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Overview of the 2016 Kumamoto eathquake
*Naoshi Hirata'
1.Earthquake Research Institute, the University of Tokyo

On April 16th, 2016 a devastating earthquake with Mj=7.3 occurred in Kummoto, Kyushu, Japan. The
earthquake was associated with prominent forechks.
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Urgent joint seismic observation of the 2016 Kumamoto earthquake - Seismic activities and
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Large earthquakes of M6.5 and M7.3 occurred in April, 2016, in the Kumamoto prefecture, Kyushu,
Japan. We are carrying out an urgent joint seismic observation by several universities and
institutes in Japan in order to investigate the detailed feature of seismic activity of the
Kumamoto erathquakes. In this observation, we installed more than sixty temporary seismic stations
including eleven online telemetered stations in the inland area of middle Kyushu, which enable us
to determine the space-time distribution of hypocenters and focal mechanism solutions.

The hypocenter of the M6.5 earthquake of April 14 locates beneath the northeastern end of the
Hinagu fault zone. The aftershocks occurring before the M7.3 of April 16 were mainly aligned along
an approximately 20 km long NE-SW trend, which roughly corresponds with the trace of the

Futagawa-Hinagu fault zone. The hypocenters of the aftershock region were distributed on a nearly
vertical plane at depths of 5 - 15 km, deeper at the central part and shallower at both NE and SW

sides. The M6.5 was located near the central part of the aftershock region at a depth of
approximately 13 km. The large aftershock of M6.4 occurred at the southwestern part of the
aftershock region. The focal mechanism solution of the M6.5 is strike-slip fault type with N-S
tension. These suggest the M6.5 earthquake was generated by a right-lateral strike slip of the
nearly vertical Hinagu fault. However, both detailed hypocenter distribution and a nodal plane of
the focal mechanism solution indicate the strike of the M6.5 fault is oblique to the trace of
Hinagu fault.

The hypocenter of the M7.3 earthquake of April 16 locates about 5km WNW of the M6.5, and beneath
the Futagawa fault zone. The aftershocks were roughly along the Futagawa-Hinagu fault zone, and
induced earthquakes were activated along the Beppu-Shimabara graben. The hypocenters of the
aftershock region were distributed at depths of 3 - 17 km dipping NW direction. The hypocenters at
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both NE and SW sides of aftershock region are shallower, however, the NE and SW extention of
aftershock region become relatively deeper again. The focal mechanism solution of the M7.3 is
strike-slip fault type with NW-SE tension, and its nodal planes are not consistent with the trace
of both Futagawa and Hinagu fault. These suggest the initial rupture of M7.3 earthquake occurred on
the different plane from the main rupture. In the period between M6.5 and M7.3, the migration of
seismicity was recognized from the hypocenter of M6.5 to that of M7.3, which may be related with a
trigger mechanism of M7.3 earthquake.

The Futagawa-Hinagu fault zone was a seismically active region since the seismic network was
established in this area. In June 2000, the M4.8 earthquake occurred at almost the same place of
M6.5 of April 14, and the focal mechanism was very similar to that of M6.5. These suggest that the
stress level on the fault in this area has been high until the outbreak of the 2016 Kumamoto
earthquake.

Acknowledgements:
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Keywords: the 2016 Kumamoto Earthquake, urgent joint seismic observation, hypocenter distribution,
seismic activity, Futagawa-Hinagu fault

©2016. Japan Geoscience Union. All Right Reserved. - MIS34-02 -



MIS34‘@3 Japan Geoscience Union Meeting 2016

Crustal deformation of the 2016 Kumamoto Earthquake

*Hiroshi Yarai', Tomokazu Kobayashi', Yu Morishita', Satoshi Fujiwara', Hiroshi Munekane', Yohei
Hiyama', Satoshi Kawamoto', Basara Miyahara', SAR Analysis Group', GEONET Analysis Group'

1.Geospatial Information Authority of Japan

Coseismic deformation derived from the 2016 Kumamoto Earthquake was observed by GNSS stations of
the permanent GPS Earth Observation Network system (GEONET) and ALOS-2/PALSAR-2 interferometric
SAR.

Clear coseismic displacements due to the Kumamoto earthquake were observed by GEONET. NE
displacement of 75 cm and subsidence of 20 cm and SW displacement of 97 cm and uplift of 28 cm were
detected at sites 0465 and 0701, which are located near the Futagawa fault zone, respectively.

We have also successfully detected distributed ground displacements for the Kumamoto Earthquake by
applying a SAR interferometry analysis of Advanced Land Observing Satellite 2 (AL0S-2) L-band data.
The interferograms suggest that fault motion of the main shock has right-lateral motion on the
Futagawa fault and the Hinagu fault.

We invert the InSAR results with GNSS data to construct a fault model of the earthquake. A fault
model consists of 3 rectangular faults with a uniform slip in an elastic half-space. The fault
model shows that: a total major rupture length is about 35 km; a total moment magnitude is 7.07.

Postseismic deformation following the Kumamoto earthquake was detected by GEONET and ALOS-2 InSAR.
Postseismic deformation up to 3 c¢m also has been observed by GEONET, showing a roughly similar
deformation pattern to those associated with the mainshock. ALOS-2 interferograms show that
subsidence about ~5 cm along the Futagwa fault zone.

Acknowledgements.
The PALSAR-2 data obtained by the ALOS-2 were provided by the Japan Aerospace Exploration Agency
(JAXA) through the Agreement between GSI and JAXA. The ownership of PALSAR-2 data belongs to JAXA.

Keywords: The 2016 Kumamoto Earthquake, crustal deformation, GNSS, SAR
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Strain concentration zone based on GNSS data in southwest Japan and its possible
application to a long-term forecast of inland earthquakes

*Takuya NISHIMURA'
1.Disaster Prevention Research Institute, Kyoto University

Two-decades GNSS observations have clarified strain concentration zones including the Niigata-Kobe
Tectonic Zone in an inland area of the Japanese Islands. We removed elastic deformation due to
interplate coupling along the Nankai Trough from the GNSS velocity data observed from April 2005 to
December 2009 and calculated distribution of areal and maximum shear strain rate to clarify strain
concentration zones in the inland area. We compared the strain-rate distribution with epicenters of
shallow inland large earthquakes with M >6.

Most large earthquakes including the 2016 Kumamoto earthquake occur in the area of high rate of the
maximum shear strain rate (Figure). Because the geodetically observed strain rate includes both
elastic and inelastic strain, the strain rate is not directly related with an occurrence rate of
earthquakes. However, the geodetic strain rate is an important data apparently related with
earthquakes. It should be used as one of datasets to evaluate a long-term forecasting model of
large earthquakes in the Japanese Islands.

Keywords: Strain concentration zone, GNSS, Inland earthquake
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Distribution of surface rupture associated the 2016 Kumamoto earthquake and its
significance

*Yasuhiro Kumahara', Hideaki Goto', Takashi Nakata', Satoshi Ishiguro?, Daisuke Ishimura’, Tatsuya
Ishiyama’, Shinsuke Okada’, Kyoko Kagohara®, Shintaro Kashihara’, Heitaro Kaneda’, Nobuhiko Sugito®,
Yasuhiro Suzuki’, Daishi Takenami'®, Kei Tanaka'', Tomoki Tanaka’, Hiroyuki Tsutsumi'?, Shinji Toda®,
Daisuke Hirouchi, Nobuhisa Matsuta'®, Tomokazu Mita', Hikaru Moriki'®, Haruka Yoshida", Mitsuhisa
Watanabe'®

1.Hiroshima University, 2.Aichi Institute of Technology, 3.Tokyo Metropolitan University,
4.University of Tokyo, 5.Tohoku University, 6.Yamaguchi University, 7.Chiba University, 8.Hosei
University, 9.Nagoya University, 10.0kayama University, 11.J]apan Map Center, 12.Kyoto University,
13.Shinshu University, 14.Kagoshima University, 15.Fukuoka Prefectural Yame High School, 16.Toyo
University

A Mj 6.5 earthquake hit Kumamoto prefecture, central Kyushu, southwest Japan at 21:26 JST on April
14th. 28 hours after, another Mj 7.3 at 01:25 JST on April 16 generated severe shaking in the same
region (JMA, 2016). It is well know previously mapped the ~100-km-long active fault called
Futagawa-Hinagu fault zone (FHFZ) (Watanabe et al., 1979; RGATK, 1989; Ikeda et al., 2001; Nakata
and Imaizumi ed, 2002) runs in the epicentral area, we considered the northeastern portion of the
FHFZ could be responsible to two earthquakes and started to do a field reconnaissance along the
fault zone after the Mj 6.5 event.According to 3 weeks field survey by our team, we found the
31-km-length successive surface rupture close to the traces of the northeastern portion of the FHFZ
and another the 5-km-length rupture on a part of Denokuchi fault and some possible surface ruptures
in the epicentral area. The rupture along the FHFZ shows right-lateral strike-slip mainly (~ 2 m in
maximum between Dozon in Mashiki city and Nishihara village) with down-thrown to northwest. The
rupture on the Denokuchi fault, far from 1 to 2km east of the FHFZ, is normal component with down
to northwest. These coseismic ruptures of the Mj 7.3 earthquake represented a characteristic
movement of the northeastern portion of the FHFZ.A series of the open cracks with NW-SE-trending
were traceable for a distance of 5.4 km from Kengun to Shirakawa River in Kumamoto city. Those
features followed on tectonic landform by possible active fault and on the line of the fringe
abnormal in InSAR image, and may represent minor surface rupture.The local eyewitness and our
observation revealed that the coseismic minor rupture of the Mj 6.5 earthquake prior to the Mj 7.3
earthquake were emerged on the some trace of the rupture of the Mj 7.3 earthquake in Mifune town
and South of Mashiki town.Seismic inversion theory by DPRI, Kyoto Univ (2016) showed that the
coseismic rupture propagated toward ENE along the strike of the FHFZ, and asperity on surface was
recognized 10 km far from the epicenter, where we surveyed the maximum displacement of right
lateral strike slip close to Nishihara village. JMA (2016):
http://www.jma.go.jp/jma/press/1604/16a/201604160330.htmlThe Research Group for Active Tectonics in
Kyushu ed. (1989): Active tectonics in Kyushu, Tokyo University Press.Ikeda et. al., (2001): Active
fault map in urban area [Kumamoto]. GSINakata and Imaizumi ed. (2002): Digital active fault map of
Japan. Tokyo University Press.DPRI, Kyoto Univ. (2016): This work was supported by JSPS KAKENHI
Grant Number 16H06298.
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Strong motion and source processes of the 2016 Kumamoto earthquake sequence

*Shin Aoi', Takashi Kunugi', Wataru Suzuki', Hisahiko Kubo', Nobuyuki Morikawa', Hiroyuki Fujiwara’
1.National Research Institute for Earth Science and Disaster Resilience

M6.5 (Mw 6.1) and M7.2 (Mw 7.1) earthquakes respectively attacked the Kumamoto region at 21:26 on
April 14 and 28 hours later at 1:25 on April 16, 2016. Strong shaking with JMA seismic intensity
(INT) 7 were observed for the both earthquakes at the Mashiki town of the Kumamoto prefecture.
These earthquakes are considered to rupture mainly the Hinagu fault zone (Takano-Shirahata part)
and the Futagawa fault zone (Futagawa part). The Headquarter for Earthquake Research Promotion
performed the long-term evaluation of the fault zones with M7-calss potentials, and seismic hazard
assessment estimated more than INT 6+. We here call the M6.5 event and the M7.3 event that occurred
on the individual fault zones.

KiK-net Mashiki (KMMH16) recorded PGA more than 1000 gal, and ground motions were observed wider
area for the 7.3 event than the M6.5 event. PGAs and PGVs of K-NET/KiK-net stations are consistent
with the empirical attenuation relationship of Si and Midorikawa (1999). PGVs at longer distance
than 200 km attenuate slowly, indicating the effect of Lg wave of western Japan. 5% pSv of the
Mashiki town in Kumamoto shows a peak of 1-2 s that exceeds ground motion response of JR Takatori
of the 1995 Kobe earthquake and the Kawaguchi town in Niigata of the 2004 Chuetsu earthquake.
KiK-net Mashiki that locates 640 m apart from the Mashiki town observed large ground motion with a
peak of 1 s. 5% pSv of the Nishihara village in Kumamoto shows 350 cm/s peal at 3-4 s. Ground
motions at several stations in Oita exceed the attenuation relationship due to a triggered
earthquake by the M7.3 event. PGAs of K-NET Yufuin (0IT@@9) records 90 gal for the M7.3 event and
723 gal for the near-by triggered event.

Source processes are analyzed using 16 and 27 K-NET/KiK-net/F-net strong motion stations located
within an epicenter distance of 50 km and 100 km for the M6.5 and M7.3 events, respectively. Two
pulses are observed at many station for the M6.5 event, and corresponding two slips near the
hypocenter with a peak of 0.7 m and at north-northeastern with 0.6 m. As for the M7.3 event, large
slip does not inverted for around 5 s after the earthquake initiation, then rupture propagated
toward the northeastern shallow part reaching near the caldera of the Aso volcano with large slip
with a peak of 4.6 m. The shallow slip is consistent with active fault surveys.

Keywords: the 2016 Kumamoto earthquake, strong motion, source process
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Rupture process of the 2016 Kumamoto earthquake based on waveform inversion with empirical
Green's functions

*Atsushi Nozu'
1.Port and Airport Research Institute

Rupture process of the 2016 Kumamoto earthquake was estimated based on waveform inversion with
empirical Green's functions. Records from two small events, namely, the April 15 0:50 event (M,
=4.2) and the April 15 15:27 event (M;=4.2) were used as empirical Green's functions. The
conventional least-squares linear waveform inversion (Hartzell and Heaton, 1983) was adopted.

A fault plane with a dimension of 4@ km times 2@ km was assumed, whose strike and dip angles were
set to be 46 and 96 degrees, respectively. The fault was divided into 20 times 10 fault elements.
The rupture front is assumed to start at the JMA hypocentral time and to propagate radially at a
constant velocity of 2.5 km/s. The moment rate function at each fault element after passage of the
rupture front was assumed to be a convolution of the moment rate function of the small event and an
impulse train. The impulse train is composed of 12 impulses at equal time intervals of 0.25 s. The
height of each impulse was determined through the inversion. Conventional corrections for the
geometrical spreading and time shifts (Irikura, 1983) were applied to the empirical Green's
functions to represent arrivals from each fault element. The shear wave velocity

in the source region was assumed to be 3.55km/s. Absolute time information for both the main shock
and small event recordings was used.

The result indicates that both slip and slip-velocity were small in the west of the hypocenter.
Between the hypocenter and KMMH16 (Mashiki), a large slip and slip-velocity region existed but it
was restricted at the deeper part of the fault, indicating that the large amplitude ground motion
in Mashiki was not a result of a forward directivity effect. A region of significantly large slip
and slip-velocity existed about 20 to 25 km east of the hypocenter.

Keywords: 2016 Kumamoto earthquake , rupture process, empirical Green's funcion, waveform
inversion, strong ground motion
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The cause of heavy damage concentration in downtown Mashiki-cho inferred from observed
data and field survey

*Hiroshi Kawase', Shinichi Matsushima', Fumiaki Nagashima’, Yintu Bao'

1.Disaster Prevention Research Institute, Kyoto University, 2.Graduate School of Eng., Kyoto
University

To understand the cause of the damage during the mainshock of the 2016 Kumamoto earthquake
sequence, we carried out field survey from 29 April through May 1, in Mashiki Town, including
microtremor observation. We have extracted sufficient information from which we can infer the cause
of the heavy damage concentrated in Downtown Mashiki, where strong motions with JMA seismic
intensity of 7 were observed.

First the fundamental features of the structural damage in the damage concentrated area (DCA) in
Downtown Mashiki were summarized. The damage concentration starts from the west of the National
Highway R.443 and extends to the east of the Prefectural Road R.235, about 1.5km to 2km in the
east-west direction. In the north-south direction it spreads about plus/minus 30@m on both sides of
the Prefectural Road R.28. The main features need to report are as follows:

1) inside DCA, not only old (and so weak) wooden houses but also new and reinforced houses were
damaged;

2) there are many old buildings that have successfully survived outside of the heavy damage lines
in the east-west (EW) direction;

3) the damaged houses look aligned to some lateral extent (50 to 100 m) in EW direction;

4) The deformed direction of the collapsed or heavily inclined houses were mostly in EW direction
(attached photo). Overturning direction of tombstones were also in EW direction;

5) Almost always significant ground deformation, failure, and cracks can be seen in the paved roads
crossing the above damage lines.

Next, inside DCA we measured microtremors covering about 700m by 1km with about 100m intervals.
Horizontal-to-Vertical Spectral Ratio of Microtremors (MHVRs) at three selected sites deployed at
the northern end, in the center, and at the southern end of DCA were compared. The observed MHVRs
share the common peak in the vicinity of 2 to 3Hz, with the level of 4 to 5. This MHVR
characteristics suggest that the subsurface structure may have moderate impedance contrast at
certain depths but that the differences in MHVRs at these three stations are so small that it is
impossible to explain DCA creation by the spatial difference of soil structures below.

Finally by using the observed strong motion records at the Mashiki Town Office and a nonlinear
response analysis model, which was calibrated to reproduce observed damage ratios of wooden houses
during the 1995 Kobe earthquake, we calculated the estimated damage ratios at the Mashiki Town
Office. We found that more damage would have occurred in the EW component than in the NS component.
We also found that the calculated damage ratio was only 30% at most. This means that the observed
ground motions in DCA were not surprisingly strong to wooden houses.

Based on these survey results, the mainshock hypocenter location, and AIST GSJ information on
mapped active faults and InSAR on their web site, we may conclude that DCA in Mashiki was created
by the complex interaction of both strong ground motions and crustal deformation associated with
the fault movement and subsequent ground failures, rather than the simple strong shaking alone. The
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reason for this conjecture is as follows:

1) The ground motion there was not strong enough to create such a large damage as had been
observed.

2) The damage in the fault-parallel direction was dominant, rather than the fault-normal direction
which is supposedly stronger.

3) The damage lines were continuous in the EW direction only. Ground deformation, failure, and
cracks were observed in the roads across these damaged lines.

4) Inside of the damage lines some newly-constructed houses were damaged, while outside of the
damage lines even old houses could sometimes survive with the minor damage.

5) It is not likely to have strong velocity variations beneath DCA.

6) The active fault map by GSJ shows a branching fault along the Prefectural Road R.28 (Kiyama
fault). The western end of Kijima fault is the eastern end of DCA. This is so because in DCA the
fault displacements associated with the earthquake have been distributed in a wide area. Variation
of crustal movement in InSAR contours also shows spreading motions there including DCA.

7) The mainshock hypocenter seems to be on the far western extension of Kijima fault. We can
confirm from the InSAR contours that Kijima fault actually corresponds to the northern end of the
crustal deformation there.

Keywords: microtremors, damage in wooden houses, crustal deformation
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Characteristics of landslide disaster induced by the 2016 Kumamoto earthquake in and
around Minamiaso Village, southwestern Japan

*Yasuo Miyabuchi'
1.Faculty of Education, Kumamoto University

The Kumamoto earthquake (Mj7.3) on April 16, 2016 triggered numerous landslides in and around
Minamiaso Village, the western part of Aso caldera, central Kyushu, southwestern Japan. The
landslides were divided into two types: landslides occurring at steep caldera walls and landslides
generated on the slopes of the post-caldera central cones of Aso Volcano. Several landslides
occurred on slopes steeper than 25° at the northwestern to western caldera walls, which comprise
pre-Aso volcanic rocks (lavas and pyroclastics). The largest landslide (ca. 300 m high, 130-200 m
wide) occurred on the western caldera wall, and damaged the National Route 57 and the Hohi line of
the Japan Railway. Because any clear rupture surface could not be observed, unstable blocks which
had been divided by cracks were likely to be collapsed due to the intense earthquake on April 16.
At the post-caldera central cones of Aso Volcano, the April 16, 2016 earthquake-induced landslides
occurred not only on steep slopes but also on slopes gentler than 10°. They occurred in
unconsolidated superficial tephra deposits overlying lavas and agglutinates, and the thickness of
the slides usually ranged from 4 to 8 m. The sliding masses traveled long distances (<600 m),
comparing to small differences in elevation. The deposits were composed of tephra blocks of a few
meters and there was no evidence that they were transported by water. These facts suggest that some
landslides mobilized rapidly into debris avalanches, traveling a few hundred meters. The associated
debris avalanche resulted in five casualties and severe damages of houses at the foot of
Takanoobane lava dome.

The characteristics of the April 16, 2016 earthquake-induced landslides are different from those of
rainfall-induced landslides in July 2012, June 2001 and July 1990 at Aso Volcano, and provide
important information for preventing or mitigating future landslide disasters in the Aso caldera
region.

Keywords: the 2016 Kumamoto earthquake, landslides, debris avalanches, tephra deposits
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Problems associated with the active fault assessments and analyses of the destructive 2016
Kumamoto earthquake

*Yasuhiro Suzuki', Mitsuhisa Watanabe?, Takashi Nakata’
1.Nagoya University, 2.Toyo University, 3.Hiroshima University

The 2016 Kumamoto earthquake occurred with the activity of a known active fault. Although it could
be possible that the latest long-term predictions by the Headquarters for Earthquake Research
Promotion are correct, there are still unresolved problems regarding 1) the earthquake mechanism
itself, 2) the extent of damages caused by strong ground motion, and 3) the emergence of unknown
earthquake faults.

The active fault was assessed two times in 2002 and 2013. According to the evaluation in 2002, the
faults extending from Aso to the Yatsushiro Sea were regarded as a series of active faults, which
were collectively referred to as the Futagawa-Hinagu fault. In contrast, the evaluation in 2013
divided the Futagawa and Hinagu faults into separate systems by taking into account underground
geology within the Kumamoto plane. This later assessment concluded that the Futagawa fault extends
from Aso toward the Uto Peninsula, and furthermore, that the Hinagu fault extends from Togawa in
Mashiki to the Yatsushiro Sea. However, the “Active Fault Map in Urban Area” regards the Futagawa
fault as continuing further south of Togawa because the tectonic landforms were smoothly traced.
Among the several estimations mentioned above, we should check which one is more appropriate. On
the basis of the 2002 evaluation, it is possible to say that the earthquakes on April 14th and 16th
occurred continuously along the northeastern part of the Futagawa-Hinagu fault. On the other hand,
based on the 2013 evaluation, the two earthquakes appear to have occurred irregularly on different
parts of the different faults. According to the 2002 evaluation, the former earthquake on April
14th should be regarded as a “one size smaller earthquake” than the expectations, whereby the
possible occurrence of a bigger one was mentioned.

The locality of the Futagawa-Hinagu fault had already been indicated on the large-scale active
fault map, and the earthquake faults appeared on the fault line. However, several secondary faults
emerged at other places. In particular, an earthquake fault with a total length of 4 km appeared,
and it produced extensive damage in the town of Mashiki. We should thus carefully check the reason
why this fault was not identified prior to the 2016 earthquakes.

Within the vicinity of the Futagawa fault, severe damage occurred. Especially, in the town of
Mashiki where high seismic intensities were recorded on April 14th and 16th, numerous buildings
collapsed during the earthquake on April 16th. The “severely damaged zone,” which was approximately
1 km in width, trended in the east-west direction. In the village of Minami-Aso, several traces of
earthquake faults were discovered, and almost all of the buildings located on these faults
collapsed. At least five cars overturned onto their sides in the northward direction. Such
phenomenon had not been observed before in Japan. These events are estimated to have been the
result of an S wave in the orthogonal direction along strike-slip faults.

There is a need to re-examine the segmentation and groupings of the faults. The 2016 earthquakes
indicate that the fault should not be divided if the tectonic landform is smoothly continued. There
is also a need to explain why such high seismic intensity of 7 occurred along the Futagawa-Hinagu
fault. Although the present theory of strong ground motion postulates that a shallow portion of the
crust never generated strong motion, the narrow distribution of damage seems to imply some
contribution from breaks at the shallow portion of the crust. In regard to this issue, the
distribution of seismic intensity of 7 will need to be officially mapped by the Japan
Meteorological Agency. In the field of disaster prevention awareness, it is often heard that strong
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earthquakes can happen anywhere, but this could misleading. It will be necessary to specify the
areas where the seismic intensity could reach 7 for disaster prevention. It will also be important
to verify the reason why the branch faults could not be identified before the 2016 earthquakes.
Needless to say, active fault assessments for regions harboring nuclear power plants require
further rigor. Although the Nuclear Regulation Authority may say that they can identify the
potential active branch faults prior to the earthquake, it is essential to verify this assessment.

Keywords: Active fault, Earthquake disaster prevention, Earthquake fault, Strong ground motion
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The 2016 Kumamoto earthquake occurred in middle Kyushu Island, Japan where stress field is in
strike-slip or normal fault regime. The minimum principal compression stress (s3), with its near
north-south trend, is dominant throughout the entire region. In this study, we determined focal
mechanisms related to the seismic activity from first P wave polarity data by urgent seismic
observation deployed in the hypocentral area.

Generally, the earthquakes in strike-slip and normal fault types occurred around focal area,
indicating maximum principal stress is similar magnitude to moderate one as suggested by the result
of stress tensor inversion by Matsumoto et al. (2015). The focal mechanisms show spatial and
temporal variation during the activity. The solution for main shock (M7.3) reveals different strike
angle from centroid moment tensor solution by F-net (NIED). This suggests the mainshock rupture
change its direction to the Futagawa fault.

