to aspects that were overlooked or inadequately
addressed before, during, or after the earthquake, countermeasures
are taken to mitigate the increased attention. In Japan, the 1995
Hyōgo-ken Nanbu (Kobe) earthquake (Mw: 6.9), which caused
6,434 deaths and the destruction of over 100,000 buildings (Fire
and Disaster Management Agency, 2006), led to major changes
in national seismic safety measures. These included updates
to building codes, the enactment of a retrofitting law, and the
establishment of a nationwide seismograph network and a large
earthquake testing facility. Sixteen years later, the 2011 Great East
Japan Earthquake (GEJE, Mw: 9.0) occurred, causing over 20,000
casualties (including missing persons) and the destruction of more
than 100,000 buildings (Fire and Disaster Management Agency,
2023). This event significantly increased Japanese awareness of
tsunami and multi-hazard events and the need for protective
systems. Following that, the 2016 Kumamoto earthquake (Mw: 7.0)
and the 2024 Noto Peninsula earthquake (Mw: 7.5), which caused
273 (Cabinet Office, Government of Japan, 2016) and 574 (Ishikawa
Prefectural Government, 2025) (as of 30 April 2025) deaths
respectively, also highlighted the importance of earthquake
protection measures, particularly for aged buildings, houses, and
infrastructure.

The lessons from these major earthquakes have been
documented in Japan, including at the International Research

Institute of Disaster Science (IRIDeS) at Tohoku University, which
was established after the 2011 GEJE. However, it is now recognized
that learning from successful preparations and operations during
major earthquakes provides valuable guidance for achieving high
resilience to future earthquakes.

With this motivation, a research group led by the IRIDeS,
with the help of relevant institutions and organizations in Taiwan,
conducted a survey on disaster resilience in response to the
2024 Hualien earthquake. The survey aimed to investigate why
the earthquake caused relatively limited damage, how Taiwan
developed a disaster-resilient society, and how earthquake-resistant
measures were implemented in Taiwan compared with those
in Japan.

This paper presents a summary of the features of the damage
caused by the 2024 Hualien earthquake, structural design and
responses, and disaster and emergency management in Taiwan,
which addresses the question of why the damage caused by
the 2024 Hualien earthquake was limited despite its magnitude.
We aim not only to provide an answer to the question but
also to describe the measures and systems adopted in Taiwan
that are likely to help reduce the impact of future disasters,
along with the remaining challenges that still need to be
addressed.

2 Tectonics and seismic hazards in
eastern Taiwan

2.1 Tectonic background

Taiwan is located at the convergent plate boundary between
the Eurasian plate (EUP) and Philippine Sea plates (PHP) with a
present-day convergence rate of approximately 80 mm/yr (Yu et al.,
1997). The plate boundary is characterized by two subduction zones
with opposite polarities. The PHP subducts beneath the EUP to
the east of Taiwan, and the EUP subducts beneath the PHP to the
southwest of Taiwan. The ongoing arc-continental collision between
the Luzon volcanic arc and the South China Block resulted in the
mountain building of the Taiwan orogeny (Tan et al., 2024). Its high
convergence rate and complex plate tectonics have made Taiwan
and its surrounding areas among themost earthquake-prone regions
worldwide.

2.2 Previous studies related to earthquake
hazards in eastern Taiwan

Previous studies based on geophysical data suggested that
earthquake hazards in eastern Taiwan are relatively high. For
example, the probabilistic seismic hazard assessment (PSHA) of
Taiwan published in 2020 showed a relatively high earthquake
probability along the Longitudinal Valley suture zone (Chan et al.,
2020). The model estimated that the northern segment of the
Longitudinal Valley could host an earthquake ofMw 7.4 earthquake.
However, the geodetic data suggest segmentation of the slip behavior
of faults in the Longitudinal Valley at a latitude of 23.5°N. Fault
slip tends to creep to the south and is locked to the north,
implying that the northern section of the valley has a higher seismic
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potential (Thomas et al., 2014). In otherwords, although a practically
feasible method for predicting earthquakes is still unavailable,
the occurrence of the 2024 Hualien earthquake was not entirely
unexpected.

2.3 The 2024 Hualien earthquake

The 2024 Mw 7.4 Hualien earthquake occurred at a depth
of 19.7 km in the northern section of the Longitudinal Valley
suture zone (Figure 1; Table 1). This zone is recognized as a
major strain accumulation zone in Taiwan (Hsu et al., 2009).
The suture zone accommodates approximately one-third of the
plate convergence rate across the entire Taiwan Orogenic Belt,
resulting in frequent earthquakes in this region (Hsu et al.,
2003). The suture zone is characterized by two fault systems that
run parallel to the valley: the east-dipping Longitudinal Valley
Fault (LVF) and the west-dipping Central Range Fault (CRF)
(Shyu et al., 2006; Tang et al., 2023). Near the epicenter of the 2024
Hualien earthquake, the CRF likely extended eastward offshore,
possibly cutting through the LVF and dividing it into shallow
and deep segments (Huang and Wang, 2022). Because half of
the crustal deformation caused by an earthquake occurs offshore,
where essential data is missing, whether the CRF or LVF was the
causative fault of the earthquake is still under debate. We will focus
on the damage and losses caused by the 2024 earthquake in the
following sections.

2.4 Comparison of the 2024 and 2018
Hualien earthquakes

The 2018 Mw 6.4 Hualien earthquake, although the magnitude
being notably smaller than the 2024 earthquake, caused significant
damage and casualties in Hualien City. The hypocenter depth of
the 2018 Hualien earthquake was only 6.3 km, located 16.5 km NE
of Hualien City (Table 1). Therefore, the difference in hypocenter
depths between the two earthquakes may account for the
comparable damage caused by the 2018 and 2024 earthquakes.
In addition, the 2018 earthquake was accompanied by a shallow
fault rupture along a known active fault, the Milun Fault, running
through Hualien City (Kuo et al., 2019a; Lee et al., 2019). A fault
rupture on the Milun Fault generated a localized PGA greater
than 400 cm/s2 (seismic intensity of 7 at that time) in Hualien
City (Figure 1), damaging buildings that were roughly distributed
along the fault. Therefore, although the 2018 earthquake had a
lower magnitude than the 2024 earthquake, the rupture of the
Milun Fault during the mainshock likely amplified the damage in
Hualien City. In contrast, the 2024 earthquake occurred at a greater
depth and did not cause surface ruptures, producing a broadly
distributed, high-intensity signal throughout northern and central
Taiwan (Figure 1). These observations suggest that the magnitude,
hypocenter depth, and rupture characteristics play equally
important roles in shaping the extent of damage in affected areas.
We will discuss the update to the seismic intensity scale in 2020 in
Section 4.

