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Reproduction of seismic waves caused by large sediment movements: Results of model experiments

fad B2 Ko BERe R HE—
Kazuo TSUTSUI Takaki SAKAGUCHI  Soichi KAIHARA
SeH B0 & P A R
Suguru SHIBATA Akito KANAZAWA Hiroaki

Abstract

BE RS AT BE
Yuta TANIDA Atsuhiko KINOSHITA
G SC A —

NAKAYA  Yoshifumi SATOFUKA Masamitsu FUJIIMOTO

Seismic sensor networks detect ground vibrations caused by the movement of large masses, predominantly at low frequencies of
1-3 Hz. We modeled sediment flow down a slope and measured ground vibrations in cases with and without a concrete wall at
the end of the slope. The sediment weight, amount of water, and presence of iron balls were varied, and the waveform and
amplitude spectrum were analyzed. As a basic, small-scale experiment, physical dissimilarities were not adjusted for.
Nevertheless, the ground vibration amplitude and low-frequency waves mimicked real-world seismic vibrations.
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Fig. 1 Schematic of the experimental flume
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Table 1 The experimental conditions
AR (ke)
Case FEBRG/MF T T BRER 7K
(5~10cm) (lcm)
1 10 10 0 20
2 20 20 0 20
2 P
3wl 30 30 0 20
4 30 30 15 20
5 10 10 0 20
6 B b 20 20 0 20
7 - 30 30 0 20
8 30 30 15 20
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Table 2 Timings of the largest amplitudes
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Fig. 3 Up and down components of the acceleration waveform
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The circle shows the waveform peak. The dotted line shows
when the flow started, entered the horizontal flume, and

ended.
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Fig. 4 Up and down components of the acceleration waveform

(Case 8)

The circle shows the waveform peak. The dotted line shows
when the flow started, hit the wall, and ended.
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Fig. 9 Fourier amplitude spectrum of Case 8
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STUDY ON THE HYDROLOGICAL CHARACTERISTICS OF
THE SLOPES WHERE CORE STONES ARE DISTRIBUTED
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In recent years, Sediment disasters have occurred frequently and cause serious damage. In particular,
debris flows due to shallow landslide have occurred in highly weathered granite distribution areas and
cause severe damage. In the case that weathered residual cores of the granite flows down, the damage may be
increased.

In order to reduce future damage, it is important to extract slopes that are at risk of shallow landslide.
When core stones are distributed on the surface of granite porphyry, the hydrological characteristics may be
different from those of general slopes.

In this study, we conducted an artificial rainfall survey on the slope of the granite porphyry distribution
area, and examined the rainwater infiltration process during rainfall. We conducted the survey on slopes with
and without corestone distribution and compared the results.

Key Words : core stones, shallow landslide, electric exploration, artificial rainfall
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Can Repeat LiDAR Surveys Locate Future Massive Landslides?

Mio Kasai

Abstract

2020 Kyoto Japan

This study examined a topographic indicator of a massive landslide that occurred in 2011 in the Kii Peninsula,
Japan. Assuming that the slope was deforming slowly based on surface roughening before the event, a
roughness filter, the standard deviation of the slope angle for 3-3 cells on a 1 m digital elevation model (DEM),
was used as a measure of change in the ground surface and calculated using light detection and ranging (LiDAR)
data for 2006 and 2010. The images produced from the survey data showed that a major crack had already
developed between a wide ridge and a lower undulating patch on the slope that subsequently became the head
of the slide. The cells in which the standard deviation increased by 0.39 to 2.32 between the surveys formed a
group of ripple-like features clustered in the area. The results indicate that repeat LiDAR surveys can help
identify slopes in imminent danger of sliding based on the location of progressive surface roughening.

Keywords

Repeat LiDAR surveys, Surface roughness, Massive landslide

the Kii Peninsula, Japan (Fig. 1), using LiDAR survey data
obtained in 2006 and 2010. The research question is,
whether repeat LiDAR surveys could locate future
massive landslides. The outcome of this study would
help with disaster-mitigation planning.

