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ALOS-2 contributions for detection of crustal deformation associated
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A Mw 6.8 earthquake hit the city of Kobe, southwest Japan, and its surrounding area on January 17, 1995,
and claimed more than 6,400 fatalities. The source faults, trending in the NE-SW direction, are estimated
beneath the foothill of the Rokko Mountains, which are located north of the city and the highest peak is
931 m high, but it has a dominant right lateral strike slip components. The Rokko Mountains may have
been built by the motion of active faults, but the uplift during the 1995 earthquake may not be enough.
Therefore there is a possibility that postseismic deformation contributes to the building of the Rokko
Mountains.

In order to study the postseismic deformation following the Kobe earthquake, we collected all available
space geodetic data during about 20 years, including ERS-1/2, Envisat, JERS-1, ALOS/PALSAR and
ALOS-2/PALSAR-2 images and continuous GPS data, and reanalyzed them. Especially, temporal
continuous GPS observation made by the Geographical Survey Institute (present the Geospatial
Information Authority), Japan in and around the Kobe area is important. We recalculated coordinates of
these continuous GPS stations with recent PPP procedure using reanalyzed orbits and clocks of satellites.
We made DInSAR and PSInSAR analyses of SAR images using ASTER-GDEM ver.2 or GSI DEM.

Time series analysis of JERS-1 images revealed line-of-sight (LOS) decrease of the Rokko Mountains.
PSINnSAR results of ALOS/PALSAR also revealed slight uplift north of the Rokko Mountains that uplifted by
20 cm coseismically. These observations suggest that the Rokko Mountains might have uplifted during the
postseismic period.

LOS increase in a wedge shaped region between two active faults east of the Rokko Mountains in the
vicinity of the NE terminus of the source fault of the Kobe earthquake. The LOS increase is also confirmed
by ERS-1/2, Envisat and ALOS/PALSAR images. These facts indicate that the subsidence between these
two faults continued up to 2010. Continuous GPS observation during the first two years of the postseismic
period shows north-south extension with right lateral motion between these two faults.

These observations suggest that the Rokko Mountains may have uplift till 2010. On the other hand, active
faults near the NE terminus continued to slip with the formation of graben-like structure, due to
coseismically loaded stress.
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Detection of both icecap and crustal deformation associated with the
2014-2015 Bardarbunga rifting episode
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The 2014-2015 Bardarbunga rifting episode is one of the largest event in Iceland. Previous studies have
already reported that the earthquake swarm migrated from Bardarbunga to Holhraun where the fissure
eruptions occurred at northern edge of Vatnajékull icecap. There were few ground-based GPS
observation points near the epicenters of the swarm. While the nearby crustal deformation associated
with the episode have also been detected by using satellite INSAR-data, phase decorrelation problems
have hampered detecting the icecap deformation during the rifting episode. Although the icecap has
been known to flow steadily, one of our motivations is to see if the rifting episode affected the flow speed
of ice in light of the well-known J6kulhlaups event by subglacial eruption. Moreover, phase-based InSAR
measurement does not allow for the detailed measurement of the subsidence over the graben, which is
indispensable to constrain the volume and geometry of intruded dike.

In this study, we processed COSMO-SkyMed images to simultaneously detect both the flow signals on the
icecap and the crustal deformation associated with the rifting event. The offset tracking data derived from
COSMO-SkyMed images showed the displacement signals that consist of both the crustal deformation
over land and the icecap flow. Two displacement discontinuities were detected not only on the land but
also on the icecap, while we could not capture the entire image of the both deformations due to the
limited SAR image coverage. The 3D displacements revealed a graben structure with over 8 m subsidence
at the graben floor. At the graben floor, approximately 1 m of the rift-parallel motion which caused by the
dog-bone seismicity was detected. Using these observation results, we will estimate the dike intrusion
model and discuss the possible interaction between the ice and the crustal deformation during the
2014-2015 Bardarbunga rifting episode.
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Crustal deformation of the 2016 October 21th M 6.6 earthquake in
central Tottori prefecture.
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Post-seismic deformation of 2016 Kumamoto Earthquake by
continuous GNSS network

HE S WS /S BHH B, KAREAL LR ESR. K8 BE. BN St S R
. FAELS, FEHERE. B8RS WE R mEkRZS, 'EEC EEEER. =mE’
. KM O, I a0 S aR". kB EF'. wo RE'", mAmE"

