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Abstract

This study reports the tsunami source modeling of an Myua 7.1 earthquake which occurred

beneath Hyuganada Sea, off Miyazaki, Japan on 8 August 2024, using tsunami waveforms

recorded by the recently-implemented offshore seafloor observation network called Nankai

Trough Seafloor Observation Network for Earthquakes and Tsunamis (N-net) together with

the Dense Oceanfloor Network system for Earthquakes and Tsunamis (DONET) installed in

the Nankai Trough subduction zone, off the Pacific coast of southwestern Japan. We first

processed the ocean-bottom pressure gauge data from the N-net offshore system and DONET

to extract tsunamis, which showed tsunamis up to a few centimeters were recorded. The station

NAE18 of N-net, nearest to the epicenter, observed the pressure offset change corresponding

to the permanent seafloor vertical uplift of approximately 5 cm. We then forwardly simulated

tsunamis based on centroid moment tensor solutions and finite fault models of the previous

studies, indicating the good observation performance of the N-net ocean-bottom pressure

gauges. We finally conducted the inversion analysis of the tsunami waveforms to estimate the

tsunami source distribution, which extends in a dimension of approximately 40 km % 20 km
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along the strike and dip directions, respectively. From the comparison with the past studies,

the rupture area of the 2024 earthquake was likely to overlap with the southern half of the

rupture area of the Myua 7.0 earthquake in 1961, while the rupture areas of the Myva 6.7 and

6.9 earthquakes in 1996 seemed separated from the 2024 event. This study demonstrates that

the use of the near-field tsunami waveforms from N-net significantly enhanced the constraint

on tsunami source estimation as well as the finite fault modeling off the coast of the western

part of the Nankai Trough subduction zone. N-net also has the potential to improve tsunami

monitoring and prompt evaluation for the "Nankai Trough Earthquake Extra Information."

Key words: Nankai Trough, Hyuganada Sea, Tsunami, N-net, DONET
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§1. IEIL®IC

P B AROFHE b 7 7 PhAGA R TlE, 1944 0B R HEHIEESC 1946 407 i B i
HEEWSTEERIENS V72 LIEAE L [e.g Ishibashi (2004)], K& 7e@iE% 7
HLTE, EWFBRIZBWTHRROERMENEET L2 NI TS
[e.g. MBI TEHEMEAL (2001, 2013)]. Z oW o= moOb &, TN E THEE L

7 TIRFIA T T D ERHUE O FEEFRHC BRI LA I = X LOBFED 1202

RE B i & 42 (07 7K & ¥ O #8385 (21X DONET (Dense Oceanfloor Network system for
Earthquakes and Tsunamis) 73R & 41 C X 7= (Fig. 1) [Kaneda et al. (2015), Kawaguchi
et al. (2015), Aoi et al. (2020)]. —J5C, BELRHMEOEPRE L BE SN LMD 5 5,
AR D H A AT T O I E OB R S Tn R o T Bk
AR ZEATIE, 2019 80 Z OB ZE I FYE b T 7 I R 8
N-net (Nankai Trough Seafloor Observation Network for Earthquakes and Tsunamis) D4t
ZFENE L T 7 [Aoietal (2023)]. N-net (IITA T AT LAERFEV AT LD DD
AT LSRR DB T, £ AT LITMMIES — T WO RBNTZ 18 B OBIH ) —
& 2 AOyIEEEE S IO mEE THR SN S . SEI — FoRIiZi3ER o
BiCKEF R ENBEHEIND. “ODVAT LD ) BIA Y AT AOEHI 2024
FTAIKETL, 3, AMORBREHODL, 2024 4 10 A AR EH B S 1,
Z OB T — 2 DA ST [P EBREIRAFIEET (2024a)].

2024 8 H 8 H 16:43 (HAWEM) 12, =IFEO Bz EHE 525 Mma 7.1 O
HIEBNIAE L., ZOMETIE, BWERO AT CERE 6 55281 L7130, B
FNOEEREBITHIT CTEE SHRMDL 1 ORANBH SN (K87 (20242)]. O
HIEE D A Jp = R LRIV AL — SRR B IS i & R o il g i T, B 7 L —
NET7 4V T L— FOBERTHRELEZHMETH -7 [RARIT (2024b)]. JLIH=°
PO 5] 00 RSP VR o MU CHR R MBI S, B IR HE TR R T 0.5 m DI 3 BLII =
Aulz (Fig. 1, BIUM) [K)T (2024b)]. LIk, AR TIEX, ZoOHMEZ (2024 4FHIH
BEOME] HDVT 12024 FEOHTR] LREET 5. 2024 48 A Ao #UE O R IEEIE
N-net 23 STV DO IRICALE T 5. £z, 2024 4 A A#Eo #E X N-net

BV AT LORBIEHBIFFICHEELZLDOTHY, FOHM X DONET & N-net

BVAT AONKEFTHEA SN, ZOHEMEIE, Nonet 74> AT AN T
HIEN 258k LM TOFEBF TH SH. Kim X TIlE, Nnet fEV AT LB LT
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DONET 235tk L 7= 2024 4F H [ O I OB LSO R 2 3B L, HKOH G
Hat LI Nnet A VAT AOKEFHPERZIEL RBETE TWDEHEL, 7
DX DFEREIER U CEIR IR A0 OHEE 2R, T D OfE R %2 B £ 2 T N-net %

DONET |Z BRI O Z T TTHE RSN GO N D Z E oA OV TR
5.
§2. T—4

WD, N-net & DONET IZ8B1F 2 KEFH O O Z IR~ S . N-net DIKIEF

ICHE SN TWBIEA T T, Nenet ~DFEIEZ M1 TR & 7= B B2
1% MEMS (Micro Electro Mechanical Systems) iz /=2 U a2 U EE T2 L 5
t, DT % [Shinohara et al. (2022), Aoi et al. (2023), B[ - fhL (2023), #JF - fth (2023)].
DONET D /KEFHE, Paroscientific £ & ¥ BiFE S 7&K IRE) &2 JH W2 )
¥ [e.g. Houston and Paros (1998)] Zflifl L TV % [Aoieral (2020)]. ZiLH DR
B, AN ONTZETNCE > TEORKREEENENT HEVHHEEE
Fo Tk, ZORKRBEBAFN, HMETL2ZLICIVENEZBITS.

