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Interpretation of the course of the Noto Peninsula earthquake swarm and some
anomalous activities before and after major earthquakes

AR, BERE (MEtBEEmERT)
KUMAZAWA Takao, OGATA Yosihiko(The Institute of Statistical Mathematics)

1. iZILt»ic.

ANNEEEE LS LA TIE, 2020 F 11 HER2 S, ZNZNICFHED B 2 G811 & R
B4 oo THREL TS GELR) . BRAEME DAL A o M/ NE R o &
O N7z BRI B TUE, 2020 4F 11 HERICIEEI 232240 & L T 14km LAR~EAT L, iy HOEN
IO REETE] ) ONECIEBI SR L 72, JefTHEZE 7 Tl 4 UK o %EH 2 o k2 it X
= EBERMENTE Y, MEREMES N -HER, C OFRESHITER O EE RS (HMEZE
FHH) #REL T, FLOMET RMEE~ EIEEL Tz 2 2RI NS, LUK, dLEHs A
& D OHEREIME I E CE THER L, Mg % B Ic Fféﬁaﬁﬁﬁﬁ@mm$6ﬂwam
MSAMELFEA L, % D) 19 KFfE#£I1C D Hiss o Hlii < M5.0 235 72, 2023 45 H 5 Hiclk
HOIREE O ALl < M6.5 DHIESFEA L, Z ORE ZALEHIE k0 b 2 b7 1c 1 TR 5 ﬁ
L7.

HEAMEREG 2 O RKEM6. 5 & ZOREEH 2 G ERAMBERE AN Z -V IEHIGT 2720
IC, ARFEDMHTICIZAT OIEEHR ETAS TF A" 2 7=,

Ag(t|H) = p(0) + Liiscr, o Ko (t)e MM/ (t— 1, + 0P (1)

COETNEIER ETAS ETAOH 1HD” WREWE pu L H 2 HORENFEREDO Z LZ i
SR Z B ERE KL, Zh b0 bz it~ A4 XIEHEHRLE (ABIC) %" CHEET 2 d D
THD., ERMEREE Y ) INREBEELTOW - DRIk BIEHEL, FREEENT
DRFEEAIC X 2WEH LA 2T 2 EZ NS, )5 K@) (ZFEBANOLITHIEIC X 5T
BB RE~ O M ESARN R (CREFHRE) 2KbT.

AREClx, JEEH ETAS €7 VO FIEERE 1 () K HEREESAHEE 2> & 5 5> 2 HETGE)
BER, KOO Av =) v I EZIRRREEZ LD F VA EFEL RN EZRT. T,
2023 4E 5 H 5 HD M6.5 HUEE R DHIERE N & — VICTIREALSBES L7z 2 L 2Rd. T —4
22023 11 H 12 HOETDOIMA A& a7 %R L 7.

2. BERMEIEB OILHIC O W T

AHI Tl 2023 4 5 H D M6.5 F&4E LART O BEFEHIEETH B 10T L CTHUERNICIEE R ETAS £ 7 v (1)

ZAUTIZD, WEEE u (t) & GNSS BUI K& CHIEEFE A D BRI B RE AT & D RIG&2 ZE L 7-.

B Hiuls < 13 2020 FEARIC 2N & U CHER (14km LAZE) CRIRM A BERMBEREIZMHE 0, 2L

m#%ﬁﬁbt% BN D B O N2 iR L L /2. 2021 R X 0 EBIR IR L ISR
CHEEIL, 20224F 1 HHEICH EME T EOMEBEAN—X FRREL TS, 2oN—2 D
*“ﬁi DRI D FICTI NS> TH Y, ZDOIERITRNC D % filE B ELH A & ERPNELA SR

@ﬂﬁ% BEABEoTZ. 20 LI RBIBEBE M - 72 C & 2R3 2 Ok 4: 55 11X,

2 S,

— 559 —



HOTE T A S 2R 111 % 2024 48 3 H 5T

BHUK COEH~D~ 14 7L — a VEIIRD DBy AENCRREEI 0K L 7 B (A, C,
D) OHRME u () (E2Xa) I3, %ithiejzf@ﬁi%ﬁﬂlzé#r‘o%@%éfrf%%f?@buiﬁﬂ’wﬁbm%fiﬁ
PGB HERS L 72, 2022 ELARE, A MR & CHBICIdig K - A28 0EL T, FL v FidfES
DICTHA LT3, DB XUB HUIECIZHIAIW 5 ) &K - dﬂi’)‘%ﬁb&@l.b“(b\é. A Hblsg
DY EIE RIER) 1T M6SERICR > THA LT3 2 & HKECcH 5. —J5< D Huls (Eih
B 132023 4E 3 HEDARRIC—HIA L, M6. S5 ERTICHUHEML Tw 3,

