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Quantitative comparison of the 2011 Tohoku earthquake and past tsunami heights
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Disaster Warning System in Thailand through Enterprise Engineering Perspective
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Introduction

Identify, assess and monitor disaster risks and enhance early wéradrigeen set as one of the five priority areas of action in
the Hyogo Framework for Action 2005-2015. This study is a part of our research project on disaster warning process manage
ment analysis as well as Leelawat et al. (2013).

Enterprise Engineering & DEMO

Enterprise engineering is an interdisciplinary field focusing on investigating of each aspect of the enterprise, including a
business process, information flow, and organizational structure (Dietz, 2006). While most of the current modeling tools (e.g.
BPMN) cannot achieve the enterprise engineering princidesjgn and Engineering Methodology for Organizations (DEMO)
(Dietz, 2006; Perinforma, 2012), an enterprise engineering and business process modeling language, has capability to demc
strate the validity of some principles (Dietz & Hoogervorst, 2012). Thus, DEMO has been selected in this study.

Data Collection

(Primary and Secondary) Data collection took place during Aug.-Dec. 2013. The face-to-face interviews with the acting Direc-
tor of National Disaster Warning Center (NDWC) of Thailand and the Director of the Seismological Bureau, Thai Meteorological
Department (TMD) were conducted in Sep. 2013 through the semi-structured style interviews, together with the observation.

Findings and Discussion

There are 2 main actual players in the Thai warning system as mentioned. The case has been analyzed by DEMO. Accordir
to Perinforma (2012), th®rganization Construction Diagram (OCRhd Transaction Product Table (TPHave been created
to show the compact form of the system. DEMO shows its capability to express the sketch of the organization, together with
some interesting issues.

First, we can understand the authority and responsibility from OCD and TPT. It can be seen that announcement decision i
authorized to only NDWC (i.e., one actual warning announcer). It is a good practice because it does not create the confusion thi
may occur from many announcing sources.

Second, through the TPT, we can see the chain of warning message announcement, from monitoring information to seismc
logical information. It means that the duty of declaring seismological disaster and declaring warning is separated to different
actor roles which in turn increase the performance because each executor can focus on their responsibility works and increa
the accuracy since the seismological information has been confirmed by the initiator.

Third, by comparing with Japanese case, it can be seen that the warning system in Japan is mainly executed by one orgat
zation (i.e., JMA) while Thai case contains 2 main organizations plus other 4 monitoring organizations regarding to the aspec
of information. One reason is probably from the different government hierarchical structures which separated the expertise intt
each departments (in different ministries) in Thai case.
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A methodology for near-field tsunami inundation forecasting and its application to the
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We develop a new methodology for near-field tsunami inundation forecasting (NearTIF). This method required site-specific
pre-computed tsunami inundation and pre-computed tsunami waveform database. Information about tsunami source of an eve
is required as an input for the method to work. By this method, we will not attempt to obtain a reliable earthquake source mode
for an event. Instead, any available information about tsunami source such as earthquake moment magnitude, earthquake fa
model, or tsunami source model will be used. After information about the tsunami source is obtained, tsunami waveforms a
near-shore points can be simulated in real-time during an event. Simulating tsunami waveforms by solving the linear shallow
water equation on low-resolution bathymetric data does not take long time, therefore it is suitable to be used in real-time. By
using root mean square analysis, a scenario that gives the most similar tsunami waveforms in the database is selected as
best-fit site-specific scenario. Then the corresponding pre-computed tsunami inundation of the best scenario is selected as 1
tsunami inundation forecast.

The pre-computed tsunami database is built from thrust earthquake scenarios of simple rectangular fault models with momel
magnitude ranged from Mw 8.0 to 9.0. We arrange a total of 56 reference points along the subduction zone off the east coa:
of Honshu, Japan as the center top of the fault planes. The points are grouped into four depth categories of shallowest, upp
intermediate, lower intermediate, and deepest plate interface. The earthquake scenarios for each depth category have mom
magnitude range of Mw 8.0 to 9.0, Mw 8.0 to 8.9, Mw 8.0 to 8.8, and Mw 8.0 to 8.7, respectively, from the shallowest to the
deepest plate interface, making a total of 532 scenarios.

Sites are chosen based on their coastal geomorphology (i.e. bay, lagoon, isthmus) or location of coastal community. Virtue
observation points at which tsunami waveforms is computed are placed strategically near-shore, around a bay at depth of deey
than 30 or 50 m depending on the bathymetry.

We test the algorithm to hindcast tsunami inundation along the Sanriku coast that was generated by the 2011 Tohoku eartl
guake. To produce accurate tsunami inundation map, accurate information about tsunami source is required. We used sour
models for the 2011 Tohoku earthquake previously estimated from GPS, W phase, or offshore tsunami waveform data. Thes
source models could be available before tsunami hits the shore. The forecasting algorithm is capable of providing a tsunan
inundation map that is similar to that obtained by numerical forward modeling, but with remarkably faster speed. Using a regulatr
laptop computer, the time required to forecast tsunami inundation in coastal sites from the Sendai Plain to Miyako City is ap-
proximately 3 min after information about the tsunami source is obtained. We found that the tsunami inundation forecasts fror
the GPS (5 min), W phase (5 min and 10 min) fault models, and tsunami source model (35 min) are reliable for tsunami early
warning purposes and considerably similar to the observation. This method can be used to develop a future tsunami forecastil
systems with a capability of providing tsunami inundation forecasts in the near field locations.

F—7— F: near-field tsunami inundation forecast, pre-computed tsunami database, tsunami early warning
Keywords: near-field tsunami inundation forecast, pre-computed tsunami database, tsunami early warning
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An offshore type of GPS tsunami meter using QZSS and ETS-VIII satellites
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HHARERDRT D Tz GPSEUEFINDBIFEREIX, & 55 1AE\DEMNAHEL 725 GPSHINGTEDSE &, #5K¢
LTEYTIVEA LT — 22T FIE T E 2 EEDIER TH > Too MNIEOFERRICIE, BEFEROR B 22T
OKEENINGE 2R L U, i LD T AICB N THITHBICIN TE 2 RT3 THo T, WRFEOEE
WoiEZ NI 1Z PVD (Point precise Variance Detection methor: V) 5@ L, -0y O ERIHZS)ICIE PPP-AR
(Point Precise Positioning method with Ambiguity Resolutiai: 2 #3395 Z EWNENTH S C &7, ZElf 35km

ICERIE U Tz GPSHG AT RERE THEE LT & 72 (http//tsunamigps.copn F 7z, FifiadEfEIE &< 85 ZHWVT,
T A LT PVDIEIC K> TROFWIR T — 2 2 BE RISk B ERZITO, LT A SHEEEFIC K> TT— 225k T 5
Bt B L &5 TE 7294

MEEFICHIRO ) GPSHEET & 972121, PPP-AREZ 7 A L THEES B 2080 H 5, TDDICHEE (K
FHEHUEOREGER 27 A KD BT 2080 H 0D, TOFREE L THERIEHEISHE (AHUE] O LEX (L-band
experriment)3 SICHEEE 2R 5 C L2631 Uz, YERTEBED SHOAMICRE SN2 EEBZTE LT A TZETHY

AT LOWESLTEAUL, TR, THATEAEIC GPSHEGH 2B L7356 TE, &7 1 TR MAAIEAIC K 58
BT ATREIC 72 %, EBRTIE, E - LHFRGEOE EHES GPSBIIl T — 2 W b EBZHRE L, Ihe [ABEUE) O
LEX E5IC | CE T GPSHURTO 7 A L THMBIN TES X511 Uiz, £z, WNHEERIX, TEL 85 ZHVTH
ENENHIRIC BN TR RRISED, A2 =32 b TUTIVEA LT —=20N%{T> 1. EBOBRIBIFTH-
Teo AR, SCRIATHPPARANTREERTLE N ORI BIIZE (S)212210007CEENT WA C LICHIEZ KT 5,

1)H.Ishiki,et al. Jil}#h*# 2358, Vol.46,No.4,pp.253-267

2)M.Leos,et al.,ION GNSS 2008, GA, pp. 397-405

3) LLiA A, 55 57 [a158}:H#,2013,3D09

4) SFHIfth, 25 57 [15R4#,2013,3D10

F—17— R: QZSS, ETS-VIII, GPS#it, PVD %, PPP-ARiL
Keywords: QZSS, ETS-VIII, GPS Tsunami Meter, PVD, PPP-AR
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Long-term deployment of Wave Glider for a real-time tsunami monitoring system using
the Vector Tsunameter
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We have been developing a real-time tsunami monitoring system by using the Vector Tsunameter(VTM), in which we use ar
unmanned surface vehicle called Wave Glider, manufactured by Liquid Robotics Inc. The WG, equipped with both an acoustic
and a satellite communication modems, can be used to transmit data messages from the VTM to shore. In order to investiga
the feasibility for this type of station-keeping operation, we made a long-term deployment of the WG at sea area. We deployec
the WG on September 22, 2013 at 38 14.99N, 143 35.13E, water depth = 3420.1 m. We set 6 waypoints along a circle (200r
in diameter) centered at the above position, so that the WG trace the watch circle. The experiment had been continued until tt
WG was caught by a drift net and delivered to the Kesennuma port on December 6,2013.