WA, KIEREICE TN DWW EE /2 & O R FHR BRI IR 2 & 0 E
Wiy 2 brE L, BRICHERT D 2t 572007 — 2 DI OV TR
T 5. WBHMOGEE, Ebict T U 7L — b 10Hz TRIFS ATV D A, K
WRIZBNTIE I H2 IV AV 7 Llenb, Tl a2 Ed 5. £9,
WA 7 1 7' Z 2 Baytap08 [Tamura et al. (1991), Tamura and Agnew (2008)] % f\ T
TRy 2 HEE L CERE L7z, MW AB 2 Y BRWeE % Fig. 2 [OR”T (&£

BHR). BRICHK D ITWEL A NAELS TiX, MIEB ORI CTKIEICAE R RAKIEA
7%y FOWA (5 hPa FRE) MNEREI N TV, ZIUTHEO B FENMICER T
LEKIEEE LB 2 5D [e.g Tsushimaeral. (2012)]. LIS OBLAILS T, KIE
F7 v MCBHEREIT A SN o725 DD, NAEI0 X° NAELL 72 < Do
BT, BERLAOHIER CTAT v TROENEHRH LN, ZOAT v 7T,
HEBOREBIILIVALZLDOLEEZHIS [Kubotaetal. (2021)]. NAE18 LIF D]
HRITEREND HICBEN TS 72D, BEO ETEBICERT 2 KEL 7Y b
DEAERHLENRNDITZLE TH D.

W 2 bRE LB OBEIE TiE, & TOBMRNRIZIE W THIFERRIZH KT 2 mEH 7
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EENL DN EEND (Fig. 2, £K, KEH). ZHHEZWMYBRZOICh vy b4 7JH
}100s D — 27 4V EZEZEH LTS D% Fig. 2 ORI R T (GREERR). Z 0¥
AW AT T BRI o e L b A F Ly FHEGFL TV D
EMD, TNHOREMRZEER RS I ERS 72, W & bRE LIk ORIEIZ @i
ik 1002000 s DX RANA T 4 v Z @M L7z b D% Fig. 2 OAKIZRT. Zh
DT 4 NZE, MFRICTNURECRWE S, R OIES M & W mromEH L.
1 hPa OVREAREZ(GIE 1 em OV EZEAIZHE L ERE L CHE IR IR T
% &, B S 7o B OWRIE L, BLIAGLEE O N-net OBLIA CTIEH K T 3em FLJE,
BB b7 DONET OB TIE 1 em I 722 WRBRETH 72, W< DM
@ N-net B A TITBERZ LD LRI O KIEDOZEHN R HND M, Ziux7 4 4
W GIANCEH LB Th D, DGO T, BEERA 7|y MGEER S L8
P NAEI8 TlEr — A7 4 W Z & L7c B %, Z LS OBIRILE TIE NV R
NAT 4 B aH LIn g 5. B0 RIS ALE 3 2 BLA NAEL0
& NAEIl TliE, #3287 + U — REEO/ERN G, ME L NEMICERT S
WUNRKIEF 77y b (KT 1hPafREE) BNEENTWD AR & D23, W O
MBI XV KIEA T NORIBIRHEE Lo Tolod, RN TII ANy K27 41
S EWEA LR AERNS D&k L.

§3. ERI+T—FitHE

2024 FHMEEOHIEIC XD HEOHIROBIE L EOMEEZI LN T D72, [
L OBIBNFEER O 0 DHEE SNV EIR /N T A 21T & DV THE O BRI & &t
BL, BHEEE Ol EEE LT
3.1 Fk

HW 7 4 U — FetEI, #ERomTIckvEoniztr buf RE—AV T
YY)V (CMT) fEE7-13F— A2 b7 VL (MT) fRIZH &S\ T 1 KIEREE £
TERE L CEMT 2. 2 2 TlE, &R O IC X 0 5 57z Global CMT
(GCMT) 12X % CMT fi# [Ekstrom et al. (2012)], U. S. Geological Survey (USGS) |Z X
% CMT fi# [USGS (2024)], + L O HiD MBI OfENTIZ L 0 #5 5 4u7= F-net 12 X
% MT fif [f&@1l - fth (1998)] 23 5. Wigodim GEm, R, 50 /) 2o
WTIE, CMT £721E MT fEOHIRO 5 H 7 L— MEFRICZ > - BEER O L O %28 H
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L, WiBORXL, W, ¥ _XDVEDIZONTIE, TNENDOE—RA L b~ =F =
— K My %t £ 12, Wells and Coppersmith (1994) D A7 — U » 7N BARET 5. £z,
FATHRTH LN TV LIWEET VD bEEAFRT 5. LD GNSS 7—% D
FRATIC X V& ST 1 BUEEWREE 7 /L [[E HERFE (2024)], 3 Hi R T o fig A
2k v ESNT- USGS OFRKEE T /L [USGS (2024)] , KT OAHRKE T T /v
[RRT (2024c)], B X ONEHIHEE I OMITIC L VGO ARBET LV (K4
FF(2024d)] &I 5.