Introduction

Steep landscapes underlain by deeply weathered
bedrock, such as in the crushed zone in Japan, are prone
to massive landslides. Rock masses in this mountain
range move downward slowly, but are constantly
deforming the slope profile until an intense rainfall or
earthquake triggers rapid landsliding from the ridge top.
Because of their size, slides not only affect human lives,
properties, and infrastructure directly but also have
prolonged effects on daily lives and the economies of
local communities. For disaster-mitigation planning, it
is important to identify slopes in imminent danger of
collapse before a triggering event occurs, by locating
topographic signs of deformation. Using airborne light
detection and ranging (LiDAR) surveys, previous
research has demonstrated that key features are

Study area

The 0.75 km? study area (red triangle, Fig. 1) is located in
the Kii Mountains, a range underlain by crushed
Cretaceous mudstones and sandstones belonging to the
Shimanto Belt. The belt consisting of mildly
metamorphosed sedimentary rocks extends from the
Nansei Islands through Kyushu, Shikoku, Kii Peninsular,
Akaishi and Kanto Mountains to the Boso Peninsula in

undulating patches in which cracks and troughs develop,
wide, discontinuous ridges, bulging slope profiles, and
small landslides or rock falls at the foots of slopes
(Chigira et al., 2013). Because cracks and troughs form
rough ground, a surface roughness filter can be applied
to estimate the degree of slope activity (Kasai et al.,
2009). In reality, however, these features can be found
everywhere on topographic maps based on LiDAR
surveys, probably because once they form, they remain
until they erode away after the slope has stabilized.
Therefore, surface roughness estimated from a single
survey does not always indicate current slope activity.
However, repeated LiDAR surveys might identify slopes
in imminent danger of collapse. With the increasing
accumulation of survey data over the last two decades,
we can use the data to find dynamically changing ground
surfaces associated with massive landslides.

This study examined the change in surface
roughness of the slope before the 2011 Nagatono slide, on
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Japan (Taira et al., 1982). The landscape is characterized
by steep hillslopes averaging 37.5 degrees covered by
planted Cryptomeria japonica. An intense storm that
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Fig. 1 Study site and the Nagatono slide. The photograph was taken in 2011. LiIDAR surveys in 2006 and 2010
covered the area shown by a red triangle.
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Fig. 2 Hillshade image overlain by slope gradient and elevation maps (left) and slope distribution map (right)
produced by the 2006 LiDAR survey data. A wide ridge existed before the Nagatono slide (yellow arrow). A part
of an undulating patch was covered by each survey in 2006 and 2010 (enclosed in black). Enlarged images of the
areas of pink rectangles, I and II, are presented in Figs. 3 and 4.
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2006 2010 2012

Fig. 3 Enlarged images of the I and II areas (Fig.2), produced by the 2006, 2010 and 2012 LiDAR survey data. A
crack (I, enclosed in red dotted line) was evident particularly in the 2006 image before the Nagatono slide
(indicated by yellow arrow).

2010 2012 2017

Fig. 4 Cells with standard deviations that increased by 0.39 to 2.32 from 2006 to 2010 (colored in red) on the
topographic maps of the I and II areas, produced by the 2010, 2012 and 2017 LiDAR survey data. Longitudinal
profiles of the sections from lines A and B (colored in brown) are presented in Fig. 5. The crack marked in Fig.3 is
traced in blue. A group of ripple-like features (e.g. black arrow) appeared over the undulating patch (enclosed in
black dotted line). The Nagatono slide collapsed from the edges indicated by the cells (yellow arrows) in 2012 and
had progressed to another edge (green arrows) by 2017.

triggered several massive slides in the region brought
more than 1,300 mm of rainfall from September 1-4 in
201 at the Kazeya metrological station 10 km from the
site (Nara local meteorological office, 201). The mean
annual precipitation at the station was 2,400 mm from
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1978 to 2019. The Nagatono slide started from a wide
ridge (indicated by a yellow arrow: Fig. 2) connected to
an undulating patch underneath it (Fig. 2: encircled in
black). The slope angles of the patch were largely below
35 degrees (Fig. 2). The total area of the slide was 220,700
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Fig.5 Longitudinal profiles of the smoothed surfaces
of 10 m sections from lines A and B (Fig. 4).

m2, and it yielded 4.1 million m3 of debris (Chigira et al.,
2013). LiDAR surveys in 2006 and 2010 covered half of the
slope that eventually formed the slide (Fig. 1), offering an
opportunity to examine the topographic change before
the event. The data resolution in 2006 was finer than
that in 2010 (Fig. 3). The average point density of the
former was 3.34 points/m?, while it was 0.38 points/m>
for the latter.