The 75-days deployment of WG gives valuable information on the performance of the WG. As for the feasibility of WG for
the station-keeping operation, two problems become apparent. During the experiment, the WG sporadically escaped from tf
watch circle and drifted away following the ambient water current, and it returned to the circle after several days of trip. Four
excursions occurred during the first 50 days, and the total of the excursion period is 20 days. For monitoring slow activities
such as crustal deformation, this performance is acceptable. However, some improvements are required for monitoring the shc
period signals such as tsunami. The other problem is the reduction of speed over water occurred after about 2 months operatic
In the middle of November, the speed abruptly decreased to less than 0.5 knots and remains low until the end of the experimer

Based on the detailed analyses of the navigation data sets and inspection of the WG, we conclude that the twist of the umbilic:
cable, which connects the surface float to the sub-surface glider, triggered both the excursion and the speed reduction. The sm
size of the watch circle and the short distance between the waypoints (about 100 m) are main cause of the twist. The short distan
causes large and frequent changes of glider heading. Since the float can not follow the abrupt changes of heading, differenti
rotation of the glider relative to the float arises and enhances the twist of the cable. This twist of the cable increases water dra
to the WG, and the stress of the cable due to the twist inhibit the rotation of the WG. These effects reduce the movability of WG,
and the speed reduction start the drift of WG following the ambient current motion. The twist of the cable mainly occurs while
the WG follows the path along the watch circle. On the other hand, during the excursions, glider heading is fixed and rewinding
of the cable was observed. This rewinding reduces the drag force to the WG and assist the WG in returning to its home circle.

Extreme reduction of the speed is observed after 2 months of deployments. Inspection of the WG right after the recover)
indicates that the propulsion system of the sub-glider had been working well until the end of the experiment, whereas the
float suffered by the biofouling of eboshi-gai (goose barnacle). The biofouling seems responsible for the speed reduction, bu
theoretical estimate suggests that the hydrodynamic drag due to the biofouling is not sufficient to explain the observed spee
reduction. The twist of the cable and the biofouling both contribute to the speed reduction. These analyses suggest larger size
the watch circle may improve or solve the present two problems of the excursion and the speed reduction.

F—T— R E, BEEE, U 77V &2 A LE, e
Keywords: tsunami, tsunameter, real-time observation, seafloor observatio
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GEONETY 7 )V Z A L@t A7 L (REGARD) DZ[EHS
Enhancement of GEONET Real-time Analysis System for Covering over Japan

AR B U s R L e BE Y ORE 1 T A L R SAKR L R BESR 2 T AT 2 S 2 HEY
/Lj(z ; PR {E#g E‘%‘RE{E?’

YAHAGI, Tosh|h|r01* . MIYAGAWA, Kohei! ; KAWAMOTO, Satoshl ; OSHIMA, Kennichi ; YAMAGUCHI, Kazunori' ;
MURAMATSU, Hiroki1 ; OHTA, Yusaki# ; DEMACHI, Tomotsugd ; MIURA, Satosht ; HINO, Ryot& ; SAIDA, Yuichi? ;
DOUKE, Yuki?

UE R, 2 AR AR AR AIZER), 3 B Dkt
LGeospatial Information Authority of JapatGraduate School of Science, Tohoku Universitfitachi Zosen Corporation

[ - HFE R T3 2 ENCH) 1,30055 00 GNSSHifHEIIfER (FB1HMEN) #ik 1 Hz %> 7)) 7D GNSSHifiEH
WEFEEL TNWD., T—2EIFNUTRE TEROHI—HO Y X7 Lk GEONET (GNSS@%’%@E@U“/Z?L} EREIN,
GEONET T8 b N7l 77— Z LM R, B E DN EOFUEZE D 5 OB 46, SfEERfY—¢
AEDIBIENDETHHAINTED, BB ESXZ 242 T7570—D2L LTOREZEHS TV 5.

BisSTHIC BT H, TNE T GEONETIZHIEE DA LTEENC A 5 R Z B OMHE TR E AEHMER 2L TEHD, TFiK
23 AR HEEE (Mw9.0) #&1Cid, JEEIAHNEER I K 0 #EE & N7 IR AR E 1% O MR AR DN NG 72 -
Tl ez E A, KD EEEOEOEFERIIAMEAOFHZHEIC, GEONETD Y 7IVE A LT —2 =2 VT iR 2
G T X 2 SR O BIFHE SR DWW TR E R AEAFEON TR LT ATH 5.

COXI Y RzEE 2, BB T, Rk 23EED S HILKZE & DGEZED R, #ilz7% GEONETDU 7 )b
2 A Ifi#T s A7 In (REGARD: Real-time GEONET Analysis system for Rapid Deformation MonitoYirfg % 7 s T
*7-. REGARD T3, GEONET TN T NzT—%7% RTKLIB 2.4.1 (Takasu, 2011 ZX— R & UTfiffr > ¥ > Tl
B L, RAPID 7)LdV XL (Ohtaetal., 2012 XIFBZHEE#H (Kamigaichi et al., 2009 7 W THRATE N7z HiER R
WS BB U OZNEE A& U CHIEWEE 7 IVORIHBIEHA (P54, 2010) FIITT BT LT, HEH
MEEEINS.

SRR 24 R B G H S 2 T & Uz 143BIIRIC X % 71 b &2 A1 ThEBRFE Lfiﬁﬁ%@b@éﬁﬁﬁﬁﬁﬁ IS %
& &1, GEONETEARICHRAE UToHEAED KB ER OB T — 2 F2FH Lz > A7 LORE IiHii 217> T X /2.
—flE UT, R 23 ERALHTACE B O — AT, #EESNZHENET TV E CMT L DL TIENIE KR T
ANZXLCETOERIIHZ DD, HIEFRENSHK 35T Mw8.9 ZHETHIRETH S T &, Mw7.5% a2 FFEOH
EOLAITIE SINEEWMEL R O HEERENE S 2 Z L ENHL M o Tz, PR 25EEICX, Ta &2 A TV AT Lk
N—RIZ, APz RE OB FRAESICHIRT 5 & LB, e A7 L% GEONETHRFGNT “HILT % T &5
KON ENEGD TR RERIGY AT LR U, £, #RE 7 7 A ERCSORSR T 7 1 VS % O L 5k
HBEIC DWW T HBIMTIHEL TS, AT AT LITDWTHERK 26 4F 4 A AR I 7oz g LT 5.

AEHE T, BEOBNT— 2 5585 NIMGHE R K O 2ER IS AT LOMEZHRET 2% L& &8I, FEkmyax
PEHRADTE I AU 72 B0 FHAREREIC DWW TIHRE T 5.

F—"—F: GEONET,V 7 )V ZA LF2 T 1 v 7 GPS,U 7 )L A L\
Keywords: GEONET, RTK-GPS, Real-time
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?Eﬁé?i?lﬁf»? —ZDHNERD B NT Pz F T 20 L1 SR LT ACE AR EL
V3Ial—vgV

Tsunami inundation modeling of the 2011 Tohoku tsunami using the source estimatec
from the offshore tsunami records

55 2 1 ks GE L e &7
BABA, Toshitaka* ; TAKAHASHI, Narumi! ; KANEDA, Yoshiyuki!

