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Surface rupture associated with the 2014 Kamishiro fault earthquake, central Japan: A
preliminary report on field reconnaissance surveys

Hirouchi, D. (Shinshu University, hirokuma@shinshu-u.ac.jp)

Sugito, N. (Hosei University)

Kaneda, H. (Chiba University)

Goto, H. (Hiroshima University)

Matsuta, N. (Okayama University)

Geomorphological Research Group for the 2014 Kamishiro Fault Earthquake

The Kamishiro fault is located in the northernmost part of the 150-km-long Itoigawa-Shizuoka
Tectonic Line (ISTL) active fault zone, central Japan. Immediately after the destructive Mj 6.7
earthquake of November 22, 2014, which occurred in the northern part of the Nagano Prefecture, we
conducted field reconnaissance surveys, and found coseismic surface ruptures exactly along the
northern part of the reverse-faulting Kamishiro fault (Photo 1). Based on our surveys, in addition to

the reports of other universities or research institutes, primary coseismic surface ruptures extend for ca.

9 km, most of which runs along the previously-identified active fault traces (Figure 1) (Research
Group for ISTL Tectonic Landforms, 2007; Suzuki et al., 2009, 2010). Various methodologies to
record the surface ruptures have been applied until now, including aerial photographs, UAV and
high-pole SfM, TLS (Terrestrial Laser Scanner), AL (Auto Level), and TS (Total Station), as reported

in other presentations.

Photo 1. (Left) Coseismic west-facing fault scarp observed at the Shiojima site (located in Figure 1).
Note person for scale. The maximum height of the scarp is ca. 0.9 m. Horizontal shortening is also
identified. (Right) The southern extension of the fault scarp. Revised after Hirouchi et al. (2014).

Notes Geomorphological Research Group for the 2014 Kamishiro Fault Earthquake: Ikeda, K., Kiryu,
K., Shimizu, R., Yamazaki, F. (Shinshu Univ.), Suzuki, Y. (Nagoya Univ.), Watanabe, M. (Toyo Univ,),
Nakata, T., Kumahara, Y., Kitano, S. (Hiroshima Univ.), Ishiguro, S. (Nat. Inst. for Environ. Studies),
Miyauchi, T., Hayashi, H., Abe, M., Takagi, S. (Chiba Univ.), Sawa, H. (Natl. Inst. of Tech., Tsuruoka
Coll.) , Ishiyama, T.(Univ. of Tokyo), Yasue, K.( Japan Atomic Energy Agency).
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Figure 1. (a) Index map of the ISTL active fault zone. The shaded relief map is based on 50-m-grid
DEM issued by GSI of Japan. (b) Tectonic geomorphological map of the northern part of the
Kamishiro fault (Research Group for ISTL Tectonic Landforms, 2007). The web-GIS based active
fault information is available at http://danso.env.nagoya-u.ac.jp/istl-gis/ (in Japanese).



Surface rupture associated with the 2014 Kamishiro fault earthquake, central Japan:
Comparison between pre- and post-earthquake aerial photographs
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Geomorphological Research Group for the 2014 Kamishiro Fault Earthquake

