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Abstract

After the 2025 M6.4 Dapu earthquake, the Agency of Rural Development and Soil and Water Conservation
(ARDSWCQ) identified 29 coseismic landslides using Sentinel-2 and PlanetScope satellite imagery. Two-thirds of
these landslides occurred south of the epicenter, indicating a likely southward rupture. These landslides are

found to (1) locate in areas where PGA exceeded 250 cm/s? and PGV over 17 cm/s (2) occur on 30° to 50° slopes,
often on southeast- to southwest-facing aspects. Dip slopes and the reactivation of historical landslides were key
contributing factors. Although satellite imagery detected fewer landslides than other earthquakes with comparable
magnitude, our field surveys revealed numerous fresh landslide scarps in areas with PGA over 400 cm/s? and

PGV around 30 cm/s. Our analysis provides useful information of coseismic landslide behaviors and the triggering
factors in the Dapu event. These findings highlight the importance of detailed post-earthquake landslide mapping
and field investigations, which provides key information for advanced hazard mitigation plans for seismically
affected regions in preparation for the upcoming rainy season.

Keywords Dapu earthquake, Coseismic landslides, Directivity effect, Topographic site effect, Earthquake legacy effect

1 Introduction

The M6.4 Dapu earthquake struck southwestern Taiwan
on January 20, 2025, at 16:17 (UTC). The hypocenter
was at 23.22°N, 120.55°E with a focal depth of 15.8 km,
according to the earthquake archived report from the
Central Weather Administration (CWA) (https://scweb
.cwa.gov.tw/zh-tw/earthquake/details/20250121001726
64007). The focal mechanism from the AutoBATS CMT
Catalog (Jian et al. 2018; Heidbach et al. 2022) (https://tec
dc.earth.sinica.edu.tw/FM/AutoBATS/) revealed that the
Dapu earthquake was a thrusting-faulting event. Recent
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studies indicate that the regions southwest of the epicen-
ter experienced the largest coseismic slip, with maximum
slip of 27.9 ¢cm on the fault plane (Lee et al. 2025a), and
7 cm line-of-sights (LOS) displacements from inter-
ferometric synthetic aperture radar (InSAR) (Lee et al.
2025b). Wu et al. (2025) also showed that the southwest-
ern region experienced the strongest ground shaking
with PGA over 400 cm/s® and PGV above 30 cm/s.
Furthermore, this region is highly overlapped with
the Geologically Sensitive Area with Landslide from the
Geological Survey and Mining Management Agency
(GSMMA), which means that this area is at high risk of
being affected by landslides. Thus, detailed investigation
of the geological hazards after the Dapu earthquake is
important because coseismic landslides often cause sig-
nificant economic loss and pose serious threats to human
life (Keefer 1984). Studies have shown that a magni-
tude 6.4 earthquake is capable of triggering quite a few
coseismic landslides (Malamud et al. 2004; Tanyas and
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Fig. 1 (See legend on next page.)
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Fig. 1 Distribution of the coseismic landslides of the 2025 M6.4 Dapu earthquake. a Relationship between coseismic landslides and ground motions.
The contour line of PGA and PGV is derived from Wu et al. (2025). Yellow squares represent the location of the 29 coseismic landslides from the ARDSWC.
White arrows indicate the looking direction and location of the field photos. b 1:50,000 Geological Maps of Taiwan's river basins (2013) in southwestern
Taiwan. Black lines represent fault traces and red lines are fold axes. Dashed lines indicate the inferred traces or axes. Fm. is the abbreviation of formation;

Sh.is shale; Ss. is sandstone

Lombardo 2019). To mitigate the potential geological
hazard following an earthquake, it is important to accu-
rately identify the location of each landslide and monitor
regions at high risk of further landsliding, especially dur-
ing the rainy season. Additionally, recent studies (Hail-
emikael et al. 2016; Rault et al. 2020) point out the critical
role of geological conditions in determining the response
of mountainous terrain to seismic shaking.

In this fast report, we utilize the coseismic landslides
inventory of the Dapu earthquake compiled by the
Agency of Rural Development and Soil and Water Con-
servation (ARDSWC) to investigate key triggering fac-
tors of the coseismic landslides. A field survey was also
conducted to assess the in-situ conditions of severely
affected mountainous areas, with the aim of proving rec-
ommendations for hazard mitigations.