In addition, the result is indicative of change in stress condition associated with the occurrence
of the main shock (M7.3) around Futagawa and Hinagu faults.
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A swarm of earthquakes occurred in Kyushu region, Japan in April 2016. The activity includes two
major earthquakes in Kumamoto prefecture with moment magnitudes of Mw6.1 on April 14th and Mw7.1 on
April 16th. Many large aftershocks (Mw > 4) have been excited at least one month since the first
Mw6.1 earthquake. The overall activity might be defined by a foreshocks-mainshock-aftershocks
sequence. According to moment tensor catalog by F-net and Hi-net systems operated by National
Research Institute for Earth Science and Disaster Prevention (NIED), the three major earthquakes
seem to have occurred near the intersection point between the known Hinagu and Futagawa faults with
mostly strike-slip focal mechanisms, whereas some potion of aftershocks seem to have occurred at
the western extension of the Futagawa fault and northern/southwestern areas out of the Futagawa
fault with focal mechanisms including normal-fault components. For revealing the contribution of
normal-fault system during this swarm activity, I estimated the centroid moment tensor solutions of
the major three earthquakes and large aftershocks (Mw > 4) by a grid-search algorithm (Takeo et al.
2010) and their uncertainties by the bootstrap method. The datasets are the records of F-net strong
motion velocitymeters for two major earthquakes, and records of F-net broadband seismometers and
three broadband seismometers in the southwestern Shikoku island installed by Earthquake Research
Institute, the University of Tokyo in 2015. As a result, I obtained both strike-slip and
normal-fault reliable solutions for aftershock sequence (4 < Mw < 6). The normal-fault solutions
often appeared at off fault area of the Futagawa fault. The two major earthquakes had significant
non-double couple components, which can be explained by the linear combination of the strike-slip
double-couple solutions along the known fault systems and the normal-fault double-couple solutions
along the fault systems. The contribution of Hinagu and Futagawa faults is hard to distinguish by
the centroid moment tensor analysis because the difference in the strike angles of these fault
system is not large enough. On the other hand, the total contribution of normal-fault solutions
could be estimated to be about 15% for the Mw6.1 first earthquake and about 30% for the largest
Mw7.1 earthquake. These values may be useful for the slip inversion of these earthquakes and for
interpreting surface faulting. The total contribution of normal-fault solution will be estimated,
which might have contribution for discussing the tectonics of the Beppu-Shimabara graben widely
located off north of the Futagawa fault.
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Spatio-temporal evolution of seismicity following the 2016 Kumamoto earthquake: Migrations
of early aftershocks following M6.5 earthquake
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A series of powerful earthquakes and the following aftershocks has struck the Kumamoto area in
Kyusyu, Japan, from 14th April, 2016. These powerful earthquakes have caused destructive damages in
the central part of Kyusyu. We relocated a bunch of earthquakes associated with the 2016 Kumamoto
earthquake (~2700 events), applying a double-differential code to arrival time data set constructed
by JMA, and waveform cross-correlation technique. Then, we newly detected numerous earthquakes
using these relocated earthquakes as template events, applying a matched filter technique to
continuous waveform data recorded at 35 seismic stations in the central Kyusyu area. Most of
relocated hypocenters are aligned along nearly vertical planes or north-westward dipping plane.
Hypocenters before M7.3 earthquakes were concentrated near surface traces of active faults in
northernmost segment of “Hinagu” and a part of “Futagawa”. After M7.3 earthquake, they shifted
toward northwest ward and aligned gently northwest ward dipping plane. Early aftershocks following
M6.5 earthquake clearly expanded along fault strikes during a half day. But, aftershock zone
slightly continued to expand perpendicular to fault strikes until the generation of M7.3
earthquake. The M7.3 earthquake has immediately boosted a widespread seismicity along the
northeastern extension of the Futagawa fault, as well as the northwestern section of the Hinagu
fault.
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Effect of complex fault systems and volcanic areas on the 2016 Kumamoto-Oita earthquake
sequence
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Triggered significant seismicity in Oita following the M7.3 Kumamoto earthquake in 2016
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On 16 April 2016, the M7.3 Kumamoto earthquake occurred in Kyushu. At a seismic station in QOita
located about 80 km north-eastwards from the hypocenter, large seismic signals from another large
earthquake were observed during the passage of seismic waves from the M7.3 event. The event
identified in Oita was located by picking P and S wave arrivals using seismograms at K-NET and
KiK-net stations. The Oita earthquake occurred about 33 sec after the M7.3 event, the hypocenter
located at a depth of about 7 km beneath Yuhuin geothermal region, and its local magnitude was
estimated about 6.0. The static and dynamic stress changes at this region from the M7.3 event were
on the order of about 1 kPa and 1 MPa, respectively.
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Matched Filter Method implemented as a semi-automatic hypocenter location system
- Application to the 2016 Kumamoto Earthquake -
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Seismic quiescence prior to the 2016 Kumamoto Earthquakes
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Temporal and spatial changes in b-value for the 2016 Kumamoto Earthquakes
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Change in b-values following the three M6 or 7-class earthquakes in the 2016 Kumamoto
earthquake sequence
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This study investigates whether or not b-values of the Gutenberg-Richter law change following the
three events (M6.5 on 14 April, M6.4 on 15 April, and M7.3 on 16 April) in the 2016 Kumamoto
earthquake sequence. To examine the statistical significance of the change, a Bayesian approach
developed and used in Iwata [2008, 2013, GJI; 2016, Pageoph] was applied to the sequence. This
approach introduces a statistical model of a magnitude-frequency distribution covering the entire
magnitude range proposed by Ogata & Katsura [1993, GJI]. The proposed distribution contains a
parameter representing the quality of detection capability of earthquakes. With the aforementioned
Bayesian approach, we can estimate a b-value with the consideration of the temporal change in the
quality of detectability; all observed events are used in the estimation while we discard events of
which magnitude is less than a cut-off magnitude in an conventional method to find a b-value. This
is the advantage of the Bayesian approach to examine the significance of the change in b-values.

Data analyzed in this study was taken from the JMA catalog (last accessed on 11 May 2016). A study
area was chosen to cover the aftershock area just before the M7.3 event and the epicenter of the M
7.3 event, and four periods were considered: from 1 August 2015 to the occurrence of the M6.5

event (Period @), between the occurrences of the M6.5 and M6.4 events (Period 1), between the
occurrences of the M6.4 and M7.3 events (Period 2), and after the M7.3 event (Period 3). For each
of the four periods, the b-value and temporal change in detection capability (i.e, the parameter of
the magnitude-frequency distribution proposed by Ogata & Katsura [1993]) were estimated
simultaneously. Cases with the constraint of a common b-value over successive periods (e.g., b
-values of Periods 1, 2, and 3 are the same while the one in Period @ is different.) were also
considered. In total, there were eight cases (models), depending on which periods have a common b
-value, and the best model was selected from the eight with Akaike's Bayesian Information Criterion
(ABIC).

The best model is the case where Periods @, 1, and 2 have a common b-value of 0.736 and only Period
3 has a different value of 0.941; the b-value varies at the timing of the M7.3 event whereas it
does not change with the M6.5 and M6.4 events. The difference of ABIC values between this model and
the one where the b-values over the four periods are the same is 7.9, which suggests the
statistical significance of the best model. Remarkable increase in the b-value following a
major/megathrust earthquake has been found [e.g., Tormann et al., 2015, Nature Geoscience]. This
increase will correspond to decrease of stress due to a large slip, because it has been suggested
that the b-value is correlated inversely with stress [e.g., Scholz, 2015, GRL]. From this
viewpoint, the result of this study suggests that the high stress in the focal area of the Kumamoto
sequence was not decreased by the M6.5 and M6.4 events but the M7.3 event has released it.
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Observation of transient signatures in atmosphere and ionosphere prior to the 2016
Kumamoto earthquake in Japan. Preliminary results.
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Inage, Chiba, 263-8522, Japan, 3.Space Research Institute, Russian Academy of Sciences, Moscow,
Russian Federation, 4.Astrogeo Center, Falls Church VA, USA, 5.International Space Science
Institute, Beijing, China

The 2016 Kumamoto series of earthquakes started with M6.2 foreshock (12:26 UTC) on April 14, 2016
and continued with M7.0 series of 16:25 UTC on April 15) beneath Kumamoto City on Kyushu Region,
Japan. The two earthquakes killed at least 48 people and injured about 3,000 others in total.

We prospectively and retrospectively analyzed transient variation of specific physical parameters
characterizing the state of the atmosphere and ionosphere several days before the onset of this
earthquake, namely: outgoing earth radiation (OLR) on the top the atmosphere), atmospheric chemical
potential (ACP) related to the thermodynamic proprieties in the lower atmosphere and for ionosphere
the F2-layer critical frequency (foF2). On April 1°° , 2106 the satellite monitoring over Japan has
shown a rapid increase of OLR near Kumamoto epicentral area. The ongoing analysis of satellite
radiation revealed another transient anomaly over the epicentral area on April 12 (-3 days before
the M7). The retrospective analysis of ACP from satellite assimilation data shows similar patterns
of rapid increases on April 11-12 several hours earlier to the satellite transient anomalies. F2
-layer critical frequency data from Okinawa/0gimi Ionosond (26.68°N, 128.15°E) show repeatable
pattern of fof2 increase in the nighttime of April 13 (36 hours before the foreshock of M6.2 on
April 14) and in the early morning hours of April 15 (20 hours before eth M7.0 @f April 15th).

Our preliminary results show correlation between the appearance of pre-earthquake transients
anomalies in atmosphere and ionosphere (with a short time-lag, from hours up to few days) and the
occurrence of 2016 Kumamoto, Japan earthquake series.

Keywords: pre-eartghauke signals, Satelitte thermal anomaly, Ionosond foF2
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Detection of satellite thermal anomalies in '

atmosphere before Kumamoto earthquake series
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Probability of successive occurrences of large earthquakes and triggering of volcanic
eruptions: in response to 2016 Kumamoto earthquake activity
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Prediction of the 2016 Kumamoto Earthquake
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Urgent joint seismic observation of the 2016 Kumamoto earthquake - Dense seismic
observation -
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Fault Structure of the 2016 Kumamoto earthquake using relocated aftershocks
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We estimated the fault structure of the 2016 Kumamoto earthquake using relocated aftershocks for 1
week after the Mj 6.5 foreshock (21:26 14 April 2016). Aftershocks relocation was performed using
double-difference method [Waldhauser and Ellsworth, 2000]. For analyzing many events, we picked
first arrival times of P and S-waves using automatic picking system (Home Seismometer Corporation)
applying to the data of temporal seismic observation around the Futagawa-Hinagu Faults by group for
urgent joint seismic observation of the 2016 Kumamoto earthquake. The station using relocation were
selected within 5@ km distance from epicenter. We firstly calculated initial location using HYPOMH
[Hirata and Matsu'ura, 1987] with 1-D velocity model (routine analysis in Kyushu University). Then,
we applied tomoDD code [Zhang and Thurber, 2003] with 3-D velocity model [Saiga et al, 2011]. Total
number of relocated event is approximately 10,000, which is approximately 5 times compared with JMA
catalog. Preliminary result shows some complex alignment of aftershocks associated with foreshock,
mainshock, and induced earthquakes.

Acknowledgements: This work is partly supported by MEXT KAKENHI Grant Number 16H06298, the Ministry
of Education, Culture, Sports, Science and Technology of Japan under its Earthquake and Volcano
Hazards Observation and Research Program, and Earthquake Research Institute, The University of
Tokyo under Joint Usage Program.
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Three-dimensional seismic velocity structure in Kyushu including the source region of the
2016 Kumamoto earthquake
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The 2016 Kumamoto earthquake is a series of earthquakes, including an earthquake with magnitude of
Mj=7.3 which occurred on April 16, 2016 beneath Kumamoto City, the preceding earthquake with
magnitude of Mj=6.5 which occurred on April 14, 2016, and many triggered aftershocks. The two main
earthquakes were located along the Futagawa and Hinagu fault zones in the west area of
Beppu-Shimabara graben.

The purpose of the study is to reveal detailed crustal structures and its tectonic process of the
successive large earthquakes generation. We estimated three-dimensional seismic wave velocities in
the crust beneath Kyushu including the source region of the Kumamoto earthquakes by applying
double-difference tomography method [Zhang and Thurber, 2003]. The local earthquake data (from
January 2000 to July 2013, m > 2, depth < 30 km) were collected by the Institute of Seismology and
Volcanology (SEVO), Kyushu University. For the tomographic inversion, we used 159,103 P-wave and
115,265 S-wave arrival times from 4,126 local earthquakes. The initial velocity model is the same
as the one used for routine earthquake location processing in SEVO, Kyushu University.

We will discuss the relation between the 2016 Kumamoto earthquakes and the tectonic background
inferred from the seismic wave velocity structure.

Acknowledgements
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16H06298, MEXT under its Earthquake and Volcano Hazards Observation and Research Program, and
Earthquake Research Institute, The University of Tokyo under Joint Usage Program. We thank Dr.
Okada and Dr. Nakajima for their constructive comments.
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Temporal changes of seismic velocity structure after the 2016 Kumamoto earthquake
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Change in stress and seismicity after the 2016 Kumamoto, Japan, earthquake sequence and
implication on regional seismic hazard
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Laboratory, Institute of Geothermal Sciences, Kyoto University

We evaluate evolution of stress and seismicity after the 2016 Kumamoto earthquake sequence and
assess rupture probability for the neighbouring active faults. Following the Kumamoto earthquakes,
including the April 14" M, 6.7 and the April 16" M, 7.0 events, consequent aftershocks took place
both north-eastward and south-westward along the Futagawa-Hinagu fault system. In addition to the
strike-slip mechanism, which is consistent with the behaviour of the Futagawa-Hinagu fault system,
some aftershocks with normal mechanisms were observed. Such aftershock patterns in space and
mechanism could be associated with coseismic Coulomb stress change on optimally oriented planes
(00Ps), determined based on the stress perturbation of an earthquake and prior regional stress. The
model shows significant stress increase along the Futagawa-Hinagu fault system and the 0OP were
favorable to either strike-slip or normal faulting, consistent with observations. In addition to
spatial distribution of consequent events, we forecasted their temporal distribution through the
modified Omori Law. In comparing with background seismicity rate, this sequence could last for ca.
1 year, similar as the duration of the sequence that follows the 2000 M5.0 earthquake took place in
this region. To assess regional seismic hazard after the mainshock, we evalauted short-term rate
change on neighboring active faults through the rate-and-state friction model. Due to stress
enhanced, seismicity rate elevation for more than 4 times is expected on the Takano-Shirahata and
Hinagu segments of the Hinagu fault zone. Considering their long-term rupture probability of 6 % in
the coming 30 years, the hazard near these segments are further elevated after the Kumamoto
earthquakes. Our results provide the basis to rapidly re-assess seismic hazard, which would be
beneficial for emergency response regarding victim relocation and building reinforcement.

Keywords: Kumamoto sequence, Coulomb stress change, modified Omori Law, rate-and-state friction
model, seismic hazard assessment

©2016. Japan Geoscience Union. A1l Right Reserved. - MIS34-P22 -



MIS34-P23 HAMERSER S EA2016EAS

2016 RRA MR BIRERD DI 1%

Stress fields in and around the focal area of the 2016 Kumamoto earthquake
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AD(CEET SENILHNEICKDEURICIHATETH D, AERICERINZAEYNRH D, Chs5D
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C &3, EREAIMREGANIEEICNSTVNCEETREL. BABERAZONR(C L DEZREDETMN., i
ERF(CEECED>TULIRERETRT,

F—O— R NS B, XTI WEEE. 2016FEANE

Keywords: stress field, frictional strength, focal mechanism, fault structure, The 2016 Kumamoto

earthquake
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2016 FREARIE (CRET SMEER & ENRE KL
Relationship between Distributions of Shallow Earthquakes and Gradients of Gravity Anomaly
Field in and around the Focal Area of the 2016 Kumamoto Earthquake.

*Thk f2'. LA BBEE’

*Takeshi Kudo', Akihiko Yamamoto

1.HEAZ IT2E HEHER. 2.BEXFE AZFhk BITZHER
1.Science and Technology Section, College of Engineering, Chubu University, 2.Graduate School of
Science and Engineering, Ehime University

Relationship between distributions of shallow earthquakes and gradients of gravity anomaly field in
and around the focal area of the 2016 Kumamoto Earthquake is investigated. In this session, we will
present Bouguer anomaly maps, Bouguer anomaly horizontal gradient maps, and some graphs showing
relations between gravity anomaly gradients and spatial distributions of hypocenters related to the
2016 Kumamoto Earthquake.

Zones with steep horizontal gradient of gravity anomaly field are presumably caused by faults
bounding different density structures in the crust. On the other hand, most shallow earthquakes are
supposed to be caused by dislocations at faults in the crust. From both presumptions, it follows
that the distribution of epicenters should be overlapped with that of the steep gravity gradient
zones. Kudo and Kono (1999) verified the overlap in Southwest Japan.

In the case of the 1995 Hyogo-ken Nanbu earthquake, however, very low seismicity along the steep

gradient zone of gravity anomaly was followed by the mainshock (Kudo and Kono, 1999). The
preliminary report for the case of the 2016 Kumamoto Earthquake will also be presented.

F—D—F I 2016FEAME. ENRE. HMEEE

Keywords: 2016 Kumamoto Earthquake, gravity anomaly, seismicity
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Boudgl}ler Anomaly Horizontal Gradient Distribution
Gridding: 0.0025 deg. mesh. Assumed density: 2.67. Band-pass WL: 2-125 (km).
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ENEB(ICLIDRE UKEBIE L 2016F B ARIMEDRED HOBEER
Relationship between fault structures detected from gravity anomalies and the aftershock
distribution of the 2016 Kumamoto earthquake

A PR T RIS SEA AR
*Nayuta Matsumoto', Yoshihiro Hiramatsu?, Akihiro Sawada’

1. B RAZAXZREEARZMZERL. 2. ERXZEBIMFEEHER Y X7 L2458
1.Graduate School of Natural Science and Technology, Kanazawa University, 2.Institute of Science
and Engineering, Kanazawa University

20165 BEAME TS, BHET 32 DDOWES CRIBEIOER L TREODASZLIEEAERFEE L. BIBEEAER
AWER. AEFHMAIIMEFROZNETN—HEERMEBLE L TUVD, o, RERSEDIRREERE XD
BRI - AELMEBR CEHEFSHNERILL TH D, CNSOBBOEGIECEEENEFEINTL

. LhL. fmA)IMEFEOERAEREIRICE. FEDILTSHRDHELTED. EHFHICLDIRAEIRE#ETH
B, ENEBICLIENE. HMTOBREBESERML TH D, MFEHSHNARE LIS TORIE OERMEDHE
(CBEATH . AAERTIE. BEAR-RIFHRE NRICENEEEBOETICSH (T IHERDERIMED LU
RBOFMEETL. RESHEDEEMHICDVWTERIZICEEBNET S,
FRLUETF—5EERAET—S. Yamamoto et al.(2011). ELHHIERT(2006). EMHRFIERESEY

/9 —(2013). Gravity Research Group in Southwest Japan (2001)TC& 3%, ENT—F(CIIBEOME(CMZ
T. 10mDEM(C & B HEFEAHIE (Honda et.al, 2015). O—/SX T 1 LS —BH LU L YV RUBRE T2, 85
NZRET—STRENS. BEBESEREKFE—RMD. SHE—XM5. TDX(Cooper and Cowan, 2006)% F(\
THH U, Flz. BIBOEBFEIC DU TIE. 2RITEEDIERIAB(Beiki, 2013) (CK DRI EITO I,
KFE—RW5. HE—RHEPS XOTXO‘ERNS. L/ IKER (A > EItE - EiaEAOBEERNERT
T, ZOBEEER(FFKAILT SAHEZERVCF L EB MmO S RIRNEIC T TERMICHHT D, ERIARH
5(3mAIIMBREOBEE U TENMBBENEEIN. M8 - EZNCHEIN TV S HME/IIBSDESH
FRREEGNTH D, REDME. BRAWECDEREH SHERLORFEE T TCCOBERR(CA>TH
LTV, FERLKEDERAITE. RESMOEAMRBIN —-AFELKELAAICELLTHED., BEIhES
BREFE—BUE,

HRAMBFOHRAXBEETE. EHRB(ICGEINEMNOERANRREHSND, MEITH > EEERERE
TDX. FAE—RXMD TREI NI, HHIIKBE RS EPORBEETCH D, —H. H/IIIKBTRENER
MBThd3aH-AEXETE. MBISA>EEERRIREINLL, REAMIIEH - AEXBICEFLT
HD. FEANHERAXBETIELEEIIDEN, TDXTE>COHEAXBEEE - BERBOTI X Y SMERMHE(C
A -FMEAAOBEERMEHINTU D, Fle. REELT (Perdersen and Rasmussen, 1990)7\

5. IDXTRE SNz —FERAADBEERICNIG T SEE (CIRTHNEEERS D C EMRBIND, it
BRMNSHIKTEE. COBERERIERGHEBRE L OMERR(CHIGL. COMERRICKDRENDH
HOBERHNEHIN TN EEZS5NS,

AR — AELKEFREIL TEANLICLDEDAROBENREBL TH D, RESHICHID T BEEFR(IHESR
TEEH oz,

F—DO—F ENEE. REDM. BEBEERR
Keywords: Gravity Anomaly, Aftershock distribution, Subsurface structural boundary
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20165 BA— NP IEESSEE O BKILIBENBE
Broad-band magnetotelluric data around the focal region of the 2016 Kumamoto-Oita
earthquakes

BB KRS FRE KL vt R BE . 0B B M Bl 5K & #X BE. F2A
. HE B \Ba K. B # Jul =X wE ®. NE it 58 BF % 59T B
A 387 &1 BB 3K 2E7. ne . &N SR LB #-". Jw ESXE"°. | "

. 20165FREAINE SREMMESRNTIL—F

*Koki Aizawa', Hisafumi Asaue’, Katsuaki Koike®, Shinichi Takakura®, Nobuo Matsushima®, Maki Hata®,
Tohru yoshinaga®, Takeshi Hashimoto®, Mitsuru Utsugi’, Hiroyuki Inoue’, Taro Shiotani'’, Makoto
Uyeshima®, Takao Koyama®, Wataru Kanda’, Kazunari Uchida', Yuko Tsukashima', Azusa Shito', Shiori
Fujita'?, Asuma Wakabayashi'?, Kaori Tsukamoto'?, Takeshi Matsushima', Ryokei Yoshimura', Ken'ichi
Yamazaki'®, Shintaro Komatsu'’, Makoto Tamura', The 2016 Kumamoto earthquake research group

1. VN KRZRZIEZRTERNEMENM LERATREE Y Y —. 2. ZEXRE Y T S hinkiiHt Rt

BE, 3. REARPZTAMERRL 4. EXELMBESMEAT. 5. BAKXZITZER. 6.UEEXRFMENLARS AT
H— 1.7ZEBRBZANLAREY S — 8. RRAFMEMTA. . ERIEXFNURAHELY I — 10. 7
KEFEEATA. 1. 08B RS M FEEEIERITA. 12. N KFIEZAMIKRERF T, 13. RERFIE
FEHIKRERFEW

1.Institute of Seismology and Volcanology, Faculty of Sciences, Kyushu University, 2.lLaboratory on
Innovative Techniques for Infrastructures, Kyoto University, 3.Graduate School of Engineering and
Faculty of Engineering, Kyoto University, 4.National Institute of Advanced Industrial Science and
Technology, 5.Kumamoto University, 6.Hokkaido University, 7.Kyoto University, 8.Earthquake Research
Institute, University of Tokyo, 9.Volcanic Fluid Research Center, Tokyo Institute of Technology,
10.Disaster Prevention Research Institute, Kyoto University, 11.Hokkaido Research Organization,
Geological Survery of Hokkaido, 12.Department of Earth and Planetary Sciences, Kyushu University,
13.Division of Earth and Planetary Sciences, Graduate School of Science, Kyoto University

2016545148 . SH10HREZ THRU TUSBEAR—TUNPEENEREBEILTE. CNFETELEDIHAE
BIINW—TICL>T. BESENOZOMTOESIBIBEZ HET SOHLFEMTEENMTONTE

Izo EEENDE LU THRAKE. mH/IIKEEEEMETEIE OBEISEE UEE (FAFE i, 2004; FiE
ftt, 2007). FRRIILT SOV I VEHERPEKRITEE UIZERE (BB i, 2000; Asaue et al., 2006; )
1, 2016) . BEARTMDM TKDERICER ULEEE (Asaue et al., 2012). NELO VI VEHIRRPOEKRI(C
EBEUREE (88 i, 2015). KOBRHEIOIENLMEOFEE (MZF i, 2015). BN —BELKECE
BURZEE (2 1, 2016) ME(FS5NMND, ARRTIECNSEEEMT F—FZJVIR1ILLTESNZ
BREMBENEDREEETRI, M TOESLIBIEBEOKBNEEEEIBRI 3. FLiz1Y
E—45>X (Rung-Arunwan et al., 2016) (&3 RENIIHENERKEC (LRI 0.1 KD REBEITH
L. WEL. BREEEVOIZENUELFESERUZVEBLIENRE L D TU D, BIREDFES (5~15km) (C
HFHLZEXNGT S, AR08, B0 O RBENT BRI, —EDMEEE (2016548 14H21652693 ~48
24H12054093) OERZERD . SOOMEES IAF. NWE. BREZEIDELEERERITT. Z20
BETRELTVWDCERASHEL Dz CNIFANLTARAVIVICEDERELDIMEER LIC<L
HO2TWLWBCEZERBLTVWEEEX SNSD, REMEFRINHERLEART(HA CEMEER BB -5
LHEFIOER. SHIBREE TRELTUDLDICR X, MBNBRLIBINOBEEBREE >TUVBRCEER
ZLTULB,

FHHRICDOVTE
http://www.sevo.kyushu-u.ac.jp/kumamoto2016/MT2016KumamotoOita.pdf
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HEH

AHAEDETICHZD. UTOFEBIEZ(FTE LT,

MEEDOBBICEIT TOHDMEN LEURTEE  SREHES2201 ]

MBI —BELKES (K92 —BmblEERER) (CH(T3ERNEHEESR
[RIFAREMENE [2016FEAME CBET SEHCRI SMERE ] (RRIFK F)J

2E X

Asaue, H., Koike, K., Yoshinaga, T., and Takakura, S., 2006, Magnetotelluric resistivity modeling
for 3D characterization of geothermal reservoirs in the Western side of Mt. Aso, SW Japan: Journal
of Applied Geophysics, v. 58, p. 296-312.

