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Abstract

On January 20th of 2025, a Mé.4 earthquake struck the Dapu area in southwestern Taiwan. The event caused
damage in Chiayi County and Tainan City, particularly in Nanxi District, where surface deformation was anticipated.
In response, we conducted a rapid geodetic survey to investigate coseismic displacement fields from GNSS

and InSAR observations. The result indicates surface displacements of up to several centimeters without visible
interferogram discontinuity. To assess the fault slip, we applied a half-space dislocation model to evaluate two
possible fault planes: a west-dipping and an east-dipping fault, both derived from the AutoBATS focal mechanism.
Additionally, we analyzed pre-seismic surface deformation by using GNSS and InSAR time series data. Our findings
reveal a high shortening rate (>35 mm/yr) across the western foothills at this latitude without an obvious velocity
gradient around the epicenter. These results enhance our understanding of the fault dynamics in southwestern
Taiwan and highlight the critical role of geodetic data in seismic hazard assessments.
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1 Introduction

The M6.4 Dapu earthquake struck the Dapu area of Chi-
ayi, southwestern Taiwan, on January 20, 2025. This event
impacted Chiayi County and Tainan City, with the high-
est shaking observed in the Nanxi and Yujing districts of
Tainan City (Wu et al. 2025). A few buildings and roads
near the epicenter were damaged (Ou et al. 2025). The
real-time fault plane solution from the Auto Broadband
Array in Taiwan for Seismology (AutoBATS) (Jian et al.
2018) (https://tecdc.earth.sinica.edu.tw/FM/AutoBATS/)
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identified the mainshock as a thrust-faulting event with a
strike oriented approximately SSW-NNE with a moment
magnitude (Mw) 6.04 and a depth of ~ 10 km.

According to the active fault map from the Taiwan
Geological Survey and Mining Management Agency
(GSMMA), several active faults are near the epicenter,
including the Koushiaoli and Tsochen faults, which are
located west of the epicenter. This region surrounding
the epicenter primarily consists of Yunshuichi Formation
and Chunlun Formation (Lin and Chen 2016). The earth-
quake occurred at the depth of ~ 10 km, likely below the
detachment in this region (e.g., Yang et al. 2010; Le Béon
et al. 2024). While a deeper structure has been proposed
in this area (Mouthereau et al. 2001), the depth of this
event suggests that the earthquake may occur on a less
well-understood structure. To analyze the surface defor-
mation associated with the earthquake, we processed
geodetic data including Global Navigation Satellite Sys-
tem (GNSS) and interferometric synthetic aperture radar
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(InSAR) before and after the earthquake and estimated
fault slip distribution using a half-space dislocation
model. We also calculated the pre-seismic surface veloci-
ties to examine the interseismic deformation.

2 Data and methods

In this study, we estimated the coseismic displacements
using GNSS and InSAR data. In collaboration with
GSMMA, we collected and processed the GNSS and
InSAR data before and after the earthquake. By using the
surface displacements, we employed a simple fault model
to estimate the slip distribution and analyzed the pre-
seismic deformation near the epicenter.

We computed coseismic displacements from GNSS
data by calculating the difference of average coordinates
between pre- and post-earthquake. To provide a rapid
assessment, we collected raw data from all available
continuously-recording GNSS stations across Taiwan
three days after the earthquake. Data processing was per-
formed using GipsyX software (Bertiger et al. 2020) with
rapid broadcast ephemeris. To have the rapid calculation,
the pre-earthquake average coordinates were calculated
from January 13, 2025, at 00:00:00 to January 20, 2025, at
16:17:00, while post-earthquake averages were calculated
from January 20, 2025, at 16:17:30 to January 23, 2025, at
23:59:30. The coseismic displacements were obtained by
subtracting the pre-earthquake from the post-earthquake
values.

For InSAR-based coseismic displacements, we applied
the differential InSAR (DInSAR) technique using Sen-
tinel-1 single look complex (SLC) images from both
ascending and descending tracks, processing with SNAP
software (ESA Sentinel Application Platform v10.0.0,
http://step.esa.int) developed by the European Satellite
Agency (ESA). The ascending images from frames 68
and 74 (path 69) were acquired on January 9 and Janu-
ary 21, 2025, while the descending images from frame
514 (path 105) were collected on January 11 and January
23, 2025. Interferogram generation involved merging the
two frames of the ascending images, removing the topo-
graphic phase effects, and conducting the multi-looking
and Goldstein filtering before phase unwrapping. The
same workflow, excluding the merging step, was used for
the descending image. The combination of line-of-sights
(LOS) displacements from both ascending and descend-
ing directions allowed conversion into the east-west and
vertical displacement components.

