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Figure 1. Observed polar motion for 2008-2011 (left) and 1998-2011 (right). Because the actual
polar motion is the mixture of the Chandler wobble, with the period of ~14 month, and the annual
polar motion, its amplitude shows the beat signature with the period of ~6 years (data from the

International Earth Rotation and Reference Systems Service, IERS).

1.2, #EEEZ DRHEICDWT

MRIEE) O JH R SOV TRIEICHAT 5. 3 RoTZEM TR 2K, 25 T %
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VYO TRELRAH TS < DML (B BEBESR). HERKOLE, ZidFv o F7—H
HARE R & PR, &9 14 22 H O 2 FF>. Figure 113, bk 90 DR ZJHA & LT
A0 BT (77U =y PJm) & X4, HGRE 90 BEJ7 M & Y il B > T it O FE E)
DERF N b DTHS.

F v v 7 —EEOJFIA L 20 HAAKEITIZIZMR L TS, Bx b &
LT, RR]XMHEOE) &, MR, #HEREH COEEBEE N Him Iz (Figure2) 7%,
FEREFIIRK EWETH D 2 &AW Sz, EE) O Rk 1 TEEE & HE&HO
TR BT D 2 EDRTEDLD, RKOGEIZENENNE & KRESMEITHESE L,
W DS & V3 S VB EE 2T S 3 5. RBEEHIIRE 2, i 1 OE15GE%
e L THEIZE2ENDENNS HRDDH Z L 23 TE % (Chen and Wilson, 2003). Furuya
etal. (1996; 1997) 1%, JBUZ L 2 AEXHAEBY B0 25, 14 7 A BEE TR U —%F D,
Bllsn=F v R —WmEBH 2L T 2D+ AEER &L FF O LA R L. &
D% Gross (2000) (XMFIEENEEDOTF ¥ o N7 —FERBIZBIT 230 — BN KELE) K
DRENWZEEZRL, BEENEENTF v F7—@BHORROBERTH L Z & 42T
L.

AWFIEORTRE T, BT — 2 5B L ABGEB ORI OB 23R4 508, KK
ROMFLEIZ K D h 13+ 4312 B D B2 1T AuE 72 & 720, AR TR 3 5 #hEk[eliz o 7
— X v =5 BEDLH Y RKLETIE, BUIIET AN LI RE &I XL 2
BRI TEY, MEICHWLZENRTEDL LIRS TN 5.

F v BT —EIIARD Q 2RO ORAITHEZE LT, Fi e MuEE) D JhiEd 2372
AU AR B BRI LW RSN — 3T 5. IR o p > < 0 & L7z8) & 130K 4E
FGEE) & FEIX L, HUE SRR A 7 — L Clix TE OB E) (True Polar Wander) | & L
THOLND. WEEFHOBIANL, F v N7 —MEEFE A I 7z 19 #id 5 100 424
Ak L TR0, BIRERTIEZ Y — 2 F » RO m (HERK 60 KO 5 M) ICH MK 10cm
D S 2 FF DK FAREE) A3 54TV 5. Figure 1 CHIESE) OBRKE O FHL2NKERE 90 FED
(BB S W OTRENDOALE) DTV TWDDIEZEDIZH Th D, KEMESE) D
JRIRNZ DWW T, ok BARIE 3 72 b BIOKIR ORMEIZ K DI BIEE DT A Y AKX v —%
FE 3 572 DOFEE (PGR, Post Glacial Rebound F 721X GIA, Glacial Isostatic
Adjustment)S EE 70 & E 2 R/ LTWAH Z LT > T b (e.g. Mitorovica et al., 2001)
2, BIIEOHEB) DM E & RE I ZERBMICHIT 2ITEE -T2,



Figure 2. Illustration of the possible causes of changes in earth rotation. The polar motion is excited
by the atmospheric winds, atmospheric pressure changes, ocean currents, and ocean-bottom pressure

changes, and so on (Lambeck, 1987).

1.3. MBS mESHRiE

MBI THIEIZA U 2 BVEVITEEHRA D2 725 L, LOD (length-of- day)
DEAL L MER) A b 72 & 7. ERHER IS 5 MEB)IRIRD /X T X — 2 56 PR EH A
Lo TRDDDON R TH-7=. Chao et al, (1996) (T LD LHIEET— A2 FOfEMN
10°Nm T 1 mas (X VA, #HF T 3em ITFHY) OREHLZ &7-6 1L, S 5I[THIER
D—HOESZ1us (A 788 1D 100 o0 1) ZBlesgEs L0y, LnLE
BROMIE TIE, Table 1 (2D & O ITBIRONMESCKIE OMAR, FHEEMEEDERICE
STHTERRS.



Table 1. Changes in length-of-day (LOD), and the magnitude and direction of polar motion
excitation due to eight large earthquakes (Chao et al., 1996).

Event T | I 1\ v VI VI VIII
(Mo, 10 Nm)  (270)  (75)  (3.6)  (1.0) (1.1) (1.4) (2.6) (3.9)
ALOD (us) —84 6.8 033 —0.10 —0089  —0.059 0.192  —0.053
¥/ (mas) 22.6 7.5 0.21 0.18 0.084 0.114 0.331 0.256
arg(¥) (°E) 15 198 160 110 277 323 122 129

Event names are as follows. Event I: 1960 Chile earthquake, Event II: 1964 Alaska earthquake,
Event III: 1977 Indonesia-Sumba earthquake, Event IV: 1985 Chile earthquake, Event V: 1985
Mexico earthquake, Event VI: 1989 Macquarie Ridge earthquake, Event VII: 1994 Bolivia
earthquake, Event VIII: 1994 Kuril earthquake. ¥ denotes the polar-motion excitation (vector).

—

Figure 3. A large thrust earthquake lets the pole move toward the epicenter (red broken circle).