Asaue, H., Kubo, T., Yoshinaga, T., and Koike, K., 2012, Application of Magnetotelluric (MT)
Resistivity to Imaging of Regional Three-Dimensional Geologic Structures and Groundwater Systems:
Natural Resources Research, v. 21, p. 383-393.

Rung-Arunwan, T., Siripunvaraporn, W., and Utada, H., 2016, On the Berdichevsky average: Physics of
the Earth and Planetary Interiors, v. 253, p. 1-4.

MELE, NMIRXK, SEHFS, EMER, BIREX, RANE, XEHF, FARE, S5F, ABREX
BB, HAEE, BEFE, LABA, #53%Z, LIRS, 2016, AIN—AFLKEROETES: BAMIK
RERNZFEGWIEFEAR, TERK.

MZILEE, LIRS, SNEtl, FEAT, HLEBZ, BAKE, AEMM, ESHETF, EMEE, BREFHE,
mBR, NLRX, #EE, SNSE, LBE—, IWMEAE, SEHTT, 2015, MEBMEERAVZAD
BohEEBDLFEMTER: BARMKRERZES01FAE, TERK.

FRIEASE, /IvthzeBE, HXE, SEM—, 2007, mH)I-BRAMBETORELIBIUBED 1 XA —J Y T EMHu
HWESMHNSNDER: [GAME, v. 48, p. 180-191.

FREA SR, /JthseBl, EEH—, ARBESA, 2004, MTIEC L D5ERBREEOBREMESHENT: ORMEE, v.
45, p. 60-70.

BAXES, FEARF, RBLE, LIRE, JuLERX, ®EE, 2015, LHFENTREC K SNEELFEDOLE
TBEHE: BAMIKRENZESFAR, TERR.

BEM—, BARSE, /5, IR, 2000, MT JAICKBMEIILT S OLIEFIBE: Conductivity
anomaly FRSEREMNE, p. 23-30.

MBS, S8 #—, NEEH, BARE, 2016, MENILT SETOMREEDIRTERIER M X—J
J: BAMKBRENFZESWIEAR, TERRK.

F—O—R : WRHL. MT7—75 . 20165REARME
Keywords: resistivity structure, magnetotelluric data, The 2016 Kumamoto earthquake
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2016 REAMEND T O Z v IOKER  AEAARNERIKIOSERE L TOUM
The tectonic background of the 2016 Kumamoto Earthquakes across middle Kyushu, the
junction of southwest Japan Arc and the Ryukyu Arc

"EE HE
*Hidehisa Mashima'

1.ARZERBERREEY S —
1.Center for Obsidian and Lithic Studies, Meiji University

20165 BEAME RS Uz fuM(d. BARAARIMEREKINDEE mICIBT D, CDIEsh. 2016FEAMED T
DRZwOEREBREIDICE. AMARNTNDERERKINDEROMAZEERIT DINEND D, AHAKT
(&, HEFEFIOETIHIEFGEONETERNE. Vv MUXFEESKRERME (GBK, 1992) HKLUMEEZSEH
5. MDFO LZOXCH(FZAEMARMEFEIOBRDOMEZET O,

TLU—hERMNSERLS . BELHMEEF DIFENMEEBEARESRE LT, WNOKFEZEMNZETOY LU
2o COKFENKTREAREILISAREALRDENKEZEMNZERL. BT I B3ECEABAAADKEEMNNEE
t9 3, CORTEAMNRBSENMMRIEERLE CREIISNIMHEBEORT E XKBRIC—H]T D, D
ROV Y IVRFIESKT, tRERARORALERT (BK, 1992) , . tE-BE-HEZED
B TAFERMOAETFEAETELL. EBUMEERAZTNOEMETRT, LETHAFBESEORETHILERAS
mMHSEILAAICENLT S, LWHPD TLEDER] (BA, 1962) NEBHS5ND, CDLSIC. XBEARE
mEURKEZU IOV LENMDOMEZS KOMEZIFHE LK—BLULTED. WMOTIH IO ER
BLTULWSEEZXSND, BEARBIDTEIERMEDOHEIKERILE-FEEAATHDINDICNL T KFEEA
DOEZTEFEIATHEDFITLTUD. CORHTICK > TEBS NIZETILER LS KFEEMBR D O\ EEED
NDERDIDEEZSND,

FREEEMA FFEABOXKFEFEGDOHFERL. —H. BEGNEECN L T, mAENKFEEAZE R

o DT NNDKFEMICEINZIEATHSEIHKMNDERTH DI EEX5ND, tAEATOAERAR
MOEREEREFEATOHRKMOEFBERARET DL EE(C, MHEBEDAEZT ERMAORAETHARHTIBD L
BAMDTORZO X B HICLTUBEERSNS,

BEARLIFE DO NUMIEKFEEMARIFETEID (CELT D, DED. B/EEINT I 2D XTEEL . BETH
EZOXREMSIARSIFHE R I M Lt ZARA DA UMNOMENRM E BN TS 5. EIBERBMmS
[FCDEEDBTH D KEZME/NS UV, BEMAE ChE, 2015) SIUMERER (Nishizawa et al.,
2009) H\SHEMAHCTN/ S TBEBENEL TLDEEXISND, MHAAR NS A BEARERETEA
ADIBIELE DT, COEEGTIRZHOIDERELE S>TUBEEZ SN,

F—D— R 016EREANE. BMSAS. BRI FERM. AMN—/S5TEE. TR0

Keywords: The 2016 Kumamoto Earthquakes, arc junction, The Southwest Japan Arc, The Ryukyu Arc, The
Kyushu-Palau Ridge, tectonics
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2016 REAIE (CHE S NWNEED B AKEICH (T D MREE (FHK)
Crustal deformation at the shear zone of the southern part of Kyushu region accompanied
with the 2016 Kumamoto earthquake (Preliminary report)

EER B %A S A 5T WE S BN B HE 8
*Tsuyoshi Watanabe', Koichi Asamori', Koji Umeda’, Hiroki Amamiya', Katsuhiro Nomura', Noboru
Nakatsuka'

1. BARRFNARMAEERE REMRZ TS —. 2.50AIKFEXRZER BITEMER
1.Tono Geoscience Center, Japan Atomic Energy Agency, 2.Graduate School of Science and Technology,
Hirosaki University

FEDCPSEEIZE BV OTHFREDHEN S, NUNHAICIE. 1.0x107/yrF —5F —DEAKO FHEED
SVEEMN s FrIEEI D CEMSNTULS (FIX(E. Wallace et al., 2009) ., 1DBI(L. FFEHSHH
HBICEU B1860 kme &I120 kmlcH L SEEHET. Z2N0HI(C(E. BN —BELKBSECHE) KBS L L SERE
NEEL. BERE-AIMEEFOICIICHEY T D, 2016FEBAMEET CDEAKOTHRE DS L\ERORIGED
THREUELSICEZ(ISNSD, 2DEI(F. JLIB32°HE(SA > THMMIS & 1o (CHERTS S1830 km, K120
kmlC P LSBT (JUMNETBDEARTE) THD. 1997F38 EAESHICHRE LB REELAESRINE (ZNT
. M6.6. M6.4) DERIFEEINDIETOD. ZNSDOIMEZFE PV EAKMO FTHRE (NG T SEEBLE
WIBDNFEFSDE CBRDHSNTULEL,, BARRFNDHATRAFEEE CE. MREESFARMERAEIT S
(. 2DEHDMBEEEEGIE U TXDEFHTNRESHOHIBEE BAMEDOEREREEEESH TS D, RMEE
(CHLUTERT SmitAM(C10th s DGNSSEAEEBEL. 2016F2~3B(CERZRB Lz, CDERIEBRN
S5y BEO4F14H. 16HICEEARAEEIRE I BM6.5. M7.3DOMENERVNTERE L. EEHNSHI60 kmdt
NTZRACIRDGNSSEVAI = TM7 3DME(CHESEAMBNAKGE inDEMNEIR R, AFKRTIE. 10K DGNSSERE
HECTOFBENEEBITMERE R LB, ELMERFEERVTOTHREDENETL. 2016FREAME
[EXDNMMBEHTFTDIOTFHREEDEFEZLCMEAIEDOD O FHNZIC DV TERET D, T, EERM
WEMEFDERNET —IXR—IXZHAVTHEELEOTHRE (MEZNOTFHFERE) 2HESTX. HEE
([CHITBRMERMBF T — L ERIMZEMNRFR X T —ILTOOTHFRE DL EITU. EEHFROEF(IC DU
TEERI B,

SE3 B
Wallace et al. (2009): Enigmatic, highly active left-lateral shear zone in southwest Japan
explained by aseismic ridge collision, Geology, vol.37, 2009, pp.143-146.

RS, EHELEERIRE-FEEEE ML RNEESSE (hEREENR MRS
W) | OREO—BTHSB. BT, ELMERIR EZRTRATEROENET — S —2. B
TEEXRZOEBEN_EMER UIc A —TF VY —X PO S LRTKLIB (ver. 2.4.3) ZFEHAIETCEZTIL

. BUTHEIBLET, /o, 0I6EMAMBETRSINE LEHLC, DHSHEBNERL EFET,

F—O—F  WNEEBOEAKE. OFHFEEOREERL. AMZHNOTHEE. HEFNOTHEE

Keywords: shear zone of the southern part of the Kyushu region, spatiotemporal variation of strain
rate, geodetic strain rate, geological strain rate
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GEONETIC &k o THRH S NIT R 28 FREAR MR (C L DHIFRESE)
Co- and post-seismic displacements due to the 2016 Kumamoto earthquake observed by GEONET

)75 A Bl EF ELHIER GEONETS IL— '
*Satoshi Kawamoto', Yohei Hiyama', GSI GEONET group'

1. B REEE L IR
1.Geospatial Information Authority of Japan

SER28FE (20165F) 4AB16EH 185259 (CEEARIB TM7 IDMENFKE Uz, T SICCDOME(CSKE > T4E14H2185
2653 (CM6. SDIEM. 4B 15803 (M6 ADMIEMRZNZNHREL THD. CNS—EDHME(G. sEREEH
D URIRICEXREHmEEES5 Uiz, EXMIERTIE. BAZE(CHI20kmRERR. #913005 70\ 575 S6GNSSE
eI (GEONET) (C K DIMMRRESNERZ{T O TULD, SE. GEONETEREIT—SZERUT. CNSDIE(C
HESHREHE ZORMEHDREET OO TZENEENTBRERE T D,

E T HIER CTE. GEONETERRI —F(E v Y a VREBE LU CT—ERBE(CIL—F VRICETINSGEONETE
HEENT (F3fEMT (24BSROERNT) . R3BEMT (24B5ROEENT) . Q3FEMT (GBSREAENT) ) (CKD>TEHINTULS, L
MU, SEEELUEZDOHIEFFREEBEANREREERE . EBEBITIERZNZENOME(C L SEENEER
(CBHETBCENFTRETH O e, TN EFBEOLY I I VEERTEUFHTENET OB (S38
1) RUGEONETY 77JLS  Lsfi#Hr (REGARD) (CKBBEREAUVT. ZDDHIERUOAE(C L DHMEROEEZE
HELUR,

CNSDFBFOER. AH14EDME (M6.5) . 4B15HDME (M6.4) . 4B16HMDIMME (M7.3) ZNENI(CHE
VWHIRRZEESAMRE I Ne, ZDDORIEICHV. BRAWMEBFTEIOBFEES EE (1071) | TIEEAMIC
0cmDEEN. L TAMICHKIamDIBERE SNz, —A. AEICHE > TIFNMNIBEEED L VWV EE THlmZ e
AT, FICHHB/IIFMBRINETFEESR R84 (0465) | TIFALEAMICT5em. ETFAMIC20cmDILRE
N BFEES TERB (0701) | TREERAABEICITImDEE. 28cmDERENESNZ (K) » e, AEHRE
FBHHEMNRE L E5B4HRAET. AEDHEROZEE HFH L ZRERORMEEBNERANIN. EFEE
= [RE (0701) | TIEEAAMBICKBmOEHAERININTU S,

WERABREATE. HIETCIEERAKEBREN. AETEAH/IIFEREMBIRINZCEERELTHED. C
NIFSEGENETIC K DERRITNEIBREBENTH D, Tle. AEOERGHH/IIMBF EHRAMERTED
BRIETH >z eEhs. MBIIRAZICRIBINZEEZXSND, T5(C. RAETEBIELDELTAA
DEEFAKREZTVCENS, BBENFIELD ELPEAICERIL TUDEEREBIND, SEIF. FULK
BEFTIVOEEZETOEEEC. REICLDMREFBRURWEHDERERITTUFETH Do

F—D—R  EH2BEREAME. GEONET. MFRZEH). TRV T 1w IGNSSERIT
Keywords: The 2016 Kumamoto earthquake, GEONET, crustal deformation, Kinematic GNSS analysis
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Analysis of Crustal Defomations of Kumamoto Earthquake Obtained by JISLaD System Using
GEONET Observation Data
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3. Ez, mA)IKBERROILSICAIET AR (950465) SAIRMNRILE(CTOMZENIL, 19cmIEREL TO)
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Crustal deformation observation after occurrence of 2016 Kumamoto Earthquake by GNSS
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200684 H14BVI ZF 21— (M) 6.50OMEREZEZ(TT, B1I5BHNSEBREXRZLIBEXRZENRHKET
GNSSERRIsRDEREBZRIALTZM, 16BM7.IOMENRREEL, ADRICETHEFBNLA>ECENS, &K
FERT, RWESHOER, XD EMELELITOMERECE ELSHMRESEERNITSIENT, LMK
F - EEARE - BREXZ(CKBONSSER RS K UE T HEFGEONET, SRTRERESHRAILGNSSE IR DEE
HEEZEL, NSSEFGEAIREST2 1 R%BL, 4 B8AETICHAERIBLZ. 4R 3FTLXITNTLS
m, MOSAKFRNRETHS. CCTlE, ITICT—FEIRNTONZERIT—5 (C DV THRIT’BRICD
WTIRARS. fEHr(d, Bernese GNSS Software Ver. 5.2%&FH()\, CODEfEMTtZV S —MNFRLT220165 4 H30H
FTOREE, MEKEE/ S XS EALT, GEONET, SUNKE - REKRZE - BREAXZFEIC K DENSSERRI=D
F—REEEICERET . &2, 20068E5 A1 HNS 587 HETE, (ODEEFtZYY —MARKLEERR
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Iz, Flz, ARE (O—8F) (&, RZAEEFHBIEISEIRTIEER [2016FEAME L EET FEICET S
RERAE] (KRIEK F, FEES16H06298)(C X > TElESINE.

F—D— R GNSSEDRI. RWEE
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Co-seismic displacements of the 2016 Kumamoto Earthquake derived from GNSS Campaign
measurements
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Spatio-temporal strain change around the 2016 Kumamoto earthquakes observed by GEONET data

RE BF. =5 58

*Mako Ohzono', Hiroaki Takahashi'

1. 0B E X PR A REFHE RN ENE N LRG> 5 —

1.Institute of Seismology and Volcanology, Graduate School of Science, Hokkaido University
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C, Matsu'ura and Hasegawa (1987) MFEICLDrV/NN—TJavEfTo>lcel S, mAIIKBFEICIEE
BoRECBTRT 26k, B1GNDEA(57°)KFFEETNOMBNREEIN, ZOHREEIM6. 9648 &7k
3. BT ILIEAEEZBRELCSHIAT SN, COERMEE SRABENEE FERITAETHmOEN,
ppmDVFHEED. CNISEEMEBTHEL SNLEVEBHLEIRD ARG e ElcLBENEBDOHN
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A crustal deformation model for central Kyushu with a graben area represented by
dislocation

*EH —E =H #X L BN

*Kazuma Mochizuki1, Yuta Mitsui1, Shunsuke Morikami'

1. B K PR ER BRI 2R

1.Department of Geosciences, Shizuoka University

2016FREARINE (S, PRBEROAEPERE EEZZXSNZMA) - BRAWEF TRELIZ, BAMEDARE
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%o BREITF. FRVYT 1Y IPPPEICLBI0MC ENDANSST—FEfTICc LD, ChHCEeEEBR LU,

2016 REARIE DB, B -BRINET EHENSEIAADRNDSOEFNTEH S, chaRRL
T, REFRME)DANZILIIAETNHE L EMENADEC 2IZEDELEOTU S, CDHEDITRR
BEDAFREEZEZBRICE. WITDORNDEERT DUNENRG D,

AHFET(I. 20008 H 520104 (CH\F TDGNSSEERINT —5 (F3E) DT+ EFOEBMAZERL. FUMNFEBD
GEONETERAIRICH (T B EEREEEEHE LTz, HEBEFDOFEATIE. BN Emm/yriZEDILEONERRA ST NI,

CNEHEC, MREMBESL—IULTRIZIJOVIBRERE LIZ, IOV IDRAKKEIEICINZ. BR

EBICHEZT D RE L DdislocationEBU\2, CDdislocationNDEEFHA I E LT, BEELEMBENRR SN

SEB(C(FETFN/MFNORDEEX. Z5CTHVERICIINEFERRI I HICHONDKAEER Tz, %
Z(F. Shimazaki and Zhao (2000)(C &3 FL — ~EZEHDdislocationRIREBAL . BERICLDIEETZ VX

DENRZDNZTIMBEFOEH T Y XCHED. EEXTEELLEENDTH D, COfl. BEKEHSHEHE(CH

(FTHTrIEVBIL—FDEHAH. SXV. NUTEIERL - AELWL - EWL)DVI VERIC K DHME

EEETILELTERELR,

NSEFENZT ) —VEHE, LETHEUVCEREZEEREN S, BR - ZH(RKR. $5532-01) &[@tk
DRERMEDBERVCRN_FEICLD. BRDDRHNEZTEETLIC, BRBRKRT. BMDEERELCHE
hE5SNTHHD. mA/ - BRAKESHATO an/yridD/Nw D XUy F, FALTTD10° m'/yrigE
DY I VIEEDUENMEESNTU B,
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Keywords: Kumamoto earthquake, Crustal deformation, Graben area

©2016. Japan Geoscience Union. A1l Right Reserved. - MIS34-P34 -



MIS34-P35 AR ERN S EE2016E AR

T3 SAREEMT & IRIMMERE (C K 2016 FBEAME TIHESN L T8 & NMiLa ik & DREER
Fault activities and their relations to volcanoes in the 2016 Kumamoto earthquake: Insight
from InSAR analysis and field observations
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DEROFHEERANz, BET 5 (CTHSARBIREEA UERNS. —EOKBEIES M SR E Eh % R
(CHDCEMTED, ZOTHSARBITOBERE T & (CIRINATZEMEL . EROMRZHERT LI, Ik
BRILELND(CH SN EMILREZENTE Ulzc. THSARBTOIERN S, NUMNMESR (BEARm~ikL) Tlddb
R-EAAACHUIERROKES X7 LEERTET M. BAFEZEHISEE IS & NLE V> ZIBEDR
BN (CREEZ (T B RS P IREHEEIE TE 5,

AF16B(CHKE UIZAE (M7.3) TlE. LKL OEBERIOKEBNESL TH D, FMEFRLEL CRiIEES NI
FoRENRDIND, WMBEHIGHEITNTH DI, BIBED I v IDORAICH I BAELLTIEKFEAEAD
B2 RODANEE. HAICH D KEEEDIEEMBDNHEN TS, EERIC. FERLO )LT SABEE R
[E X BMRDIEFENARRICERHS5ND, FHICKSBEL TODMREIVIVEIDDMNEE EBEMNT. 5l
RICHESVIVEBIDDODEEMNBEKZLU TUVBHREENRD D DK DEEENT2011EDORILM A K EHME
TEERINTUD, BHFABETE. 5IRICHED EHSNDEXRLBAOBRAENRNGE (HILTSAM) (C
Boniz, EXBROBOBENIMULESZENDEHD. EAEFILE-FEAEABTAEDOKE L ARANEENT
Hofce —AT. MBOILAICME T 2EMEREITIE. REKB L (FBE 2L\ DHDKIBES NS
5Nz CNSOMBOERIEHEAHRMT. FHEEEHZ L CLVSTEEMNRG D, BMAETE. COKXEH
THOSNZMREEICIFE TN ERADBERIRHSNEN D1z, CNSEMAERLE WS NILEERFEETOR
BEAREMBOELEZNICH > TEUSIBANEEBD AL I > TERINZEEZX S5ND,

AEDW 2 1575% (4816H3:55) (CPEBCHRELREVYI ZF 1—R5.6DMETIE. ERMMAERLOICEREIAN
EERU. NEELUANEELTUD, THSARBITOBERNSE. ZOBERNEEHERDICEMTET S, &
AR~AR~NECNMITOMEXNZIL (BFNKE) ENE~KXDICMNTTOMEXANDZX L (IER

B) FREB NS, hEFELEMRICEB BN HROERE L TRV TV S AIEEY RS .
chsnZenhsNL (FERLPAEEL) (F. EOTIXYTF—23a VOERE L TEL TS ATEEEN
HDo CHNUFNILEX N LEHBYIDBE (SMDIBRTE (FRIE>TUD &, MBOERIFHICEEZSX
SMFHEENNLEL TCEERICEVWC EICEELTULSTREEARH B,

F—0—F D 2016FREAMEDTEMHAER. F5SAR. EE AL
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Detection of crustal deformation signal and fault dislocation model associated with 2016
Kumamoto earthquake:Preliminary report by space geodesy laboratory in Hokkaido university
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AN—BREFICAUBET 2EARHECT4H14H(21:26:41.1 IST)(CMw 6.2 (Mj 6.5)DIMEMRFEEL, 48
15H(00:03:50.6 JST)(cMw 6.0 (Mj 6.4), 4816H(01:25:15.7 IST)(CMw 7.0 (Mj 7.3) DMIEMKU\THRE
L7z (Global CMT project). WFNDHREMBEAMINETHEICEMINITHREINTLS. SOOI
EldMNitt S ZEIR—mERAAICZHT S MPBIN—BRIET ] LICERMAERLTLSCEMBASHICETN
TV3. IR—BERIESIADRIMENSERENRE, RIBFREEFREE(CHNITITUELTLS LN
o THD, BEFOAEIKIFBS IT(CDER>TUVDESNTUVS. FhAEELCMERL, EWEES
EVORIBETCEFESNNENLES T BT CEHD. MEBEFORRGNMPEBIC(Fz 5 < GETFNZE
SEALEIERIGIIZIC K BPull Apart Basin®®, MIFHAMSVY Y RILDLEERICLDILARAEZISNTULIN, K
—HLREEIFEII SN TULLL.

2016 REAMIEZ Z(TC, LB EXRZFHAMZMEE(FHRAILST IL—F PIXEL (PALSAR interferometry
consortium on study our evolving and surface) MIEHFT—SZ&F]AL TALOS-2/PALSAR-2(C K D EHRT —5
D ET Oz, I CTICEIMIERFRIBE U TFHSAR (InSAR) EMAL (Multiple Aperture
Interferometry) MBERZEZR—LR—I E(CIBEL TULD (GSI website). 2DNMENDMTEEEBET A%
FNOEE/ NS — 2 AFAEKILED TI0mU EDEEE WO RBEMI TICTNTULS.

BAR (3L 0 BEEIMREE T — S ERE I EHICEI LA Ty ME(EREBIC KD EMAREE) &
PALSAR-2DEHRT — S (CERAT B . BTO’R, EBXMERNACNITEHRE L TIED > K DEMIEERE
(EHFBIRTTHFREZEMAS ML 2. <DXTHEI/I, HRAMBSEMRDETRVE DR EHERIT N
BRIBLEMORNEREASNCE e, BRASNCBREESEFMICBIRT 3O =AEERERVCIHE
TEHNBET VOBREHY, TOVHETILETRT.

F—O—F AR, SAR. MIRREEN. BT

Keywords: Kumamoto earthquake, Synthetic Aperture Radar, Crustal deformation, Rifting system
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REZNHNRE (CFF S LIS R B3 D SARE 73 IS REHT
DInSAR Analysis on regional distribution pattern of surface displacement caused by the
2016 Kumamoto Earthquake
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ECNSNDEBENEICL D25 EEMUIZDTZDBRERE I D, e NSDBICALOS-2
PALSAR-257—AZE AU EEZDTHMIE E U TMulti Aperture Interferometry& [EENSIBETT

L), Sentinel-1M2.5RXJTEEWTICKDEAAME L TFTAROEMUKCMR T, HmE/IKENSHERADILTSIC
MITOMIRIC DV TEERBAANDEM SR EMFT LI,

F—DJ— R FBESAREDTFH. Sentinel-1 C-SARF—4 . LIEMIREMNDFR/INT—V
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Estimation of co-seismic surface displacement and ground deformation associated with the
April 2016 Kumamoto Earthquake, based on differential InSAR by Sentinel-1 and differential
LiDAR DEM analysis.
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SRV EERIDEEE L H .