" R SRS
LJAMSTEC

MEBRLES OB RV, EHE T — Z ORI X 2 HRO Y 7 )V 2 A LWHEENBHEM®ZH U T &z, AR5
T, FEROBEERADISHZHEFIC AN T, MEHIET — 2 DI SHEE S NI HREN EUE EREE X S FE LD
WK Z BT 2T DWT, 201 LG AR DY 2 a L— a U SMGET Lz, Hil I 2l —
T a BV TE, PHRIEMME T —ZDRDA 28— 3 URITIC K > TRO 57z Saito et al. (2011PE D%, B/
BERIIEFHEITY Y b 2R OREDNHERE N TV S DI B R E Wz, R AT 1 YT TR
X 0 R SAEFEIC D > TIR RIS ZE R D REZ 1T, LG PR JE R TR SRR 1A 2/9%) () 5m) [EBRODKS
FREGE LTz, iz, BHR/KGHREICHE O TR LN ERREE L TRBEINS A RINTH 2D, T TlEE
DIRGEIAS T2 L TV, EMIRE DX HRFIRE L THRICE T 2ic Uiz, 2Dz, K
BOFRENIREEL, & ©ICH CEZ Wz, TR I HEERRE D BAFE U7z JAGURSZ i L 7z, JAGURSIZ MPI
& OpenMPIC X DL ENza—RT, 7 I9AZAVE a—RERHVT, TTTHD &5 R ABIKEIE L BFNZ
R THRAZ T ENTE S, ULEDRAF— L TR INRKIRKE A2, HERICIHNE X NI SR E ORI &
g U7z, Aida (1978)DIEEBHIIEIETH S K & k ZHIVIUX, RKETIC KB HFEOBERMIE K=0.97, k=127 %
HEN5, GEETIVZYNE S hOYIWSME, IMEREMNEZ AW E, 0.95<K<1.05 HD, k<1458
N, AEOFHEET VI DMz Tmichilz Uz, fEk, Bil#EZ HOIZHE A > N—2 3 VTl Mg E R
IATiE URIFTINGHITIE OB 2 20T\ &, T, MHEOISEREIC K D BEOR AN Y Z25tek T & 3I1TR
I RN T/NERIRIBIC R 2 T B D BEERZ & I ENEZET TV TCIEMEZ S E<{HHTE RV
DD > 1o ABIZERIE U T, BEKER R EMET—ZH 5RO ENTHIRIZZ O X S MBI RL . SkEIcH
WiRkETFHTEZLEZ SN,

F—7— R 201 1F HALHIEE S, IERIE 0 s E, > X2 b—> 3 >
Keywords: 2011 Tohoku tsunami, Nonlinear dispersive theory, Simulation
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BIIKE CMT fi 2 R U 7z 8img 7 27 7 O BIIRFER AT < A 7 L
Real-time tsunami simulation and visualization system using rapid CMT solutions in

Southeast Asia

R Roh 1 i wZ 1 BB 2 2 U — R by o il gt
INAZU, Da|suké* : SAITO, Tatsuhiko ; KUMAGAI, Hiroyuki ? ; PULIDO, Nelsor ; FUKUYAMA, Eiichi !

L SERLA BN SE T, 2 S R
INIED, 2Nagoya University

AV RRYT « T4V EVEETIEEZ L OMENREL TW5, FiSSERARIRIZSAT Tld. BMKG (£~ RX¥ 7).
PHN@LSC74UK/)cwz(hf/)&t&&%u AV RRTT - T4 U EVERICBNT, 28D T km
MIPR) AfrHERHC K 0, MEBEFHO) VIV EA LT V7 RfToTHED, HERAE L LB ICEIEN (SWIFT
> X271, (Nakano et al. ZOOB ICK D, EiE - CMT @ZEIEHEE LT 5, KR, B RHIEOBICIE, HEShcinZ &
B ESRZBEETRD 10, BIRFN A i « ThssEd BEN S,

ﬁ&u W7 7 I 35U 2 BRI ARAT « TS AT LR L TV 5 (RREIE A 201312242 . B T
UTRO—HOYIal—yay - maf{btEZF D THERITTEVATLEESTWS (1 ~4), fi#H « TRIORHMA .
HARMC, HEEREIIT — X 5 CMT @7 BIRHEE U, Z OfRICIED ZEEWE T 7V CEIEOYIIER 5 % . Z D15
BB B K> TRD T 38D TH 5,

1) SWIFTY AT LICK D, CMT #HEERRDIAER (FF), B, Mw, AT ALEE) &35,

2) MW IR U, A=Y Y JHINSHEREDNE - EX - XD EEZ52 %, BETHORXSOZ0RSNS, Bix
A —10) VFRIERW., EEOMBISTA—2%15%, CCTE. 5 MwIHL., IXRXDENRRKEN - /hEW (D
F 0. WIEEHEIED « L) O 2FEHDINT X— R BT 5,

3) BT )WHhy TR DE, AAZ XL 2 BEOBERMDPETENE DT, 2HEHEDO AT —1) Y JHIE WL, &
B L U T 4380 D215 %, Okada (1985 ICHDE, TIN5 418D DI8T A—RZNF U DN THIERZ NI %
AR %, TORE SHEZEMOA TR, KRN & EEERIOICE D K ETEM, BXU, BIRAEIDKEIC
BRI /KPR ERENREZR L, #% (k0D OWEZ G2 5N5 K5I LT,

4) 4@ OWIMEICEDE, ZTNFNREY I 2 L—v a3y (B2 WIEERETIV) BT, ¥ zv—
varvikedlc, ﬁﬂu&@@ﬁm@ﬁﬁ7/7&Tbﬁibtﬁk%wééﬁ RV OTHIEZTTS . Tz, V2
L— 3 UHEL B E TR T &, ZOHE. mKEEEOEE~ Yy 7 - @rﬁ&f®777&a%iﬁ
td %,

FRETIE, BRNEEEFHNCIBN T, ERdOMERETIER LTZX - Bl & Z2 79 %,

F—U—F: CMT, ik, AT
Keywords: CMT, Tsunami, Rapid analysis
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R B OO IE A & DBECRDSBHME R B Y) 7R PR _ _
Proper scoring systems with definite connections to information values of tsunami warn-
ings

o2 1
HAYASHI, Yutaka'*

e
!Meteorological Research Institute

Wilz e PITFEZEA U T ERZERICKET 21, PREEZEYNCTMT 25N FEE L, i TFEzE
ALTGBRICREENE THA 5 THMORARR (Ra7) WMERFEICKZ THMOATT 2 kA% T L MBS T
HB. LU, TOFEMZITT FIRZRE CHBEEROMTFEMNEA SN EZRIT R, TNETAD, BHEEHRZR
M BEYETTES LN TR,

MDED DS EVDD X S ICHROERZ NS E T 2 fHETRZ NG E Ul BE T, KB TILL b
N3L 0K, FHEZFR UGS OAEND OMHEL TN SNz 0D %, ZDRE, FHFIHEDEHSRIC
HABMEIAR (O LiERRFOT A (L) 1S9 280HB% (U) BT, BIRHE % & TlE NN TR
BEDEET D, Tl THOMEHNROIZA L/ TBAETIVE LT UC)U(-L) 12 DWW T Hifl 7 iR 1 ) Ar 72 K
ELTWS, i, 2 TPilgty b IR IE—EBR) OHKOGEMONT, TiRDOFENDHD (IH N,
THDOFENAEL (ZHRD Ny, THRELENRSD GAEL N, THALENREL WH Ny OSHETHS 4D
OFEZRCHTEDH T, RAT7HEHEND, HlZIE, AFINVATT7 (ETS= (No-K)/(N +Np+N.-K), 727ZL K =
(Na#+Np)-(Na+N)/(No+Np+NANy) DT DK S S REETH %,

AWZE T, BEREROEROMERICE - BB EH TSR T 21201, URORTOEM il 3 s s E
HL7z,

(1) Hpe e U 9Eiiia L OB IR ATREZR 72D Ny ZHVWEWRA a7 THhB T &,

(2) R D © DA THRAAZE DR TR RIS & WS REREEICHI L TWEY, F2 T THAAZE. &#
NS O OLGEIE, WRZIS EISRWVO ZDOFREA HEC, FEEHRE LOLEE. BICHRZIL RV E
T %, WHOZELER, WREZHSHRX U-C), MR THAM KL E I UML) &3 5%,