— AT IL A IA T TR LT AK A il g o BoR R IS 5 WaESh ik, BIRSET 5
FEROMDNEIRO H I OTNIBET 5 (Figure 3). 2, HUEIZHE S B DR
(EEO T HBE) IoxtT20%& L LT, MEROIEMET— X > b 2R KICT D8
DFBENZESL LB NHTHD. 2004 A~ FT « 7o X~ HIEEM,9.2) Tlddb
Z BURE 145 FE G ANZAY 2.5cm By L7z Z & D3R S 472 (hitp://www.jpl.nasa.gov/news/) .
2002 FITH D BIF vz E B 2 GRACE (Gravity Recovery and Climate
Experiment) (2K > CEHNJORFRIZ(\LAZEEFITE 5 X 9oz, ZORMNOHIL
2004 FEA~ N T « T U~ CHERIZHE D HZ{ETH S (Han et al, 2006). Z 9\ o7
GRACE #2015 b7z RO BRI DEACAC, ASy 26 b, LT OAT XY il
J R ORRER) & FHE T 5 2 & 233K 5 (Chen and Wilson, 2003; 2008).
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HED OEMEE—A L FE2RT. QRSB THEEET, Yo 13 Y 5 R OBIES) O
RESERT. ZOFIEIL-T, HERREHDE) DR INIBBENL, 2010 4
FU (v L) HE (M,8.8) TIXHKE 110 £ J7H~% 8.7 cm (Heki and Matsuo, 2010),
2011 AF ARG AR IR (M9.0, BLUF AL HE & FE5)  TIRAGRE 135 7 m~
F15em ThH o722 ERHEER S L7 (Matsuo and Heki, 2011) (W34 & AbAR) .
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Figure 4. Polar motion (north pole) calculated for five magnitude-9 class earthquakes during

1960-2011. I studied the recent three earthquakes shown by black arrows



Bz in b, HIEKRIER /ST A — & OR8N L - T, IS X 2 uES) o b
ZHEZT-BIE4 £ T2V, Chao et al. (1996) (21D &, 1960 4£5 U HIFE (M,9.5) I
e 2 BRE 115 FE 5 A ~K 68em B L7 & Sd, £72 1964 47 7 A W HIEE (M9.2) C
t ALAR A HRE 198 FEJT A 23em #j L7z & B X BT 5 (Table 1). HIEROHRiES)
FEEREEBINFEE (ILS) 1T X DIRGIRTEGE 2 72812 1899 F1ThaE - TLK,
BUHIORESIZ 100 FEZBZ TV D (KL, 1979). LavL, HFPmeEIc L 2813
cm OB EIZHE 2 DREFE N7 <, BHIZIEE > TR (Chao et al., 1996). Figure 4
TN OHMEBICK DBEEBO PHIEA LB L2 D THS.

1980 FREZF b E o - BEEMREW T WL (VLBL, Very Long Baseline
Interferometry)<° 2 HIEKHINAL 2 2 7 A (GPS, Global Positioning System) 25 D5 £ i1 %
7= R L 0 B S & lc ) = L7z, VLBI, GPS Wo9n b/ E 7 =
— = N THRD BTG S DI ORIER R 24 JE LT, 8M7H 3 WoT B4
RELTWD., BITE CITFHEMIC L 28RN LY — B Z & oHiEko B B fixdh o o7 &
1 I UM (B 3cm) OREETRZOND LI >TWnD (L, 1994). HifE,
1960 =5 U HIFER° 1964 4E 7 7 A W HIED X 5 B KHEN A LI 5, TIUTHE D ik
BN B S D ATREME IR m W TEA D .

1.4. 7L — MESCHES miEENFhiE

HIER B B 7L — FRER A B> TWT, I EIERANMEE U TERE cm~ 13
cm FREOHETENNTWD., HEREZHER L TWAIWEOEEIT TRV L —
F3Eh < EHER EOBENF O SNSD. Eit 1.3 THLl 7=, B &M O biLE
O EZLE L7673, 2F 0, L — MEINIC LV BREIFH E IS Z LB T
BEns.

MR OBFESMORTEIL, EHRENOHETEH RS, 2002 FIZT AV BE RALYD
WFFEHEBA DS LA CHT B R 72 ek o B ) 8L A GRACEIZ L 0 sk O B/ B E T —
B % Y] IR CHUG R 2 L 9127 v, e RERE N BE DMK AERT 5 Z &M
X5 X 91272 -7 (Figure 5).



[ — mgal
-150 -100 -50 0 50 100 150

Gravity anomaly

Figure 5. The global free-air gravity anomaly map drawn using data by GRACE

GRACE 1%, A 450 km OMHLEIZHE A SH7z, HUWNMT 200 km BEiu7z 2 SO A
WO D MAfEY AT L Th 5 (Figure 6). 25 OHEIT, KEEOHEN LWV %
1B 3 % Low-Low Satellite-to-Satellite Tracking (L-L SST)Z 17> Tk V0, - ODOEZEM D
PERE L = D2 E % K-Band fIfE> X7 & (KBR) ([ZX - TEHAIL TV 5. S niz
KBR (% 24GHz & 32GHz @ &AW 2 L CTH Y 1 um/s DBLHKEE 25>, GRACE (2
X, EREEONEEHNERINTEBY, KKOBEIZERBECHELR KD L H1cko
TW5. D=L X —RAFAL Y, B S KEIEYUe & OIERAF T O EE N
HEHOTFT—ZZHNTH LN LD BWTEITIE, BEART Vv ML HET
AINF— BB LFX—LOME—ETHLOT, HELLEZHET S Z L TENYG
DELEPEMK LD THS. £-, GPS ZEHKAHHE L TRV, Fix X~ Off2EON
ENFH S TWS. GRACE OFEAIZ LV, kD% 2 L — Y HIEE(SLR, Satellite Laser
Ranging)|Z & 2 E /G E CIXEH TE 720 o 7248 100km & W9 @V 2S4S CHE
NG e T ORMEBZIZ 5 Z L NAERIC o 7.
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Figure 6. (left) Image of GRACE. (right) A GRACE satellite is equipped with the K-band
microwave ranging (KBR) system, GPS receiver, and precise accelerometer. This figure is taken
from the University of Texas at Austin Center for Space Research (CSR) homepage

(http://www.csr.utexas.edu/grace/).

15. XMAEROHHB

1980 4EAHITICFEL &7z VLBI, GPS, GRACE %50 I B 2 v 72 78
LB LV, BoEECHEROBEABREOFEMALT — 208 EoNn5 K92k, K
MR TIE, 2o OFHBHEMIC L > TR ONT —Z 2, £72boo T
UTD2o0FR%Ei#EiwT D.