Fle. FENDILT SO RNIITRBOFEHICHUVT, 2L — T —IDERZT o ER, HROAIGR
B INBEEN &+ DHBSIMRENNEH SN,

F—T—R 1 20165FHEAIMNEE. InSAR. DEMEDEENT. MZEHEL —UEHAl BRY v F Y IH@HR
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SARTSEHRIC & B TR 28FREAME CA U I/ NEN DMRKIEEF D
Groups of Surface Faults with Small Displacement of the 2016 Kumamoto Earthquake Detected
by ALOS-2 SAR Interferometry
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B) OnmEZDBRIGHEBEREHESNMCT B EICKVWICEIID, cN5DHICIE. BRLEBaREE
O TCLWTERMEMBRICHIBEULZOTEEUVANERESINTLDIEDEHDEN. ERMEHSKDHN
L CTLVBEIRAIEREB P MESE (CHFRIN THENSE NI RDNCHVTLDIENDEHD 55, LHL
M5, M ETOSRL(FHNS EHERNNDHMICHABEI S EIFRETH B,
AREFIATHEOTFSHSARE AL TIHIRMBEHE IS ENTH D, THSAREFATIC LT ENICESE
E UL MROEMEE RS, TSICEMUBM. BUEPEMUDBFHANLNADEFITI D EMTE. N5
DIRMBORREEHET DBNIELYV—ILEED,

2. FU\5280OSARTFHEIR

E T HIER TE. JIMANERTSIATIEE 120525 ZAVT. AEZSUHRANRUMEEZORNZEHDH
ZECHBOSARTSERE EEEENT L. HROZBMDZEMAHEKRDTUD, CC T EHOSARTHEERIC
ENSMNE)ZT7 XAV~ (IRDZEN) ZEETHE LB YYEY &I 2. VZT7 AV ERDOERT
[FHENI LT, #nlcDEDEDEZV, VTPV LEIISTAREUBEOEIEm~10EmiZEETHD. £
fz. RICHFUEMBREAEHL TODIDTIEEL. EEULTENTULSIEORZ Lz, M EDRAE
TIRFIFEIONSHEVWEDREIEAETH S,

ABETEMRODEBMNRY ZFPAVRELTEET DTDEMRKBEEIC E(ICT BN, HRKE (kD
FN) CERKE (MEEESITECYT) IRFLE—BULLEVWCEISEENNETH D,

3. HiERMTIE DR

fEONIRLN S, mHA)IKET. BRAMBERAVDHLS FEATADKIISTABTEICES T T, K&
SNIHhRWTE (3200 E(CRTU. FEBICZ DNENDMEBMBNEEREL TED (RER) . UTICZDREE
ZFXEHB.

(1) BFFC E(CHRMBDEMPEMFEREIBULIZEDRERLTH D, JIL—7 (B) &L TL

B, DFD. BCEICRAUERRMNMEV CRIREMERMERNENcC EETIET 5, FKICHEmLILFEEEDE
b -EREROMEBMEE (BEROMFNEN) RAEEZBEIID,

(2) iRMBDEME. BXOEKE (FA/IIMBEFRE) CFaNEBReED. BRERABOG D15 (CES
HLTWS,

(3) IBEABADENEE —HIDENEHDIMN. BHIDEDLIDENCZLERETE. AUEAEED
HRMEMN X FFR[RB CETICHZ AL EMRZO,
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F. EIDIERMBEDEENDDENDARESNIENE—EHLTH S,
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EAN UIZTP XY RTERIEOVWR FEEBTIERENBFARRIREE TIEFH (S o LR ER T IO D
EENHETETH D, HREEDOBRICENATE S,

4, FEH
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SEER © BEIRA, 2000, F35SARIC KL D TRESNEMREM D AEREENT(C X S1995F LERFEEINE D iR KE
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ALOS-2/PALSAR-2(C KX BFH285F (20164F) BEANIHE DEENT
Analysis of the 2016 Kumamoto earthquakes using ALOS-2/PALSAR-2

i B B #. BREE BB EE . B me
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20165E4514H21652693 (C, BEARBR(CH UV TMO.SDMERFKE L. T5(C, COMEICEIEH UL TLE15HES
393 (CM6. ADME, AB16E1BF253 (M7 3OMIERLERFEE Uiz, REESHIZCNSDOMIE (CHS A SIS
ECDVT, BEEEARMEE2S 0528 (AL0S-2) J ([CLDBAEBFAIN T —ILEEFVERE
To2lZOTHRET 3.

ENTFHBERICFERLLET—YEEMTIBRTHD, COSE4R148E158ICHE UIEBIEOHFRE R T M
D, 4BA16EDAREDIHELRTN2 D, REEDORTHN3I D, BDIFIEEAEOMAERTLRT7THS
FIENHERERTTE, BTERAOEDTHEF CERBOEAS CRANW I 2aOEERE A AEEHR, 1t
A TRANImOFAEREFHAHEEBNUBREMEHEI Nz, RETOERERBITEREECSHELETS
BU=aL—3vTlR, LOBVMERBEDAERTSE/NRS —VEBEGLESHBREL S,
RKEOHERERTTEF, KENICEHEB/IIMBESFROBRAMER(CA> TAETFNHEE RIZT SEEMN
Bonre. MBHRMDHETE, |BEARICIDIDEMEMNEERIEERSNS. &z, KEEORTTIE, WHE
NWFER A > CTHEEBLRDEEBMNMRH I N,

W DHDRTICDUVTIF, BEEERCEBEGROBRTEG 2. 20OBR, MA)IKER(CA> THEEME
EEZSNBEEOBERRESINZOT, HETHETS.

AEET THU\EPALSAR-257—S D—ERIE, ELHMIEREMAFLE L > TEH TUV\ SR ARIIER (HhE

We) (CEDVTER - #HEINZTEDTHD. &z, —ZIIPIXELTHBLTLSIENTH D, FEHMZEHER
FEHERE (JAXA) E R A ERZEAT & DERAEZHNIC K D IAXAD SIS NIZEDTH S, PALSAR-2(CEAT
BRI T—5 DFABIEIZIAAICH D . EHEBIFICIE, PRI RMAIAAD/IEREKIC K DRI NIZRINCE
BRI ETLEREWE. B&H, FHSEEROUBBRRICHUVTIE, EXERATOMBERR 1M v 1 (&
=) &(C UTZDEWNEFER L, HROEE(C(ZMTEAU . BRERAIICE, CCICBULTHREBLLEFE
g.

F—D0—F 1 201688AMEE. ALOS-2/PALSAR-2. F5SAR
Keywords: the 2016 Kumamoto earthquake, ALOS-2/PALSAR-2, InSAR
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ALOS-2/PALSAR-27—75 & FAL\2 20164 BEARHIEE (C K SR ZENDIEE & REARIR2 M DORE0 D
Relataion between the 2016 Kumamoto earthquake-induced landslide distribution and surface

deformation detected by ALOS-2/PALSAR-2 data
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Crustal deformation associated with the 2016 Kumamoto Earthquake and its effect on the
magma chamber of Aso volcano
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Active fault in Aso area formed at the Kumamoto Earthquake and its relationship with
neotectonics in the Southwestern Japan
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Surface Fault Ruptures of the 2016 Kumamoto Earthquake
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2016 REARIEE (CfF S R it B NTE
Characteristics of the surface ruptures associated with the 2016 Kumamoto earthquake
sequence, Kyushu, southwestern Japan

BB HE 51 M7, BA &®X\ ful E\ BF £\ 2T aEE\ K& B Sf g\ BE BA
B MR KR W SR KE. =) 58

*Yoshiki Shirahama', Masayuki Yoshimi', Yasuo Awata', Tadashi Maruyama', Takashi AZUMA', Yukari
Miyashita', Hiroshi Mori', Kazutoshi Imanishi', Naoto Takeda', Tadafumi Ochi', Makoto Otsubo',
Daisuke Asahina', Ayumu Miyakawa'

1. B ARRAREAEERMEMARERERS Y5 —
1.Geological Survey of Japan, AIST

The Kumamoto earthquake sequence that culminated in the Mj 7.3 event on April 16, 2016, produced
the ca. 30 km long complex surface ruptures having a predominantly dextral with subordinately
normal or reverse slip component along the eastern section of the Futagawa fault zone, the northern
section of the Hinagu fault zone and previously unmapped faults including those across the Kiyama
plain and across the western caldera rim of the Aso volcano, central Kyushu, Japan. Geological
Survey of Japan, AIST, carried out urgent field investigation to explore and measure the surficial
deformation associated with the Kumamoto earthquake during two weeks since the day of the
mainshock. Our intensive field mapping revealed nature of the surface rupture in detail, including
location, geometry, temporal growth and slip distribution of the complex ruptures. The remarkable
features of the surface faulting were summarized as follows; i) the rupture zone is generally
composed of a series of left-stepping en echelon array of discontinuous fault trace with various
size; ii) the maximum dextral slip of ca. 2.2 m was measured at central part of the rupture zone,
whose location and amount is consistent with InSAR analysis; iii) large slip (>1 m) occurred on the
previously unrecognized fault traces that extend across the alluvial lowland; iv) slip is
accommodated by complex rupture style, such as zigzag-shaped ruptures with ESE-trending dextral
slip and NW-trending sinistral slip, slip partitioning that resolves oblique slip into dextral
component and vertical component on sub-parallel traces, and widely developed grabens; v) accounts
by eyewitnesses and repeated measurements show that part of the surface slip along the Hinagu fault
has grown not only between the 14 April earthquake (Mj6.5) and mainshock (16 April) but also after
the mainshock.

F—DO—R 1 2016FAME. ) IMER. BRAMBET. MRithZEKE
Keywords: 2016 Kumamoto earthquake, Futagawa fault zone, Hinagu fault zone, surface rupture
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HEWTE N\ S 3122016 FREAIE D EIRBE
Source process of 2016 Kumamoto earthquake viewed from surface fault rupture
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*Takashi Nakata'
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2016538 1 6 HF RIS BT (CRE UBEAMEDAENERF. [RTICLD EI0IE32 B45.29. FHE
13245. 792D Bt AAEORD#EHZ I OFBENOBEFINEOKHET. BROFES(E12knETNTUD, C
DEIRNE(F. MERTRHONDHMEMBOFERKIICAWNE CB(CHZD, REAZBHKHTTAT (2016) DR
Mri&SRhttp: //sms.dpri.kyoto-u.ac.jp/k-asano/pdf/2016KumamotoEQ_v20160417.pdf/dL & TlE. WiBDRIEE
BIEFIA RO S RILERICAN > TFFIZSTSIVICEELREZEZX 5N TUL B,

—hA. REHREFEF—L (FBRfM. 2016) ([CX> THEIBINICAE(ICH > THIRICHBLUCHERB(E. &
IMETBRE [ HE NS EE & Jb(CAD D TRk B VW SEMTFEIRZERL TL\ S, FHft (1998) OREDFHE
RS ERKEB DR CORIBRIAREHEE T D ETIVICLD & SEDMEKEB DR TORIRMIARIE
BEEMACHD. ZCHORIEBEFAMAICNT ST SIVICRIBNMEELZEE X 5N, WEROBRGERE
EFFBELTUNDLSICEBDONSD,

MERCHBRIRGEAAE NS (C(E. MBAEDOYMADEGRESAZEFARNDSHERENTHSD (B

E. 1979) ., BHEODirectivity &SIEMRadiation MAMMELD . GEFTIKIE TIKIE DHIBRGEAMAIC
MO > TERICKEIEENNREET 12600, MENRZDOHENHHEICEHET D, SEINMETI(E. RN TH
Z< OEEFENMEREAE CHERAICEEL THD. GEIFNESZERDMEDIERAEAN SILEICH
DO UGBTI D EEFBL TULEL,, BIBREIZE(CH D HHAMENERICH D EIEER U LS ICRERMAC
BHRELTHED. CCTEMEBRRERINRICEELCEEEINS, —FA. EEOEICHITTIEREICH S
REBCPEAFIADAAICEHEL THD. CCTIIIMEMBOMR COBIRIIFAMAICCELCEHETN
%, LIEM> T MEXRTOBERIER(IG. EECETEAREOBICHZEEXDSNSD,

R DREBRZBHSEAZRFT(2016) DTN S5, M7 D TRDIF[RE | £ TRB(CHDE. RIDDEIENS
4 -6 RBICERDIL10kmR ST 10kmTHE U e KEEFNMNE-10ME(CHIR(SEL . MRTEN1 ST IVICHK
BMEELECEETILSCERZR D, MERKDEATE. MBEHZ 1 MERELTETIVEBELTVS
M. ERRICIFMERTHEINSIHMEMEBCR SN S XS ICEAMPERL. FNOMEER(CT SEHOKEBE N
EHEUBBGEL THD. SBEOEREEDETE(ICSVTIE. MEMBOMNE - RIREEE(ICTINERDD
EBHNB,

AFE(C(FFRBEERNZAREMT (FRIAFIEESE) [2016FEAMECREET S5 CET SHEH
Bl (GREHES  16H06298, BRFTARE @ BKF) S LOFENBEE KEEDOERICE I S DtE AL
SRR REFS1702 MhRMEMES LOEMBOMEKRENR - BAEFT —F(ICEEDCETRKXMMEDR
& BBEFHFEORE -LiIDAR FNREHRE DEM RV &Y ZFALE.

F—O—F 1201688 AME. HEKE. ERERE
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R KE(CH (T S HMEMERED FRIAERR
A preliminary report on outcrops of the Futagawa fault, which moved with the 2016 Kumamoto
earthquakes

*XiE R B R

*Kiyokazu Oohashi', Tomonori Tamura'
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1.Graduate School of Sciences and Technology for Innovation, Yamaguchi University

CNFTHIBEREORS(CZ UM >MAI - BREAKMBEICHULT, FH28 FREANERICESFATE
7oz, ZOER, SOINMETEEFLEEEXSNDE DOMBERIE (LR, AR, SLOREEE) &
mENKEBICSA>DTRREL, BHEETO>LEDTICICHETS.
FBR (U A) BEE, KAICHREBRANBENZHIBE LB (GETN1 mi2EMNR) CEE (AETN2
mi2E) OFESRICUBL, ATMEGERRE GEHE) AMBESICABEITNEMNL TUD. 2ROKEB(EER
RICHmI DEBLICRINARE FIE-4XRR) CFEAICHRI IHEBLIEDERICAABELTHD, Z0
BRESEGNTHS. EM - @RHIN66E, 90°S LUN8T°E, 87°NTH D, REH9I0 cmd EOAEBEIFNEMHN
RHE5ND. FERELTHICHKEIT SKHBAEICIEZFZKFEAATERT IIEEICESHVRENRNHSND. KB
BEORFERIBICIIIEEER 2 nAETNEMUSIEIMBANABHE L TH D, EM - ERIINSI°E, 74°SETH
3. COWMBEICEZHURRENMIBLTED, IRDOERECETFOERBRD, BEICETFTOENER
DEMORECEETRYT. MBOBERAIICOTM I BMER-4(3, KFEAR - SAEABEECDECEE10 ML
BIfCETF, RER-AERLUEIC1I0 il EORBEMRG >z EETRBIT S
AR (AWDIE5) BEEHHIIEFERNES LCHEKICABLTHD, EENEICERLERS (KIBX
) &, XAUT7ESURKAKRSE (FIEK-1~fER-3) EDBRABHSNSD (BEEL) . WFNOERE, B
BN550 M2ERNZMRTREIKERLTULSIM, BRIAETIEEEGICEO>TUS. MECHSHERE, BN
CLBDEBAELL, SONMETEEL L EERTBEENEEHLIEOSNTUELUVAR, BREDILERIER
WTEBOABEITNEILBRAIONE (ENEOTEMESGD) RBHOSNTHD, SOOMETEELZEAT
HDOEEMARFTV). EERIEX DEFERAICHI50 mDAKIC(E, FUERS THEHES CIFBENKRET AT
ABmRLTHD, E£ME - ERHINIOE, 72°N, FEBEFFATRICALTISD. AEREDIREIZ20 cnld EHD,
BELGBEEMHSIENS, MEAKTHSEHRTES. COMBAKIZVERBUEEEIICEN
5, SOOMETEIHULIEN TIILEL, LEICERESNZENDTHD EEZXS5NS.
FBE (KHT3) T|HEE, ARNNRRED/NT)IFAVCHEBET . MMHETIEHERS LKOEEMNNS0 anb(cF
NTHH, ZTHSEODMENNEENDE LICETTERL TLSD. BIECIIFMAERAICEREL IZRIKAERES
Bo < pulgx-4) , GAEAICHE<ERE L EHERY (BEAEFFEFEKFE) R"9mL, E0DER(IENL0 cnlc
DEOTHRICHRETHSD. ARSICIE, EHHEBYHRROESPRICRKABEOTOYIRSHL, BELD
BEAHERRBTED. N5 eEND, COBREIMBTHIEHMTES. BREOED - ERHINT4°
E, 87°N (BBEELER) HKUN78°W, 83°N (BREETEB) THD. WiBL DFMRAITIIEHERYIMNT.5 miEE £
(CRIBIT B ENS, EHERYERLUE, RETET.S nOEEEROEENG oz ENREBINS.

[BEAMB(CIDTLLESNEAR, CREDERKRICHBOHRAL LIFETEHC, BESNBERITDLD
HREVEALLIFET. 1HERVER - EEESHFOHLLITET. ]

FoD— R EHSEREANE. WERE K8 KBS
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TR 28 FREAEB DMRINEBME ICRHSNEI XV Y FIN—FT 1 Va3 ZV T EZNDEIK
Slip-partitioned surface ruptures for the Mw 7.0 2016 Kumamoto, Japan, earthquake

“EE T, £H FAEL BA BN AR K

*Shinji Toda', Heitaro Kaneda’, Shinsuke Okada', Daisuke Ishimura’

1R KK ERZPERRARA. 2. FEXZXZHRIEZHARERL. 3. BBAKERR
1.International Research Institute of Disaster Science, Tohoku University, 2.Graduate School of
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TR28FAR16H (CHRAE U IREAME (M7.3, Mw7.0) T(&, fmHJIIKET BRAMBFOILRIICA>D TR
SHIZkmDMEREFNEIRL 2 (BBRIED, 2016, AXEFR) . MEKMBTIEE U TERETNEEN S
BN, MEMBTEPRIMBOBRNTE, WEITSLSCHEESOEHRENDHTS. EWBEI&KLFAED
S HAMX (AT THHRRICH 6 kmd EET S . BR DD 3 VIIHBRNEKRNT, HEDantithetic
fault (FIERSES) BEELSHDEFREITDCENS, HASMCTIRZ Y ILKBEHIMTIND. BEFNUT
[E & DRERREERE SR A CTUNTH D, AFRENTOEETNEMNEIH.5mT, EMBEOEMNEEFH2mT, FEF
RAFOENEEHETS. BAME (M7.3) TE, RESM - MERTV/NN—I 3y - FHESARENED S EIRNT
EBESILIC60° IR TENIT L & EIC, MELEMBRDZEH > TRITNLTLSCERERTNTU
3. CcDCENDS, HTFHSHIRICAEAN D THBMNDIRL, MRTEIETNIIE S EMENLEL THTTND
RHITRDDEFNEMINEREITZI XU YT IR—FT 23T T (slip partitioning) MEUTZEHES
nNd. 20001FEFARY OO VILVKEIMEED, EANTIIEROBHSHE (FIXIE, King et al., 2005) N&Hd
n, BNTHERINCDOEVNHTTHS. mlH/IIMEFNENBRDERHDOCE(E, RABDOXIDEAICHEL)
EMERRNBFREMEFTORZKICMANBEITDCEEBENTHS. Iz, XYY TINR—7 123 YREELED
TIIEEDRENELS, RERECEEEESITLBTUEMNDGSD. MTNHE & EIFNKTENEKknIA
(CNIET 30, ME~MFLOPRESHREHET L, EBRAFENETRCIETEBTEL BN CERAIN
Hd. SEINIAVYTFINI—FTrIaVEBEIDCEIF, BREEOEREEEREZMUOBRICEETS
g, SEOFEMBODIIL—-EVD (EEMBXD) IS SXATETNDHTEETHS.

A : King et al., Slip-partitioned surface breaks for the Mw 7.8 2001 Kokoxili earthquake, China,
Bull. Seismol. Soc. Amer., 731-738, 2005; RE[R(FH\, 20165HEAIMMEDIMMFRMERTE DI & Z DR

. RREHEEEE.

F—O—R ENE. thERERE. XUy —FTrT3a Y
Keywords: active fault, surface rupture, slip partition
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A28 (2016%F) BEARIME(C & B > THIR L feithX ithERTE
The surface rupture of the 2016 Kumamoto Earthquake Kumamoto prefecture, central Kyusyu,
Japan

A IER. MR #E. a0 B
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2016548148 (CEEARIB(CTMj6.5MMEMNFEEL, TS5I(C16BICEM)7.3DMERREELZ. FELT, EhIC
> TERMOERE ALV (CHRMEMBNAHIRELUZ. £E5(3, 48158HS18H(CHI(F THIRIBEKBD
VYEVIRKUZNICRETIMENEEET >, T, MEBEBRICREINCMEERR B\ THlRME
Wi D E i & HIEE L Te.

RIMEKE(L, BIAOEME CH 3mA)INER, BRAKBET CttHR(EH, 2001 ; FH - SR

R, 2002) ([SASLDICHIRELR. 2L, BIROFEMBUE L —HM UL EREdh olc. HmADEER LT
FRIMERTE OMRIER (F14km, —REEM(ZMREA)IKET TNE-SW, BRAKEF TNNE-SSWTH DTz, MRE(C
BLUTEBEICETNETRETS. ILB/BETIANITIE, HHEIIKEICE> TEUHMRMEKE CRRT
BIFE—RERAMAICEUDIEETNE A T MRMBEHENLR Uz, T, EHSEICHEH > Tk
EMBOFHlZEIRNS.

- BIFEIER (E5FA) HoBIIIICHTTHEIIIKEIC A > ThETNORINEKEZ 85Ut CHREE L
. BETNEMUEFERICEVTRR2nTH e, BHEOBETED TIE16BDME(C L > THXtERKE
MHR LT

- SRIERET St O S TERRET S AR & R THEBRETE) S NF TERAKIE (A D T4km E(CDe > TER I 68T
NEFEDOMEMENRBZEZ L. GEINEMNETH0.5~IMEETHh /.

- BEEFHOEBITMATIE1SHDREET T X 7 7 )L MR OB LM DEIN NESR I Nz, 16H
1R252 (CRE L MjT . 30MERICABMMEBERLEECS, CNSOEMABREL TULSC ENRERTN
z.

- RIRETA)I T REIEE (A > TE U RIMEKE & RR I 21— mEARICIEV D EETNZ F(K
&9 SR MENE MN300m EEKE L TLSC EZRERLU.

- RIBET FERASFBICHFT TORBEISERAAIZKE(C1. 5kl E(CE > THEFNE Fih L I SittRIMERE
ZHR Uz, CothRmERE (T A KEDILFE500~800mEENME(CIET D. GETFNEMUEL
0.5~ImMEETHoIc.

5| F>ZmA

WHZE - TH F - FH 5 - THFXES - BAOES - &RIES (2001) :1:25,000 #iEEKBR 88
Al . ELIERBEEATER D-1-No.388.

T & SREXIR (2002) © SEREFMWTISILYY ] . BRRAKFEHARSE. DVD-ROM2 # - {91

- 60p.

F—O—R ENE. MRMEKE. FM28E (20164) BBAME. mH/IIMER. BRAKEBST

Keywords: active fault, surface rupture, The 2016 Kumamoto Earthquake, Futagawa fault zone, Hinagu
fault zone
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20164EM, 7. 1RRAHIER (C K DEBARDFME AL (C HER U 7 iR BT ORSES 3
Multiple active faults triggered the 2016 M, 7.1 Kumamoto earthquakes
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2016548168, BERANMICEVT, M, 7.1 (Mj 7.3) ) OEEARMEREEL, NMNMSICEXREREBEE
5Lk, BBAMETE, 4R16BOAE (M, 7.1) (CBEEL T, 4A14HI(CM, 6.2 (Mj 6.5) &M, 5.5 (Mj

5.7) , €U T4A15HICM, 6.0 (Mj 6.4) &, W55 ED 3EOXESHRIENFEE L. BIC, MW5.0BED
KRELREN, 16HDAREDEDFHKENDSS5(IC4EERELZ (M, 5.8 (Mj6.0) , 2[EIDM,

5.6 (Mj5.8) &M, 5.2 (Mj5.3) , [IRTHEKICLD) . CNSDHIBSIUREL, EICBIFDEMERLIC
FMEANSHEBANELEL TOKDHERLTLS. HEMBFOEREBEDKHEEMNEE DBRES LU
pATRR N LLIELD D RN & RIS DB ICDVWTHRET 3126, BRADTIL—FEENEBHNS1 0H
M, BREEITCHRAEZTOL.

BFNAECMET—5, BICHEREMRBICEREINLCSHREDGoogle EarthBERENTNS, SEIOMEIC
0\, REH40km(COTZ BIHRIMERE NERADRIFOEME & RMOERB AV ICHIRE U C E RS
nre. RMEMBOEATI XY LCHVTIE, E(CIER-EREROHA)I-BRAMBT COADIZAET
NWETH DM, PR-IELIT XAV LTI, FERAILTSDEEIE ) SIHE (graben) @IS & FER U ITEEHAD
RMEKBARMNOBERBAVCIENCEC EAFRICKREINE. ARXRTE, SOORBTHZICERRED
NITEME CRMEMB DN/ —V EEME, SLUMEMBBEIC DV THRET 3.

Field investigations, seismic data, and analysis of high-resolution Google earth images acquired
before and after the earthquake, reveal that a ~4@-km-long surface rupture zone occurred mostly
along the NE-SW-striking Hinagu-Futagawa fault zone, with dominantly right-lateral strike-slipping
displacement in the central-southwest segment and multiple newly-identified faults in northeast
segment that formed a graben structure and crosscut throughout the western side of the Aso caldera.
In this presentation, we will report the detail distribution patterns of co-seismic ruptures and
offset amounts, and the structural features of the newly found active faults along which the
co-seismic surface ruptures occurred.

