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Seismic gravity changes of the 2004 Sumatra-Andaman earthquake
and static gravity anomaly
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Water mass variation in the Japan Sea from satellite gravimetry:
Comparison with seasonal movements of GNSS stations
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Distributions of elevation-gravity anomaly of subduction zones its
mechanical implication
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Major earthquakes resulting in gravity changes detected by GRACE

*Benjamin Fong Chao’, Jen-Ru Liau'*?
1. Inst. of Earth Sciences, Academia Sinica, Taiwan, 2. Dept. of Earth Sciences, National Central Univ., Taiwan

The twin-satellite mission - Gravity Recovery and Climate Experiment (GRACE) launched in 2002 measure
the time-variable gravity (TVG) field. We analyze the GRACE data to study the TVG due to earthquake
faulting and the associated mass dislocations in the Earth. Most GRACE TVG signals are directly related to
changes in surface processes, primarily the water cycle. So we first strive to remove the terrestrial water
signal using the Global Land Data Assimilation System model outputs and the seasonal (annual and
semi-annual) signals by the least-squares estimation. Then we apply the method of Empirical Orthogonal
Function (EOF) analysis to extract the earthquake-induced TVG signals in the epicentral region in terms of
change pattern and time evolution. Our EOF results corroborate past findings of the GRACE TVG signals
caused by the greatest recent earthquakes not only for co-seismic but also post-seismic behavior. We do
so notably for the 2004 Sumatra-Andaman (Mw 9.1), 2010 Chile (Mw 8.9), and 2011 Tohoku (Mw 9.0)
events, as well as somewhat smaller earthquakes including the 2005 Nias (Mw 8.5) event otherwise
largely masked by the 2004 Sumatra-Andaman signals, the 2007 Sumatra (Mw 8.5) event, the 2012
Sumatra (double event of Mw 8.2 and 8.6 in one day) event which is largely strike-slip, and even possibly
the 2013 deep-focused Okhotsk (Mw 8.3) event. We also conduct least-squares fitting with a co-seismic
step function representing the earthquake for every grid point in the considered region, to augment to
and confirm the EOF results. Furthermore, assuming a point-source double-couple dislocation and a
spherically symmetrical Earth, the earthquake-induced displacement field is expanded by spherical
harmonics where components of order greater than 2 vanish. We transform the epicenter to the North
Pole in the canonical coordinates and could duplicate the whole TVG signal by spherical harmonics up to
degree 60 but only order 2, which accentuates the EOF and least-squares fitting results that are
approximated by co-seismic double-couple phenomena.

Keywords: earthquake, gravity change, Gravity Recovery and Climate Experiment (GRACE), Empirical
Orthogonal Function (EOF)
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Implementation of Domestic Comparison of Absolute Gravimeters
Ishioka Geodetic Observing station and construction of Japan Gravity
Standardization Net 2016 (JGSN 2016)
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BIEERFIC6ARTRIEET, BYIN TR T 2LIATIICGNSSHIZER UKENEAEEL, BROMNEBERRE SRE ISR
ELTWS. 512, AMBOVLBISERIRERNSKFRXA—TDESEDEL, BT 2HNENFICHE—LE
BEBESERAWVWS I & CRETDREZR/NRICT 2 HEEEATZ. ZOER, SMLELTOMBENGT
BEDHENTHDICEAT IERIBEONL.

INETERTIR, ELEBRENA1976FEICARLEZ TBARENEAEME1975 (JGSN75) | AELDELEE
LTEAINTEL, BEINSI0FEULIRBL. HhBREEBOHELPENEOAERENALFICK
Y. JGSN75A 52 2ENEELRBEOENEORBENKE ( Bo/cZ eh b, ELHERTIE, 2017534
ICH LWAAXREANEAME2016 JGSN2016) =B L7z, JGSN2016Tldk, 2002FH 520165F % TICERE
LERFOENS LUCENENNEDT -9 2FRAL TVWEA, ERLEEE CEREEE DBAIHIEIN
MR ENGEZAVTHERENEZAET 22 & T, HABELES L -SBEECEREOEVENEIRR
INTW3,

REETIE, TNETOERLBRERADRRE &I, JGSN20T16HEEICRA LAZBREICDODWTHRET 3.
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Keywords: Domestic comparison of Absolute Gravimeters, FG5 Absolute gravimeter, Japan Gravity
Standardization Net 2016
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Improvement of method that makes Japanese old and dense gravity
data consistent with Japan gravity standardization net 2016
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EhIERE, 2EICEF LK ERAEHEELZRETE0, RFOENAEDT—YEZAWVT, HBREAN
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NML14,000 R CENT — Y IFIGSNTSICE DK ENETH B 2 N5, TWEDIGSN2016ICED BIE & 1Fih
FTLHATEREDSHEFHT—H LAV, ELHERARNET 5IJGSN75&IGSN2016D R D s £ &R A T
100 uGaliZiET 5.