*Shigeru Nakao', Takeshi Matsushima? Takao Tabei®, Makoto OKUBO?, Tadashi Yamashina®,
Takahiro Ohkura®, Takuya NISHIMURA®, Takuo Shibutani®, Masahiro Teraishi®, Takeo Ito’,
Takeshi Sagiyas, Kenjiro Matsuhiro’, Teruyuki Kato®, Jun'ichi Fukuda®, Atsushi Watanabe®,
Satoshi Miura'®, Yusaku Ohta'®, Tomotsugu Demachi'®, Hiroaki Takahashi'', Mako Ohzono'’,

Teruhiro Yamaguchi'', Kazumi Okada'"

1. BREAZFAZRETIZFMAMMIKRENFZER, 2. LINKERFREFMARMEHENMLEARR LY —. 3.5
MAFEZEISAEER., 4. SNAFEZEMESNLELRAM. 5 RPAZAFIREZH IR E Ik RIS N
LRtV & —. 6. RBRZHKFARA,. 7. BEHBREZRFZRREZMARMBHEILFARE S —. 8. BEHERFRK
BEMRE Y — 9. RRRZMEMEAN. 10. RILRZEXRZREFHRMMELRE - BAFHHARGAL 9 — 111
BEARZEARZREZHRGEHEREXUFRERN 5 —

1. Department of Earth and Environmental Sciences, Graduate School of Science and Engineering, Kagoshima
University, 2. Institute of Seismology and Volcanology, Faculty of Sciences, Kyushu University, 3. Department of
Applied Science Department, Faculty of Science, Kochi University, 4. Kochi Earthquake Observatory, Faculty of
Science ,Kochi University, 5. Aso Volcanological Laboratory, Institute for Geothermal Sciences, Graduate School of
Science, Kyoto University, 6. Disaster Prevention Research Institute, Kyoto University, 7. Earthquake and Volcano
Research Center, Graduate School of Environmental Studies, Nagoya University, 8. Disaster Mitigation Research
Center, Nagoya University, 9. Earthquake Research Institute, University of Tokyo, 10. Research Center for Prediction
of Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku University, 11. Institute of Seismology
and Valcanology, Graduate School of Science, Hokkaido University

The 2016 Kumamoto Earthquake (M 7.3) attacked to Kumamoto prefecture in Japan on April 16, 2016.
Seismic intensity 7 was observed twice in the 2016 Kumamoto Earthquake. Post-seismic deformation was
observed after the large earthquake occurred in land and trench. Twenty-one continuous GNSS
observation sites were occupied after the 2016 Kumamoto Earthquake to observed post-seismic
deformation. Thirteen of our twenty-one sites were near Futagawa and Hinagu fault zones, four of our
sites were around Aso Volcano, which is east from Futagawa fault zones and the others were in Ohita
Prefecture, which is east of Kumamoto Prefecture

Bernese GNSS Software Ver. 5.2 is used for GNSS data analysis of our newly sites together with GEONET
and JMA GNSS sites for volcanoes in Kyushu for the period from April 15 to December 31, 2016. We used
CODE precise ephemerides and CODE Earth rotation parameters. The coordinates of the GNSS sites are
estimated respect to ITRF2008.

Large post-seismic deformation in horizontal component was observed at CGNSS sites near Hinagu and
Futagawa fault zone. However, there is almost no observation in vertical component. Largest post-seismic
deformation of 11cm from April to December, 2016 is observed in NS-component at MIFN, which is
located east side of Hinagu fault zone. It seems that post-seismic deformation does not come to stop.
After slip model is assumed for initial post-seismic deformation from April to July, 2016. We assumed two
faults, one is located in Futagawa fault zone and the other is Hinagu fault zone. Fault parameters of
length, width, strike, dip, amount of slip, position are estimated by simulated annealing method. Top and
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bottom of fault plane are 0.1 to 40 km in Hinagu fault and 0.8 to 32 km in Futagawa fault. Two fault
planes extended to mantle. It suggests that there are several phenomena in initial post-seismic
deformation, effect of viscoelastic etc.
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Keywords: Continuous GNSS observation, post-seismic deformation
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Afterslip, viscoelastic relaxation, poroelastic rebound: A possible
mechanism in the sort and long term postseismic deformation
following the 2011 Tohoku earthquake.
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Postseismic deformation of the Tohoku earthquake has been investigated by Ozawa et al. (2011), Wang et
al. (2012), Diao et al. (2013), Sun et al. (2014), Perfettini and Avouac (2014), Shirzaei et al. (2014), Silverii
et al. (2014), and Yamagiwa et al. (2015). Of these studies, Diao et al. (2013) investigated rheological
model inferred from postseismic deformation of the Tohoku earthquake using 1.5 years GPS data
following the mainshock. Because reliable investigation of the viscosity and its transient behavior require
observation with longer time period, we build postseismic deformation model of the Tohoku earthquake
using longer GPS data than that of used by previous studies and estimated the inferred rheological model.
In addition, we also evaluate the possibility of the poroelastic relaxation signal due to the Tohoku
earthquake.