3 Damage and emergency responses
of the 2024 Hualien earthquake

The 2024 Hualien earthquake was the strongest to strike Taiwan
since the 1999 Chi-Chi earthquake. It resulted in 18 deaths, 1,155
injuries, and three missing persons (two Singaporean nationals and
one German national), with significant impacts in various regions.
Within 10 min of the earthquake, the CWA issued an earthquake
report detailing the intensity throughout Taiwan (Figure 1). The
highest intensity, measured at 6+, was recorded in the northern
part of Hualien County, while Hualien City experienced an intensity
of 6-. In addition, a wide area across the island, including Taipei,
experienced intensities ranging from 4 to 5+. Given the relatively
greater damage in Hualien, Taipei and New Taipei, this section will
focus on the situations caused by the earthquake and emergency
responses in these areas.

3.1 Hualien area

3.1.1 Timeline of emergency response
As the epicenter of the earthquake, Hualien was the hardest

hit region. The damage was concentrated in the urban areas of
Hualien City and mountainous regions near Taroko National Park.
The earthquake caused severe fractures and subsidence at Hualien
Port, the collapse of multiple buildings in the city (e.g., Figure 2),
and significant structural damage to the campus of Hualien Girls’
Senior High School. A fire broke out in the chemistry laboratory of
National Dong Hwa University due to the earthquake.

In terms of transportation, the Su-Hua Coastal Road, which
connects Hualien to Yilan, experienced multiple landslides,
rockfalls, and bridge collapses, temporarily isolating Hualien and
rendering it an “island”. In Taroko National Park, numerous trails
and roads were damaged by landslides and falling rocks, and several
tourists went missing.

The timeline of the actions made by the government is
summarized in Table 2.

3.1.2 Disaster report analysis
According to data from the Emergency Management

Information Cloud operated by the National Fire Agency, 611
disaster reports were logged during the five-day operation
period, as shown in Table 3 and Figure 3. Hualien’s population
of approximately 310,000, with one-third residing in Hualien
City, suggests that actual disaster figures may be higher owing
to communication breakdowns and a sparse population in
mountainous areas. Nevertheless, the data provided a general
overview of the impact of earthquakes.

The majority of reports fell into two categories: building
damage (234 cases) and “other” incidents (217 cases). Building
damage primarily involved structural collapses and severe damage,
while “other” incidents included reports of trapped individuals,
missing persons, medical emergencies, and requests for evacuation
and shelter. Reports related to infrastructure damage (74 cases)
included power outages, water-supply disruptions, damaged
traffic signals, and ruptured gas pipelines. Transportation-
related damage included 33 cases involving roads and tunnels,
and 20 cases involving bridges, with significant disruptions
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FIGURE 1
Seismic intensity map of the 2024 and 2018 Hualien earthquakes. “Note that Taiwan’s seismic intensity scale was updated in 2020, resulting in different
scales being used for the two earthquakes. Before 2020, the intensity relied solely on PGA, but after 2020, it incorporates PGV when PGA exceeds 80
gal (see Section 4 for a detailed discussion). Intensity data: CWA (Central Weather Administration, 2025a; Central Weather Administration, 2025b), Fault
lines: TEM (Shyu et al., 2020). Map data: Google.

TABLE 1 Earthquake information of the 2024 and 2018 Hualien earthquakes.

Date of
earthquake

Longitude (°E) Latitude (°N) Depth (km) Epicenter from
hualien city

ML Mw Surface rupture

2024-04-03 (Central
Weather Administration,

2025a)

121.57 23.88 19.7 SSW 13.6 km 7.1 7.4 No

2018-02-06 (Central
Weather Administration,

2025b; United States
Geological Survey, 2025b)

121.73 24.10 6.3 NE 16.5 km 6.2 6.4 Yes

∗
Epicenter data from the CWA., Mw from USGS.

in mountainous areas such as Xiulin Township and Taroko
National Park.

Notably, the earthquake triggered several fire incidents, most
of which occurred within the first hour of the event. The
first reported case was a chemical fire in the National Dong

Hwa University laboratory caused by a chemical spill from the
earthquake.

Geographically, most disaster reports (over 350 cases) were
concentrated in urban areas, including Hualien City and Ji’an
Township. Xiulin Township, characterized by mountainous
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FIGURE 2
The tilted Uranus Building in Hualien City (National Dong Hwa
University, 2025).

terrain and access challenges, accounted for 174 cases. The
other townships recorded fewer incidents. This distribution
highlights the differences in disaster impact between urban and
rural areas.

3.2 Taipei city area

To enhance the earthquake response capabilities of local
governments, the CWA implemented a rapid earthquake
reporting system at the administrative district level. This system
delivers automated seismic-monitoring network data within
3 minutes of an earthquake, bypassing human verification. The
results were disseminated to all schools nationwide and to
counties, cities, and township-level disaster-response centers.
These reports serve as critical references for emergency
operations by disaster prevention organizations, as illustrated in
Figure 4.

3.2.1 Response escalation timeline
At 8:01 a.m., the Taipei City Disaster Response Center was

upgraded to Enhanced Level 3 activation in accordance with
standard operating procedures after the earthquake rapid reporting
system indicated an intensity level of four or higher (Figure 4). At
8:13 a.m., based on the formal earthquake report from the CWA,
which confirmed an intensity level of 5 in Taipei City, the center
was further elevated to level 2 activation. At 8:39 a.m., anticipating
multiple disaster incidents in Taipei City, the commander directed
the center to escalate to Level 1 activation. A working meeting was
held at 8:50 a.m.

During the operational period, the center recorded 1,151
disaster reports (Figure 5). Of these, 499 incidents involved minor
structural damage to buildings, while 397 pertained to disruptions in
essential infrastructure such as damaged gas pipelines, water leaks,
and power outages. Most incidents were resolved by noon on April
5, after which the center resumed its regular level 3 activation status
and maintained a monitoring posture.

TABLE 2 Summary of Disaster Reports Following the 2024 Hualien
earthquake.

Date Time (UTC+8) Event

Apr 3

07:58 a.m. The mainshock (Mw 7.4) struck off the coast
of Hualien

08:11 a.m. A significant aftershock (Mw 5.0) occurred

08:15 a.m. Hualien County Disaster Response Center
activated Level 1 operations

08:30 a.m. An on-site forward command post was
established near the collapsed Uranus
Building (Figure 2)

08:35 a.m. Hualien County Government announced
the suspension of work and classes

09:00 a.m. A shelter was opened at Zhonghua
Elementary School

09:00 a.m. The first support team from the Taitung Fire
Department arrived (12 vehicles, 34
personnel, 2 SAR dogs)

09:24 a.m. A special rescue task force from the National
Fire Agency was deployed via helicopter

11:25 a.m. Rescue teams from Tainan, Kaohsiung, and
Pingtung arrived via C-130 aircraft

09:27 p.m. A Keelung Fire Department team arrived in
Hualien

Apr 4 The focus of rescue efforts shifted to the
Taroko region, with heavy machinery used
to clear landslides
Relief efforts included evacuations from
Silks Place Taroko Hotel, Xibao Elementary
School, and others

Apr 6 External rescue teams withdrew, and local
fire departments assumed responsibility

Apr 7 10:00 p.m. Disaster Response Center operations were
downgraded to Level 3

3.2.2 Structural damage assessment and
evacuation

Structural damage induced by earthquakes requires a
comprehensive evaluation by professional engineers. The Building
Administration Office of the Taipei City Department of Urban
Development managed the assessments in accordance with the
“Emergency Assessment Principles for Hazardous Buildings
Post-disaster”.

