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The mechanism of the deep-seated landslide in Kuridaira District using the airborne

electromagnetic survey and the groundwater level data
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Examination of landslides detection technique and sediment-

sand observation technique
by image analysis

Suguru Shibata*?, Taku Yamada*!, Toshiaki Kotake*!, Atsuhiko Kinoshita*?, Tsuyoshi
Ikeshima*3, Tasuku Mizutani*3 and Sadakazu Matsumoto*?

*1 Kiisan Sabo Office, Ministry of Land, Infrastructure, Transport and Tourism, Japan

*2 National Institute for Land and Infrastructure Management, Ministry of Land, Infrastructure, Transport and Tourism, Japan

*3 Nippon Koei Co., Ltd., Japan

At present, image monitoring is required to identify and confirm landslides and sabo facilities from CCTV
and on-site cameras. In addition, a contact-type method in which a turbidity meter is installed in the river is
still the mainstream method for measuring the turbidity of a river, which is important information for the
observation of sediment flow. There are many situations in which turbidity meters are washed away or
destroyed by sediment during large scale floods.

In order to solve these problems, we developed an image analysis system that automatically analyzes image
changes associated with landslides and facility deformations using information from camera images
installed in the field, and notifies operators. In addition, we analyzed an image of a river and observed
numerical values and brightness in the RGB color system. Based on this, the application range of image
analysis in sediment observation was organized based on the correlation between image information, river
turbidity, water level, and hydrophone pulse value, and we aimed to develop a new method for using image
analysis. We also worked on improving the video of shooting in the dark and in the rain.

We have found that the R value increased when the sediment movement became active. In particular, we
proposed that the timing when the value of R / B exceeds 1 is set as the threshold when sediment movement
becomes active in this case.

Key words: Image analysis, image difference method, system development, turbidity, sediment transport

observation

1. BACKGROUND & PURPOSE

Although natural dams, slope failures, and river
flooding are monitored by CCTV and on-site
cameras, it is impossible for humans to monitor for
24 hours. In addition, the current cameras are
installed in many places, but there are many
situations where the camera’s performance cannot be
fully exhibited due to various obstacles such as
nighttime darkness, rain, and fog, and it cannot be
said that it is fully utilized.

Based on this background, we have optimized the
images and improved them so that sufficient

information can be obtained in any situation. In
addition, we automatically send alerts from camera
images to evacuate residents and construction
workers. The main purpose of this research is to
connect it to safety measures.

As a concrete content of the research theme, it has
been pointed out that the R value, which value
indicates red color in RGB color system increases
and the brightness changes drastically during debris
flow in the existing research, but what value is really
given for issuing an alarm etc. We considered
whether it was suitable.



2. OBSERBATION SITE
The map in the jurisdiction of Kiisan Sabo
Office is shown. Within this jurisdiction, this study
was observed in the Akatani, Nagatono, Kuridaira,
lya, and Nachikawa areas. In this presentation, we
will focus on the image analysis performed on the
lya area,Akatani area and Nagatono area.
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Figure 1 observation site in Kii Peninsula

3. OBSERVATION METHOD

We analyzed the response of RGBL values and
Sediment hydrological observation data for June 26
~July 4 when significant water discharge occurred
during the observation (photographing) period.
About the relationship between HP / turbidity and
RGBL values Study was carried out.

Figure 2.1 Image analysis of Kumano River

At the same time we also performed image analysis
of the landslide slopes in the Akatani and Nagatono
districts. Specifically, in the Akatani area, we
examined methods for detecting collapse and facility
deformation by image analysis, and in the Nagatono

area, we extracted the problems of the existing CCTV
and examined countermeasures. Both studies were
based on the improvement of existing cameras.

Figure 2.2 Slope collapse in Akatani area

Figure 2.3 Slope collapse in Nagatono area

4. RESULT OF FLOODING ANALYSIS

First we talk about river flooding. When turbidity
increases, R is superior to B. The ratio of R and B
may be an indicator. Although the brightness may
increase at night, it is difficult to separate it from
rainfall and turbulence. The value of R is always
higher for standard colors than for water. The ratio of
red (R) on the water surface to standard red (r) may
be an indicator.

If the ratio of red to blue (R / B) on the water surface

is arranged, it responds to fluctuations in turbidity.
When turbidity rises, R / B> 1 continues.
At present, there is still a lot of possibility of
fluctuation and it is necessary to accumulate data. R
/ B is simple and versatile as a turbidity detection
index, but for the time being it needs to be handled as
a trigger for data and CCTV image confirmation.



To improve the hit rate, a combination suchas R / r
approaching 1 is required. ( For example, R / B> 1
and R/r>0.8t00.9)

Table 1 Each measured value in lya River

5. RESULT OF SLOPE FAILURE IMAGE
ANALYSIS

We extracted the problems of the existing CCTV
and examined the countermeasures. Several
methods have been used to improve the image during

10

rainfall.

The development of an image processor integrated
with a surveillance camera has greatly improved the
sharpness of images at night, and the visible range
such as collapsed areas has also been greatly
expanded. Furthermore, retroreflective materials and
solar lights were used to improve the lack of
illumination. In order to reduce environmental noise
in image sharping, correction of weight balance and
analysis of phase change were perform.

In Akatani and Nagatono, there are significant

Normal image

Figure 5.1 Image sharpening processing at Nagatono

restrictions on video transmission, so local analysis



processing is required. Therefore, instead of an
approach based on dynamic detection technology, a
detection approach based on image difference with a
small calculation load and a track record of operation
was selected.