RE LT-F W BET LG O 7 + U — RS OFEIL, Kubotaeral (2018) &

WL D £9, PREREEEZOE L, #iE (BHEm) 28105 ETE

MDA 2 35345 [Okada (1992)]. &Iz, FHRE S n7-#isk b FEM S m bR AN
=BT orLHnL, ZhEANE L THREORERE TR A AW CHIE % B
HET S HEmFEICBW T, BEO ETEBIBRMOCAET D ERET D, i
DFHE TIX ETOP02022 O EHIfZT — 4 [NOAA National Centers for Environmental
Information (2022)] Z A& 1 km IZHE L72b D& HW, R OKR AT > 7H
fRix 1s & L. BEFEODS, KBRROERIEIZR T 28, T b bimk &
DORFFZ(EZEY L, T 2WEAKEOEFICHRET L. ZoREIZBW T,
1 cm DOFIHETE S 2810 1% 1 hPa DYFEKEZIZHE LW ERE L, 2o, WEAKAZEN
WCHRT D KEA 7By Ny DREELEZET D (Tsushimaetal. (2012) OFiE). &
%I, TRHOERBICRL, BHIERICEA LI DO LRE7 VX 52T 5.
32 #R

BETNANSEE L-EERR L OMED ETEMDS 4 % Fig. 3 1277, Zhb
DofERBLREE > T b DD, FEE O E— 7 (7 {E 0 KR &I 13E
H Ol ZOEWL, RE LIZWEOAKENLESCKBEIRS DEICLD D THD.
BETNADORE LR E Ob#k % Fig. 4 \Z/87°. Fig. 4 Ti¥, Fig. 11280\ T
KD =4 TR LEREBN S TOFEREOKZ R LTS, WThDOET L
[ZFBWTH, B S A 7o HEEE oD i RAR IR O HEIE o 5L ) 2 B 8L L 7=, (B ol &
TN EOHEREEOENEZFFMIIAD L, BEOHESCE—7 OFIEX A I
DT NRIBENR A LIS (Fig 4 #R). & <IZ, BT o8 TIXE RO
AR OFENRAFEICHA LN (72 & 21X, NAEI8 X° NAE1LS). R ERZN S 1 KO
R & 2 A<, B & 3B @ variance reduction (VR) & AH B 4% %

6
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(correlation coefficient, CC) ZFtH L7=& 25, GCMT fig% b L ICRE L7-WiEE T
ANLEE LCERBIIWT b EWMELZ R L, BlllEncE— 2 BEL A I 7R
RIEDOHIBENE o2 (Fig.4). TO T L%, 2024 45 B Mo #EIZ X 5 R O
BERBBLZE GCMT IZH ESOWTIRE LW ET VI K D E TFTEMICTENWT &%
RET 5.

BRI B TTI2 8 - DONET DRMREEIEOIGIROWEE 7L T & OAERIE, N-
net D BRI EO BN SO (NAEIS °NAELS) (2% & S EHHE TR0
(Fig.de, 4f). & 512, N-net OBHIILIE T 1 B OBEREZ S M OBLRAIE & X
VBT DORBAET, NOo%kil ol bIIBERITENDR A HiLDH (Fig.2b). =
AUIZKkE L, DONET TIHBHADOEREDIRNA Y ORE STl (72 & 21
MRG28) & Wil (7= & 2 1E KMC21) & T, B 1 EOBFED X A I v IR OFIR
IZ N-net |3 E OB E AR IR LNRW. ZOHE L LT, [T 5 HE ORI
PETWDE Z ENBERT DL B26N5. BIEOEEEE ¢ 13KE h \EKFET D7
B (c=(goho)™’, go: EIINEEE), Z OHIFEIZ X DK 2 DONET OBHLSIE/ET 5
BRZIE, ZF OO KRB IFIAEDEN T 78I > TafET 5 (Fig. 1). il Xk
S TEBLICEIET 2@BEORBRIIBBOR T2 L Lo, HIED
FRBP T RSN D,

UL EDOREFIE, N-net OKEFHDEREZELFEEHETETNDLILERLTED,
2o, BFIKOITEFICH H Nonet OFEEEDS, 2024 FHMAEEOMBEIZ L 2MWED BT

DEN AT OFEMEREFATNDZEEZRL TS, RETIE, ZibOKER
OEPE LGRS, BIRKEERIC X - TAE URIBIED L FEB O N OHEE & i
5.

§4. FERKRAN—3ay

AREETIE, N-net 3 L U DONET O/KFEF OHPEFLER DA 3 —2 a VIRHTIZ K Y
2024 - H ORI K Do B NAEE) (LR, HEEIR & 5) oo m 2 HEE T
L. Lk, KEHTO Z & A BEERA N — g v LRSS,
41 Fik

HEW IR A > N— 2 > ClX, Tsushima er al. (2012) <° Kubota et al. (2021) O Tk
RIS L. ARfEATTIE, AT BRI 2B OV IR BTN OBER (RALRIREER)
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ARCE L, SHEAEIRER N HAE U BEEE (g7 ) — B ofEERED
FICRVRBLSNDFEBIE &, BUEY & D2 ZFMMA R/ D X O ITHAL
WHRO ETEMBEEZHETET 5. AT T, £, AIEO 7 4 U — Rt Ok 2 H
F AT, HNLEIRER 2B E T 5 (BT i) 2808 L7z (Fig. 5 OMUMIEOHE

1R). e T, FRMTREIRIC, 16 km x 16 km D ZEREJAA Y & &>, sin B oD BAA7 I JHE

\t

F# [Kubotaetal. (2021)] %, AKFEFHMIZ 8km o7 5 L CHET 5 (Fig.5 D+Fv
VAR, ENENOEMNIEIFRERNSEAE (22T, 1em) ZUBELZ EEL
T, 7+ U — REHEO L & LAKOFIET, EKEHGRKEEAFHT L. 2
HOWIICHR L, BGRESICEA L2 b0 LR 72 2WmAT 5. T7obb, #
A NAEL8 DELERIIEAZ 1T v — N2 T 4 NV F %, LS OIS OB R IEIC
N RNRAT7 4V E AT 5. LRk, @7 ) — o EEEES.

ARIFHTIZ W TR, B 7 U — BRI LD R Y S2o, T720 5, HE S
V=V BROBLERNE DI L > THHIGE N LRI SN D LREL T, BllEek
AHBT L L0 ICHRREROLH EA W BEIC L VHET D, BTV T, iR
ERENNSEDIDOIL, ZRAL—V T EERMA L E TOMEEZRT. ZLH0
BT, AATHEREAICIRE LT b D& WD (Kubota e al. (2021) TiEFE S 5B
FRAUTBNT, ERAL—Y TOEKL 0=0.5, ERFX U ETOERLL=1.0 L
L72).