A severely damaged building in Lane 307, Section 2, Zhonghua
Road, Zhongzheng District, identified as a red-tag-restricted area,
requires immediate action. The Taipei City Fire Department
established an onsite forward command post at 3:09 p.m. on April
3. Resident evacuation was initiated at 9:30 p.m., resulting in the
evacuation of 61 individuals.

Subsequent management was undertaken by the Zhongzheng
District Office. From April 4 to April 6, structural inspections
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TABLE 3 Summary of disaster reports following the 2024 hualien earthquake.

Disaster types Report details Cases Total

Landslide and Debris Flow Disasters Landslide Collapse 9 9

Fires Building Fires 6 6

Damage to Essential Services and Infrastructure

Gas Pipeline Damage 21

74

Traffic Signal Damage 5

Water Supply Interruption 29

Streetlight Malfunction 5

Power Outage 3

Electrical Wire (or Pole) Damage 8

Others 3

Vehicle and Traffic Accidents
Traffic Accidents 17

18
Vehicle Damage Due to Disasters 1

Other Disasters

Air-Dropped Supplies Request 11

217

Emergency Medical Transportation Cases 45

Elevator or Personnel Trapped 30

Suspected Missing Persons 83

Evacuation Request 8

Shelter Assistance 4

Others 36

Building Damage

Partial Building Collapse 8

234
Minor Building Damage 190

Wall Collapse 19

Others 17

Road and Tunnel Damage

Damage to Construction Sites and Surrounding Areas 2

33

Roadbed Erosion 2

Road Rockfall 9

Trapped Vehicles and Personnel 12

Slope Failure 1

Others 7

Bridge Damage

Bridge or Pipeline Damage 9

20Bridge Collapse 2

Others 9

Total 611
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FIGURE 3
Distribution map of 611 disaster reports in Hualien County from the 2024 Hualien earthquake (statistics from April 3 to April 7, exported from the
Emergency Management Information Cloud system) (Distribution map of disaster reports, 2025).

FIGURE 4
The earthquake rapid reporting system for each administrative district of Taipei City for the Hualien earthquake on 3 April 2024 (Taipei City Disaster
Prevention and Rescue Office, 2024).
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FIGURE 5
Distribution map of 1,151 disaster reports in Taipei City from the 2024
Hualien earthquake (statistics as of April 4, 2:00 p.m.).

were conducted by three professional engineering associations,
along with the installation of temporary safety supports. By 8:30
p.m. on April 6, some buildings were reclassified as yellow-tagged
areas, allowing residents to return. The forward command post was
decommissioned by 9:00 p.m. under the directive of the Zhongzheng
District Director.

The more details of these responses are chronologically
summarized as follows:

• Immediate Hazard Evaluation: On April 3, at 2:00 p.m.,
engineers from the three major professional associations
assessed the structural damage at Lane 307, Section 2,
Zhonghua Road, and determined that beam and column
damage posed immediate risks. A red-tag restriction notice
was issued, initiating a precautionary evacuation for nearby
residents.

• Forward Command Post Operations: At 3:09 p.m. on April
3, the Taipei City Fire Department established a forward
command post with personnel from the Public Works
Department, Building Administration Office, Social Affairs
Bureau, Police Department, and Tourism and Information
Department. Four Tzu Chi volunteers provided logistic
support for this study. By 9:30 p.m., 61 residents were
evacuated.

• Structural Assessments: On April 4 at 10:50 a.m., joint
inspections by professional engineers confirmed the need for
H-beam support. At 12:40, the inspection results identified
buckling in the four columns, necessitating immediate
reinforcement with temporary supports.

• Reinspection and Expansive Assessments: On April 6 at 8:45
a.m., even-numbered buildings on Lane 307 underwent
structural reinspection supervised by officials from the
Department of Urban Development. Additional inspections
in lane 309 identified three buildings that required five H-beam
supports for temporary safety.

• Reclassification and Post Withdrawal: By 8:30 p.m. on April
6, buildings on lanes 307 and 309 were reclassified as yellow-
tagged areas, and residents were allowed to return. The forward
command post was officially withdrawn at 9:00 p.m.

• Resident Accommodation and Return: Evacuation records
revised on April 6 indicated that 63 residents were displaced,
with 34 accommodated in hotels and 29 staying with relatives.
Residents in temporary accommodations were advised to check
at 11:00 a.m. on April 7, with transportation arranged by the
district office.

• Completion of Operations: As of April 7, all displaced residents
returned home, concluding with temporary accommodation
arrangements.

3.3 New Taipei City area

3.3.1 Response escalation timeline
New Taipei City was struck by ground shaking with a seismic

intensity of 5−. In accordance with standard operating procedures,
the New Taipei City government (New Taipei City Government,
2024) activated its disaster response mechanisms at Level 1 at
8:47 a.m. Core departments, including the Fire Department,
Water Resources Department, Public Works Department, and
Transportation Department, were fully mobilized.

The major disaster in New Taipei City can be divided into
structural damage and damage to the subway system, as shown in
Figure 6. Further details can be found in Sections 3.3.2 and 3.3.3.

3.3.2 Structural damage assessment and
evacuation

Structural damage in New Taipei City was assessed by the
New Taipei City Public Works Department (New Taipei City
PublicWorksDepartment, 2025) and local professional associations,
with guidance from “Emergency Post-Disaster Building Assessment
Procedures”.

The emergency assessment revealed some critical damage at
several locations:

• In Zhonghe District, at Lane 222 on Liancheng Road, a 34-
year-old, 4-story building sustained severe damage to its shear
walls and stairwell columns, although 12 householdswere safely
evacuated.

• In Tucheng District, Lane 296, Yanji Street, a 41-year-old, 5-
story building was identified as structurally unsafe. A total of
40 households were evacuated following the issuance of red-tag
safety notices.

Frontiers in Built Environment 08 frontiersin.org

https://doi.org/10.3389/fbuil.2025.1593942
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org


Enokida et al. 10.3389/fbuil.2025.1593942

FIGURE 6
The major disaster of New Taipei City induced by the 2024 Hualien earthquake.

• At the Yuanlin New City community (Building C) in Zhonghe
District, severe damage to basement columns and beams
required immediate emergency shoring and the evacuation of
48 households.

The sequential response timeline for structural damage
assessment is as follows:

• Immediate Hazard Evaluation: On April 3, structural engineers
conducted rapid assessments of affected buildings, issuing red
or yellow-tag notices as needed.

• Resident Evacuation: Evacuations began on the afternoon
of April 3, coordinated by the Fire Department and local
district offices.