Methods

The resolution of LiDAR data usually differs between
surveys, particularly in mountainous regions due to
slope steepness and dense vegetation cover, both of
which limit the number of ground points. To reduce the
effects of the resolution difference on the analyses, the
surface was first smoothened using local polynomial
interpolation of the ground points on ArcGIS, with a
semi-axis of 10 m and smoothing factor of o0.1. Then the 1
m DEM of the smoothened surface was used to estimate
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Fig.6 Cells with standard deviations that increased by
0.39 to 2.32 from 2006 to 2010 (colored in red) and
clusters of the cells on the 2011 photographic image.
Black arrows: clusters possibly resulting from coarse
ground points. Green arrow: a cluster believed to
reflect the real surface change associated with the
Nagatono slide. The area of a yellow rectangle is
presented in Fig.7.
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the surface roughness at the time of each survey. This
study used the standard deviation of slope angle for 3-3
cells as a roughness filter, as proposed by Frankel and
Dolan (2007). An increase in the value means that the
location became bumpier after 4 years. After selecting
the range of increase in the value that represents
dynamic change in the ground surface, the spatial
density of the cells in this range within a 50 m radius was
calculated to find clusters of such cells. Finally, the
clusters were examined to determine whether they could
predict the Nagatono slide.

Results and Discussion

The appearance of a major crack running underneath
the wide ridge in the 2006 image (Fig. 3) was evidence
that the Nagatono slide had already started to move at
least 6 years before the event. Therefore, careful
examination of high-resolution topographic maps can
help identify slopes that are imminent dangers. The



crack was also recognizable in the 2010 image, albeit less
clearly than before (Fig. 3). It is difficult to estimate the
progress of slope deformation between the surveys with
images only. By contrast, cells with standard deviations
that increased by 0.39 to 2.32 during the period appeared
as a group of ripple-like features along the crack and
troughs (e.g. black arrow, Fig. 4) over the undulating
patch (enclosed in black dot line, Fig. 4). Over the 4
years, the longitudinal profile of the smoothed surface of
line A on the slope at the head of the Nagatono slide also
changed more noticeably than that of line B on the slope
where little happened in 20m (Figs. 4 and 5). In 2012, the
Nagatono slide collapsed from the edges indicated by
the cells (yellow arrows, Fig. 4). By 2017, the slide had
progressed to another edge on the ridge top (green
arrows, Fig. 4). These combined results suggest that an
increase in the standard deviation of the slope angles of
neighboring cells, estimated from repeat LiDAR surveys,
can show the progress of slope deformation and help
locate future massive landslides and determine their
extent.

However, careful review of the images is required,
because the wrong surface texture may be produced if
there are only a few ground points. While Fig. 6 shows
that clusters of cells covered the slope where the
Nagatono slide occurred, the coarse resolution of the
2010 image in the area at the flank of the slide (Fig. 7)
prevented the confirmation of slope activity before the
event. Alternatively, the cluster may not be related to the
occurrence of the slide; other clusters resulting from the
coarse resolution of data are also seen on the map (black
arrows, Fig. 6). Those clusters could not be eliminated
after smoothing the surface, and the presented method
needs improvement for dealing with coarse datasets. In
comparison, the cluster at the top of the slope, which
became the head of the slide (green arrow, Fig. 6), was
believed to reflect the real surface change, as indicated
above. Clusters were also seen around streams. These
should be ignored when trying to identify the locations
of massive landslides, as progressive slope deformation
usually does not allow a stream network to develop.

Conclusion

This study detected topographic changes that predicted
the 2011 Nagatono slide from LiDAR surveys done in
2006 and 2010. The results suggest that a cluster of cells,
indicative of a roughing surface, estimated from repeat
LiDAR surveys, can predict future landslides,
particularly when they appear on an undulating patch on
a wide ridge. The increased standard deviation of the
slope angle for 3-3 cells in a 1 m DEM proved to be a
useful indicator of dynamic surface change. With
higher-resolution LiDAR data, slopes that are urgent
concerns can be identified more correctly, helping to

7

Fig.7 Topographic map produced by the 2010 LiDAR
survey data for the area shown in Fig. 6 (yellow
rectangle). Sparse ground points resulted in false
ground texture, affecting the value of the roughness
filter (e.g. indicated by arrows).

prepare for massive landslides during the next triggering
event to mitigate associated disasters.
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