We used observed surface deformation recorded by inland GEONET stations from 12 March 2011) to 12
October 2016 (" 5.6 years). Afterslip model was inverted by assuming a homogeneous elastic half-space
(Okada 1992). Viscoelastic relaxation due to coseismic stress change of the Tohoku earthquake is
estimated using the Fortran code PSGRN/PSCMP (Wang et al. 2006). We estimated poroelastic relaxation
following Gahalaut et al. (2008) and compared the result with observed ground water-level change to
investigate relaxation time of poroelastic rebound.

Observed postseismic displacement for 5.6 following the mainshock show that deformation is
characterized by seaward movement and is more broadly distributed than the coseismic displacement.
Our model show an effective thickness of the elastic crust (D) and an asthenosphere viscosity ( 7) are 50
km and 5.6x10~18 Pa s, respectively. This result is consistent with most estimated viscosity in NE japan
area (e.g., Rydelek and Sacks 1990; Suito and Hirahara 1999; Ueda et al. 2003; Hyodo and Hirahara
2003). Incorporating viscoelastic and poroelastic rebound in the early stage of postseismic deformation
improve the agreement between predicted and observed displacement. It implies that postseismic
deformation following the Tohoku earthquake is likely driven by multiple mechanism instead of single
mechanism. Poroelastic relaxation is consistent with the ground water-level change during the first 140
days after the mainshock, suggesting that poroelastic rebound after the Tohoku earthquake have longer
relaxation time than 60 days of poroelastic rebound following the 2000 South Iceland earthquake
(Jonsson et al. 2003). Landward displacement of poroelastic rebound at offshore area indicate that this
mechanism, along with viscoelastic relaxation, could have contributed to the postseismic deformation of
the Tohoku earthquake.

Keywords: afterslip, viscoelastic relaxation, poroelastic rebound, GNSS, Postseismic deformation
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Interseismic spatiotemporal change of the crustal deformation field
estimated from GNSS around western coast of Tohoku region
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Crustal deformation in and around the Atotsugawa fault before and
after the Tohoku-Oki earthquake
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Estimation of postseismic deformation at the seafloor GPS-A sites
following the 2004 off the Kii Peninsula earthquakes

“fEi8 #—"° Bock Yehuda®. )l B5', M %', BT —>
*Shun-ichi Watanabe1'2, Yehuda Bockz, Tadashi Ishikawa1, Yusuke Yokota1, Keiichi Tadokoro®

1. B ERRTBFBERI. 2. 7YY TRBHERFEM. 3. EEHEAZMEMUHAR Y & —
1. Hydrographic and Oceanographic Department, Japan Coast Guard, 2. Scripps Institution of Oceanograpy, 3.
Earthquake and Volcano Research Center, Nagoya University

Dense near-fault GPS-A seafloor geodetic and on-shore GPS GEONET observations provide significantly
improved resolution of the interseismic slip deficit in the Nankai trough, Japan [Yokota et al., 2016]. In a
previous study, we included additional seafloor data at the Kumano basin collected by Nagoya University
[Tadokoro et al., 2012] to estimate expected seafloor deformation during a large subduction zone
earthquake as input to tsunami models [Watanabe et al., 2016 AGU]. However, in order to derive the
stable velocities from GPS-A or GNSS data, the displacements caused by episodic events should be
quantitatively estimated. Whereas the coseismic and postseismic deformations at the GPS-A sites
associated with the 2011 Tohoku-oki earthquake had been already removed in the previous studies, the
postseismic deformation of the southeastern off the Kii Peninsula earthquakes (on Sep. 5, 2004 JST, M,,,,
7.1, 7.4) have not been quantified. In this study, we constructed the FEM model to calculate the
viscoelastic relaxation following these events. At first, we re-estimated coseismic finite fault source
models, referencing the source parameters provided by Yamanaka [2004], Saito et al. [2010], Tadokoro et
al. [2006] and Kido et al. [2006] for the mainshock, and those by Bai et al. [2007] and Yamanaka [2004]
for the foreshock. The viscoelastic deformation was calculated using a 3D FEM model with a realistic
subduction geometry. Whereas the oceanic slab and the continental lithosphere were assumed to be an
elastic body, the oceanic mantle, the mantle wedge, and the weak asthenosphere which underlay the slab
were assumed to have a bivisocous Burgers rheology. The displacements due to afterslip occurring
around the rupture planes were also estimated to reproduce the residuals between observed and
FEM-calculated viscoelastic displacements. Calculating the observation-calculated misfit values, the
different parameter sets for viscosities of the mantle and the asthenosphere, and thickness of the
continental lithosphere were tested. The preferred model with the lowest misfit value provided the
southward displacements of up to 1 cm/year (between July 2006 and July 2009) in the Kumano Basin.
Our result affects the estimation of the slip deficit rate in the Nankai subduction zone, such as provided by
Yokota et al. [2016], where megathrust earthquakes have repeatedly occurred. In the presentation, we will
show the possible impacts of these events and their postseismic deformation on the slip deficit estimate.