• Shelter Operations: By April 7, 18 shelters had been opened
across the city to accommodate displaced residents.

• Temporary Support Installations: Emergency structural
reinforcements, including H-beam installations, were
completed for high-risk buildings between April 3 and April 6.

• Return and Recovery: Reassessment processes facilitated
the gradual reclassification of some structures from red-to

yellow-tagged status, allowing for the phased return of
residents.

Additionally, the New Taipei City government launched a
building repair subsidy program to assist residential communities
(excluding severely damaged structures) in restoring common areas
(Chinese Society of Structural Engineering, 2025; The Control
Yuan of R.O.C Taiwan, 2025; New Taipei City Department of Rapid
Transit Systems, 2025).

3.3.3 Damage and recovery operations of the
metro system

The earthquake caused significant damage to the New Taipei
Metro Circular Line and light rail systems. The New Taipei City
Department of Rapid Transit Systems oversaw necessary measures
to ensure public safety and minimize transportation disruption. The
observed damage and the actions taken are summarized as follows:

• Structural Impacts:The elevated section 1215-1 onZhongzheng
Road (Zhonghe District) experienced horizontal displacement,
while a train derailment at Jingan Station damaged
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track slabs and station platform doors, as shown in
Figure 7.

• Immediate Operational Suspension: All services were
suspended immediately after the earthquake to allow for
inspections and emergency response operations.

• Restoration Timeline on April 3:

○ 9:36 a.m.: Partial resumption of Ankeng light rail service.
○ 4:30 p.m.: Full resumption of light rail service.
○ 5:00 p.m.: Partial reopening of the Circular Line between

Banqiao Station and Industrial Park Station, operating
with two-way single-track service.

• Shuttle Services: Free shuttle buses were deployed betweenNew
Taipei Industrial Park and Dapinglin stations as an alternative
to suspended services.

• Infrastructure Repairs and Reinspection: Phase inspections,
repairs, and dynamic system tests were conducted from April
3 to April 7.

• Service Recovery: By April 7, two-way service was resumed
between Zhonghe Station and Dapinglin Station, restoring
approximately 70% of the Circular Line’s total capacity.

4 Earthquake resistant measures in
Taiwan and observed features

4.1 Seismic intensity scale in Taiwan

The current seismic intensity scale used in Taiwan is
summarized in Table 4, along with the scale used from 2000 to
2020. The Central Weather Bureau (CWB), the original body of
the current CWA, changed the seismic intensity scale in 2020
to increase its correlation with the severity of structural damage
observed in past earthquakes. The details are found from a CWA’s
notification (Central Weather Administration, 2025e), and the
major updates are as follows:

• The new intensity scale has five degrees over an intensity of 5:5-,
5+, 6-, 6+, and 7.

• Scales over intensity 5 were determined by the peak
ground velocity (PGV) rather than the peak ground
acceleration (PGA).

In past earthquakes, it has been observed that structural damage
is more closely linked to the PGV than to the PGA e.g., (Wu et al.,
2002). This finding was directly reflected in the new seismic
intensity scale.

4.1.1 Japanese seismic intensity
The original seismic intensity scale in Taiwan was influenced

by the Japan Meteorological Agency (JMA) intensity scale, which
also has ten degrees, ranging from 0 to 7, with additional
gradations of 5-, 5+, 6-, and 6+. The intensity at a site during an
earthquake is determined by the ground acceleration recorded by
a seismometer approved by the JMA. This scale has been in use
since April 1996, reflecting lessons learned from the 1995 Hyōgo-
ken Nanbu (Kobe) earthquake. Prior to its introduction, seismic

intensity was determined based on human perception of ground
shaking.

The JMA seismic intensity scale is primarily based on both PGV
and PGA, as it also considers the duration of ground acceleration.The
procedure focuses on the frequency components near 0.5 Hz, which
significantly influence structural damage and human perception of
earthquakes. Further details can be found in the literature (Karim
and Yamazaki, 2002). This intensity scale has been in use for
29 years, though discrepancies between intensity levels and structural
damage have occasionally been observed in major past earthquakes,
particularly at the 6+ and 7 levels. As a result, several alternative
seismic intensity scales (Japan Meteorological Agency, 2025d) have
been proposed, although they are primarily used in research.

Since February 2023, a new intensity scale for long-period
ground motions has been implemented to address the needs of
long-period structures, such as high-rise buildings. The scale has
four degrees, based on the maximum value of the absolute velocity
response spectrum (Sva) with a 5% damping ratio, focusing on the
range of 1.6–7.8 s (Japan Meteorological Agency, 2025b).

4.1.2 Seismic intensities in the Hualien
earthquakes in 2024 and 2018

Recently, Hualien was affected by several large earthquakes.
The Hualien earthquakes in 2018 and 2024 were predominant with
respect to the impact and severity of ground shaking. Therefore,
these two earthquakes were compared to study their differences.
Based on the intensity scales provided by the CWA/CWB for
earthquakes, the number of sites exceeding a seismic intensity of 5
is listed in Table 5.

According to Table 5 and Figure 1, the 2018 earthquake was
characterized by extremely strong ground shaking, including a
seismic intensity scale of 7 in a localized area, resulting in a
concentration of severe damage in towns near the sites. In contrast,
the severity of the 2024 earthquake was limited to 6+ and was
recorded at only one site. The 2024 earthquake was characterized
by strong, but not extremely strong, ground shaking over a
wide area (Figure 1), resulting inmoderate damage in a broad region
and moderate damage to cities.

Although a comparison based on seismic intensity is useful for
a rough understanding of the two earthquakes, it is not accurate
because of the change in the seismic intensity scale in 2020. To be
fairer, the ground shaking of the earthquakes was compared based
on the PGA and PGV (Figure 8). The data for the 2024 earthquake
were directly provided by the CWA, while the 2018 data were
analyzed by the research team (Kuo et al., 2019b).

According to Figure 8b, several sites recorded very strong
shaking, much larger than PGV = 80 cm/s, in the 2018 earthquake,
whereas it did not occur in the 2024 earthquake (Figure 8a), even
though the latter had a much larger magnitude than the former.
Additionally, the 2018 earthquake induced extremely large PGVs
(≥80 cm/s) with moderate PGAs, indicating the dominance of low-
frequency components. In contrast, the 2024 earthquake generated
large PGVs (50–80 cm/s) along with large PGAs, indicating the
dominance of high-frequency components. Because PGV is more
influential on structural damage, this also supports the above
finding: the 2018 earthquake caused extremely severe situations for
buildings in a localized area, whereas the 2024 earthquake caused
difficult situations for many buildings in a broad region.
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FIGURE 7
New Taipei Circular Line Earthquake Bridge Damage Status of the earthquake on 3 April 2024. (Chinese Society of Structural Engineering, 2025)

TABLE 4 Seismic intensity scales in Taiwan.

