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A Procedure to Develop SPGA Models for Historical Earthquakes
with Consideration of Seismic Intensity Data

Atsushi NOZU*
Atsushi WAKAT**
Yosuke NAGASAKA***

Synopsis

The SPGA model (Nozu, 2012), which is a kind of characterized source model, has been applied
to huge subduction earthquakes such as the 2011 Tohoku earthquake and the 2003 Tokachi-oki
earthquake. The model is suitable for the simulation of strong ground motions from huge
subduction earthquakes, especially in the frequency range of engineering importance. In terms of
the application of the SPGA model, it can potentially be used for the prediction of strong ground
motions for a variety of earthquake scenarios including a recurrence of a historical subduction
earthquake. When a recurrence of a historical earthquake is considered, it is desirable to construct
an SPGA model which is consistent with the seismic intensity data. Currently, however, we have
only a few examples of the SPGA model which is compatible with historical seismic intensity data;
it is preferable to provide more examples of such models, which will serve as references for
practitioners. Thus, the aim of this study is to develop SPGA models with consideration of seismic
intensity data for some of the historical subduction earthquakes. Two historical earthquakes along
the Nankai Trough with different size, namely, the 1707 Hoei earthquake (#8.7) and the 1946
Nankai earthquake (M,,8.1) were considered. The number and the locations of the SPGAs were
determined based on the results of seismic intensity inversion (Kanda et al., 2004) and the empirical
formula for the SPGAs (Nozu and Nagao, 2012). In terms of the parameters (e.g., seismic moment
and area) of the SPGAs, the initial values were determined based on the empirical relations (Nozu
and Nagao, 2012). Then, strong motion simulations (Nozu et al., 2009) were conducted and, if the
seismic intensity distribution from the simulation is not consistent with the historical data, the
parameters of the SPGAs were corrected manually. As a result of the study, SPGA models were
obtained for the two earthquakes. The model for the 1707 Hoei earthquake involves 6 SPGAs from
Tokai through Shikoku. The model for the 1946 Nankai earthquake involves 3 SPGAs from
Shionomisaki through Shikoku.
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SPGA model SMGA model

SMGA model involves larger subevents with the
size of several tens of km.

SPGA model involves subevents with the size of

several km, which is consistent with the time-
width of S-wave pulses.
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-2 1707 EEAKHED SPGA TT/NLDNRT A H— (D 1) (FIHET L EEEETLICIHE)
R bis HRE ZE ) feERt TR
(deg.) (deg.) (km) (deg.) (deg.) ()
SPGA1 138.269 35.136 20.5 221.0 18.0 119.8
SPGA2 137.567 34.507 18.4 238.0 10.0 78.7
SPGA3 136.352 33.730 16.9 225.0 13.0 25.3
SPGA4 134.963 33.575 21.9 304.0 13.0 43.8
SPGAS 134.242 33.005 13.2 217.0 7.0 59.7
SPGA6 132.869 32.828 22.4 228.0 7.0 109.3
£-3 1707 FEEAMBD SPGA TFNLDNRFT A Z— (0 2) (FHITT L)
MY T HEE—A | @EKRL~L | £ [ i XS FAREA L
(Nm) (Nm/s?) (Hz) | (km) (km) (km) (s)
SPGAL1 8.2 1.36E+19 1.92E+20 0.60 42 42 42 0.35
SPGA2 8.3 1.92E+19 2.15E+20 0.53 47 4.7 4.7 0.39
SPGA3 8.1 9.63E+18 1.71E+20 0.67 3.8 3.8 3.8 0.31
SPGA4 7.9 4.83E+18 1.36E+20 0.84 3.0 3.0 0.0 0.25
SPGAS 8.4 2.71E+19 2.42E+20 0.48 5.3 53 0.0 0.44
SPGA6 7.9 4.83E+18 1.36E+20 0.84 3.0 3.0 0.0 0.25
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F-4 HLENOHEEINTND 1707 FEAMBOEE (k")) LHEMBROEE L OLE

e ) Py ca *JJ,_H.E:E? %%%v‘- 50 Py cy *JJ,_H.E%?-‘ %%%7‘“-
b /R mg | ISKONET LEER LVEHER H R mrr [KONET LEEER LEEE