Figure 5.2 Investigation of collapse and deformation detection

In the observed image of Kuridaira, the image
difference in normal time is always about 10% due to
the change of flow conditions. However, when the
river channel collapses, the value of the image
difference reaches 25%.Therefore, in this case of
Kuridaira, collapse can be detected by setting the
threshold to 25%.

Table 2 Transition of image difference

In this study, we devised various ways to reduce
false detections. First, image analysis was performed
in real time for each frame constituting the camera
video. The frame can be set freely, and the precise
collapse can be detected by setting the frame finely
for the part to be detected. Secondly, the pattern
matching process was used to convert the color and
position variation of the image into numerical data
with respect to the reference image. By making
numerical data, it became possible to clearly set the
criteria for the occurrence of collapse. Therefore, in
this study, we developed a system that sends an alarm
considering that an abnormality such as a disaster has
occurred by recognizing an image fluctuation rate

11

exceeding a specified value.
6. CONCLUSION

The threshold was set to R / B> 1 from the analysis

results in the lya area. Since the threshold value
varies from place to place, it is necessary to
accumulate and review data individually for the
setting. In conclusion, it can be said that the
technology developed in this study has enabled
detection of sediment production from monitoring
images of mountain streams and rivers.
Finally, the main results of this research are
summarized. In image analysis, we showed the
usefulness of setting indicators and thresholds using
RGB values for river runoff (turbidity) and using
them as detection criteria. In addition, regarding the
detection of slope failures and facility deformations,
it was recommended to set the image fluctuation rate
using differential analysis of still images and to set
the threshold value of the image fluctuation rate. By
generating an alert when this threshold is exceeded,
continuous visual monitoring will be reduced and the
burden on the field will be reduced. In addition, with
regard to the image processing system, by developing
a system that processes and analyzes images
transmitted from the field in real time, presents a
certain solution to issues such as lack of light
intensity at night and poor visibility during rainfall.
As future work, it is necessary to accumulate more
data. At the same time, thresholds and system
optimization are required. Specifically, the
frequency, scale, and monitoring system of the
collapse will change depending on the collapse site,
S0 it is necessary to change and verify the threshold
according to the site for practical use
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LANDSLIDE DETECTION METHOD BY INSAR ANALYSIS
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The landslides, triggered by torrential rain due to Typhoon Talas in 2011, caused enormous casualties
and huge economic losses on the Kii peninsula. It is important to detect landslide activity at an early stage
in order to reduce such damage. In this study, we used InNSAR analysis images using ALOS-2 data to
detect landslides in the area. 3D-GIV analysis was also used for comparison. And then, based on the
detection findings, we conducted field surveys in order to support our findings. As a result, we have
confirmed that this method was effective. However, there was a possibility of missing slope movements
with this method alone.

Key Words : InSAR, ALOS-2, 3D-GIV, landslide detection, slope movement
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THE PROPOSAL OF THE RISK ASSESSMENT METHOD FOCUSING ON THE
GEOLOGICAL STRUCTURE AND THE HYDROLOGICAL CHARACTERISTICS
ON THE SLOPE WHERE THE GEOLOGICAL BOUNDARY EXISTS

PRI PR - p RSt - e BCaAt - R BRI - B RS -
AF B B B - R B aisd

Tomoki ENOHARA, Tomoki SAKIYAMA, Takehiro SAKAGUCHI, Akihiro KISHIHATA, Yasutaka
TANAKA, Atsuhiko KINOSHITA, Kohei NOIKE, Makoto MATSUZAWA and Katsushi KAWATO
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In the Nachi River basin, the shallow landslides and the debris flows occurred by the heavy rainfall from
Typhoon Talas in 2011. This basin is characterized by the existence of geological boundaries, which is
considered to be one of main causes of the landslides.

In this study, we conducted geophysical and hydrological surveys to make it clear. First, we conducted
airborne electromagnetic survey. Second, the groundwater level was observed using the boreholes. The
surveys were conducted on landslide occurred and not occurred slopes and the results were compared.
Third, we conducted hydrological observation of the surface soil layer near the geological boundary using

the tensiometers and the soil moisture meters.

As a result, we have found that both the drainage characteristics and the distribution of resistivity were
different on the two slopes. We have also found that geological boundaries affect hydrological behavior.
Key Words : shallow landslide, geological boundaries , hydrological survey,
airborne electromagnetic survey
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Landslide Detection by INSAR Method Analysis and Its
Range of Reach

Tomoki SAKIYAMA*!, Tomoki ENOHARA!, Akihiro KISHIHATA!, Takaki SAKAGUCH]I !
and Atsuhiko KINOSHITA?

*1Wakayama Sabo Research and Education Institute, Japan

2 Sediment Disaster Prevention Technology Center, Kinki Regional Development Bureau Ministry of Land, Infrastructure,
Transport and Tourism, Japan

The landslides triggered by torrential rain by Typhoon Talas in 2011, caused enormous casualties and huge
economic losses in the Kii Peninsula. It is important to detect landslide activity at an early stage to reduce
such damage. In this study; we used InSAR images using ALOS-2 data to detect landslides in the Kii
Peninsula. 3D-GIV analysis was also used for comparison. Based on what was detected, we conducted field
surveys on 10 sites to support our findings. As a result; we have detected approximately at most up to 8
cm/year with the minimum of approximately 200 x 200 m in scale of slope movements. However, there is a
possibility of overlooking slope movements with this method alone.