Implemented period Featured indices Degrees

0 1 2 3 4 5 6 7

5- 5+ 6- 6+

January 2020 –
Present

PGA (cm/s2) <0.8 0.8–2.5 2.5–8.0 8.0–25 25–80 80<

PGV (cm/s) <15 15–30 30–50 50–80 80–140 140<

August 2000 –December 2019 PGA (cm/s2) <0.8 0.8–2.5 2.5–8 8–25 25–80 80–250 250–400 400<
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TABLE 5 Number of sites recording the ground shaking over seismic
intensity 5 at the 2018 and 2024 Hualien earthquakes.

Seismic intensity

5 6 7

5- 5+ 6- 6+

2018 EQ (Mw = 6.4, ML = 6.2) 6 1 4

2024 EQ (Mw = 7.4, ML = 7.1) 25 10 2 1 0

The different ground shaking characteristics during these
earthquakes are mainly attributed to the locations of the causative
faults and rupture mechanisms. The 2018 earthquake occurred
immediately below Hualien City, where some buildings were
severely damaged or collapsed. The directivity of fault ruptures
has also been identified as a cause of severe damage (Kuo et al.,
2019b). The earthquake in 2024 did not induce the directivity effect
significantly.

4.2 Soil conditions in the Hualien and other
areas

In general, ground shaking is affected by the site conditions at
which it occurs along with the characteristics of the earthquakes
themselves. This condition is commonly classified as Vs30, which
is the average shear-wave velocity of the soil or rock from the
ground surface to a depth of 30 m. According to the provisions
of the National Earthquake Hazards Reduction Program (NEHRP)
(National Earthquake Hazards Reduction Program NEHRP, 2020),
the Vs30 values for different materials are summarized in Table 6.

According to a study onVs30 of the stations of the Taiwan Strong
Motion Instrumentation Program (TSMIP) (Liu and Tsai, 2015), the
site conditions in Hualien were clarified by comparison with other
areas. Based on this study, theVs30 in the seven areal categorizations
of Taiwan are shown in Figure 9, and the number of stations and
median values in the areas are summarized in Table 7.

The median value for the Hualien area (HWA) of 521 m/s was
the second best among the seven areas. In addition, according to
the interquartile range, the Vs30 values at many sites in Hualien
were close to the median value. Thus, many sites in Hualien were
less likely to experience amplified ground shaking than in other
areas. Strong shaking with large PGVs occurs mainly because of
earthquake features or a limited number of soft site conditions.
Unfortunately, this occurred during the 2018 Hualien earthquake
and resulted in large PGVs (Figure 8b).

4.3 Earthquake early warning systems

4.3.1 EEW systems in Taiwan and their
contributions

Taiwan is actively developing early earthquake warning (EEW)
systems. Its effectiveness in disaster mitigation and relief, such
as providing lead time for immediate evacuation and shake

maps shortly after an earthquake, was demonstrated during
recent major events (Wu et al., 2021), including the 2018
Hualien earthquake (Mittal et al., 2021). During the 2024 Hualien
earthquake, warnings were issued by the CWA within 20 s
(National Center for Research on Earthquake Engineering, 2024) of
occurrence, according to a quick report from the National
Center for Research on Earthquake Engineering (NCREE). The
warnings were reported to have saved some evacuees in Hualien,
such as visitors to Taroko National Park (Petley, 2024a). In
addition, based on the warnings, the Taiwanese government swiftly
activated emergency operations to immediately dispatch rescuers
and build shelters (National Center for Research on Earthquake
Engineering, 2024).

Three major EEW networks exist in Taiwan, as summarized
in Table 8. The CWA uses a strong motion network
(Central Weather Administration, 2025d), which is established as
part of the TSMIP, for the system. The NCREE has an EEW system
(Hsu et al., 2021), and National Taiwan University (NTU) operates
a P-alert network (Mittal et al., 2022).

The TSMIP network used by the CWA has over 700 free-field
strong-motion stations, which have been gradually added since
1991. Each station has a set of servo accelerometers placed under
free-field conditions. Their use for EEW began in the mid-2000s
based on a regional approach. In this approach, ground motion data
collected near the epicenter are transferred in near real-time to the
main operating system, which estimates the intensity and arrival
time ofmajor shaking. An earlywarning is issuedwhen the estimates
exceed the predefined thresholds. The issuing speed depends on the
distance between the measurement site and the epicenter, as well as
the speed of communication and data processing.The CWAdelivers
warnings in Taiwan within approximately 20 s as text messages to
mobile phones and TV, as well as direct broadcasting to schools.

The NCREE originally established an EEW system in 2009,
primarily for several elementary schools. Currently, this system has
98 seismic stations and 3,514 broadcast stations, cover all schools in
Taiwan, approximately 3,500 schools. Each seismic station had a set
of equipment consisting of seismometers, a data logger, a computer,
and an alert broadcast system. Seismic stations issue warnings based
on an on-site approach and send them to broadcast stations that
have the function of alert broadcasting only. In addition to the onsite
alerts issued by the three nearby seismic stations, each broadcast
station receives regional alerts from the CWA and broadcasts the
alert whichever arrives faster.

The P-Alert network was established by NTU specifically for
EEW. To fulfill its specific role cost-effectively, the network uses a
set of micro electro mechanical systems (MEMS) sensors for each
station, allowing it to have 762 stations. Many sensors are placed on
thewalls of 1F or 2F in elementary schools (Mittal et al., 2022), which
can support the power supply and network communication. Because
CWA is the only agency authorized to issue earthquake warnings
using a regional approach, the P-Alert network is based on an onsite
approach for public use. In this approach, the sensor unit at each
station can issue an alarm based on the internal processing of the
ground motion record. As the P-alert network has a main operating
system consolidating the data recorded by each sensor unit, it can
work as a regional approach, but its use is limited for research.

These networks, with more than 1,500 stations, complement
each other in monitoring strong shaking throughout Taiwan and
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FIGURE 8
PGV and PGA of the Hualien earthquakes (a) 2024 and (b) 2018. (The names of the top five PGV stations are listed.)

TABLE 6 NEHRP’s classification on site conditions.

Site class Materials Vs30

A Hard rock 1,500 m/s < Vs30

B Medium hard rock 910 m/s < Vs30 < 1,500 m/s

BC Soft rock 640 m/s < Vs30 < 910 m/s

C Very dense sand or hard clay 440 m/s < Vs30 < 640 m/s

CD Dense sand or very stiff clay 300 m/s < Vs30 < 440 m/s

D Medium dense sand or stiff
clay

210 m/s < Vs30 < 300 m/s

DE Loose sand or medium stiff
clay

150 m/s < Vs30 < 210 m/s

E Very loose sand or soft clay Vs30 < 150 m/s

issuing warnings when large earthquakes occur. The collected data
are also used to immediately produce shaking maps of the PGA
and PGV, which are immediately sent to various media to prompt
emergency rescue and decision-making.

