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BIZNETRSDDRoTHRY, TOEDTL—FOBEXIZL > TERLE
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32 Z L LV, 24 E T, GRACE % H\\ 7= #iZE R (coseismic) kL ONHIEE L
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FEITINTWieho Tz, % Z T Panetetal. (2018)1%., H ASJE: D KR A 22 [
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%, —OHIT AERITHEIZ ) A ZAOREBRERERTDOHFHEEZ/NSLTDH7 1
N =N HITWZA 2 ORFFE TR 800~1600km D J) sy % /3
YRRAT 4 NE =T LT Z21To7cmThs, ~DHIE, ZNE T
HIRERr R K UOHER M0 2B L TE D, ZOE CIdtiER T2 & ¢
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DODBEICTH L, 2L T, ZoHIIWEESH CTEENBE L2 LICL VN T
HOEFEDNNEIR - BT 52 L THTOEADOEENENTHZ L THD,

1. HhEOREE- Kk

1 WRICHWENDNERIET I AN L ERAVISAMHLBEROER ROE
RIEBRDHRRVT ALLBSBEEREAENELOERNLRELL S,

1.3 HEihRICERRGTEHARNLEILLI=AD=X LA
HEATOE N EIZHOWNTIEZE K OFEE DA T 25 K072 T 7 VI E

L7223, Panet et al. (2018)1%. AL 7 KSEFEIHIBEOE D A RN SHET
TWEENAROZCDEK & LT TFO X S 2idfEaEB L Tunas(X2), +

T BAREN LK T L — MIIEAIAAL TODRKEPET L — R D AT 73

ﬁﬁﬁ«%loaﬁﬁgﬂ ATTRHETD, ZCKY KFEET L— MdE<L 7

. CHERO~ v MAVWEITEREIET D, EOMBEEENMITL, BEED

?Eﬁ@jv’jﬁa%ﬂwzéﬁéo



Panet et al. (2018)i%. ZOENZELZ L7256 L2 b DOIFE X245-330 km T
GOFEME 7= HE100 km., #1200 km D WrfE i 7340 cmlE EEWV 2 Z L ITHYS T 5
EEZ, TOZRNF—BEHEBEOMGITHE T 5 L8 4ICHYTHLE LTS

ERTL—+

| 2. FL—tOEE

\—{ 3. TR OFREE |

1. FL—tE3Io%5A | S

2 Panet et al. (2018) H'iRIBY 3. HERICEKBEITITEAARHEWLTIAH=X L

1.4 GRACE BNEHZAET HLHEA
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ABFSE & EHZBERIZ WA, 2018 4F 5 HIZ GRACE D%tk & LTS
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TV HEMy 8.8) & 2011 4FHALH T ARSI HIEE My 9.01ZBI L T % HIFR
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b SN T (Tanaka & Heki, 2014), UL>LHEORINHIAE 5 E
J1AELDZEAL I Panet et al. (2018)7% 2011 4= H kbR ICBI L CHE Lz b
DORMTH Y, 2004 FFA< T « T o X< HES 2010 5 U #IFE Tl
W S AL TVRLY,

Panet et al. (2018)1%, 2011 FFHALHI T A HIER O = AR, H
AYEHIR CE DA OEMNEE 722 L &R Lz, HUBRNCHRE 2 E A
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B, AHFFEIL. Panet et al. (2018 DINEZ B L, HHMZHEND D Z
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ﬁﬁﬂ%nf‘% LTHELNERETRT L & HIZ, Panet et al. (2018) DF5E &
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Level-1B 7 — Z |3t 2 M O RRRECIEEE . dE O R ) RE% 5 A
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FERT I VL B 7o iy & RS LB T 572, Level- 1B 77— X IZ S b IZALE
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2T =PRSS TEY ., —ROMFEEITZENLZAND Z ERLU,

Z @ Level-0 7—4 76 Level-2 7 — & ~OFEHT I LS o O£k % 72 1B T
{THOITH Y, Panetet al. (2018)1L7 7 > A ZEFH & o % —(CNES) » fiig
HrL72 RLO3-v1 7 — X Zffio TW\W5, 7o, ARUFFETHENT I Level-2
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2.2 GRACE Level-2 ¥—4hbE HQEEA~
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Panet et al. (2018) TiZ, b H A% 0 £ L L CHREHEI Y (2 130 FE[AliE L 7=
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RHEEZTEDNLTHA D, AW TH Panet et al. (2018) & [7] U5 A D K-
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Y \te ﬁé%ﬁ@M# DR INENN, — R EIZHEN - RO E S
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ZNAETRLT VY, 72 GRACE EOHEH A~ 2L S ¥ 5 b oiEEICHAL T o
EHIEETH D70, FILICELS OOEHEEICITE L2 BIERENTHV, Zh
5DFEFEDT-S, GRACE OF — % % HWTHIWZE I ORNTIE LI LIFsEy
MERNAET D,

