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Anomalous strong ground motion features of the largest aftershock of the
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The largest aftershock (My, 7.3) of the 2003 Tokachi-oki earthquake (M, 8.3) generates larger
peak ground acceleration (PGA) values than the main shock in the western side of the epicenters
despite their magnitude difference. We study the features of strong ground motions from the largest
aftershock in detail using PGA values. Spatial distribution maps of PGA ratio between the largest
aftershock and adjacent earthquake shows obvious azimuth dependency compared with the other
earthquake pairs occurring around Japan. Attenuation relationship of the largest aftershock shows a
large azimuth-dependent scattering at distances from 200 to 300 km compared with three smaller
earthquakes occurring around the largest aftershock. Because this large scattering appears only in the
largest aftershock, we conclude that the azimuth dependency is a peculiar feature of the largest af-
tershock. Fourier spectral ratios between the largest aftershock and adjacent earthquake at several sta-
tions show azimuth dependency at higher frequencies than 1 Hz, which is consistent with the azimuth
dependency of PGA values. The azimuth dependency in high-frequency range cannot be explained
simply by the source and path effects, and therefore, we make a hypothesis that the azimuth depend-
ency is an apparent one generated by two earthquakes occurring simultaneously at different regions.
Synthetic PGA distributions generated by two simultaneous events calculated by the empirical at-
tenuation relationship are in agreement with the observed PGA distribution of the largest aftershock.
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2003 fF+RErh AR (M;8.0, My, 835 BIF, ARELAHMT D) &, TORARE (2003 49
H 26 A 06HF08 %, Mj7.1, My 7.3 BAF, mARRELEWT D) 1T X DR KHBINEEH
(PGA ) DZERSAZIET 2 &, BIROILD b HFANTALE 2 LiE 5 TIIARE O 5 23
KREIV B RERPGAMELZTEL TWH DIk L, BIRVER OALHEETEE A & BALALE I 5>
I TCORIETIE 2 HIFRIC X 5 PGA EICK ZAREITRLNT, RAREOSHT K E 7 PGA EXFL
gL iR b 2 (Fig 1. BFRA =2 3 VIRITIC L AUE, ABOBFEBIIEROIL Sk
IR > TWD DI LT, EARBOBRBIIARBICHATHEY (Ld, 2004) Z &b,
2 B OB OILA Y 2% E 3 1d Fig.1 IR L 72 PGA M4 OB WITEMEMICHAT S Z &
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& FIREEE O HERE) SR THIR S NI ER 2 E BRI T2 2 L IEETH .

RARRED PGA BEHAICHE B UIHFFEIZ S <X WD, Z 0K R MiZEsh 5 i o E R 2
YA MEHELETELDL, BEEMEL TIPS, FF (2005) X, RARBETAR
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Fig.1. Comparison of peak ground acceleration (PGA) values from (left) the 2003 Tokachi-oki earth-
quake (M, 8.3) and (right) its largest aftershock (My, 7.3). Crosses indicate the epicenters. The larg-
est aftershock records larger PGA value than the main shock at many stations in the western side of

RS

the epicenters.
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IV B KRE72PGA EEBI L I HAIZBROTERICOLFEL TWDH I L, £LT, ZhbHi
EIREEEI DO A MER LT WHLS TH S Ll L TRV, A MEESTEER L O TH
%. —J T Macias et al. (2008) 1%, HARED PGA ED R =GR TEM OO HIERIT I
RTFELOENRKRENVWZ LOHEREZ, FRAREL L — NEHETIE R AT TAMETH S -
HOTHDHEHEMLTRY, BREEEREEREDOSETHD. 2L, Thb O Tl KIE
EEOHMCEBR L THY, ARG LREICL LERIT2 I TV, /il - 48 (2004) 13,
KRELRAREBETIE, BEKRIREMEET TR EFIRS AT MATRRICBEL TH R o7 H AL
PR R OGN, ZROILEHE TRALI/IMEBE TIIR RN &6, FAEFEIZFL L
TREEFAFMEICGERT S LT,

AT, AIH - FA (2004) X 2MEt 2 E 2, RARBOBRICEROVEH ORI T4
BICILET 2 BB SRS S Ve RIS OW TGN 5. 22T, £, L 2HEICk S
PGA fE AR D E ORRE ORELNEZ R T HIC >V T, BHlE & BRI ESWTIRNS, ki,
RARRBOBDTRALCHE L ORIZEY, RARBICLDIMBEHOFRRME 2R T 5. &
#IT, RRBEOPGAMHESMZHPAT DIRHZREL, THICESWTHRFZ1T 9.