1. T O RIS K 2 M sE) i oo 1 H v REPE
1960 -7 U HIEEX° 1964 427 7 A 71 HUE ClIH+ em ORGEE) N b o 72 & THI S
ZICHBED ST, YEFOBIHNGE TIIMmHICEL oo, FTH MM EMRE A%
(CHEAE L T2 2004 F A~ T HIER, 2010 4R U HIER, 2011 AEHUALH T ACFEpf i
B 3 OD M9 RHEIZ K DWEB ORI ZRA D, ZADBEIT 5 &, HED
K2 WGET OFhE O, #1D TORMFRIBIINC X 2 HH & 72 5.

2. 7 L— NEENIE O MEB I & K AFARES) O BILR
2002 HZHT D P B - E BT GRACE TR ON-EHRE T —ZIck-
T, MIERO 7 v — U RERFEDROOND L) ITkoT-. RUFSE T, HiEk
FichsFEHELTV— N LOEENSMAETE % GRACE OENEFE~ v 7 HHEE
L, 7L— FOBXICL5MEIOREORE I LmE2itET5. Thbz,
HIER DK AERBGER & bR L, 7L — NEEOKERGES~ O T 5 & E 'S
T5.
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2. HEICES EESHDRE

AREECITHIEEIC K bl S 4 2 s Bh oo [ 7 O BLINC K 2 B & s A 7o iR 2R o
w(ﬁ&é.@@%iﬁ%%ﬁ#&wokﬂﬁﬁgﬁw’;ofﬁ&#amtéMTw
L. O, MEIZ KV piE SN EE 2R 5720121, 2 b HIERRE IR
Z 9 F MHIE L CTHD BRI TR B 7w, ARAF5E Ti2m4$zvb7% 2, 2010
EFUME, 2011 FERACHT A FEEE O = BRI K S BOEE) OV TERAT LG
L7z, ZRBAREOHIL, BARMPESOFME (AHFaEE) o8, BUEaHRT T
H5.

2.1, MEICESEMUEEL

2000 ARICA Y, il 10 4E[1C 2004 422~ b 7 HI5E, 2010 455 U HiIE, 2011 4
HALMHIEE & MO RO ERMIZEN 3 DAL TND. ZAbITWTh b ibAiad s T
A LTEEME Ch 5. HEIZ X 2 BuEB) O FhE OJRERIZS>WTiE, BiglcET 5
BVEWVIZHEIEEFE S L 1.3 BTN, ZhEd b 9D Lt L <k,

1. Crustal uplift/subsidence

Mantle

Figure 7. Coseismic mass redistribution due to earthquake faulting (/)>JI[, 2007) .

LHABFICBNTHENTND &, MR EEREITITHEE - (EENAET, S5k
J& T oo FAANIEEE U NI EMET S (Figure 7). #EEa L NI 2 MO b HEOMER -
WLRE &, Mok - JFEMEIZfE O B A OB 1.3 BTl "EEHES 26726 L,
HIERFOENZ(LDOFIK & 72 5. GRACE I K - THID THUERFE 28Ul S iz
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DX 2004 A~ N T HIETH Y, Figure 8 |2/~ T K 9 IZF D RENELEITH 15 pgal
DOENFDTH -7~ (Han et al., 2006) .

Figure 8. Coseismic gravity changes observed by GRACE for the 2004 Sumatra-Andaman
earthquaske (Han et al., 2006). (left) Calculated gravity changes in pgal, and (right) coseismic
gravity changes observed by GRACE. Coseismic gravity changes are calculated by Han et al. (2006)
based on the uplift and dilatation derived using the DC3D subroutine (Okada, 1992).

2.2. HEITHEHS EEEN DTS &
22.1. KR - BHFICEHIEEBREE T DMHIE

HIER D W HY 72 B RGO EIL T v > B 7 —fuEdE) & FEEBEE OB be s L
T, KWFEHEAY OWEL# <. Fv o R7 —EBOEMBIAK 14 » HZ2DT, 12 » AJA
B OFJERES) & OTHIC LY 6 FJEH THRIER ORIEASERT 5 (Figure 1). 25\
S TFEWRE R 7 — uC B i 2 aEEh ophfd %, FIS RO, Bk (B8, 8
F, FKE) R EFOBESEIICILDHEDTHD (Gross, 2000; Chen and Wilson, 2003 ;
2008). O OENEITHEIC L DEEICHESTULT L/ anied, Zhabz |
SIRHIE L72V & RIS K 2 MEE) o ke 13k T & e

[EIBEHEK AR - JLVEBEE R — B R (IERS) Ofiftit L % —ThH 5 /73U RILHE DN
— < (http://hpiers.obspm.fr/) 7>&, NCEP (National Centers for Environmental Prediction)
DJE, « [ET—%#, ECCO (Estimating the Circulation and Climate of the Ocean) Dt
WIKETET VOO HE SN BES OFEEEN X v e — R TX 5. —&IZK
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RPN K 2 WUE E) o ph Al |2V EEN I & BRI B DAY, B & VIR S, KL
W NI BB TN T 5. AT, FHRHPACBI S o iEB) o7 — & %
NRYRILEDON—=UNOHG L, IROFTIRARL FETHEMZ RO, 512 Eio
KR EWHENZ X DO IEZIT 72 o 72, KL L 2 BEB O & EETH 5 3,
WSR2 T NIRRT Z 2 TIHEMIE L TWhRu.

2.2.2. #EIC K SmESFHEDE M E

SCRERTJE 0 O WRKE 2 1 < FaEEh OE MO E (BhEMR) (XRED T L TH 5. AR
FECITIE MM (BhlfR) OfLE (X, Y) %, TRE® Wilson (1985) OX&EHWTHE L
7=

’T [M, -explioc.T)M, . ] (3)

c

X, =

7212 U X3k B (xvy iy & £ ENFER, BEICE - 78R 50D, @ (BB,
TR OWF IR, M X ¢ TOMALE (xy B9 & N ENFER, BEICE - 7-E
FH), o IIEHEF v FT—AEE LT, o=2nF (1 +i20)TEIND. ZZT
Fl3F v FT—AMOWET 0843 yr', Q. 13F v BT —MEEOREELRET 100
&3% (Wilson, 1985). HUERIZ K D EMMBOBEN THE CHE - THIFICE Z 20T, i
FAR DR RINC AT v TROELE LTHNDIET TH 5.