F—U— R hERMBRES, BREREET ) VY (FEM), GPS-ABEMMBESHEA. 2004FRFEEFER
SRR, AT AR A
Keywords: Postseismic deformation, Finite element method (FEM) modeling, GPS-A seafloor geodetic
observation, 2004 southeastern off the Kii Peninsula earthquakes, Viscoelastic relaxation
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Oceanic mantle / Mantle wedge (with Burgers rheology)

Fig. Schematic picture of FEM structure (cross section)
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Vertical velocity profile and possible velocity changes in SW Japan
from GNSS data over the last 20 years
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GNSS(Global Nvigation Satellite System £HIkFUERE S X 7 L) DEAIL, HBEEOMRICEVWTKE
RIEEIERZLTWVWS.GNSSE AWTEHRAIS MR ES;H S, HMEOHBEHNCERA W= XLNRAIL
TEY, KMUFEHED RBREHEKUBXICETS L TWS.F-TL— MERMBICE T2 EOERERT
hEMBMNREENL, TL— MNEOOENLRES (Ay YY) ICBAT3EHRESA T ND.LHALEALSD
MEMRDSL < &, HBEHD D BEICKERDDEBITICEDWVTEY, AKIRTHIEER TH 5GNSSOER
BOLTEEMHAATETVAW.CNIZE TR KERD EERTEESREZLEIMEVN DTHS.T
L — MERMBEE T, HMBREEOKERDDPAETL - OBEETL— NEAY TNV TORNEEZTDIC
LT, EFRDICIIBEDBROADZSENTSY, FL— b NEAY TV ITOZRET B LETHRVPT
L).Aoki and Scholz (2003)1£1996—1999M3FE/ED T —4 =AW THAIEDR E TEE AT LTV
», BHAEDOGNSSEHEE S 27 AGEONET (GNSS Earth Observation Network) Tid 9 TIC20E % #
ZHEDT—9HNERLTHY, RPEOT—9IC& Y ETEENSRE CHETE 5. XHELT
&, 1996—2016DF/MNBDOERIFT—9EAWVT, MR LETEEOHELAEIC. AEEBXROERFIFELN SR
IEEEICMNTTEBONAEETEEDTO7 7ML ERWVWT, AEBADTL—NEAHY TV JICDWTHERT
I ZTDREREAVT, BEN 7074 VEVEBTL—NEEERADOEI AV MIRF, ZRhEND
Ay TV TEEERE L 201 T FRIAMEOHFRINSBRBEBICSFZ2 T L— NEA Y T Vv IDEE
FERIICEEK Mo TWeZ &AL TH Y, FAMBEMMIRICK > TEIMOMBREEAEY 1 JILOAHEIC
KETZHEVWODHENBHAREHZ2. BB 7IE 71V EVEBTL—MEAFRALTL—MERTHZH, %
CEEREBE T HBEAMEL, HEINSHTEURICKET ZIENAFRINTVS. AR TIE, ETFAE
EREBOITRATETIVMET R 2 EICEY, Ay T Vv VORBECDERZZHRLZFEENZ 7IEWL
GNSSEIErE, D LEBN-GNSSEIIREATRTHS, hy T v IVOBREEErHNIEZNSOR/ICIEN M
BEDRKEIVCHABIEIHRLAICARZIET THE.—H, MEEHIBICERESDOEZICLZRENMNTIOEDTHN
£, ZROBEIFTRTORBIC—HkAREE LTHENDS. AFARTIE, GNSSEOLTOHZICEL, #HEINZ—
RODMLY REZROMBEERDOBERNS, RFEDOZROEHIAEBEOELLZDODRINTDELRDD % MREE
L. Z0#RR, BEESOHZTICLZAREIEVE WS ERESE.
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Interseismic Strain Partitioning in Nankai Subduction Zone, Southwest
Japan: Block Movement and Internal Deformation of the Forearc Sliver
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PR EADMBREESZIE, 71 VEVETL— bOROILAHFARICL Z2EEERBRERIZENTH S, K£iT
MEICE T BCPSEREET — 9 DETHN S, BMICIZ/NSWALSE, dREER (MTL) #B& 3580