The Mj 6.7 Kamishiro fault earthquake struck the northern part of the Nagano Prefecture, central
Japan, at 22:08 JST on November 22, 2014. We took color and high-resolution aerial photographs
along the Kamishiro fault on November 27 (5 days after the earthquake), and conducted their
stereo-pair interpretation for detecting locations of primary coseismic surface ruptures associated with
the earthquake. The resolution of the airphotos is ca. 17.5 cm per pixel. At the Shiojima site (Figure 1),
we can recognize NE-trending west-facing coseismic fault scarps, which cross paved roads, paddy
fields, vegetable fields, and artificially modified lands for about 0.3 km. Based on the field
reconnaissance surveys, the maximum height of the scarp is ca. 0.9 m around the site. The scarp is
located along one of the previously-identified fault trace of the reverse-faulting Kamishiro fault
(Suzuki et al., 2010), although most of the tectonic landforms along the fault trace around the Shiojima
site was eroded by fluvial processes before the 2014 earthquake. We can also identify coseismic
surface-rupture traces with smaller vertical displacement at several sites (only ca. 0.3 m or less
measured during the field reconnaissance surveys), when we take into account systematic color
changes in paddy fields (caused by ponding in the down-thrown sides), paved roads (caused by
destruction or slope-angle change), and so on, as shown in Figure 2 of the Hakuba-cho site.
Furthermore, we have stored pre-earthquake color airphotos taken in 2004 (Figure 3) (Suzuki, 2005),
whose resolution is the same as those taken on November 27. We will conduct photogrammetric
analysis using our pre- and post-earthquake airphotos, for examining locations of surface ruptures and
amounts of coseismic vertical displacement associated with the 2014 Kamishiro fault earthquake.
Notes Geomorphological Research Group for the 2014 Kamishiro Fault Earthquake: Matsuta, N.
(Okayama University), Watanabe, M. (Toyo University), Nakata, T., Kumahara, Y. (Hiroshima
University), Miyauchi, T., Kaneda, H. (Chiba University), Sawa, H. (National Institute of Technology,
Tsuruoka College), Murate, N., Miyasaka, S., Senda, Y. (Nakanihon Air Service)
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Figure 3. An example of stereo-pair airphotos taken in 2004, showing the Oide site.



Digital Surface Model for surface fault ruptures of the 2014 Kamishiro fault earthquake,
central Japan, based on UAV and high-pole photography and SfM-MVS analysis
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Introduction

The surface ruptures associated with the 2014 Kamishiro fault earthquake (Mj 6.7), central Japan was
photographed by digital cameras mounted on an unmanned aerial vehicle (UAV) and a high pole. The
resulting Digital Surface Model (DSM) generated using the Structure from Motion (SfM) -Multi-View
Stereo (MVS) software enabled accurate measurement of the terrain section, as well as variations in
directions and amounts of three-dimensional surface displacements. Topographic measurements by a
UAV and pole camera have helped in the characterization of the surface ruptures caused by the 2013
Bohol earthquake (Pogay et al. 2013). Imaging technology mounted on a UAV is used to obtain
widespread surface measurements, while the pole camera is used for the detailed photography of
important locations. The accuracy of the DSM will be confirmed by the comparison of our findings
with the measurements by other methods, such as auto-level and terrestrial LIDAR.

Materials and Methods

The UAVs used in this study include F450 and Phantom 2 manufactured by DJI Inc., of which the
former autopilots according to the flight route set by the mission planner. Pole camera, a digital
camera attached to the tip of the 7-m-high carbon fiber pole, was used for interval shooting. Both the
cameras used a GR of RICOH. One week after the earthquake, on November 29 and 30, the area was
photographed by the UAVs and pole-camera, and further measurements for the GCP by GNSS RTK
survey was conducted on December 3 and 4. About 9.5 km along surface rupture was photographed to
study the extensive surface displacements. Initially, the entire survey was planned to avoid gaps
completely. However, this was not achieved because of the limited time and adverse weather
conditions. Thus, the acquired aerial photographs generated the DSM using SfM-MVS software
(Agisoft PhotoScan Pro).

Results

As a result, we were able to create a DSM of a resolution of a few centimeters (Figure 1). The shaded



diagram of the DSM indicates the following: 1) Surface rupture has propagated in an intricately bent
and branched manner. 2) Small-scale deformation and deformation along several meters of width have
taken place. Subsequently, this DSM was compared with the cross-sectional survey and measurements
carried out by the auto-level and LiDAR, and it was confirmed that the DSM is characterized by fine
topographic changes. However, an error of about 10 cm could have been present depending on the
location.