F—D— R 1 20165M 7.1REARIME, HRIMENE. BRA—MHE)IIKER. MENDILT >, tEMEDIE
BiE. BINE
Keywords: 2016 Mw 7.7 Kumamoto earthquake, co-seismic surface rupture, Hinagu-Futagawa Fault Zone,
Aso caldera, co-seismic graben, strike-slip fault
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20165FREAHIEE (Mw 7.0)BF(C HIR U IR EMBEF O 2 HERE - MROEHEERBRE -XIR(TZ
FAOWZRISH FNITEREIRER(C L D FRIRET-

Geometry and kinematics of surface fault ruptures produced by the 2016 Mw 7.0 Kumamoto
earthquake: Computerized X-ray tomography analysis of three dimensional fault geometries
in basement-induced oblique-slip faulting

(\{
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201648168 (CHRE LCBEAME (Mw7.0) T(E. ME)II-BRAMBEAL (CHhRITERMBENEIRLUZ, MFF
TIYMKRIMEREEO D MINRE ZNSOMREBESHNCT D26, 48168 K DRENICIRIbIEE % Eift
THd, BRRFITORBOGER. F(CHBIIKBAVOMRMERBEEC (RN K SITFEARRHSND,

- mEANFEBAVNCHV T, AETNEMTAOENE-WSWROKBENROD SN, AL T — U TERITIRE
FIREHRT B, FICKEBRED T v TBAKXEMEFRTIE, EEFNELAEAEDOINI-ESERDKBMNRH SN
Bo

NS OWEBOREET, 1.5kmlcHUVT, ERBEZEMEARDENE-WSWRDOKIBEFRBH SN, BRAER
T—ILTCOERTIREFIRRBHSND T, MBROEERERETRDHSND,

C DK SLMRMEREEOLIRFEEDRFHMICDOVTIE, RBRIEFN (2016) , ZFHIFH (2016) HKEICKDT
—B8, MESINTULIN, ZOEBRANZILERATIZHICIE, SEORAE - REIANEEEZI SN

B, EESI(E, FHNERETE LT, LEOMKRMERBEEROHIRFEEDEEZ, MBEROFEKZBENSER
TBREEBNIC, ROTNIBERERZ ATNICERL, XRTIXFvFEHAV TERSRNIEOEZ O]
B/l

mEIBBAVICH VLTI, FERNMLANSER UEENRFICEL<BONTUVDCENS, BBROMBEMIC
HOWBBOERBREICOVTEEERR(ICL BRI ET o, EBREEDIBIRI1500m, 1E300mm, S
1200, EROWEZ, ELER (2016) LEDERMBET ILEEESE(L, ERIAZETEL, RHTF
NWBEN (AEIFNENE/ EMBEMUZE (ETEMNE) =2) 25Xz, #BRBOEERMMRIE U THRILER
85 (FIRIE :0.110mm) ZRAVT, BESImOELEEMMBEMER LTI, RRICH UV TIIBEREDOKE
DHEREBERERERIDEEEC, BEERAETF v F(ICLDERIMBRRN(CHEET SRBDIRTTHEEE T L
lzo ZORR, BEROMBEUEDNIBXRICHL, ROKXSEMBOREREMNTRH S5SNIz,

(1) ZNEADERBEICHVT, AETFNEMUEADORETIARiedel shearB¥RFZET B,

(2) EBOWMBZMEDIERICHL), Riedel shearBEMNdE 5(C FTHEEINBKEKR T B, Riedel shear(F3IRITHIICIE
REEIRDFEREE R I MR, TRAANRRUZXBETE, ZOEAEROKEBEFTICED, EREZERIR
PRERT D, XcBEET DRiedel shearf(C, EEIFNEMEEDantithetic Riedel shearMEIRI NI,
(3) EROWBEMUENKET LS L, Riedel shearBENTRAITERL, EBUEMBERNERINER - &
ENEFRT B,

2016 BEAHIE RS (C HIR U I RMMEMBEI DN . BEITNEMEADENE-WSWROKIBEF . LEENDERTEH
REINJRiedel shearBf(C. AEIFNENTIADUNN-ESERDUTE (Fantithetic Riedel shear(c. EMFEZ(
FIRDENE-WSWRDWTEE(FRiedel shear R FREAINKE L EXBEICHEY T BRREEMRG D. NS DOiRIME
WEDHIRE, UMBRNLEQ)DRERBICHDICEEZRIEERISND,

A FOSETHELRBIES(C LD E, mAIIKMBICHUVTIE, REENMLHNSEE L CENRECELBONE
Cehs, BROMEBZMNAREBBATORML, SEOMERICH UV TEMRIMEMBE N LD L STEM
FHRERERLTEEROSND, SEEUMBROBEZFMICIBIET SO DRMBAE LR LERETT
DEBINREIEITV, YWEBEFOEBRA N Z X LOEEBECEEHIZ0,

SZHR : BEIR(Z A\ (2016) http://jsaf.info/jishin/items/docs/20160420164714.pdf
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=A(EH (2016) http://irides.tohoku.ac.jp/irides-news/20160425/426
[E L HhIERE (2016) http://www.gsi.go.jp/common/000139798.pdf
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2016 FREARINE (C K BN ILT S DIEHEICR SN ER EHMEKE © it ERE S EERERD
BRI (C K BHR5T

Discussion on the ground ruptures appeared in alluvial plain in Aso caldera and earthquake
fault based on field investigation and low-altitude aerial photogrammetry.

B £\ PE &L 0% G R ®FL ML XL BT £ /K 0N’
*Kei Tanaka', Takashi Nakata’, Nobuhisa Matsuta’, Kyoko Kagohara®, Daishi Takenami’, Takashi
Kumamoto®, Hikaru Moriki’

1. —EEEA BAMREYS— 2.EBXFZREZE. 3.MLXFE, 4. LOKZ, 5.MLXE (BE)
1.Japan Map Center, 2.Prof. Emeritus, Hiroshima Univ. , 3.0kayama Univ., 4.Yamaguchi Univ.,
5.Graduate Student, Okayama Univ.

2016 FREARIET(E. BEDEMBOMRCREINEARA)I-BRAMETORBRIC(F(FASMUBDMRE(
DA, EXEREMEENRER 48R GhEEA. 2001) (CRRINEABLILFEENSILERICEDSD
WTEBIRDIL SR THIER D )LT SAOREMAENREEIRRE . SIBET TR S BANRIBETFLERIC T TOX
BICHEVT. ZhZNHEENEZ S E3BELABRTNOMKRMBRBEAFTZ(CHRBLUZ (BREF

H\ 2016) o E5(C. NS EFRIEINZEE LT EXEREHHEER(CREINZERE T E(C. BEAR
R )| BREG 7S OFAIRRPR/ NER DI S ABCER(CH\F T, FARFE-FILE (CHEN TIEH 3N IIFERHIE
HBBELEREVYEYTI LTS (B MER - MEEEYEICKSHA)IIIMERRINMERDER S
X:http://www.gsi.go.jp/BOUSAI/H27-kumamoto-earthquake-index.html) o C DMBZAUVNDTFHSARD BETIE
R (MIERMROFTHSART—5  @EURL) 2R3 &, MZAVCR ISk, 181~2knDEHE (CIEREOT 55
REHSN D,

CNSOBRICDVT. RMRABZEMI S EE(C. BRABPBLIBAICSVTIERO— (200gKmD /)
RYIFITI—EED) SLUEIHIMDOR—ILAOXSERVTHILTILYEREER L. BR(ADTE
MBROEMNEFHMICRET Uz, ZOBR. CNSOBREF. £2EPABRAZRUC I3 —EDMENSHDINDT
375 <. HBXETEIEECHEE L MBORLGRE - REIETICLEDERINEEEISNBIMEEHN
(. —7A. IEXETEEHRIA > CTRHNTARITNEUZEH SHENRRINS C ENSRIBGREEE &
FERLEDIRAEEZEZRDIRBESH D ERERINGZ, COBRE LTIE,. HEDORBECEE L TFNOHRER S
RREEHMETHDEVDFHKIEEHDEDD., MEEFCH DBELDIREIBD2LRNEEL TIEEL . ZDiER
HPBMNDEENSHTOMEBERMUICHR I ZIENTHITREENEVNEEZSND,
BAMLMEOMIROFAE LT, TF. AIRERMDETIE. B EROSRAHERICIEREI N TUEOM
ZBE UT. BREROEBREIRS LOZNEITIEI00m, £3150-200mDEEE (. N6O~75°ENEBTHR TV S
T HIRDEELBRHNNAROHOSND, ABRIO—FK(F. BEBEOIHN S AKEEBEY)DBAFES0cm &[S
B, KEOEBICETTEIDIHRMELENEMCTH Do PRO—FIE. FAKEBERA TRERZEZ[SETIHAE
[CIEV. KAECESEESEBII D TRTILOBYINES TTET D, COBRIASETFNOEE. KB LR
HiZOBK. AELENRFRAEI0m. RFENCEEFNL TLD, Tz, MFNEd. FmAERITEILEES5T
BAInGEGEE. tRAITIMEREESE TRAIMEETHD. BFNKBNDEMICAD TERINDICENZVIE
BRLFNOFEEERT . RAIND—R(E. BESRAOHAIFLDATDERPRZ @B L CTRE1495IR(CE
L. BAZMEE+ Y FOUFEEETHD. CNSOMEORLTOBNEEIS(E. ZORAERISRE
EEREBRICEEONELBIERBEFE(IRSNEN DI,

RIS, FIEMERDSE/NIAFETIE. N6O~T75° ENEMATHEDETT DEBR(ICERINIZIEHISoNE S #I300mD
HEROMMAR S 5SND, MEBEDEMERGUROEBRHR(TA D CTEEITNHIERTET I EhD. CN5DE
HEMTOMEBEMICHRIDENEERDCEMNTED, I5(C. AERANERDILAICE. LEBERKRE
BH(C KL > THEINDEHSOm, KI500m E(CHE BEFRMEDRVEBRDOMIMAR S S5ND, BRITADE
BNTOLETEMER MU EIGET IERESH D, CHBRITADTIE. FEHEBLEMRSHEETFNARHSND
ECBREHD, COMBROBRABIRL IEME. ARXLDESRLPEVIEBICHD. KEFHEETH
IBEREIOMEZE RS & IBREBIROMEISZROBRMZ#HD TRAINEE>TULT. BIERe - AE
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AR OHBEOERNIREAE (FEZXSNLEVNCENS, MTOMBEMICHKT BENTH S EREMNE
WTE 3,

NSO ENS. FEENDILT SILERMEMICHIR L ZBRICDVTI(E. HRINEREE U TSRIO—EDHE
EHOKBRMUERI ENTHIARUENRGSIENDEEXT, HEZF - AMZE T — 5 PEEYORENTLE
EHDETSEISICRAIT IVENRD D,

ARABECITFRBEERZMEEMEIE (FAIMREER) [2016FEAMECREET SEHCEAT SMHEH
Bl (GREEES 1 16H06298. HIRAARE 1 BKF) SIUTMBEE KEOEREICEIT B2 DthEANL
SRR REHES1702 MhRNERES LOERHB ORI - BUET -5 ICEEIKETRXMEDR
& - SEEFRFEDSEIL -LiDAR FNZRHRE DEM ZERVEHRET ] ZFR LT,

F—O— AR, N, BRRE. FELTS

Keywords: Kumamoto Earthquake, surface fault, ground rupture, Aso caldera
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MZuws 28] GREAOL—5F—(CLD 2 01 6 FREAME(CHSIROMIHDIRL
Detection of surface ruptures associated with the 2016 Kumamoto earthquake with
ALOS-2/PALSAR-2

AR 2

*Manabu Hashimoto'

1. REKRZ BRI
1.Disaster Prevention Research Institute, Kyoto University

201 65F4H1 4HMDMjmab . 5OMERFZZ (T, FHMEMEMAREEEL V525 BEHEHRREN
L—5—(BT, ALOS-2/PALSAR-2)IC X2 RI[ERIZERML /. ALOS-2/PALSAR-2(Z, C DIEIESNICHESHIR
EZDEICEALT, BRBENDEEMERERELTINTWVS.

MRAEODENERHETDIFEREL, B8 HD. FHEEF Tk RSYFVTRENERE T BMHCELL
Busnsd. —7A, BEBEHE Jb—L Y IBEMHEELHBD. I5(C(ERTNEE DT (SERIN
TW3. COFETIE, FHEEEZNICHSTE—L Y IEBRELDFULLRT, BICHRFEODEICD
WCERI D.

4 81 6 HOMjma7 3OMEE RO FHEME(C(F, Z<OMBRER (JE—L Y X(F0.64TF) NREBH5N

3. —A, COMEBEERFILOVFHEEROD IE—L YV X(E, (FFEET (AL, CNSORERIE, F&EL
THBAN—-BEAMBE (A s e Mg ILT SAmLUOILFELEICAMT S. siEld, MEROMRM
EWEBICREEEITZIEEXS5NSD. Je—LYIBERICIE, BIE—L VX (0.8UF) OEHEOENRIBEHSN
3. —DRAAICOUDIEHNMBAVDENT, ES5—DEHRAMBOEHMTEIX Y LA EENTH
3. MEFRFHHOEBHETERTSD. EMREDEAITIE, RILRICEOT, AHENDILTSICETTELT
WD, FEENDILTSATIE, RILEEADFERAICEVDIED 2 DICHMNSD. BIE—L Y IDHEE, B
WABERCEES, BE<HMEIE—L Y XDBETERINTULSD. BRIMEEEDMOBRICLDIE—L Y
AMETFITZICEEHBINT, IRTHOB/EIE—L VY INMRINENRBERL I EFELS UL, LH

L, ZORHEEMENSEZINL, HMRMEMBZESATULEIEEZEIZONEGENTH D

FRIER LT SAEmLILEEORER S, HMEMBEOERNSANTAHL TS, RAERACVSRLESERE
D, W DHODOARERE, 10rad (~19cm) BEDMAERY vV TERH>THED, BE~TnDRINHZE
DEHSD. UHULERS, BEIORE/NSTV. LEMRDT, INSOARERDITRE. ZFLEDEEZXSN
3. COiEd, NRREEY TENON TS D, REROMENBESCLIDESINT, ZFHNLEBETEL
ZEDEHRINDS.

ALOS-2/PALSAR-2[E{&(Z, HIEFHPERSIMESAREITWG (BRE : ELiIER) &80 T. JANMLhiRHEaEhn
F UTz. ALOS-2/PALSAR-2EHRMDZEAVEIE - FRBHE(L, JAXAICHDET.

F—T— R ! ALOS-2/PALSAR-2. IRZEE). Jb—L VX FTHEK. EE
Keywords: ALOS-2/PALSAR-2, surface deformation, coherence, interferometry, active fault
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2016 FREARMED MHIE] (CHOBRIFAISA - IMNI~EEBHHIFMADMRER
Surface rupture associated with the 14 April 2016, Mj 6.5 earthquake in the Mashiki and
Kashima area, Kumamoto Prefecture, Kyushu, Japan

*2E (EE. %E R ER BE. 1A 2 #RE 727, B g2 1% EH. 58 &8
*Nobuhiko Sugito', Hideaki Goto’, Yasuhiro Kumahara®’, Takashi Nakata®, Kyoko Kagohara’, Hiroyuki
Tsutsumi®, Nobuhisa Matsuta’, Haruka Yoshida®

1 EBAXZABREZE. 2. LBEREAXZRXFZWER. 3 LAEXZFARERASAMERL 4. LEXRFEREH
B, 5.W0OKZ, 6. ZRBAZAZREZHERIERYIBEZHE. 7.ALUAXZXZREHEZHAER. 8.EHEIL
NEEEFR

1.Faculty of Humanity and Environment, Hosei University, 2.Graduate School of Letters, Hiroshima
University, 3.Graduate School of Education, Hiroshima University, 4.Professor Emeritus, Hiroshima
University, 5.Yamaguchi University, 6.Department of Geophysics, Graduate School of Science, Kyoto
University, 7.Graduate School of Education, Okayama University, 8.Fukuoka Prefectural Yame High
School

2016FBEARMIEB(CH UL TIE, 4B16BMO1:5ICHRELRE TAEL (RRFVYIZF1—RT1.3) (C#>T, HE
gIm SIS TV zmA - BRAKBOILERSSC (T (FTASFE CHEBEEMRMENERERLZ. —AT, &
ENR288FEET (14H21:26) (CERELUZEL.5D THIE] (CH>TE, MRMEMEEEZEX SNBMRER
", A - BRAMBILEISBO—WCELTUZ. CHIEF, RREBODVE D TH I RN ERIBERRIER
HER - /IE~FAEEEHFNACDOVT, BMIENCER (158) ([CEEASOERICL > THEIE L. CDitt
FEF(E, RICI5BICRMICA>IZEEE - 8BR - 1l - BRICK>DTEENHSNTUSD. ZLTIDHE
BRERBUBAAICEVT, RECH > TEMUNELTHD, BIEICHSHREMNDOE UTZIHGAT, 2EOEMNR
R, BRINC. KERBORAEICKL>T, MmH/IKMBREESICASMHOMRTE, BIECH > THREEMNE
BU, KEICH > THREUEAERINE. KEXRTEECER - INE~HFDEICDVT, BIBS LU
AECHSHMREEODHELIREE, ZUEFORBNNDFMEREETDS. [HEF] RRAETEE<
DHEICHHEECE oIz, EENSDERFHARFEAEIAVICLD. BLER(C(IHER BT INCMEE
BERHO RV, MERBUTRHBVCZLET. EHHAEECEL TIE, ISPSEIFAE16H06298d & U SCERRIE
A ISEORBICEIT 3z DittE XN LERIFRZTETE | OXIBEZ(TZ.

F—O—R I ENE. EEtEE. DithER
Keywords: Active fault, Tectonic geomorphology, Paleoseismology
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ZHEERYFIC K DTME (20164F) BEAMBTHRE LIZROBE DT
Distribution of surface cracks caused by the 2016 Kumamoto Earthquake interpreted from
aerial photos

hr B FR B B0 BRX\ R4 wE SH —F'
*Takayuki Nakano', Hiroshi Une', Tatsuo Sekiguchi', Hisato Sakai', Kazuki Yoshida'

1. B LR EEE IR
1.GSI of Japan

20165E45 14X U4 168 ICHE UIZER28E (20164F) HEAIMETIE, REAROMNEBELYE, BXEHE
ERECTz. 4B16HOMT.3OMETI(E, BXOMAHE) IBES LUOHERAKBE (A > Tt RhEMB N IR
IREEEC, EAFEMNABHXEITECNETRRINTULEHA S IZEMBALIR L.

E iR, COMEMEKSIENRIC, 4B15ENSEHEEREAEMLUIC. 4R16BURREDZEHE
BT, MggEmhSHEMETCHOI TRZHOMROBHNER TET LY, ZNo5zdEmEL, vvEYTL

Iz. ZO550—5 (AR16BIREDARMXOEHEEHE) (&, MBERMRTARBEH CTH DM, KFEXRTIFTIB
16~208 ([CIRESINLEEHEEDHEICLD, KDLEBOMROBRAGREBTRTS. &b, COBH(C(F
MRMEKEOEFH, REOENUZECEBORIRGE, HWEEBZDEDICLBIMBOBHRERZFTINTL
3. Fe, EREOHMHIEEROCREHEERIOZHOERICDVTIE, IRTIFEEBLTULEL. COBH
DYIFEE(Z, RREBSDTH, EHERRICAMIESHROBMRENEMREL .

F—O—F EE28E (20164 ) REAMNE. B8R, MRMEKE. ENE. ENURE

Keywords: the 2016 Kumamoto Earthquake, crack, surface earthquake fault, active fault, gravity
deformation
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AREREDFHAMZE L — T EPAIZED S LUOEREER(C KL 320165 8RB (C L SRR GRER)
Deformation analysys of Pre- and post earthquake DATA set of airborne LiDAR 5@cm DSM ,
Kumamoto 2016 earthquake.

“FE EM. @A X\ B BT RH B BRE ST Ml i BR 8. V1 Bl A\
N—FJU' BIE BB

*Tatsuro Chiba', Kazuo Oda', TOKO TAKAYAMA TAKATO', Kenichi Arai', Koji Fujita', Kazuya Funakoshi’,
Yoshiaki Kashiwabara', Naoki Ogawa', Baator Has', sonoka tsukuda'

1.7 I 7BV S
1.Asia Air Survey Co., Ltd.

1.2 &I

FR284E (20165F) BEAMIETIE. 48148 (FIBEES) £4A16H (ABEEHES) D20, RAEET (M
6.5. M 7.3) OMIENKITTREL. TOBREM~6D S IDMEFEHNMEL TLD, F/E, 16HDARE(CHE
U\, BRIERMIANSEIRRET (S H\F THIHER (CHIRIMERBANHIR Uz, HRIMERECZ DA OZIRIBIEE X 11
“XALDEBECHENRICE D TEBETH D, CDKDIEEHOEMBIEFEE U TIn-SARBABDEEFH =B
BlcESzoNBIN, MBOEIERDARKS S AEBRELDNETH D, Fe, BMFABETOEMNENSEE
(&, ERCHEEOMEBERESENAHDIZEAICEOSN, HEINPITINE & EEDEVEMEFLOREZRET
5D, HEDFEOMZEL —FEHHNLEERPEN L, CNSOMBEFEOEMEEEHESHNCITSSXTEW
HHEECH D, CNFETICEXFTO(0skin et al.,2012)W0EF - BIPLEE (Nissen et al.,2014)/LE TR
HENTHD, KSHERRAESNTUL S,

2.]E

TITHRIT(E, 20165FEARME(C L SitRIMEME L ZDELDEFLZERIAT ST, AEER (48
15H) £ BE®(AA238)DFHICMZEL —Y5HRIETL), HBREES I 2fc. T—IDIREER, =8
BN SERNETT, RSBEGMEINSR/m’, REBFAR/ M THD. ENBREERS T2, HE
BOFHATEMEFOSRAERA—I—X, A—8&M/FHR2XFTLT, B—DYIRCLBMWEETOZ. B85
NIERBET—INS, 50emX v I DDME/ER L, FREIAMKEMFR L2, T5(C, DMOEMMEEED
&, FREIEMRI(C L SBEHE, [PICKBINT MILEENR, SSCEPERYHESCH O, CNSDIER
EEElc, MBOMNEVCEROMELILNDEHRELIZOTRET 3.

3. =R

AEFIEDO0mA v 1 DHYEXREBEST )L (Digital Surface Model. LATFDSM) ZRHU\TESEDRE/ER L
lzo RADKEEL, BAREIOMAMXT, -2.3m&ERUZ, i, BYORBPEROEELENHEFKFEE
fIICKDHMNINEBEMERIT CENRHD, BIOKFECHOEBEEMNEEZRT S & CTKEEMAMAPZE
DERSTDHEENAETH DI,

4. FREIAMR E BRI C K SKFEMRE

AREROKRBUAMEDHZRS LU, REFIOREIAMEC D& L DR MERBEOmMEZ{T o/, —fl
& LT AIHEOREILIRICA D2RDAEBETNKE L . ZNICRIBICRDIEMTNHEZ ~Y (K

1) o &z, MIBH SEENTZMRDKFRMUEMRETT B2sH(C. ENTNDOREIAEME E TEHORRFORH
REME L. AERIRTOKEBEBAACEEEHFGUZ, 2, 25emX v adAILY T4 S TEHBREE
Io7ce ERUTERD RIVKISKTFRRITH o Te i, BBHSENZIROEET EHERRETH 22, 212

L, COHGEEQIEBAZNETSNLEIVNDT, SHREICREND O,

5. ICPIC KBDRD MIVETE
F T, CCICP(Classification and Combined Iterative Closest Point)EEIC LD, SEF—SFDEEEN
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EltEAE S, CNIEEELUZRBEBOBERIOREC DOV TBEIEROREN S KOEIDHIKT (R

K -EHR - 3XTR) MEUREBERERRIT B XTYvTE. CNSOMIGROBEDREIFEBROEH TR DR L
TU. 2 DDORBEANBHBEAEITZENTH B, N (IARBEOABEOSEERVTEHEL. WERZ
TEEBRHEFTBHERE LIS ESRBIENTE

6. &

2016 FEAMENREBHERBEODMECDOVT, MBESRIEROMZEL —TEDETETV, BEORVE
RKFoNT, BREMRTIE-2.3m(SEUR, CHUIINSARICKL BHEMEE —BLTLBM, EEFLDK
F\,

R

Oskin,M. E., et al. (2012),Near-field deformation from E1 MayorCucapah earthquake ewvealed by
defferential LIDAR, Sciences,335,702-7065

Nissen et al.(2014),Coseismic failt zone deformation revealed with differential Lidar:examples from
Japanese Mw~8 intraplete earthquakes,Earth and Planetary Science Letters,405,244-256.

