WS2-5-5

2017/3/26
HIEETILD/INTA—FDFEEE
HRDIESDOE

Correlation between fault model parameters and
its influence on ground-motion variability
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Previous studies (1)

« WIBETILOBEAMIESDE
- MEZTDELDODITUF LEEZREALIZILDERZSIENTES
— intra-event and inter-event variability (e.g. Al Atik et al. 2010)

e UXal—iavit&kBbIEnDEETM
— O F YA RNDZERZEENBIZE LS DE(intra-event variability)
v BB - ALK TE (e.g. Imtiaz et al. 2015; Vyas et al. 2016)
— UF) AR DL S5 DE(scenario-to-scenario, inter-event variability)
V BIB/INSA—ZDINTY T DFE., AiuikiF (eg. ILE-1th
2007; Yamada et al. 2011; &JI| 2015;5|H - {th 2015)
— NV XD KEZ intra-event > inter-event (&F)112015)




Previous studies (2)
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— HEE)F Bl Dsigma (e.g. NGA GMPE models; & =22 1] 1999)
— Single-station sigma (e.g. Atkinson 2006)

— Single-path sigma (e.g. Morikawa et al. 2008; Anderson & Uchiyama
2011; Lin et al. 2011)

A Kanno et al.(2006) (Depth<30km)
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Broadband Ground-motion simulations

slip [m]

e Characterized source model (e.g. Irikura & Miyake 2011) A% U8 10 15 20 25

* Hybrid simulation method: 5]

— 3D FDM (T > 1 s) (Aoi & Fuiji 1 ol | .
3 ( s) (Aoi & Fujiwara 1999) . ."

— Stochastic Green’s function method (T< 1 s)
(Dan & Sato 1998)

130° 140° Seismic bedrock Depth [km]
L ]

T e—— R Bt

0.0 0.1 0.3 0.6 1.0 2.0 4.0 8.0 16.0

151

25 20 15 10 5 0

R

40°

SMN@01A~ ASMNH10

| * 2000 Tottori

I €MNHO3  SMNHO2
s P4

WITRHO2 h k 6.6
. S e o N earthquake,Mwb.
30 / AOKYHO7 o 006 AHYGHO2
A popos T o * 3D velocity model: J-SHIS
HRS002 " oKyo07 OKYHos . : )

V2 (Fujiwara et al. 2012)

A K-NET & KiK-net stations

132° 133° 134° 135° 5




Variability of source parameters
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Variability of source parameters
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o THE: M, = (5/424)* x 10" (AE-=5, 2001)
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Variability of source parameters
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Performance of ground-motion simulations

Variability in asperity and hypocenter; Seismic moment fixed (Case2)

Comparison with observed data
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Scenario-to-scenario ground-motion variability

Ground-motion variability (SD) due to variability of asperity location (Casela)
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Scenario-to-scenario ground-motion variability

Ground-motion variability (SD) due to variability of hypocenter (Caselb)
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Scenario-to-scenario ground-motion variability

SD due to variability of asperity & hypocenter locations (Case2)
(seismic moment fixed)
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Scenario-to-scenario ground-motion variability

SD due to variability of asperity & hypocenter locations
and seismic moment (Case3)
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Scenario-to-scenario ground-motion variability

* SD due to variability of asperity location (Casela) 74,4
* SD due to variability of hypocenter location (Caselb) 1y,

* SD due to variability of asperity & hypocenter locations (Case2) 1T,
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Distance and azimuthal dependence of
ground-motion variability

- FREHKRTE:

— FIZEREA(<1s)EPGAIZDWTIE. EJRIBEEL EHICIESDEDD

S BIAM
+ ARRTF:

— FIZEBE#(> 15)EPGVIZDOWLTIE., BIE{EFE D forward&backward

AR TELDENKRELELHMER]

o EIFETIL:SDyogel = aXP? +pcos? O +q

Azimuthal parameter

SD: #h =B (Sa, PGA, PGV; AN £ DIEHERE c0s20
E—

X BB AERE O:-MBETARCDAE

132° 133° 134° 135°15



S.D.