(3) THFIHE X, BHMOZEHRED % (FAR = Ny/(N,+N,)) OIIFHE, KT, U-C). U(-L) ZHI->THH . MR
(E,(U)) ZiwAIbd 2178172 IRNT % &0 5 GENAREREZ T %, ERZENIL E.(U)=FAR-U(-C). FRZH5 %%
FNiE E,(U)=(1-FAR)U(-L) TH 2 H 5. U(-L)/U(-C)<FAR/(1-FAR) Z i 7= B IE R R EZH S 72 W T HVEHNTH %, T
N, ZHRO BNEWNIZE, TSR THEMNEE TEIMADNKEVIEZE, o, XMRZHS T & TR ANV NEWE
EL BRIIEHINPTVWC EEETIUELIZEDTH S,

(4) RERERD U(-C)U(-L) DFEREEICDOWNT, (a) —FEET IV f(X)=1,0< x< 1. (b) D ET IV f(x)=2-2x. (c)
HABINE TV f(X)=2x D =MD 2 IRET %,

(5) Aa7IFEROERMMEICLLHI LIz T 5, TT T, THAHAED ) DLBOITEIL T, N +N, [FIOZEH T,
FERZE > TROFITHEATIA L XRICE LA O GE 2 (4) OIS DOWTHD LIz D% AU & %, B
1FE LW EICIZER-UGL) OHZES DT, ZNTEH -7V =-AUI((N,+N)U(-L)) Z EHRbE & &S %,

FEER. (@),b),)DEETIVALENMB X ATIEFRDELD,

@M 5IE. V=ENL2/(2(Ng+Np)(No+NL)) 215N %, BNz T NNy B D NN, 551X, ALy hXa7 (CSI
= No/(Ng+Np+N.) ZHW T, V = CSIR & TE %,

O 51F RRELEM = N (N, +N,) Z VT V=(2/3)(1-FAR)(1-M)(1+M/I2)h 551 %, R LIV WTH (N.<N,)
TV = (213)(1-FAR)(1-M/2) L 75 5,

() 5. V=(1-FARP(1-M)3 W55 N5,

COEIIC, BlARAEE, SEMEICK->THAZ AN BRATTIICEDED S, s KL S
BT, MULTRFEZERNT 2XREC MDD D, KETE. TNHHGEO BRI TOFES
wam Lz,

F—U— R AR EGR, SHENARERE, A B RAETIV, A7, ZfHTR
Keywords: binary forecast, cost-loss model, expected-utility theory, rational decision-making, score
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RAR LA4F (184 3V M EE AL DIRK & 3 _
Tsunami height distribution of the 1843 Tenpo Nemuro-oki earthquake

HoE] A Y ML A 2 KA G 2 AR 52 2 JRUN S 3 AR VEL S WEMI 5T 3 RS BETT 3 BEA BAR 3
K 1§ 4 SF 02 °

TSUJI, Yoshinobl* ; HORIE, Takehitd ; HASHIMOTO, Keisuké ; SASAKI, Takayuk? ; MABUCHI, Yukio® ; OKADA,
Kiyohiro® ; KUROYANAGI, Yousuke® ; OOIE, Takayuki ; KURIMOTO, Masashi ; KINAMI, Takahiro* ; IMAMURA,
Fumihiko

VYRIIHVETRIEREAN, 2 (KK 7V T 7K T avy )b x>y 38y 7 0w 7 avsv ey (k) 4 SR K | ° st
REEKER 2 RS
lFukada Geolog. Inst?Alpha Hydraulic Eng.ConsultantPacific Consultant,Kubiki Techno.’IRIDeS, Tohoku Univ.

KATUE=AZ1/NH (18431V-25) D4F-iif 6 RFEICHRZE M T4 U7z HE (M7.5) I K23, #IEkIs KUHR
BIFRICKEGWEZ L7256 Uleh, @EORERIEE FRAME RN S IEERHREBICE TRATVS, TOHE
ORNE THEET - KHAMESLR =% (&R, 1941 LIF M3 Ladd). THNHARESNR 5k MEEmE
Ft. 1984 S4LHEd) I IN TV, HIEEHST T, IR =BFO—DOThHSEFOEEFO HEERL (M3-pads,
S4-p805H, [EZEFICHHET 2 HEERFTRT A X OMRMENR S UK THDO X S Icko 722 &, BREORMETEHRESD
TAXOEFEN1EF RS TH SN, 38 NDFEEN Iz &, Kok BERED) T7A XN 1LAEC LT &G
ZTW5B, 7 AV @IEE) HATOBRNDIATEN LG H O TH 5 TMAHEZY™) (S4-p803)cid. THIEKREFTD
kM DL VR T L ZNCKEHET 2V 7 FT/NE 1fF, S L EMRA LIz, 7 FA (kE) T7 1 X0F)/E
2R LTz LRddNTWd, BEHS T, IBIICERE Nz MRE—FRIRATRE ] (M3-p449 ICKMRE 24
(1831) R TEL YR EDIANEDFIEDHE SN TS, ZHIC LD L. MR HCWI R, BRIZE TR
NS AL KIFEHELD GIRREE) IKibhuv, INEDEF TRz VWS, HURPE T, BUEOHEHA LRI T D
WO HEE D FHEIE TH > 7z 53 M3-p4251Cid. KIER 744 7 A 25 HOIHICHHE X Nz T OEEORET{ERD
it (THR=E—FHRERTHRE D) DO TREGSK S/ F\H, ilid 0, SrofEziR L, EBLE@E< . FTc/EE
TRWHRNDNRATRA, WEBBHRRELL, ACBERAZLTLBAE LD, HS5O R=F 1 [KfiE{Ed Ul
w0 b, FEREES TIEREOBIEH L ZDBD R T A NOEMBIEEN L SN TV, ZHEETR/ T, 553
O IR & AR, BXOAMIETEE (M3 T RHE 646 H 25 HOHICHREIN TV S, p 417 IKid#khidH b, T
NS OFROFEDE, PIERHT. BT, BRU=FEEEOSHMTHE - WEZTT- AR, K2flc, Al
O JRF 12 R © OFFEER [P 25 FEE AR 7 — 2 N\ — X D& b — SRR E Y — Rl
FRZEHROFAE., BIROWHRET VDT —2ZX—=Z{b—] (RFE 1 HILKE HSWNZ) L LTT-728DTH%,

F—T— R SIS, LA, b, AR, JIES, T S

Keywords: historical earthquake, historical tsunami, Hokkaido, Nemuro, Kushiro, Kuril trench
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e 22 - O T W e ) I K B v AR 22 (v DR R _ _
A new calculation method for seabed displacement due to fault slip by boundary integra
tion

Ry fd— 1 BRI JAAT 25 KA Az !
AKIYAMA, Shinichi * ; FUJIWARA, Hiroyuki® ; HASHIMOTO, Norihiko'

VOMRET 7 V) a— g Y ZREHE, 2 NI BOE N SR AR SR
ICTC,2NIED

HIEBIC K BN DOGTR TlE. WiEEE)ICRE > THN 2 MK OMEZN Z K ORI & Hixd T M2, 20
KO I HIRZANT 2R B FB L U T, PIRGEARNES ORI IC X > TRET 220 OfffTiE (Okada, 1985 Vi
CHOWHNTWA,

T Dt T ARV IR 2 FFOEIRENTEIC K 2 HEZ (172 3Rk 2 5A01E. SRR EISIN > THEIE O/
JERZBHEO T 55 E U CEREMEZETIVET ST ickd, TORE. BRI NKEETIVCIE, Hrck->
TEEO &S HIEONWENER S D, H2 VI NTEICEDN TRV NS X211k %, LEA>T, TOX
S IEWiEE T N E W THIBOZN Z5TH T 5 & /NEEDER 20 O TR KRZENIRD SN, iz, /W
IO TOEWET O FE TIRANMDE NS E NS, TOXIBENMOF ¥ v &, EFREEUEEmD 5%
WIEICHIUETR D HAZTz 30D, HBOMIEICH S EHHTE ALK D, T LIERERRRT 27z, AERZE
EIRERFICET LT Z 2 FEIREL 15,