Il. A L= 2 MBIk 5 PGA EDZER 7

RARBICLDMBEDMHPERTHLINE S DERDIDIC, L THAELZ 2 HEC
X % PGA EDZER A 1S & OREE OELMEZ R TNC OV TIRRD., R E LD, REMH,
TR, SR, RPEBEERE TS AMSHETH S (Fig 2a). THMORT TIXKEA
REXV /NS~ =F 2a— NEFOMEBZHWS Z LT, REL OB THREINZEBIRE
DR DB EBMWMTEHLEZOND., v~/ =Fa2a— FO/NSWHIED PGAEEZSREE L
72 2 WiBE D PGA % Fig. 2b ITR$. PGAEIIAKEE RSO MAARETH 5. FKIRH
DRTIF~ T =F 2— ROEPKENTD PGA HLITEERICKRE < RoTWD, Fi, 2HIE
PRIERU~ 7 =F 22— N 2R ORE RS L ALGHEEBIH D7 Tid PGA O ZE XM Tid722
VW, TS 3D PGA WA ZERIICIFIE—RE THMKGEZ R L TWinolzxt L, +EEo
T T PGA D F RIS BNZ LA TH 2.

L 72 2 BT X % PGA WO ZEHIA A6, BEHERERXTIEEDO LS CRbEN D01 EH
N5, ZZTIE, O, Kanno et al. (2006), #JII - fh (2006) 2 & 2 BEEEE=EXEZH W5,

logPGA=aMy+bX —logX+c+logG+logA,,,+1ogsS,

(1)

=log(pre) +logG+logA,,, +10gS,
22T, X ZERER, o b0 BLPcZEURRE, GIIV A MMEEE, A, Z8EFEEECHE
TAHMIEHE, S IHESY 47 (FL— MEE, 27 7AME) ICEATAMIEETHD. 20
L, BHEP30km IV HENWT L —MEHIEL AT TAMBLHZL LD THY, A
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OFHBICIIBRESPLETH D, [BT—EBIEIC L2 BEARBOBRES 1L 214kn TH
D05, A TIRES 2301 km EMREL TOREZ@EH L2, £z, M, 7 RitOHMBEREEH
TWB A, MERZEL CERERZHEL 2. HEERER S PHl S5 PGA o245
fi % Fig. 2b 19, HEEH OB T IIM o 3 M & AN TEFALEOEWIR E W2, HHEE
WERIC £ 2 PRIME S BRE & FERIC R FEZ R L TWD, LA, o 3 HoBH
PGA SRR R0 D O THME & FIFRE TH 5 0lext LT, i TI3ERl PGA HIXTiliE
IS PICKREL, FBIHORT OB PCGA LIZEBRETH L L EZBND.

I B8 B¢ B = B &

i TR ENT TR OHESR T O R 72 PGA O RAIZ DWW T, KEICIHEASREL F0
JARITHA L My, 6.0~ 68 D 3HIE (Fig.4) 12 Xk 5 PGA EOHEMEIE=EMIE (Fig.3a) &b
LI 5. KRR O RBEHEGE BRIt O HIEE & H~ TEITERREDS 200~300 km D& T
o2 BKREL, ZOEBERIA TIEAKFEEZR L TWS. A (2005) THHRKRED
PGA fEITST 2 YA MEMEDEENERH I N TWE 2, KD X 912 2 EIC X 2 R—BHET
D PGA WxFET D Z L TEOFEE TS,

