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Real-time Tsunami Prediction Based on Inversion Method Utilizing Epicenter
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Synopsis

The present research developed the technique to predict the tsunami profiles along coasts precisely and
quickly based on the tsunami profiles observed at offshore locations. The inversion method was adopted

for the real-time tsunami prediction. Major conclusions are as follows:

e The previous inversion method was improved by utilizing the epicenter as a priori information.
Root mean square error for the estimated initial water surface distribution was decreased 10-70 %,
compared with the previous method.

e Numerical experiments were conducted in the area including Nankai Trough. Based on the tsunami
profiles observed at 5 offsore locations for 15 minutes after the occurrence of earthquakes, the
initial water surface distribution could be predicted with good accuracy. Root mean square error in
these estimations was only 10 % of the maximum of the true initial water surface distribution.
About the tsunami profiles along coasts, the maximum tsunami height of the first wave and tsunami
arrival time could be predicted precisely.

e How to establish unit tsunami database was clarified. It was recommended that the size of unit
tsunami source was 13.5 km square and that the shape of initial displacement of unit tsunami source
was a curved shape.

e Sensitivity analysis was conducted to investigate how the parameters such as the length of
observation time, the number and location of the offshore observation points, and the observation
error affect the accuracy of the prediction.

e Condition number and Dirichlet spread function were confirmed to be effective for estimating the
accuracy of the prediction even if the true initial water surface distribution was unknown.

Key Words: real-time tsunami prediction, inversion method, GPS buoy, epicenter, a priori information
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X DITE/NE W LRI, B O A HERE BT H A v
N=T g VFEORP—EITRE D X 5, BAIRIRORRE
EWMZDIZOBEICRKREVMBERD D, BEAENFETIE, B
AR D 11005 & & LT, 10.0km (/)N 2002) <2 27.0km
(ZH B, 2007) ZHEHAL TN,
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BNRIR DR E S OFERIRET D726, FAE: D BALE IR O
1 WOE &% 6.75km + 13.5km + 27.0km - 40.5km (G5
FHA X 1.35km @D 5 1% - 10 fi5 - 20 fi5 + 30 fi5) D 4 FE¥H
AEALEET, HEEROBEBMEEZER L. 1 HOES
2% 27.0km LA EOBEARIRCIE, KZiE<C3. 2 (1) T
A LR Rk & B T E e o T T, BRI S
A AL & 0 438 U= AR o AR IR & 4 %
BE, HALRROPATR L, ZORMERIZEEND
SRS T OYIA T B OFHE T H 2 B D . FIHIKAL S
i OB & HEE O —FFEPEFIREZE (BUF, RMSE
EWET) 1T XY, FEMEETHME L.

F-11%, 4 EOHEHRICEL T, BiEROKE %
EHELIEHAED RMSE 2R L72E£THD. Iy aNoK
FE, WIIKAL A O EAE D REIZ k%5 RMSE O E
IR THD. BAEIREZ KEL T2 L, PIHIKNAL A0 O
BIMIHK T L7z,

IR DL 0 A3/ S0 2004 4 FTHEE hHIEELE 0O
Ley, BALEIRO 130 E S % 13.5km 7> 5 27.0km (24
KT 5 & HBMENBEEICELT S Z &, 8 LUV (2002)
RZH G (2007) 12K DBEEFRICHK-SE, BAEIRD 1
WO S1X 13.5km GHEME TV X 1.35km D 10 %) 23
= L L7,

13O E I 13.5km OHALEF A AW 23546, e
JRskid 811 fH D AT RISy El S ddz. Feds, BALERIC
GENDETOHERLBEMTH H5E1T, BALRIRE



REKI - EHESR

B Lo T,
®-1 BALEIRO K E & & HIWIKALA7 O RMSE, #1317k

REAYAT D EAE D Fe RAEIZ %95 RMSE O & 452
o HALEIRO 10 0R S (km)

