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History of Innovation in Strong Motion Seismology and

Development of “Recipe” for Predicting Strong Ground Motions

AFB FRI

Kojiro Irikura

From recent developments of the waveform inversion analyses for estimating rupture process using strong motion data
during large earthquakes, we have understood that strong ground motion is relevant to slip heterogeneity rather than
average slip in entire rupture area. Asperities are characterized as regions that have large slip relative to the average slip on
the rupture area, based on slip distributions estimated from the source inversion. Then, we find two kind of scaling
relationships, combined asperity areas versus seismic moment as well as total rupture area versus seismic moment. Based
on the scaling relationships, the source model for the prediction of strong ground motions is characterized by three kinds
of fault parameters, outer, inner, and extra fault parameters. The outer fault parameters are to outline the overall pictures of
the target earthquakes such as entire source area and seismic moment The inner fault parameters are parameters
characterizing fault heterogeneity inside the source area. Further, other fault parameters are considered to complete the
source model such as the starting point and propagation pattern of the rupture. The seismic hazard maps for future large
earthquakes with high probability of occurrence potential are made following the idea of the recipe proposed here by two
governmental organizations, the Head Quarter of Earthquake Research Center and Central Disaster Prevention Council in

Japan.
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Fig. 1. Empirical relationships between seismic moment and rupture area for inland crustal earthquakes (@) and subduction-zone

earthquakes (b). Thick broken lines are 3-stage scaling relationships proposed by our studies (e.g., Irikura et al., 2004)
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Fig. 2. Empirical relationships between combined area of asperities and total rupture area (thick broken line) for inland crustal

earthquakes (left: after Irikura and Miyake, 2001) and subduction-zone earthquakes (right). Shadow ranges + & (standard

deviation). Thin solid lines show a factor of 2 and 1/2 for the average. Database obtained by the waveform inversions for

the inland crustal earthquakes is Somerville et al. (1999) and Miyakoshi (2002), for the subduction-zone earthquakes
Somerville et al. (2002).
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Fig. 3. Empirical relationship between seismic moment and acceleration source spectral level for subduction-zone earthquakes.

J&/3F A—#4 (outer fault parameter) D Fr7g 59, 0 /3Af
DAREJEMD X 5 Wi g /X7 A — % (inner fault
parameter) NEEREFEZ R LTS, ZEEZEKLTH

5. OF D REBORED, WEEEROEEORHIE T — X
YEORESED BT LAWET N OREE N, T2
HWARMIETE ST A —%, ([CHEINnD.



TANY T 4 BT NVEBE LIS, 7 AU T 11281
LINNETE Ao, & EMEEIRO LSBT EAc, & O
f#i¥Madariaga (1979)C L W LT OXTERSINS.

- S
Ao =Ao. —
a S )

a

TSI emER, S, 137 AN F 4O HE/BETHS.

WEETRICEE R T AXY T 0 TOIGSIME T BITWE
RERDIGIETREWEEMEE 7 AV 7 s mEOLNS
KREHESNDZ LD,

WHETIHIER D56 | RIEBIEOHRIC 31T 5 5B Tl
— AN EHED DEIRA 8= g OFER DD T
RHN TS, LB E L WVEF A X —2 g Vs R A%
AT, RO E L O EITo IR, Fig 2H1I0RE b X9
W, W TR & 77 AR Y T o SRTHIAS 0D BALR 13 P [T kT feg
W29 550 LIRE—T DRI LN,

TARY T 4 O EZZ TOISIBETROEHREHES
TeODORIDFIEE L TOMEERRANZ Mo L)Lz
WD FEDRES N TV D, R D ONEEER A~
7 RIb s LoUL Ay IFHIEEE— A 2 MBI L TR & 5 7%
BHBERTE xS (W - fh,2001).

A,(dyne-cm/s?) =2.46x107 x M, *(dyne-cm)  (3)

T ARY T A D OINHERIE AR RV D L~b 4003,

Madariaga (1977) ¥ & " Boatwright (1988)IZ& Y 52 L5
Bz T, 7ARY T o OFEE L Z 2 TOIRIME T &
DR E LTUTOXRTREEND.

4, =4z pv s, Ao, “4)
T ARY T O
2
77’ (M,)’
S = v Sl VA
2 [4 /Mj S (4 ®)
OB TE A bNS.

Lok, ERMEIE T A —X (ShkEEk S LitiEE
— AN My) WA T, T AU T (55 ONEEEEF A
RISV AP NG Z BRAUE, T ARY T R
ETEXDLZLE2EMWT L. &nicEoniz S8, 23) R
AUET ARY T ¢ DIGTIET & Ao, WHEEINLD. 12721
BIE L LCHEES 201D H DI 4 Tlidle <, ke
W BAER S NIEIMEERRANY ML LU 4, 72D T,
A~ A DX RIUENRLETH D, I ETRE 7Y —
VB ARSI D MERHOYI 2L — g VU TT AT T
A B8 DI B AR MR EN S AR S LD & B 2 CELIE
B L L —&THRREDHE LN TV D HI 21X, Miyake et al,
2003)Z &0, MHEMIIC 40 ~ A DIREFZIUSEEL 202
LERLTND.