obs(PGA,,) (pre) X G X (A )i X (S
ObS(PGA]-k> (Pfe)jkx GkX (Anew)jkx (Sc)j

1 1 2)
calc(PGA;;) (pre) ;. X (A jx X (S,
= (pre) ikx (Anew>ik>< <Sc>z

ZIZT, R kBHETO 2HE (i, j) X528 PGA Ik, HHROBRHEY A N FIEE
ZRWN Tz j RIS T 2 BRI L 2 FRIETH Y, Ko LTIV M krESh
HEICE 2 kKBS TOPGAERE NS, 200742 A 17 A D M, 6.0 DHE (Fig. 4,
070217) ZH¥E (F#E) &L TRz 3 MBORMBEMEGE % Fig. 3b ITRT. A MRS
I Z & CFig 3all AONIIE L 2EDRHEINTWD N, FAKREOEBE 200~300
km TORELDE LR L L TARE L, HARBIIMOME & L TR PGA H O FEBER =
BREEL TS, $hbb, fiffi ORENETBFOST OB PGA R B, RKAR
BORORRMEIZLZbOTHE EEZDOND., £, ZULOMBEOEBRILIEHEL TRY, &
BREBKITIZIZHEL TVWDH DT, RARED PCGAEDIXS DX IIBFEHICERL TWa L&
ZHND,
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Fig.4. Location map showing epicenters (solid stars) of the 2003 main shock (030926 MS), its largest
aftershock (030926 LA), and three adjacent earthquakes (070217, 080911, 090605). Focal mechanism
solutions determined by the Global CMT are also shown. Solid triangles indicate strong motion stations
of Hokkaido University (NMR, AKK, MYR, and ESH) and National Research Institute for Earth
Science and Disaster Prevention (HSS, TMR, and IYG).

V. 2—Y)ITARY bILIZ K BEE

ZZETOPGAEERWIRE NG, FARED PGA HSAE ORI IIEFAMICER L T
W5 EHEIENS, £2T, AHiTIE7—U =27 ML ZHAWTRRREDEFRBEICON
THRAT 2. BIEITHAVERAREBOED TIHAEL 7z My, 6.0 ~ 68 O 3HFEX G 4 HE
(Fig. 4) (cxtL T, FEEMAE FICHRE S N2 dbifiE K% L Fnet O RHEGH EARERF TRosk S
Nz SHEET 60 BHICOWTO T —) =27 hvaRDTZ, 2L T, M, 6.0 OHEZ 5
BELTHR—BHETO2HED S AT MUIbE LD Z & TEEREERE L V1 NS
HHFEL, SHOBIHARY ML EKRD 2. Fig 5 ICBFE ALY MV ERT. BIERALY hL
DA —Y 78l (0 *FFN) ITXE, FUAETHERAELLZRAUEBRA b= MMEEFHOK
HE & NBOBIRA Y MV, RO TFTESEL TR, KEOa—F—FEREY b
TR EA T BT — A v IS, NEOa—F—RRE X0 L& ERER CriithEE— 2
v hED1/3 FiT/2 B, 090605 (M, 6.4) & 080911 (M, 6.8) TiL, &M ECH OHRIE L~
B LD b REL, BERALY MO REESEEIIR 77— v 7S TR SR 5 8
DTHD., LrLRedb, firRRE (030926 LA) OFF ALY MVHIE, A7—1 v ZHIRG
TRISNDRE TR, SEEEHE CIHMRERES L AREORIEEZHEL TW5., £k,
090605 & 080911 TILEIR AT M VLD FAARTFEILFED SIS, I RRE CTIRE R ECH
VAR & PP BLES O F DSBS L0 b 227 b VHIZRE W, #iZ, PGAEICES L T
W5 1Hz L Eo R B R TIE, FERCEEANCH A 10 fERE RIBEEZRL, RARE
PGA i DR L BWRIE 2R L TV,
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Fig.5. Fourier spectral ratio at seven strong-motion stations shown in Fig. 4. Red, green and blue lines
show spectral ratio of 030926 LA, 080911, and 090605 events to 070217 event (Fig.4), respectively.
Solid and dashed arrows indicate My/mgand ((My/my)"®), respectively; M, and m,are seismic mo-
ment of numerator and denominator events of the spectral ratio, respectively. Fourier spectra are calcu-
lated using two horizontal-component velocity seismograms for 60-sec time window including S-wave.
Spectral ratio of the largest aftershock (030926 LA) to the 070217 event shows azimuth dependency
at higher frequencies than 1 Hz.