F—O—RMZEL—YEAL ZHER, MKRMENE. =0
Keywords: Airbone LiDAR, Aerial photograph, earthquake fault, defferencing of DEM
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SERL285 (20165 ) BEAMME(CM > THRALUMREIRD=RITTET IVLIC LD AIRIL
3D model of the surface deformation associate with the 2016 Kumamoto Earthquake ,Kumamoto
prefecture, central Kyusyu, Japan

YR MR MR BB EA B Be ExX. a0 ®
*Masashi Omata', Tsuneki Sakakibara', Shuuichirou Tonda', Yorihide Kohriya', Kaoru Taniguchi'

1. 8=t/ {X 3
1.PASCO CORPORATION

2016548 14H21B526 3 (CREARIRZ EIRE I SMj6.5MMEMNRKEL, 481681852553 (C(EMj7.3DMEMRFKEE L
fz (FRR28%E (20165F) HEAIHMEE) . ChSOMECH > THEIIKER S LUBRAMBETD—EBCTRIER
HICKBDEMB L —X CEE(EH, 2001 ; FH - SR, 2002) (SHDXD(CHIFRMEMBAHIRLZ. 4H
15BN S5 18H X TORMCHIRIAR(C K > THIRMENBOAMIKNRERMER TS &€, 4A15HMNS522H
FTOEICMZEREIC L BROBERF(C L > TlRINEMB A RERE DR ZT o>, CNSORAEDE

R, BEBRSOFEHRE L —ALADHKRAUCDOVWTHRERZHBL DT, TOFMZEHRETS. 4H, 1B
HEAERBROFMCDOVTI(E, BaEN (AZER) £2RINcL). SOOMEEICLSEERE TIIKRIS
/R X JBFFEDPALS (Portable Aerialphotography and Locator System: EREIRMHEERE I X T L) &fF
FUTz. PALSICKBRIHEETIFERRF ERFFICGPSIC X > THRFEAIE E EMUBDEEZEERG LM S E
GRIRENIREEL Y X T LATHD. R UERIOHEEMNSSIM (Structure from Motion) Y I D 177 (Smart
3D Capture : Acute3DftH) ZFERAUTCZRTETIVOERES LIz, ZRTETIVEERT D EIC
KO TMEBEENEEECTEF—AMANS UNERRTELVEMIKRER, MATAENSHERETET B EEIL, L
EFEDHAANRH S MR ZIKOFESE L TEECILAKBNUENSERTES. e, MEETLENSE
RIDLDERB[ENTTHERZIRICDOVTREINTES. T5(C, MREROIERLEDHUBEZEHSH(CHE
RIBDCENTEDINT, MRBROFM VY vE VT (CEELTLS. SENMECHESIRITENRBE, %
<[FBAERESICEIBDBEMERL —XTA>THRLEEDD, —HICINITERB L —IMRINTULE
WO KR CTEMKRERNER INE. KBETEINITTEHRB L —IMREINTOEH D 2R TOM
KREKCDOVT, ZOBMEZRET S, MFEMHIA CTEALE —EAA RO LLERNERE DS L\ RIS
FTUTHMmMLULTLBDORERINS. CNSIFEMBRICHOEALKCESIAATHED, @FNEDE
[FEAEBBTELL. EREODERDPREXRE HN2mIbBRIDERMICESIAL. bAEAIOMZRE X FEIERE
(CHEEL CTLD. BELICFIEMEICERT 3 EEESNS IR DBESIAFNRHSNDMR, BEZOIHAEIC
LBBREUBUTLETEMUEMERICKSIVOHNMGFHETHS. BERETCOEROBEICDOVWTRERTE
BENLCEFERT, SEBOFMTHABCRNNEBETHS. [™BEI=MHEDOKATIE, BERSICESD
mHEIIKBOENE ~ L — MEICR SN SMREIRCIMR T, NUNIGEICERT SRR NERIN
Z. KEHOBAEETFNT & Et(c, MRAICFIAETNE RI ARG ZXEAKE (R-shear) BFTHSN
3. HDEBTCINS 2 ROMREBRDOMBI(C, EEIFNERIZRNERT S. NS DMREINSEZ D&
HrUZDEIKNSSODME(CH > TRE UICRERBCTH D, BERSOMEIIMBH SEHEAEMI(C
DX BREMBE, ZOBCHHIILEROMBTCH B EEXSNS. BIAXBCTEEHZE - TH & -
H & - $HYAER - BAOEY - &RIET (2001) :1:25,000 ZHHBEMER M4 . B iIEmEmER
D-1-No.388. HH & - SREXIR (2002) @ NEMBSFMETI LYY F] . BRRKRFLRS. DVD-ROM2
B - 91 ZE - 60p.

F—DO— R FER28E (20164F) BEAME. JEME. = XTIV, HRIMEKE. MH)IKNET - BRI
BH. StM
Keywords: 2016 Kumamoto Earthquake, active fault, 3D model, surface rupture, Futagawa fault zone
and Hinagu fault zone, SfM

©2016. Japan Geoscience Union. A1l Right Reserved. - MIS34-P57 -



MIS34-P58 HAMERSER S EA2016EAS

INBRO-VIcKLBERE - D5y IBEORAMCHER

Practical evaluation of small drone's survey for active faults, Kumamoto

*HE T\ Bl 8
*Motomaro Shirao', Shoichi Kiyokawa’

178U 2 NN KA IE AR S Bt ER R E R A BRPT

1.none, 2.Earth and Planetary Science, Kyushu Univ.

SOMEEARME TRNITERNEIZ. EANLNERO—YAHEKRINTHSHATRIDICRNISEHEE X
%o /NBIRO—>Phantom4 ZERRNSKRFEAHFRMPE U TEO. 581 - 28, SEHEPLPZENICNET S
DSy DO ORNTZHEIFEE LR, AR ITEEH1082EORITZET Dz,

Phantom4 M A X S(FEAMI4°, EIEE TII4000x3000EZE. T A EIE CI33840x2160EE (4K) E—R

T. BE3~65mH\SIBE LIz, RITHICELEE T AFREDOTIDEX (JIBMHED T, 100REORITCTIIR
MHhSEEEE. HDVWFAKETTEBEOVFNNRDTHSRITIT D E(CHED, 4KETAEEISE. BRLE
B(CHART ETAAOERAMRISICES SNBM. #3007 L —LRKRL TLSIOTEENICEHRENRZL. £
NHSEIDE UIZERIGERIEE (CEELRTRED MUV, ELICEE10MH S DIRE TIE1cniZE DD REEN &
D, BREICHIOMmDERERAETIDDICIIERTH D, BEETOERENDEITICA D ITAKE T A Bl (S iEEh
RGO, SEBDLNDPEERDNDP T, HEDHESTF. HHE. LBOENICEET B,

2015F 98 (CMETZO—EHARESTN. 12B108NS(FRO—VIEE DEAMEEICHIZERITIL—IVLABA DT
Nic. SERTU R EEBUMEIE. 8EARATEE(ORLS . BHICHIRBNANEBICLDOEEMERD oz, SEIEZD
CElCDVTEMNS,

FO— R KR, AN, RO—. 4K MR
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Hypocenter distribution and source process of the 2016 Kumamoto earthquake
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2016545 14H21652653 (C. BEARBR(CH L\ TM6.SDMENFEE U, BICC DB EH L TIE15H08F353
[CM6.ADIME. 4B16B 1852573 (M7 3OMBIHERFEE Uz, REESHILNSDIMEDERSHKROUER
BRICDVWTHAEBLZOTERET 3,

AB1AEEE UTM6. 5OETRRT (F11km T D, bt —ERER(CRN#EZE R OB IFNOMEE UTREL
(R&RT). 4AR16HOMT.3DMENFKELE T X TORED M EKEABREDICIDERBREET D> L. 4A14H
M6.SOEREST IS XS —(F. BEEIGAEVERER FRADOSME L TULD, BEERIE(KiK-net) DEE#RE F
OWTEREERBIZT OIBRTIE. EROILRRAICAZTEBDEFDOEHEING, ERBREHEFIILAT
NOOKEBEEREL TEIT2R. TNERTEZDEIRCSVTRSFOERRFE EBmEFEO—BET
[FH o, BREAEFEDE RIS (KMMH16, KMMH14) ORFETIFMAER TAD E LIZAR—BEFS<ED, IRk
EIIERMBEEARMIEROEELTHED. (REITIMBEROTMRDAAICLDBEARRLD M. @R M
NETBEFWETRCHUVWTCHIREOHERESDEMBRAPER >TUzEHSN D,

48158M6. 4DMME(F. BEIRES7kmT4A14EM6. 5OME M REMBE R D EMMETH oz (R&ET) - B
TRAIE(F4B14EM6. 5DMMEDREADBHEMEICH D, BIRES (F=RTAHEEEE AVTHERTE2knE R
EEEUCOSXI—DRIBISTRI>THD. BROEROMETH >EAIEEMNRS D, BEERIME
(KiK-net) DEERE ALV ZEREEBITICH UV TREDIEBETAD EEMETFTAD OmARERE Ui
oz, BETADOKMEBEEOSNMNERFEOERANEEBRODKEEOD—BERTV, . COMEDERIZ
SHIARREDDIC R (FTBMAERTRDDI S X —DH(CH D, e, THSARDEANERTIE. 48148 E158(CH
FURHEEHE TOBRTH DM, LA TRD TELOBEADOHNEIE L ERENEENTHD. ERE
BREFOEBERTE. EROEEAOREVEBICEOVTIRDRKRELE>THD. 48148M6.5OMME L (FE
DO BFRIDIRDRKELE D TU D, Hd. KEMEBEDICLBIERSHTIE. 481468M6.5. 48158
M6.ADMEDREBIREETE. ILETRDDERDIHELD>TUSD,

48168IM7 . 3D FEIRFE S 12kmDEIL A AICRAZEFIDOMETH o2 (RRT) « [IFRTICKDMTEETI(E
WNEODEMBRDESATUD, EFAEEDICHUVT. COMELBICRELZREG. LBETHADOEIC
MO THMLUTUVD, ZATAHEBENERRETEREI1NTH >eh. RESHBOHFHELTIE. =X
TTEREBEE BAUEERDAN~ImELHEEINTUL D, BICERMBISADTUDIEHFSNDISX
H—H\SILFEICIEN D TULBHEFEINERIE. = RTEEBIEE B ER TIHES SkmARE Ol E O\ EIR
PMEE DTS, e COMELRE. ZNETRESNTUZER FRADDREFEIFEAERSNLEL
oz ERBRENTIE. ERMUBLDTHRBAICTRDORILEHMHEEINTU D, AEICERER
DAF148M6. 5DMEICH VW TEILRACIRD DA SIHLEREH DM 4816EM7.3OMETIE. IRDDK
THEBI X DIRAICELLRODTUVDEHS5ND, THSAREET CEWE (C LB IMRESMNAEKILHEZ T
<R THUTLBRBRNAESNTL S,

—EDFETIE. KORAICETHEFBNARNSND, APBERIDFHCHVTE. BHDI S5 —MNR
HE5NB,

AFET(E. EZMERAEAGLRZRMMATR. IBBEKXZ. SAHIAFE. RIEKZ. RRAZE. BHEK
Z. REKXZ. BHMKZE. WNKZE. BREXZ. BXMERREAEERSMBESHIH. EXihEk. B
WMERBAENBFMERALE. FRE, RRF, FHE. BR)RERMFPHEAMROIKTOT—5 =R
LWCTL\B,
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20164 REAINEE & —EDMESEEN T3, 2016548 14H 21852693 (CHE L 12M6. 5DME (AR TIIRARIEL
IH3Y) DHI2BEFREE DA 16H 1852573 (M7 3DHE (AR TEIAREB M) REE L, AHRTIE. BER
BEAVTRANECAENERBIBEREZHTE LIz, VILFITLD v Y ROBREET VY IN\—I 3 Uik
(Hartzell and Heaton, 1983) &=L\, ERER (K-NET. KiK-net. F-net. &&F) (BB U, BZRE®
I8 tidSekiguchi et al. (2000)(CREV). FRMLDBIEFENT 1 LD+ Y RI IOV COIGEERE ZABICR
INRE(C K > TRE L,

BAHIEICDVTIE. BEORESAR UKL ZRMATRAF-netDE—X Y ~F VY YIUBOBEHENS. BE
AMEEALER (A >z FHEOKER (EM212E. ERISIE. ES14 kn. 1813 km) ERE L. 1314Im D8
EEBRH S/ ONRERIKT (0.05-1 Hz) ZFEFTUTZ. SBS11.4 kmDBIRFRABSMNEICITRDOKXEL
MR SNIZ(EZH. ILEAIDOOEOTED CESS5 kmiEE) (CEITRDOXEILEHRH D, CHZ &

B, HEEEI CEEE NSNS NEERND—DTCH3EEZISND, MEE— XAV ~(32.04x10"

Nm (Mw6.1) « I RNDED.36 m. FAIARDEL2 mCTHHD. AEFNOIRDRETH >z, BELES
1LY+ YRD7OY~DEGEEEREF2.2 kn/sTH Do

AEECDVTIEF. REDZEMDMHACELTIERIC KB HRZEDERTHNSERKENILEICERIL TV &L
NREEINTUD, BRAMBSEIOA>DTEELTULIRELT. BREIENOREG FFHEOKBEICAST
HEELTULZDICT L. REBOREGIAEICERIUCHICSAD TRELTUVDILSICERX D, I, EE
Eifs MR PRI K2 EEROBRMHREEF — AL LD, HHE)IIKBEORIMEIH S RN (CHFTD
XNz, BEAMBEIIBOEMEIN SI/IFAT AT TORXB T, HRTEHBOHIBARE TN TL
3, CNS5DiBEHEEZEL. AEAMBSEILER (EM205E. ER72E. ET14 kmd 1818 km) &) IKBS
(FEM235E. ERI6SE. K£328 km 1818 km) (A 2MOMIBENSHEDIETIVEREL. 15 NIEAE
EEmHS/OSNTRERAZIKS (0.05-0.5 Hz) ZEENT U, ME)IKBFDOIARD(E. MBEFRSBH ST
D, XRICIAZSTFSIVIEEL DD ZRULWABANLRODTU Dz RRIRDEMS T TRBDFRS (I
8~10 kmCTHD. E—AVLFIYIVEBOLY O RBEDISRE>TUB I EEERANNTH S, HRIC
REAEVWVYIHBDIRDEF1~3 mEBTH D, Tlc. BRAKMBEILIRDEDREBCELPARIELIARD
Bot. RMEMBEOLERICHLELTUVBREEZSND, HBALOIRDONDIFvIFIawv ke, mElll
Wi aENEAREESHERR (RWE. ARN) OZLEE (7N —J3 VI(CEFERALTULEL) ZEER
Lzl 3. BRRAEOHBNRAITRBFLICHEL T. AREOCEMASEIINTHD. HESINIZEER
BOZYUMERR LIz, EE— XV ~(34.67x10° Nm (M7.0) . EHIRDET.9 m. BAIRDES.3 nT
Holc. BEEEIS LD VRO IOV DGEEESL2.4 kn/sTH D,

PEnZEens, BRAMBRILETORIEZ L. AERICIIERAMBFEICIN SHE)IIRBR(CHT
T, EHEMNICBEMEIELIZEDEEX SN D, 2002558 (CHMEFBERES I DARINEZ THH)I - BR
BN <&, A - BRAMBRILERN—EE LT 20MMEERC I E L TEHMAT N TL)

1zo 201328 (IS (C > TRETS N T IIES - BRAWBEOFME (—3pXET) 1 TlE. WHE
NWERE BRAMBFERLDEESEISENE L. GlH/IERARA)IXEHNT.0. BRAMBESSE —
BHEXEAMe.8DMEZERERCRECITENDE UTFHETN. mMEBDEESD BN (I LD TU e, FFMll7LlT
EBERICDOVTE. RIFRESIDBREFIOLEREIH DN, REFRORIRTE. BECHFEE L2016
E(F2002FENOERIETEMO > U A (CEBIL TUL\eE WX D, SENMEDRIEBECIEEEhZ SFMl(CD
L. REEDERE CRE T SMEDFEXBEPLHES 7V A DEEITTENTHEND D,

HF . EIEREREA SRR ZATK-NET, KiK-net. F-net. [RFr. BEARMMEZHFEFALFL
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Source rupture process of the 2016 Kumamoto earthquake derived from strong motion data
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20165 4H14H21BF26 3 (CRE U IZE (M 6.5, [RT) SLGI6B1E 25 (CHRELME (M 7.3, /&
FF) 280 —ENFM28F (20164F) BEAMBIREAR - KPRZEHRLICZDOMEEFHCLDIASHEIHEELE
B Ulzo ARRETIELIROM 6.5EM 730 ZDNMEENRE U GRERELHZ AV CERBEBNET
U\ ZNSOWMERIRBREZ AN,

EREEBNTFECEVILFIALD vV RIOGESER >/ \— 3 ik (0lson and Apsel, 1982; Hartzell
and Heaton, 1983) ([CEDKFEERHUZ, M 6.5OMECKEBEICEAL TIEF-netME—X Y T VY ILiHER
WOBRHNSEM212E. ERIIEEREL. EMABAORT (F22kn, ERIABEOIEE12kneE Uz, M 7.301i
ENKEBEICIEAABENDEIS6kn, ERIABEDIE24mODIEEMBERE LIz, M 7.30MECKBEROER(E
F-netME—X Y LF VY ILEBTOBRNS220E L L. ERIIHEROMEFE DD H R URIMERED
375, InSARXSGNSS TR X SNIEENEMNESEICHEE Lic. TNENORIEE (3 2kmx2kmD/ ) \WifE % 3L\ T
BEBUE LTz, S)WIBTHOIRDKEREIE. 0.8BOXL—X RSV TREHZ.4WFSL T, M 6.5DME
T(E5@E. M 7.3OMETEIMEUAURDCEICI>TERERELUZ, F—F1TLTDrVYRODORY H—FRE(FEED
BULESEHS. M 6.5OMETIZ2.4 km/s. M 7.3DOMETIZ2.8km/s& Uz, BHERIRROAEICEL TldYano
et al. (2016)AODETHEAEL CERUBEESR U,

EHFEL T, M 6.5MMEDEENTTIEZK-NET - KiK-net * F-netMEH16ELRIS TOD. SEBZEIFEIN SRA 108
DRERAZCR (BHE1.0—108). 10 HzB Y TFU VD) & M 7. 3DMEDERNT TIEK-NET - KiK-net - F-net®
S27ERSRTO. SKEETMRFINSHIETIEIMBEDRE R LE (AHE1.0-208. 5 2>V FU VD) £/
Lz,

GreenBE¥(d. —RITHI FEEETILERE L. BERULKETEDE (Bouchon, 1981) & REY - EBMREITINA
(Kennett and Kerry, 1979) ([CXDREROKEZESE L, MTEEETIVIE. BE - M (2009) (CLB=
R TEEET ILVOZREARE TOBHREAVWTEHARCEICBRLUZ, KiK-netBRIRIC DV TITHRERE
DEHRENMA Lz, Tz, GreenBEHOEHERIC2MENRER (FAAMA. ERIAEZNZENSS) ZIWERN
(ERMI BRI LK > TNKBARIBDIIRIGEOMRE MM U Tz,
BINBOEIAT LD+ VRITOIRDEE., BRIRFELEEBRENEERNCTDLDIC. BRIN_FEE
BUWTRKRDIz, ARERMEREGE DTN _5E (Lawson and Hanson, 1974) ZFHU\T. RNKHBTOHOIAR
DHEAEOELE. FILTARDADHSE(CINS Iz, FIDITARDEE. ZNENDOF-net XD ZXLEBOITRDH
E2BLT. M 6.5OMETIE-164E. M 7.30OMETIE-142BE Uiz, TBEBMIAE TSI IRDEEE
16T BHIREM (Sekiguchi et al. 2000) ZEIMOL 2o MIRFHFDEH FTIHUAN 7 IEHREEHE (Akaike
1980) (CEDUVTHRE L.

WESNM 6.5OMENERETILICEIFBIRBATARADEZ0./n. MBESEATOMEE— XV ~(31.8x10"
Nm (Mv 6.1) THD. BIEBRARMEE ZOIIERDZROERICKEILEIARADREESI Nz, BEEOBIRS
ZNZENMERENS1-3WEBEI-ABEICEC TV S,

WEINEM T13OMBEOERETIVCHTIRATARDELL.on. MBEDATOMEE— X > ~F5.3x10"
Nm (Mv 7.1) THDo IRDDARETVVERIIERNDILET0 kmH 530 kmiZEDEIRK(CAND . FIfKILA(C
T3 FZUVEBOITAD (FHRBE CHRRBINCHRMENBEEBENTH D, Tle. IRDOAEILMESE
EHMEROMEEFOEEIEEN TS . TZ3BRFHEHFENSS-15MWEBCECTHD. 2EOBIEE
20 TULRT B,
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201645F4814H21:26DMj6. 5DOME(C(E U X B20164FREAMEDFEE TIF4A16H1:25MMj 7. 3ZRADHIE (&K
B) U TEREMEREABE L THED. WERICHDEINERZREV, COM. EHNETEE 66U LE
AT 3L, KIRIEOMESARAINTH D, FAREHRMEHREECRESNTUS, SO NS5D
WEOERERE L BESE OBRERESHNICL. SEBOREESFANDEER LICERIS CEEENEL

T, BRIIYN—JaVEheEREUIBREHR ST S, BL. MERFBEELVWCEESLD. BRonciE
WICETOT, FBNICRKRIE (4/14) EAE (4/16) ENRICBAETOREENLTERTH D, SHBL
DEHRSRRESI E IR T S FETH Do

(BB —75 - FlE)

ERBREFTICKILS. [ET—TubT—5 DIEGRHFIND T—S &L\, BIE - AE - REZENHETER
BREET O, BERRE(IDouble Differencei® [Waldhauser and Ellsworth (2000)] (CKDITUL\. FDEE
DREEIE(FIMA2001EFA LTz, BITURIGEAR~KD THRELULIAB4ENSIBEEDDOMEE Uz, SEH
EREFEDZONRT—IBARSNTHE D, BiElFm CRAENANRINTOBMEICREINTL)

B, BRELUTCHONERET ISERT—HEUIERBRNSE T L OEHERZ VR KB, RKAHIE
(EDVTRERUEBNEI0mBEILCIBETH Oz, UTDEBFTIECDIBERTEONEEREFERAL. WE
HEFEHRELTLS,

BB YN—J3aVIEVILFIC LD 1Y RIE [Yoshida et al. (1996), BIRE (2012) ] ([C&LDiTolc. B
WICIFEREIDKIK-netBLAIZEER (15HImEE) ZFAL. REMBOREZRE T SOPERETNRE
Uiz, BRISNZIRERHREE S UREBREE U TRV, EH. SEEEROFEDK-NETOEREREEHE
HI3F¥ETHD.

O —VEHG [ RERMEESFRIMK2012E5/ER] TRARATINTUIEERBEETILAS. REISET
D1 RTTKERBETIIVEE U, Kohketsu(1985)ICKDEE LTz, SHEICKILS. L DR TIMESLR
EHRITSLS(CBEETIVDEBEEITOIZ,

(REDENT]

4/16 1:25MAREDRTTIE. 0.05~0.8Hz DNV R T JLIENFITEFEEFER LIz, EREBRETORR
(CIRET DHEBEIE. F-netD XX LFE(str:226°, dip:84°)E#HHMEE U TERE LIZR. FREIVET R
ENmESRBLU(str:227°, dip:75°)&ELTUB, FUSHICAKZTUVKMBEZREL CBFET 3. BER
H oA MCHEIRQuni-1lateraliCGIE T SBRMAB S NIz, ZDIEsH. 4o0x16km REDOKEREE E(CERODIL
REAINCERELTIRDBHEKRDC. BRELT. BERKIDILEDFEENS S S (CILEDZEZZBICNFITKEIL
FROMRKRFE oz, KiK-net&BEFTE TIEHHRBTHOIARD (FETHICTNSOMETH D, & U TIFTHEETFINAK
PREBLUTVBIM. IRORKELRIBETOILER~FIERIC NI TIIEMBR P E€Z B, 2EDME

E— XV ~F4.6x10"°Nm(Mw 7.0)IRETH B,

(RABIEDENT]

4/14 2126 DBIEDEEFTIE. 0.05~0.5Hz DNV R/IAR T LI EMNIFIEEREEFER Uz, COMETIIE
HOSHART5WEEDRER CHBRNBARGL 2 DORBENRESNEICENS. TBUBIENR2ERELZED
EEZO5ND, BENICF-netDXANZXLBETICHBEEZRELIRDDHEHRE LIEECS. BIRRIAR
MHETEBLIRDOREC 2. BHWR(ICOPXIBTRIENE CBRNSSNZ, BLU. COBRERELE
THhD. SEBEMBTEME LI,
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H(IUMIC

BEARB NDEEARTH SFERILICHTTHO—HTIE, 20165E48148(C, Mj6.5MMEEREIDIC, BISHIC

Mj6.4, ES5(C16BICIEM]7.0NOFTBAMEBEEHZ DRENERL THREL, TNSOMETIONEETZS
OCEEMC LD KEILEHEENFEELR. CCTEF, BEDRE T EICCNSIDDOMEOERBRES W CH
ELE.

B ERBEDE

SMEOBETCHEL CTLDREGETRT. BIFCE, BASSRIERK-NET, KiK-net (3theh) OINEREEEHREHO)
fz. IEEZERICIZEEA.25-20%) (0.05-0.8 Hz) DNV RN T ILI—ENIESXTEDLT, RERK
L.

REBSTTIVCE, RREBEFPSRENBRZGEILLIZENE, REBLXDFVWECSTIRIEHEIAKRETD
J-SHIS[CKBDEFTIVE, ST5(CI-SHISEFTILTVpMS km/sPAEEEDRELLRE ATIMERE(CLDER (&R
B fth, 2003) E2RBUCETIVEER L. BRI — VERE, BEREEEBCE (Bouchon, 1981) &R

5 - EBREITIE (Kennett and Kerry, 1979)(CkDKlz. MiEEZ EEAMAICE/NKEBICOEIL, RS
MIC(30.6MREART/RILRIET.2MWD A L—I RS Y TEMEEHEN T, KZERENICHEEL T, EBmKE
HEELUIZ. WEBRRICIEVYILFIA LD« Y ROV /IN—T 3 ik (Hartzell and Heaton, 1983)&FH0\z. MY
BEOTRUEREMBIRNERIEBRETILOENDE L2, B9 LD 1Y RIGEBEE V, &1.8~2.5
km/sDEETERET ILEKS, BRENMNEL >EEDERBEHRE L.

4/14 21:26(CHE LTZHE (Mj6.5) MWAEBE(E, F-netlCLBIANZILBEEE(CAHERAKMBISAS LSI(C
HEL, bimzEmBIEE DRKRIDEICEELR. BRCEMBEOAESIEZERT - ®BHI(C14 km& L, 571
L+« YROEIERZE L. BITCHEOSNIEERE, MEESEDM,E1.6x10" Nm (Mv 6.1), BAXITRDE
10.8 m, FHIITARDE(E0.3 mTH ol Vo (32.0 kn/sHRERERETRUIZ. 7R T« NERIERIREUEEE L
IRD2HFRICKRS SNz, 2120, FEEOBRMCEXEEFERS D, FF(CKiK-netRIBENR = DR NEIR
TETCVWEWCENRETHS.