Notes Geomorphological Research Group for the 2014 Kamishiro Fault Earthquake: Matsuta, N.
(Okayama University), Sugito, N. (Hosei University), Suzuki, Y. (Nagoya University), Kaneda, H.
(Chiba University), Hirouchi, D., Yamazaki, F., Ikeda, K., Kiryu, K. (Shinshu University), Ishiyama, T.
(ERI, The University of Tokyo), Yasue, K. (Japan Atomic Energy Agency)
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Papiona, K., Lim R., Pelicano, A., Bacolcol, T., Daag, A., Inoue, H. and Nakata, T. 2005, Mapping the
surface fault rupture of the 2013 Bohol Earthquake by SfM Photogrammetry using small UAV and
pole camera
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Figure 1. An example of DSM and orthophotograph of the limori site.



Surface rupture associated with the 2014 Kamishiro fault earthquake, central Japan:
TLS (Terrestrial Laser Scanner), TS (Total Station) and AL (Auto Level) measurements
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Goto, H. (Hiroshima University)
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An Mj 6.7 earthquake occurred in the Kamishiro fault at 22:08 (JST) on November 22, 2014. The fault
is a reverse fault located in the northern part of the Itoigawa-Shizuoka Tectonic Line active fault zone,
northern Nagano Prefecture, central Japan. The 2014 earthquake produced 9-km-long surface ruptures
along the Kamishiro fault with vertical displacement of 0.9 m or less. We have measured surficial
deformation using our terrestrial laser scanner (TLS, RIEGL VZ-1000), total station (TS, Leica
TCR705), and auto levels (ALs), for examining the results of the SfM-MVS analysis. Among them,
TLS measurements were conducted at five sites: (1) northeast of Mt. Joyama, where the northern end
of the surface rupture appeared as small and broad deformation in a rice field; (2) Shiojima, where the
most clear vertical offset was identified among the whole surface ruptures; (3) Oide, where Holocene
terrace surfaces indicate cumulative vertical displacement caused by the Kamishiro fault, and
coseismic surface ruptures also appeared during the 2014 earthquake; (4) Hakuba-cho (east of Hakuba
Station), where broad deformation was observed in rice fields and paved roads, with vertical
displacement of ca. 5-10 cm (based on the field reconnaissance surveys); and (5) east of lida, where at
least two traces of surface ruptures with small vertical displacement were found in rice fields and
unpaved roads. TS and AL measurements were also conducted at sites including (1) to (5). Because the
amounts of vertical displacement during the 2014 -earthquake are not so large, our

terrestrial-measurement equipment would be useful in detailed mapping of the surface ruptures.

Notes Geomorphological Research Group for the 2014 Kamishiro Fault Earthquake: Hirouchi, D.,
Shimizu, R., Ikeda, K., Kiryu, K., Yamazaki, F. (Shinshu University), Yasue, K. (Japan Atomic Energy
Agency), Suzuki, Y. (Nagoya University), Watanabe, M. (Toyo University), Nakata, T., Kumahara, Y.,
Kitano, S. (Hiroshima University), Ishiguro, S. (National Institute for Environmental Studies),
Miyauchi, T., Kaneda, H. (Chiba University), Sawa, H. (National Institute of Technology, Tsuruoka
College), Danjo, T. (Yamaguchi University), Ishiyama, T. (ERI, The University of Tokyo)
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Surface rupture associated with the 2014 Kamishiro fault earthquake, central Japan:
Implications to tectonic geomorphology and long-term earthquake prediction

Sawa, H. (Nat. Inst. Tech., Tsuruoka Col., sawa@tsuruoka-nct.ac.jp), N. Matsuta (Okayama Univ.),
M. Watanabe (Toyo Univ.), Y. Suzuki (Nagoya Univ.), T. Nakata (Hiroshima Univ.), and
Geomorphological Research Group for the 2014 Kamishiro Fault Earthquake*

1. Introduction

On November 22, 2014 at 10:08 PM local time, a JMA magnitude-6.7 earthquake (the 2014
Kamishiro fault earthquake) occurred in northern Nagano Prefecture, central Japan (epicenter,
36°41'20.4" N, 137° 53’ 16.2" E). The spatial distribution of aftershocks and the focal mechanism
indicates that this earthquake was generated by movement along a reverse fault known as the
Kamishiro fault — the northern part of the Itoigawa—Shizuoka Tectonic Line (ISTL) active fault system.
Remarkable surface ruptures, over 9 km long, appeared along the Kamishiro fault. We have made
public details about the nature and location of the Kamishiro fault before the earthquake on an active
fault map (Matsuta et al, 2006; Research Group for ISTL Tectonic Landforms, 2007,
http://danso.env.nagoya-u.ac.jp/istl-gis/). We wish to establish a location relationship between this
surface rupture and the pre-existing active fault trace.