GNSSERWEEERENSELLL, TREINLIEIHE ST, BIOEEHRELTOVAAR - EFTILE
BEITIEBRT—VELTISICEEMMELTVWS. VAM R - EFTILOEE - EBEMtE2A LT 20HIC
&, EHEEOBVWRFTOMBLRM EENT—IDPFATRTHZH, 2EZEETIENAUEEZHFICTV, 5
2IZJGSN2016ICEM L -ABELT -9 2 BB THE S 2 & &, AW - BFHNR)Y —REEZETDEIFEEIC
R#TH 5.

JGSN75E H{E%IJGSN2016ENEICEAIEDH-ODFEDEREEEDTWS. FEEEIFIGSNTSENEE
JGSN2016E HEDE A AR EENICKERA T 2B ERDLETEE), HhEICLZ2BEEDHEE D & ROEBEEFICELIC
BELTWAYRATLAZT 7Y MU THET 22 & THAOUGalDEEDTIRATEEE T 5EAFERICD
WTHREL. ThETRAEROLTEEEAENECARE T ZEOENMEAIREE L TERELE
LTIRTODAERICEVWTC—EE (7= —0f) #FALLLD, HFICKZ2ENNEAROEE[ELLD
BRI TWE.

10MDEMT —4% %A 2ENMPH/BETOI/ S LEZHEL, ThEAVWTEIERO T - -4 %518
THIETIVBEDBWHELZRELL., FLMENEOMREZZEBLZAER L TEHEOERYT—%
BIEDFEERAWVESYRATLALT 7Y NOEERRICODWTHRET 3.
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Absolute gravity measurements in New Zealand (2nd report)
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1. Graduate School of Science, Kyoto University, 2. National Institute of Information and Communications
Technology, 3. Graduate School of Engineering, Kyushu University, 4. GNS Science, New Zealand, 5. Institute for
Radio Astronomy and Space Research, Auckland University of Technology, 6. Land Information New Zealand

To enhance and extend the absolute gravity (AG) measurements in New Zealand, we had conducted AG
measurements using a FG5 (#210 of Kyoto University) in January and March 2016 as reported in 2016
JpGU meeting. The measurements were made at three points in North Island and five points in South
Island. To compliment the AG measurements, we also conducted relative measurements using a LaCoste
& Romberg G-meter (#680) at five points from Bilham et al. (2016) in Southern Alps. Among them, two
points are located near the summits and only accessible by a helicopter. Thus we could conduct a single
loop measurement only, due to restricted time and weather condition in 2016.

Although we have not conducted AG measurements in 2017, relative measurements using two LaCoste &
Romberg G-meters (#680 and #805) have been conducted at four points near the summits including the
two points occupied in 2016, and conducted two loops of the measurements for those points. In addition
to these, we conducted the measurements at most of the AG points occupied in 2016 and some
additional points from Stagpoole et al. (2015) for the calibration of the scale factors of the gravimeters,
and the gravity connections to the spare points near the AG points. Moreover, for planning the AG
measurements in the area of 2016 Kaikoura earthquake (Mw 7.8), we conducted test measurements at a
few points where huge uplifts have been observed. In this talk, we present the results in 2017, and the
future observation plan particularly in the area of Kaikoura earthquake. This study was partially supported
by JSPS KAKENHI Grant No. 15H05205.