HIERIZ X Dbk i3 ed T/hSWe o, [E kSt o B 5 72 DI IR IZ K - TR
LB OND M (MEIZED2ENEMOTLNH HI7M) IZEEZ Bl S,
Z O EOFHEEEICIER Lz, HEBIZ X » TEAEI K FEXIZIEHEOEFE M TH
L0, FEEITET TN TN, EMICITHEICE s TEUEENEIENRERThHoT2H
MTHD. MOE < FAITHIENRFAE LG CikE 20 TlER<, EOERICL-T
U HHEROEEHFAE D DIREDOIZD THSH. & DT, Figure 9 1T 2010 4£F U HiIFE
BT D EIR L E A &~ T (Heki and Matsuo, 2010). EJRE E N H KX <
B Lo fIZ T Cn s n, EoEREL200km 28 THD.

Figure 10 1%, KUFZETHE H = >OMEBEOHF TAT v 7 OB FTHEME K b E & &
DD 2010 FF VU HEERTZ OB OE) X Z/~F. Figure 10 © EEOXIX, WHuEEE
Pk o THoNTT— 200t E IR TH D, P L TEEDOKT, KKL
WEIC LD EEMEST S &, EBEEROEEN NS 2D 2 L E2rT. FEHIRKIC
LAMEEMIE LSO, TEITRRAEWIEICLDMEZH L b ELZT —ZTh
5. Z 2 TCHRADORD & E 'R T 70 DI ) ZF O - F5 R (root-mean-squares, rms)
ZHES. ms FREZLRDIFET—HDELOEDRKREL, WS RDEFET—2DIX
HOXN/NEINT EERT. s (TG TRD D Z ERHEKS.
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rms =

)

ZITXEMAWEET X OWVHMHE, xiXi BROT—4, n 7 — 2O THS.
Figure 10 D L6 =D FE TOROT —F %> Tms K72, %LU T D Table 2
(R

Table 2. The root-mean-squares values of excitation function and their decrease by taking

account of atmospheric and oceanic excitations.

rms (arcsec)
Raw deta 0.0405
Raw—NCEP 0.0272
Raw—(NCEP+ECCO) 0.0234

Raw data: rms of the excitation function from the observations, Raw-NCEP: rms after
subtracting atmospheric excitations, Raw-(NCEP+ECCO): rms after subtracting atmospheric

and oceanic excitations.

Table 2 75, WHEBOBLHT — X IZKKUC L DR OMIE, K& EHFEIZ L DO
MEZBDIKL TN Ems B/NEL 7o TP ZENRBRETE 5. fHiEEZIT-> TV
WT—Z L, RREBHEICEAMEEBRVIR LT —X O ms #4255 &, 50
FEIZNEL o TNDZ EIZRDL. 2D &b b IsEE) O FhiEt I o fie K 03 KR
ThHZENDLND. L L Gross (2000) T, @ﬁ%@%k%t%iﬁ#(@&Eﬁ
EH#) ThdHEBRROLNTNDN, WHEORBIIRKRUTLRT/hE .

ATECak 7= £ 9 I KRR & WEEIC ié%ti%é&fﬁEéﬂTwéﬁ:ﬁﬁEwﬁ
KEBNFIZ L DEN A EIZIEF L TE Y, Figure 10 TH. 5 L #HIFBKED 27 v 71X BIE

TRV, RETIE, BELZ LT o0 5ikz HvWT, 2004 22~ ~ Tt
&, 2010 4EF U HIFE, 2011 4FRALHHIERFOMGET ORH 2R 5. 728, ﬁm&%
D ZODOHE L 1960 HAITFAE LT 1964 T VHIFE L 1964 DT 7 A HEIZ K
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% MR EE) O T HIME A Table 3 (2737 .
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Figure 9. (top left) Coseismic gravity changes of the 2010 earthquake in central Chile observed
by GRACE. (top right) Coseismic gravity changes of the 2010 earthquake in central Chile
calculated. Yellow stars denote the epicenter (35.8S, 72.7W). White circle in the top left panel
denote the position of the largest gravity changes (~5ugal). After Heki and Matsuo (2010).
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Table 3. The magnitudes and directions of polar motion excitations due to five large earthquakes.
The 1960 Chile and 1964 Alaska are taken from Chao et al. (1996). 2004 Sumatra is taken from
NASA/JPL homepage (http://www.jpl.nasa.gov/news/). Values for the 2010 Chile and 2011

Tohoku-Oki earthquakes are taken from IERS homepage (http://hpiers.obspm.fr/eop-pc/).

T

Earthquake pole shift (cm) direction CE)
1960 Chile (Mw9.5) 68 115
1964 Alaska (Mw9.2) 23 198
2004 Sumatra (Mw9.2) 2.5 145
2010 Chile (Mw8.8) 8.7 110
2011 Tohoku—Oki (Mw9.0) 15 135
N {Raw . ( ﬂ' I “‘ L H \ ) N ;1 l | 20/ fChtlc EqM l
o i WM A AN N, il
0.1
2000 20l02 20104 QOYOG 20108 20Y1 0
g 71 o] F{aw—NCEF’I \ ‘ \ 2010 Chile Eq.
2 o0 —&hmiwdw“r g W“«\ Sy I “""M ””‘ My "“'“ i W,w’w pii g ﬂ“w\h [
g 014
l\ T T T T T
T 200 2002 2004 2006 2008 2010
z Raw—(NCEP+ECCO) ‘ ‘ ‘ 3070 Chile Eq.
S o1

-0.1

0.0 41'\W;},JMW'M‘W\}V\‘MW’WUI'l“'v"’”\"i“'w-“\»’m'ﬁW’WV"",M""#rw”wwﬁm‘“""*HJ““'J""MM\‘Mf‘ﬁ"*“ww"“'{'“”’;"“l’”'W‘W’T”VW* V’M MPU,, " "‘Mim"’-w* W«mk

T 1 T T T
2000 2002 2004 2006 2008 2010

0.05 A 2010 Chile Eq.

0.00 -

005 ] Raw-(NGEP+ECCO)

T 1
2010.0 2010.1 2010.2
Time(year)

Figure 10. Time series of the polar motion excitation toward 70W. The three time series 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
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the Earth’s surface.

