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The study on observation and extended
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The study on observation and extended application of

ground motions for landslides in Central Taiwan

Abstract

Disaster prevention and mitigation strategies for large-scale landslides have
turned to focus on the regional scale or slope scale. Strengthening various
observations for high-risk areas or slopes and revising the rainfall thresholds will
be continued. The seismic records can provide landslide-induced ground motion
signals and be used to locate the landslide, which helps to obtain the time and
location of the disaster, and it is used to analyze the rainfall conditions. This
project collated existing seismic stations in the central region and used continuous
seismic records to find ground motion signals with landslide characteristics. A
classification model for the ground motion spectrogram is built by the
convolutional neural network, and its recall rate for landslide signals is over 90%.
The classification model is applied to the seismic records from 2012 to 2020.
Finally, 36 landslides were detected simultaneously at at least 2 seismic stations.
A total of six landslide events were located in the central region. Two seismic
stations were set up in Lishan and Qingjing, and the classification model were
applied to detect the ground motion record during the heavy rainfall on October
16, 2022. The rainfall threshold about the large-scale landslides located in the
study area reveals the critical rainfall for triggering large scale landslide which
includes >547 mm of accumulative rainfall and >79 hours of rainfall duration.

These basic information about critical rainfall for large scale landslide will be



useful for preparing the operation of disaster prevention. The project has updated
the test system to provide the information of event area and volume after detecting
the landslide signal, and automatically send a brief report, which will be read by

the researcher before being released on the webpage.

Keywords: large-scale landslide, landslide quake, deep learning, machine

learning
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3 X 10°7 event 41 begins at 17.9343hr, and its duration is 41 sec
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Figure 20.3. K-means algorithin
e applied to a data set of 40 poiots.
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Using digital image correlation (DIC) for analyzing the evolution of
surface displacement in the debris flow valleys

Author : Ting-Yu Lin
Advisor : Guan-Wei Lin, Ph.D.
Department of Earth Sciences, National Cheng Kung University

SUMMERY

Debris flow is one of the common geohazard in Taiwan mountains. The existence of unstable
slopes in the catchment area is often the reason for the repeated occurrence of debris flow.
In order to effectively monitor the debris flow valleys, it is very important to use a macrozone
and rapid slope activity observation technology. In the study, high-resolution PlanetScope
imagery and digital image correlation analysis were used in debris flow valleys to analyze
the activity of slopes in the steam and the deformation in the source area. The Putapunas
River and Yusui River, the tributaries of the Laonong River, were selected as examples. The
digital image correlation analysis program COSI-Corr was used to analyze the surface
displacement from July 2016 to November 2021 within the two catchments. Then, the use
of time series inversion effectively improves the coverage of the displacement data and
reduces the uncertainty of the DIC results. According to the displacement and moving
direction, the movement behavior of the source area could be divided into several blocks.
A debris flow occurred in Yusui River on August 7, 2021. Using the surface displacement to
calculate the inverse number of the velocity to predict the failure time of the slope. The
predicted failure time coincides with the occurrence of the debris flow, showing that the
inverse velocity method can be used to predict the possible failure time of unstable slopes.

Key words: digital image correlation, debris flow, surface displacement, time series
inversion, inverse velocity
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INTRODUCTION

In Taiwan mountains, debris flow is a widespread geohazard. In the study, the Putunpunas
and Yusui rivers were selected to monitor the movement of the slope in debris flow valleys
using the digital image correlation method (DIC). Consequently, the time series inversion
was used to improve the quality of the DIC results, and the inverse velocity method was used

to predict the time of slope failure (Carla et al., 2017; Rose and Hungr 2007; Desrues et al.,
2019).

MATERIALS AND METHODS

The digital image correlation method (DIC) is an image processing and calculating technique
that has been increasingly popular in recent years for monitoring two-dimensional
displacement or deformation. The calculation method of DIC is to detect the deformation of
the speckle pattern between the pre-event image and the post-event image (Caporossi et al.,
2018). The COSI-Corr program, which is a DIC program use in the field of earth science,
was employed in this work for digital picture correlation analysis. Its operation is based on
the Fourier transform in the frequency domain (Leprince et al., 2007). A total of 21
Planetscope satellite optical images with a high resolution of 3 meters from July 2016 to
November 2021 were used for the digital image correlation analysis.