Key words: INSAR, ALOS-2, 3D-GIV, landslide detection, slope movement

1. INTRODUCTION

The landslides triggered by torrential rain by
Typhoon Talas in 2011 caused many casualties and
great economic losses in the Kii Peninsula. To
mitigate such damage, it is important to forecast risk
slopes for landslides in advance and take measures
according to the situations. At present, for
forecasting the risk slopes over large areas, remote
sensing techniques such as airborne laser surveys
that capture topography information [e.g. Homma et
al. 2015] and airborne electromagnetic surveys that
obtain  underground information are being
investigated [e.g. Kinoshita et al. 2019]. These
methods have the advantage; that the risk slopes can
be forecast with high accuracy. However, the cost is
high and the time-frame for conducting the survey is
limited. Synthetic Aperture Radar Interferometry
(INSAR) is another option to supplement these
methods. INSAR is a technology that identifies
ground surface displacements by comparing two or
more Synthetic Aperture Radar (SAR) images of the
same area acquired at different times. This
technology is advantageous as it is inexpensive and
a wide range of satellite images can be obtained
regularly, etc. Until now, many studies have
captured landslide movements by InSAR J[e.g.
Kamiyama et al. 2015]. However, there are
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insufficient studies that have verified and compared
the accuracy of ground deformation analysis results
using airborne laser survey data and InSAR analysis
results. The aim of this study is to detect slope
movements in the Kii Peninsula, using InSAR
images on a trial basis. In addition, detection results
by ground deformation analysis using airborne laser
survey data are compared to confirm the accuracy
and reach.

2. SURVEY METHODS

Firstly, slope movements were detected using
INSAR images, which were analyzed by the
Geospatial Information Authority of Japan (GSI)
from ALOS-2 raw data of the Japanese Aerospace
Exploration Agency (JAXA). These images were
released by GSI to the relevant organizations free of
charge on their website. INSAR data pairs used for
detection were 26 data pairs with ascending orbits
and 28 data pairs with descending orbits in high
resolution mode, obtained from 2014 to 2018. The
detections were made by visual observation using
the following criteria:

(1) Interferometric fringe patterns that show slope
movement corresponding to slope units

(2) Interferometric fringe distribution range
consistent with the topography causing slope
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Fig. 1 Comparison of detection results of INSAR and
3D-GIV. W~ on the map show the field survey
locations.

movement

(3) Interferometric fringes occurring in multiple data
pairs

(4) No contradiction between the line-of-sight
direction and the direction of slope movement

(5) No artificial terrain modification is seen in
satellite images.

Secondly, 3D-Geomorphic Image Velocimetry
(3D-GI1V) analysis was performed to detect slope
movements in order to compare with the detection
results of InSAR. 3D-GIV is a method for
determining the three-dimensional vector of the
ground surface displacement, by means of matching
and analyzing digital geomorphic images created
from multi-temporal data of airborne laser surveys.
Lastly, based on the above results, 10 sites were
selected in consideration of the scale of movements,
access to the site, and field surveys conducted (Fig.
1). In the field survey, along with the detection
results, microscopic terrain interpretation images,
depicted based on the aerial laser survey data were
used as a guide, and signs of movement appearing
on the slope were visually confirmed. In addition,
Global Navigation Satellite System (GNSS) surveys
were performed and compared with the detection
results of INSAR.

3. SURVEY RESULTS AND DISCUSSION
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Table 1 GNSS measurement results of Kamiakitsu
1st Obs.2013/03/05-2nd Obs.2019/1/22-23

Observation Horizontal Direction of
points disp lacements(m) disp lacements
P-1 0.502 Eastern
P-2 0.455 Eastern
P-3 0.304 Eastern
P-4 0.325 Eastern

From the INSAR images, 116 slope movements (of
which 26 were multiple pairs) were identified. In
addition, 141 slope movements were identified on
the 3D-GIV images (Fig. 1). The survey results of
the 10 sites where the field survey was conducted
are as follows:

3.1 Kamiakitsu, Tanabe City

On this site, the INSAR images from 2014 to 2018
fringe patterns indicating slope movements were
confirmed from 7 pairs of images. In the analysis of
Jun. 20, 2016 and Jun. 5, 2017 pair, the slope
movements up to about 8 cm in the line of sight
were seen from the color patterns (Fig. 2). The
target slope is a landslide slope with approximately
650 x 500 m in size of the area. In the field survey,
signs indicating slope movement such as the
deformation of the farm road pavement near the top
and the shallow landslide at the bottom end were
found, which were almost consistent with the
movement range read from the InSAR images. In
addition, as a result of calculating the displacement
amount from Mar. 5, 2013 to Jan. 23, 2019 by
GNSS survey, an eastward displacement of up to
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Table 2 GNSS measurement results of Miyai
1st Obs.2014/11/20,21-2nd Obs.2017/10/26

Observation Horizontal Direction of
points displacements(m) disp lacements
p-2 0.109 Northeastern

P-3 0.127 Northeastern

P-8 0.241 Northeastern

P-9 0.212 Northeastern
P-10 0.157 Northeastern

0.502 m (approximately 8.5 cm / year) was
confirmed (Table 1). The movement tendency was
almost consistent with the result of the InSAR
analysis.