[14/15 00:03MDME (Mj6.4) WIEBMEIE, F-net(CkDANZILBEEE(CHRAMBICADS KDICHRTE

L, 4/140Mj6.5MDMMEDRERICEE L. B CREMBEOXET I ZERI12 kn, 189.6 kn& L, 51 L
U«>¢%%5@$Ebk.ﬁﬁ@%5hkﬁ%m,%EE@%@WHLWWWMnmw&m,%xq&oﬁﬁ
0.9 m, FIIITARDEME.3 mChHoT. V,(d2.0 kn/sHRBEREERUE. 7 IR T 1 BBIRFIIAR DA
BlCRpENE. e, BIEFEBRSRMEC, IRDEFINTVEDND, BAE—XY L —~OXETLMES
(HRA; FHH - 1, 2012, HEZSR) KESNZ.
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T« ISR R ORALBEERCKH SN, MIMETH S AR (CHFT TR < OMtRMERE NS S NcEEc
NETS.
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Rupture processes of the 2016 Kumamoto earthquakes derived from joint inversion of
strong-motion, teleseismic, and geodetic data
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Source inversion using empirical Green's functions for the 2016 Kumamoto main shock (M
7.3) and two large foreshocks (M 6.5, M 6.4)
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158 013 (CHRE LM 4.8DREE, AEICHUTIF4B14B2F22 (CHKELTZM 4.9 DREZZNEN
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BEAREIND. FLEAEMBEA LTIROABRRKDMETIE, REREEBUBRAOREDHNEAEICHAY
95.
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Source models for the 2016 Kumamoto earthquakes of April 14 (M,,6.5) and April 16 (M,
7.3) estimated by the empirical Green’s function method
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Method (=5 - i}, 1999) (CKD>THELZ. AIR(FPreliminary/Lf#TE LT, SMGADRIB /IS XTI, K
EAVN=T3aVICLBDREAEIRDEFIVEEE L LT, KFEZRDOEEEEGBREED T v v ~REL)
EDESTERNISREL 2.

[FUMIC, RRAIEOMEEI =1L —Y3aVEBRETIVICDVWTERATS. Y=a1L—3avomkel
TERAISE, BRARBEADEIAFTRAREAR SR MR REERAMEK-NETIm & Kik-net (HIAREEER) 710
ROFHMRTH S, BT ) —VEH (ERME) (C(E, 2016F481587K46> (M4.4) OREZEFML)
e, BRAEFEDERC2DOD/IVILIROFEENEINSINTNDICEHS, RABEBEDEIRETIUIE2HMDSMGA(IC
KOTEBREINTUVBERELR. T2, 1BEDMAF, [RKRT—TEERNIOTICEDKEBRUBESD
EFCMBTBERELEE. EEDRER, MAOEBLGAETER, MEEICALT, 2NENIG6 k'

. 13.3 MPa& 7D, AREEMFAME L U CIFINKEEC Loz, SMGADRIE(E, TRBENRERK D TILEEANE
BICHADZERS, 2MEDOMAETRE X DILERAEREBICKZT ofe. > T, MEBOILRAICAIET &R
(&, BFENKEOIBRICENET IS AMEICHIED, 2MOSMANESRIGEORIAIBAMMNR (<L IFTrE
TFR) REZFCENPLPITVNEEZEZXSND. T& U THEINRBIOER = (KMMOo5, KMMOO6, KMMH16) TR
HONZRSHEIRIBEFTD2DDRILZIKDEEE, 2MENZENDOMADT « LI T EF+MRICL>TH
Bahiz. — /AT, WMEREARIOERR (KMM08) THRRINIIDD/ILKEOBREEIAR+DTHD, S
BORETHS.

R, REOMEBEEHT =1L —TYaVEEBRETIVICDVWTHET S, IRELZBARE, BARIECEREC
16MRTH S, RBNT)— VB (BRME) (C(F, 20165F48148228579 (M5.4) ORIBERAUVZ. KB
[FTRDMAIC K D TEBRINTULVDERELRZ. HEDKER, SMGAZERX D TILERMAC10 kmDXEBIC100
km'DAZESTRE D2, RENDMGAIZ, BREDEIHAICEHNZMUBICINGZCET, TRE LERER
SROEIEHBDIMRBIRNTETH D EEZXS5SND. SMGADGIETEE19.8 MPak 7LD, AIEERRAIY
EDOFHENIMELD EPLPREOHICHET N, RARBLHRI DL, RKEEFRCI=ZaL—r3avicLd
BRENTHDERASEE <, BICEREFEOZHROTPI(CTIRIEMNETHM/IIMREHL Do, SE, 6
BTEEZEOZMA RS ATPORBHNT Y — VERICHERISERMEZREAL, JDBRMOEVEREST
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Rupture process of the April 16, 2016 Kumamoto earthquake (Mjma7.3) using Seismic
Back-Projection and K-NET/KiKnet waveforms

*FY—R LY
*Nelson Pulido’

1. B SR 2B AT SSFR
T.National Research Institute for Earth Science and Disaster Resilience

I investigated the rupture process of the April 16, 2016 Kumamoto earthquake (Mjma7.3) using a
seismic back-projection methodology and K-NET/KiKnet waveforms. The method is based on mapping
amplitudes of seismogram envelopes observed around the source region, into a temporal and spatial
image of the earthquake rupture (Pulido et al. 2008, Suzuki et al. 2016). The main target of this
study is to understand the evolution of the rupture velocity during fault rupture propagation. For
this purpose we set a horizontal grid mesh of 32 by 118km covering the regions around the Hinagu
and Futagawa fault traces and beyond, as the target region for back-projection. Back-projection is
calculated without any constraint on the starting point of rupture or rupture speed. We selected
all the KNET/KiKnet stations that recorded the earthquake within 100 km (112 stations). The
envelopes of acceleration waveforms used for back-projection were calculated as a vectorial
summation of the acceleration waveforms band-pass filtered between 5Hz and 10Hz with their Hilbert
transform. They start from the origin time of the earthquake and have a duration of 100 s.

Our results are consistent with a fault rupture starting exactly at the Hinet epicenter. The
rupture progressed to the SW for approximately 3 s and then to the NE for 7s. The significant grid
energy was released in a narrow region of 30km length (rupture zone), along the Futagawa fault.
The average rupture velocity for the first 6 sec was very slow (~1.5s) and after 7 sec abruptly
increased to a value significantly above the average shear wave velocity. Assuming a continuous
rupture propagation this would imply a super shear rupture propagation. Further tests are required
to confirm our initial results.

F—"—R 12016 Kumamoto earthquake. back-projection. KNET/KiKnet
Keywords: strong motion, source process, High frequency
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Dynamic rupture simulation for the 2016 Kumamoto, Japan, Earthquake
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Keywords: Dynamic rupture simulation, 2016 Kumamoto earthquake, 3D Nonplanar fault geometry
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Source spectra and nonlinear site factors based on the spectral inversion methods
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Iz KiK-net#dim (KMMH16) FCTERISNCEEREN - 2WEETIEEHEINTLS L (BB
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FE U THNEENS KOS SNZOBROMER & —B]L TULD, ERRIC. Nakano et al.(2015)THEEL TL\S
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Source, path and site effects of the 2016 Kumamoto earthquake, the foreshocks and
aftershocks using the spectral inversion method
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Attenuation Characteristics of Strong Motions during the 2016 Kumamoto Earthquake

3 BE. B - =8 hE. 1I5eL S
*Hongjun Si', Kazuki Koketsu', Hiroe Miyake', Rami Ibrahim'

1. KRR MER TR
1.Earthquake Research Institute, The University of Tokyo

1. (FUGIC

20165FREAIMEE TS, 48148 (IM6.2DMERFEE L. KU TIE16BRBICEMT.0ODMEMNRFRE Ulz, Mt
ECREEE 7 ARSI N, 4B14HOMEFHEAKEDILEDEIHNICLDENT. 4B16HDMEFECH
HIIKEEAREVNTREETLEINTUL D, 4814EHDOMETIEIRIEE. EBAHEROCHEENREINTUD
M. 4B16BDMETIZZ DEEMNT 5 (CARMNCREMEFAEE (LKL T HENLEREICKATULD,
COMEOBRICZHOBELZRNEON, HMERESEEZSITHEESDIMERSHNCTIEELERNES
N3 &lciEoie. ARETIE, CNSOMELZFRZEZERAVT, HESHBABELINREILGS XD SIVOERRE
BECRAL TRETETTL. ESORMERSI TS e L,

2. 745

REY(CA VN ZABEEEEER(IK-NET, KiK-net(C KD ERISNSMEDRR TH D, BULCHIERRE. 4B14HDME
T34358i%k. 4R16HDME TSR TH Do CNSDMETRICDULT. 0.1-10Hz TFBE/N Y RIS T 1)U
H—=EMF. MREREERD. T5(CE DU TRERFEERDZ. CNSDRENSPCA. PVERDIZ, &
5(CBoore et al. (2006) DFIBTINREIGE X RT ~JU (GMRotI50) &3K&Tz. BoNIiES /IS A —5IC
DUT. ZNZNOERA LSO (Vs30) . J-SHISTARINTUL B FEENT—IZEALT
Vs1.5km/sDIBEEER FICEBE Uz, E/z. PGA. PGVIZZKFE 2 B DHMEEBRAMEENSSE, ATV\AHDEE
Bufz. ERBICDUVTIE, R - (IH(2016)ICLDERETILVERALZ, EdH. XE (2016)[CKDERT
FIVEER(CAWZ, CNSOMBETILVEZNICEDVWTEERLEKIBHRICKD, IRTOEHRIIZRICD
VW CHBRIGIER E PIREEREZ B L. Ud, MEDRBEZRIMENDYSI ZF 1— R (d6lobal CMT
Project (CKDHIEM, 6.2, KENM, 7.00EBEEZNZNEALTL S,

3. BREFED

AWETIE, BEREOHEES TN 4814 DMEPCIR16HDOME(C L DEREFREDHEICELD, CNs5D
WEICKLDMEEBDFUHERTI D& Uz, AULZHIEESFANEE, 7 - (FH(2014)(C X DHBHIREERE
EAOZIREIGEIRD RIVOES TR TH Do

R OBR. 4148 OMEPCAR16HOHEIC KX SHMEESHEVTFNES ST RIMEH FARNEEEITIM.
TORHEEHSNSD, (1) AF14HDOME(C L DEERHRIE. BEHERD CEMEHFARNESSTRES

L. FEOREHEESORYER TR 0.50~2WEEOEERD TE. BRAFEICHSVT. ESHFARICK
SHEMEASTBRBI3RAURNB SN CNSOERIRICIIEIBET(CAIB T SE=KiK-netZim
(KMMH16) EEFENTULS, (2) 4B16HDMEIC DU T, PGAX0. 1#)~0. 4 DEREAK I CH LT, FICHIR
EEREANNSLERAR TR, BRAEFENMESFTARNCLIEEBELDEFT NSV EHNERIND, —

. 25K D REBRS TE. HIRERH T100knEUZDNERRIS TlE. SRtESDMS (FESHFRNCKD
HEMBICHRTARIIHMEICEODTH D, BEMNSH 2 ENERTE S,

SEM  Z5(2016) :FMS; Boore et al. (2006), BSSA; HEfA - (FH\(2016) : FME ; T - 1t1(2014), F14E
HAMETI RS VIRI D L.

B . AATRICH OV TIFIK-NET. KiK-net(C LBERIEREHFB LU, BLUTRHAZRL LIFE T,

F—D—F 1 2016FBRARME. ERERER. GMRotI50
Keywords: The 2016 Kumamoto Earthquake, Attenuation Characteristics, GMRotI5@

©2016. Japan Geoscience Union. A1l Right Reserved. - MIS34-P72 -



MIS34-P73 AR ERN S EE2016E AR

20165 REAE (CH (T B MBI FBEEBDER X 1 Z X LOERA
Characterized source model for estimating strong ground motions during 2016 Kumamoto
earthquake
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Along-Strike Ground Motion Variation for the 2016 Kumamoto Earthquake Sequence
Along-Strike Ground Motion Variation for the 2016 Kumamoto Earthquake Sequence

*=55 B T . LAP EER. 2T B BX 9E. LA e s #
*Hiroe Miyake', Kosuke Chimoto?, Hiroaki Yamanaka®, Seiji Tsuno®, Masahiro Korenaga®, Nobuyuki
Yamada®, Takeshi Matsushima’

1. BERRZAZRERFZRBESHEIBHAT T VY — / HERER. 2. BERIEAFZRZRBEIET FME
Bl 3. BB S EANRTTAR. 4. BRBEXRZ. 5. WINKEXZREZHZFERMNEE AN LERmETY 5 —
1.The University of Tokyo, 2.Interdisciplinary Graduate School of Science and Engineering, Tokyo
institute of Technology, 3.Railway Technical Research Institute, 4.Fukuoka University of Education,
5.Institute of Seismology and Volcanology, Faculty of Science, Kyushu University

2016FBEARMET(E, ECETNANDESTEBOMENREL, 1995FRERMINEE Z2(CEEEMS
NIZEVAIMEIC L > THIEEIARRI N, K, 4B16BOM.3OMETI(E, MBERICA> TEREREEX
SNBHIWNEBEREF I SPPRABEDEE /LM, KiK-netidi (M) WREARRERSHARNE
1%, KiK-netfilfk (HiR) FEDEBIMRTHAINTLS. FERFEICEBT 3L, RIFHIHSHERMNMDAE
TEIWBETHNAIAKEVN, FEDILTSHTEIHBERHIAREVCENS, BIEL, RARDE#EE
BEOOYENEBLIZCEETEL, BEIEAMRMBRRETOLRRICHLDS CENTEIND (BIX
&, BE, 1999) . AEKRTIE, CNSDERICOVT, MIBFTHRD EMBERRD S LU LTEDRHE
PRI D. Lz, WAREASRAR (FIEL) WF-net’dEDIMFXEREAR TS, P©OERHENS ERBRIRN
BEHRANSERATNTSD, NRILIEOBEES JUEFRRD & REHRDOIERZICSVTRVERES
2%, —H, IOSIAOAREMEICSVTE, EERARE(ITEIREIANARDT, EBDOERESDEE
(R TH oz, TN, MEREBEERHSKIBEERCH S CREMESFANERINTUS. CNSDER
RRTEFEREOMBOERME SN THD, ARKRT(E, BIWEIHSARNOKEERCHA D IZERRR
(AT D) VY —FNR—DOHIUVARNEF) EEOFEEE, ZCERUIEDHIKEDRRNSEBNT
B)

HE  SFT, BEARE, BSSRHRK-NET/KiK-net/F-net, NANEBARERRP LUOKRKRF—TTIEEREFEAL
fz. AHRERO—EBIE, RIZHFREMBIE 2016 FERAMEEREET IFECRITIHERAT] (KX BKX
) (LK TEMES N, RIFREEHARRE, FEIREFDE T DE0EMM - FEAMEN - EBRAKEADHEHE
MECLD. —BOEARNRE(CHIZ>TIE, <FEEEEXIEVAS LURKIMERRMHHESENZD
TEEZ(TIZ.

F—O—F 1 20165FHEAME, REH. REAEEA

Keywords: 2016 Kumamoto earthquake, strong ground motion, temporary strong motion observation

©2016. Japan Geoscience Union. A1l Right Reserved. - MIS34-P74 -



MIS34-P75 HAMERSER S EA2016EAS

R 28 FEREARHER ST (C H (T D RES L UHENERRI DR

- WIFHAT(CH (T B RMTEEID S HEE(LICEBL T -

Quick report of aftershock and microtremor observations in disaster area due to the 2016
Kumamoto Earthquake

- From points of view of surface faulting and geographic transition in Mashiki town -

*F) W' HH ¥ LB KL
*Takao Kagawa', Shohei Yoshida', Hiroshi Ueno'

1. BRERAZEXZ R TR
1.Tottori University Graduate School of Engineering

FRR2BFERRAME(C L SBIBAIOWEEZREL, 1) HMRKTEBEEG(CH (T SHBERAUNDHEE HMRIEIC/NSE
nwcE, 2) BFMELDERESBOREMMIEL TSV L, D2RICEBL, REGRAS IUBRHMEINE
RIMDBAES Lo, 1) (LTS, RIME TEROMKRKTER CEKEDHTS LOARL)IFLRITE
BRXENR SN SHFEMMXOEBESEBRICSVT, MRICSFIIENDEVEBEY SHRESFNER
MLz, ¥, MEDKTVRIWHEIPREE DB ES LD, HRETBEDNERST NCEROM R THE
EBVCERMEEAERELIZ, T2, 2) (LT, SBERIENSARLIIZROEET, HERILH
EMEICAD LS ICERHEBSEANZERMELZ. CNSOBERE, SAIRBEIOESRNRE EEICERTS.
RESAUSFACP—RNLHEEIR-IEZRSHEUIRVZ, RBOERKRCEHLET.

F—O—F RIEE. RESR. HEER. MRIERE. R

Keywords: Mashiki town, Aftershock observation, Microtremor observation, Surface faulting,
Geographic transition

©2016. Japan Geoscience Union. A1l Right Reserved. - MIS34-P75 -



MIS34-P76 AR ERN S EE2016E AR

20164 REAIMME DRE(C KL SBEEFNDERKEEE A
Strong motion observation of aftershocks of the 2016 Kumamoto Earthquake at temporary
stations
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Characteristics of earthquake ground motions in the Kumamoto City, using the aftershock
observation data of the 2016 Kumamoto Earthquake
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Attenuation Structure around Kumamoto Region.
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Site amplification at strong-motion stations in the Kumamoto prefecture and identification
of underground velocity structures at Mashiki
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We made a field survey near ten strong-motion stations to confirm the damage of buildings after the
mainshock of the 2016 Kumamoto Earthquake. The JMA seismic intensity was as large as 6-upper at six
stations. We measured microtremors at two K-NET stations, three KiK-net stations and five Seismic
Intensity Information Network (SIIN) stations. We found that the microtremor H/V of spectral ratios
at most of the stations have a predominant period around 1.0 sec. We examined the reliability of PS
logging data at three KiK-net stations, i.e., KMMH@3, KMMH14 and KMMH16 by comparing the
theoretical H/V spectral ratio based on diffuse field approach (Sanchez-Sesma, et al. 2011, GJI)
with the observed one. The shape and amplitude of the theoretical H/V spectral ratios around the
fundamental predominant period are almost the same as those of the observed counterpart at these
three KiK-net stations. It suggests that the PS logging data under these stations are reliable.
However, the PS logging data at the KMMH16 station (Mashiki) are not adequate to explain the peak
at about 2.5 sec of the observed microtremor H/V spectral ratio.

We attempt to identify the underground velocity structures in the deep layer at KMMH16 station from
the microtremor H/V spectral ratio of surface waves based on the diffuse field approach (DFA). The
initial underground velocity model in the deep layer is referred to the J-SHIS. We obtain the best
underground velocity structures after confirming the good coincidence between the theoretical and
observed H/V spectral ratios. The identified underground velocity structures are used to evaluate
the transfer functions at KMMH16. We make a comparison of the transfer functions at these three
KiK-net stations. We find that the site amplification as large as about 8 at 0.2 sec and 1.0 sec is
almost the same at the KMMHO3 and KMMH14 stations. The site amplification at the KMMH16 station is
as large as 10 from 0.2 sec to 1.0 sec, and as large as 5 from 2.0 sec to 3.0 sec which is affected
by the deep layers.

F—"J—F :site amplification. microtremor H/V spectral ratio. underground velocity structures
Keywords: site amplification, microtremor H/V spectral ratio, underground velocity structures
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Earthquake Early Warning for the 2016 Kumamoto earthquakes: on overview of how warnings
and forecasts were issued and expected improvements that come from introducing new methods

VE R EE O, M B BE TV FA BEL & wal Ti5 i
*Yuki Kodera', Jun Saitou’, Naoki Hayashimoto’, Shinpei Adachi’, Masahiko Morimoto’, Yuji Nishimae?,
Mitsuyuki Hoshiba'

1. RRTRRAFTA. 2. [IRTIHENLES
1.Meteorological Research Institute, Japan Meteorological Agency, 2.Seismology and Volcanology
Department, Japan Meteorological Agency

2016F 4 B14EN S30HOHAICS VT, [IRFTIIMIESELEHERERE T 3R[UMMERR (FH) =
175[E], RSMEREK (BW) Z19OFEKRLIZ. 4 B14ENE26DRICHEE U TZBEARRRRARM T DOHE

(M6.5 - RREBE7) (CWUTIE, MERRINSHZ.8WEICERERKXL, 48168 1RK2DEICHKELE
REARIRBEAM S DME (M7.3 - RRXEE7) ([CWUTIE, HERRNNSHZ.SWEB(CERDE1Hz, 1
8.6MEICE 2HERKK L. 4 B14EHDME.5OMEBICT T DERS LU 4 B16HOM 3OMEICHT SERSE
2HRRICHITIBIFEEEOXTT (F) (&, ENENI00.0%5H K V97.45CTHolc. BEHEFRICIEAEBES
U EDHEMSEFEE LR, ETICH U TERIZEBEEAULOFRERRLTHD, BELEFEEL
Ehofz. 4 B16E M7 3MMENFRE U TUREE, MEOHREREMILAL, 500 5100kmEERENZAIET
FERZRMN(CHENRET SRREL DT, 201MFEORIMSRNFFAELURE, [IKRFTTE, RARSHEMNE
BICHTIRMEDTIL—EYTUEBOREET> TS (BIRE, AENCRIAREKEZEZERISCET, L
BURETIRARDEHREFIRT SWEZEA L) . ULHALEARS, SEISIFREIOAEUCER TR
FHKmEHRFEELZTeH(C, BHROMENDRAEZE—DIEE UTUEL, BAEEEZFEI ST —INE
Cle. EHEHRICE, RRSRINBEOEZEICLD, FEEBEOII7MN0%%E TS NELERE 4 BFRKL
Iz.

SEFTE, FARZRMEREFCHFTIEAFRADNHEE U Tlntegrated Particle Filter (IPF)iE%E, EXIth
ER(CH (T BENFRIDOXIZHE E U TPropagation of Local Undamped Motion (PLUM)EZEE AT BEHE T

5. FEEOAEUEERERKLULCABHICTHLUTIPEENDYZaLb—YaVvaEERmLEECS, 3EHTER
BULEBRORREOB U, Fe, BOD1BHITIE, EBROREXRGEBTSNLVEDD, BEHRDFEKEN
MYURFEDENSE oz, 4 B14EDOME.5OMES KUV 4 B16BOM7.3OME(CXT L TPLUIMED =/
Salb—yavaeEmlizels, 4 B14HOM6.5OMMETE2.6~3.68), 4 B16HDOM7.3OMMET(E
3.0~4.0MIEE, BERE1HWORRMAEI o, NI, PLIMET/ERITRELERROBMARERFECHEART
ZUVCEICEBETS.

CF) BRATREFEEBENADLETH O RFEREDOSSE, FAREN1 BERUATH D2 FHRROAS.

FoO— R ESMRER. FHRBE (2016F) AR
Keywords: Earthquake Early Warning, the 2016 Kumamoto earthquakes

©2016. Japan Geoscience Union. A1l Right Reserved. - MIS34-P80 -



MIS34-P81 AR ERN S EE2016E AR

U7ILE 1 LEREEFE S X7 L (J-RISQ) (CKXB2016FREAME DB EHTE
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Building Damage in the Mashiki-town for the foreshock and mainshock of the 2016 Kumamoto
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The 2016 Kumamoto earthquake caused serious building damages in the near-source regions. The
Mashiki-town, about 10km northeast from the epicenter, was located less than Tkm from the fault
line and subjected to the two strong shakings of level 7 in the JMA seismic intensity scale. The
first earthquake (foreshock, Mj6.5) occurred at 21:26, April 14 and the second one (mainshock,
Mj7.3) occurred at 1:25, April 16. Since there was only 28 hours interval, it is difficult to
classify the damage of two earthquakes.

We analyzed the aerial photos taken by the Geospatial Information Authority of Japan on 15th and
16th of April (http://www.gsi.go.jp/BOUSAI/H27-kumamoto-earthquake-index.html). The photos cover
the damaged area in Mashiki-town, and two sets of photos taken before and after the mainshock help
classifying the damage due to the foreshock and mainshock. We defined the following houses as
collapsed building: 1) edge of the building is distorted 2) roof tiles are completely fallen down
3) center line of the roof is tilted 4) debris is observed around the building. We excluded public
reinforced concrete structures.

We observed 130 totally collapsed buildings after the foreshock, but the number increased to 350
after the mainshock. The damaged buildings after the foreshock distributed between route 28 and
Akitsu river, but the distribution expanded to the north of the route 28 after the mainshock. There
are two strong motion stations in the surveyed area (Mashiki LGV and KiK-net KKMH16). Both stations
recorded seismic intensity 7 for the mainshock, but the damage distribution was very different. 21
buildings were collapsed within 200m of the Mashiki LGV, whereas only 4 building collapsed within
200m of the KiK-net KKMH16.

The distribution of the damaged buildings after the mainshock has a good correlation with the
distribution of the village 100 years ago . The region around the village was originally floodplain
and river terrace of Akitsu river. The village was developed at the edge of the river terrace, and
the floodplain was used as a rice field. In 1970s, the village was expanded to the upper river
terrace and floodplain. The floodplain is in general considered to be softer soil condition, but
for this particular area, damage on the floodplain was much less than that on the river terrace. We
need further survey to classify the effect of the subsurface soil structure and seismic performance
of the buildings for the better understanding of the damage distribution.

Figure: Damage distribution after the mainshock and aerial photo in 1964.