RESULTS

The Putunpunas river headwaters area can be separated into five active blocks based on the
results of the DIC analysis (Fig. 1). There has been a major increase in displacement in the
source area since early 2021 (Fig. 2). Furthermore, the Yushi river's headwaters can be
divided into five active blocks (Fig. 3). From February 2021, the overall displacement of all
blocks will significantly increase (Fig. 4). To predict the failure time of the Yushi river's
source area, the surface displacement is employed to calculate the inverse number of the
velocity (Fig.5). The predicted failure time corresponds to the actual time of the debris flow
on August 7, 2021, demonstrating that the inverse velocity approach can be used to estimate
the potential failure time of unstable slopes (Fig.6).
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Fig. 1 Surface displacement in the source area of the Putunpunas river
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Fig. 5 Analysis points for the inverse velocity method
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Fig. 6 The result of the inverse velocity method
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CONCLUSION

1. The purpose of this research is to evaluate the slope displacement in the source area of
debris flow valleys. The combination of the digital image correlation approach and time
series inversion can reduce the uncertainty of displacement estimate findings by taking
into account the weight of time, and missing data pixels can be filled.

2. In this study, long-term displacement monitoring was carried out for the debris flow
valleys' source area, and they were segmented based on movement behavior in the
headwaters. The success of the velocity inverse method in predicting the time of a
landslide also demonstrates the need of long-term surface displacement monitoring.
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Integrating LiDAR and InSAR techniques to explore
the geomorphological evolution of the Hongye landslide
Author : Suet-Yee Au

Advisor : Guan-Wei Lin, Ph.D., Rou-Fei Chen, Ph.D.
Department of Earth Sciences, National Cheng Kung University

SUMMARY

In September 2016, a landslide occurred on the western slope of Hongye Village
in Taitung County, causing rock debris to fall and damage the roads and houses there.
The study used high-precision airborne LiDAR to interpret collapse features, compare
linear structures, and calculate earth volume, while MT-InSAR provided surface
deformation information from 2015 to 2020 using ALOS-2 radar images. Finally, in
order to understand the changes in topography caused by the collapsed slope, a

geological model of the collapsed area was established, along with the main failure
mechanism. | ; |
N

It is evident from the study that airborne LiDAR resolution is essential for

tracing and mterpretmg the topographic features of the collapse and that DEM additive

analysis can enhance the three-dlmenswnal representatlon of the terrain, which helps

to objectively 1nterpret the terrain -and thus to understand the development of

microtopographic features and terrain evolution in the collapsed area. As early as eight
months before the collapse, a downward movement of the displacement was observed.
Also, there is an active block on the left side of the potential large-scale landslide slope,
which continues to move downward after the collapse. The previous survey

measurements helped to establish two- and three-dimensional geological models, and

the Hongye landslide was confirmed to be a dip slope failure.

Keywords: MT-InSAR, High-precision Airborne LiDAR, Large-scale Landslide,
Geomorphometry, Microtopography
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INTRODUCTION

In recent years. terrain stability has been adversely affected by extreme weather
patterns. It is particularly dangerous for lives and property when landslides occur. It is critical
to pay attention to the geological disasters caused by large-scale landslides (Di Martire et
al., 2017; Panek et al.. 2019; Nor Diana et al., 2021). We use multi-temporal InSAR in
combination with airborne LiDAR at the Hongye landslide to interpret micro-topographic
features of landslides caused by Typhoon Moranti in 2016 and evaluate their activity for the

first time. Finally, 2D and 3D geological models can be produced to explain the failure mode

of the Hongye landslide.

METHODS

An important analysis approach for long-term monitoring of surface deformation rate
is MT-InSAR, which can provide larg-scale and high-precision surface deformation data
rapidly. PS-InSAR and SBAS-InSAR are common multitemporal approaches, which
evaluate phase difference using time-domain correlation indicators and the two-dimensional
phase solution algorithms and complete the phase unwrapping step.By using TCP-InSAR,
we can avoid phase unwrapping and reduce calculation errors; produce PS and DS points
from the interference pair to improve image correlation; and evaluate surface activity using
only three radar image pairs (Figure 1). Thus, TCP-InSAR analysis and solution methods

differ from those used for other MT-InSAR techniques.

Coherence Index :
(o001 1111)

(111001 1)
/

Fig. 1 Generate PS and DS points (Liu et al., 2014)
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A-gtobal Delaunay triangutation was previously used in PS-InSAR. where it removed

the points with phase ambiguity and caused voids to be generated. which aflected the
correlation between the points. TCP-InSAR uses a regional Delaunay triangulation network,
but each pair of TCPs forms an Arc, which reduces the generation of voids and improves
point correlation (Figure 2). TCPs with phase ambiguity are eliminated by Arc to Arc

triangulation, then surface deformation rate is calculated using least squares (Figure 3).
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Fig. 2 Delaunay triangulation (Zhang, 2012)
(a) Global Delaunay triangulation network of coherent points;
(b) Network after removingarcs with phase ambiguities detected from (a)
(c) Local Delaunay triangulation network of coherentpoints
(d) Network after removing arcs with phase ambiguities detected from (c)
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Fig. 3 Least squares calculation of phase ambiguities exist (Zhang et al., 2011)
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RESULTS AND DISCUSSION