4.3.2 Japanese EEW system
Japan also has an EEW system that began operations in

2007. It is currently based on 690 seismometers operated by
JMA and approximately 1,000 stations operated by the National
Research Institute for Earth Science and Disaster Resilience
(Japan Meteorological Agency, 2025c). Its technical details are found
from the literature (Kodera et al., 2021).

The development of the EEW system in Japan, which began
in the late 1980s (Nakamura, 1988), was initially focused on the
Japanese railway system. In 1992, the Railway Technical Research
Institute fully implemented the UrEDAS (Urgent Earthquake

Detection and Alarm System) for the Tokaido Shinkansen
railway system (Yamamoto and Tomori, 2013). At this early stage,
the system’s purpose was limited to ensuring the safety of high-speed
railways, rather than providing warnings to the public.

In response to the 1995 Hyōgo-ken Nanbu (Kobe) earthquake,
the Japanese government decided in 1996 to develop the
High Sensitivity Seismograph Network Japan (Hi-net), which
later became a key component of the Japanese EEW system
(Kodera et al., 2021). The JMA began trial operations of
the EEW system in February 2004, targeting government
agencies, transportation companies, media organizations,
and others (Japan Meteorological Agency, 2025a). The coverage
gradually expanded to almost the entire country by 2005, and EEW
services for the public officially began in October 2007.

The Japan Broadcasting Corporation (NHK) is legally required
to immediately broadcast warnings issued by the JMA to
the public (Ministry of Land, Infrastructure, Transport andTourism,
2013), though these warnings can also be delivered through other
communication channels such as radio, mobile phones, and more.
Additionally, advanced technical users can receive forecasted
information more quickly via dedicated lines, enabling faster
responses to impending ground shaking.

The effectiveness of the current EEW system, which has been
greatly updated since the 2011 GEJE, has been demonstrated in the
2016 Kumamoto earthquake (Kodera et al., 2016) and 2024 Noto
Peninsula earthquake (Yamada et al., 2025).

4.4 Building code in Taiwan and the
damage caused by the earthquakes

4.4.1 Building code
The seismic force requirements (SFR) for building structures

in Taiwan were implemented in 1974, based on the US Uniform
Building Code (UBC). In 1997, the SFR incorporated the response
spectrum method (Chai et al., 2009). The latest update of the
building code was published in October 2022, revising provisions
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FIGURE 9
Vs30 in the seven major areas of Taiwan.

TABLE 7 Number of TSMIP stations in the seven areas and the median of Vs30s in each area.

TAP TCU CHY KAU ILA HWA TTN All

No. of Stations 97 145 116 86 64 59 50 617

Med. Value (m/s) 401.8 463.5 229.3 278.8 294.8 520.6 609.8 405.6

TABLE 8 Three Major EEW networks in Taiwan.

Network TSMIP NCREE’s EEW P-alert

Operating body CWA NCREE NTU

Number of stations Over 700 stations 98 762

Sensor type Force Balance Accelerometer Force Balance Accelerometer MEMS sensors

Starting year for EEW Mid 2000 Central Weather Administration (2025c) 2009 2010

Warning issue type Regional Onsite and Regional supported by CWA Onsite (Public use)
Regional (Research use)

regarding the near-fault effect to further enhance the safety of
buildings in near-fault zones and introducing regulations to prevent
building collapses owing to weak first stories were added. The UBC
was succeeded by the International Building Code (IBC), in which
the seismic code provisions are based on those of the American
Society of Civil Engineering, commonly known as ASCE 7. Taiwan’s
current seismic design loads follow ASCE 7 principles.

As demonstrated by the damage to soft and weak first-story
buildings in the 2024 Hualien earthquake, seismic damage cannot
be solely discussed in terms of design seismic response spectra;
it is also influenced by other detailed provisions in seismic codes.
Additionally, the latest design response spectrum may differ from
the one used when the damaged buildings were constructed.
Nonetheless, the design response spectrum remains one of the most
important factors in assessing seismic resilience, as it determines the
magnitude of the seismic forces acting on a building.

TheVs30 of the surface soil in Hualien is 520.6 m/s, as described
in Section 4.2, which is close to 520 m/s, where the Site Class

coefficients, Fa and Fv, are both 1.0. Such surface soil is considered
engineering bedrock according to Japan’s seismic code. Figure 10
shows the acceleration response spectra for Hualien when Fa = Fv =
1.0, compared to the spectra defined for engineering bedrock in the
Japanese seismic code. These spectra represent the default response
spectra for Hualien and Japan. The design spectrum for Taiwan
corresponds to an earthquake with a 10% probability of occurrence
within 50 years, which is equivalent to one occurrence in 475 years.

The spectra were normalized to acceleration due to gravity (g
= 9.8 m/s2). From an international perspective, Taiwan’s seismic
code provisions are highly sophisticated, contributing significantly
to seismic resilience.

4.4.2 Seismic vulnerability of soft and weak first
story buildings

In commercial buildings and residential complexes, there are
often fewer seismic-resistant walls on the first floor than on the
upper floors, which can result in a soft and weak first story. During
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FIGURE 10
Design spectra (damping ratio: 5%).

the 2016 Southern Taiwan (Meinong) earthquake, the lower floors
of the Weiguan Jinlong residential complex and King’s Town Bank,
both of which had soft and weak stories, collapsed. During the
2018 Hualien earthquake, the Marshal Hotel and Yun Men Tsui
Ti Building (Figure 11), which also had soft and weak stories,
suffered similar damage. Taiwan’s latest seismic code now includes
regulations for soft- and weak-story buildings, allowing for phased
reinforcement of existing structures to prevent damage until full
reinforcement is completed. In Japan, similar damage occurred
during the 1995 Hyōgo-ken Nanbu (Kobe) earthquake, prompting
stricter regulations for soft- and weak-story buildings in the 2000
revision of the Building Standards Law.

The Uranus Building, which tilted significantly during the 2024
Hualien earthquake, was also a soft and weak-story building and
did not meet the current design code described in Section 4.4.1. As
observed in this case, similar damage continues to occur because
seismic retrofitting and the enforcement of stricter seismic code
provisions have not kept pace. Therefore, it can be said that the
urgent implementation of a more effective seismic code is critical.

5 Disaster management in Taiwan

5.1 Disaster management system in Taiwan

Taiwan’s disaster risk-management system progressed rapidly
after the 1999 Chi-Chi earthquake. After the earthquake, the
Disaster Prevention and Response Act (DPRA) was enacted as the

FIGURE 11
Severely tilted soft and weak story building (Yun Men Tsui Ti Building)
in the 2018 Hualien earthquake.

first basic disaster-related law. According to the DPRA, the disaster
management system consists of several government levels: Central,
Municipality/County, and Township, as shown in Figure 12. Each
level of government is required to establish a Disaster Prevention
and Response Council (DPRC), which is responsible for making
and implementing relevant disaster management policies and plans.
Under the DPRA, not only government officials but also the armed
forces, military corps, NGOs, and community organizations are
included in the comprehensive emergency management network.
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FIGURE 12
The disaster management system of the Taiwan government.