ZYN—n70Oy 788 &, MTLETBEEOIMOMNEEIC L 2FERAIERINTWS. MRBREHZOERIC
&, TNODEELEDEIVETHD. ARETIE, BN 7 - TL— M NEREBLOBEES®, BialR Y
N—n70Ov V:EE, MTLIBE LOBEELHORBFHEEAHA7. HEICIZTILOAT7EHEEYTHILO
(MCMC) E&ERAWE. MCMCER, I a7EHEICEDKBOTEHORESAEICLY RS A—9YDERE
BERLGEERBEREHE LTRKODZFET, NIA—9DPBRETHEIEOIBRETIVICT L TCELREHRET
5T ENTES.

FRHTICIE, 2004-2009F DHARE DT D S AIMNAE 5291 A DGEONETRIREEZEMRHN SEH L 723k 5T
GPSEMBREEICMA, MTLK ZN\—RAFABGCPSERAIS7 R & BRMBEEEFAN12H%=MA 7=, G513402DEN
EEAMFERTS. COEMEERE, 70— TL—MNEFTIIMORVELEEIC, 7L—ILT L — MNERICE
g, FE5-50kmDTL— MNERAEAZ1000MU LO=AFERETELL, E5ICHEREI,SHRBPICE
ZRIH250 kmOMTLETBE %, SFES FR15 km, ERIABISEDSRD=AFRERECRIET S. HET S
EFTINRSA—41F, BMBELDAY YV IERE, PLA=ILTL—MIRTBZHEIAMR ) NN—DTOY 738
BOAAS—RIMNLTHDB. BELOCGPSEMEEDHHSHE LIFER%ACASE-A, BELET—4 IBEDRE
FEAEREMA T —9 2y M OHELERAECASE-BE L7z, AEROFRIL, BEELISESICHE
LEMFEET—9E5LTEHEAL, MCMCEE2EBALALZEICEST, RIAIRAYN—E ZDERD LV FHMALE
BaEmliRichs.

RITDER, EI15kmEURD 7L — MEFRE T, CASE-BOANAL W RERTRYRIBEENMEEIN
f=. CASE-BTIE bS5 7EIHAE T50 mm/yrbA EDEAHE S N/A=DICKT L, CASE-ATIZ30 mm/yri@ T
Hote. —FH, 15 kmLURTIXCASE-A, BEHIZ, BLULAETRYRERESMMIELONL. TEBDRS
15-25 kmD 7L — MERELIZ50 mm/yrzBA 2K TNY RIBERENMHEESI N, ZOBEEIX19465m
BHE (Mw8.1) DEMIRIEEFIF—HL, ROMEBEICAITTOTAE2EE L TWHRETHD LMIRTE
3. 25kmd& WRETIE, SEKE (RZI30-40 km) ZRWVWT, IRYREBERENIBICHEET 5. ERKE
TlL, 40-50 mm/yrD$RY RIE\EFENMHEEI N, ZDEETIE, 6-7FERTCREENZAO—RY v THEH
2L, 1EHEYH300 MMOBEITANYENRFEOLNTWVWS. RE[REINYRIBREEERT S
&, COMBICEBEBRSINLZOTHRIBRYRLAO-RY Yy TOREICESUVBRINTWDEEEZ OGNS, #HE
SN0 70y 7:88dREETEY ORERERL, 7ALA—IL 7L — MW 2B EEIEIN5-7 mm/yrT
Hote. MTLEIBEARIBOBEZIE—#KTIEA <, MERFETIHIFIFERICEAZELTVWSDICRL, FEERPHER
TIXEEZE AT L. MTL%ﬁEﬁo)itﬁEﬂ*ﬁiﬂjc‘: BESHHN S, MTLOFLAICEEREIMHR I N TWS I &NRE
éhé AEFFRIC & TL—  NEEEICK 2MROEMER LT Oy VB&8 s EEMICOBMTE/ZIT TR

, 1¢§Etiﬁﬁﬁ7§‘ﬁ¥ﬁ’(% SIEMTLEEEODOBEEIC KL 2HELRABHETELEERS.
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Block motion model in Colombia, using GNSS Observation network
(GEORED)
Block motion model in Colombia, using GNSS Observation network
(GEORED)
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Introduction