3. 2022 fED 5 2023 4 M6.5 HIEEFA: £ CoMETRE) & M) o B2 R BIC O v T

At D%2&DLE-HIBOBZERIEE M>1) %, 2022 £ 5 M6.5 AR £ C D R IR
DIEENAT RN L 72 (B2 ). T DORFEEITFREE A o BIRERE GEts) 277
Z&ﬁ?u%ﬂ%%%mwtﬁﬁﬁ~%f7//%Twﬁéfib A XWPEEE TR 2T L
HIST-PPM" i€ X o CRGEAMBEED 2 HE L 2. COREENHTH B L, M6.5 DHERT
M,SH4E®WE%%MT,%ﬁk#Dﬂﬁ%$buAﬂﬁ@iﬁu%&hfﬁahé(%ﬁk
QD). Zo@ffbickind 3 X 5 ic, WMo THEE (FE2Ka) HMEFTLTw3, 72, 2023
LD A RO S (B28a) P FL Y FThY, Zhicwisd 2528 c oIt
OB TIZAACTH 2 (Firfk Q2). Fkic, MHIKoHFimE (B2Xa) 232022 46 H
HE®NB4%E%Lﬁ%<ﬁOTﬁ9LkC&uﬂmbf,%L!pfiD%ﬁumzfAﬂ
WoRHIc b #REr R o2 (ERIE Q3).

B Q1 K TF Q2 13 M6.5 FEHTE ¥ (H 1K) DHEHIERIKT, W< VY 2REL S
HGOALDHIETCO s —m Vs iv v Fv (CFS < 0 OfElk) &xtind 3. FEKEIC X % CFS >
0 DREIIL, CCHik 4: B4 SM) TR L7z 2023 EYIHERTR 2> b ORI ER OB ~D~ 4
L=y a v Z—vh I3, X 50C, GNSS ERMNBUHIS # Lk & 3 2 B (e s,
B2, /INK) & oRRIIERED 2023 FEWHEA S OB P L v B (B3 b, F—KEicHo <
MICAP-G"? CEHE I NAHIEKET R 27 F o ko PREEZL & FIE L v, a4k Q3 1 2022 4
6 HD MS. 4 WiBOHEZIF Y #NEL EAED 7 —a VIt iy Fv e —KL T3

4. M6.5 IR DHIE & RARE

B4 [1F M6.5 FAEHERTE COALEHIKA L DO COMBEOER (BZEDL, RAE M6S H
B LB MS.O AL 72) 705 ZMHET Y VB D < 4 XL 1V 12 £ o T b L7 Hb
HBESMTH L, ThiCk s L, M6.5 13 D itk D, TFAMEOBUE L AEEICEEL . [
BRIC, M6.5 MR AR D 1 HRICK & 72 M > 1 OMEOfIE % X HITR L7225, M6.5 AL DK
FERESR (PUMAA) CIRERIMIC SR EL T2 (R x). BENH AR TGN AEE D & ik
TEORENRZ—VERTINOOIEEIATE A S e TE S, FE2KaTnL7, DD
HREED M6.5S HAITO LFIZ o ORIEEE 2 KL Tws. Zhbo o b fEIZ 0.85 TR
HEX DKL, ZDFREIBICAMD TR W b HOFEIICH X T3 2 828, 20T v A TIBIEIC 3
5N b 104 X e & o T D1 = SR (s ALK
ARE LRI, RARE M9 b HENMIOEERABIRICA VAL RIS CHREL T2 C
EWRGM G,

— 560 —



HOTE T A S 2R 111 % 2024 48 3 H 5T

5. 20224 6 AD M54 HEDRARE (M5.0) 225 M6.5 ~DJFFi~ A4 7L — = viGH)
2023 4F M6.5 MEFEAERT O EIARIC B 1 2 RAMETH - 722022 4 6 A D M54 HuE X A Hb
e DM AR T 2 B AT IcHE L, 0 19 Kilitic D MG o SiEEk ic s v T
RARETH D M50 3 FeF L7z, RICKZ 2 M6SHIE L C oHbEE & 134l o X b L 2B
THAALTEY, FISHATRICER - R (ESKla) oMEE#Z X - Yﬁﬁhﬁmémiﬂ
FTEEESHEbITRS. M5.02025H M6.5 1K T T, ZOMEETIRMEEESAEML CEh, FEfo
M5.0 225 X D E M6.5 IS A > CHEETEEN 3004 9% (BESIXLb). 2o ol M5.0 FE%
ICERER D> & M6.5 DEJRICIHT CHfADBEIc AT — XY v IFh3ffEo /2 L 2R T 5,