In this framework, each level of government is tasked with
developing its own local disastermanagement plans. However,many
local governments have been unable to develop comprehensive
plans due to a lack of human and financial resources. Therefore,
when a devastating disaster occurs, these local governments still
rely on support and resources from the central government. At
the same time, the local government immediately activates the
Emergency Operations Center (EOC) as the command center
during emergencies and takes the lead in rescue efforts, among
other actions. (Tso et al., 2011).

After Typhoon Morakot in 2009, the Office of Disaster
Management (ODM) was established to oversee and implement
emergency management-related policies and ensure efficient policy
implementation. They are also responsible for coordinating relevant
disaster management agencies (Chuang and Ho, 2021). Taiwan’s
disaster management system is divided into three levels: central
government, country or city, and township.

The IRIDeS group visited the Hualien Fire Department Office
on 6 August 2024, to learn about the local government’s disaster
response efforts. The unique aspect of the coordination mechanism
at the local level was that, in addition to the local government
agencies deeply involved in relief efforts, academia and NGOs
were also part of it, and each stakeholder understood its role.
Academia provides information collected using the latest science
and technology, while NGOs regularly offer relief assistance and
training programs to government officials. They participated in
regular coordination meetings to exchange information, and a
network and partnership was established among these stakeholders
before the disaster occurred. In an emergency, it is common
for stakeholders involved in relief activities to meet each other
for the first time, and it takes time to understand each other’s
roles, capabilities, and methods of working together. To enable

prompt and effective relief activities, it is crucial to establish
a network and coordination mechanism that regularly includes
various stakeholders, as is practiced in Taiwan. This approach has
broadened collaboration beyond government agencies to include
academia and NGOs.

5.2 NGOs in Taiwan and the role and
activities in disaster response and recovery

NGOs play an essential role in assisting governments during
disasters, especially in the recovery process, as they can operate at
the grassroots level with high operational flexibility and address
the needs of the most vulnerable groups (Tsai et al., 2022).
The government cooperated with large-scale NGOs in Taiwan
to facilitate post-disaster reconstruction programs after Typhoon
Morakot. Construction after the typhoon was outsourced to large-
scale NGOs, such as the Buddhist Compassion Relief Tzu Chi
Foundation (Tzu Chi), with the local government’s support to
save money and time, as these NGOs received huge public
donations (Tsai et al., 2021).

The Mustard Seed Mission (MSM), the oldest social service
organization in Taiwan, collaborated with bus and truck companies
to send supplies fromwestern Tainan to eastern Taitung.Meanwhile,
the Tzu Chi Foundation, headquartered in Hualien, activated
its disaster relief response team within 45 min and implemented
emergency response protocols at the Hualien Tzu Chi Hospital,
providing blankets and financial aid to survivors and smaller
organizations. Within the hour, the Chinese Christian Relief
Association (CCRA) rushed to the most affected areas and
established evacuation centers in a school, a park, and a gymnasium.
Each organization leveraged its unique strengths and allocated
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tasks efficiently. The CCRA, with experience running a food
bank, collected and distributed water and food, setting up its
mobile kitchen to prepare additional meals for victims. World
Vision collaborated with the Taiwan Fund for Children and
Families (TFCF), another smaller NGO on the island, to establish
children’s care centers. These actions highlight the organizations’
swift response times and their commitment to understanding
their strengths and working together to respond effectively during
disasters. Peace Winds Japan sent an emergency support team,
including nurses, coordinators, and other personnel, to Hualien to
assess support needs and distribute essential supplies (CFE-DM and
University of Maryland School of Public Policy, 2024).

The Tzu Chi Foundation is one of Taiwan’s largest NGOs, and
plays an active role in many of the country’s disaster response and
recovery efforts. It was founded in 1966 by a Taiwanese Buddhist
group. With more than 80,000 volunteers, Tzu Chi has mainly
focused on humanitarian activities, such as education, humanities,
and disaster reconstruction (Tsai et al., 2021).

In the case of the Hualien earthquake, as with other disasters,
Tzu Chi collaborated with various organizations and agencies to
deliver prompt emergency assistance to those in affected areas. Tzu
Chi volunteers quickly distributed relief supplies, including eco-
blankets, temporary beds, partitions for shelters, tents, drinking
water, energy drinks, hot meals, and emergency financial assistance.
Additionally, Tzu Chi established operations at the Hualien County
Government Disaster Response Center, making it the only civilian
organization to do so. Tzu Chi worked alongside the authorities and
other NGOs to provide comprehensive support to affected residents
and assist in frontline rescue efforts (Lewis, 2024).

After the 2018 Hualien earthquake, the Tzu Chi Foundation
and the Hualien County government signed a memorandum
of cooperation to strengthen disaster preparedness and relief
capabilities. Similar agreements were established with Hualien and
the townships of Xincheng, Xiulin, and Ji’an. As a result, many
officials attended evacuation and shelter training courses organized
by Tzu-Hao (2024). During the 2024 earthquake, Tzu Chi provided
shelter spaces equipped with privacy booths, folding beds, and
blankets to ensure the comfort and privacy of displaced residents
at Huaren Junior High School. The disaster response and shelter
exercises conducted by Tzu Chi and the Ji’an Township Office prior
to the disaster enabled prompt and effective assistance. To minimize
the impact of disasters, it is crucial to conduct regular drills and
training during normal times (Tzu-Hao, 2024).

5.3 Characteristics of the NGO in Taiwan

The IRIDeS group visited the Tzu Chi headquarters in Hualien
on 6 August 2024, to meet the staff who play a crucial role in
disaster relief and recovery and learn about the organization and its
activities. From the interviews, four key characteristics of Tzu Chi
were identified that distinguished it from the other NGOs.

1) They support startups in industries or are directly involved
in their operations to self-source the technology and goods
required for disaster response and recovery. When performing
reconstruction work to provide new houses to affected people,
engineers can be provided within their own organizations. Tzu

Chi created a system that allowed him to be self-sufficient in
most of its work.

2) To provide prompt assistance during a disaster, they
coordinated with the Taiwanese government in advance and
agreed on the division of responsibilities. For instance, when
building reconstructed housing, the government provides the
land free of charge, whereas Tzu Chi constructs buildings at its
own expense.

3) Tzu Chi had a large number of high-quality volunteers. They
provided two-year training courses to the volunteers, and
without finishing these courses, they were not allowed to work
as volunteers. This ensured that Tzu Chi maintained high-
quality volunteers, leading to a high standard of assistance.

4) Tzu Chi placed particular emphasis on the quality of its relief
work. For example, only warm meals were served and tents
were provided to shelters to ensure privacy.