6.75 13.5 27.0 40.5

1707 4 0.127m | 0.199m | 0.304m | 0.384m
T e v (1.9%) (3.0%) (4.6%) (5.8%)
1944 4F 0.030m | 0.043m | 0.065m | 0.080m
A (3.0%) (4.4%) (6.6%) (8.2%)
1946 4 0.048m | 0.074m | 0.114m | 0.150m
P Vi (2.0%) (3.1%) (4.7%) (6.2%)
2004 4 0.009m | 0.014m | 0.032m | 0.032m
B (1.1%) (1.8%) (4.0%) (4.0%)

(3) HLIIE O LT RE DOt

HALIEIRZ Im R S8 CEALERR OGE 2 FNcE
BLTWDA, BARROKE ST T, BAERO K
EFREIZH TRAKETHD. ZHL (2007) ZIXLWH,
% < OBEIEBIE TIT AR IR 2 A AR ICHEE S Tn b
D, BAHRICEERROMENEENTLEI> DT, B
B DT 4V F Y 7T &) BALEEE & b
DWERE LT T,

T JER AR DHEE A B F A VBN A R L, R
AR & R ORI A R EE R < BB 2 72018, A5
TIHFERD X5 70 3 WotHim RIS AT IR & el <2 %
FHEEER L. ok, BT 2 AR O M CRETIR
B E LWL o, BALKIR £ 0 b IRV VEI A el S
Wi, ihiERIC B U 72 KR T, BT 2 BN
HRVED.

B-3 1%, W7 1 EOBALE IR Z ARk & fhimikic
fE L CRA S B EAERICE L, A GPS R T
B S N2 BRI O A =7 b E i L7 KT
B 5. AARRICHEL SE2GE6 L kT 2 &, mmRiciE
LU 7o B IR S 5 AR 9 2 AL HEIE, 1/600HZ 2> &
1/100Hz O JE R HH TR0 — & <, B BRRE D
MEEDNRAE L ooz,

R-21%, AR & dhmRiIcHi U7z BArisic B L,
WIRAL A DEAE & HEFEED RMSE Z27r L7=2#K TH 5.
71w A NOEEFE, FIFKNAL 5340 O BEALO i KAEIZ K2
RMSE O &35 CTd % . YIHKNAL 37 O EAEIC# AT 5 &
I, /N ik 2 AV CHALEIR O AT &4 HE L
.82 (2) THHALEZERY, HEREEE 10O
S 7% 13.5km @ 811 fED AL PIZ /3EI L7z,
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fAFEIR DAL IERE & bl L CHi R O MR RE X, 4 &
DB D4 TIZE L RMSE 23N &L, HIEIKAL A6
OHBFMENE - T-.

N
I
b
10 10° 107 10
FERE (Hz)
®-3 HNEIROMEELEZRE & BALE O F A2 |k
Jb (ZFh GPS BIREHT I T D 41)

£-2  HALIR OB TEZRE & FIHIKALS3 AR O RMSE, #)H]
IKBL G347 D EAB D Fie RAEIZ 692 RMSE @ 733

A, AL IR O M R
HITRN R
1707 4EBOFRFEE | 0.140m (2.1%) 0.211m (3.2%)
1944 45 B 0.030m (3.0%) 0.045m (4.6%)
1946 “F-F5 i 0.053m (2.2%) 0.079m (3.3%)
2004 FHMBEF | 0.006m (0.8%) 0.015m (1.9%)

3. 3 WMBLIEAUN—2a VvFEOREREE

5 FD GPS WRF S HIFR TS A% 15 3 ICEIRI 5 &
EREIEEZRA LT ®R LicA vN—T 3 U FIEI
LR T AT 7.

£-3 0%, BRMNEEZEEL KR LA A=V a v
FEL, BRMABEZE LRVA =T 3 U RIEO T
BEZK LUIERTHS. 2. 3 THHLZERBY, &
RN EBE LI FETIER (6) 1I2BWTg=e=05 L 72
B0, BRMEEZERLRVTETIE=05, =00 &L
7o TRREEEX, PIBIKAL A O EfE & HEEMED RMSE
TR L7=. 7> a NOETIE, WIIKRAL A D BEAED B
RIEIZXT %5 RMSE ODEGHETHD. £FEHET 1V 7
VAT Ly R (G4 V2L S FE) iIcBELTiE, 3. 7
THHAT 5.