2.3. HEICEES mEEDORENR

WGEE) T — 2 2 B4 DAV bl B & K& & MEEE O b & BrRU N 72 5% 0 138 Rk oy

LT U BB ATEA D NS, ETFEOMERBOVEEERS Z Lick
S THRE R 2 bR LTz, RICHEEE) & R 0 2 IROZIEA L HIERRE D 2 7~ 7" Tl
L, TNOEHE L. ZHEHAL AT 7 T7 40y MLEEEZY, T 5 &,

W =a, +at+at +a (5)

72720, tIFREEIC ag 1% 0 IRORE (BIEOA 77> ), ald 1 IROFEH (DK
%V/M,mizﬁmﬁﬁ AIHBERFO AT v 7 ThH Y, HEINIErOEE L 5.
2004 A< 7 HiE (Figure 11), 2010 427 U Hi%E (Figure 13), 2011 4FH AL HER (Figure
15) OEWITmSy &, TNENDELZRSr (Figure 12, 14,16) Z LU N IZ/RT. HiERy
DY % CTIFAEICOHRBNDITT THLH. HJBONTHERORT v 7O, £6
Z b MGEB) O FhiE 230N 2 2004 A < N T HIER A BR & Table 312”7 T HIME & FAFIAY T
H5H. LNLENLDOREFTVTAL TFHELARESHEI TS, HFICHDLAT v 7D
HEMETTTANLDERETAr—) 7 LTHD. YR EET R
(rms) TR D 5.

(6)

2L, XIEETAOME, xiZiFEHOT —%, nld7 — % O, a lZHEET 537 2
— X DPEThDH. HERE e ZRDDIITHBILHBATHI ORI ARG DOV — F & & 5.
Bl ZIZG)RTIE, "TA—F% 4 SHELTEY, HELIEAT v TDONRITA—FD
FmnnTholob &, HERE e IZULTFO(N)RUTRT.

e= rmsx\/a_n (7)

%ﬁ%aib\fﬂm&iém&ﬁ%iﬁz/ifﬁ@ ATy FITMEBNCHE B L IEF 2.
BRI AL B IZBE L i, B O T — Z BN 72T Z 0 X ) e HF PRI I e 1
REBZOND. FVTHOMETSEH, FHEERLEFMICHRBEDORT v 72
B S TH Y (Figure 12, 14, 16), Figure 11,13, 15 DAT v IHAHELBBRL TN D
=AY Y AN

WL, T— X OEFHER LTI, 2001 005 2011 3 ARECTCORT—X%H
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WT, HIERE AT FORMI AL (RO RS IER) (X THEE - B4 8 ik
I ERT A= L UTHERE L. SR L 27 v 785 L OUEE « LAEERS % AT 7
4y NLEEEW, L5 L,

W, =a, +ait+a,t’ +a,sinf +a, cosd +a, sin 20 + a, cos 26 + (8)

2720, agld 0 ROAREL, a3 1 IROLREL, ax 13 2 IROBREL, a3 13 sin ilisy DA 24k
DOIRNE, as VX cos 4 ODEFB AL OIEN, asiX sin 555 OYEF LAV ORI, agl cos
By DNAERB AL ORRNE, 0 13—F% 2n7 U7 b Lz & TR ¢ R TALAEA, B
FHIBEREOR T v 7 ThDH. MHPIZH DL AT v TOWEBREITET VD DIRAETAT
— V7L Thd. ZOHERZII(NDANPLRDTND.

XE)EZHNWTT ¢y FLEREREZER G &EEOER G M TOHERHRLEENLE
#U Figure 17, 19, 21 & Figure 18,20, 22 (/R 3. B EH WA L ik L TF —
PN MIEELL, AT v TOHE#RED HIZE/NI o 72. Figure 19, 21
W2 X912, 2010 5 U MR & 2011 AFE AL IR ICPE D 2T v 7O/ 51X T3l
LRI TH D, E-2010FEF IV HBICBITAAT vy 7OKREX ST FRIED 8 cm
(AT WS, 2011 A F AL HEE T FHME X D 2272 0 K& . Figure 18, 20, 22 27K
TEFLELZLF MO T, Figure 12, 14, 16 L FERICHEELRWVIZTO T v
IR IS TS,

1 Il 1 1 L 1 1 1 1 1
7 .

0054 2004 Sumatra Eq. i
[3)
o}
17}
]
S 0.00 | e
il ———— | au 1 2
0 .
<

-0.05 _15.3¢m +/— 20.1cm magnified 10 times [~

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Time(year)
Figure 11. Time series of the excitation function toward the epicenter of the 2004 Sumatra-Andaman
earthquake. 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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Il 1 1 1 Il 1 1 1 Il Il Il

5 0.05] 2004 Sumatra Eq. I
o}
17}
< Ty L e L
& 000 e ‘ \ i
=2 ———
7o)
l

=005 14.4cm +/- 18.3cm L

T | I T T I T T T T T
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Time(year)
Figure 12. Time series of the polar motion excitations perpendicular to the direction of the epicenter

of the 2004 Sumatra-Andaman earthquake. See the Figure 11 caption for the detail.
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Time(year)

Figure 13. Time series of the excitation pole toward the epicenters of the 2010 Chile (Maule)
earthquake. See the Figure 11 caption for the detail.

| L 1 | 1 L 1 L 1 1
. 0.05 2010 |Chile Eq.
(6]
L e L gty |
& 0.00 " n AR M . —~ 1 3
11}
o
(aV]
-0.05 10.2cm +/- 18.3cm i
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Time(year)
Figure 14. Time series of the polar motion excitations perpendicular to the direction of the epicenter

of the 2010 Chile (Maule) earthquake. See the Figure 11 caption for the detail.
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Figure 15. Time series of the excitation pole toward the epicenter of the 2011 Tohoku-Oki
earthquake. See the Figure 11 caption for the detail.
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L L Il Il

L Il L L Il Il
. 0.05 2011 Tohoku—Oki Eq.| |
b
£
& 000 i T T 1 — — -
E \*\ﬁ
2
-0.05 A -27.6cm +/- 19.8cm L
T T T T T T T T T T
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Time(year)
Figure 16. Time series of the polar motion excitations perpendicular to the direction of the epicenter
of the 2011 Tohoku-Oki earthquake. See the Figure 11 caption for the detail.

1 Il 1 1 1 1

2004 Sumatra Eq. L
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0
<
-0.05 _12.3cm +/— 2.7cm magnified 10 timest |
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Time(year)
Figure 17. Same as the Figure 11, but the model curves are derived by assuming seasonal changes as

well as quadratic functions of time.