6. M6.5 HiERDRE D RERFRER N Z — v & Z DFFIC DT
M6.5 KED L RARBEEICOM CABFTFEETADPRLY TR 2 UM E2HET & (FEolao
ZIKE'%%O 13 HOMERBIR), % OBICHNFEL IS cEN S, Ol A iR ORI ZE s
DWTREREG . 7o vy F 35 &, HECRARER L COMNN 2 A T2 KL 22 (B

64b). CNEABTHFRINEFARERLTOW L Y TRYITX > T, M6.5 DREIFHO
WA ML AV Yy =L 72720 LRI T X 3,

B alF2019FE052023FE 11 H 12 HET, M6.5 &% DRER GO 7158 % M i ic JEE

H# ETAS CatBE L 28R 2 B2 7 — A TR L7z, 7277 LAE - AEEE 2 & DIt (A &
D) BAEBEZOESL L WT -2 RIEEEELCTR~Y=F2—F%15¢ L, Bilfucon<
13 2023 EYTERFTHR 2 H DH ST ~DYEE N E R L 72 CCHk 5: B4XNSR). +4bbHE 1O Bl
e 7 DEA~DIEETS %ot B Hill % MBS & L 72, #6035 13 M6.5 HhE LG o 1
flzk3. B bIciIM6.S HEUKOERMELZ (1) XORKREBEHE L AL TR T —v
TR L7z, BRI A - i W TR MR IC RIS LR ORIE ST 2. 2 offHiE M6.5 @
REEE LK T 2EROH T, KEOHMW Y H— (CFS>0) 2’FHKT 2D IT TR,
TEEALERT 3R DB ABERIC—HEML 2%Ic k2 CMEL, K2 EWCHOEML 72
CERRREFEZ NS, ZAE— BN 7 Wi N O TR i 23R 2 v CRIE 3 2 B RE % K
L7zboeizondrd Lk, TREEIAEERICEFT 201, 7—2REOFEIT
2T, WiEEENhC X o> THIFRNOTIRB AN L 7282 R L72db0EZbNE, ZOFTRIC
DWTIETRE 8 fiz Iz,

7. 19

JEH ETAS £ 7 VIR & § 2 HIEERE R Y D &2 b BTGB R - O B 55 (static triggering)
WCHRD CHEBRAREZHAL X 5 32, ikt L CIEER ETAS &7 IR 2 & OB
¥ (dynamic triggering) ® &%, IEHIEBRIFARNRZFE L 208 CTH 5. 2 OINED L OF
FNRIZETAS €TV TEANT A =Xy (BEREE) &I L2b, O REHLS) %
AR eBR =2 )y TCMRTATE LB 2 BEMICHEE ST 2 2 L ICB0 5. M6.5S AER
ERT O BRI DZE(L & GNSS Bl & DX HEESIZEITHE ™ IR TERR L T & 72,

ABEDONEIZUT D4 HICHED 2 2 LA TE S, oy, BERHERKBIIE B O %<, 2022
RO I —EDNEA 2 BERHEE R 2RI L, Zhicfk > GNSS FEspEREE o [y 2 580
XL 7. C OBRICHAD KB ABEN L w o K D TR0 BFHIA, ROk L EZ N
%,

— 561 —



M P AL AW 111 % 2024 4 3 HRAT

KIZ, M6.5 iR D WilE € 7 L O FEEHIE R CRIBKIME » 2I0E L 25 E8 oIe &b L, HEE
AL I E I F) & OXGEIRICBAL THU 72, TR b b+ Z{RE L 72 A CFS ¥ X
— VI, AMuESIEcoEEl, FRMNEBII S 2 EA L T 2RO M L v F, 2 L CrREliiR
(B i) DHIEBEBOHRT~D~A 7L —va vt FFELAL., Znbiivndnd 2022 F&bH Y 2
LRONTEZEHTH o7, [FERIC, M54 WEOHERNZREY ZIREL7ZA CFS X% — 1, M54
FA (20226 A 19 H) 0%E < LAt (A, D #s) <R o7z iE@iitdt & FHE L &,