3.2 Miyai, Shingu City

On the InSAR images from 2015 to 2018, fringe
patterns indicating slope movements were
confirmed from 5 pairs of images. The slope
movements approximately up to 8 cm in the line of
sight were seen from the color patterns (Fig. 3). In
contrast, 3D-GIV detected a group of vectors

showing ground surface displacements of
approximately up to 1.5 m in the four years from
2013 to 2017 (Fig. 4). The wvector group

the detection results of
INSAR because the direction and range of
movement are almost consistent with those that
could be read from the INSAR images. In addition,
only this site could be detected by both methods
among the target sites of the field survey. On this
slope, there is a track record of a GNSS survey by
the forest restoration project. From the GNSS
measurement results in Nov. 2014 and Oct. 2017, it
was P-8 with the largest displacement being 0.241
m (8.2 cm / year) in the northeast direction (Tab. 2).

considerably supports
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Fig. 5 3D-GIV image of Kanayama

Fig. 6 The effects on the slope of Kanayama

In contrast, it was approximately 8 cm / year in the
line of sight (eastward) in the INSAR images, and
the movement trends of both were almost the same.

3.3 Kanayamatani, Nachikatsuura Town

On this site, 3D-GIV detected a group of
south-facing vectors showing ground displacements
approximately up to 1.5 m between 2012 and 2017
(Fig. 5). The target slope is a landslide block with
approximately 70 x 100 m in size of the area. In the



Table 3 Survey results

Confirmatio  Estimated

Slope
Detected by Detected by n of effects scale of slope P

Site N
inclination

Site Names

NO INSAR 3G-GIV in field movements -
direction
surveys (m)
@ Kamiaktsu N/A W650 L500 E
3GNSS v v
@  Fushiogami v x v W200 L200 NW
(3 Dainichiyama v x x W400 L400 E
Miyai
@ . v v v W330 L800 NE
HGNSS
® Mukui x v v W400 L500 E
@  Shirilentani x v v W100 L100 NE
kawa
@ Kanayamatani < v v W70 L100 s
lkawa
® Terao v N/A v W270 L400 N
©) Shimizu x v v W110 L350 E
0 Soutani x v v W600 L800 N

field survey many deformations such as; clear head
scarps, open cracks, tilted, bent and fallen trees were
observed (Fig. 6). Their ranges and directions were
consistent with the results of 3D-GIV. Despite
having confirmed a relatively large displacement
with 3D-GIV, it could not be detected with INSAR.

3.4 Additional Sites

Table 3 shows the results of the field surveys,
including the above three sites. Of the 5 sites
detected by InSAR, traces of slope movement were
confirmed on 4 sites besides Dainichiyama.
Although these traces were unknown when they
occurred, they were consistent with the range of
movement that could be seen from the images.
Fushiogami was the smallest slope movement
among the four sites, and the area scale was
approximately 200 x 200 m. In the Dainichiyama,
the movement that can be seen from the image was
approximately 3 cm. It was possible that the
movement was too small despite the displacement,
so it could not be confirmed visually, or detected
correctly. In contrast, traces of significant slope
displacements were confirmed on all six sites
detected by 3D-GIV.

There were 2 sites detectable by INSAR but not by
3D-GIV. The reason being the difference in
accuracy between InSAR and 3D-GIV. 3D-GIV can
detect displacements approximately 10 cm or more
in the horizontal direction.

There were 5 sites detectable by 3D-GIV but not by
INSAR. There were 5 sites detectable by 3D-GIV
but not by InSAR. The following are probable
causes InSAR could not detect these sites even
though the slope movement, approximately over 10
cm, was detected by 3D-GIV.

- There was a slight difference between the
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observation periods of both methods. Therefore,
there was probably no movement within the INSAR
observation period.

+ Slope movements were overlooked due to
incoherent areas caused by factors such as
atmospheric water vapor turbulence and others,
appearing on the majority of the INSAR images.

+ ALOS-2 InSAR can only detect a one-dimensional
displacement in the line-of-sight direction of the
satellite between the SAR antenna and the point on
the ground surface. Therefore, in the case of
landslides moving in the northward or southward
direction, that is in the direction perpendicular to the
line of sight of the satellite, sensitivity to the
distance of the slope movement decreases and can't
be detected.

+ The slope movement area was smaller than the
detectable size.

4. CONCLUSIONS

The results obtained in this study are as follows:

+ Slope movements approximately at most up to 8
cm/year with the minimum of approximately 200 x
200 m in scale were detected.

+ There is a possibility of overlooking slope
movements with the INSAR method alone.

From the above, we confirmed that when detecting a
slope movement using INSAR: it is necessary to
understand the characteristics and combine it with

other monitoring methods according to the
circumstances.
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Estimation of hydrogeological structure using airborne
electromagnetic survey in the lya, Tanabe city
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In the lya, the deep-seated catastrophic landslides occurred as a result of the heavy rainfall from Typhoon
Talas in 2011.In this study, we conducted hydrogeological survey to study the factor of the landslides with
airborne electromagnetic survey. As a result, we have found that the main factors of the landslides are
loosened region of rock caused by rock creep and ground water inflow from stream behind the landslides.

Key words: deep-seated catastrophic landslides, airborne electromagnetic survey

1. INTRODUCTION

The typhoon Talas in 2011 caused the record
breaking heavy rain at the wide reach of the western
Japan, and many landslides occurred at all part in
Kii-peninsula. There occucred the deep-seated
catastrophic landslides at Kumano area in Tanabe
city, Wakayama prefecture.