These four characteristics worked effectively in the Hualien
relief efforts after the 2024 earthquake, showing that collaboration
with NGOs and governments enabled the provision of high-quality
assistance in a timely manner. It is rare to find NGOs in Japan that
collaborate closely with the government and industries, while also
having a large number of volunteers ready to assist in the event of a
disaster. The repercussions of climate change are expected to increase
the frequency and intensity of natural hazards. In this context, it is
crucial that Japan’s current disaster response mechanisms be adapted
to ensure the timely provision of necessary and effective assistance.
Given Japan’s decliningpopulation and aging society, individualsmust
take greater responsibility for their own disaster preparedness, rather
than relying solely on government support. Furthermore, enhancing
collaboration between government entities, NGOs, industries, and
academic institutions could improve the efficiency and timeliness of
disaster response efforts. The model implemented in Taiwan serves
as a valuable reference point for Japan. It is essential to explore
a new collaboration and disaster response model by strengthening
partnerships between governments and NPOs/NGOs.

6 Tourism (Taroko National Park)

6.1 Damage in the Taroko National Park

Taroko National Park is approximately 10 km north of Hualien
(Figure 1). It is one of the most popular tourist sites in Taiwan,
featuring a 600 m-deep, steep, and narrow gorge that has formed
due to erosion by the Liwu River and heavy rainfalls. Landslide
and flooding hazards in the Taroko Gorge have been identified
and assessed (Petley, 1998).

The maximum horizontal PGA recorded at Station ETL in
Taroko National Park was 1,665 gal, which was more than three
times greater than that recorded in Hualien City (station HWA,
525 cm/s2) (Chou et al., 2024). This is in contrast to the 2018
Hualien earthquake, which caused more intense shaking in Hualien
City than in Taroko National Park (Figure 1). The intense shaking
during the 2024 earthquake triggered 25 roadside landslides
(including rockfalls and rockslides) in the park (Chang et al.,
2024; Petley, 2024b). At least 12 sections of Highway No. 8, which
passes through the park, were severely obstructed by rockfalls
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and landslides, requiring the deployment of rescue personnel and
heavy machinery for clearance operations (National Science and
Technology Center for Disaster Reduction, 2024).

The landslides killed 17 people (out of a total death toll of
18), isolated more than 600 people over 3–4 days, and trapped 30
people in an open-cut tunnel for 30 h inside the park (Chang et al.,
2024). The trapped individuals were rescued by helicopter missions
and ground rescue teams, which were equipped with search and
rescue dogs (National Fire Agency, Ministry of the Interior, 2025).

It was fortunate that the earthquake occurred at 7:58 a.m.
on a weekday. The impact would have been much greater if the
earthquake had occurred during the day on a holiday.

6.2 Tourism and disaster safety

Visitor safety is a top priority in tourism. Disasters at
tourist sites can have severe, and sometimes prolonged, impacts
on tourism. Consequently, the relationship between disasters
and tourism has attracted considerable research attention
(Cioccio and Michael, 2007; Jiang et al., 2019; Kuri et al., 2018;
Rosselló et al., 2020; Shimizu et al., 2023).

Although the nature of the hazards is distinctly different,
disasters caused by unpredicted volcanic eruptions, particularly
those related to fallouts near the eruptive vent, are actually quite
similar to the one that occurred in Taroko National Park. In both
cases, visitors enter areas where, whether aware or not, there is a risk
of death or serious injury. In recent years, tragic incidents such as the
2014 Mount Ontake eruption in Japan and the 2019 White Island
eruption in New Zealand have resulted in tourist fatalities (Erfurt,
2022). A common factor in these accidents is that the victims were
caught during small-scale phreatic eruptions, which are difficult
to predict. To make volcano tourism safer from sudden eruptions,
adequate emergency shelters are essential (Erfurt, 2022). In Japan,
following theMountOntake disaster, the installation of such shelters
was reinforced under government initiative.

In Taroko National Park, landslides and rockfalls similar to
those triggered by the 2024 earthquake are expected to occur
unpredictably in the future given the inherent unpredictability
of earthquakes. This situation is comparable to that of active
tourist-visited volcanoes, where visitors enter zones with possible
unpredictable hazards. Safety measures implemented in volcanic
areas can offer valuable insights into enhancing safety protocols at
landslide- and rockfall-prone tourist sites.

7 Conclusion

We conducted a survey on Taiwan’s disaster resilience focusing
on the 2024 Hualien Earthquake. We confirmed that the relatively
limited losses and damage, despite the earthquake’s magnitude, were
primarily due to the moderate shaking intensity and the timing
of the event, which resulted in fewer tourists being present in
Taroko National Park. We also observed measures and systems
implemented in Taiwan that are likely to significantly reduce losses
and damage in the event of more catastrophic earthquakes in the
future. The findings in this survey are summarized as follows:

The damage caused by the 2024 Hualien earthquake (ML: 7.1)
was not significantly greater than that caused by the 2018 Hualien
earthquake (ML: 6.2) despite the clear difference in magnitude. This
is mainly because of the features of earthquakes and the geological
features of Hualien, which generally have favorable soil conditions.
The hypocenter depth of the 2024 earthquake was greater than
that of the 2018 earthquake, which was accompanied by a shallow
rupture on an active fault adjacent to Hualien City. The PGVs of the
2024 Hualien earthquake were considerably smaller than those of
the 2018 Hualien earthquake, which had directivity effects.

Earthquake-resistance measures in Taiwan are generally
considered highly standardized. It is well prepared with seismic
monitoring networks and early warning systems that enable quick
responses, such as rescue and decision-making, in post-earthquake
situations. During the 2024 earthquake, these systems enabled
the timely dissemination of seismic intensity data, providing a
basis for informed decision-making. Taiwan’s seismic code was
revised in 2022 to include provisions for soft and weak first-story
buildings. Nevertheless, this type of building was still damaged in
the 2024 Hualien earthquake. The provisions for soft first-story
buildings in Taiwan’s seismic code are expected to gradually take
effect in the coming years.

The response to the 2024 Hualien earthquake clearly
demonstrates the critical importance of prior coordination and
its role in enabling a rapid response and high-quality support.
These are based on strong coordination and prior preparation
among various stakeholders, including the government, NGOs,
and academia, as well as a high level of personnel training in these
sectors. The effective disaster response in Taipei, New Taipei and
Hualien during the 2024 Hualien earthquake was led by the Disaster
Response Center based on a predesigned framework and rapidly
shared seismic information. These operations ensured the safety
of the residents and expedited their return to normalcy. The Tzu
Chi Foundation, an international NGO headquartered in Hualien,
also contributed greatly to evacuation, shelter management, and
evacuee care in severely affected areas. Taiwan’s readiness for
support from domestic organizations and international NGOs is
a significant strength.

Taroko National Park, located near Hualien City, was the site
of most fatalities in the 2024 Hualien earthquake. The earthquake’s
timing on a weekday morning mitigated its overall impact. The
unpredictable nature of the landslides in Taroko National Park
highlights the need for proactive safety measures. This could be
inspired by protocols used in volcanic regions to protect visitors,
such as emergency shelters introduced after the volcanic eruption
of Mount Ontake in Japan in 2014.
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