TOXIEHEEND. ARUZE TR 7 AW T2 A OZ MR RTEZ IR Uz, MO K 51, WikEShct:S
HIR DZ L, GreenD @& O R HRICHEM T % C & ¢, i m L Wi ORI K> TERESNS, &5
1, g ECHIAR 2 PSR AR & e T U, SRS 262 9% Green iz WA T EIC &k > T, MK OZNIE W
JEHIC BT BERET DA TRDO NG, TOFFELETIE, BERES ZBEMCITS 728, BERERETH BT,
LRI ER 2O AN TEAM DM E 2 RGE LRI RZ R %, 72720, Wifgmh k< . BEmISGEWERICIE Green
BB ORI D BTN DT, GaussDRN/ARICHD Gl OBUERE 7 2175 LR OENE LK’ %, %
CTT. RFETIE, T URRREMEOREZ IERECHE L TR FTEMNMTZ % PART % (Hayami and Brebbia, 19887
T %, ARETE. AFEDOEXL EMEEFER, T SITEAFIC DN THET %,

. AR, PR THEED SN TWD TeEZSE Ui\ — FEHii) O—BR& UTHEMLU Tz,

ZEHR

Okada, Y. (1985) Surface deformation due to shear and tensile faults in a half-space, Bull. Seism. Soc. Am., 75, 1435-1154.

Hayami, K. and Brebbia, C.A. (1988) Quadrature methods for singular and nearly singular integrals in 3-D boundary element
method, (Invited paper), Proc. 10th Int. Conf. on Boundary Elements, Southampton, Computational Mechanics Publication witf
Springer-Verlag, Vol. 1, pp. 237-264.

F—T— R A2, W), e, BE5ATT, GreenBl DRI, PART A

Keywords: seabed displacement, fault slip, numerical calculation, boundary integration, singularity of Green'’s function, PART
method
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S ERANEER N — R Rl [0 72 iR/K R N — B R ORRET
Inundation hazard mapping toward probabilistic tsunami hazard assessment

PERE BE T BRI JAAT 2 T BRR 2 MR B — 1 R ZREE L R AR Rl Al 3 BArER MEK 3 5 Rl i sl
B

SAITO, Ryu* ; FUJIWARA, Hiroyuki? ; HIRATA, Kenji2 ; MURASHIMA, Youichi! ; MURATA, Yasuhird' ; INOUE, Takuya
: AKIYAMA, Shinichi? ; ABE, Yuta® ; MATSUYAMA, Hisanori* ; TOHYAMA, Nobuhiko*

U E BRI L, 2 B SR AR, 3 AR T 7/ V) a— 3 v ARt 4 IS E MRS
IKOKUSAI KOGYO CO., LTD. (KKC), 2National Research Institute for Earth Science and Disaster Prevention (NIED),
3ITOCHU Techno-Solutions Corporation (CTGYO Corporation

PR 24 SR B Blh U 72 HA DS O F N — RRHIiC A0 72 B D #A O —BR e U T, Bl EHIPRIC 350 2 1l
HEMERNY — REHz AN KIS 2 FHEOME 211> /e TNH TOFENY'— FaHliTld, H 5 CHiE & Z D%
AR ERE LTS R o L— 3 YRERZO T, BRI R E ORHEMUIS 35U 2 FHEUK AL O SR 72 TR mIT
ICHEE U MgREERONESSEDRIAML « (78S N T E Te, RICHENRRIELZ NI LT A D, difgHom) 47 ED
R/KAE RIS U CRIBRDFMi 2175 C L b 2RI D EERX D, £To, REZBH U RGN — F
ATl IR & R B ATRENED & 2 R T ORFZRET 5 T & T HARE O FEEOKNLZ MERGmIIc 73l - 3F
i 5T LZlATND, LAL, Bl I 2 Lb— 3 VICRELRFREFRE T — 2D, D RN
FHAREBOMICRESNT VD, TDD, RKGFEIMiZIEL RIS 5 ENHE LV, HIET— X OfHEIEZ /i
LRI FH A X2/NELT5 T LT KOFMRRKGNY — REHEZIT5 T e TE B LHIRHTE 5,

Z TTARWETCIE. BEaTE T2 Ec ., it ERAOHIE T — 2 LEHERE Y A X%z 10m TRUE L. HEGH 1
FIPH DA FIFRAS IS BV TRIKIRO/NNY — RUhERZ (BB U, MR ERKGE 72 Tl LTz, RUE U iEIZ RIRT
fiiZs EICHED W2 BORIR L FERL TROE UTc, H 2 BUHICES 21 /KIROFHIEIHERIE, WIRETIVOFERE L
HEEFEAEMER D B3RO Tz,

F—T— R BN — R, ERPGRKEE, TR, Y — Rl
Keywords: Tsunami hazard, Tsunami inundation, Probability, Hazard curve
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REVE(LITRE 7 VI 3503 % 1 D RIS & % RS OMET |
Uncertainty for sunami hazard caused by heterogeneous slip on the characterized sour
model

Bl HEAR 1 REAR FUZ L Jak ERE L A Y L Bl R b BRI AT 2 O BHA 2
ABE, Yuta'* ; HASHIMOTO, Norihiko' ; KORENAGA, Marikd' ; FUJIMOTO, Keisuké ; AKIYAMA, Shinichi! ; FUJI-
WARA, Hiroyuki? ; HIRATA, Keniji?

VR T 7 V) a— 3 v RS, 2 SR AR T
IITOCHU Techno-Solutions CorporatiofiNational Research Institute for Earth Science and Disaster Prevention

AT, TREZWGE Uz g Y — REHl OFAEICmT T, B ORI ERE T T IV O O NIE OE N
K BRI DO ARRER IS DWW TRRET 21T - T2,

WERERNEE N — R CI. 3RE LT RRE T IVRRCR LU 2 2 L—3 3 VIS & DI COKN %
HE L, SHORMHEFRMEEZEZRLUT, ABERERETZ LT, NP—RA—T2ERL TS, HEEOBEY I 2
L— 3 &, BRE T IV TR ZEE 251 U T N WK & U, R EREEIC K > TN — REE
iOxG &5 BIRFETOFRMPKMNZENT 5, DD HIEFIEMRIE. JRETIIVOSHEMIE ST A—2 (B, ¥
AArE, ERVAE. ErA. oA IO REENLE) KXo TEkT %,

[REZENRE Ul Y — REHl T, BER OB OW TR EFRWEN 7 L— MRS S 08 L.
HERIRZ R LT 2 2 Ll K o TWIEOMR - EmfA - O AOIXETE L, AMEEEZEEBLENCEELTNS
Gaily - fil, 2014, AKE) . — /5T, BB, FAEME, B0 REEEICOVTIE, ZOMZHEET S EMHLL, £
HHIKNICKRELS RS R L EZAOND T DD, HBOWRETIWEZHETSZ T, ZOMMELEEZERLTY
%, TTT, WOREELIZINROBOHOZERMPEARNEIEDOC L Z2i5 L. BHEDOEFA > /N— 3 Vgt & OLigh
5. R EWEE T IV TIXE 0 80 B0 2% k% TRIANDE, FRIEFEIXROED 46587k 2 AT
XD ICEK>TEREHELTWS GEK -, 2014 AKE) . ARIHZETIE, 180 NIEIC KB M EFMEZ K O BEICEET
515158 LT, WO MNGEICKDEBEKN DX S DE ZMBUERD R CELITE 2 LIE L. DO FEHEIC RS L
EEINE—DDW O N/ Z =X 5 DE R 52 TONY— REHIT % HiEE MG Uz, BIKMDOIE 5D EDRE X
RO TFIIEE I B0 82—V iR D T2, KTRDEONEZZL T B TEROE O NIEETIVDINT A—
BART 472112100 INTA—=RAZT 113, ETHEZ(LOFEEN TV —RoKEOHEET )L (BAEMEETIL) I
BT, EHOW O NIEN 2=V D5t EZITV, BT T IV TORSDEZFHE Lz, DI, RO RHE:
DB EOEREOY A MR ERT B2, HEOMIEE TV (BHEETIV) ZHOWSTA—ZAZT 1 Zi1o
Teo T OFEHR, M8 LU N DI D/ N I HIEEIC BV TIE, mFICHIES DEDREIICREREVIF RV T DY
MO HIICKTARD DH B D /82— EHICREIEL . X 5DEDKE I EREHE(RF 7T 0.09LL FTH - 7z,