1 Il 1 1 1 1 1 1

= 0.05 2004 Sumatra Eq. L
o)
7]
]
S 0.00 L
L
7]
<

005 ~10.8cm +/- 3.3cm g

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Time(year)
Figure 18. Same as Figure 12, but the model curves are derived by assuming seasonal changes as

well as quadratic function of time.
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Figure19. Same as the Figure 13, but the model curves are derived by assuming seasonal changes as

well as quadratic functions of time.
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1

1
2010|Chile Eq.

—  0.05 41
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Figure 20. Same as the Figure 14, but the model curves are derived by assuming seasonal changes as

well as quadratic functions of time.
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Figure 21. Same as the Figure 15, but the model curves are derived by assuming seasonal changes as

well as quadratic functions of time.
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Figure 22. Same as the Figure 16, but the model curves are derived by assuming seasonal changes as

well as quadratic functions of time.

24, FLHLEE

AMFZE CIIMES) O FE AR IR T 2 K& - WEE D Ry & B BRUN T2 1% O 1
TORhE B &, BRI RAE L7 2004 2~ ~ T HIFE, 2010 4FF VU HIE, 2011 4
WAL HIE O =S OWFERE RHEICHE D A7 v 7O 2 A 7. 2004 £ A~
N7 MR K& O 2011 4R BRI G RSP R O, BLAES R D GEB) 2 bt 3 5
KR -WHEICLDIMEZMELZERERNIOHEOLNIMEBR LV /NS, HIERKO
ATy TIEHBICHRE S oz, 2010 EF Y HETIIHBEBICES 27 v 71X
TR &V E TR SN, LA LAT y ZRHDIET o2y, FHRED
M EEARZFMTH ATy 70N H B S, & ORRHEE S o F iy
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L 60 FET 4L CORER 170 BEA W« PHNTHRFR 110 EEHW) R E o7z,

Z O JERNIHER PR ST X — Z OBLANG E O AR TldZe <, MBSO o &
TIDOREEN+ TRV LD, FlZIXTBKETEDREKOLENZEET 25
IR IEE T AR WD, R EWEEAMIE L725& 0 O & K RFHIR 70 B)
XERLTWD. FkKIX, GRACE IZ X 28 HROIZEDEALT — % 05 HliE
KOTEKEOEEELZHNTHIET 2 Z L2 K- T, HEICX 2 BIES O fFhE
EFRECEXLAEENEEILIN LA,

KBICEMAM AR BBE) & HEOBRICOWTELT S, Figured ¥ L5 &, Vi
TUERHE THRAE) < HFEITWF s R 110-140 ETH DH Z LIZKD< . #IEL
& 2 W IE B AN R 72 B 8 5 ) &2 R 7 2 & 121 Chao et al. (1996)<X°> Spada (1997) 73 BE
IZHEH L TV 5. Bl 21F Chao et al. (1996) Tl 1977-1993 4E DRI R CTH A L
e~ =F2—K50LLED 11,015 OMEBICHE S - MES) (L) N2k
M %, 36 fHOFEIZ/ T CEHFARHE TRD TV D (Figure 23) . T OFER, HiEIC
XV hie S BEE O AT, TR 140 FENICEI T HIEN R L ZWEBN S D
& Chao et al. (1996) IEf5im 2 TV 523, fcﬁ*’éﬂﬁffé &0 FRIEB) A B 140 L5 )

W SELHENRZ VO NI O W TITBHAMEIZE XS5 TR0,

HE I J:U%iéﬂé@@iﬁ@ﬁﬁ%ﬂ%@é%ﬁ*%bﬁ)%%Ké<E, Z T B
RTIEZRW. B EROLARIABFE DL B TR - 71 5 F v > BEES B AR, O
5-/J\ﬁﬁxﬁrﬁﬂff?”éki—ﬁ@itﬁ_ TAA L, ORI DL AGA B D F B

RN EDOEMICH DT VMENFEET 2 K EFERMEREICOMT 52 & & Kk
LTWb ERBPbD (Figure 24) . 7272 L HIERF O MR Z 8h X Z 40 & Ikt a) X (28
<HIEMOMBRET TH HM I N D o, MBI S BEB) O FhE b K FEMICE K
SNHZEEEBEZIZSW. ZoZEnb, BEEFHEV OBRAICE SR 60
FEHm (Z7Y =Ty RIFH) ~OER 10 cm FEE O K FEMIET Ok ic, HEIC
FE O MGEB) B > TV D AREMEIX 2 VW TH A 9 .
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Figure 23. The seismic excitation of polar motion (north pole) by major earthquakes for 1977-1993

in 36 angular bins with respect to the terrestrial coordinate system (Chao et al., 1996).

T HERER () Y UGKHER (GE%) ) MTEAUMR (M52 R7 4 LK)

Figure 24. Distribution of subduction zones in the world. Major subduction zones exist in
northwestern and southeastern Pacific, which may cause characteristic distribution of coseismic

polar motion excitation azimuths as seen in Figure 23.  (Gffi], 1997)
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3.  7L— hEBNCHES RN GIEEE)

AHFFEDO# A TIIMEIRICEH L TH LEREZE X, 7L — MEED R 3 2 WuEE)
DWW Tk 9 5. Figure 1 (£X) TrLU77ELDIT, WIEENIFFEEI Y OBREE A #f X
7RIS B KRNI TERR 60 JEHH (7Y —2F > REM) IZBEIL TW\Wb Z & R8I
bbb, LnLl, ZOKFEMEERNERE 60 FHMICBE) L TV 2D RKIE, #%okWE
WNBEERREZRIZLTWD Z 300> TWA N, BianRstE & a7 —8%T
T TRV, 22T, FEZBEINTORWEIER LS LT L— MNEBNT X 2 #iEk
DE BN (EEFA ) 5 2 L1k » THUEEY)S EORE R S 2 & qF
L THDHZ &ITLT.