2. Re-examination of active fault maps of ISTL

Most of the 2014 surface ruptures appeared along pre-existing active fault traces. However, a very few
surface ruptures appeared where there was no pre-existing active fault trace, prompting us to
re-examine our former active fault maps. We looked again at a series of 1:10,000 aerial photographs
archived in the 1940s and 1950s. The aerial photo analysis was supplemented and reinforced by field
observations. Although the detailed re-interpretation of aerial photographs caused a few modifications
of the locations of active fault traces, we concluded that the location of some active fault traces had
not been added on former maps.

1) Oide: Obvious surface rupture stretched north to south along the active fault trace at Oide. The
southern half of surface rupture at Oide doesn’t seem to match with the active fault trace. However, a
few small tectonic landforms exist on the lower terrace, and was overlooked. The active fault line
should have been traced considering such small landforms. 2) Nodaira: This area was on the outside of
the study area in Matsuta et al. (2006) and Research Group for ISTL Tectonic Landforms (2007). In
this reexamination the pre-existing tectonic landforms were observed in the area. The M terrace
(50-100 ka) is cut by the fault. The west-side-up fault extends northeastward and it is considered to be
a back-thrust faulting associated with the main fault. Surface ruptures clearly appeared along these
pre-existing fault traces. 3) Kamishiro: Some tectonic landforms along the piedmont line and
back-thrust fault scarps were newly mapped at Kamishiro. Obvious surface ruptures appeared along
some traces. In Mikkaichiba, surface rupture was observed along the back-thrust fault scarp that had
been mapped on our earlier active fault map (Katsube et al., 2014). 4) Shiojima: The remarkable
coseismic east-side-up fault scarp appeared in the 2014 earthquake. The maximum height of the scarp
is about 0.9 m. In a little of northeast of the coseismic scarp, there are the tectonic landforms on the M
terrace (50-100 ka). We found the pre-existing east-side-up small - less than 1 m - fault scarp on the
alluvial lowland through the detailed re-interpretation of aerial photographs. The coseismic
east-side-up fault scarp appeared in the same location.



3. Implications for long-term earthquake prediction

The surface ruptures associated with the 2014 Kamishiro fault earthquake appeared in the area
covered by a detailed active fault map (Matsuta et al, 2006; Research Group for ISTL Tectonic
Landforms, 2007). Most of the 2014 surface ruptures appeared along pre-existing active fault traces
shown on the maps. The proper maintenance of an active fault map contributes greatly to earthquake
damage reduction. In this area, there have been three active fault maps apart from our map (lkeda et al.,
2002; Sawa et al., 1999; Togo et al., 1999). However, almost no back-thrust faulting associated with
the main Kamishiro fault has been mapped on these three maps. The 2014 surface ruptures appeared
along some back-thrust traces. It is important that we study small — less than 1 m — tectonic landforms,
i.e., reverse tilting of the surface, flexural scarp, scarplet and back-thrust scarp.

In the northern part of the ISTL active fault system (Hakuba Village to Matsumoto City, with a length
of 55 km), the maximum vertical offset and a JMA magnitude during the last earthquake were
estimated to be 5-6 m and Mjua 8.2-8.3, respectively (Suzuki et al., 2010). However, the maximum
vertical offset during the 2014 Kamishiro fault earthquake is approximately one fifth as large as the
above estimation. It could indicate that one-scale-smaller earthquake with Mjua -7 have been probably
occurring with a shorter interval in the northern part of ISTL active fault system. Considering such a
supposition, we need to re-evaluate a long-term earthquake prediction properly.
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and Technology (MEXT) of Japan, under its Earthquake and Volcano Hazards Observation and
Research Program.