% 34 MM RE S VAR T T A
HARRSSS 2006.11.30

3. LYEIREIKERNTA—F—DEE

ERABTE ST A —& DRE
Step 1. BB OREOR S L &g w, % L CEFEBED
g S #HEE,
Step 2. MHIEE— A b My DHERE
Step 3. FEIIKO LG F & Ao, DHEE

WEEDTEW EHIE DG, WiERRkoR s L ITHIERE
I XV HEE, B W T HER A ORE SRR (H) &
HSRAR (H) EoBfREVHEES D, WiEiETERA
BOWE T 5, 37%bb, W=W,.=H;-H)/sing. L
N Wy LV BN I W=L TEEEND. L BEREX
DEWEXIT W=W,p Wi 1IRBRIIZ 15~20 km OHPH
THZbN5. RBEFRIEOREM S 13 S=Lw TiHh
INb.

W HE OB A . /N E O EIR A BT IR A

LU TREGEHERGENS 7 L— MERE 2RO, @%@i’@&%
D HFRIEE - B AR D B WA S 2RI, S 5T
GPS BN LHEEESND Ny 7 2 Y » T ORE VAR E
7B BIEWTE OB EE S MEE SN D.

BEBWIE /T A — & DRTE

Step.4. T AU T ¢ ORRHEFE S, DHEE

Step. 5. T AU T ¢ DIG NI T REAc, DHEE

Step. 6. T AU T ¢ OEE n DHEE

Step. 7. A% DT ZAY T 4 CEER ) TOENLE D, OHE
E

INBDNT A=ZDHZIZONTIE, b ¥ EDORRED
LIAHTHERD,

4. BEEFAIL L EDREE

AR TR 7R E) PRI L o ORI EREET D729
WEEDTEWE R Tdh 5 1995 A L LR i & dEii Al i
ETHD 2003 FEHEHHEEZGIE LT, LI EIIESL T
& EEEOBR O g 21T > 72,

1995 £F ST IR0 IR
WEIHFHMOLOO LU EORGEE B E LT, BFA v
N—= a3 VIR EBEBICRE SN FRHELERE T L & #
7Y — U BBuER L OB 7Y — U BEEE VT
HUBE) O THIZATV, EFROBIHI & OHEPSRHA LN TVND
(A& - fth, 2002).

19954 L Jei WL e S0 HiLEE D W R A 1 X, WIS DR S
17 km IZIXUE 0, JEEROMF R L ORI EORKE S
FH oA AICHEA TS, REBFHI O 72D O RREE & LT
Kamae and Irikura (1998) {2 - C Fig. 4 (a) l[TR"SNd LD



TR ERNZ 2D, A
ABPREESH TN S
ZOMBOERBKIE T A —Z 13X 2 E TOHFIER R

@ (b)

IZIDDOHZE T A bR bET

% 34 MM RE S VAR T T A
HARBESS  2006.11.30

PHEUTOLIIZEEDBND.

AT v 71 AWRER S 1% 51x208km*E T 5.
AT v 72 EHE I TR Ace 1323 MPa & (E.

135" 00 135" 20 135" 40
W, g 0 Ag A
HTE dyne-cm km? cm MPa dyne-cm/sec?
KBU total fault area 3.20 % 10%¢ 1062 103 2.3 1.70x10%
segment 1 (total) 8.43x 10 300 94 2.3 9.03 x10%
L (asperity) 3.57 x 10 fid4 186 10.5 7.28x10%
background) 4,86 x 1088 236 ] 4.0 5,33 x 10
- & ‘
3440 \%\_‘ 1 _ﬁ segment 2 (total) 1.60 %10 462 115 2.3 1.12 % 10%
S [asperity) 6,96 x 10 100 232 10.5 9,12 x10%
‘.W‘ (background) 9,04 x 10 362 93 4.0 6.50 x 10
(éy segment 3 (total) 8,43 x 1085 300 04 2.3 9,03 x10%
(asperity) 3.67 <108 G4 186 10.5 7.20x10%
& f (background) 4,86 x 1028 236 69 4.0 5,33 x 105
: 7
//A‘ 20.8km
22 0km 28.0km
(c) (d)
Acceleration (gal) Velocity (cm/sec) 100
500
500 Obs. 269.9gal 60 Obs. 55cm/s
_ 200
9 0 E 100
0 5 | 15 20 0 5 10 15 20 -3
E
-500 -60 w
]
500 Model 1 Syn. 483, 1gal 60 Mode! 1 Syn. 50.8cm/s uo
i} A 0 @
0 5%’5 15 2 0 5 10 15 20 3 Obs. —
[o] 2
E
-500 -60 o 1 Syn.+S.0D. —
o
500 Model 4 Syn. 495 4gal 60 Model 4 Syn. Slem/s 05 1
0.2
0 0
0 5 1 15 20 0 5 10 15 20 0.1
001002 00501 02 05 1 2 5 10
500 -§0 Period(s)

Fig. 4. Ground motion simulation for the 1995 Kobe earthquake using the stochastic Green’s function method. (a) Characterized source

model based on Kamae and Irikura (1998). (b) Source parameters for synthesized motions. (c) Variability of synthesized

pseudo-velocity response spectra using 10 trials of stochastic Green’s functions. (d) Comparison between observed and simulated

velocities of NS component at KBU station.
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Fig. 5. Comparison of waveforms and pseudo-velocity-response spectra between observed and synthesized.
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