Colombia is located at the boundary between South-America plate, Nazca Plate and Caribrian plate. This
region is very complexes such as subducting Caribrian plate and Nazca plate, and collision between
Panama and northern part of the Andes mountains. Although, the effect of subducted Caribrian plate is
not clear, the previous large earthquakes occurred along the subducting boundary of Nazca plate, such as
1906 (M8.8) and 1979 (M8.2). These previous earthquakes caused huge damage to life infrastructure and
also lost the life along the subduction zone. And also, earthquakes occurred inland, too. So, it is important
to evaluate earthquake potentials for preparing huge damage due to large earthquake in near future.

GNSS observation

In the last decade, the GNSS observation was developed in Columbia. The GNSS observation is called by
GEORED, which is operated by servicing Geologico Colomiano. The purpose of GEORED is research of
crustal deformation. The number of GNSS site of GEORED is consist of 93 continuous GNSS observation
site at 2016. The number of GEORED's GNSS site is increasing now. The sampling interval of almost GNSS
site is 30 seconds, a part of GEORED is 1 second of sampling interval. In addition, there are campaign
type of GNSS observations around the main active faults. A part of campaign type of GNSS observation
was started at 1990's. These GNSS data were processed by PPP processing using GIPSY-OASYS Il
software. GEORED can obtain the detailed crustal deformation map in whole Colombia.

Method

We developed a crustal block movements model based on crustal deformation derived from GNSS
observation. Our model considers to the block motion with pole location and angular velocity and the
interplate coupling between each block boundaries, including subduction between the South-American
plate and the Nazca plate. And also, our approach of estimation of crustal block motion and coefficient of
interplate coupling are based on MCMC method. The estimated each parameter is obtained probably
density function (PDF). This definition of crustal block model is evaluated by Akaike's information criteria
(AIC).

Result

We tested 11 crustal block models based on geological data, such as active fault trace at surface. The
optimal number of crustal blocks is 11 for based on geological and geodetic data. These results obtained
rigid block motion model with linear problem. This model selection is based on AIC, which based on the
number of parameters and residual between calculation and observation. In this presentation, we will
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discuss spatial interplate coupling ratio and also earthquake potential at inland faults.

F—O—R:#FITOv I EFTI. GNSS
Keywords: crustal block model, GNSS
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Integrated analysis of GNSS data for volcano surveillances in Tohoku
region, Japan
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GNSS BIAI T & AW ALBRIE, EF, HRPOFHNLNUDORIZTERERIN, KERRRELIFT
W3, BlZIE, Eyjafjallajokull (74 ZAZ > K) 2010 FDMENFES)(Sigmundsson et al, 2010), Santorini
AILTFS (FYTv) D2011 EDOXMLUGEHE (Newman et al, 2012) . El Hierro (R4 ¥) ®2011—
2012 EDOENEH# (Lopez etal., 2012) T, GNSS IC & 2R EFHDBITICK Wb TD~ J < AR HER
SMcEND0H B, ERDOCGNSSERWANLUERIE. [SRFRENNUSEETIT> TWBER (Exb &
UF v R_R—VE ) SILOBOPREEICEBRI N /-ELthIEROGEONET (& 28H0MEAEHEIC
E2TITFbNTWE, INEDTF—41FE. ZNFNRDOY AT LATHILICERIND Z EHEL, BV 7 b
DT T REITHEE. NS A — I PEESOIRY AREDEVNDLDIC, MEDBOBEMICIIERMI %S, X
IWDEEISEAE CTHELRREBD-HIC. AFAETIE. KRKFEEIHEROGNSST—4 K& L.
— L7BITEIR & NI A —FIC& > TRITT 5, KBAEELREADCNSS T—4 ik, Thth, HTREBEE
MOBRICBRETH 570, FFEIE. KNUDFERH SKRIICEZ ARG EBE WIS 2 2 &N FETH
%, fRHTICIE. Bern KEDHHRE S ICL > THE I /zBernese5.2 (Dach et al, 2013)& A\, IGSKEEE %
W24 E DR NIERIT AT o7, F/=. RIZIGb08 HAERDEZEEERBWTW B <R L, Hitiths
DT DMFREENICIE, 201 T FORILMA X FEERMEOKRZ LRYEEDOHENZ TN T WS D, KiT
3 (BlZ (L Tobita (2016)% &) 2#SEICZOFEATET 5, FAZLHE T L — MEFOHEIC
I&. Geirsson etal. (2006)DFEEA WS, BMEBTOKNUADISASIE LT, BEREILFEDRIEICAE
TEEZUD2014F—2015F D KIEEDHRE AR H 7,