An analysis of the post-disaster landslide area using 0.5m high-resolution LiDAR
reveals varying topographical features and classifies the main structural topography.,
including main scarp. secondary scarp cliff, side scarp. erosion scarp, gully and sliding block
(Figure 4a). On the CS map. it is possible to trace the development of the gully in 8 years.
The gully was located at the belly of the slope in 2012, has now developed to a position near
the top of the slope in 2020. The CS map shows that the gully is widening with a constant
and ongoing process of downcutting. lateral erosion and headward erosion (Figure 4b). By
subtracting the elevation values of the DEM in 2012 and 2020, the result showed that the
landslide area is about 107.438 m?, which has reached the threshold of large-scale landslide
(10 ha) with ongoing collapses. The colluvium occupies an area of 45,274 m? with a total

volume of around 84,340 m® (Figure 4c & Table 1).

7 Muin scarp v

“=7 Secondary scarp cliff E

=T Side seurp

== Erusion scarp

= Gully
Post-lanslide Arca

Fig. 4 Geomorphometry and terrain analysis of post-landslide area

(a) the micro-topographic characteristics; (b)curvature difference: (c)earthwork volume

Table 1. Landslide earthwork volume estimation

Deposition Conservation
Area 107,438 m? (10.74 ha) 45274 m? (4.53 ha)
Volume 356,843 m’ 84.340 m’
\%
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It was evident from the surface activity before the slide that the displacement was
continuously downward (Figure 5). TCP-InSAR was observed the decline of the Hongye
landslide 8 months before Typhoon Moranti in September 2016. hence it is effective to use
TCP-InSAR to observe susceptibility trends in the Hongye landslide. In the aftermath of a
disaster, the vertical surface deformation is mainly rising, which means accumulation is
occurring. There are indications that residual colluvial deposits are gradually moving
downstream (Figure 6).
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Fig. 5 Box plot of accumulation deformation before landslide
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CONCLUSION

The study results indicate that the combination of MT-InSAR and high-resolution
airborne LiDAR can determine the topographic features of landslides and monitor surface
activities, making it an important analysis tool for the topography of landslides. Moreover.
both the attitude and the subsurface geological data are useful for understanding the failure

mode of Hongye landslides. The conclusions of this research are as follows:

1. As terrain interpretation has to be done manually, terrain parameters can enhance the
stereoscopic sense, topographic relief. and increase the objectivity of the terrain

analysis. In the meantime, the resolution plays a crucial role in understanding terrain.

o

TCP-InSAR revealed that the slope's overall surface activity shifted vertically before

the disaster, then gradually returned to stability after the disaster, and that other active

blocks with potential landslides were present .

3. Anearly real geological model was created based on the previous execution of ground

resistance. core hole, and attitude. The slope is further confirmed by attitude as a dip

slope failure type (Figure 7).
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Fig. 7 The stereographic projection of cleavage
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Disaster prevention and mitigation strategies for large-scale
landslides have turned to focus on the regional scale or slope scale.
Strengthening various observations for high-risk areas or slopes and
revising the rainfall thresholds will be continued. The seismic records
can provide landslide-induced ground motion signals and be used to locate
the landslide, which helps to obtain the time and location of the
disaster, and 1t 1s used to analyze the rainfall conditions. This project
collated existing seismic stations in the central region and used
continuous seismic records to find ground motion signals with landslide
characteristics. A classification model for the ground motion spectrogram
1s built by the convolutional neural network, and its recall rate for
landslide signals i1s over 90%. The classification model 1s applied to the
seismic records from 2012 to 2020. Finally, 36 landslides were detected
simul taneously at at least 2 seismic stations. A total of six landslide
events were located in the central region. Two seismic stations were set
up in Lishan and Qingjing, and the classification model were applied to
detect the ground motion record during the heavy rainfall on October 16,
2022. The rainfall threshold about the large-scale landslides located in
the study area reveals the critical rainfall for triggering large scale
landslide which includes >547 mm of accumulative rainfall and >79 hours
of rainfall duration. These basic information about critical rainfall for
large scale landslide will be useful for preparing the operation of
disaster prevention. The project has updated the test system to provide
the information of event area and volume after detecting the landslide
signal, and automatically send a brief report, which will be read by the
researcher before being released on the webpage.
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