BRBAWIZE., BERHC BV TED SN TS [EEENSE U@ N — RiHli) O—BR& UTHEmES Nz,

S — R, TR N — B, RHEBTEE 7)), 30 R
Keywords: Tsunami, Probabilistic Hazard Assessment, Characterized tsunami source model, heterogeneous slip distribution
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HERBEE 7 )L DRI U 7o K d N D B D |
Larg{a slip area in characterized Tsunami source model toward Tsunami Hazard asses
men

FEK EEE U Bkl fi— 1 BT B L KEAR RLZ L S B 2 BB AT T 2 Al i 3 RS B — 4
KORENAGA, Mariko'* : AKIYAMA, Shinichi® ; ABE, Yuta! ; HASHIMOTO, Norihiko' ; HIRATA, Kenji2 : FUJIWARA,
Hiroyuki? ; MATSUYAMA, Hisanori® ; MURASHIMA, Yoichi*

OELT 7 V) 2= a ¥ RS, 2 BRI AR, * OB S, ¢ EERTESR AE
ICTC,2NIED, 30YO, *KKC

PERDERRI 7N — REHMEO TE TR, BAEOEBEMZHRL 9 2&REBET NV ZFIHT S T &Nk, L
L. CTOFETIRTNE TRE L TRV SE7ET 230D X7 25T 5 C Lid# LV, —75. fif
BRI N — RO T4 Tld. Bk OFER & 75 2 il 253 25 | & < S Wi iEdh o € 7 Ubic BT, R
WCEZBNS 2R TCOWEEZMNGRE LETNEASTLZRBONEIA N e EE T 5, HBITIEZZNE OULRZ RS
LEMEMD SEYNCY > TNV T B K ICEELAED S, WiEET VR ([@igb) 352 & THIEZNZFFERICH
ABT ML RS GREIL - fh, 2014 AKE), WERGRIVEE Y — REHME T, 29 LR EICK D, —DDWifE
ETIVTRESETENZEROMETT N EZOLEDORE LTIA, TOETIEELTODRESLDEREZ2%C LT
EHGRUSTEEREANE TS, TTTIE. BIEESICRISEEREZ 5TXDEO [TRYEE | ICEEL, B
JE ETRE T RBHHNEKIC D B HEOE G ZFE T 5 FECONTRETT %,

201 LAF AL A Mt R . (DA%, 2011 8dbi) ORA 23— 3 VigE Kk D 1§ S NI\ 0 &Lt
RO ZRND . TNTNOWRIFRA 2V N— g VIIRBICRAKT RN BEREEMEOKE SIES OO, Hi
FICKRELFE LI ENZHHO TR &R, mEOEGIEKEA/NETH S, £ T, AT, A > —
V3 VRHIRE S NI BEZMEORKE SIKS RN E ST, BFESARDOET— X b OB Y72 D OFEHEICHT 3
FHEEOHENEME—A Y bOERZE THS TN ®EIEE] L L TEHL, ZNTNOEEREN L 2 mEOEG
EHRRBIL TN BLIEROBIRE AT Uize 2011HILAN SN D M9 75 ZOHIEER, BXT M8 7 F A DWW THIR
AL LIz d RO BIC K A HiREERAZBEL Uz, TORR. M9 75 AZDOWTIE. FETRO D 2 fE0fEEZ2 TkTRD
B LERLIES. TOmMEIEEARED 30%, XD D 45082 TEATNDIE] LERELEES. 20
ifE 7% [A] 10%& U7z 3ERFEDREEDRNETH D, M8 7T RICDNTIE TRKIANDIK | DOmifEZz kD 30% & Lz 2
ERBE DR LS TH D T b > Tee AFHETIE. ThOHORMEWEE T VEZ VT I 2 L— b LK
Fml ., SRARHHETIVIC R 2SI U, s BB 2 MiEd 5 2 L Z2ERT %,

APEE, BPERRHC BN TED N TWS T2EZ NG E Uizl — Rl O—REe L TEEE N,

F—T— R EE, RGN — R R EWTEE TV, D AH

Keywords: tsunami, probabilistic hazard assessment, characterized fault model, heterogeneous slip distribution
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FRI O RS 2 R U Fe s b O KA bRl O T Relt o
Large tsunami remote observations from high altitude using the induced magnetic field o
tsunami.

B 5 1 R e 2
TATEHATA, Hidee'* ; HAMANO, Yozo?

bR S BRIIAT, 2 RN E R AR
1IMA, 2JAMSTEC

LT ARFAE IR S Tl B ARIR D S IIIRIC K SR HEFIC 10mBL EDRHHEASREEL . KT ST, Hh
ERTOOHBEBIAMRDTRE L2IZT T <, KB OEREREIGBIAREL Ko /e, B TIROMRD A7 T
HoTefelI T, BEOBHG HRED > TeDIFREEFETH o7z, M LT, MBI O RSB T, i
TR 155mDEHEH 5 1.8mOHKRZ, FHEHGIC K > THRIIL Tz, KIBOMAEDHIN 92 HHIT ORER, i1

1 mPA EOHYRICE U CiAERS OS2 AT RE L b B,

FRIGA BN IC K 2 OB, E L SINDRTHRNES D0, BRI X 28 & 5z > Cubpetil
DFEZRFDIZ, KR TEHHE 2RI TOEED SBIIT E B2 Ri>Twa. & L=MEnFOmEIc il
LY —DEREGEE LTRESNTWEA S, HRMHES NS &<, RERICHA TERIZ#M Tz L
Bons,

=RENFICHI S Y —, —ROEWAE ARG LTRESNTWZRS, B5N% LS NSHED
B DI & RFEDOMETHE R E 2N T %,

ST R R, ECHEGE, PR

Keywords: tsunami, Huge tsunami meter, induced magnetic effect
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HHUBENINC BT B EHR D AT b Ui
Tsunami spectral analysis in and around Tokyo Bay

W B 1 B B+ 1 ; Heidarzadeh Mohammad Wu Yifei® ; 1547 G 1
TAKIGAWA, Akira '* : MUROTANI, Satokd : HEIDARZADEH, Mohammad : WU, Yifei! : SATAKE, K(%I’]ji1

LR ORI E ST

LEarthquake Research Institute, University of Tokyo

BB IR I 4 FORHIEEIC K 2 KEERICEBb N T & e, 2D 5 B 19234E D KIEBHHIE (M7.9) I X B D
EEE, HEEOANTREL B> TV EPME SN TV S, HlAE, Rl X CFE R 5H
R &0 o T BN DOIR T 3~10 mOEEA LA DI/ LT, BANOMI - g « TIETIE 1 m KT
Hotz CHEIED, 1973, BHAHIEE 50 & a4 o

—75. 2011 O HULH A VEHIZE (MwO.0) I K B IHIEBIRIEIC X 22D L IFRAD . BANTOEE DEN
MoHFE D HESNEMN T, FIZHEEEALHEDEIL - S8 TENZN 1.45, 1.60 MCH - ICEBD ST, BB A
ITHRET 5 &< HA - IETEZNZEN 1.46, 2.84 mMTdH - 7z (Sasaki et al, 2012, CEJ)

TG 2 DOOMBEIC X ZEFEOXFHOBEVDRKZHS T L, FREHBICH LT 23 r At % ETHEET
HbH, TTTERE, MHEBOHN Y 2 2 L—3 3 VI X2 HBEE B K CHALH 5 B E OB E D AX 7
NIV 24T BEE N T OHE O s B IHMHHIEE TR 2 C L 2 H R U, BISRHIEEIC X 2 HE% o wilk & 349
10077 CTdh > 7=DITH U, S A AFEETHIEE D Z MUK 700 TH o Tz A HTE 2 HEEOFE A IRE) (FHH, 1996,
HIFE), %EZMESOB AR (515, 2011 HIFE¥2) X230 EHEHI Lz, 5%k, ThoOHEBEHOEN &
I O%H) & OREMEZERL T TETH %,

F—T— R, AT MOURENT, BURTE, 19234 KIERI B3RS, 201148 skt /5 A st
Keywords: Tsunami, Spectral analysis, Tokyo Bay, 1923 Kanto earthquake, 2011 Tohoku earthquake
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%% ICHEDO T T3V — IR O A UK - 20 L1 AL AR O

/| -

Wave period dependence of the tsunami energy decay based on observation: In the ca
of the 2011 Tohoku-oki Earthquake

HEFE e b S fORER 2 ; bk & 3 S8 Z 2
TANOBE, Atsushi* ; IMAI, Kentaro? ; HAYASHI, Yutaka® ; IMAMURA, Fumihiko?