F—7— N : HhaRZE. GNSS. XNILIEH. KRuZEsE. &

Keywords: deformation, GNSS, volcano surveillance, postseismic deformation, Azumayama
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The role of depth-dependent background crustal viscosity in volcano
deformation
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Geodetic (GPS and/or InSAR) observations have provided precise constraints on the mechanism that
drives volcanic crustal deformation. Viscoelastic relaxation may play an important role in a long-term
component of the deformation because in volcanic region the crustal viscosity is likely weakened by high
geothermal gradient. A model with spatially uniform viscosity may be reasonably simple to examine the
response of viscoelastic crust in a first-order approximation. But, in more detail, the crustal viscosity
spatially varies in rich variety of ways, but the variation with depth is probably the most essential on which
further variation would be superimposed, because the crust constitutes a part of the thermal boundary
layer in which temperature increases with depth. This study investigates the role of depth-dependent
viscosity (DDV) structure in viscoelastic crustal deformation by magmatic intrusion.

The linear Maxwell viscoelastic response of the crust and mantle to the inflation of a magmatic sill is
solved, using a parallelized 3-D finite element code, OREGANO_VE [e.g., Yamasaki and Houseman, 2015,
J. Geodyn., 88, 80-89]. The viscoelastic crust has depth-dependent viscosity (DDV) structure; the viscosity
hc exponentially decreases with depth: hc = hO exp[c(Zc - z)/L0)], where hO is the viscosity at the bottom
of the crust, c is a constant; ¢ > 0 for DDV model but ¢ = 0 for uniform viscosity (UNV) model, Zc is the
thickness of the crust, z is the depth and LO is a reference length-scale. The viscoelastic mantle has
spatially uniform viscosity hm. For UNV model, so high viscosity is given to the uppermost layer with a
thickness of H that it deforms in elastic fashion. DDV model however avoids having such an artificial
elastic layer. The sill inflation is introduced by using the split node method developed by Melosh and
Raefsky [1981, Bull. Seism. Soc. Am., 71, 1391-1400]. The geometry of the sill is approximated as an
oblate spheroid whose depth is D, equatorial radius is W and thickness at the centre is dc. The inflation
occurs instantaneously at time t = 0.

UNV model (c = 0) behaviour shows that an inflation-induced surface uplift abates with time by means of
viscoelastic relaxation, whose subsidence rate is higher and slower if the sill is inflated at deeper in elastic
and viscoelastic layer, respectively, and accordingly maximised by the inflation at the boundary between
elastic and viscoelastic layers. The rate also depends on the artificially assumed elastic layer thickness H.
DDV model (c > 0), on the other hand, shows that for a given c the subsidence rate is greater for greater
D, which reflects the viscosity variation with depth. The available magnitude of the subsidence is greater
for greater c, which is consistent with the UNV model behaviour that the subsidence is smaller for smaller
H. Even if the viscosity gradient is very small, however, the model, having W and D being relatively small to
a length-scale over which the viscosity decreases with depth, enhances the rate and available magnitude
of subsidence as if the elastic layer is effectively thickened.

The DDV model behaviour requires an effective elastic thickness (EET) to be constrained for a given
viscosity gradient in order to properly evaluate the deviation from UNV model behaviour. We thus in this
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study constrain EET by applying a UNV model behaviour that the post-inflation subsidence rate is slower
for a deeper inflation if the inflation occurs in the viscoelastic layer. The DDV model is compared with a
UNV model with H = EET, showing that at each surface point the UNV model approximates DDV model
behaviour to some extent, but the apparent UNV which best fits the DDV model displacement history is
smaller at greater distance from the centre of the uplift and that DDV model displacement is characterised
by higher viscosity later in post-inflation period.
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A new form of the equation system for geodyamics with clear and solid
physical basis
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TL—=bT IR0 Z2PT Y MLRRAEEAHRMRONZE A TR T 2EMARERE LT, ThETRL

