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ABSTRACT
The Mw 6.3 Meinong earthquake, which struck southern Taiwan on February 6, 2016, was
investigated by local earthquake professionals and US NSF-sponsored Geotechnical Extreme
Events Reconnaissance (GEER) members to document the geologic/geotechnical earthquake
effects. US/Taiwan reconnaissance team members utilized unmanned aerial vehicles (UAV) and
modern photologging methods including Structure-from-Motion (SfM) and Image-Based
Modeling (IBM) techniques that reconstruct 3D surfaces to create seamless, high-resolution digital
elevation models (DEM), photomosaics, and oblique imagery designed for timely detailed
geomorphic mapping. No evidence of ground surface rupture was encountered during postearthquake investigations of the Meinong earthquake, however, Interferometric Synthetic
Aperture Radar (InSAR) data revealed vertical displacement and uplift of over 12 cm across the
Taiwan Western Foothills as well as distinct uplift of over 10 cm within the Guanmiao Hills west
of the Guanmiao Valley. This previously unrecognized feature, now labeled the Guanmiao Fault,
was examined using two UAV’s taking stereoscopic aerial photographs of an approximately 7 km
long and ½ km wide area along the identified lineament over the course of less than one day. The
images were then processed using SfM and IBM techniques to create the 3-D DEM which allowed
for timely mapping during the limited GEER reconnaissance. The sharp displacement lineament
was interpreted as a west-dipping, N-S trending fault approximately 10 km long.
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ABSTRACT
The M w 6.3 Meinong earthquake, which struck southern Taiwan on February 6, 2016, was
investigated by local earthquake professionals teamed with US NSF-sponsored Geotechnical
Extreme Events Reconnaissance (GEER) members to document the geologic/geotechnical
earthquake effects (GEER, 2016[1]). US-Taiwan reconnaissance team members utilized
unmanned aerial vehicles (UAV) and modern photo-logging methods including Structure-fromMotion (SfM) and Image-Based Modeling (IBM) techniques that reconstruct 3D surfaces to create
seamless, high-resolution digital elevation models (DEM), photomosaics, and oblique imagery
designed for timely detailed geomorphic mapping.
No evidence of ground surface rupture was encountered during post-earthquake investigations of
the Meinong earthquake, however, Interferometric Synthetic Aperture Radar (InSAR) data
supplied by the JPL-Caltech Advanced Rapid Imaging and Analysis (ARIA) project provided
important evidence for vertical ground displacement associated with the Meinong earthquake. The
InSAR data revealed vertical displacement and uplift of over 12 cm across the Taiwan Western
Foothills as well as distinct uplift of over 10 cm within the Guanmiao Hills west of the Guanmiao
Valley. Geologic reconnaissance revealed a sharp N-S trending displacement lineament separating
the area of uplift (Guanmiao Hills) and the down-dropped Guanmiao Valley. UAV imagery
provided the base for a 3-D DEM created with SfM software to more accurately examine the
geomorphic and geologic characteristics along this sharp geomorphic lineament (scarp) and
determine that the uplift is likely fault rather than fold related.
This previously unrecognized feature, now labeled the Guanmiao Fault, was examined using two
UAV’s taking stereoscopic aerial photographs of an approximately 7 km long and ½ km wide area
along the identified lineament over the course of less than one day of field reconnaissance. The
images were then processed using SfM and IBM techniques to create the 3-D DEM which allowed
for timely mapping during the limited GEER reconnaissance. The sharp displacement lineament
was interpreted as a newly recognized west-dipping, N-S trending (Guanmiao) fault approximately
10 km long along the western margin of the Guanmiao Valley.
_________________________
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Introduction
The February 6, 2016, Mw 6.3 Meinong earthquake occurred in southwest Taiwan near the major
cities of Tainan, Chiayi, and Kaohsiung, which all sustained significant damage. Southwest
Taiwan is an area with a high rate of West-Southwest crustal shortening and associated seismicity
resulting from the oblique convergence of the Philippine Sea Plate and Eurasian Plate. The recent
Meinong earthquake produced significant damage to nearby cities, especially when compared to
other ML>6.0 inland earthquakes, which typically produced only minor damage. Historically,
there have been 22 damaging earthquakes in Taiwan during the last century. The ML>6.0
earthquakes that are occur relatively routinely in southwest Taiwan, including the February 6,
2016, Meinong earthquake, are typically located at moderate depths ranging between 12 and 27
km on developing faults that are “blind” and do not reach the ground surface but are often
manifested as folds that uplift the ground surface as part of the western fold and thrust belt.
The limited amount of time for field reconnaissance following an extreme event such as a
damaging earthquake, often does allow for sufficient exploration of critical features or remote
areas that may have experienced deformation or secondary earthquake effects. By utilizing UAV
imagery to supplement our field reconnaissance we were able to more effectively accomplish the
purpose to the GEER mission which is “to systematically collect perishable post-disaster data that
can be useful in advancing our understanding of extreme events (e.g., earthquake, tsunami,
hurricane, landslide, or flood) when they happen. Detailed mapping and systematic surveys of
damaged areas provide the core data of well-documented case histories that drive the development
of many of the empirical procedures used in geoengineering practice.” (GEER, website [2]) The
UAV data provided the base for 3-D DEM’s created with SfM software to more accurately
examine the geomorphic and geologic characteristics of numerous features, including the
Guanmiao fault described below, following the 2016 Meinong earthquake.
Guanmiao Fault UAV and Geologic Reconnaissance
No conclusive evidence of surface rupture from the Meinong earthquake was observed or reported
along any geologic structures in southwest Taiwan. However, Interferometric Synthetic Aperture
Radar (InSAR) data supplied by the JPL-Caltech Advanced Rapid Imaging and Analysis (ARIA)
project provided important evidence for vertical ground displacement associated with the Meinong
earthquake. The InSAR data show vertical displacement and uplift of over 12 cm across the
Western Foothills as well as distinct uplift of over 10 cm within the Guanmiao Hills west of the
Guanmiao Valley (Figure 1). A sharp N-S trending displacement lineament separating the area of
uplift (Guanmiao Hills) and the down-dropped Guanmiao Valley, was examined using two UAV’s
taking 100’s of stereoscopic aerial photographs of an approximately 7 km long and ½ km wide
area along the identified lineament over the course of approximately 4 hours. UAV imagery
produced a 3-D digital elevation model (DEM) with Structure-from-Motion (SfM) and ImageBased Modeling (IBM) techniques that reconstructed the 3D geomorphic lineament. This
modeling was done in the evening in less than 2 hours and allowed for the reconnaissance to utilize
the data in the field before deploying. The DEM allowed for targeted reconnaissance to more
accurately examine the geomorphic and geologic characteristics along the scarp. This feature,
which has now been labeled the Guanmiao Fault, was previously unidentified but its location and
relation to ground deformation associated with the 2016 Meinong earthquake is important for
understanding the resulting earthquake effects and damage patterns.