FENTICHE R T 27 —21%, 8 2 TR RARART 4 V& & LIz C
o, 127120, BRICKHIIWERI NAEIS T, ¥ ETFEMICHET 5 KEA
7y NEALDEWMERT T2, v — AT g M F A LR ET S 2 2T,
FFREYZR Y TN A DOT — BT ~OIE M 2 kL (5.2 HizZ ), X ToRLH

RICEBWT—RICHERENS 1 FHEBRE TORBEZA =D a VIR 5.
4.2 #HER

IR A = g RIT OFE R A Fig. 5 1277, K 20em O KEREA o
O EDDRE 7Pkl &, Bk & g FM o I O T 02 ib Bk 0315 5 vz (Fig. Sa).
CMT f#IC® & O 74 U — FEHELDHIRF SN L X918, IEEEIRITIFREICER >
TV, [EHRTAE U ETEMITEE AR LW 06, BEEIZIEN > T oIk
BESIXIE IR A N = a TR SNz o o, BEEIRO R®G W (CMT ffo ik
MR S 727 10) DJRS Y 13K 40 km, FEEl T DOJR23 D 138 20km Th o 7. Bl
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ONAEIS IZBIT HMEREEITA 5 em & 7220, BISHTKEAS 7Y FEIEZFHH
L7, ZO5H 6 R &7 N-net & DONET O/KEIE (Fig. Sc, FREAERR) 1%,
ENTIZAE A Lz 1 REREICAN O (Fig.5c, BEFEMR) ZIEFICIIHI L. HE
FAENG 1 RFHUBEIC S, W< ONDEFBED 7 = A ABRBR SN TVDR, ZAbD
BROWIIINEN D ORFMICE Db DO TH S, AFTICBIT 2y I 21—
Ta T, FEMARREOREEZEE L TV RN RERICITHHTE T
DD, W DONPDT = A RIRHEL TN D.

EVRIGR SO Nenet DOFLERAEME 5 Z & THIE OWIROHEE OREEN & ORLE M b
T EREST 272912, DONET OBLHIEIE 0 A 2 I THEE O BRI A1 O HEE %2
AT ZOMHTCIE, BLASBRED-T- 2 L 2B E 2 TRRSGMHOERAE H LT
DTHRELRBLE (=01, =0.1) 2%, TOMOEEZAV PFILDA L N—
gV ERIBETH D . R ORE R % Fig5b IR T. HoNE=NMD 5 b, i KR EIT
Oem FRE L 20, ITEOBI S A HH LR R (Fig. 5a) IR TESGLUTFER-7-.
PR ZRE IR O IEA D b, 2 TOBM R Z W TR B U2 B IR 16 LT 22
HHZIE O LI D it e o 7o, ZONHMNHEHE SN 5 EE I (Fig Sc,
KEHEHR) X DONET O JE (Fig. 5S¢, BEAFER) 2 L HHT 5, N-net O FELE
IZEVY (Fig. 5¢, JREAHER). & <12, BROEUOBR ST 58K O E— 7 235G
HTE TV, BIHLE2AEREGEBN TR Y, £/, BUALE O MK
ST T2 DI, WIRO A R E R HE TE R o 72 LR SN D . Z OMHTHE ST,
IR B S 4172 N-net OI/KJEFLERDS, HIE OBEIR O K EALEIZMN A TE DR
i, TRbbREWREOKFEAEE TR BOHEDEFEEEOR LICHEBKL 2 5
ZLEEW®TS.

43 THIT—FHELDOLEK

AN =Va VTRV RO EEOMESCRKEEREI, Aifico7+ T — R
AHRICBWTRE LR ET AV OMlE ETEM S L BB REST 5. 20
TH, GCMT fRICH & DOWTHE Lic B REN A, BRI M OMEE D v —
7 OfrE & K<~ Lz (Fig. 6a). ik, BHEEOFEHREN GCMT It &£ 5<
T4 T —RHAER LS L QRN ETHRIEDORREELNTHD.

f2 o> GNSS BLHIGLERIC S & SDWTHEE SN HEBWEE T v [1E P
(2024)] 2O HIFFEN D EFEN (Fig. 3d) & REWEFE A & g+ 2 &, ZOMK

9
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HOE—271%, KET/ALDIEI DK 10 km BANZAZET S, 2 E GNSS Z HWTHE
E LI AEIEINE & 7 L 0 & IR S 0 DM IE L FAM Tk, BIRO I < S o #BLH1LS
DHEDOE =7 DEFEZ A I TR 510 7EERDRVWI END, ZOKPELED
BEWNIAEERLOTHDL EMIREND.

—MIZ, SN -G DE S THIE TR0 B8R UGS, B ECIIMERE I
HEVATRN. Z0O7®, HEED GNSS OFLEEN LA OHEOEFRITET T V%
HETLHHAITIE, MEOT N OHERENRELSR-oTLEI ZERMONT
W% [Loveless and Meade (2010, 2011), Kubo and Kakehi (2013)]. [E - ##pz (2024) @
ETMCE D ETFEMGADEERIRERSAE TN TNDLZ R, ZOETANLE

ST HE OBIERZ DB & SR &b, [ Eod GNSS G2 Tl
JBOKVALEZREE LS HRT2OP LV LARBENS. &<, BEOHE
i, 3725 up-dip MDERNY ODHEERKEREGS RNEBZILNLZ LD, TE
TR L 72 2024 45 B MO HiZE O Wi & @ up-dip O SEONLE 2GR S HEET 5 I
EME DR T — 2 WD RERH D Z L 2R L TWND.