In this research, we aimed at the groundwater
structure in the creep behavior of rock bed, and
considered the cause of deep-seated catastrophic
landslides by the past researches.

At lya, electric  explorartion, airborne
electromagnetic survey, boring survey, stream flow
rate investigation, ground water level survey, and
ion analysis of ground water have been conducted
already. The past researches suggested that the
groundwater pours the slope from the Hyakken
dani river behind the landslide site, and pore water
pressure rised in the rock crack of the sliding surface
and the loosened region of rock caused by rock
creep. We report the process of consideration at
ground water structure and loosened region of rock
bed.

2. THE GEOLOGICAL STRUCTURE
There is the Muro formation of Simamto Belt at the

investigation area, and distribute the mudstone and
conglomerate (Kogawa formation) formed from

45

Oligocene to Miocene and the sandstone(Uchikoshi
formation). (Fig-1) The conglomerate independent
bed and a sandstone independent bed distribute over
the investigation slope area, and the mudstone and
sandstone formation distribute behind slope. The
bedding face develops at about 40 degreest of flow
board direction at the collapsed the landslide slope.

(Fig-2)

3. CONSIDERATION OF SURVEY

2.1 the Hyakkendani river water level and
Ground water level of slope
The water level observation result of the

groundwater of loosened region of rock bed and the
lower slope zone is indicated in Fig-3.

While the groundwater of the loosened region
mainly occurred by the rainfall, and that water level
peak occurred a few hours after the rainfall peak,

The survey points

Fig.1 The geological map near the survey points



the deep groundwater level peak occurred 2 days
after the rainfall peak, and this indicates that the
response characteristics differ between the loosened
region and deep groundwater.

2.2 Water quality of loosend region of the rock
bed and the Hyakkendani river

The water quality result of analysis of the
groundwater in the loosened region and the
Hyakkendani river is indicated in Fig-4. The water
quality analysis revealed that the groundwater
quality in the loosened region resembled quality of
the river behind the landslide (the Hyakkendani
river) closely, and indicated that the groundwater in
the loosened zone derived from the Hyakkendani
river.

/\Hyakken-3

The Hyakkendani river

K

Hyal

oO—
<

Traverse line 1

Traverse line 3

Landglide site

O Boring survey point

Landslide dam A\ Water quality survey point

200m

Fig.2

The overview of lya landslide

water level(GL -m)

water level(GH m)

precipitation(mm/h)

Fig.3 The correlation between water level of the
Hyakkendani river and the boring site

precipitation(mm/h)
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2.3 Electric exploration and airborne
electromagnetic survey

The past survey result indicated that the rock bed
has moved along the landslide, and the creep
deformation caused the loosened region where the
low resistivity region penetrates the high resistivity
zone (Fig-5, Fig-6), We considered that the
groundwater poured this loosened region and

occurred the deep-seated catastrophic landslides.

Fig.4 The result of the water quality survey
(@)

loosened region

(b)

loosened regio

Fig.5 The result of the electric exploration
(a) Traverse line 1, (b) Traverse line 2



@

loosened region

S

(b)

loosened region

Fig.6 The result of airborne electromagnetic survey
(a) Traverse line 1, (b) Traverse line 2

4. CONCLUSIONS

The survey result indicates that the groundwater of
the loosened region was caused by rainfall and the
Hyakkendani river. Then, we suggest that the deep
ground water was caused by the water which is
poured directly from the Hyakkendani river through
the loosened region of rock bed.

Therefore, this suggestion indicates the deep-seated
catastrophic landslides at lya, occurred by the
elevation of water level in pressured groundwater
which was caused by the heavy and long rainfall
long at the time of The typhoon Talas in 2011.

We think that detailed electric exploration through
the fault is needed for verifying suggested landslides
mechanism.
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of shallow landslides where the geological boundary

exists
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In the Nachi River basin, the shallow landslides and the debris flows occurred as a result of the heavy

rainfall from Typhoon Talas in 2011.

Different geology is distributed in the Nachi River basin. Many of the shallow landslides occurred near the
geological boundary, and it is reported that the peculiar geological structure and hydraulic structure of the

basin may have caused the shallow landslides.

In this study, we conducted geophysical and hydrological surveys to study the characteristics of the risk
slope of shallow landslides with geological boundaries. The surveys were conducted on the slopes where
shallow landslides occurred and where they did not occur, and the results were compared.

As a result, we have found that both the drainage characteristics and the distribution of resistivity are

different on the two slopes.

Key words: shallow landslide, geological boundaries, airborne electromagnetic survey

1. INTRODUCTION

The heavy rain caused by the typhoon Talas in 2011
caused severe damage due to shallow landslides and
debris flow in the Nachi River basin [Matsumura et
al., 2012]. A schematic diagram of the Nachi
River basin is shown in Fig.1. In the Nachi River
basin, the Kumano acid rock (granite porphyry)
penetrates the sedimentary rock Kumano Group
(sandstone mudstone alternate layer). Most of the
shallow landslides that occurred in 2011 occurred
near the geological boundary. It has been reported
that the special geological structure and hydraulic
structure of the basin may have caused the shallow
landslides [Tamura et al., 2013]. In such a basin,
there is a risk that it will not be properly evaluated
by the existing evaluation methods [PWRI, 2009].

