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Sea level oscillations observed with an iGrav SG at Tomakomai, Hokkaido, Japan
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A superconducting gravimeter installed near the coast may detect gravity effects induced by sea
level variation. For example, Nawa et al. (2003) show the relationship between sea level variation
and gravity variation from a superconducting gravimeter installed at Syowa Station, Antarctica.
These effects are interpreted to be due to loading and attraction by seawater in Lutzow-Holm Bay
around the station (Nawa et al., 2007). We tried to extract gravity changes induced by sea level
variation from the gravity data acquired by an iGrav superconducting gravimeter newly installed at
Tomakomai, Japan (Sugihara et al., 2015). As a result, at the period of passing low pressure in the
vicinity of Hokkaido (e.g. several days in April and December 2015), we could detect signals
corresponding to the sea level oscillations of the period 74 minutes.
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DI DIZEEMNFECH D, BEANEAT—5(F. BEZMEHAREDEEODEVCI>TIITIFILNE
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OFIVDREET =S DIHEE. MTFKUZREDIRIENZDMD T FILOREL D TER—HIULEXRZT OGS
(C. BHFEDEERESSNEN DTz UHLERS. CNSOEENLTHME(C(EXZREERS D, FHIC /1
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Gravitational gradient changes of mega-thrust earthquakes observed by GRACE

*Hh BF. BB =N

*Yusaku Tanaka', Kosuke Heki'

1. 46EERFE XL BeiE B
1.Graduate School of Science, Hokkaido University

The earthquakes change the gravity, which means the gravitational gradient is also changed. Gravity
Recovery And Climate Experiment (GRACE) have been providing insight into the gravity changes by
earthquakes and the data can also be used to reveal the gravitational gradient changes. For
example, Wang et al. [2012] reported gravitational gradiet changes following the 2004
Sumatra-Andaman earthquake on the GRACE CSR RL@4 data. In this presentation, I will introduce the
co- and postseismic gravitational gradient changes by four huge earthquakes, i.e., the 2004
Sumatra-Andaman earthquake, the 2010 Maule earthquake, the 2011 Tohoku-0ki earhquake, and the 2012
Indiean Sea earthquake observed by GRACE, comparing to the gravity changes and the gravitational
gradient changes of the Tohoku-Oki earthquake observed by GOCE.
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THEL. 2003-2000FENEFIE LTH-4T0E~ VY OEERDFREE(\Z, —75. Jacob et al.(Nature,
2012)(F. EIU <GRACEICED<EEHANS. 2003-2010FDFEFHHE L THW-MNMER VY OEERDVEEE(\Z, W
BOHERBRIKRETKELSZMN. B - HEB (5T, 2014) (c£DE. ZORRAEG. KAFIOAET DTV R
JLERDER(CAES T RZREDEELE . EBTHRDEVNICLDKABENERLZHNRE. (CBIDENT
T, IEDE. PITELBOAAEEN DIERTIBEIC(E. MTKEESHITFILODEEE . A8 RD
RIABDGRACET —S DERAMN. BRIRIHFETHDIEE X Do

ZC_CARERTIE. FlZET—FEBMFEEEAL. 7I7ELEBOKITEENZNBEHEET O/, T
KEED T FIVDODEERDIZOHIC. ZDDHAEEHLU THIT, —DId. BEKET ILWaterGAP (Doll et at.,
WRR 2014) = AL\ e FAKZEIDFIETH D, ©5—DIF. XL ET VEHE AU\ zZRBE(CALIE (Wieczorek
& Simons, GJI 2005)MDEF CTdrB. Matsuo & Heki (2010) & Lb#T B, 2003-2009FNHARF(CH L _EEED
BE{Tolce C 3. MITFKEEETIVEER L IBE TEEFEIN-307E V. ZRBTCEEER LU
BATIIEFIN-343EB~ Y. MAZERUBS TEEFEIN-340E~ V. CVSBRASSNZ, ;LT
F—SHREME L. 2002-2015FEOHRICN URABROEBIRET D 2. 1212 L. WaterGAPETJLIF2009FE 128 F
TUNFIETERL O, ZERBECEBOHEERALUIZ, ZOBR. KASERDERLE U TEFHAN-238E
krESE.

B EDBERMNS. FATHERTIE. MTKEFOTS EACAELZBNRFEMR. HEDFINTULZC EHRRE
IND, T, 2002-2015F DU OICAIES B EH(E. 1961-2003FE0D T v — L RABDOEER ($-307= ~
> i Dyurgerov & Meier, 2005) ELERTEMN/NST VT ENS. BHUBROACATEHBEDOAATRESND LD
TSR EEERA(E R SNEWC ERBAS ML DTz,