Notes* Hirouchi, D. (Shinshu University), Sugito, N. (Hosei University), Goto, H., Kumahara, Y.
(Hiroshima University), Miyauchi, T., Kaneda, H. (Chiba University), Ishiguro, S. (National Institute
for Environmental Studies), Ishiyama, T. (ERI, The University of Tokyo), Kagohara, K. (Yamaguchi
University), Murate, N., Miyasaka, S., Senda, Y. (Nakanihon Air Service)

References (1) Ikeda Y. et al. ed. 2002. Atlas of Quaternary Thrust Faults in Japan. Tokyo. University
of Tokyo Press. (2) Katsube A. et al. 2014. Preliminary report (2) on surface rupture associated with
the 2014 Kamishiro fault earthquake, central Japan. Geological Survey of Japan, AIST,
https://www.gsj.jp/hazards/earthquake/naganokenhokubu2014/naganokenhokubu20141209.html

(3) Matsuta N. et al. 2006. The vertical slip-rate and geomorphological mapping between Tsugaike and
Lake Kizaki along the northern Itoigawa-Shizuoka tectonic line active fault system. Active Fault
Research 26: 105 - 120. (4) Research Group for ISTL Tectonic Landforms 2007. Database on
Itoigawa-Shizuoka Tectonic Line active fault system Tectonic Landforms No. 1 Northern Area
(between Hakuba Village and Matsumoto City). Nagoya University. (5) Sawa H. et al. 1999. Active
Fault Map in Urban Area, Active Faults of the Shiroumadake. Geographical Survey Institute of Japan.
(6) Suzuki, Y. et al., 2010, Prediction of coseismic fault behavior based on slip-rate and slip
distributions for the northern part of the Itoigawa-Shizuoka Tectonic Line active fault zone, central
Japan, Active Fault Research, 33, 1-14. (7) Togo M. et al. 1999. Active Fault Map in Urban Area,
Active Faults of the Omachi. Geographical Survey Institute of Japan.



UAV IC K BB EiRR &% DSM [ &<

2014 FREFEICAHE

VS R MR R DRI EEHA

Measuring displacement of surface rupture of the 2014 Kamishiro fault earthquake,
based on UAV and SfM-MVS analysis

100187

ARRLT (EREN *, BmA (RFEX,

EFES (LEX), BREMA (TEX,

BERRF (LEAX),

BERERIE, H B, ®ESERE,
2014 T EEAZ AT )V — 7

Satoshi ISHIGURO (NIES), Mitsuhisa Watanabe (Toyo Univ.), Yasuhiro KUMAHARA, Takashi NAKATA,
Hideaki GOTO, Shiho KITANO (Hiroshima Univ.), Takahiro MIYAUCHI (Chiba Univ.), Kyoko KAGOHARA (Yamaguchi Univ.),
Geomorphological Research Group for the 2014 Kamishiro Fault Earthquake

F—T—F 12014 ERFEILHOHE,

RIERTE, UAV, SIM-MVS, B=HA%3 DSM,

Key Words: The 2014 Kamishiro fault earthquake, surface rupture, UAV, StM-MVS, Ultra-high-resolution DSM

1. IXLCsIC

2014 4F 11 A 22 HICEF RIS OB FEAEL (M) 6.7,
IR, #hikrE ), st mfE A B U7z (ENIE D,
2014 7 E). HhFRMEWTEIZEIH TR DN TR ER
DK EOBARASIC X Y, HBI%, HHRIVER T
FREZTCULES. X, EFEJILTIIBEZOZVHlEE L
Tﬂ%h %86 55 HH T 1T D S BRI C bR MR W g DB

BEL B A[REMEN D o Te. F T, AT, /DM
)\E‘Lﬁ% (Unmanned Aerial Vehicle; UAV) 2 #&1c & b 22’5
BHO#R 21T\, Structure-from-Motion - Multi-View-Stereo
(SIM-MVS)Y 7 b 7 % IV T RIS R em O il
DOHiIFRE )L (Digital Surface Model; DSM) X U ALV 5.
H2ERR LT, MM CEENAERITo2. 2z
LI, WimetilziTy, WiEIich - 22 m 2 s il Uz,
2. BERgE LM ERESDFRAS KU RIS