In order to propose a method for detecting risk
slopes of shallow landslides in a river basin with
such geological boundaries, we conducted
geophysical surveys, groundwater level
observations, and hydrological observations inside
surface soil layers to study the characteristics of risk
slopes of shallow landslides.
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2. SURVEY LOCATIONS AND SURVEY
METHODS

The surveys were conducted in the Hirano River
basin of the Nachi River basin. The Hirano River is
one of the eight tributaries where debris flow
occurred. It is also the lowest downstream on the
left bank. Firstly, we conducted an airborne
electromagnetic survey to understand the rough
geological structure of the underground. Secondly,
we aimed to detect if the difference in the
hydrological characteristics of the slope is related to
shallow landslides, and we observed the
groundwater level of the slope at the observation
holes penetrating the geological boundary. The
surveys were conducted on the slopes where
shallow landslides occurred and where they did not
occur, and the results were compared. Lastly, in
order to understand the hydrological behavior of the
surface soil layer during rainfall, we conducted a
soil moisture sensor observation on the slope where
shallow landslides occurred. Fig.2 shows a
schematic diagram of the Hirano River basin, and
Fig.3 shows the observation points.
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We observed the groundwater level at four depths in
each observation hole. Of the four depths , 2 depths
are in the upper granite porphyry layer, 1 depth is
near the geological boundary and 1 depth is in the
lower mudstone layer. Soil moisture sensors were
installed at three locations: granite porphyry
distribution area, near the geological boundary, and
mudstone distribution area. At each observation
point, it was installed at two depths, the middle part
(40cm) and the lower part (80cm) of the surface soil
layer.

3. SURVEY RESULTS

Fig.4 shows the groundwater level observation
results on each slope. Fig.5 shows the observation
results of soil moisture sensors on the slope where
shallow landslides occurred. Fig.4 confirms that the
groundwater level of the mudstone layer shows a
gradual response to rainfall on each slope. The
groundwater level can be confirmed at the mudstone
layer and the geological boundary during rainy and
non-rainy days, but not at the granite porphyry
layer. Regarding the groundwater level response of
the granite porphyry layer during rainfall, the slope
where shallow landslides occurred showed
independent groundwater levels at each depth.

In contrast, the slope where shallow landslides did
not occur showed fluctuations integrated with the
groundwater level near the geological boundary.
Therefore, it was confirmed that the response to
rainfall was significantly different on each slope,
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Fig.3 Enlarged view of the observation point. (enlarged
view of the area enclosed by the square in Fig.2)

and it can be inferred that the difference in slope
drainage may have had a significant effect on the
occurrence of shallow landslides.

As for the observation result of the soil moisture
sensor, in the case of a small amount of rainfall, the
volume moisture content was higher at the depth
closer to the ground surface at any observation
point. This is thought to be due to infiltration of
rainwater from the surface. In contrast, in the case of
two large amounts of rainfall, the value of 80cm
depth at the observation point TH-2 near the
geological boundary was temporarily higher than
the value of 40cm depth. From these results, it is
considered that in the case of rainfall above a certain
amount, in addition to the infiltration of rainwater,
groundwater from geological boundaries, for
instance, flows into the surface soil layer. In the case
of heavy rainfall such as in 2011, this may have
been one of the major causes of shallow landslides.
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[Kageura et al., 2017]. According to the results of
resistivity analysis, it was confirmed that the
20 distribution states of the specific resistance sudden
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6 E occurred, the distribution of the sudden change in
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+ From the hydrological behavior in the surface soil
layer, it is considered that in the case of rainfall
above a certain amount, in addition to the
infiltration of rainwater, groundwater from
geological boundaries, for instance, flows into the
surface soil layer. This may have caused the shallow
landslides.

+ The distribution states of the sudden change in
resistivity was different between the slopes where
shallow landslides occurred and where they did not
occur. The discontinuity of the distribution of
sudden changes in resistivity may indicate that the
aquifer is discontinuous. Therefore, there is a
possibility that the risk slope of shallow landslides
can be detected -effectively by an airborne
electromagnetic survey.

In this survey, the hydrological observation period
of the surface soil layer was short and hydrological
observation during the heavy rainfall has not been
done yet. Consequently, the relationship between
groundwater level fluctuation and soil moisture has
not been fully elucidated. We will continue to
observe, accumulate data and clarify hydrological
processes related to shallow landslides, to lead to
the detection of risk slopes of shallow landslides.
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Training Program of the Kii Peninsula Flood
Experience and Its Effects on Students

Takaki SAKAGUCHI*! Takehiro SAKAGUCHI*' Eiko KUBO*Zand
Yasushi SHINGYQ*3

1The Wakayama Sabo Research and Education Institute (IWSRE)

2 A Disaster Prevention Expert
3 Tanabe City Ryujin Junior High School,Wakayama Prefecture

Landslides, debris flow and flooding triggered by Typhoon Talas in 2011, caused tremendous human
casualties and economic losses in the Kii Peninsula. Due to this catastrophe, the Wakayama Prefectural
Government established the Wakayama Sabo Research and Education Institute (IWSRE) in April 2016, in
the town of Nachikatsuura. This is one of the most affected areas and it is the basis for the Institution for
researching sediment-related disasters and for handing down the lessons we learned from the disasters for
posterity. The IWSRE carries out various training programs for raising awareness of sediment-related
disaster prevention for adults and children. On the other hand, in order to enlighten the future generations
about the tragic disaster experiences, one of the bereaved survivors is channeling her pain into advocacy by
giving lectures using "kamishibai"; a traditional Japanese style of storytelling using pictures based on her
own disaster experience. In an effort to create effective disaster prevention training programs, we planned a
training session for junior high school students, experimenting with the kamishibai story. After the session,
we analyzed the students' opinions based on their written essays about the training session. In this report,
we included the training content and the results of the students' opinions analysis. We then discussed the
content and the effects of the training based on the results.