To estimate the pre-seismic surface deformation, we
analyzed 10 ascending L-band ALOS-2 SAR images
acquired between February 18, 2016, and May 5, 2022.
The interferometric processing was performed using
ISCE 2 software (Rosen et al. 2012) along with the
MintPy software (Yunjun et al. 2019) for the small
baseline subset (SBAS) InSAR time series analysis and
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ionospheric phase removal. Tropospheric phase removal
was further addressed using GACOS (Yu et al. 2018), and
pixels with coherence below 0.6 were discarded. The LOS
deformation rates over the six years were geocoded for
the comparison with ground-based GNSS observations.

For fault slip distribution inversion, we constructed two
finite fault models with 9 x 9 grids, which was constrained
by the focal mechanism solution from AutoBATS. There-
fore, the dip angles of the two possible fault planes were
fixed in the model. Moreover, the fault size was designed
based on the area with significant surface displacement
in the DInSAR results. We considered two fault mod-
els: (1) a west-dipping fault plane with a dip angle of 60°,
extending 34 km along the strike and 23 km along the
dip, and (2) an east-dipping fault plane with a dip angle
of 32°, extending 37.8 km along strike and 37.7 km along
the dip. The coseismic displacements from GNSS in the
three directions and the unwrapped LOS displacements
from DInSAR were used as inputs for the inversion. For
the InSAR data, we cropped the image around the study
area and employed the quadtree downsampling method
to decrease the number of observations. We set at least
8 x 8 quadtree boxes and a threshold of 0.0075 degrees
to downsample the InSAR-derived displacements and
calculated the mean value in each patch. We reduced
the number of pixels from ~4.6 million to 74 pixels in
the descending orbit and from ~4.9 million to 55 pixels
in the descending orbit. Fault slip was resolved using an
elastic half-space dislocation model (Okada 1985) with
the non-negative least square (NNLS) method.

3 Results

3.1 Coseismic displacements from InSAR

The InSAR-derived coseismic displacements in the
ascending and descending orbits are concentrated in the
Nanxi district, southwest of the epicenter, with a radial
decrease outward, consistent with the GNSS observa-
tions (triangles in Fig. 1c and d). The largest LOS dis-
placements reached 5 cm in the descending track and
7 cm in the ascending track (Fig. 1c and d). The conver-
sion of LOS displacements into the east-west and vertical
components revealed minor differences between InSAR
and GNSS estimation, suggesting a significant portion of
the surface displacements in the north-south direction.
Based on the conversion results, the maximum uplift
of approximately 4-5 cm was observed in the Nanxi
(Fig. 1f), while the most east-west displacements ranged
from 3 to 4 cm westward (Fig. 1e).

3.2 Coseismic displacements from GNSS

The coseismic displacements in Fig. 2a and b indicate
that the station near the epicenter experienced hori-
zontal displacements of approximately 1-2 c¢m, with the
largest horizontal displacement of 2.3 cm northeastward
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Fig. 1 (a) The ascending and (b) descending wrapped interferogram. We unwrapped the (c) ascending and (d) descending results to the LOS displace-
ments. Then, we converted the line-of-sight (LOS) direction displacements to (e) east-west and (f) Up-down displacements. The most significant displace-
ment area in our results is located in the Nanxi area. Green beach ball represents the focal mechanism of the main shock. The black line represents the
GSMMA active fault line. KHLF: Kouhsiaoli fault; ZCNF: Tsochen fault
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Fig. 2 (a) The horizontal and (b) vertical direction of GNSS coseismic displacements (black arrows) and modeled data (white arrows). Data uncertainties
are black circles and blue bars for the horizontal and vertical directions, respectively. Dark red line represents projected fault line on the surface. Color
patches are model fault slip on the west-dipping fault plane. Color dots are LOS displacements with quadtree resampling in the (c) ascending and (d)
descending orbits, and the forward model displacements in the (e) ascending and (f) descending orbits. The light red line represents the active faults from