1970 AEAREHIT, 1960 SEDOF U HUE A hisd &3 2 WHE R E KR IC > TR E) ¥
B &V D BN E 2 54720 (http:/wwwsoc.nii.ac.jp/geod-soc/web-text/index.html;
Kanamori, 1976), 1 EC/r L7z & BV, KEMBER O G RITHEORICIC X 2 MiEE) D
Ft K THOHEELRETED, £ 24 B THIRARZ K9 ITHURIZHE O ML)
IFHUE MR A B CHE SN D728, MUES) S KEMICERET 5 2 LIEB 2 bk,
Z ZTAMIE TR, T — FEBNIED T A Y A X i E A AR TTROVHTE A K
B9 5 Z L2 KD AKEMIER O RHE 2OV CTHENT LG 5.

BEIWCHEK Z RS> 7 ) —= 7 EDERFEIE, 7L — b LRI HER A2 AKEICEIK 25 9.
ZHIFHIER EOBESMAZSE (HEFEY), EMEMICIIKER R BES 2 6
o TIET TH 5.2002 F£I2HTH BT b7 HBLHIE R GRACE DBS5Z K- TAER
DEIJEFE L) —IEE TN 5 2 N HRD K912, Vo — Ve kEamE R
W~y 7BRHERD L9127 o7-. LA L GRACE DENEET — 216 7 L— NERHR
Jahd 3 % WiEE) A2 B S o 7RI 2 v E Tz e w.

3. ZU—IT7ENERELTL—NMEBHETIV
311. ZU—I7EHEE

WER ED 7V —= 7 EHREE, REEO L OE~ Y MAREFEORMS A 7 I 7 A
ERMLTWAER, BEEOLDIFY Y AT 2T ORWEIC L > TEHXZBNZT A VA
U HHERN N TR WHITE 2 KL T D E & X B 5. Figure 25 12 GRACE 12X 1
BFoNZ 180 RETOMER LD T U —= T EARE AR EZRT. 72751, FRE vy
DB ML TWD 2ROBESRDITIY BRNTW D ARKRE 2 ErIlT 52
LIZE-T, REEWSDZRVBRWZZ ) —= 7 EOREMGER L. 2R15 5K
F TORKRE IR Z B BRUO 72X % Figure 26 (2, 10 IR E TORKE SR 2 LY B
W2 X% Figure 27 12, £72 15 IRE TORS 2 LY BRUN 2 % Figure 28 I £ LZE LR
F. 72386 GRACE D7 —# (%, NASA ¥ = v MEEWIZERT JPL), 7 % ¥ Z K% (CSR),
RA Y HERW BRI S0 & o % — (GFZ) O =M Ttr Sh, BIELH LW\WF —Z 2801
LG, 7%V ARFENT =7 ETAB L TW5 (http://www.csr.utexas.edu/grace/ ) .
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—  e— s
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Gravity anomaly

Figure 25. The free-air gravity anomaly distribution of all the earths by GRACE, calculated using
the Stokes’ coefficients complete to degree and order 180. The C,y gravity coefficient,

corresponding to the equatorial bulge, is set to zero.
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—  e— s
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Gravity anomaly
Figure 26. The free-air gravity anomaly distribution of all the earths by GRACE. The gravity

coefficienst with degreess of 5 and lower are removed.

—  e— s
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Gravity anomaly
Figure 27. The free-air gravity anomaly distribution of all the earths by GRACE. The long

wavelength components (degree <10 degree) are removed.
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—  e— s
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Gravity anomaly

Figure 28. The free-air gravity anomaly distribution of all the earths by GRACE. The

long-wavelength components (degree <15 degree) are removed.

3.1.2. FL—FMEBHETIV

AT T, 7 L— MEENC L D EE T 2 HEE T 5701, 7L — NEB O
EHZHUENGH L. 7 L— NEBIOEEL, BEFEO T L — MEBITETANLEAET S
ZLENMARETHD. T L— NEBET VITEEH VY, TOMEE AN THRATLET
JUAZ DWW TLL I EIZIR 5.

EDO XD R OEEN G, (IIxET HEE A2 F LT VEE 2T 5 2 &
LR, ZDO7DITIIABOEEREH T HDLENH S, 7 b— NEB X EE S
DERY FRKEL ZFEFETD. —2HIE, —2o07L—F MNIIZBWT, FL—
FMEZAEEREL THO T L— K N OEEZROLEE, Z0LHR7v— MNE#)Z
FHXBEE VD, Tk L, HIEREES O~ > M2 ARBOETE & AR LT L— Ml
BAHIT LR, OB A ifxhET VS HRIIT L — MEBIC KX TBEILTE
0, AEXRHEE)Z RO DI O OREAELF T H MBI/ > TL D NIA iR EK
Liek oAy FARy ME, v~ MVIEENO~ 7 ~vB ER L, RETERLEZ
DOLEEEET ATV — NMIBEELANTA DX REMEZEKTS. Ry ARy FOAL
EAE AREEERE LT L — MEXHEB AR T 5 b D& Ay hARy MEER LW
9. ZOMIZ, 1oOT L— bOEBNIIEEY G5 7L — boE EEH - AEH OB
WZHY, 2TOT L— MEBOKBM CEYEEL) B el s Ko IgiEInb 0%,
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W)Y Y A7 =7 (no-net-rotation : NNR) R &EMEND. &y ARy hO L H 7%
BRI [EE A RET D HLENRNN, TL— FDESRST L — M+ 598 Ca
) ODEEREEDLT LE —ETRWED, FHREEEOFFEIIMEEEN G END &5
z5.

7' L — MAXHEBE T L O TlE, NUVEL1L (Northwestern University Velocity
Model 1) 23, 7L — MEXEEET L O Tt A4 Th 5 (DeMets et al., 1990).
RHEENET LTI, T U— FOEHREEENE v /2D K 9 % E L 7= NNR-NUVEL1L
(Argus and Gordon, 1991) <°, &> h AR v & FEHE|Z L7~ HS-NUVEL1(Gripp and
Gordon, 1990)3771E7 % (Figure 29).

75°N[J ' '
45°N—/ ~ \ oy > /_
A A A

0°N ‘ /5/2
/ 2\ ‘ -

ﬁ%;;( R /f K“*\\«,, R
N s e

ST ' S0°E 180°E 50°W | L

Figure 29. Plate velocities relative to the no-net-rotation reference frame in NNR-NUVELI (thick
arrows), and plate velocities relative to the hotspots in HS-NUVELI (thin arrows) (Argus and
Gordon, 1991).