Key words: the Kii Peninsula Flood, Wakayama Sabo Research and Education Institute(IWSRE), training
for disaster prevention

1. Standard Training Conducted by the

IWSRE (Photo.1)
Fig. 1 Training scene (Classroom lecture)
Photo.1Wakayama Sabo Research and Education the phenomena, features and dangerous places. It is
Institute  (IWSRE) also necessary to cultivate judgment knowledge that

people can apply and the ability for them to make
decisions to evacuate based on their own proper
judgement at the time of danger. For above reasons,
the IWSRE conducts about 90 group training

To carry out disaster prevention education of
sediment-related disasters, it is necessary to know
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sessions on sediment-related disasters annually (Fig.
1). In the training, we explain the situation of the
Nachi River basin during the Kii Peninsula Flood
with videos of CG images at the time of disaster and

Fig. 2 Example of the demonstration

Fig. 3 The Kamishibai

other area disaster photographs. Additionally, we
explain the mechanism of sediment-related disasters
using images, and the importance of early
evacuation based on hazard maps and weather
information. In addition, we carry out training
sessions to children at elementary and junior high
schools. In these training sessions, a video for
children that shows the situation during the Kii
Peninsula Flood is used as a training material. We
also try to increase demonstrations and first
hand-experience during the training session so that
children will remain interested (Fig. 2). By doing so,
we mainly develop the “thinking ability” of the
trainees.

2. The Kamishibai Technique/Training by a
Victim of the Kii Peninsula Flood in2011

On the other hand, in order to enlighten the future
generations about the tragic disaster experiences,
one of the bereaved survivors is channeling her pain

into advocacy by giving lectures using
"kamishibai”; a traditional Japanese style of
storytelling using pictures based on her own disaster
experience. The kamishibai (Fig. 3) was started

Flood waters began
to rise in my house.

Subsequently I was
separated from my
daughter as flood
waters swept her
away.

| was then sucked
into a water torrent.

In the flood

Thankfully after

my ordeal | was

reunited with my
daughter.

A family of three consisting of a couple and their
daughter was hit by a flood. At first all three of them
were hanging on the roof gutter and fighting a torrent,
but they were swept away. Eventually, the mother
was caught in a fence and the daughter climbed on top
of the roof and managed to survive. Unfortunately her
husband was found dead.
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Fig. 4 Outline of the Kamishibai

around 2014, and has been played to more than 50
groups such as students of elementary and junior



high schools, residents' associations, voluntary
disaster prevention organizations to date. The story
is based on her own disaster experience on the dawn
of September 4, 2011 (Fig. 4). In the story, she
emphasizes what she felt during the disaster and
especially the importance of early evacuation and
acting to protect irreplaceable life. Through the
activities of the kamishibai show, she mainly
encourages the participants' “power to act”.

3. Standard and Kamishibai
Program

Training

We designed the training program for Junior high
school students using a combination of our
traditional training methods together with the
kamishibai technique. The time for the program was
set at 1 hour considering the concentration levels of
junior high school students. The contents of the
training program were designed focusing on the
kamishibai technique. Therefore, the following three
points were taken into account when planning the
training so that the contents of the kamishibai story
were easy to understand.

@ To make it easier to understand the
kamishibai story, the mechanism of
sediment-related disasters were explained prior to
the kamishibai.

@The explanation about the phenomenon and
features of sediment-related disasters were limited
to debris flows that occurred in the Nachi River
basin during the Kii Peninsula flood in 2011

Fig. 5 Image for the explanation

(@The place and phenomenon that appear in the
kamishibai were explained in detail using images
(Fig. 5).

As a result, the training program becomes a more
effective education tool for sediment-related disaster
prevention, which cultivates the ability to think and

act together.

4. Effects of the Program Based on Students’

Other

With
Expression
65%

No Expression
35%
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Expressions
22%

Fig. 6 Opinions about the program

No Description
40%

With Description
60%

Fig. 7 Description of the Kamishibai scene

Not Learned
20%

Learned
80%

Fig. 8 Lessons learned

Opinions

A trial training session program was held at
Kamiakizu Junior High School in Tanabe City,
Wakayama prefecture. On the day, 31 first-grade
students, 30 second-grade students, and 40
third-grade students participated. After the study
session, participants' feedback on the program was
analysed. The analysis was focused on the presence
or absence of specific words, contents, and specific
descriptions that appear in the opinions written by
the students. The results are shown in Fig. 6-10. In
Fig. 6, at least 65% of students are moved by the
program. In addition, it can be seen that 43% feel



“fear” towards disasters using words such as “scary”
and “terrible” from pictures of the kamishibai story
and sediment related disasters. Fig. 7 also shows

Learned
31%

Not Learned
69%

Fig. 9 Lessons for early evacuation

Learned
34%

Not Learned
66%

Fig.10 Lessons learned about disaster preparedness

that as many as 60% of the students listened to the
kamishibai with high concentration levels and wrote
specific descriptions of the kamishibai story in their
opinions. There are many expressions of greatness
and excitement for the survivor in the kamishibai.
When all the above opinions are put together, it is
clear that the kamishibai show performed by the
victim inspired awe and reverence of nature and the
survivor in the students. Finally, from handing down
the lessons learned from disasters, which is the main
purpose of this program, it can be seen that 80% of
students have learned some lessons from the
program (Fig. 8). There were opinions such as “Be
careful when evacuating” and “Speak to neighbors
and evacuate together”. As a result, the content of
the current program seems to have achieved good
results in passing on the lessons learnt. What we
particularly wanted to convey in the program were
lessons about “early evacuation” and “preparation
for disaster”. However, as can be seen from Fig. 9
and Fig.10, it was discovered that these lessons
were in the 30% range and were not fully
understood.