the Geological Survey and Mining Management Agency
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Fig. 3 (a) The horizontal and (b) vertical direction of GNSS coseismic displacements (black arrows) and modeled data (white arrows). Data uncertainties
are black circles and blue bars for the horizontal and vertical directions, respectively. Dark red line represents projected fault line on the surface. Color
patches are model fault slip on the east-dipping fault plane. Color dots are LOS displacements with quadtree resampling in the (c) ascending and (d)
descending orbits, and the forward model displacements in the (e) ascending and (f) descending orbits. The light red line represents the active faults from

the Geological Survey and Mining Management Agency

recorded at the TAPU (Dapu) station. Stations farther
from the epicenter generally exhibited displacements of
less than 1 c¢cm. In the vertical direction, most stations

near the epicenter showed an uplift trend, with a maxi-
mum vertical displacement of approximately 2.3 cm at
TAPU.
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ages. Color dots represent the LOS surface velocities converted from the GNSS surface velocities at each GNSS station

3.3 Slip inversion

Our preliminary models provided two sets slip distri-
butions for the two possible fault planes. The model
results showed that the west-dipping fault has a good fit
to GNSS (Fig. 2a and b) and InSAR data (Fig. 2c and f).
The west-dipping fault model indicates that the coseis-
mic slip (Fig. 2a) was primarily concentrated at depths
of 7-16 km and extended 15.1 km along the strike, with
a maximum slip of approximately 13.5 cm. The primary
slip distribution concentrated in the Nanxi District,
Tainan City, is consistent with the most affected area
observed in GNSS and InSAR data. The modeled seis-
mic movement with 1.102 x 10'¥Nm corresponds to an
Mw 5.96 earthquake.

For the east-dipping fault plane inversion, the model
also exhibited a good fit near the epicenter in GNSS
(Fig. 3a and b) and InSAR data (Fig. 3c and f), but the
far-field displacements for the east-dipping result pre-
sented poor fitting. The model showed that the main-
shock slip (Fig. 3a) was primarily concentrated at a depth
of 5-12 km and extended 21 km along the strike. The
event resulted in approximately 13.9 cm of slip. Similar to
the west-dipping result, the primary slip distribution was
also located at Nanxi District, Tainan City. The modeled
seismic movement with 9.729 x 10'"Nm corresponds
to an Mw 5.92 earthquake.

The slip inversion using GNSS and two-directional
InSAR data indicates that the west-dipping fault yields a
slightly lower root-mean-square (RMS) error of 4.78 mm
compared with 4.91 mm for the east-dipping fault. In
addition, by comparing aftershocks (Fig. S2), we found
that the slip distribution for both fault planes showed a
good match with aftershock seismicity.

3.4 Preseismic deformation

To characterize surface deformation before the 2025
Dapu earthquake, we analyzed GNSS data from 24 con-
tinuously operated GNSS stations spanning from 2017
to 2024. These stations, distributed over an east-west
distance of ~30 km (Fig. 4a), capture a crustal shorten-
ing rate exceeding 35 mm/yr. Vertical velocity differ-
ences (Fig. 4(b)) between major active faults, such as the
Liuchia Fault and Kouhsiaoli Fault, highlight the high
deformation rate during this period.

The LOS velocity pattern (Fig. 4(c)) derived from the
ALOS-2 images is consistent with the GNSS observa-
tions. The LOS velocities across the mainshock area
exhibit a few millimeters of shortening but lack a distinct
boundary of deformation rate change. This supports the
hypothesis that the earthquake was likely triggered by a
deeper fault and is not associated with any mapped active
faults.

4 Summary

We analyzed geodetic data including GNSS and InSAR,
to investigate fault geometry and slip distribution for the
2025 M 6.4 Dapu earthquake in southwestern Taiwan.
We present the results of slip inversion for two possible
fault planes, which shows fault motion below the detach-
ment with a slightly better fit on the west-dipping fault.
GNSS and InSAR data from 2017 to 2024 reveal a high
crustal shortening rate (> 35 mm/yr) near the main active
faults but no significant velocity discontinuity near the
epicenter. This suggests that the earthquake was likely
triggered by a buried fault at depth and not associated
with any mapped active faults. These findings improve
our understanding of subsurface fault structures in
southwestern Taiwan and underscore the importance
of integrating geodetic data for refining seismic hazard
assessments in the region.
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