F—O—RK:zZa—Y—FV N BEEHAE EHW EHEL Za—ISVRETILTR A4T97
7R
Keywords: New Zealand, absolute gravity measurements, gravity network, gravity changes, NZ Southern
Alps, Kaikoura earthquake
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Comparison of Superconducting and Spring Gravimeters at the
Mizusawa VLBI Observatory of the National Astronomical Observatory
of Japan
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1. Graduate School of Science, Tohoku University, 2. Research Facility Center for Science and Technology, University
of Tsukuba, 3. Mizusawa VLBI Observatory, National Astronomical Observatory of Japan

Continuous microgravity monitoring is utilized to gain new insights into changes in the subsurface
distribution of magma and/or fluid that commonly occur beneath active volcanoes. Rather new
superconducting and spring gravimeters, iGrav#003 and gPhone#136 are collocated with a
superconducting gravimeter, TT#70 at the Mizusawa VLBI Observatory of the National Astronomical
Observatory of Japan, since the end of September, 2016 in order to evaluate those performances before
field deployment planned in 2017.

Calibration of iGrav#003 was carried out by collocation with an absolute gravimeter FG5 of the
Earthquake Research Institute, University of Tokyo (Okubo, 2016, personal comm.) at a Fundamental
Gravity Station in Sendai in July, 2016. Based on the scale factors of iGrav#003 obtained by the
calibration and of gPhone#136 provided by the manufacturer (Micro-g LaCoste, Inc.), tidal analyses are
performed by means of BAYTAP-G (Tamura et al., 1991, GJI). Amplitudes and phases of each major tidal
constituent mutually agree well within £4 % and =3 degrees, respectively.

The instrumental drift rate of iGrav#003 is very low, about 5 micro-Gal/month, whereas that of
gPhone#136 is very high, about 500 micro-Gal/month. The high drift rate of gPhone#136, however, is
well approximated by a quadratic function at present and can be removed. The detrended time series of
gPhone#136 shows good agreement with iGrav#003 time series in the overall feature: gravity fluctuations
with amplitudes of about a few micro-Gal and with durations of a few days, which may be due to variations
in the moisture content of the topmost unsaturated sedimentary layer and the water table height. It
suggests that both instruments may capture volcanic signals associated with pressure changes in magma
chambers, dike intrusion/withdrawing, and so on.

iGrav#003 will be installed in the Zao volcanological observatory of Tohoku University located at about 3
km from the summit crater, and gPhone#136 will be deployed in the Jododaira Astronomical Observatory
located at about 0.5 km from Oana crater of Azumayama volcano in the spring of 2017. Both of the
volcanoes, Zao and Azumayama show minor volcanic activity with frequent shallow earthquakes, changes
in the total magnetic force, pressure changes at depth, and so on in 2014 and 2015.

F—0— K EAEN., BEEEHEF. 27UV SENE. HEBEN

Keywords: Gravity measurement, Superconducting Gravimeter, Spring Gravimeters, Collocation
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Development of a new portable gravity gradiometer for field
measurements

MR =T R EE . AN EN EHA. BiR A EE BN WAy
*Sachie Shiomi', Kaito Seto’, Yousuke Kimura', Kailun Xue', Taichi Hikosaka', Syunsuke
Watanabe', Kou Yamada'

1. BERERFETI®E
1. School of Science and Technology, Gunma University

Laser interferometric gravity gradiometers have been expected to be a useful tool for geophysical
observation and the basic concepts have been discussed and patented since 1970s. However, they have
not been practically applicated to field measurements yet. This is mainly because of the technical
difficulty in carrying out repeated measurements with precision sufficient for laser interferometry. To
overcome the technical difficulty, a new interferometric gravitygradiometer has been developed [1]. In this
gravity gradiometer, a pair of test masses located at different heights (the separation is about 70 cm) is
thrown up at the same time in a vacuum tank. The differential acceleration between the test masses in
free fall is measured by a Mickelson interferometer. This gravity gradiometer is designed to release the
test masses quickly and precisely by applying a mounting method developed for an earth orbiting free-fall
experiment (Satellite Test of the Equivalence Principle) [2]. This release mechanism was found to be
effective for the realisation of precise repeated measurements [1].