§5. i
51 BEDHE L OXIGER

2024 4 B Ao IR OB O Z < TIE, BEIZV < O MT Al O #IE
FAELTWD, BHERDLOIZ, 1961 FEICRA LI HEE (Fig. 6b), KT8 1996 125
AL 2 Oo0HE (Fig. 6¢) BNdH5DH. Z T, AEHTICE LR % STt

JRIC K B E DO HIE OMENTAE R & ik 5.

1961 42 A 27 H 3:10 (HARFER]) 1A L2 Mma 7.0 OHIEE CTlE, = THRKAE
TV IRE] BUEOEE S50 5IRICHY) Nieksi, £7z, Jull, MUEHRDT
5 W T O KRR B ORI AT CHEE S REER S s [KE)T (1961)]. Fig. 1 123t
AT S NI A Z R LTS, [T (1961) I2X D &, B A M TTIEOR
BAPT CITHBRR AN D 2 0 RICHEOH —EAEE L, #f LIOKRKE I 34em T
boto. Fi, BRMME CITHERAENDS 13 0%ICE KA EIE, RAE&EIT45
cm, AR TR T 33 0 RICE K EE, RRKEEIZ30em Tho7z. Zh
(Zxf L, 2024 4 H [ MR T, EE IR B BE R LN IR B TR & I 40 em,
M TIX, PIBENEIEITHIEEI A6 23 0k TRRIE AL 17 eom, TAETEK TIZHIE)

10
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BIEITHIERIE A D 33 /3%, WORIE 25 cm Th oo Z LA SN TR Y [KET
(2024b), HUEEFAAMFIEHEMEATR (2024)], 2 0O FIEh 0> B 5 REL] S0 5 K A 1

]34 5. S BHIT Hatori (1969) 1%, VR FEDOMRIFLER D FIE) O BZERFR A & & (ZHEEON
BRI AR, 1961 40O HIE O HEE O W IRE 2 HEE L 7= (Fig. 6b, kRO iEK).
N-net & DONET O LERD & HEE S 4172 2024 4 H () D HiFR O HLE I, 1961
FOMEOHRRIRER OO L F D, DO Lhb, 2024 £ A MEEOH
ETIE, 1961 EOHBEOBICHE L= 7 L — hBERME ORI 0O — 583k L 7= 7]
REMENRH 5.

Hatori (1969) (2 X% 1961 FEOHUE OEEEIREIL, ABFIEIZ L2 2024 48 1 )
DOHFEOEPFIE IR XV bALTIE< 2T 208, ZOMRE LT, 1961 FOHIET
MBS U 72 GRS SEBRIT 2024 FEOHIE L 0 S ALITIE Do o REMER HIF b D . £z,
Lo AIEEME & LT, 1961 4R X REI3A Ml si gk L 2MFEAE L 72 0> 5 72 45X° Hatori (1969)
DFEMNT O ANfEFEMESITHR LT, FEERELD SEEEREA AR HEIS L TL
FolrEbH T oD, KM HE OMUE OB OE W A2 R I 5 121
2 OOHMBEDK AT OBITFLERZ T2 Z EDRBETH A S .

1996 4= 10 A 19 H 23:44 B XUV 12 A 3 H 7:17 (& LI HARRR) 121X, ThZEh
Mia 6.9 & 6.7 DHUENFA L= (Fig. 6¢). A OMIE CIXE W & FE I & IR R

THRREE 5 AR INT (KRET, 1996). hFETIX, @ARO LK EEF

DRFAFT CTHRAK 14 cm OEEPBUAI Sz [KJRIT (1996), P (1998)]. %E Dl
ETCIE, HRT CRREE S ST S [K[RET (1997)], HE O M ET C i KR
g 15 cm OEPFE N FEER I N2 [K[BRIT (1997), P& (1998)]. ITHi TRER I & |

— B DA U NR—D 3 VPRI DHETE SR 2 S OHED TR S5Hi [Yagi et al.
(1999)] &, GCMT fi#IZ & & DWW TRE LW E €7 L O EBIfR % Fig. 6¢ (127K
T O, ARBFZESHEE L7z 2024 45 B [A)#EO HIEE O B R IR AR B K
ToRr L7z, 1996 4F 10 A OHIZRIE, 2024 O HIEOWE DAL BTN E L, Z Ok
IXE R > TWRUN. 1996 4F 12 A OHUERIE, 2024 4 0 MR o E R IRk o © 6 Ak vE il
DOUFEIR O FHALE L, ERMENA UG5 Tnvd . GCMT f#Eh b
RE LI MW AY 1996 4F 12 A OB ORI L —#ER > T\ D L 2IcHZ D
D, ZHVUIRE LW E A MR E O e L TnD Z Bl e ExbND.
[ Eo> GNSS 7 — % Ot 5, 2024 FEOHBESLZ DR TRV IZONT, JuM -
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308
309
310
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313
314
315
316
317
318
319
320
321
322
323
324

325

NI FWEOLHBAFFIZHEI TV — FRERAOEEREDOZEM AL EME [eg
Yamamoto et al. (2013)] 7%, T ORAEHEXLEBERL TV D LRI 268 H 2 [Itoh
(2024), Zhang et al. (2024)]. WEHE DI IA I & MR A O BIRCHE B oA i BAfR 12
DOWT LY FEMICH R D121, EE ORI CMT I b & O < B2 gk
J@Tixe<, WiEE ETORKYET RO GMAEHE L TR T2 2 LN ETHY,
ZDH 2 THETHLILE Nnet OEET — X IZIEFITAHRbDERLTHA .
5.2 N-netIT& B FRBADEUMEL ZDORR

WX, F OfEREEEE DS IR IS CIX B 0SB <, W8 b T ORI BRI Y
WAL ERET DI ENAEETHD. ZHIZLY, HEKRAEH WA =3
fiEtr CRIBE & 72 D WTIE T B OREEE 7 v 2 b ORIEEE OIRE & &0 SO b
L— KA 7 OHEZZ 15720 [Kubota er al. (2021)]. F£7-, HIR OA=TEH FE 135 E D
KEIZL > TRIFHE SN, BEOKEDOT — X XM TOHBREEMELD L&
WHETH LN TV, LLEOFEN D, HIE BT — & OBt 0 EIRS AL, <

BN CHEEE L 72 Wik D ZE I D AL ELZERIAR D 2 MR DDA THD. =
ZETOMHT G, BRI OUTEO Nonet OEHEBHGEEZ HVD Z & T, 2024 4
H 17 O MR DB IR O A A G HEE TE 5 2 &, & <IZ, B R GNSS 05

TIT R EE LD oA, 37206 up-dip [IDIRD Y OHEERE O m RICH
MTHDHENbhoTz. BEOT— 208 EOBREHEREE O LICEIRT 50 %
95 728, 2024 4R O HUR O EIEETE €T L OREE 2R AT, T OHEED
BV Tl e 179 .

