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Abstract

The Earth’s spin axis moves by various factors, and mass redistribution associated with
seismic faulting is also expected to contribute to this movement. However, there have been no
space geodetic observations of coseismic polar motion excitations to date. In this study, we
analyze the time series of the excitation functions of the polar motion, and try to detect steps
due to the three recent M9 class earthquakes, i.e. the 2004 Sumatra-Andaman, the 2010 Chile
(Maule), and the 2011 Tohoku-Oki earthquakes. For the 2010 Chile earthquake, a significant
step was detected but was not consistent with the anticipated direction.
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MANCEEN FTHBET 5 Z LIV EHOEDEZ SO0, ZIUTHT DI0E & L CTHiEROE M=
IR OTHD. HlZIE 2004 FAV T« T U F~v UHIEMO.2, BUFA~ b7 HIEE & FES) TR
% HURE 145 FE 7RISR 2.5em Bhs L7e 2 & 3R S 47z (hittp://www.jpl.nasa.gov/news/) . & 7= GRACE
IZX o TRl SN EAENG, 200105V (v L) HIEE (M8.8) CILmMiAs FEfk 70 A 1~k
8.7cm (Heki and Matsuo, 2010), 2011 4FHALHI G A FEEM#IEE  (M,9.0, DU T HALIHH#IEE & FE5) Cirddk
228 BURR 135 7101 ~K) 15cm Ehv 7= = L s HEZZ S 7= (Matsuo and Heki, 2011) .

U7 LHEEREIHR /N T A — 2 ORI K - CTHIRIC L A EE) O phild 238 2 7=611%, 4 F Tl
72>, Chaoetal. (1996) (215 &, 1960 4EF U HiEE (My9.5) XAtk (FAfik) % HUR 115 B (FE#% 65
FE) Tl ~#) 68cm Ehn L7z b S, F72 1964 7 7 A D HIE (My9.2) T bz Bk 198 5 AIC
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al., 1996). Figure la X245 OHIEIZ X A MGEE O FHIEZ KE L2 O TH 5.
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% 7213 T72 <, NCEP (National Centers for Environmental Prediction) ®J&, - 5&iJ&:7— 4, ECCO (Estimating
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FEE) D & 9 EH T 100 & L7= (Wilson, 1985). Hi5E(Z L B Fht i3/ T/hEWia o, 15554
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M) \ZJEAE A [EER S, 2O F O hE R (MR E o psr ORFHIZ ) (23 H L7,  Figure 1b
X, A7 v 7OMH AN R b EW BN D 2010 5 U MERIR ORI OB & 273, AERT
DERERFNT AT, KESRUHEDFHE & i IE L7212 OFRFERFIOIRIBEIN/ NS N2 E3bos. LorLER
SOOI IER b, PEKEBSIC L DREAEGF L TRY, bW ERO AT » 782 5 IREE
TRV, RETIIRNT T ikE2 TRLUTHEBICKEY 27 v 7ot 2R A 5.

3. MBICHSEERBORTYTRHDEA

Figure 1b |2~ 3 XL 912, BOEENT —# OGO N TR O KR EMHEOREZRS &, T4
L7 BRAZE TN 2 CREK E O RMIER I R T 2 /i 7% D, BN, kRO —FmDf
s Z LIZ Ko TERMMDEREL, TNUOEFET —Z 2R D 2 REEX L HERFO AT » 7
TEBIL THEZ. ZHEZHERC L DEHEETANSET —Z Z5|WZEREDORD D, REE 1IRND
2 WITHR LTFIZiRR b RE Do T27odbTh 5. BB O RBIF T Mk & OERR Y & i
Figure 2 & Figure 3 1Z/R7. HUERFO Y v » FIATEICOALBNDITT TH L. 1FOIVICHIERFO X T
v PO/ EL, £ bE LMES ORI 2N R 2004 £ A~ b T HIEZERE THIM L B THS. L
NLENLDOERITIWVTNL PRIEZ KRESBZ TS, AT v FOHEERAEIIRE TRy — ) 7 L
HLOER, WTFRBHEESNIZELZBATEY, 27 v FIIHEHNICAEE L IIE 220, WFRoE
T, THEERLEFANZHRBEO AT v 7 ST Y (Figure 3), Figure 2 D A7 v 7 A3 Hi
REBBRLTVD LIFFWVRT.