UAV IC X5 5 ERIE, tERA L% 11 H 29 0
L 30 HIcSHEE Lz, i LML, wIind Dl #o
Phantom2 & F450 TH D, E# L 724 X F 1k RICOH #oD
GRTHB. V¥ v X—AE— RO EHEE RIREEDLET
BEL, 12— VUiRE 2 To T, 49, HIRICEND
DS NTZEILR 9.5 km OB EIRE TETH - T2/, K
& RIEDOHFNCT K D, 7 ERRED HN—FICE X - Tz,
Hh | EHERS (Ground Control Point; GCP) D& X HIE
4 25ER% O 12 H3 HE 4 HICFERE LT, 5 A 1%k GCPY00
EHEHAL, UT7IVEALFIT v 7 (RTK) HEET
Sl WEOKER, 119 HiHoBKE - BE - EekxEk. &
B, RTKHIBICEENZ A Ty MEDOFEX, GCP &
FRRICPUE =M (VR ZFET5FHIC XD AIELT.
ARTFEIC X ZHIEFHRIOZ Y M - $EEZ GRS 5 729I
EIRRGfTCA— LM K B WEHIE E h— IV AT—

> (Total Station; TS) 1< X 2 e %32 L 7=,

3. SIM-MVS [c &K B#B DSM 1R & BRI EEHAI
SIM-MVS &, XISz 2T S iR Lt%ﬁ%ﬁijm
A A=V F VT OEMEIGHATE LICKDKED 3
RITHBET— R 2HER LT 3D ETIVERIERT 2 H M TH
5. AWZRIC BN T LT EH & GCP Z FWV T STIM-MVS
v 7 k7 (Photo Scan Pro) IZ X D fi@ht L, ISR 5 cm
D DSM (K1) &MEEE 2.5 cm DA )LV BEi{§EERR L 7z,

TERE N7z DSM Z IV, HiZRZER RNV ICE m [

b CWImEE 21TV, ShEEMEZFHI Uz, s
WWEDE (R 0EMR) ZEHIIT 2D TR, &
BDIzbAIx EOHIE ZEET 20ENH 5. OISR,
EAMBEEEANMIOEMEX D NI T NS5 &
AR E N B GATH RS Nz,
VN . )
fERKL7ZDSMIC KD, IFDZT S E RS Tz (D
DSM DFZE A 51X, ML, M Dold 2 Higkih
BMEORL—A &, FL—REEOEREFTERL, &
HmichizoT7 10— RIZEFET SHEEDHBRIOREINT
WA, FRC, @10 om DUROMEIRZEIRIE, Bttt co®
WTCIRRBT 2N TERNVEDTHD, TOFEDE
PiMEZEHERTES. () A—FLNVBXU TSI X M
WEREE L& DSM 1T K ZWimiE ISR & 2 Ll U 724553, &
Dﬁﬁﬁmﬁ*k%%%f@%gk#%ﬁf%% fzZ L,
BATIC X > Tid 10cm AN DOEENEL S XS5 TH 5. (3)
A B R EZENRITBICEDOLLE TR L, HBOD

HEEDDZHRENHD, DSMEHANWSZ Lickb, ZDF
WEAEETH . EHHROMIEIC K > T, EhiEhE
imiﬂkfmﬁéh% BNhd 5.

—M1.UAVICKBEE
MHIERE Nz DSM D
SN, KA NI B 7
ZNE D 5N 5.

**014 PRI W e Hh
HIEHE T I —T %
i (LR - ZEE
Z QEBCR) - AR5
EGEREK) « &HER
BB (FEER) - BNARED -
R 48 ACER - i — -
FAAEFIRS (BINK) - A
it GORHUZER) -

g — (R

Rk

BENKE) - 2P EE - WH/KEEK 2014, 2014 E 11 A 22 HE
TR OHIE (EFF R ERIE) 1S tRE AL
EIEWIRE. TEWTREETSE 41 1 AR iii.