The first prototype of the gravity gradiometer was tentatively operated at the Sakurajima Volcanological
Observatory of Kyoto University, located on the active volcanic island of Sakurajima, Kyusyu Japan. From
this tentative operation, it was found that the instrument was robust against seismic vibration; the
resolution was £0.3 w Gal/m, which is the same level as that operated at a quiet observation station. This
result indicates that this gravity gradiometer could detect local underground activities, which are buried
in seismic noise and have not been detected by previous gravimeters. However, the first prototype is
heavy (weighs about 200 kg) and it was difficult to install it at the local observatory without crane
equipment. We are developing a new laser-interferometric gravity-gradiometer that is designed to be
portable and more practical for field measurements. In this presentation, | will report the status and
prospects of the development.
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Monte Carlo Simulation of Gravity Gradient for Observing Volcanic
Activity
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Attempts to detect mass distribution changes, associated with volcanic activity, by measuring gravitational
fields have been done since the 1920s in Japan. Measurement was done by using the gravity-variometer,
such as the torsion balance on the Sakurajima volcano. In the early 1990s, Absolute Gravimeter (FG 5) of
Micro-g LaCoste Company, which is simple to use and lightweight, became popular in field
measurements. The absolute gravimeter has a resolution of 10 m/s? level when used at a quite
observation station. When observing volcanic activity with an absolute gravimeter, it is possible to
estimate the height of the magma head from gravity change. However, the absolute gravimeter is sensitive
to environmental disturbances, and the error is thought to mislead the height of magma head by several
hundred meters.

The instrument we are developing is a new gravity gradiometer. The gravity gradiometer can measure
vertical gravity gradients with a resolution of 10 1/s? level at an observation station with seismic
vibration. In this gravity gradiometer, two test bodies are thrown upward at different heights in a vacuum
tank at the same time, and the difference between the free fall acceleration of the two test bodies is
obtained by a Michelson interferometer. Gravity is proportional to 1/r% and the gravity gradient in the
vertical direction is proportional to 1/r%, where r is the distance between the gravitational source and the
instrument. Therefore, the gravity gradiometer has a better sensitivity to nearby gravity sources, and is
suitable for observation of the environmental disturbances, such as rainfall and groundwater fluctuation.
Simultaneous observation of the absolute gravimeter and gravity gradiometer at the same observation
station could allow us to estimate the displacement of the magma head more accurately.

Assuming a simple volcano model, we have calculated the gravity change by Monte Carlo simulation for
Mt. Asama and Sakurajima volcanos, and examined the usefulness of the simultaneous observation of the
absolute gravimeter and gravity gradiometer. In this presentation, | will report the results of the simulation
and discuss the optimum observation station for the absolute gravimeter and gravity gradiometer.
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Physical modeling of hydrological gravity changes observed by the
iGrav-003 superconducting gravimeter in Southeast Alaska
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T 5 ANERETIIKARBICHEVERRAIE Y FOMRBEENER B I TWS (Larsen et al., JGR,
2007) . Z DEREERIE BEDIKERARICH D MEMER] & TRROICTRARICH D BEER] 28A
TEY, WREHERARFICH EENTEENTZ2IETHELDBMTZZENTES (Wahretal, GRL,
1995) , LMLANS, M EENT—FICIEEEKEZE - TFKRBE Vo LEKEEBOHENSENTH
U, KARMBICHEIENELAELSERETBICIIINSEKTEICHS EHBAAENICHET 2REND

%, ZOBR. ENRARDIEFEOKEESHAENRIICKECFETSDT. ENHURELOKESE
NXZEBRENICETNMET DI ENREEETH S,
ZITAMRIZ, PI2RANERE - Va1 / —DENFUKEGANELOO—DILRREEKINZ, LT ENIC

ESENECEYMEBETINICE > THEERL. EGANOBEEEAFtiGrav (V) 7ILES : 003) TEHAIS I
FEKENBEL & LB L7z, BEFEMICIE. £ FREKREMRTY 7 b = 7G-WATER [3D] (Kazama et al., JGR,
2015) Z#FHAWTEGANEDICH 1T B TEBAKB KO T KDBZEREELAHEL. ZhEZREEN T B ETE
HZEAbg, ()& R#EE o7, RIC. EGANICBEES 24 — VDKM T—4 &AW, MKGELICHS BEBIN
g, ()& REL o7, S50, BRARKECGANOBYDERICENEL 22 & 2ER L. EGANOEMIA &R
BOEET— 9D SEERICHI BEBINEg,)EFHE L, &REIC. ZhoDENEEG (1) =g, ()
+g,t)+gtE LTRLAEDE., ERICRASINBEEENE Lg,, (HE LB LT,