7k, EREwRE U E Lo Gs (Thbb
ELEEE) X, X (6) AL ofREkATH
(H’H+&/ D’D+ e7F’F) 0T 7 NEAIROKE 811 &
DHNEL, AU R=Ua VRIEORIRES o Tz,

81:82:0.0




BRAEEFIH LicA =2 a UFREICED U 7V F A LT

£-3 BRUELZZEL-TELERVELFEH L2V
FIED TR O g

B ERMEY | BRAEE
HgE 4 Ere S Rl I
Z AE
0.530m 8.603m
RMSE
1707 4E (7.9%) (128.8%)
S 4% 69 1759
541V 27 LSPF 804 2775
0.119m 0.173m
RMSE
1944 4F (12.1%) (17.6%)
W K 82 1759
54 U7 VLSF 810 2775
0.268m 1.889m
RMSE
1946 4£ (11.1%) (78.0%)
A EEE 70 1759
54 U2 VLSF 803 2775
0.060m 0.081m
RMSE
2004 4 (7.6%) (10.2%)
A EEE 98 1759
541V 27 LSPF 819 2775

BRALEZBE L TR U PR, MK O E
TED T RAEIZHR LT 10%F2E > RMSE CHIBIKAL 4341 &
WECTET, BRAUBEZEZELARVWRIELHET D &, &
B L7ZF Tl RMSE 28 10~70%RE 12Hg/h S, Kig
WP RS EE S - Uiz, RS, IR AN RV 1707 4R 3R
TR WU R0 1946 A ra v AR EEI 12 35 C, AW
ERBEETH T

E-4~E-151%, 4 HOHBEEFICBET 2 8E TR O
BERLEKTHS.

B-4~B-7 IWIAKRA A OEME E HEEMTH 5.
D _EBAZIIARN A B BRI O EAED = o 7 — %, 53
%14y, 547, 1543, 30 Gy ORRCHiE L7z, K&
FERAGIFZN AR B OMEXHED lem LV K& Aeoiz
Rzl & B LT,

BRI OTROHEEREE T LT L b < 20D, Hil
IR DONLIE 13> 5 FERE IEMEICHETE STV 5. Halzilz iR o
TR OHEEFEE PMEWVEIR & U C, HER AR A~ E 2
& HATEIRR I/ h &S W &, IS EH 22
BV B DI T D L0 D SEBRIEWM BRI E L T
Wbk, BEZLND.

HERF AR 1S SR THEEREENZRT L, T0% 1
~2 Sy LA L Pl & SRATCE D72, KRALEE bk
FORNCHEM TR ZRET D 2 &S ATREAR I b 777E S
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5.

X-8, ®-10, E-12, E-14 1%, B-2 Dk =AHIT
A~ UToiRED 41 i & RERIEDC/R L7z 5 FE D GPS IR
FHIR W, B O EfE & TR A ik L2 FER TH
5. AEEI OB S FE IR -2 (R ENTEFICHINT D,
R[RETOBEEFHWXTRT &, 1~2 B, 3 KW NI,
4 1R NYE, 5~10 EEn, 11 85, 12~13 F)I, 14
~16 EIRWP N, 17 BT e, 18 (LOWE N, 19
~21 JR S, 22 [, 23~24 SLJEEET N, 25~26 KBR,
27 IR ESTETS, 28~31 Fuikil, 32~33 = EEHS, 34 (5
SN, 35~41 BRI & 72 5. 42~46 1X GPS IWIRFH TH 5.
X O _EBAZIEE 13 o8 Uik o e KAl 2 5 L 72, JRIE A3
Sem LT OWRIFHERT, IRIED Sem L0 K7 L
NEIFE Lo RIE, b7 ay Lotz Ko
BRI RN AR B B AR 2 ] U 72 . KL 2R B oD st il
M lem KO REL RS eno- A%, M7 ey bL
7o To O T BAZITHER A% 3 RER o HE i o 2
i & FHIME > Variance Reduction % #fi# L 7=.
Reduction 13 O—EKE 27 MT 2EETH Y, Kl j
(G=1~T) OBUAARNL Z i, TFRISNTZAKGLZ 5, LT D &,
X (7) TEFZEEND. Variance Reduction 7% 0%LL F D
BlE, 0%& A7p Uie. Mg Atk 3 e, BLIIKAZAY Ocm
DEFEThoMiAE, b 7ay FLARhoT.