Figure 1. Interpreted InSAR image showing the Guanmiao fault and uplift of the Western
Foothills Fold and Thrust Belt; see Figure 1 for cross section (courtesy of M. H.
Huang and JPL-Caltech Advanced Rapid Imaging and Analysis [ARIA] project); the
Sentinel-1 image contains Copernicus data.

Figure 2. UAV DEM of Guanmiao fault (GEER, 2016; lower image). Upper image shows
oblique view to northwest along Guanmiao fault scarp with location indicated.

Figure 3. Image from a 3-D virtual fly-by created along the Guanmiao fault (red) with
Structure-from-Motion (SfM) and Image-Based Modeling (IBM) techniques
that reconstruct 3D surfaces.
Conclusions
The combination of satellite (InSAR) and UAV collected aerial imagery following the 2016
Meinong earthquake allowed the GEER team to cover and document a larger area and a more
abundant variety of important data that may not have been recorded otherwise during the limited
field reconnaissance. The high resolution imagery and resulting 3-D digital elevation models
(DEM) created with Structure-from-Motion (SfM) and Image-Based Modeling (IBM) techniques
allowed for near real-time map production and targeted field reconnaissance. In addition to
investigating the Guanmiao fault, UAV imagery was utilized to document lateral spreading
features from the Rixin Levee along the Tseng-wen River, collapsed buildings near Tainan, and
remote liquefaction features. The accessibility and the capabilities of UAV collected data for
remote sensing following extreme events continue to develop but the practical applications for
geologic and geotechnical studies make this technology important for any future reconnaissance.
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