Z LT, M6.5 & % DIRARAREMSY ZBEARMEDREE B VCETRAEL, »ORER
ATHEF > 7-BORENPRZ o 72 S 2B L7, 72, 2002 FE0 M54 HEBEEZORARETH S
M5.0 2> b AREE M6.5 ~D G175 My 5 R © o HigE A A0 13 2> & 5~ D iR D F5 8l
FEAT =Ry THIRET D,

RBICAREUREOTEENCE L T, RER 0.4 HE DT T IR KRE MS.9 ERTIC Z O &
WoEBE AR O N, XY BB OIEE R ETAS & F AN IC X % & M6.5 LU IC & s oo %5 5
BRI RECIHAL, B LTHAL .

8. THNT A 7= i

BEELEDRIED ANy 7777 FL— bR TRV o T ERL TR 0w sHicBIL T, &
o] D HEE 2 D M6.5 HIEE D REIEENC IXBIVFEFRICK 2 b @ L HIVEEFEICH 2 d D Ol 28R
ELTWw5, MOSHIEDHERICHEDO KEEATHRMESSHEL, REREL & HICKE I
YL, Z2DFELIEOAFEOLHBMEZDODDARIEF > TLE S &) ATHEMED & > 7228,
FEl O DA DOMIG IR VIEL TE TV B L WIHIHEERSHZOTHICE W TEHTE A VWHTH
%,

AEOWEBIRD Iy 7> o TwiE, BIERNICEITO R e —2 Y v Z2GE LT, AR ORI
7 — 2 PHBEIEHZEBRT 2213 cE 3 Y 0T, 2u—21 v 7OIERE i c Tz
TR THNBE2OEECTHS., LA LEL OBA, FRICHERTORT -2 ) v 7 I3 B
PN DTA v o=V a L K, fEEORENTEHES. ZOfEREL LT, AlREZR AT —
2y 7OWiEE TV EFBEFES CHIFREZBIENT O 7' v 277 L MICAP-G 7 &% WX, ol
JEE T NHBHEFEE N 2 — v 2 GNSS HIHIKE RN DO EALICHEE L T 2 25l cE, Zh o o
BEXERELCTHT 2L BEZONS. DX )7+ — ViR E D DORER 2
SR CETAMMERD I I REHEAMDBKRENTH S )P, SOFHEBEZ > LHEETH S D
R !

—FF 2@ 5 < DY L, FiEs X EHO PRl W CREBIEIE O Jko e L L CHE
THEH, HENEW - DIEYLPHEZOW S DIEDY LM S 20T INIERD R,
KHUEE OWERIEGI & AR ICEHMEC X %2 X 5 I1c3 2 1ciE, HWEHEORFZER Y2 —vickkonwTz
NoDOMBEDHE Y ZHMEICHET 2 LR H 5. N4 THMEH 7 & S AaEEO 7 — 2 ickKo
WY ER G T2 2 2k b, FIRIE Y 2 X VIHEICERE T 2 2 L TE L, FERAME
I HICEL b R[REEL D 5.

HE.

KIEHTICBA L CRETEFA 2 v 7, HEEHMENT Y 7 ), GEONET 7 — &, MBI T
ST w75 L MICAP-G? B L U7 v xR =l o Figt 7 v 75 4 HIST-PPM'Y % F 7=,

— 562 —



HOTE T A S 2R 111 % 2024 48 3 H 5T

FAL KB AR S H G K OHE S 2 v 272 3 E I N 2 BT 2 DICHISTH - 7=,

E PN
1) AE &% B I, B ¥ R E (2010) 7 A # & # 84 (3-5), https://cais.gsi.go.jp/YOCHIREN/report/
kaihou84/03_05.pdf

2) BeFE B I, B IE R E (2022a). 77 Al ## £ # 107 (7-4) , https:/cais.gsi.go.jp/YOCHIREN/report/
kaihoul107/07_04.pdf

3) BB B M, BB R Z (2022b). 7 4l # £ # 108 (7-3), https://cais.gsi.go.jp/YOCHIREN/report/
kaihou108/07_03.pdf

4) FEEFEEH M, BIP R E (2023a). 7 # # £ # 109 (7-2) , https:/cais.gsi.go.jp/YOCHIREN/report/
kaihou109/07_02.pdf