Z ZTIE, Kuboetal (2023) OFEIZHL ESWTHIBET VAEHET D, ZOFE
W, WA = g L0 HEE S AT EE O RIR S AR A S & D T B
TR L, T —%EEHT 5 1 OERENELE~ Vo 7EEE T L
ik (MCMC ) IZH ESWTHEET 2 HDTHDH. MCMC HEIZHES L WigE T v
DHEEIZIB VT, (a) B D GNSS DA% W28 (Fig. 7a), (b) & O EBE IR
DI HWT=Z5A (Fig. 7b), B L O (c) FE LD GNSS & ihE OEB IR E %= H
WA (Fig. 7c) O 3FEDT — X & v MTOWTHHT 217V, #EE S U2 i fig
DIE & FEM L 7=, [ _E o GNSS 7 — Z 125 T, K[E ® Nevada Geodetic Laboratory
(http://geodesy.unr.edu) (2L VARSI TW5, [EHEHEERBED GEONET O Jui i &
PUE - REHF O 283 BULAIZRIT D ENMT — % %7 % [Nevada Geodetic

12



326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354

355

Laboratory (2024)]. fi##7 CTiX, KFEB X O EFEBR D 24 H Uiz, T OREDRE
AL Kubo et al. (2023) ZBEHES 5. B RFAEANAFZEAT O F-net © MT fig% & & 124
MM Z2REL, 7 — 2 B OBELIFRITRAIIRE Lz, MCMC EIZ K DEOH
5% 100,000 [FI4TVy, 1% 50 80,000 31T/ 5 10 3 X2 8,000 7 > > 7 L& H Y H
L, TOHRCTHEEMBRRKOM % Kilfi & L TR,

TNENDORHTIC L VGO i 72 WifE %, Fig. 7 BBIZ/RT . Fig. 7 HELICIT,
RO AR FME 2 B35 7260, 8,000 7 23 v T AT IS T D AR W O AL E O 22
MBEE 2Rt L LIS, BT 7o 40 HOff s IKE TR LT, Fig? F
B¥lZiX, GNSS Bl COBNM ERET N LFHE LIZEM Ol %7 L7=. GNSS
DHANTHEE Sz WrglE, B PP (2024) & IFIEFAEO KL EIZHEE S L
oW, T ORATPIESITE NN A BN (Fig. 7a). Zhx, TNUENOMATICHEIT 5
FHAIMERDO G2 F R EOMIHRTEDEVNIERNT LI EEXLOND. T2, RHFFET
GNSS D Z % W THEE S 7@ O EMITREE DR AIATe 7 L — b DEln L A
B, Wi ESOIEN Y OHEE DOAFREENKE V. £, HEESHZWBE P RO
S (13 km) 1Z7 L — FEERVES (]9 25 km [e.g. Hirose ef al. (2008)]) 3 L T8 CMT fi#
DOt bhaA ROBES (24 km, GCMT) L0 HEAEFIZE .

HE OB RN E120%, #EE SN TZE D&M IL CMT fi#e 7" L — MR 5 #
FESNDHDITIHWVENGFONTENEORHEEMEITIRE LS, WiERS L 126 L TE
W BNIEFI/NE S HEE SN2 (Fig. 7b). ZOWEET 055 L7 GNSS Bl 5
TOENIE, EREOBR LV 070/ N fEE 272, 2024 FOHFED 7 — R
BWTIE, BB IXEICTWIHAICAE L, OB AREIC —fER > TW\5 (Fig.
3). 2D XD RGEITIE, FRICEZR > TWDMED B NEMITEHE 2 AR LW,
HER IR A 28— 2 S L0 HEE S A7 e i IR VX BRI 0 PR 0 4 A 0 15 Y
GENeV. BRI O GNSS B TITILFEN LS STV, HE KRR T —
& D F% T AT (Fig. 7b) TIIBRIK O ILE DG HA 720> o T2 72 DI B g @ down-
dip IOJEN Y ZIELL R TET, @ WH/NSWENRELNTLESTEEZI LI
%. WA TIA LI B OWE S LRI IT <, T AR O s ke & Er D Y
AL, B ORED S TIEHE O down-dip DL Y ZH KT 5 ONKNETH 5
EHERMESNTWS [e.g Kimetal (2023)]. 2024 FEHM#EEOME L ZHICH TIEF Y,
HEE T — 2 1ZW7JE O up-dip IO IER 0 2 HHFT D5 DICHEHTH 57, down-dip D
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375
376
377
378
379
380
381
382
383
384

385

JRINY R T LOIIREETHL EF R D.