FNRAFME DS R ARBICH T D BIRA Y MV IRITFICHATWD Z 2 b, HAREEIT R
AKRBOBFRFHEICERL TWD EEXHN5. Al - R (2004) TIX, PGA HOFHAELTF
PR OTRRME (T4 L2 T4 T 1) REOERFEZRMLBLETHD LIEHL TS
2, BIR T OB G R LS AR 2 EEFMICR D DT, RAREBEO G EREGRRL N
NDFREAFNZ T T 4 == a v E = RT A LI T A BT 4 I Ko THRICHIAT 52 &
iTTERW,
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RRREDOPGAEDIESGSEDER L LT, RARE L IZEFEFFZNTH] O THIERSFEAE
LTV RET D, 22Tk, FBHERBRC)E LT (420°N, 141.5°E, X 82.5km,
Mw 6.2, A7 7PNHIE), QR (42.0°N, 1425°E, X 42km, M 7.1, 7L — FEH#E),
(BFAREH M (415°N, 1420°E, HEX 485km, M, 65, 7L — LEHIE) TH 2 oHER
i U 7B O PGA i % BB I SV TRk, BLIME 0 BREERGEBIGR, 22/ A0 D&%
DEBEINDPE I PEFRAND,

2 HiZRIC X % PGA LRl IE, 4 OMBIZ L H2FSNRERLRWVWLO L LTITY. 774D
L, BEERENICEY, H2BALKTO 2HEZNZNIC L S PGA fEERYD, HOKXRF %
ZOBHETOTFHPGAEET5., ARFNTIHE2BRLZBEL 2L THEMEHRATE 208
ONEFERTHILENAMTHY, H2BEOEHLMBEHET S Z ENEMNTIERVDT,
%2 BIROBRIIE Y 125 2, BIFE S 1T Katsumata et al. (2003) 12 X 5 —HEFHME R O S
ZBHBICRE L. 722, My T8HIME L OB 6 BRITHRICIRD 2. ok, RARE
COWTIX I ET & A U4 CR-E L 7. Fig. 6 ICERIE & PHME O g %27~ B PGA 51X
2B KD T A MRFEPHIES NIZHRRKRED PGAETH 5. Fig. 6 TiE, 2008 4£9 A 11
A®DM,, 68 DHIEE (Fig. 4, 080911) ZEMEMBEL$5Z L T, Fig.3b LV $ %< D PGA %
AL TS, RARBIY bEANCE 2 BEEZE W Z LIk v, JLEEEH» S H LT
T O TIXEE 2 IR PGA A2 5 2 TW5. BLHIME & TIIME O HA X BEBES 7 AL IC 63 5k
RS 6T, 22076, BEEEEGERIMGR & b ICBIEOREA L <HEI LTV D,

ZOOMBEMFIERBFICHEAE L EIRET D Z LT, RAKRBEORRL PGA D42+ 2
TEITERR, Rk BY, AHTORFIFE 2BRLE Z L THAEAHHATE S
PESIPEREPD DL ZEICEIREBNTERY, ZAZHOBINICENT, T2 TRLEHEOH
ENEBICHAET DAREMEIC OV TIEZBE S LTV, #H - A (2006) 1T X HEEA L 3—
U a VIETIC X AUE, BeRRE TIIEIRAHE OISRV AT b SRR A S E S TR
D, AFFEOFER (Fig6c) LHBEALTWS, LALAEND, —RICERA VA=V 3 Vi
Hr DFEFNIAE U 7o i i ORISR <AKTF T2 0T, i - 34 (2006) DOFEFRD S 2 BIR
DALE Z I & WIE T 5 DIXRETH S,

TOOHEREE TWIZE T 25720613, PGAEZT Tid/e SKZIEICS £ DRENRRA T
5LTHEND. REBRNZ ) —VBEEREOBRARBHBEES LR L LT FiEIc k> T
AR EIT, §2BREET S Z & TPCGAED A 21T Tidie < BRAIESL R =7 b v
(Fig.5) bAHATEZ 20 ERIETDH 2L, £L T, #2BEOMBECHE L X 0 EElIcR
T EPEROBETHS.
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Fig. 6. We make a hypothesis that the azimuth dependency of largest-aftershock PGA values is an apparent one gen-
erated by two events occurring simultaneously at different regions. The hypothesis is confirmed by calculating syn-
thetic PGA values from simultaneous events based on the empirical attenuation relationship; we assume that one
event occurred in Tokachi-oki (the largest aftershock; blue cross) and another (red corss) occurred in (b) Esan-
oki, (c) Urakawa-oki, and (d) Aomori-toho-oki regions. (a) Observed PGA spatial distribution map and attenua-
tion relationship of the largest aftershock. From (b) to (d), the 1st and 2nd columns show synthetic PGA spatial
distribution map and attenuation relationship, respectively. The 3rd column shows distance distribution of PGA
ratio between observed and synthetic values. The 4th column shows dominant area of two events; blue and red
circles indicate that the PGA value is recorded by the largest aftershock and hypothetical events, respectively.
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