Variance

ZT:(’L'_ﬁj)Z

Variance Reduction(%) =|1-2

x100 2

T

2

J=1

B S RHAHARFZEAT (2008-05-16 2[R) Ti, HEDE
— A2 T UV IVIRO SRR S B @ Variance
Reduction ZFJH L CTH Y, Variance Reduction 73 80%LL 1
O E E @ METENE, 50%% WBOEFENMNE, 20%LL F &K
METEME E Rl LT b,

B 1 I OERR KN B BRAAREZNL, & DR EREI
THIENTWD. 32 FORED X S1Z, GPS HIRFIT
ATRRE &N, D> 0% D GPS RS HIER A% 15
(S HEE 2 B9 D HSUE, 8 1 I OB O T DR RE AN
WZEV. Fi, BEEIROAEN H 2 R EMICHE S L
TN, HERERO/N S 72 1944 45 iR HE <0
2004 4 HUHEE PR ELIY CIE, KO ZEBNBRAAREA] o )
FEEE SR ISRV
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B-4 1707 4 5 VR R O WK AL 53 A7 O FLE B-6 1946 4P IR ELIE O WK AL o340 O FLAE (REY)
(BB e (TE) SHEEM (FE)

50 100 150 200 250 300 350 400 450 500 550 50 100 150 200 250 300 350 400 450 500 550

H-5 1944 AU TR OWIGIKAL AT OEAE (k- B-7 2004 4 HifEE MR HE O G K AL 53 A O Bl
B) LA (FEB) (BB CHfEEm (FE)
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BRAEEFIH LicA =2 a UFREICED U 7V F A LT

72720, HRRELHIRER S RS AR 15 oM & <, i
W IR OFIR OHEERE MRN8, 4 (8O HFREE DV
FHUZEBV T Variance Reduction 73 50%LA D Hi s i35k
RFREE UL/ <, MUBF A 1% 3 RER & TR %2 T3l
T2 L IFRETH D, FFIC 2004 4F FEE IR HITE L O
BA, HERAR 15 0 Tid GPS IIRF CTHo otk %
B TE T W72, Variance Reduction 23 &HNSIZE
WT20%LL FTHS.

X-9, ®-11, ®-13, E-15/%, -2 DEEE ZMAAT
RULTZIRRED 41 HS0 5 5, 5 FO LMK, 25FDOK
M, 32 FBDRBE, 36 ZFOMEFMGZ BN, HIEEEOEM
ETHRIEZRLIZKTH S.

3. 4 BHEFHINFAREICRIZTEZEDORES N

I BLIRIRER, HE B OB S, EER LA OFLE
TR ICRETHELZA S NCT D70, BESH 21T
7. K-16, B-17, R-18 1 LEESHTORER AR LTz
TH Y, Mg AKAL AR 0O BAE 0 fe KAB I 5619 5 413
IKALS3 A D RMSE D LR & 34

(1) AL REH)

EE LR 2 MRS AR 5 0T, 10 08, 15 4,
20 438, 30 45[, 45450, 60 43f & B &8/ T, REESY
Wrafroi-.

E-16 © &30, 1707 4FEWER R 2Bk < 3 o
MR T, BB 2 20 2KV E< LD L,
I BLINEERT IS U CRIKAL 534 > RMSE AMER L,
TR A LT 5. BB AR T2 &, B
F1ROETOMMEBRTE S L, WhEE BRI #
g - wmRAEL, £72, XY EWEEOBAEE A
NV a U RECHEATE 20, PHRBERR LT 5 &
Ezbohb.