F—O—R 20165 RAME. YRS
Keywords: 2016 Kumamoto Earthquake, Building Damage
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Distribution patterns of house damages in the central part of Mashiki Town caused by the
2016 Kumamoto Earthquake: Geological and geomorphological implications
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W%tﬁ@ﬁ$¢bt$0\mw&m%EbT@Eﬂéoiﬁﬁ%%mﬁ@t$$t%tuﬁuﬁﬂtﬁﬁ
1t - BB DHO—BCRANEER (FiEma. THRA. LB CRIBREBO—BNERTE. Rk -

W RIS RENTSSAREZRICIEN TS EEX SN D,
ZHRERICSVTAHILTSIHEABSICHVTHRE. ZNUADOMSTEIREE 2T SENEBONSTERHE
Honlz, BPRABEDHER. ENETNOBFATHRMEEEZSIIBEImIE DL IREE 2T SMRII AR

Nizo HICIBAEAVTIEET10~20m(CZET BSWNLNERI Nz, Tz, BAERFSTEMRH S DEKMNER
Hondtmtd ol
BiFR TlE. RIXMEEBERODHOER(C DUV TIEHFICREITET TUEWR, SESIERMMA. it

B, FKkN. BEEH. HEEHCOVTERUREISIFECH D, SEDME(CH SRIKILEIERICREY
BSMRE. HHEZHMEICHATNTULIRIRL - BIRERRYT 3 L TEEREBRICESEEZXSN
Do

< HEE >
RIEE (C(IRIEAXZLENZERMRFAORSHAEBEEEFRAIE LRIV, e, BEYHECIIE LY
EREEDEREEEFATIE CLERVZ, COBEED THEILEBL LFFT,

< 3Rk >

E LT (2016) A% 2 8 FREAMIE(CRE T BIEH
http://www.gsi.go.jp/BOUSAI/H27-kumamoto-earthquake-index.html
S[URIT (2016) TEM2 84 (201 64) BBAME] (CDVWT (B7H)
http://www.jma.go.jp/jma/press/1604/16a/201604160330.html

F—J—F 20165 REARME. BN, B, RIS REN

Keywords: 2016 Kumamoto earthquake, liquefaction, sand volcano, lateral spreading
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FRG285F (20164 ) REAHUEE ODIMIEESEN (C ¥ SMBRKE / it FKAIZ1b
Co-seismic pore pressure/groundwater level changes associated with the 2016 Kumamoto
Earthquake(Mj7.3)

“EI BN B . AL B

*Yasuhiro Asai1, Hiroshi Ishii1, Osamu Murakami'

1. ABPEEA HMEFAHREMRIRES RRMER PRI
1.Tono Research Institute of Earthquake Science, Association for the Depvelopment of Earthquake
Prediction

2016545168 (CHAE UTFER285F (20164F) HEAME (Mj7.3) MOMMESCHESRERKE / 1 FKUZ{ IR
BIREEME (BIRIERE65km) (b DR R EMEHFEFAAERImST6200d5 K U'STG200N, FIFERI=
TGR350(CH L\ TERIET NI, 201658 12H0BFIRETO. 4816H0:00 (MEFKER]) #EHEE UIZE8AISD
RIBRKEZAL P K UZKNAIZL(ESTG200N & STG200 T #92 . 5kPaD/KE LR, TGR350TIEHI2mAKI A LR L T
Do

AETIERSINRRKE / T KUZCEROBNETV. ERISAEOKBMERSEEZRE L IZRERK
FEZAL / KEIZEDEMR / EEMETILICDVWTDERET Do

F—D— R EE28FE (20165F) BEAIMME (Mj7.3) . HIEE(CHESREBRKE / it FKkIZE{b
Keywords: The 2016 Kumamoto Earthquake (Mj7.3), Co-seismic pore pressure/groundwater level changes
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HEEE W & AT AT & FERIRRAT D BN
Earthquake fault and "severely damaged zone" in Mashiki Town and Minami-Aso Village.

“E0 AR #A BREA. H &

*Mitsuhisa Watanabe', Yasuhiro Suzuki?, Takashi Nakata®

1. RFAZAZER. 2. BEEXZE. 3.LEBXE

1.Faculty of Sociology, Toyo University, 2.Nagoya University, 3.Hiroshima University

1. ([FUSIC

A - BRAMBOFEERIC K D2016FEAMENS | FTHIN. BRAEEEEE Uz, HENE S ICEEL
IS (SR BN TH D, SEREB E DBEMNMENOND, UTF. RIFH & RERENOSBFERSE L. SEBOMME
B ISENIT ARSI HENNE U TERLURZL,

2. TRIMAT

BIFEIOHEM TEIEETZ2ETRULN, 4/16DMEROBYEENZLNOIZLSTH D, HMEHEENH
BEE(E. FMIENE100 kmi2E T, HACH kmEfEI D IEXNFE] &L TVD, CCTIE. MEMM
BL<HEUVBYETENERNEHEEEH > TUVBRCERH D, CO NTEXKOE] ORI(C(E. HRIETE BRI
S5EH TS (MEIIKBNSHIET S) EMBARE T S6. ZOEHMNMERENERICESLTULS
AIREMENIERICE Vo

ANNEBAOHAIKBANCSVWTEMEHRBNEIREL. ZOIRETIHIERNEIESEZ(TLERENERL
TULD, TOREERHET. HEMBAVDIES KZIKnZERICREIND,

CNEDIC, HMEMBE FOEMIBLLDIEL. EFEICSOVTERYHEENEL LV, MBEESCLIHBED
FNEEE(C, BEHEMBIECKDIEENEH D EHEEIND,

3. FAbAlERAT

IRk DL SR OEMERN (BIR U ZREAEBEZL) (CHUTE. EHoitERBHIMHEL TRON, HhE
WMBE LS LUZOEETIE. FEAEDEYNEELTHED. ZLOBHEEH LIz, CCTE. HEES
(CLBMEBODIFNTLE o>z, MBRFETCOEIMMBN Dz M. WEEILATEZEEXSN
Do CNSOMEMEE. FRIICBRETDCEIIERICHETHDEBOIND, KIBICKDMBOTFNOIED
NAECELT. SEOBEICSVWTIIIERICEELSEHELEDITHS S,

Flz. COMIRICHVTIE. DELL EEBENEFERIL~ILBEBANEEL EE>TVWDCEBRER LR, C
NDESPFBER(F. TERBIMMETEIERINTUEL, BFNBICEEHESHMEBEERABDSHEIC K DERE
LeEHEIND, ZNE. FEEN (CEF T S KRELRBEFEROS T E(CEL >EEBDONS,

4, FE&H

ERTE DB, WEFK EESNH TEEFERILIBHR CH I EMBREZING, EDLDNRRIFEE
BEENERCHAMEN TCEERINTULZDTHIN. BRBENSEMEOEEMAREEIND C L(FL
<. RN, EEEFEPMEOHININEENT C ECFIDENSHEN DI, SE. EMMBNSIIRENHK E
BHTEECTHDCEZBERAL. EHHBEENBR FEERISCLICL>T. LEBNERENREET
BCEDNETH S,

EH. FEENNDERE. REECOEHBRENRRAEZRITENTH D, MEHKEEZX D LTIEF. BEHD
SEMBRENIICSVWTRIREC 2DH. BE(CRS L TR ERS D,

F-U—F D ENE. MENE. MERE. KEEF

Keywords: Active fault, Earthquake fault, Earthquake disaster, Concentration of damage
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2016F4 516 8IM,7 . 0OREZAHIRE (C 4 S HIRIMEMTE DA S (C 5 (T S MBEREIRRICDONT
Investigation on earthquake damage in the Near-Surface-Fault area during the 2016 M 7.0
Kumamoto earthquake

B BB ERAR B
*Hongjun Si', Tetsuro Sasaki’

1.6RAEMY 7 XE - UY—F. 2.BARFHEREKARH
1.Seismological Research Institute Inc., 2.The Japan Atomic Power Company

2016 F4AF14B (CREUTM 6. 28EARME (CH L\ T, 4F16BREAICM, 7. 0DMENFKEEL 12, MINETEIRAE
B 7 &I NIz, 4R14EDOESERAMBEDILEBDEERC LS TN T, 4R16BDMEFE(CHE) | IKE
[CEXOTBILENDESINTUS, 4R16EDMETI(E. HRKBENERINTS D, HETIBUBEDMET
WK U TZEIMAT, BRARICIR T, & SICARNPRAFTE ELERCRATZ, AMRTE. HMERE L
KITE & DREARERERI Bcoh. 2016FE586B~8HDMIC. CNETORETHRSN T\ SHtRKEDIE
ElZEDIENS, MRKTEDHZ/IRIVERL T, ZOEMOERMKENROESRET o2, HESEEEIC
BYOHMBOBERAEICLDITOR, MRKTETRE - BECERDLE DUBERHREDRR LI, AEEEETE
(CmA)IWEFICAD T, MIFATER. EE. TR, tE. 22, ARNOXIMES LED. EREN R
MXEEETRE Ulz, ARKRTIE. FAEDBRICDOVTHREITZIENT. EICUTOCENERTE

2o (1) W™PAIICZE YT 3mA)IMEFCHTIREMRT. HEDREKRE V\SIMETHOERD S O8N
TWB, (2) ERAIIC. MRMIBOBAE T, HBRHNEZEFANE <. N LWEBEERMEVCHIKTETN
SEMICHEENZVMERANRE SNz, —7. HEBHEREAIHL . AR LMEEENSV CHIFTINSE
MEEENDEOMERRRE SN2, (3) BFAILE (CH (TS MRMBOE LPLZDMAFE TE. LHERRE
READFHLUVEBYTIRELELEIT IWER>RSNLED O 2, BEFENOKBE EWPZDEFETIE. B
BREADFLUVEMCEXRSKEFEIT IREFHANE SN2, SEBFMLHAENBEEEZSNS,

F—O—F HRKE. MERE. ERAME

Keywords: Surface fault, Damage, Kumamoto earthquake
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L-band SAR(PALSAR-2)&EFU\fZ. [LIEET—5 N\ 5 NDEVIEIES, - TSR
Trial of detection for damaged urban area and landslide area from wide range of image
obtained by L-ban SAR (PALSAR-2)

SED 2. K8 TEL B EE. BA K. BR B BE BE

*Manabu Watanabe', chinatsu Yonezawa?, Jun Sonoda’, Masato Ohki‘, Naoya Tomii‘, Masanobu Shimada'

TRERBHAZ. 2.HIEKZ. 3ILERFEMZER. 4.JAXA
1.Tokyo denki Univ., 2.Tohoku Univ., 3.National Institute of Technology, Sendai College, 4.J]AXA

PALSAR-2 (Phased Array type L-band Synthetic Aperture Radar 2), L-band SAR on-board Advanced Land
Observing Satellite-2 (AL0S-2), data were used to detect disaster areas caused by the 2016 Kumamoto
earthquake.

1. Coherence change technique with coherence filter [1] was used to detect damaged urban areas.

2. Alpha angle [2] and HH-VV coherence [3] change techniques were used to detect landslide areas.
The coherence change technique with coherence filter identifies candidates of severely damaged
urban areas located along a fault, which induces the earthquake. The detected damaged areas are
Mashiro town, Koyo area in Minamiaso village, which incudes Aso campus of Tokai university, Aso
Ohashi bridge, and some of landside areas.

Some landslides occurred in a forest area before the disasters were detected by using the alpha
angle and HH-VV coherence change techniques. But miss-identification were often observed.
Additional forest mask was produced from the image taken before the disaster, and tested to reduce
the miss-identification. It is confirmed that the forest mask works well to reduce the
miss-identification of landslide area.

[1] M. Watanabe, R. Natsuaki, H. Nagai, T. Motohka, T. Tadono, M. Ohki, R. B. Thapa, C. Yonezawa,
M. Shimada, S. Suzuki, Damaged area detection caused by 2015 Nepal earthquake with coherence
difference obtained by PALSAR-2 three observations, JpGU 2015, May 24-28, 2015, Makuhari
Messe/Chiba

[2] Pi-SAR-L2 observation of the landslide caused by Typhoon Wipha on Izu Oshima Island, M.
Watanabe, R. B. Thapa, M. Shimada, Remote Sensing, 8(4), 282, 2016

[3] M. Shimada, M. Watanabe, N. Kawano, M. Ohki, T. Motooka, W. Wada, Detecting mountainous
landslides by SAR polarimetry: A comparative study using Pi-SAR-L2 and X band SARs. Trans. Jpn.
Soc. Aeronaut. Space Sci., Aerosp. Technol. Jpn. 2014, 12, 9-15.

F—O—RBEAME. JE—L YR R=—3UXKU
Keywords: The 2016 Kumamoto earthquake, Coherence, Polarimetry
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IBRETAIRIE (C X SREARMEDRIERIXTIL

Emergency response of earth observation satellites for the Kumamoto earthquake 2016

k3 AL BROE. AR KA. XA BEAL AR RE. A K. s H
*Hiroto Nagai', Ryo Natsuaki', Mitsunori Ishihara', Masato Ohki', Takeo Tadono', Takeshi Motohka',
Shinichi Suzuki'

1. ENIIRRRAREAFHMZEMTAREE
1.Japan Aerospace Exploration Agency

2016 F 4516 HARRICRERE & b (CHRE L E—BOMEC DUV T, FEHMZTHIRAEE I ESSSEMEE

FMEWE28] BHEROLNYRERED L—5 (PALSAR-2) (CLBEAEERML. ERERET oI, M
BFICENFEDNZERUBERICDOVTEBNEIT R, COFREKRTIEIBEITIBEN 6 (CERIRERERE(CIR
HUZEERREAN—BEBNT B,

F—D0—F  BEAIMIEE. PALSAR-2, ALOS-2
Keywords: the Kumamoto earthquake, PALSAR-2, ALOS-2
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MEE(CH (T BT — FESOIE(L SRR (CH (TS RIEAREEHI(C
How quickly can topographic data are acquired after earthquake? A case study for the
landslide in Minami-Aso, Kumamoto, Japa

81l

*Yuichi S. Hayakawa'

1 RRAXZEBBHERPAR Y5 —
1.Center for Spatial Information Science, The University of Tokyo

KFESHECLD, BYOBEE, HMELENKETLEELREEICHSVT, DR HAZEHRIS /L E R D
AIDZHICEETH S, MEPERHNSEESINLCEELHEIIZ DBEREFTI SN, TNSEBBMOEEY
FEEY —REURSIMBERI T UABRRECKDIRTET —5 &/ ET, LDFHLBRERSD
CEMTES, CC T, EBAMEBEEFRE U TRl cRE LUIMNEBROIELIDV Y EY T DEHlER
T BAFRBEAMEE CREINCROZEREES LUVEFTABEEST -V —XELT, CNS5BRFY
S+ VCTHNRTEICE D ITER, RIBEHBET S CELORBMTT —SWEETL, BHPLURICHEA—~
IWEEDBE T T —5 &85 N TSR, RICIFELERICK > TREINRIOMEEENSER
SNHEBEEROAIETR T, 7—FNEBEF(C(E, M EEES (6(P) DEREICFEHMTOEIRD S DFHED Mk
Bedhn, KEEELR,. BGT—5 (G, BRERSIUAIVVER) (HEPHNCIPGRT ZA—T3 Y
GIF 7TJLE LTSNS ETHETN, I, K- TIFIESETIL - FIWVERESTT—JBEKE, 7
VSAVTIREIIFLICIDHEBLUE (Hayakawa, 2016) » 5T —FDERMZERH DS, 3Rt
EFIV (RBEFXEETIN) €4 VS7YTHBELR, IN5DOF—5(F, BB TOFEAICERARG DM, HFIC
EBRIMOAL (FIXIEZELBEBAOMESE) (CEOT, NEBEORREERITBIDICDLENSTERIIOIZE
EZ25NM3, —7A, BERNDERLIDVYEYITDERMYESHEIRLYH, COLIHET—FUEBEDREESS
CAEETEBIRETHD, FLCNSHRBICH TIHMMEFEOENICHERINDHZES, 7IFILDEDLIFT
&<, HIRIESNEHRTELEAINBIRETH S D,

Hayakawa, Yuichi (2016),“Topographic data generated from oblique aerial photos in Minami-Aso,
Kumamoto, Japan just after the April 2016 earthquake”, Mendeley Data, v1. doi:10.17632/sbxkzhy7h6.1

F—O—R SIMBRRIIXTFLUIEERE. RFf. 7 IIIESETIL. T—IHEB. HIAD - DEHAARE. i
FEETAI
Keywords: structure-from-motion multi-view stereo photogrammetry, point cloud, digital elevation
model, data sharing, landslides, topographic mapping
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Mz ESE I REESROL —5 — (Pi-SAR2) & AU\ CHEAME DHESSIKRIBIE
Surveillance of the Damage Inflicted by the Kumamoto Earthquake Using the Airborne X-band
SAR System (Pi-SAR2)

*QYRA E AR BE. BB E—BF. EA ST #H =@, BR 82 uE BE. Wk ER| =
& KT

*Minoru Kubota', Seiho Uratsuka', Syoichiro Kojima', Jyunpei Uemoto', Akitsugu Nadai', Toshihiko
Umehara', Takeshi Matsuoka', Tatsuharu Kobayashi', Maiko Mitsumori’

1. EMERFEEAN GRS ST TS

1.National Institute of Information and Communications Technology

ENIAERAREABRESHIEEE(NICT) TIIREAMEDR A ER (T, MEEESHE I RES KO

L —A— (Pi-SAR2) ZERU\z#sSihDERRIE . M7.3MOMEANERET BB M2016F4817HICEREL 2z, AER
TRSNIEERIGSBREESITIRETCET 20, BRABES(IORRE U CREREREICENTD LI
NICTOWebS ¥ R TREALTVS, RNCSEIOERIMES (751 ~/3R) CERERO—FIE U Trafagfdkm
BABHEDILAKERE RY, IH. COEEOSHRCELCRKBEI2REIEFETH o,

R &S SARI I EXR(ZRFPRECEM EOKRFEFMICEADLBEICNDZE DT —RAITEBIAVY RRHD
fz6h. WEREIRH 1/ AR—I 3 VEIETOT S L (SIP) TLIUI Y SRS - BsSEREDRL) (CHWVT
. MZHSARE SER U e RS SEERTUR(C DUV T O, BFOREBI EEORDBEINILCF o> TL
Do AFKRTIIPI-SAR2CKDEAGEE. BEl - BITRBREBNIDEEEIC. DK DEMEEFSARE
KERERCEDLDISERIRNETMNCDOVTERLUIZL,

F—O— R BEAME. GRAOL—5—. SAR
Keywords: Kumamoto Earthquake, synthetic aperture radar, SAR
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FRG285 (20164F) REAIHME CHRA L KR AL RAXOGEOHEZRL | ZHEESLUIDETIL
= AU\ M

Detection of morphological changes around post-caldera central cones of Aso Volcano caused
by the 2016 Kumamoto Earthquake using aerial photos and 3D model

MERA FL OF) FE L0 AL RH B BE ER. ME T TE EME. il fh'
*Hisashi Sasaki', Yasuyuki Hirakawa', Kazuya Yamaguchi', Kenichi Arai', Koji Fujita', Shino Naruke',
Tatsuro Chiba', Kazuya Funakoshi

1. 7 I 7 AR =4t
1.Asia Air Survey Co., Ltd.

28 (20164F) BEAMIE TS ffRALPRAOGEFILCEZHOMEZLAERINTUVS. 7IT7M
B FER A LPRAOEEDEENRIC, BEDEEER(TZCHICERENSEEXZHEEDB TR
To7z. BWIE2016FE4H298(CERE LUz, AL AXS(EDMCI1e230T, 40— X8SWDER (It EBERT %
(F20cm) EiRELIZ. BRELULECEREENSEZ A IYVBERS LOBRIDETIVEERL, BBEHIEH

o1z,

NIVF S E ERERIC, RERALPRXOTEBRIMETCERERECHMIRD, SXURELOERNIER
[CZLRELTVDC DD o e, BIBFERE CEEEINRIE TEIIER (CLEE(C R ITWBEMAEE L
TLW3. BEFESR 48  MBEE - P& - SEDZNZNORIMNE TCEIWEBENAZE L TULS. HE
ETCELUBMETHRE LUZHEBEUL ZIWAREERNTD, BMERE UL TEEFULZLSHERERESND. —
7, BFEEIICEHEFHSBEEMADTRL TULIN, ZHEETREIRD, KFLELLTULWEVNLST
Hd. Fre, LBUANOEEICERELICIEIIEFRICZDERABH SNz, BRETWBEHBOREDRLZITT
E<, ENEUAOREIICESHBLTLS.

FREXODFIBERORENS D6, —SBUNHETETEMN >N, F1 AXODILTEBITIRI00MZE (CHDE ST
BRIELU CLBCENERTE . KOBEDKEFIEREATHBDM, BEELEIWAANOEITEEL TLSAEE
MR$HD. EBUAOKOETERZL CLSEMNRZEEET S.

F—D— R EE2BF (20165F) ARAMER. PURRAL. EHRER, 3DETIL
Keywords: The 2016 Kumamoto Earthquake, Aso volcano, aerial photo, 3D model
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2016 F BRI (C 35 (7 S FaIRFRIIT O FAE U Fe iR SKEEHIE
Interpretation of the Ground Disaster Occurring at Aso Area Caused by the 2016 Kumamoto
Earthquake

AR HER. TN g2 AR @ @A g NE = BA Bk K2 HFE
*Tetsuro Homma', Hiroyuki Shimomura', Takeshi Honda', Hiroshi Yokota', Tooru Kobuke', Atsuo Noda',
Yasuaki Honda'

1. 8=/ {X 3
1.PASCO CORPORATION

[(FC&IC])

2016548148 R OM6B (CERE Ue T8 (20165 ) BEAME | TlE. MEEBFORE(CKI > TEZIHO L
WBESHBRARKE L, MERFERE. NABEBRFORERRARBETHD . BRICHENDEREMHRAIT S
BRSOz, BRAS(/IXTE, MERFRBICEPFEEREPAIFZICLSIREERAICERL. £ES
FZDT—S&EBVTHEMNS TRE UTZBEBENEDHHREEM Uz, e, LEMXOKBBERRREM(C D)
TIFMZEL—YEtAlERMBEL. BEETWEZEH LU,

(FAEE]

YIERICERALRET—5 3. MENEZERELCROHER (4B168RR) . EEEE (AH19HXU4H208ER
) RUKZEE (SPOT) ER (4B20BER%) THhd. . AUBMROMZEL—YEH87—5 (481685t

B (e TILAY VOREBICXDMREERE L. InX v 10OMET—SEERLUIZEDTH D,

YR EEE (IR NIV T SRR O AILT SERDOKS50km  TH 0. HISER (JRRE (FHEEE. TR

B) . 8® GhEEBCHSBEENLED. BERICHESED) . BETEERE Uz, BERICDVTIE. AR
ITWEEEH U, HFEBRFCISLICEEL., HEHFEREMERLUEZIFEN. BIEODHEBEFORER
F=REA—N—LATDEICLD. ZRIBERRKET SERERBVEBONSEREmME L2,

IEH. B TEER24FETBNMILEBRMIC K > THRE UZERIME A H L THE D, MERETIONNZEE
2 (SPOT) ER (2015F108 228 XUMA3BERR) EE2AVTSEOME(IC K DFE UZEREEROH Zild
LTz

(HIFHER]

HIEE (S > THRAE UlciEigitt(d. pRAOGEIRONmLOTER] (ZEMXEZD) ~ItRlChFTEZ <M

LTULB, FFICHUEFHMXEDAC BIE &R ICLEERIFRIEDO K S EBEIEMAEF L TL D, BIEFEDHEICN
EI3LERIITEBEREIMWAIARELTED., TRETELEEECHEREINZ, REBEMLTRES . W
FA)ICEEFERLOBET SRBRN TLERNZ < OBRIERFEEL TV ENHBELT,

Flz. MEL—TEHRIT—I@RICKD. FARABERRE CRE U LBEROBEEIFIIE140n. FHARS
350m, HEIZEEIREA7,900m’ Tdr 0. MERIDME T — 5 & DEDENTC & > TEYIRREDRENSN. RETWEEIN
UFENTHDENBESHNEL DT,

BEUMBROBR(E. HIBEHENSIERAAANERL THMHL TULDZ ENERI NI, MEmRAKNS
=2REAFTHRERAFBAIOKAM TE. [BEAVNEBONBMEICERILE - ﬁﬁﬁﬁn@%?zb\ﬁﬂﬁﬁ
BNz, Fe. BEECHSERE. BFEM ESROAIAORE THIABRICA D TUBIKRAZ < ERS

fzo BEETHTEIRTE S & AERIC D ILT SABEETACEFR L TUL D,

(ER]

FRIFERITAD XD ICHRICERREL THD. BRHANERSNIHFSERTEARLOINE CZHHEE

FINlz, —FH. BRAEZINTOLVEGRSRAITE. PRAOTIRAIMNE CRIBENERI NN, MNig
WTRIFEAERBRERINGEN D2, T, SOABBINTCERD D SEMAEMTABHEDED(E. B
PEMEFCAEETNEAESEDARRD SNz, CNSOBRIHEA/IMEFILRIEDERE E(CIENIZHTRM
EMEBCHEIN. mAIMBSEANRLUACEITIERL TLSEEMENMIR 5, AIBHXTIRRE CER
TOMITARDREE L KRAERIN TS D, ERERFE CORESC L IREBRENEININS,
TERMERSNLER/NITEERMALERICOBLTULDCENS. BERIWNRENLL TEHERME
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The study of coseismic dam monitoring with the Satellite data
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Preliminary report of deformation and debris flow effect at North West site Aso caldera
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The effects on Aso volcanic edifice by 2016 Kumamoto earthquakes
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Seismic Intensity Distribution of the 1889 Meiji Kumamoto Earthquake and Its Source
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Materials related to the 1889 Meiji Kumamoto earthquake
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How many times do people feel strong ground motions of the JMA's seismic intensity of 5-
or greater by the 2016 Kumamoto Earthquakes?
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Mechanism of creation of an "unexpected" arising from 2016 Kumamoto Earthquakes
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