FEINg, (1), g,(1), g,()DIRIE (peak to peak) FZNENH4, 1,174 -/ OHILT, TEK - HTFKD
HEENZOBRE A>T, FIC, 2012F98~128MI100HMICDWTg,, (HEg () ELLEY 5 &, BKICH
DSENDRHBAR LR, BLULEKESE - thTFKRENCHE DI BEBCHRENRLPONRY—VHAR—H LA, L
ALAADS, G-WATERICE W T HIEOEAFBKEHIC10E m/st—F —DEWMEEBZET 2 &, ZDOHBDg
L(ODIEIE g, (ND30%REICNS 22T ERDD o1, Thid, BRFEEENS T2 LROEME
SRNEBLIERT DI E T, FEBKBFEOIEESKRNKRERERE. BKEFICKDEZETZ ZE/EI DAL
RBEDHEEZOND, TITEHRHRRIE. BKEBEZIILHELETENSA—9—E%6ty NERGL., &
TS A =S —BHIH L Tg, (0B & Vg, (0 EFHE L7z, ZTORR. BKEH1.510° m/sOLEERELL
BEICIRIB g, (1)/8,, (DD'55% & BEARE BB ENDH o7, TOBKFMOMEIR, EGANELD LA
THEREYI Dglacier sitTBEHNTWS I & EBAEMTH S,

ZDEIIT. ARRIFLIFEK - HTK - #K - BEORAADH/ICHEIENELEZFEL. ERICEB SN
BT ESS%OREBTHEE L, g (0)5'g,, (I THRAE LTAS%EAT W20, H8/1S
A= —DEEAHYECLEBOEKESHIIVTWEIITRESELGH D, TNOSEMRT ZICIK. TEAS
A —4—ORAP, EEFEKET I (GLDAS, WaterGAPE) AW ENELORBEHUIREELEZI SN
%,

F—T— R BEKENEL, BLEENE. iGrav, Ko, LK, #TFK

Keywords: hydrological gravity change, superconducting gravimeter, iGrav, glacier, soil water,
groundwater

©2017. Japan Geoscience Union. All Right Reserved. -SGD02-11 -



SGDO02-11 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. -SGD02-11 -



SGDO02-12 JpGU-AGU Joint Meeting 2017

Constraining the focal mechanism of the 2015 Gorkha earthquake by
using the continuous gravity observations

*Ying Jiang1, Ziwei Liu', Xiaotong Zhang1, Hui Li'
1. Key Laboratory of Earthquake Geodesy, Institute of Seismology, China Earthquake Administration

The amplitudes of the Earth’ s free oscillations have a close relationship to earthquake focal mechanisms.
Focal mechanisms of large earthquakes can be well analyzed and constrained with observations of long
period free oscillations.On 25 April 2015, a magnitude Ms 8.1 interplate thrust earthquake ruptured a
densely instrumented region of Gorkha. After Earthquake, the focal mechanism solutions of Gorkha
earthquake were provided by well-respected international earthquake research institutions based on
different data and methods, which were different. We compared free oscillations observed by 18 spring
gravimeters of continuous gravity stations with synthetic normal modes corresponding to 3 different focal
mechanisms for the Gorkha earthquake, and the focal mechanisms solutions of Gorkha earthquake were
analyzed and constrained by spherical normal modes in a 2 to 5 mHz frequency band. Based on the best
focal mechanisms solution, the accurate magnitude was searched. The results show that the focal
mechanism of Gorkha earthquake can be estimated by spherical modes in the 2 to 5 mHz frequency
band. The synthetic modes corresponding to the focal mechanism determined by the Gemt Moment
Tensor Solution showed agreement to the observed modes, the average of misfit factors Fwas 0.03, and
the average of scaling factors was 1.04, which was closest to 1, suggesting that earthquake magnitudes
predicted in this way can reflect the total energy released by the earthquake. Based on the focal
mechanisms solution provided by Gemt, keeping the strike, dip, slip, depth constant, adjusting the scalar
moment, the real scalar moment was searched. When the average of scaling factors was 1, the average of
misfit factors F was only 0.03. After calculation, the scalar moment of Gorkha earthquake was 8.09x10%°
Nm, and the corresponding magnitude was Mw7.91.

Keywords: Gorkha earthquake, Focal mechanism solutions, Earth’ s free oscillations, Gravimeter
observations
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