100278 2014 FREFEILIBOHE

(IR

VS S MR MR R

Surface rupture of the 2014 Kamishiro fault earthquake

ERXE) (EMX) *, ZFREE (AEX),

fBARREL (BEEX),

EAFAR (FEKX), BESE (LEX),
2014 FrupEEMAZRE V)V — 7%

mZERE (LX),

Daisuke HIROUCHI. (Shinshu Univ.), Nobuhiko SUGITO (Hosei Univ.), Heitaro KANEDA (Chiba Univ.),
Hideaki GOTO (Hiroshima Univ.), Nobuhisa MATSUTA (Okayama Univ.), Yasuhiro SUZUKI(Nagoya Univ.),
Geomorphological Research Group for the 2014 Kamishiro Fault Earthquake

F—T—F 2014 FRFRILEBDOHE,

TR HIE,

HRMERTE, KA —FREEREES

Key Words: The 2014 Kamishiro fault earthquake, surface rupture, ISTL active fault zone

1. ILCBIC

2014 FEHEIIOME (Mj 6.7, EBFEIZHiE =
Bimt), &, ABNEHZERE LT, 11 H22 HOD 22
R 8 DEFAE Uz, RERRED SO 2 WIEMH I HER
T, BNERERIDTENIR D - 2 9 Wi K D Sk U 7z il
BTH3 (KET, 2014). SEIOHIE THEREE Nicid
BRI, HEMILEOES D b MK Eic bz %D
K<8%%%m@?@fﬁﬁbﬁ(EWi@ 2014 ; $hiK
IZh, 2015 ; BEEBIEA 2014 72 &), FEE S IIHERAER
Hﬁ%ﬁ%?ﬁ AL, ISR D776 Wi
BICXBEMBOZEIT- 2. TS RHBRICHTE
ﬁwﬁﬁbh’btmIEEEV/eyﬁbt F -
FEEITIIA T UAY ONREAIZER) I &k 528, R—)L
AT BEfRE, MRS A X—ICXZRENRZE
fiti U C R iR T — 2 ZINE L, HiEE T )L (Digital
Surface Model; DSM) Z{ERK LT, Witz OBk
oM mpARZERR LTz,

2. HhRHWERE DG & N RE

P IC DWW T, ATEENER TAEE] KiES
1999 FEICFTE N, 2010 FEITIESCERRIZEE DORERRICEE T
% EANREBIINEG S N, CRESRISHIEEBHRA 7 —
a v KBV CHMEERBRNARIN TV, SEIH
B Uz tiR B R, 2 < OB CREFEERIEARICTH -
THEL®.

- IEEHIX

iR ERTE Db lE, WL S LR O] 5 Ta~\EE
m HIR Uz, —ARIIERICIE, # 300m ICE-> TR HH
B BRI NI L, O EIGHAIFELR 90ecm T
Holz. FREFOEIRTI, FEHEIRZROWH EKIENE
»oNiz.

 RHHR

WINEREITIE, 8XZEMETDOBITIA S 1 THUZERT
JEMHBIL, BRI Wikt B EAY D OZERIHEE
HboNiz. KEMAETE, BEBEICh > THiktaZ D
BHon, B EOKHAEH MLz, Ik
7% h 5 ETE 406 SR EGINCEN X8, FEAK 1km i
o CHM EAD OWEEZHIRE Y. £72EE 406 =
ETE, THICHFICUET ZETINEX TREDKW
Wilziz 2 O FEHENE RO 5N iz,

KO T, HsRHEENE I HEE fiE GE) R

ZEEN, X OTHOENMERRICHIIL, HEROR H 500m
fHI % CHISIIOBI T E 3. ZOMIEE TIRHEZLIZ
R E TRINTWVS. 7272 LKE(2014)Tld, 1) 1145
DIMINICZEE 2RO TV BN, AR TRES DD
RTETVERL.