®ENZ, MEFEDT —F 2 HWTHEE SNWIHBETEET V% Fig. 7Tc IZ7~7T. 556
nizdEm, R, TR0 APWEO LR Y IE, BBTvia GCMT fifad b & ITIRE L7
Wrig€ 7 /L (Fig.3a) MMM THHoT-. £, ZOFLOT L — MERDEIK [eg.
Hirose etal. (2008)] & & K< T 5. BUR OB A0 & Fg oD GNSS & & 12 K <
BT 2T AN L. UL RO OREHIE, 2024 4R MEEOHIEIZBWT,
N-net O G 12 O FEPFLER AN I OB 3AM OHEEITITIEF ICEMTH Y, 22k
MO, TDETOT L— MEHTEZ o723 X0 oM, 3720 W O up-dip M
DR WS 5 DICIHFICHRNTHLZ LA ERT 55— T, WED down-
dh)ﬁwa)ﬂiﬁ§KJ%)f§&57fﬁ§%EE§0)%%b‘%%ﬁi%ﬁ@%qfiffv%fﬂ?&b%Bfi&bazﬂi, HLRE RLR D
HTEA+TGTHY, HEED GNSS 7= LDV aA v MENTPEETHL Z &%
HELTWD.

ARFENTIZ RV DEIE IR A V3= 2 » CIIHIERAENS 1 R O BRI 2 6
H Uz, ARSI 20T, AT EOM RS & o EIC BT 23057 &

DFEATHR O ZO THERWICEMINTZ D TH D0, EEOBLHT — & O
HUR IR A = a VENT, MCMC EIC K 2 W8T 7 v OHEE D ZTHAUIE,
BRIy o T2RERIE, X THDLETH 30 IThliizev. /I, T EoSEn=E
AR E SN ) A TIND DR Y TV Z A AZEHE S TWILE, #ERA
D 1 IFRHPEREE T Fig. 7c O X O REEMIEET V2150 2 LR TELEZ BN
L. MEMENT 7V CEEE N T 7 IR O E BRI N O Ik O — 5 A ik T L HuE
RFENHFENC T L — FREADEEREDHSNIZE L TWD L9 RlE &R D
Do VTR LN omBERBESAEBN LI-GE%IE, [BTN THifENT7 71
EERRE W) 2L T HLLINTND [KET (2024e)]. FEifE b 7 7RV TRE
REBIEPBIN S 256, 5~30 0% TRgilE b 7 7 MR ERIFE s GA& D) ) %R
A, TEME N7 7V OMERICE T 5 FHMOMRF S OlkeasHEShD. 20
%, FHlMRETS ORAER R EZZ T T, BEFFUNIERNFER SN D, 2024 FHI7A
HEOHERIZIB W T S, HIEEFR AN K 2 Kefil 30 312 TR b 7 7 HUREGRFIEH (B
KRHEEE) ) BDEEINT [KEIT (20240)]. AR CHEME LT — X N Y 7
IV E A DI FERTE L, HERED SEREHROIER L TORFHENIZHENT A 5E T
THZEWTRD. 2O EDD, N-net ¥ DONET O T — % & 5 WML E OfEHTIC
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387
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389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414

415

Ko TH DN T B IR MR T 23, FEifE & T 7 HURER I RO R R O 120D OF
BICET HBENRAEEZALTVDLLERD.

§6. F&&H

AHFFETIE, 2024 48 A 8 HIZHA L7 B0 IR IZ ST, N-net 5 A7
23 J U DONET O/KEFH 3 5 dk U 7 OB O ffhT 2 Fffi L7z, HE O 7 + U —
RIR OIENT 2> B 1%, BLHINE AN S 70T LAREK) D TERE 70 30T U 25 8L = 41, N-
net OKEFHNHEWN ZIE LR TETWD I L BHERTE. &bhIg, ThboH
W gk & FO CHEE ORI AG & HEE LS R, CMT @b HIfF S s b o L Fifn
M) 72 HER DR A A S AL, B2 Ed GNSS fRkic b &3 MRITHER & Dl in b
X, WA QBRSO MROIEA Y, ThRbbLEEO EiRoHERER RIog
HTHDLH ENRINT. BEOHE L O BIE, 2024 4 H m#EO HIE I 1961
FEOHEOMWEI O —H RN OMIE L7 2 L AREB I 4, 1996 FIE Z o7 HiE &
RIS EA 3 1T TN D Z DR ENDAER & -7, 4%, N-net & DONET
DIPEEE T —Z DV T2 A MENT A EB T L, HESHEEOBHIRER L H
OET, BFRAROMm EICET 22 LR/ EIND.

B

ABFFECIE, [E BT GEONET ¢ GNSS 07 — X Zffifl L7=. GNSS 7 —%
%, Nevada Geodetic Laboratory (http://geodesy.unr.edu) (2 & U LB S 41728 D [Blewitt
et al. (2018)] #HFJH L, GNSS 7 —# X Nevada Geodetic Laboratory (2024) X0 %'
yu— L7, CMT fRO7 — 2 3B MFEEBEO Y = 7% A4 PRy o rm— Lk
(Global CMT: https://www.globalcmt.org, USGS: https://earthquake.usgs.gov/earthquakes/,
F-net: https://www.fnet.bosai.go.jp/top.php?LANG=ja). [E +#PLFZ O I Wi g &7 v [[E
THIEEPE (2024)] DWrfg DT A 2 I XHEFR A AFZEHEGEASTS (2024) LV HUfS L 7=
W oW f# Mt 7 wm Z Z A Baytap08 [Tamura and Agnew (2008)] I
https://igppweb.ucsd.edu/~agnew/Baytap/baytap.html LV 7> m— K L7, JHZALE
(21X, Seismic Analysis Code (SAC) software [Goldstein et al. (2003)] A fEH L7z, HEW
DFEICHBWTIE, 7 AU B EHFRKXIT (National Oceanic and Atmospheric

Administration, NOAA) |Z X% ETOP02022 /K7 — % [NOAA National Centers
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416
417
418
419
420
421
422
423
424
425
426
427

428

for Environmental Information (2022)] % £ L7=. KID{ERIZIE Generic Mapping Tools
(GMT) version 6 [Wessel et al. (2019)] ZfifH L7=. DAL, BAFR&NALICEL L CREGHA L
FiF5.