1.1 Data analysis process

To detect coseismic landslides associated with the Dapu
earthquake, the ARDSWC used the pre-event Sentinel-2
(Date: Dec. 20, 2024) and post-event PlanetScope (Date:
Jan. 21, 2025) and Sentinel-2 (Date: Jan. 24, 2025) satel-
lite imagery. The mainshock information and the after-
shocks catalog (Jan. 21 to Jan. 24) were obtained from the
CWA website, while the mainshock focal mechanism was
achieved from AutoBATS CMT Catalog (Jian et al. 2018;
Heidbach et al. 2022). The Peak Ground Acceleration
(PGA) and Peak Ground Velocity (PGV) values are based
on Wu et al. (2025). Average slope and slope aspect for
each landslide were derived using the “zonal statistics”
function built in QGIS with 5-m resolution DEM data
from the Department of Land Administration (DLA).
Additional factors such as lithology (e.g. Henriques et al.
2015), dip slopes (e.g. Guzzetti et al. 2008), historic land-
slides (e.g. Martino et al. 2022; Wei et al. 2024) were also
considered. We consulted the 1:50,000 Geological Maps
of Taiwan’s river basins (2013), and used QGIS WMS/
WMTS layers from the GSMMA to determine the geo-
logical context and whether the landslides were located
on dip slopes or within historic landslides zones.

1.2 Spatial distribution of coseismic landslides

The ARDSWC detected 29 coseismic landslides with a
total area around 101,550 m? in this event. Among these
landslides, 11 occurred north of the epicenter, while 18
were located to the south. In other words, about two-
thirds of the coseismic landslides were concentrated
in the southern region (Fig. 1), suggesting that the

fault rupture likely propagated southward. Such direc-
tional propagation may have produced stronger ground
motions in the southern area due to the directivity effect,
resulting in the concentration of the coseismic landslides
(Marc et al. 2017; Li et al. 2024). The distribution of these
landslides clustered in the southwestern region, indeed
corresponding to the areas with the largest coseismic slip
(Lee et al. 2025a, b) and the strongest ground shaking
(Wu et al. 2025).

Figure la shows that all the coseismic landslides
occurred in areas experiencing PGA over 250 cm/s? and
22 were in areas where PGA exceeded 400 cm/s?. Regard-
ing PGV, all 29 landslides occurred when PGV exceeded
17 cm/s, with 8 exceeding 30 cm/s. These findings are
consistent with Chang et al. (2024), who found that land-
slides triggered by the 2024 Hualien earthquake were
mainly concentrated in regions with PGA over 250 cm/
s? and PGV over 15 cm/s (i.e., the upper bound of seis-
mic intensity level 5+in Taiwan and the lower bound of
seismic intensity level 5- respectively). Our field surveys
also revealed that several small-sized landslides occurred
in areas with PGA exceeded 250 cm/s* and PGV above
17 cm/s, as well as many fresh landslides (scarps) below
the detection limit of satellite imagery in areas with
PGA exceeded 400 cm/s* and PGV was around 30 cm/s
(Fig. 2).

1.3 Analysis of coseismic landslides

In addition to the spatial distribution of coseismic land-
slides, we also analyzed the geological and geomor-
phological factors that influence landslides including
lithology, slope degree, slope aspect, dip slope and his-
toric landslides (Table 1; Fig. 3). In terms of lithology, the
landslides occurred across 7 different geological forma-
tions (Fig. 1b), based on stratigraphy from Shao and Kao
(2009): Miocene to Early Pliocene Tangenshan Sandstone
(Tn), Pliocene Yenshuikeng Shale (Ys), Pliocene Ailiao-
chiao Formation (Al), Pliocene Maopu Shale (Mp), Late
Pliocene to Pleistocene Chutouchi Formation (Ct), Pleis-
tocene Peiliao Shale (Pa), and Pleistocene Liuchunghsi
Formation (Lu). However, no clear relationship between
lithology and landslide distribution was observed
(Fig. 3a). Based on the Vs30 values from Chen et al.
(2022), all formations fall under the NEHRP category of
dense soil and soft rock, suggesting that the variations in
rock strength may not significantly affect landslide sus-
ceptibility in this region.
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Fig. 2 Field photos of areas highly affected by the Dapu earthquake. a Numerous fresh landslides (scarps) develop in southwestern mountainous re-
gions of Tsengwen Reservoir where PGA exceeded 400 cm/s? and PGV was around 30 cm/s b Coseismic landslides near the tourist center of Tsengwen
Reservoir. ¢ Local coseismic landslide cannot be detected from satellite imagery. We observed quite a few small-sized landslides in the boundary of PGV

between 17 to 30 cm/s during the field survey. d Two of the largest coseismic landslides next to the Nanhua Reservoir