WL, 7—Z OFEFEER LTI, 2001 F20v5 2011 4 3 HRE TOLT—X M\ T, HERA
T TR A (B O T REER) (SN TEH R L& ER) kit o A—-2L LT
HEE Lz, BRI & 2 DEAZ T TOHEER R & 24 Figure 4 & Figure 5 (2R 7. 4R
ERWEGA LML TT — 2 BN HIFZELL, AT v 7OHEREL —HIZE/NEL otz
Figure 4 IZ5L % X 912, 2010 5 U #iFE & 2011 AF AL PP HIRIC 1 5 2 7 » T O 513 7l & Fifn
HThHsH. £ 2010 FF VHEICEIT 2 A7 v 7 ORE L TFHRMED 8cm (2. 7272 L Figure
SICARTEREELFMOHE THHN16.2cm +3.3cmDOAT v 7RHEEIN TN D, ZIIIHEE
ENTMEB O R ERE IR, THEREIBVESTVWAHIILEZERLTNS.



4. FEDHEER

ARMWFZE TIEMIES) D F R HEIR T dH 5 KK - WEFED R &2 BUY By 72 1% o fikE B o ol ik B 4%
Mo, IERERALE=2>OWEMNERMBIZNEI AT v 7O 2R AT 06 IFHRHRA X
D/hE L, AR SN o T2, Z OJREITHER[EHR N T 2 — % OBIHFEE O R E Tide <,
K& - BHEUANAORERAZ#ET 2R AN THS. flzELiIELIZHAVWSRD
27k &7 /L GLDAS (Global Land Data Assimilation System, Rodell et al., 2004)(Z 1 |11 & 7K ] <0 K e ok
ROE BEEEBTEE STV 7220y (Matsuo and Heki, 2012) . £ 72 AHF2E TH W2 KA - BEEIC X D
I DET VTS RTERRE SN H DA 5. FKIE, GRACE IZ X 2 EANELT —# 26 HliEsK
DI EKBOEEEEZFAVWTHETSZLICE>T, MBI A2MEBSORE 2K TE 50
BRMEREE 20D,

BZICEMO 2 mEE & EOBRICOWTELT 5. Figure la # A5 &, WHEMERMET
FRASE) < FFIANIVT S HER 110-140 FE TH D Z LIRS <. HEIC L 2 MGEE) 2SR 22 B 8 7
[ % 73 Z & 1213 Chao et al. (1996)<° Spada (1997)23BE(ZFeH L T\ 5. ZHUTBRTIE A<, b
ERDOILAIA K DL < BNKELER AL RIS oA L, 0o PERD T AA By O E B2 4y i3 & D3
MTHDRKEERMBICOAT DI EEXML TS, 72 LHERO MR Z S X EM O L8
THHHEIND 2O, MBI BEB O & KERICERIND Z LITEZITSWEAD.
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Figure 1. (a) Polar motion (north pole) calculated for five magnitude-9 class earthquakes during 1960-2011. We studied the recent
three earthquakes shown by black arrows. (b) Time series of the polar motion excitation toward 70W. The three time series in (b)
indicate raw values (top), those corrected for the atmospheric excitation (middle), and for the atmospheric and oceanic excitations
(bottom). Vertical line shows the time of the 2010 Chile (Maule) earthquake. The part within a black square is magnified below. 0.1

arcsec corresponds to approximately 3 meters on the Earth’s surface.
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Figure 2. Time series of the excitation pole toward the epicenters of the 2004 Sumatra-Andaman (top), the 2010 Chile (Maule)

(middle), and the 2011 Tohoku-Oki (bottom) earthquakes. Gray vertical bars show the occurrences of these earthquakes. Black

curves show the models estimated for the annual averages of the excitation functions (black dots) assuming quadratic polynomials of

time. Values show estimated steps associated with the earthquakes and their standard deviations. Black arrows at the right-hand edge

show predicted pole shifts (enlarged to make them visible).
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Figure 3. Time series of the polar motion excitations perpendicular to the direction of the epicenters. See the Figure 2 caption for the

detail.
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Figure 4. Same as the Figure 2, but the model curves are derived by assuming seasonal changes as well as quadratic functions of

time.
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Figure 5. Same as Figure 3, but the model curves are derived by assuming seasonal changes as well as quadratic function of time.