5. Challenges for Future Development

As is clear from the above discussions, it was found
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that the decision for preferentially allocating more
time to the kamishibai was correct when considering
the program structure. As a secondary effect, it was
found that as the disaster survivors talked about
their miserable experiences, feelings of awe and
reverence were prevalent among students, which is
considered as the highest morality priority of school
education. However, it must be said that the efforts
of prompting “early evacuation” and “preparation
for disasters”, which are currently called out, are not
effective due to a low percentage of understanding.
In the future, we would like to focus on the
development of content that directly encourages
students' evacuation and preparatory behavior while
collaborating with the victim's feelings more than
ever.
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Fig. 1 Map of the Ashiaraidani watershed and location of the
Ashiaraidani station.
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Fig. 2 Observation channel and equipments at the Ashiaraidani
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-1 FHIEERETO SRR OB TR & RRE &
Table 1 Lower limit range of grain size and their representative

masses, detected by each amplification factor

Amplification range Diameter range  Averaged mass

A= Aal-] di [mm] mi [9]
1024 - 512 3.0-5.0 0.15
512 - 256 5.0-6.0 0.22
256 - 128 6.0-7.0 0.29

128 - 64 7.0-85 0.65

64 - 32 8.5-10.0 0.91

32 - 16 10.0-125 1.96

16 - 8 12.5-15.0 3.01

8 -4 15.0 - 20.0 6.91
4 -2 20.0 - 30.0 10.81
2 - 30.0 - 50.39
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£-2 FENTICH W= LR %A, C
Table 2 Correction factors f, C for the analysis

C 1.13
Amplification A« S
2 0.63
4 0.50
8 0.58
16 0.82
32 1.08
64 1.49
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Fig. 3 Relationship between observed and calculated bedload
discharge during the train data period (R? = 0.93).
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Fig. 4 Comparison of observed and simulated change of
bedload discharge during the test data period No. 1 (From 15
to 16, April, 2018).
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Fig. 5 Comparison of observed and simulated grain size
distribution during the test data period No. 1 (From 15 to 16,
April, 2018).
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Fig. 6 Comparison of observed and simulated change of
bedload discharge during the test data period No. 2 (From 22
to 23, September, 2017).
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Fig. 7 Comparison of observed and simulated grain size
distribution during the test data period No. 2 (From 22 to 23,
September, 2017) employing « = 0.21.
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Fig. 3 Relationship between observed and calculated bedload
discharge during the train data period (upper), and relationship
between observed bedload discharge and residuals (calculated
— observed bedload discharge).
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Fig. 4 Comparison of observed and simulated grain size
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Fig. 10 Comparison of observed and conventionally simulated
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(From 22 to 23, September, 2017).
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= —3 FERIERD B3 D HEE T & D IR (RMSE)
Table 3 Root mean square error (RMSE) of simulated bedload against observed bedload

RMSE [kg/m/min] *

. . Number -
Observation period Present Conventional Remarks
of data
method method

Start time End time 64 32 16 8 Amplification
2016/06/25 01:00  2016/06/25 05:00 9 4.39 14.10 10.24 8.44 11.77 Training data
2016/07/05 19:00  2016/07/11 11:00 128 0.37 0.99 0.46 0.44 0.58 Training data
2016/07/31 00:00 2016/08/02 17:30 36 3.58 6.61 4.25 2.93 3.34 Training data
2016/08/08 08:00  2016/08/30 12:30 18 3.81 2.08 1.74 2.22 3.62 Training data
2016/10/03 00:30  2016/10/30 23:30 95 2.21 2.20 2.39 2.34 2.54 Training data
2017/07/01 07:00  2017/07/01 17:00 20 4.97 4.90 5.47 5.59 6.22 Training data
2017/07/10 00:00  2017/07/28 02:00 93 0.45 0.70 0.63 0.83 1.04 Training data
2017/09/22 00:00  2017/09/26 05:30 75 1.89 2.09 0.96 1.37 2.14 Testing data
2018/04/15 00:00  2018/04/16 23:00 39 1.86 1.54 1.49 2.67 3.42 Testing data
2018/09/08 00:00  2018/09/08 07:30 16 211 13.23 6.86 1.99 2.29 Training data
2018/09/30 21:00  2018/10/01 05:30 18 2.07 6.07 3.94 2.10 1.67 Training data
2019/06/30 06:00  2019/06/30 07:30 4 2.18 4.15 4.04 4.82 6.00 Training data
2019/08/23 06:00  2019/08/23 07:00 3 9.33 37.88 29.34 4.64 10.07 Training data

Total 554 1.73 2.83 2.07 1.80 2.24 Mean value
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SNTW5D, 34 2 »HAO2BIIMIR ORI RIL 536
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* data lower than 0.5 kg/m/min are excluded

*minimum RMSE are indicated in bold
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