VLR ER AR, 2 ALK A ERL A EBEIISLAN, 3 e
IGraduate School of Engineering, Tohoku UniversitRIDeS, Tohoku University’Meteorological Research Institute

1. I3 U®IC

2011 AE B bH T AR I K 0, sRdbHG IR 2 X Cod & LTz R0 TR ENE L. ok
FRERHIEORKICIE, RESOHERE LR O CAS@EMMN T E NS R T AE A 5N 5. EREKE L To
M DL I BT 28R, 9 &b BEEOIRIERIZ P 5 8d% - BIHE# & > TEEEWVWR 5. HIERED
5 BINCIER O EHRETT O 12O E, HEEOMEREZ FMICHYET S LIZERTHS. —/7 7T, HENCRE Y]
Wrd % IR TR R EEIZ R TZFAE L TRV DB BURTH S (RS, 2010)

AWFZE T, 2011F SIS A EE TBI & NI HER IR 2 -V T, RS AR O R 2 i R e &
B T RIS O AR & OBEMN S S ML, AT, BT OR OREWHERTICEEH LT, 70
BEEEOR M EIHONMCT B L EHNET 5.

2. fEMT /51

2011 AE BRI A AP IR IC & 2 B (K507, NOWPHAS [E LMD D55, HAAYEREHELE
BRUOMETEHUEI N2 D05 20 iz fiifinge s Uz, FHIRIRRIE 30 sici— L, T 5IC, W aERED =8 128
min ONA 78T ¢ )V 2 —72 IV CHE R 7 2 i U 7z,

Peis & BN EOBGRT, BILEICHEORIEIIRE S BAS. D), K5 (2010)HEET 2B HFE T
IRIBORAKNEZ FHNT, [EEE 21T 572, T OIEFUEIIE Z2 tric vz,

R IEELEEHOKZEATED, BHEICZOREERED LS EHARBENTNS (Rabinovichs, 2013.
WY 72 RO TZIIBICINZ €, 2-16 min 16-32 min 32-64 min 64-128 mindD/\Y R/SA T 4 )V Z—HWT T 4 )V &Y
VN ZEL .. TS ORI OREEN SBEI R FEOREZEH L, M5 (2010)D HIEIC X B RN 21T -
Tz, JREERIEUNI R E) B T RIS O s KRG ORI Z b BaRD Tz, AWIZE T, TtIZE IO R AMED B & Nz
RS, Tm 3B ENE R FRIEORAME, TLIZ Tm & TtOALERLE. 1 BFEHTHS. 1 I FHENERIRIED 1/e
SIS B DICHET ZRER & WV 5 B2 FFD.

3. fRATRE SR

(1) BN I % 1 DR

WY 2 BRI IC B 2 881D 1 & Tt OBRZ R U /ER, InEPEIcEb 5T, & THXEDOHBICH
5T Ehbhd. iz, MMELIREOBNNEZILKRT 2L, MEOFHMEXD 1 NELZAHEMICHS. TN Tt
MELRZICONT, KERGEBEMEDFENKELZD, ERERREISERICZ 290, INEENFUEEOa—)L
ERGEICEN U ZRREIOZZEIC XS DLEZLNS.

(2) BJEMRIC I % T DR

FEATICEHIT 5 TL & v OBIRZEEIE U 7RSI, InEEIHAIC I % 64-128 minDIE KT Tld, TL IRV ©H
El ks RoNTz. —/5T32minl ROBIEKT TlE, TL BMERICEL RSZBHIENASNZ. AT, TLA
EWVEHSETE t IZEZMRLBNTz. Insid, —5EAFEOMNEN AL THE S NI &0, RIEED 5 D
AR EDBIC KD DEEZI SN S.

4. hEGm

AWIZE T, 201 LRI LH T ACE A EER O FEI I 2 IO RN 2170, B T 3L — O i@ 2 F g %
HEWRE LT, UTOMRENMESNT.

OWREMPEICEDST, & THIEDOHBEICH D, IRFEENAOAN 1 KO ELR3HEMICHS.

O KEfdEn & LT, EEARS X0 e BRSO 1 3EL & 5.

0 32 minLA ROIEARINT DN TIE TL B EL RS EASDAA B N -

EifRa
AWHFED—HRIE, ISPSEHFE 2431013208227 DTH 5. iz, HEBIIPIZ ST, EH LA,

H
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THIPERE A SIMETHE X Lz, QIR LU THEZERLET.

F—T— R, R, R R,
Keywords: tsunami, decay, decay time, period
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201 LEE BCIEHL AR EE S AR E 2 O H ARG A C O R NAES)

Oscillations starting immediately afte the 2011 Tohoku earthquake in Japan Sea

B BT AT RRRE 2 T R
MUROTANI, Satokd* ; IWAI, Maki? ; SATAKE, Kenjit

VUK A IFZE T, 2 MR i oK
LERI, the Univ. of Tokyo?2Yokohama City Univ.

201 VAESEHI S ACEREHIEE (MO) DOFAERRIC, HART V7 O HAEN R TCOMMRIEkE, HERERI BN, S
MU NEE 2Rl LTV A, LKL, TOREEIC K > TRFEFEIITRAE U7 i N A g 2 1\ T ARG R 315
LTHENENS X T, 2~3Wlhh 5. HIERAERD S 2R MICIE 2 M INESNE, 91057 OEBEAZ K> TV
Zh, HERAEEEZOK 10T, W12 00 HEEEL TWa. COHEBEEN 10 0B EOZThE, HAMEIC
BOTERZE T 2 M EHITE D ERNCZE) U2, /KER OEEMNERE S aN\GE 2 RFT L ZHEE TS LI
XoT, HHNTRETH 5.

HiEER R AR, BEEICUNEEIDEIII S TV 2 Ra8IFTE LT, HAREOGEN, A, =i, fE8 (K57 K

5 G FRZ7), oy 7O Rudnaya  Pristan Preobrazhenie Nakhodka(Shevchenko et al., 2013: Pageophi %51
5N%. TIN5 OMFFTOBEIE 2 HIHT 5728, Satake et al. (2013BSSA) DWifEET )L 5 Okada(1985 BSSA)
DORIC K > THIRRZEE 2K, ZNZ2HASME U THEE 2R L. JTOPO30C X% 307V v R DiFEHIE
—r——&%ﬁﬁm‘(ﬂﬂfc&ﬁﬁo)f’uuﬂz OB EEE U BRI, ZEAEELEHZREEhoTz. FRUTH L, KR
ZENC X B INESTNDOEFOEG5%2EET % & (Tanioka and Satake1996: GRL), HUEFRALEZD S OMUNET)
ci%ﬁiéﬂhtb\ B OB R b otz. HARBIOBMIFNCE LT, M70002 1) —ZXh 5 & SISl 58
7V ROWEIE T —2ZEK L, RUXSICHEREZEIRE LA, 307U Yy FF—XIC X5 R K 0 130
FEOBERIZEL kol TN TE, HEREEEN SR 10 77H < AWK 1~2 00RO LEIIHETE hh - /.
TSI VHIE 7 — 22 V5 2 & THEMEREM ETZH0E Lvawy. —7, HARENEIT K O F-netDOIFE Rl Rk
%E%a [FFERE OIRIEOHEBEI MRS N TE D, AR 1~2 0 OFEHOZIE, MEE I E 22 TV aa]

REMENSHS. £ T, D~/\Z7/r}l/7—b<_cko’C7kﬁ£§ﬁ@i”ﬂﬂiﬁﬁi nNEEE T L, BIRIE LEHRBIE R < —3
Lt O 7 IR OMEATE, EFED S OEED 500kl EE DR D BN T\ A28, ERMEIERTIE AL, BREE
R CROTHAE) (Sun et al., 2009: Geophys. J. Intz W TEEFE 25T H UTe Dy, EASMEREER TOEBIIE & K
2Eahot. aYT7IRETOREOHEHRICIE, M7y ROBEHES, RllEISREI N TV 2EFEORIRNE
EREZETINENDDLEZIOLNS.