FRoOT v — NEBET VL, 7L — b ORESEE)OEE A (A 7 —1 : Euler pole)
DONLE EAEE AR L7728 DT, NNR-NUVEL1 & HS-NUVEL1 {[ZOWTIZLLFD
Table4, Table5 (ZZ N F L RT .

FA 7 —mOEREZ (6, ¢) L, HinEEZze L3558, 7L — bOAEENY
Vv (A T7—_7 b)) Q BDEFRTE, HIEROF.LITHBW I EREE SR T
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wcosB, cosy,
Q=| wcosb,sing, 9)

wsing,

EEFTENHKS. FL— FAOIEA (6, 0) O A R HI11E, HERF LG
MEARICANIRT ML r EQORY MVFEND, UTFTORTETZ LAk s (HE,
2007).

v=Qxr

(10)

£, ridROEHITEREND.

Rcos6, cosg,
r=| Rcos6, sing, (11)
Rsin®,

AW TIX, ZOMENL 7 L — MEHEEIET VA nLEE L, EEOT L — MNEBO
WIS T 5720, 7 L— MNEEET /L HS-NUVELL # HW T 2175 2 & &3
5.

Table 4. The NNR-NUVELI1 Euler Vectors (Argus and Gordon, 1991)

Plate Latitude | Longitude w
°N E .

m.y.
Africa 50.6 -74.0 0.30
Antarctica 63.0 -115.9 0.25
Arabia 45.2 -4.4 0.57
Australia 33.8 33.2 0.68
Caribbean 25.0 -93.1 0.22
Cocos 24.5 -115.8 1.58
Eurasia 50.6 -112.4 0.24
India 45.5 0.4 0.57
Juan de Fuca -27.4 58.1 0.64
Nazca 47.8 -100.2 0.78
North America -2.5 -86.0 0.22
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Pacific -63.0 107.4 0.67
Philippine sea -39.0 -36.7 0.95
South America | -25.4 -124.6 0.12

Table 5. The HS-NUVELI Euler Vectors (Gripp and Gordon, 1990)

Plate Latitude | Longitude w
N E|.
m.y.
Africa -5.5 3.6 0.15
Antarctica -14.8 65.9 0.11
Arabia 16.8 18.4 0.54
Australia 9.6 41.8 0.76
Caribbean -62.4 -5.7 0.17
Cocos 18.4 -115.9 1.29
Eurasia -44.8 58.1 0.09
India 16.6 21.9 0.55
Juan de Fuca -34.8 60.0 0.95
Nazca 45.7 -90.2 0.46
North America | -67.2 -11.1 0.28
Pacific -60.2 90.0 0.98
Philippine sea -49.4 -19.9 1.11
South America | -70.3 74.7 0.32

3.2. 7L — MEENCH S REBM GBI END AR
321. ENRET—F2EEREICERTZHE
7L — NMEENZ K DB E) A AT FIEIIUZOE TS DO LR D, £TFEE 14
TL—MENRENZEBWT, L= MNEZHEDO 1L ET ) vy FOT vy 7230 7T, %
HENBE LT-HOBBEIZHA L CHLEDIMNERD L. HEK EOE &R I,
(mmm@%wbt7)ai?ﬁﬁﬁ%?%&wgkwb
Figure 30 ® X 512, 1 EIU S OFEKICIEES h ODKNA> TOWDEMEERET S, 2D
MEDNE Z LI X D2MBEZZOECHET 207N, ETENRETELWEDOES h
AT D LR H D, GRACE THBIHI S 58 RE 4

& RE= 2npGh
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(727120, p IZWME MR D HE, GIITAHER 6672.59x10™ m’ 57 kg™ T

b5 (BEFPFEER P24 4F).)

&3 % &, GRACE THLNT-EARE (m/sec®) 1OEID EMEORmS hdifibns.

Figure 30. Image of the 1-degree grid block with water depth 4.
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Figure 31. Image of the polar drift by the movement of a 1°X1° block at 135E, 45N toward the
north (left) and east (right). The red arrows show the directions of the movement of the block. The

blue arrows show the direction of the drift of the north pole.
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Figure 32. (left) The absolute motion of the African Plate. Red arrows show the velocities at the grid
points based on the HS-NUVEL1 model. (right) Free-air gravity anomaly distribution in and around

the African Plate. The Euler pole position is shown with a blue star.
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Figure 33. The movement and gravity anomaly of the Antarctic Plate.
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Figure 34. The movement and gravity anomaly of the Arabian Plate.
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Figure 35. The movement and gravity anomaly of the Australian Plate.
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Figure 36. The movement and gravity anomaly of the Caribbean Plate.
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Figure 37. The movement and gravity anomaly of the Cocos Plate.
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Figure 38. The movement and gravity anomaly of the Eurasian Plate.
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Figure 39. The movement and gravity anomaly of the Indian Plate.
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Figure 40. The movement and gravity anomaly of the Juan de Fuca Plate.
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Figure 41. The movement and gravity anomaly of the Nazca Plate.
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Figure 42. The movement and gravity anomaly of the North American Plate.
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Figure 43. The movement and gravity anomaly of the Pacific Plate.
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Figure 44. The movement and gravity anomaly of the Philippine Sea Plate.
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Figure 45. The movement and gravity anomaly of the South American Plate.
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Figure 46. (top) Gravity anomaly from GRACE. Long-wavelength gravity anomalies are not
excluded. (bottom) Velocity of secular polar drift excited by the movements of individual tectonic

plates.
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Figure 47. (top) Gravity anomaly from GRACE. Long-wavelength gravity anomalies with
degrees/orders less than five are excluded. (bottom) Velocity of secular polar drift excited by the

movements of individual tectonic plates.
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Figure 48. (top) Gravity anomaly from GRACE. Long-wavelength gravity anomalies with
degrees/orders less than ten are excluded. (bottom) Velocity of secular polar drift excited by the

movements of individual tectonic plates.
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Figure 49. (top) Gravity anomaly from GRACE. Long-wavelength gravity anomalies with
degrees/orders less than fifteen are excluded. (bottom) Velocity of secular polar drift excited by the

movements of individual tectonic plates.
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Table 6. Velocities of the secular polar drift due to all the plate motions.

ERRS

vk

0.3941 40.8 LTULVELY
0.3893 22.4 ~5R
0.3862 37.8 ~10RK
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Figure 50. Distribution of hotspots. ([, 1997)
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