Slope gradient analysis revealed that only 3 landslides
have an average slope lower than 20°, while the major-
ity occurred on slopes ranging from 30° to 50°, and even
5 had slopes exceeding 50° (Fig. 3b). This distribution is
consistent with the findings from the Chi-Chi earthquake
in 1999 (Lin et al. 2004, 2006), showing that coseismic
landslides tend to occur on steeper slopes, unlike rain-
induced landslides. As ground motion amplification is
expected to occur at ridge crests due to topographic site
effect (e.g. Geli et al. 1988; Meunier et al. 2008; Hartzell
et al. 2014; Khan et al. 2020), which explains the coseis-
mic landslides distribution regarding the slope degrees.

With respect to slope aspect, most landslides occurred
on southeast- to southwest-facing slopes, with none
on north- or northwest- facing slopes (Fig. 3c). Previ-
ous studies suggest that slopes facing away from the
epicenter experience greater shaking (e.g. Meunier et
al. 2008; Chen et al. 2019; Khan et al. 2020). Nonethe-
less, our findings only partially align with theirs: in the
southern region, southeast-facing slopes dominate, but
in the northern areas, coseismic landslides also mainly
occurred on the south-facing slopes oriented toward the
epicenter. In fact, Hartzell et al. (2014) demonstrated that
ground motions can be amplified in areas aligned with
the incoming seismic waves, regardless of whether the
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Table 1 Information of 29 coseismic landslides detected from satellite imagery before and after the Dapu earthquake

No.? Landslide Area (m?) E N PGA® PGV® Lithology® Avg.Slope (degree) Avg.Aspect Dip Slopes Historic Landslides
(em/s?) (cm/s)
1 1049.0 120474 23.333 250400 17-30 Lu 431%7.2 1633+236 no yes
2 3696.7 120,556 23.319 250-400 17-30 Mp 373+50 56.4+209 no yes
3 18483 120547 23313 250-400 17-30 Al 555+3.6 1936+79 no yes
4 22979 120.545 23313 250-400 17-30 Al 56.8+12.0 1838+214 no yes
5 1149.0 120560 23.305 250-400 17-30 Ct 498+7.6 2195+6.8 no yes
[§ 21481 120.551 23279 250-400 17-30 Ct 473%7.1 223.6+88 no yes
7 11989 120.547 23275 250-400 17-30 Al 53.0+3.0 2222+92 no no
8 5395.0 120515 23245 >400 17-30 Tn 358495 1807119 no yes
9 11489 120.514 23245 >400 17-30 Tn 306+3.2 176.0+4.1 no yes
10 2397.8 120.513 23.244 >400 17-30 Tn 343+48 1144+£188 no yes
M 29472 120.515 23243 >400 17-30 Tn 114+7.1 1446+656 no yes
12 2447.7 120.502 23209 >400 3049 Ct 46.0+9.7 2358+308 no yes
13 3147.2 120.555 23200 >400 30-49 Pa 299+75 260.8+£382 no yes
14 1761.7 120.576 23.180 >400 17-30 Al 494+47 1342480 yes no
15 2116.8 120.578 23.180 >400 17-30 Al 41.0£7.3 156.9+234  vyes yes
16 3204.9 120571 23.167 >400  17-30 Al 422+59 123.0+199 vyes no
17 1049.1 120.546 23.164 >400 30-49 Ct 526+16.2 166.2+285 no yes
18 1598.6 120.587 23.157 >400 17-30 Pa 41.0+£204 2351£318 no yes
19 1598.6 120579 23.155 >400 17-30 Ct 254+128 1983+748 no yes
20 11084 120.520 23.152 >400 3049 Ct 456+50 100.7£7.1 no yes
21 1204.4 120.562 23.151 >400 17-30 Al 47.7£24 1164+42 yes yes
22 1085.1 120550 23.144 >400 30-49 Tn 573+22 1284+57 yes yes
23 6743.8 120.533 23.144 >400 30-49 Ct 320+4.6 2025224 no no
24 2643.7 120489 23.128 >400  30-49 Pa 326+56 1345+225 no no
25 1325.8 120.502 23.126 >400 30-49 Pa 142+75 106.1£516 no no
26 31255 120.552 23.120 >400 17-30 Mp 423+107 131.1£404 no yes
27 1598.7 120613 23.111 >400 17-30 Ys 125+19 478+103 no no
28 13537.7 120.544 23.103 >400 17-30 Ct 332+53 1323+£233  vyes yes
29 269755 120.545 23.102 >400 17-30 Ct 31.8+3.0 1235+£289 vyes yes