7272 L 1707 4R GRS E R R AL ik, I LI &
60 /T E TIER LCH THEKEEICA 0 L3 Zen. Tl
FEEED ) B U722 ER i, B L 63 2 e BRIG H D
ke Lo B2 TR TH A0 EEZOND. IR
JRD IR 1707 4 g v MR I (S BV T e B iF o
RIFTEBPRKE WD, EEEBIRIE RO &EOHKIC
X0 EBREROFENNESL 2D EPREE XM L LA
V. E 72, 1707 AEFUERTEREER O X O ISR E
72 AR U IR A AT IR ORI RIS X o CIEREIC AT S
T EIEE L VWO T, RO AEE O A EE BRI B
THIRRE O A2/ S LTH, MK A OHEE R
ZDRMES D RFRT AR,

7R R E BRI R S OIE S, HUERIZ & - T A8
RTIEE A EEE BT X /o720, FIMIRAL 534G D HE
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EMEDS 0 125 %, MO LWHEEM L Y RMSE 53/
S D RENEDLH D.
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< 0.05 T
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® 003
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EIREARE ()

[~ 17074 - £ - 19445 — -1 — 1946%F — > — 20044 |

B-16  HEp B[] & 7 HIRSRE O BALR

(2) HEEBLRLA DS

AL OE SR 3, S, 10 48, 19 8 & &b s
WC, BIESHT 24T 7. BEEERLED 3 M oBGEIE, &
FRIHH - [ - BEIETIETR D 3 Eo> GPS WIRE AT L
7= (FRIEFIRE 200km FREE) . Ep @A 10 18 & 19 fH o
LA T, S E MR 100km 2 E 0 5 Hod GPS ERFF O,
50km & % VMg 25km £ OS5 MR CIEBIMPNCERE L7z i
BHIEBIS (K-2 o Atkh& AR ZfH L7z

H-17 0L BY, 4 HOMBEE S TITBWT, HiE#E
B 2 &, LR OIS U TR KNI A A
@ RMSE 2MEW L, THREEN M E9 2. Hp Bl
FRL LG LR, EEBREE I LS
A BIIEROE - B3 L, F£7o, L0 ZEkaHE
PR AA 8= g U RIETHEATE 2720, THIKE
A LT 5 EEZ HD. A HEERE RO & OHRIC
FEOVEBRIE R O BN/ NS < A D ATHENEIL B 2 28, HE
WM AR < 7756 X0 HEEEN R Z 80 L2 o3 T3l
KR X B Lod 0.
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REKI - EHESR

(3) BB R DR E

BN R OESZ S EICEE L $ T, BE ¥ —
VEEE EED, PREFY, HEVICEIIET, EE
S EIT o7, BEANAZ— 2B & 572012, GPS
BORFT OB 25km B2 O % [H IR TIBANAYIZERE L 72
AEEENR (B-2 oRkE ) 2R L. %50
B Cid, SRy - S50 - [y - R - R
D 53D GPS WiRFHAFEH L7z, BEHY OfdE TIE, 2
FRIRH GPS BiREF (R-2 @ 42 3F) 7»HEE A h GPS iR
F(B-2 0 43 %) £ TS 5 5 E DA EER B,
Y OFLE TIX, BIEMN GPS iR (B-2 @ 44 )
& A4 FBOTEMNCBEEET 5 2 WO ph G E BN s LU 44
FOFMBEET D 2 O WA EE RS, BEH Y Ol E
TIX, HATRH GPS iR (B-2 D 46 %) & 46 FDOW
MNC BT 2 4 @O GEEBHISZ, ThEnAuvi.

E-18 D &3 Y, 1944 4F HEFHEHIEREE S 1946 FRE1E
HEEE OBA, B IIR O ICHIE B A S & T
BURSEE X B9 5. Blx0E, 1944 4FRFHEHBEEELR O
IR RF Y & HE Y OEEEREOE < ICfET 57
B, BEY LD LHPREFYCEET Y OBLED TR, HIHIK
AL AT D RMSE 13/h &<, THIBENEW. LaL, 4
TE O HEER 2 4 U CRAUE, WEICEE T 2 508 THE
ElImneEBZz6nb.