5) HEEE A, B R E (2023b). 7 41 # A # 110 (10-6) , https://cais.gsi.go.jp/YOCHIREN/report/
kaihoul110/10_06.pdf
6) Nakajima J (2022) Earth, Planets and Space 74, https://doi.org/10.11 40623-022-01719-

7) Nishimura T Hiramatsu Y, Ohta Y (2023) Scientific Reports 13, https://doi.org/10.1038/s41598-023-
35459-7

8) Yoshida K et al (2022) J. Geophys. Res. 128 (6), https://doi.org/10.1029/2022jb026047

9) Yoshimura, R et al. (2022) Planetary and Space Sciences, 3—7 November, Sagamihara, Japan 152th.

10) Kumazawa T, Ogata Y (2013) J Geophys. Res. Solid Earth 118 (12): 6165-6182. http://doi.wiley.

m/10.1002/2013JB0102
11) Ogata Y. et al. (2020). Computer Science Monograph, No. 35, sl A ZTAT , https://www.ism.ac.jp/
Y index_i.html

12) M FRBE (2023) RIS ES H S Hom)IRges s o E S o Bk E <7 v (FE) |
https://www.gsi.go.jp/common/000249465.pdf https://www.gsi.go.jp/cais/topic20220505 . html

13) NI N, & )IRESK (1999) #4722 45 2 #5 52(1) DOI, https:/doi.org/10.4294/zisin1948.52.1_101

14) Ogata Y (2007) J. Geophys. Res. 112, B10301, https://doi.org/10.1029/2006JB004697

15) BIZREE (2008) FAHIEZ#K 79 (7-3), https://cais.gsi.go jp/YOCHIREN/report/kaihou79/07_03.pdf

16) Ogata Y (2010). PAGEOPH 167 (8-9) 1115-1127, https://doi.org/10.1007/s00024-010-0096-y

17) Ogata Y (2011). Geophys. J. Int. 186(1), 331-348, https://doi.org/10.1111/j.1365-246X.2011.05033.x

18) BIERZ (2007) FALEZ K 78 (7-11), hitps://cais.gsi.go.jp/YOCHIREN/report/kaihou78/07_11.pdf

19 B R E, & H&E X (2008) 7 A # £ # , 80 (12-05), https:/cais.gsi.g0.jp/ YOCHIREN/report/
kaihou80/12_05.pdf

20) Kumazawa T, Ogata Y, Toda S (2020). Geophys. J. Int., 223(2), 1304-1312, https://doi.org/10.1093/gji/
ggaa3s6

21) Ogata Y, Tsuruoka H (2016). Earth Planets Space 68 (44), https://doi.org/10.1186/s40623-016-0410-8

2)BIRRE, RIERME (2023) 55 240 [AEE THLEM 2, 5110 B PRABEAHRICISH T E.

23) #5154 (1995) Hb Z W FCPT TP FE#R 5 No. 2. 34-42

24) Yoshida, K et al (2023) Zendo, https://zenodo.org/records/10019860

— 563 —


https://cais.gsi.go.jp/YOCHIREN/report/kaihou84/03_05.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou84/03_05.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou107/07_04.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou107/07_04.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou108/07_03.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou108/07_03.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou109/07_02.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou109/07_02.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou110/10_06.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou110/10_06.pdf
https://doi.org/10.1186/s40623-022-01719-x
https://doi.org/10.1038/s41598-023-35459-z
https://doi.org/10.1038/s41598-023-35459-z
https://doi.org/10.1029/2022jb026047
http://doi.wiley.com/10.1002/2013JB010259
http://doi.wiley.com/10.1002/2013JB010259
https://www.ism.ac.jp/editsec/csm/index_j.html
https://www.ism.ac.jp/editsec/csm/index_j.html
https://www.gsi.go.jp/common/000249465.pdf
https://www.gsi.go.jp/cais/topic20220505.html
https://doi.org/10.4294/zisin1948.52.1_101
https://doi.org/10.1029/2006JB004697
https://cais.gsi.go.jp/YOCHIREN/report/kaihou79/07_03.pdf
https://doi.org/10.1007/s00024-010-0096-y
https://doi.org/10.1111/j.1365-246X.2011.05033.x
https://cais.gsi.go.jp/YOCHIREN/report/kaihou78/07_11.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou80/12_05.pdf
https://cais.gsi.go.jp/YOCHIREN/report/kaihou80/12_05.pdf
https://doi.org/10.1093/gji/ggaa356
https://doi.org/10.1093/gji/ggaa356
https://doi.org/10.1186/s40623-016-0410-8
https://cais.gsi.go.jp/YOCHIREN/report/index110.html
https://zenodo.org/records/10019860