2This table is arranged from north to south; Landslides No. 1-11 locate in the north of the epicenter

b The value of PGA and PGV is from Wu et al. (2025)
¢ See text for the full name of the rock formation’s abbreviation

slope faces toward or away from the epicenter, which may
explain our observations.

Apart from the interaction between incoming direction
of seismic waves and slope’s facing direction, pre-existing
weak surface is also an important factor. Guzzetti et al.
(2008) noted that landslides are more common with dip
slopes in areas where rocks are regularly bedded. The
catalog of dip slopes from the GSMMA shows numerous
dip slopes located in this region, while the geological pro-
files from Le Béon et al. (2024) show the presence of a
series of anticlines and synclines. Therefore, we infer that
the dip slope is a critical triggering factor in this area. The
spatial intersection between coseismic landslides and the
catalog reveals that 7 coseismic landslides were spatially
associated with dip slopes, accounting for nearly half of
the total landslide area (Fig. 3d), highlighting the role of
dip slope in landslide triggering. Finally, historic land-
slides also found to play a significant role (e.g. Martino et
al. 2022; Wei et al. 2024), as 75% of the mapped landslides

overlapped with historical landslide areas. This indicates
that the reactivation of pre-existing failures is also a key
mechanism (Fig. 3d).

1.4 Hazard mitigation plans

Compared to landslides inventories worldwide (e.g.
Malamud et al. 2004; Tiwari et al. 2017), the number of
coseismic landslides triggered by Dapu earthquake is
slightly lower than those associated with earthquakes of
similar magnitude. However, our field surveys revealed
that some fresh landslide scarps are below the resolu-
tion of satellite images (Fig. 2a and c), indicating the
actual number may be underestimated. Previous studies
have shown that seismic shaking can have legacy effects
in mountainous areas, as it temporarily lowers threshold
for triggering landslide (e.g. Shieh et al. 2009; Hovius et
al,, 2011; Tanyas et al. 2021), even from M5-6 earthquake
events (Martino et al. 2022). Furthermore, strong ground
motions can alter slope deformation behavior (He et al.
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Fig. 3 Relationship between critical factors, numbers and areas of coseismic landslides. a Lithology: Landslide count and affected area across seven geo-
logical formations—Lu: Liuchunghsi Formation, Pa: Peiliao Shale, Ct: Chutouchi Formation, Mp: Maopu Shale, Al: Ailiaochiao Formation, Ys: Yenshuikeng
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2024). The regions surrounding the Tsengwen and Nan-
hua Reservoirs (Fig. 3) were both highly affected by the
Dapu earthquake and now be in a destabilized state. If
the threshold for triggering landslides and debris flows
decreased, the functionality of these reservoirs could be
severely affected during the wet season, posing further
risks to the residents in this region. As a result, detailed
landslides mapping is essential to provide key informa-
tion for hazard mitigation plans and minimize the impact
of further geological hazards in southwestern Taiwan,
during the coming rainy season.

2 Summary

The M6.4 Dapu earthquake likely ruptured southward,
causing stronger shaking and more landslides in the
southern region. Most coseismic landslides occurred
in areas where PGA exceeded 250 cm/s* and PGV was
higher than 17 cm/s. Field observations also identified
fresh landslide scarps in areas with PGA over 400 cm/
s? and PGV around 30 cm/s, which were not detected by
satellite imagery. Topographic site effect contributed to
the distribution of landslides along the ridge crests, espe-
cially on slopes ranging from 30° to 50°. Dip slopes and

reactivated historic landslides were also major factors
contributing to the occurrence of coseismic landslides.
These findings provide critical insights into landslide
triggering mechanisms and support the need for detailed
landslides mapping and advanced hazard mitigation
plans in anticipation of the upcoming rainy season.
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