F7o, RFIETIX, BRI FEEIHFZEAT O DONET & N-net D itdk [Bh KB FHf
W8 BT (2019, 2024b)] A , Bl W M ¥ — ¥ o R H = H
(https://www.mowlas.bosai.go.jp/policy/data/) (25t~ CTHEH L7=. 723, N-net 5 A
TAD 202447 A 1 HLEOBIIT — 21, 2024 45 10 A OREEHA OB E & b
IZABE SR TV 5 (https://www.seafloor.bosai.go.jp) [B SE B A E AT FE AT (2024a)]. A
AT XD HEE ST IR M (Fig Sa) O 7 — ¥ X,
https://doi.org/10.5281/zenodo.14020781 T/BI L TV % [Kubota (2024)].
2HDEAEFE 2O NI ZRMEREZE D 3 A v ME, KX OYEIZIFFICH
WLz, REHHAL EFET.
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Figure Captions

Fig. 1. Location map of this study. Red triangles and light blue inverted triangles are the station

locations of the N-net offshore system and DONET, respectively. Black squares are the
locations of the coastal tide gauges mentioned in this study. White star is the epicenter of
the Hyuganada Sea earthquake (Mjva 7.1) on 8 August 2024, determined by Japan
Meteorological Agency (JMA) [JMA (2024)]. CMT solution is taken from the Global
CMT (GCMT). Black line indicates the trough axis. The stations shown in Fig. 4 are
marked by thick lines. The station names referred to in the main text are also shown (see
the website of the National Research Institute for Earth Science and Disaster Resilience
(https://www.seafloor.bosai.go.jp/st_info_map/) for the other station names). Larger

scale map is also shown in the inset. Rectangular area denotes the area in the main figure.

Fig. 2. Observed pressure records for (a) N-net offshore system and (b) DONET. In the left

Fig.

panels, de-tided (gray solid lines) and lowpass-filtered (100 s, black dashed lines)
waveforms are shown. In the right panels, bandpass-filtered (100-2,000 s) waveforms
are shown in black. Station names and installation depths are shown on the right. The
horizontal axis denotes the elapsed time from the origin time of the Hyuganada Sea
earthquake. The names of the stations not working during the earthquake are shown in

gray. Note that the original sampling rate is 10 Hz but the records are decimated to 1 Hz.

3. Distributions of seafloor vertical displacement. The distributions due to the fault
models based on the moment tensor solutions of (a) GCMT, (b) USGS, and (c) F-net, (d)
the rectangular fault model by the Geospatial Information Authority of Japan (GSI), and
the finite fault models of (e) USGS teleseismic, (f) JMA teleseismic, and (g) JMA
regional seismic analyses. Solid and dashed contour lines denote the uplift and
subsidence regions, respectively, drawn with 5 cm intervals. Rectangle with black lines
and are the location of the assumed fault. Star denotes the epicenter determined by IMA.
The parameters of the assumed faults are shown by the moment tensor solutions and texts
in each panel. Note that the longitude, latitude, and depth show the center location of the

rectangular fault.
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Fig. 4. Comparison of the forward tsunami simulations. Stations in (a,b) the western part of

N-net ((a) NAE18 and (b) NAEQ09), (c,d) the eastern part of N-net ((¢) NAE15 and (d)
NAEO06), and (e,f) DONET ((e) MRG28 and (f) KMC21) are shown. The locations of the
stations are marked in Fig. 1. The top waveform (black) is the observed data, and the
other gray waveforms are the calculated ones from the models in Fig. 3. Peak timings of
the significant tsunami wave phases are marked by vertical dashed lines. Note that the
vertical scale is different in each panel. Variance reductions (VR) and correlation
coefficients (CC) between the observed waveforms and each of the calculated waveforms

are also shown, which are calculated using a one-hour time window since the origin time.

Fig. 5. Results of the tsunami source inversion. Tsunami source distributions estimated by (a)

using all stations and (b) using only the DONET data. Analytical area is shown by a
rectangular region and the center locations of the unit source elements are shown by cross
symbols. (¢) Comparison of observed (black) and calculated waveforms. Red solid and
light blue dashed lines denote the waveforms calculated from the results with all stations
and only with DONET, respectively. The observed waveforms from 1 hour since the

origin time are used for the inversion analysis.

Fig. 6. Comparisons of the tsunami source with other results. (a) Comparison of the tsunami

source (colored background and gray contour lines) with the vertical displacements
calculated from the GCMT solution (blue contour) and the GSI rectangular fault model
(green contour). The locations of the fault models are also marked by colored rectangles
(blue: GCMT, green: GSI). White star is the epicenter of the earthquake in the Hyuganada
Sea in 2024 determined by JMA. (b) Comparison of the tsunami source (red contour)
with the tsunami source region of the 1961 earthquake (oval region marked by green
dashed line) estimated by the analysis of inverse refraction diagram based on the tsunami
arrival times at the coastal tide gauges [Hatori (1969)]. Green star is the epicenter of the
1961 earthquake determined by JMA. Light blue rectangular region is the rectangular

fault based on the GCMT solution. (c) Comparison of the rectangular fault based on the
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GCMT solution (red) with the slip models of two earthquakes in the Hyuganada Sea in
1996 (blue contours) [Yagi et al. (1999)]. Interval of the slip contours is 0.5 m. The
tsunami source is also shown by color. The magnitudes in this figure are taken from the

JMA catalog.

Fig. 7. Results of the rectangular fault modeling with the Markov chain Monte Carlo (MCMC)

method. The model estimated using (a) the onshore GNSS data alone, (b) the offshore
tsunami source data alone, and (c) the joint analysis of both GNSS and tsunami source
data. The upper panels show the location of the estimated rectangular fault (rectangle
with black lines) and the vertical displacement distribution (black contour lines, 5 cm
intervals). Gray contour lines denote the tsunami source distribution (Fig. 5a). The
middle panel is the spatial distribution of frequency for fault-plane ensembles with the
selected 40 fault models from the ensembles (gray). The geometry of the selected 40 fault
models is also shown by the moment tensor solutions The lower panels show the
comparison of the displacements at the onshore GNSS stations (black: observation, red:

calculation).
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