AR L OARWIEE, SCRREEZEEZE THAME - BGRE 70y 27 M O—RICK > THMENE L. Xz,
ST, B ERLTIC KB T—2 L, F-netic X2 HEEZHbE T elZEE L.

F—U— F: 20115 5L R FEMHEE, 201 14E AU bR AN, H A, 1B Z8E)
Keywords: the 2011 Tohoku earthquake, the 2011 Tohoku tsunami, Japan Sea, seafloor displacement
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The 24 September 2013 tsunami in the Makran region, northwestern Indian Ocean
The 24 September 2013 tsunami in the Makran region, northwestern Indian Ocean

HEIDARZADEH, Mohammad ; SATAKE, Keniji'*
HEIDARZADEH, Mohammad ; SATAKE, Keniji'*

IEarthquake Research Institute (ERI), The University of Tokyo
IEarthquake Research Institute (ERI), The University of Tokyo

Tsunami waves were observed in the northwestern Indian Ocean following the Mw 7.7 Pakistan inland earthquake on 2¢
September 2013. We analyze eleven tide gauge records as well as one DART record of this tsunami and perform numeric
modeling of tsunami. The tsunami registered a maximum wave height of 109 cm in Qurayat tide gauge station (Oman). Spectre
analysis showed that the most governing period of the tsunami waves was around 12 min though wavelet analysis showed th
parts of the tsunami energy were partitioned into other period bands of 7 and 16 min. Distribution of aftershocks in the region
showed that all of them were located inland indicating that the tsunami was generated by submarine geological phenomer
triggered by the earthquake. Tsunami backward ray tracing showed that the tsunami source was possibly located at offsho
Jiwani (Pakistan) and the tsunami was most likely generated immediately after the main shock. Tsunami modeling assuming
pile-up structure at the location of the new island was not successful in reproducing the observed sea level records. A landslic
source with a length of about 15-20 km, a thickness of 100-150 m located at’Blar2l 24.60N seems capable of fairly
reproducing the observed sea level records. This event was the second tsunami recorded in the Makran region since 1945, ¢
may be evidence for hazards from landslide-generated waves following seismic activities.

F—"7— F: Northwestern Indian Ocean, Tsunami, Makran subduction zone, Landslide, Spectral analysis, Numerical modeling
Keywords: Northwestern Indian Ocean, Tsunami, Makran subduction zone, Landslide, Spectral analysis, Numerical modeling
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Pre-computed Tsunami Database with Additional Slip Near to the Trench for Tsunami
Early Warning in Southern Java
Pre-computed Tsunami Database with Additional Slip Near to the Trench for Tsunami
Early Warning in Southern Java

SUNENDAR, Harig* ; TANIOKA, Yuichiro! ; GUSMAN, Aditya! ; LATIEF, Hamzal
SUNENDAR, Harig* ; TANIOKA, Yuichiro! ; GUSMAN, Aditya! ; LATIEF, Hamzal

institute of Seismology and Volcanology, Hokkaido Universi§andung Institute of Technology
Hnstitute of Seismology and Volcanology, Hokkaido Universi§andung Institute of Technology

We build tsunami database based on simple fault model scenarios for the Java trench subduction zone. We have 480 poir
along the subduction zone with distance between each other of 20 arc-min. This points are used as the center of simple fat
model scenarios. Each point is the center of several fault models with different moment magnitudes.We used a magnitude t
fault length and width scaling relationship for the fault model scenario. The moment magnitudes for the fault model scenarios
are from Mw 6.3 to Mw 9.0 with interval of 0.3. The fault depth parameter is also a variable for the fault model scenario. We
used depth between 10 km to 60 km with interval of 10 km.

From each fault model scenario we simulate tsunami propagation by solving the linear shallow water equations. We use
bathymetry data based on Indonesian navy chart and GEBCO bathymetric dataset. The grid size for the tsunami simulation
1 arc-min. The pre-computed maximum tsunami heights and tsunami arrival time at every point along the coast are stored in
database.

If a real earthquake occur at any location in the forecasting domain then the pre-computed tsunami heights from 16 scenaric
are retrieved from the database. Theses 16 scenarios are those that are surrounding the actual hypocenter and each of the scel
has the closest higher or closest lower magnitude to the actual one. Then the tsunami heights from these scenarios are us
in interpolation methods to get the tsunami height forecast. The tsunami heights from two scenarios with a same hypocente
and different moment magnitudes are interpolated by logarithmic interpolation. Then the tsunami heights with different depths
and different epicenters are interpolated using linear interpolation and bilinear interpolation, respectively. The the interpolatec
tsunami heights is group into district administrative regions, then the maximum height for each administrative region is selected
The selected tsunami heights are categorized into three different warning levels. These levels are tsunami smaller than 0.5 1
between 0.5 m to 3 m, and larger than 3 m.

We apply this method to forecast the tsunami generated by the 1994 East Java earthquake. The 1994 earthquake is classify
a tsunami earthquake (Newman and Okal, 1998; Pollet and Kanamori, 2000). The earthquake moment magnitude was estimat
to be Mw 7.6 (Abercrombie et al., 2001), Mw 7.8 (Bilek et al., 2006; USGS), Mw 7.9 (Pollet and Kanamori, 2000). Our result
shows that the forecasted tsunami heights underestimate the actual tsunami heights. One of the main cause could be the f
that we used simple fault model scenarios which sizes were estimated from scaling relationship of magnitude to fault dimensiol
of regular earthquake but not tsunami earthquake. Previous studies shows tsunami earthquake may generate large slip near
trench (Tanioka and Satake, 1996; Satake et al., 2013). Therefore to obtain a more accurate forecast, the fault model scenar
near the trench should represent fault model for tsunami earthquake event.

F—7— K: pre-computed tsunami database, tsunami earthquake, tsunami early warning
Keywords: pre-computed tsunami database, tsunami earthquake, tsunami early warning
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Great tsunami events like the 2011 Great East Japan Earthquake and Tsunami might occur around the world in the future. |
particular at areas of the Pacific Rim or the Andaman Sea as history has confirmed. In this study we will focus on the central coa:
of Peru on the western Pacific. The earthquake history of Peru accounts for many devastating tsunami disasters in the past (15!
1586, 1609, 1630, 1655, 1678, 1687, 1746). The potential damage to national infrastructure exposed in Callao and Lima coul
yield to a heavy economical breakdown in Peru. It is of great importance to assess and estimate the future tsunami inundatic
scenarios in order to grasp the extent of possible damage and the severity of it. Consequently, this study evaluates the tsuna
hazard and the related features of inundation at the central coast areas of Peru based on possible megathrust earthquakes.

The source model we used in this study (Mw = 8.90) was obtained from results of the interseismic coupling distribution
in subduction areas using GPS monitoring data as well as historical earthquake recurrence information (Pulido et al., 2011
This slip model was used to generate twelve additional slip scenarios for strong ground motion simulation, by adding spatially
correlated short-wavelength slip heterogeneities (Pulido et al., 2012).

Here, we used these thirteen scenarios to evaluate the tsunami hazard of Callao area in Peru. From results of strong grou
motion simulations Pulido et al. (2012) reported that the slip scenario with the deepest along strike slip average (Mw = 8.86)
was the worst case scenario for strong ground motion in Lima-Callao area. On the other hand, in this study the slip model witt
the largest peak slip (Mw = 8.87) yielded the highest tsunami inundation and maximum velocity near shore. Such differences ol
maximum scenarios for peak ground acceleration and tsunami height reveals the importance of a comprehensive assessmen
earthquake and tsunami hazard in order to provide plausible worst case scenarios of strong ground motion and tsunami inundatic
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