HBFE TG 2 2 11 % 2024 46 3 5T

HhEERE:2018F1A1H~2022%11A5H8
M>=1.0 RE0~25km

37.8

hAR

37.6

B

37.4

R B’ eazem

RE#D NS
I I I I I

136.8 136.9 137.0 137.1 137.2 137.3 137.4
BE

ERTy L& GNSS #AME. RGP OFVEATHES (A-D) 279, EVESAKRB IS B EFDE
DEEZEOHIEZRT. EAIXGNSSHARZETRT.

Epicenter map and GNSS observation network. Red squares in the map indicate the regional divisions (A-D). Black
polygon 'B' indicates region B and its eastern extension. Black circles indicate GNSS observation points.
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Fig.2  Background Poisson intensity rates of time and of space-time (before the 2023/5 M6.5 event). (a) Variation of the
background intensity function of time in each region on linear scale. (b) Epicenters of the earthquakes of M > 1 in
regions A and D. (¢) Coordinate of the longitude vs time events with colors indicated logarithmic intensity values at
respective events' coordinates of the optimally smoothed Delaunay surface of Poisson intensity rates in logarithmic
scale. Systematically low Poisson intensity (density) regions are indicated by Q1~Q3.

xR ELHERO M RRENEETILE "
Table I The M6.5 epicenter fault model solution'” by GSI.

BRE BE LiRES RS & EM wH IRy FRY=E

[°] [°] [km] [km] [ km ] [°] [°] [°] [m]
137.238  37.578 0.2 5.6 10.6 742 839 110.3 1.7
(0.003)  (0.002) (0.2) (0.4) (0.2) (2.5)  (1.4) (1.1) (0.2)
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Fig.3  Time series of the distances and specific height between GNSS observation points during one year before the

M6.5 earthquake. (a ~d) Distance variations (between Suzu station and Wajima2, Ogi, and Hegura Island stations,
respectively) and vertical variations of Suzu with respect to Hekurajima; trends from around the beginning of 2023 to
May 4, 2023 are shown by black dotted lines. (e) Vector of surface deformation assuming slow slip in the M6.5 deep
extension (brown rectangle).
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Spatial density intensity in A and D regions. The Poisson intensity corresponds to the logarithmic color markers and
the equidistant contour lines. Red triangles are epicenters of the M6.5 and M5.9 from east to west, and red and black
X marks the epicenters that occurred from May 4 to 5 before the M6.5 ocurred.
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Distribution of hypocenter depths in small areas between M5.4 and M6.5. (a) Epicenter distribution of M > 2.0 events
from M5.4 on June 19, 2022 (blue star) to M6.5 on May 5, 2023 (yellow star). The pink star represents the M5.0
on June 20, 2022 (the largest aftershock of M5.4 earthquake). (b) X-Y axis distance versus depth projection of the
epicenter within the rectangular region in panel (a). Periods from left to right panels are 2018 to just before M5.0,

M5.0 to M6.5, and after M6.5 (until November 12, 2023), respectively.
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Aftershock of M6.5. Aftershock activity of M > 1.5 events during 0.4 days after the May 5, 2023 M6.5 event. (a)
Extrapolation by fitting the Omori-Utsu formula from M6.5 to 0.13day (red curve). The black curve is the cumulative
number of observations, M > 1.5. upper panel: normal time, lower panel: transformed time (residual time). (b)
Epicentral distribution (upper left), and spatiotemporal distribution based on the transformed time.
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Fig.7  Changes in aftershock activity and background intensity since the M6.5 Earthquake. (a) Background intensity
estimates from 2019 to November 12, 2023. The upper panel shows the background intensity for regions A and D
(red and black lines, respectively). The lower magnitude is M1.5. The lower panel is for regions C and B' (red and
black lines, respectively). B' includes former area B and its eastern extension (Fig. 1). The lower magnitude is M1.0.
Vertical axis is linear scale. The area after M6.5 is highlighted in light yellow. (b) Background intensity (red line) after
M6.5 is shown by region. Spiky curves are intensity functions of the non-stationary ETAS model. Vertical axis is on a
log scale.
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