F—O—R  FEEMZE, KA. SIRZEE. GRACE. B
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#482013 (JGSN2013) | &HEFEUZ. J6SN2013DRBE (. BT EDEE & —EIRTRERE (C L DM
S5#10uGalE ERBEESNTH D, EROBARENEEERI1975 (IGSN1975) EHIRTIHTRERESVBENENE
ENRRSI NI, BLHIERE, ENEEOBRICAVCHEICNX T, BBRLEENENDHREREL, X
HERSE(CEELEFESHEET DR, 1967~193F(CKERPEFEL=ARICEVTHENENIEEEREL
. CORAETEONIZEAREEERET 114,000 (CHIIHEBRLENT—S(E, IGSNTSICEML TH
D, EHAEBROKIELE, EHOREE L TERAINTULS,
1976F(CANKRINITIGNTSICE DK ENMBETHDCENS. BEDIGN2M13ICEDAIEE(F, BIEREDE
BTE>RBFUE—BLUEL. COFEE, BEMUELEZPEERDEVL > TENRRBEEZETH T IERICR
RLEEEEC D &0 HREFHPM T A H EFFIC K> TEHARDMBR ETEMNT S ELEECHEA
LTHELD. ELHERRAARIYT $IGSN75& IGSN2013MRIND Tl (R A TEHI100u6al (SET B,
GNSSERVZESRERSETN. TRLUECEICH ST, BTOEEHELTOIA IR - EFILEEE
TRIEBET-HELT, ISCELTUVD, IATR - EFILOBE - EEEER LI BZHCE, EEED
BUVRFORZBEM EENT —IRRAIRTH DN, SEEREISENAEEFHZ(CTD>T, IGSN2013(C#E
WU ERBET -9 EHERTECEF, AR BENLEVY —XEERIDEIIEICRETH S,
JGSN75E EZ IGSN2013EMEICEBE T BB ODFEDRAREEML TLD. AMARTIEZDOEERDME
DNENEDTEBHTDIGNTSDBFEUINSFTINTUVLCENHRREOARENST QIGSNTSENERRFHN SIBEIC
EDFETICENEIANZ (S MREFOFEE DS DNEBERTHARBEETH D EEX T, CDDSEIZDUL)
TIHBEDKERSE - GNSSEGEE (BFEERT—5) ZAVTENRIRO L TEMUCHSENENDEL
EHEL, MENMBTETILE BV THERO—RNEENELE VY VORISR (C 4 S ER DRI
HENEWEAE TSI ETHETET D, SEDNDENEEZBOENEDTBEND T —IH\5 C DHIFREED
FEEEUBIKCETODIGNISAEATUVDIREMRBASHICED ., ZODMDREICEIUEFEICLDO>TE
BHEEEREIT S ETIEDNEERDERERIRT 3,

F—J—R  BREHEER2013
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A mathematical simulation of the dynamics of local Earth gravity direction referring to
the Earth surface normal

*Wei-Jun Chen'
1.Carl Zeiss AG

Based on the development of measurement and information technology, geodetic measurements are
continually reported with high quality. ITRF2008 [1] claims a believed origin accuracy at the level
of 1 c¢m over the time-span of 26 year of SLR observations, and further 1.2 ppb (8 mm) accuracy is
achieved by integrating other three techniques together: GNSS/GPS, VLBI and DORIS. With latest
technical improvements, even better accuracy could be expected in the new solution of ITRF2014 [2].
It is often expected, that geodetic measurements with high accuracy should be helpful in
understanding the geo-physical principle of Earthquake. Therefore many comparative analyses have
been carried out aiming at constructing a correlation between recorded giant earthquakes and the
temporal variations of some geodetic measurements. The conclusions from these analyses are
generally frustrating, that the observed discrepancies of measurements, e.g., Earth gravity
changes, ‘‘reflect the difference in the geodynamical settings of the studied earthquakes'' [3].
Such a frustration often leads to the widespread argument that predicting Earthquake is impossible.
The gap between the plausible achievements in geodetic measurement and the frustrating conclusions
by using them for interpreting earthquakes, could be explained by the Nyquist-Shannon sampling
theorem: to detect a single event without prior knowledge, its temporal-spatial domain should be
sampled with an adequate frequency. In geo-science the situation is far from being satisfied.
Normally an earthquake is a local event which accidentally happens at a particular time moment
covering a close neighborhood of its epicenter. Densely sampling the dynamical behaviors on Earth
is often a suffering task because of two factors: 1) the scale, and 2) the system reference. A
typical velocity of plate tectonic movements which varies from 1-10 cm/year is indistinguishable
from random noise in most of daily observations; The system reference of geodetic observation is
often set either as man-made satellites, or as natural space objects like lunar or extragalactic
reference, which are neither convenient nor flexible for local and dense geo-observations.

This paper suggests a new geo-observation in which the reference system is set as the local
geometry of the Earth's surface. There are two distinct vectors existing on Earth’s surface: the
surface normal, which is defined as a geometric descriptor, and the direction of the Earth's
gravity force, which is defined as the gradient of the Earth's gravitational potential pointing to
the Earth mass center. It is expected to get information of the mass distribution below the Earth's
crust layer. A mathematical simulation is carried out with typical Earth parameters; A conceptual
measurement model is described to measure the subtle angular difference between the above two
vectors, where the angular difference is converted to a spatial distance according a dedicatedly
designed system. Laser interferometer together with an ultra-high precision camera system provides
a sub-nanometer measurement accuracy, which in principle could be measured over time span of hours,
even minutes. Without systematic ambiguities like un-modelled forces in space, signal delay in
ionosphere, the suggested concept physically is promising for a complementary geo-measurement
besides the current mainstream techniques.