S.D.

S.D.

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

Distance dependence of SD

SD due to variability of asperity & hypocenter locations (Case?2)
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Azimuthal dependence of SD

SD due to variability of asperity & hypocenter locations (Case?2)

O SD at 10km-grid points

0.4

— Regression line

40.50

PR T 10 P T B P I A L 10
Sa0.2s i
0.8 0.8
0.6 0.6
0.4 0.4 |
0.2
T —t 0.0 +1 11 0.0 T T

0

T B e ; B
91.0 0.00.10.20.30.40.50.60.70.80.91.0 0.00 40.50.60.70.80.91.0

.30.40.5

6
cos20 cos20 cos20
| 10 P TR T AT I A P L 10 Lo
Sa20s i
0.8 0.8 -
0.6
0.4
0.2
™ T 0.0 L A T 0.0 L L L B

c0s20

o
0.60

: e R e L e e
0.91.0 0.00.10.20.30.40.50.60.70.80.91.0 0.0

cos20

Ll 1.0 PN TR YR [N ST TR RTINS T ST W

0.8

0.00.10.20.30.40.50.6

cos20

— ——T T T T T
0.91.0 0.00.10.20.30.40.50.60.70.80.91.0

1 1 ¥ | | 1 | | I 1 1 |

cos20

40.50.60.70.80.91.0

cos20

FICRBEIRI (1R LLL) EPGYVT
cos2BIZIKFEL TN T IS DIEA]

17



Azimuthal dependence of SD

SD due to variability of asperity & hypocenter locations
and seismic moment (Case3)
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Summary (1)
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Summary (2)
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Discussion
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Summary (1)

In this stud, we attempted to evaluate the ground-motion variability
due to aleatory variability of source model parameters by conducting
broadband ground motion simulations for the 2000 Tottori earthquake.

Variability of the Dasperity location, @hypocenter location, @seismic
moment (S — Myrelation) was considered.

Performance of the simulations were validated by comparing the
simulated ground motion with the observed records and a GMPE.

— 50 realizations give stable values of the mean and standard deviation of the
model bias of acceleration spectra.
Spatial distribution of the inter-event variability (SD) was investigated
for the 5% damped acceleration response spectra (Sa; period 0.1 -5 s),
PGA, and PGV

— For Case2 (M, fixed), SD is comparable to that estimated by observed records
(Morikawa et al. 2008)

— For Case 3 (M, variability considered) SD at sites with large directivity effects is

larger than observed sigma, especially at longer periods (> 1 s). .



Summary (2)

e SD for the case with combined variability of several parameters
(Case2) was smaller than the total SD for the cases with individual
variability of each parameter (Casela, Caselb)

— |If the variability of each parameter are considered individually, it may lead
to overestimation of the SD.

e Distance- and azimuthal dependence of SD was modeled by a
simple regression equation.

— Power decay with distance was observed for Sa (< 1 s) and PGA. Distance
dependence was not obvious at long periods.

— Azimuthal dependence was clearly observed for Sa (> 1 s) and PGV. Larger
SD was observed at forward- / backward-direction of the rupture
propagation.

— Variability in seismic moment (Case3) strongly influenced the SD of Sa (> 1
s) and PGV. Stronger azimuthal-dependence was observed for Case3
compared to Case2. 24



Discussion

e Variability should be further considered for:
— Stress drop / Short-period level (M; — A relation)
— Rupture velocity V;
— Slip-rate function(rise time, time to reach the peak slip-rate, etc.)

% Quantitative evaluation of the variability for the parameters is needed:

can be possibly derived from source inversion models and/or dynamic
simulations

— M,-dependence / dipping faults / effects of 3D velocity model ... etc.

 Comparison with observed ground-motion variability

- * *necessary for validation of the simulated ground-motion variability

— Recorded data may lack some features of ground-motion variability:
near-fault area and azimuthal dependence, etc.

e Possibility of ground-motion variability from simulations: 1) it may cover the
insufficiency of recorded data (to improve GMPEs), and 2) it may be applied

to simulation-based probabilistic seismic hazard analysis. e