725, 2004 AR BMEE P HUEENE X, EHE IR O
ATZVEE O % » OEEERIEZ A LGS,
RMSE 28/NE< 70 5. T OBERNE, HER A IR 23 iR 12
HOWGE LR, hEBIRLE CIE e A CEE A BT E
72N, WIHIKAL AR OHEEEA 0 1235, MihOB
LWHEEM L Y RMSE 2V/hEL eololzh, &6
D.
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HEAKAL S FTDRMSED L 5
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B-18  HEpeBi S ORLE & TR O BILR

3. 5 BARENTFAREICRITHEDRESN
(1) BN TR &I 8

-70 -

BUARR AN PRSI RIETHEBEHA LT 5720,
GPS B IRFHAMBIMI~ 2 EI AT, 18 2cm, Scm, 10cm,
20cm DHETA b+ A X% NAHWITFAEIET, JES
M&E1To7. 72721, GPS MIRFHIBLAIT 2 HMIEFIC
1B D (2006) ORILENEIINLDHDT, KUA K-/
A RZxF LT RIBRORTALBEZ S L C 2> & BURTE S I TP
~NZ 7.

X-19 1%, HIHIAKNLSIAR O BEAR O e RAEIZ 63 5 9K
P34 RMSE D e, BARRZEDIRIEDO R A R L
=RTHD. BUERIIE OIRMEA/N S W 2004 48 #HE
MHEE ARV T, R0 0 3 8 o H B EHR IR E A
20cm LA N OBLAIBRED B LT L A LT o Tz,

e 0.14
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gOJZ =Bt ————=8—————————— -
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S o010 |
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%0.08’** = — == —
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= 0.06 ‘
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BHREDOIRIE (cm)
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B-19  BLAREE & THIRSHE O BIR

(2) RARMIC R L 72 BLRIE & EoBIRIE O =2

AHFZETIX, BT A —E bt S b %, K
TR 2B S LCER L. K-20 1%, =7 GPS 7
A THU L7 2004 4F BEE T HER AR O HHRIRE &,
Koshimura (2008-05-02 £fR) DOWifg /7 X —& M HEHHE
ENTHERE LB LERTH S, HERAELIT
2004429 A 4 A 23857 3 ThHY, 95 H 0D 3
IRF £ C O & HilE L 7.

E 5
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& : g

& AH ik
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3 | R [ FEET
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BRAEEFIH LicA =2 a UFREICED U 7V F A LT

i E O ILITFZRITIT L L TORWAS, ERICEL
B &N HR I 42, BB X T A — 2 NS HE S - E
WAL TCHLEERORBEIZZRWEEZOBNS.

3. 6 SERIEMOEAMT TR B

AL T, BUANEIZ X3 5 B RIEH O A TR
Lo BEH (g=6=05) THz7/=. L»L, 3. 4 THLi
B L7 &30, HERABLIIRE ) 5 DFRAT S & 0 P
B HoBEITEIT 5 O T, EBiEM O BT RE S
FEFT SIS U CRET D2 L BRETH S.

Z T, 1707 FHMErE IR ENE 2k G, H AL
MRS HIFEFE A% 15 M & 30 D 238 W DEA TR
T, MIHIKAL5345 0 RMSE % fi/IMbT 2 ¢, & e, 0BG D
WRED L HITHR D HET LT,

®-21 1%, & & &’ 2Z N 0.01, 0.05, 0.1, 0.5, 1.0,
5.0, 10.0 (AL EHHIDOALE) & 284k ST REE T DOfE
RTHD. WWIKNGAHD RMSE % 2> X —TRL7T=.
HW B A ER AR 15 SRIOB AT =10,
&'=1.0 DIAEDOE T, ERBLIHIRF S HIER A% 30 43
MDA 1Te7=10.0, &°=5.0 DHAEHHE T, RMSE 13
INETp ot

fREMT S E IS L > Tl B 2 EAAHHREIT R /2 5 2 & 53
ERANCHER SN 7D T, EBRIGHR O EAHHT R B0 Foid
6T 2 FIEOBRENSBMLETHD.

3. 7 FRIRBEDFEIEZEDR

TS D FEAMEEE & LTI, WKL A DO BEAE & HE
EE O ZFEEPEFARFAZE (RMSE) 2 VW5 2 LR R
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