References:

[1] Z. Altamimi, et al.: ITRF2008: an improved solution of the international terrestrial reference
frame. Journal of Geodesy, 85(@8):457-473, 2011;

[2] ITRF solution 2014, http://itrf.ensg.ign.fr/ITRF_solutions/2014/;

[3] V. 0. Mikhailov et al.: Comparative study of temporal variations in the earth’s gravity field

©2016. Japan Geoscience Union. A1l Right Reserved. - 5GD22-10 -



SGD22-10 HAMERSER S EA2016EAS

using GRACE gravity models in the regions of three recent giant earthquakes. Physics of the Solid
Earth, 50(02):177-191, 2014.
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FARERFESERVCENRT VY vILEHRIORIME - HEZ - MILEADIGAO A
Gravity potential measurement using optical lattice clocks and its applications to
geodesy, seismology and volcanology in the future
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—BEERICEDVT, BREOFNHASENRT VY vIVEEBEEAT 3 EDTE 3 HIS TR RER
TN, ZOMEHBEN, BEEHTI0 (SSICETET mlciBY) OF—F—(ELLSELTLS. HI8F
Bst%E U\ A RAEIE (C K DERRISNERDENRT VY v ILEE MOBIMT —5 S EHBSDESC
ET, BANEELLIBNLIZT 1 RETIVOBEABA LTI ENBEEINTNS. LALERS, ZFE
A REME & LR THIRBEDSERLAAN L SHE L — MEFHABEBRTIE, TORZVIHRRICLBZE
ARF VI v ILOBREENEEZERITRETHSD. ARKRTIE, 1 mOBETCRT Y I v ILOBEESEHEERT
3 EDHERYBRZNLESICDOVTERT 3. AESN3IRFT YU vILOZELE, REMICIE, HTOES
DAENBHEDEESDEHCF>EMBRTHS. CHT LIS, BFREANSESE L THEX B EEEK
L, GNSSEDFEEMISRM CRESNLEESDRIEETEICT S, NSSEERLD, RFVIvILBEIFTAS
BHERECNIINBZTENLL. SSOREBEAB LI ZCE(F, BEBEZROBESE - HRTHE:
B - BEMADMBEEH (SKRMIBYE LTIz EBE L RIBS) ORBEHNE LTS &0\ o REENEHRD
filicE, BTORUEEEL LHIRYIBRKOIEE - BBICERID. HIRIE, NSSIRZCFVT, LDiEH
BICLDBUVBETEIMNRETCEINGE, KBSBOHEBEE LIFBENTETINELNEL. ENAE
BRESTOEHERMTEEIN, MRMEDTKOBEICLZIFEEZ(TPTV. RFVI v LD
B, ENEHANTERNEVEDNSNDESHBEZINT, TNEERFEFEALERTES. LehoT, &
NEtE MR FRAEEFANELEHEAETL), BSICLBZIRENTOENEIERT VY v ILEHAITHEL
TONE, CTNFTNSSHES DIERINRAE TR o7z, BIBRLANO YD VEDIRTHADZEEHS
N TE NS S.

F—O—F R FRE. TR0 BN BEEER
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Gravity potential determination based on Doppler cancelling technique: simulation
experiments using high-frequency-stability microwave links between satellites and ground
stations

Ziyu Shen', *Wen-Bin Shen', Shuangxi Zhang'
1.Wuhan Universiy

In this report we present simulation results for determining the gravity potential (geopotential)
using high-frequency-stability microwave links between satellites and ground stations. Based on
gravity frequency shift principle and Doppler cancelling technique, the geopotential difference
between a satellite and a ground station can be determined, and consequently the geopotential
difference between different ground stations can also be determined via satellites. Suppose the
relative inaccuracy of the clocks on board satellites and at ground stations is about 107" level,
our simulation experiments show the following results: (1) if two ground stations are connected via
one satellite, the standard deviation is around 3 m/s’ (equivalent in height 0.3 m); and (2) if
two ground stations are connected with a network of satellites up to 5, the standard deviation can
be largely improved, reaching around 1 m’/s’. With quick development of time-frequency science,
portable and commercial optical atomic clocks with inaccuracy of 107" or better will appear soon.
Hence, our proposed approach is prospective in the near future, especially for effective real-time
geopotential determination, height measurement and global height datum unification in 1 cm level.
This study is supported by National 973 Project China (grant No. 2013CB733301 and 2013CB733305),
NSFC (grant Nos. 41210006, 41374022, 41429401), DAAD (grant No. 57173947) and NASG Special Project
Public Interest (grant No. 201512001).

Keywords: geopotential determination, optical atomic clocks, microwave links, Doppler cancellation
technique, gravity frequency shift, satellite
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