R, HIKRERIE [Ty 72D TILHEMEE] THREDEZDEE, ZOHEERERTEZARKXRNIBVLLN
T&7%k, LHL. TEEHEKARWEBR T —I)L CTHMEFREDDZICHKES ] & E D F5k (Tarcotte and
Schubert, 20021t % %) (FIREICHIKAEISER SN D MEDKEE (FIAIE10° Psec) EEZ B & BHE
DEHENHE=BEKR LYPEOFRBICR L TRIFANSAARL, HIRARHIBEERTHY E L TRE > 2RSS
ERDOULERBERT—IVICEDL S TR UBEOEICHED ETTHD, HHERKEABTRULE LTERES
CEED V) — T EREREORNOELUMELNZZ 5N D (Hl X IEMcKenzie, 19671% %) . LHL. &
) —F I3 EETEOBNICL 2EEROBIERE S BIRT 2RE T, ThEEERTARA CH#EFDAEARER
EEMAEDETERARINRETIONIZYTH D, 25 LEBE. CHRIMEEEADEARER DML
A AL AL & WIS T IS GEHI AR R ERENICIEZ S YRR ERS, LHL, cHENARIRIEYE
H7O0EAEZELKRBETETVAVOTRENICERRAYNHZETTHS, R, BEOHRTTY ML
ETL—MNDAZERBICRD HE. ERNLRERHE L THEREAEEARAT2REEDYIaL—Ya Y
TIHEFRTHZ L —FDRZ BV ARELEVWEERINATVLWS, HILLWARKXRIEDEARIHLEEFDE
DTHBIEICE>TZOBBENEEI NS IEHY TR, HE (BHERER) 070X ERYANSLDIC
LR TE 2R KRS EICE > TEELZ K OBRBERYIES HBOEB R 3R A RO,

F—T— N #ERABAZE TV MLRRETL— NEB)L T v IR o URBEMER
Keywords: geodynamics, mantle convection and plate motion, Maxwellian viscoelastic media
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Permeability heterogeneous structure nearby a fracture zone
estimated by observed groundwater migration

i ER. KR KRS &E 1
*Atsushi Mukai1, Shigeaki Otsukaz, Yoichi Fukuda®

1. BURIKREHTREZE, 2. MFERAZAXER. 3. RERFREREZHAR
1. Fukuyama City University, 2. Kobe Gakuin University, 3. Graduate School of Science, Kyoto Univ.

BB S Tk, MEMCL > TEKEBEICEENELZGENH DD, TN EOREREDOER[R T —IL
THELZ2EDRONMIDVWTIEBALATIEARWL, AEXRTIE, EEREBICHZ2 A ARFRHRAZENDOIRICE
WTHIESICH S BRKEECZEA L, MERREEEORAMNAEKEEBEDELEHE LZERICOV
THRET %,

BRI F ORISR E IR TEKENTWVW &S, HMTFKRENTIEZICHKBRFRATETZEEZ SN
%, FDH, MBRBRSIIHERBKEEZE D—KROIRTELTZZENTE S, BHM2015)E, DR
MaBET 52— RO TKFREEETIVIEL, BKEZLS LUTREBRKEERLELI OEKFHROEILEHET S
FEEEH L, FESHBZEK ARSHERNZECORUNT —YICCOET IV ELUTIEIDLER, 2011F
b A KIE R OB ICHT BRI S O S KEHI HER Ry BRICHI> TETLAZZ ENBESHIC
mofe (AHAM,2016) . TDELDIC, MEBENERMBICIERSARLTH, ABBLOEH TELKRER
HEBIC & > THERRTOEKEBENEILT 2RBEENH S EEZ 5,

NESHERETI, BKEFFEKMUEHE 1 BBV THTKRBIOERERNZEEL TELN, TR
BEEEMNICIRET 52 & EHMIC, 2016FIC2BDKAETE#FHICEKRE L=, ZDREIBRKEEANE & FEK
BEAEBARAVTEKGEROELABMELLE TS, 2016 FDEAMES K UCEMERIHHEBERZICE VT
EEKEBELITL LA EPERINE, LHL, TOEILDOKEZIZ, EOGBRADOEKEEMES FH WL
ZOMCE>TELR>THEY, BKFRBOEILOERENMBLI S DB ICKET 2N TBINS, HlZ
£, BERMEDER T, MBIEETEKRBANIB LR L-DICH LT, MBS IOmBEN/hRT
&, BKEEHIH22%ET Lz, T LEEWE, HEBEENICK > TRE LALRBOFICL > TELTWBATHEM
BPH3, BEHOKZRMELEDERECIIESFIZDEERETZ2DICT LT, MEHISPPEIN/-&H
DFEENTHTIRABWVHRTIERLENIBFEZY 23IZRIL, BKEHOBTEELZLLEIENEZLN
%,

ST K WERERE, BAMEE, 2016FMALE

Keywords: fault fracture zone, permeability structure, 2016 Kumamoto earthquake
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