- BRARHIX

BHZ W EHEE M OPEHNCIN S BT, Wikte sl -
MO OHFEMBRTEAHIR U, E/KHOBESRER L &
T, EMThEMGRD BN,

o FhbaRIth X
FERINOHEHhE ORI TRHF O Ehii & K 33 SHD
RbBEmC, RAKREOZMMNHEA L. Fhlihici
ERREOET ENEDENTZE DD, LR EAD D
ZRIG RS NEh o Tz,

3. HiFRHERE & REERTE RO %
SEOMER, BHAFEORIER & thRHMEWE & DD
AEMER S Nz, FRICKEOREAIIDOWTIX, HifEHE
NiEOMEIFR TR %L, TNE THEMOTWVEMERR |
I BT BN IR L2, C TITZ/NVLVROMIEE B
D, FMEREINTENE, HAREHNCERTETY
TeRREMEN D o Tz, T RHEGICHIR L 2 D%
ElZDOWVWTE, MEORMND S, T2 DS TIRT
NE THEMOD ZWIERICIH > THIERZEMHAHEEL TV 3
F /=5 EOMETIE, FHCRHIIKICBWT, WiEE
KWL DODDRENR SNz, TNHIEEIEEL o 7zh,
ZDF LA THEEIREBOWEN RSN, BlEAE RN
T DIZEMENTE cm &S oz Liciiiz bz,
WrfE R L OGS 2 2 B DV T E, RO THESL
RMTEZHEELMETH -

* 2014 SRR BRI L — 7

i —& - MAAS - FKEER - (LEFRARES (SR - HE -

FEER - LFES (RER) ARBL (ERV) =A5E - #H

EH - PRI - mAIA (TER B (BREE Az
GRRIHERDD - 2L — URFAHEM - 1dmA GRER

5 | F ik

BERIE, 2014, TEWTEBETZE 41, BEERIEH 2014. TEWTEWIZE 41,
KRBT 2014. [AFT HP, KiFt 2014. [ZMIK HP, $iKIEAH 2015.
Rl 85 HiEIE,



P022

2014FERBERIAHDHE

(FRIRETBHRR) kD

ﬂbiﬂﬁ%&ﬁ@@hﬁtﬂﬂ'@i&ﬁ%e‘:d)@f?fc

100208

Active fault along the Kamishiro fault, Central Japan,

Especially its close coincidence with the location of the surface rupture
associated with the 2014 Kamishiro fault earthquake
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Surface rupture of the 2014 Kamishiro fault earthquake
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A method for measuring surface rupture displacement by using UAV - Application to the
2014 Kamishiro fault earthquake
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The surface ruptures associated with the 2014 Kamishiro fault earthquake (Mj 6.7), central Japan was photographed by digit:
cameras mounted on an unmanned aerial vehicle (UAV) and a high pole. The resulting Digital Surface Model (DSM) generatec
using the Structure from Motion (SfM) -Multi-View Stereo (MVS) software enabled accurate measurement of the terrain section,
as well as variations in directions and amounts of three-dimensional surface displacements. Imaging technology mounted on
UAV is used to obtain widespread surface measurements, while the pole camera is used for the detailed photography of impo
tant locations. The accuracy of the DSM will be confirmed by the comparison of our findings with the measurements by other
methods, such as auto-level, Total Station, and terrestrial LiDAR.

As a result, we were able to create a DSM of a resolution of a few centimeters. The shaded diagram of the DSM indicate:
the following: 1) Surface rupture has propagated in an intricately bent and branched manner. 2) Small-scale deformation an
deformation along several meters of width have taken place. Subsequently, this DSM was compared with the cross-section
survey and measurements carried out by the auto-level and LIDAR, and it was confirmed that the DSM is characterized by fine
topographic changes. However, an error of about 10 cm could have been present depending on the location.

F—T— F: 20144 REFIRILEBOMIEE, MR HEENTE, UAV, SIM-MVS, i &% DSM
Keywords: The 2014 Kamishiro fault earthquake, surface rupture, UAV, SfM-MVS, Ultra-high-resolution DSM
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Issues posed by the 2014 Kamishiro Fault Earthquake, central Japan
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