Z OB EE A =7 ABETRA & R UMD A N —27 ZREB, K’
BOMBE ORI L ORI THRMNC TN TND Z SIS T 5, o TIH
U DA b — 27 A5 580% , BCREE &L > Tr7 7 7ICLIZBRIC, BE ¥
PEYPL L TEHND, ZORERIAEL I R T2DIZHW LI S HERIRE 7 1
NE—F, ZOZOTV 775 ZEAEU L TEINLDEL L TEF XL
ERNZRD, ZNEA N —7 AMEEPOBV RS DO TH Y, AFFETH D
T 4N —%H LT 5, GRACE 25 +43 22 & A KD IRIR B4 ClIfibimanz=
1T 72N T DARR BT ITHE R R E 7 4 V7 —E TR 72, Ko THER
PRET 4 V2 —13H 28U EORBDBREIIK L TR, £/o, BTED
fithRbRE 7 4 V2 —ITRRE L FAIFFICE S BV W T LE O /MR H D, K
e TIX 15 IR &L D @WVREIZ DWW T, ZIROZHATE PP EHD Bru
776
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GRACE X5 4 500 km OfuE 2 & [H L CE D ZFHH L TWD 72, Z2[H]
SIRREIX 300 km (Z EMRATHY . 2N LV /NI WEMATr— L OBIG %1
ZHDITHEFTHD, 202 L GRACE 7 — X ZEBI 5 ERED RN —
D Lo T%, GRACE OZEM S FRED R H K L7173 2&1X. GRACE 7
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AR T 572012 GRACE 7 — ¥ OfENT 21T 9 Beld, Bex 7257 4 v X
—Z W\ T, %’(iﬁ@%b\%iﬁ%)\%ﬁ'ﬂ I[Z/NE < F 5 (Gaussian filter, —FfH®D
low pass filter), J~< WS TWD 7 7 7 ¢ /L ¥ —(Zhang et al., 2009)
ZO—FE T, # O Gaussian filter & EWIRIETIZT TR AL BEICVILD
RBFETH D, 777 4V Z—%E ANTCHERICBIT 28N o

A U0,9) = i—’fzg‘;z(n + DWW, X1 _ o W {AC,m cos(me) + ASy,,sin(me)}PM (cos6)

LD, A M= ZURBUT 03Dy > TND Wy Wi (n, m 1ZZ0ENREL &A1) 0
Tr7 T ANE—=THD ., nomPRELBRIFEENESRMlEER L D,

2.5 INUFINRI4IL 53—

Panet et al. (2018) DEH) Tk 7= L 512, HLT-bOFIENMERERRD
MO—2X, low pass filter TIE7Z2 <. AARYIESHIEOE SRy 2 o K3 7=

DIZ, kK 800~1600km DRy Z T 5 /3 R/NAT 4 V2 Zffi L TV %
RTHD, AFFRD/N R/NRA T ¢ )L H —(T Panet et al. (2018) DAHIEIZ 31
HENTWDEN, SRR EBRTH 72720, FHHICEZEZ BN e E X0 F#R
Z 3R (pers. comm. HULKF MBI IEAT - BLHIBASE il o & — WP E/EE
1), FRICHESWTER LT-, 2Dy KRR T 4 L EZ—F i 2 & THE
N0 225 20 FRED A b — 7 ZAMFEOBEAPKE L 78D, R THER LN
Y RINAT 4B —F, W DA N —7 AMEEUZxET D30 KSR T 4 L
—x kT oHE

k= e X ql(mw)

_ Dx3
20000

tREND, 1L, D BRI A — (5 ENE 1400 km), m w=3 (U =—7
Ly MENTCHWOND/RTA—=H)Thd, kOEx I OB E L TRRLE
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23, 2011 AE AL HIE TR A AT E TD GRACE 7 — % DA% AWTIERR L= E )
RELDOIFRFN(X 9 TH D,

L7>L Panet et al. (2018) Tl 6 DD FEEDF X T CTHERNZE AR DO
EDHBRICR N TV D OITR L, [F DRI W TR TIER LT 77 7T
HIEE R D B AR OLEN I E > TWD EWZ5HDIEM 8 « X 9 Dbk 44
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Fig. 2 | Time series of the gravity signals at different stages of their analysis. a, Original time series for the 1,400 km scale, Az, gy gravity gradients
(GRACE de-aliasing ocean model restored in the oceanic areas; Supplementary Sections Tand 4.1). b, Time series at the same points, after removing the
annual, semi-annual and 161-day cycles. ¢, Time series averaged across the pre-seismic anomaly, for each latitude in the three considered areas, after
removing the periodic components, the long-term trend, co-seismic and post-seismic signals. 90th and 97.5th percentiles of the August 2002-May 2010

distribution: violet and pink dashed lines. Blue dots: December 2010 and February 2011 values; pink dots: March 2011 value
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Periodic components removed
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Trend, co/post—seismic signals removed
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Pre-seismic Co-seismic Post-seismic
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Fig. 1| Pre-, co- and post-seismic variations of the Tohoku-Oki earthquake gravity signal. a-d, Time sequence of the 1,400-km-scale g gravity gradients
in the local south-east-up spherical frame of unit vectors (e, e,, e, rotated in the direction Az,. They correspond to @ gravity gradients averages for 20~
55° clockwise rotations (defining the direction range Az,) of the frame about the radial axis (Supplementary Section 2.2). Star: 11 March 2011 earthquake

epicentre; orange lines: plate boundaries®; thin violet lines: Pacific slab isodepth contours®’, every 200 km (a,b) or 100 km (¢,d). Tectonic plates: Pacific
(Pac), Philippine Sea (PHS), Okhotsk (Ok), Eurasian (Eur); island arcs: Kuril (Ku), lzu-Benin (IB), Marianna (M), Ryukyu (R), Honshu (H).
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Coseismic Gravity Gradient jump
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Trend, co/post—seismic signals removed
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