= #h g £ £ == #h g B E
=8 5.0 SZ0007 464 4.64 Kl 5.0 AIC002 5.14 5.14
I 7.0 Sz0008 5.71 5.71 £EBE 5.5 AIC004 5.37 5.39
aX 7.0 SZO012 6.42 6.42 24 6.0 MIEOO3 6.20 6.20
L 6.5 Sz0012 6.42 6.42 #H 5.5 MIE003 6.20 6.20
HEIR 5.5 Sz0012 6.42 6.42 InEF 5.0 MIE002 5.91 5.91
XK= 6.0 SZOO011 5.89 5.89 mAtH 6.5 MIE003 6.20 6.20
BE 6.5 SZOO011 5.89 5.89 wWE 5.5 MIE004 5.75 5.75
RE 6.0 SZOO011 5.89 5.89 &1l 5.5 MIE004 5.75 5.75
HEE 6.0 Sz0012 6.42 6.42 #E 6.0 MIE006 6.66 6.66
JiziBey 6.0 SZ0O013 6.84 6.84 ARE 5.5 MIE006 6.66 6.66
ERF 7.0 SZO013 6.84 6.84 R 6.0 MIE009 5.82 5.82
K 7.0 SZO013 6.84 6.84 ]| 55 MIEO10 5.44 5.44
=& 6.0 SZ0O013 6.84 6.84 (LR - 1 6.0 MIEO10 5.44 5.44
ABE 6.0 SZO014 5.98 5.98 BE7 5.5 MIEO10 5.44 5.44
E& T 6.0 SZ0014 5.98 5.98 EfF 5.5 MIEO12 5.78 5.78
F 5.5 SzZ0014 5.98 5.98 B 55 MIEO14 6.31 6.31
it &R 6.0 SZO014 5.98 5.98 BE 6.5 MIEO14 6.31 6.31
(2453 6.0 SZOO016 6.05 6.05 ES =) 6.5 WKY009 6.22 6.22
EH 6.0 SzZO018 6.39 6.39 ey 6.0 MIEO16 6.45 6.45
&8 6.0 Sz0OO018 6.39 6.39 Sl 55 WKY007 5.60 5.60
Hik 6.5 Sz0019 5.93 5.93 BN B 6.0 WKYO11 5.63 5.62
RH 7.0 Sz0O019 5.93 5.93 Aih 6.5 WKYO011 5.63 5.62
#h11 6.5 SZ0019 5.93 5.93 ¥ 6.0 WKY010 5.51 5.24
WEE 6.5 SZ0O019 5.93 5.93 HEEH 55 WKYO010 5.51 5.24
Rt 6.0 Sz0O019 5.93 5.93 Hia 6.5 WKY008 6.33 6.02
PN 6.5 SZ0024 6.58 6.58 FNEE 6.0 WKY006 6.71 6.20
Tiff 7.0 SZ0024 6.58 6.58 £H 6.0 WKY003 7.00 6.54
E 5.5 Sz0024 6.58 6.58 TiE 6.0 WKY001 6.38 5.85
FiR 6.5 SZ0024 6.58 6.58 I 5.5 WKY001 6.38 5.85
HE 6.5 SZ0024 6.58 6.58 me 5.5 TKS002 6.90 6.46
HZEE 7.0 SZ0025 752 7.52 piryea) 5.5 TKS006 5.96 5.95
= 6.5 AICO15 6.93 6.93 = 6.0 KGWO004 5.41 5.15
HH 7.0 AICO15 6.93 6.93 & 5.5 KGWO003 5.05 493
HIR 6.0 AICO17 6.06 6.06 LN 5.0 EHMO008 5.10 5.13
iR 6.0 AICO17 6.06 6.06 Kl 5.5 EHMO11 5.04 5.03
¥ H 7.0 AICO17 6.06 6.06 = 5.5 EHMO012 5.80 5.80
FFR 6.0 AICO17 6.06 6.06 FHNE 5.5 EHMO012 5.80 5.80
MR 6.0 AICO17 6.06 6.06 = 7.0 KOCO015 6.96 6.96
BT 6.0 AICO17 6.06 6.06 BE 6.0 KOCO15 6.96 6.96
fiEn ;e 5.0 AIC010 6.05 6.05 At 6.0 KOC014 7.83 7.83
FRIR 50 AIC010 6.05 6.05 ZE 6.0 KOCO013 7.11 7.11
N 50 AICO14 5.72 5.72 Al 6.0 KOCO010 5.42 5.41
bic] ) 55 AIC012 5.93 5.93 ) 5.5 KOCO006 5.25 5.24
fit] 1 5.5 AIC012 593 5.93 =% 6.5 KOC007 6.22 6.24
F)2 55 AIC012 5.93 5.93 TiE 6.5 KOCO005 5.60 5.61
wiE 6.0 AICO11 5.61 5.62 7= 6.0 KOCO003 6.80 6.78
N3 6.0 AICO11 5.61 5.62 =iFE 7.0 KOC002 7.87 7.87
EH 55 AIC004 5.37 5.39 I S 6.0 KOCO001 6.04 6.03
EiE 6.0 AIC004 5.37 5.39 iy 6.0 6.11 6.07
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26 O Source region of the anticipated M9.0
B earthquake along the Nankai Trough (Cabinet Office)
% SPGAs for the 1707 Hoei earthquake
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3l ] ] ] ] H
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K-11 HKEETMIESLS 1707 FERMBEOEE SN G E~EmR) OFE~KR
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_ o © 3) (BeET )
3 S WET— | BEx | B | XS | o4
= , o A b (km) | (km) | (km) | X%
5] o .8 (Nm) 1 4
& o © (s)
o é © SPGALI 1.36E+19 42 4.2 42 0.35
5, o & o SPGA2 | 1.92E+19 47 47 47| 039
5 8 5 8 8 SPGA3 9.63E+18 3.8 3.8 38| 031
2 o O SPGA4 2.90E+18 3.0 3.0 0.0 0.25
2 8 8 SPGA5 | 271E+19 | 53| 53| 00| 044
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o Source region of the anticipated M9.0
earthquake along the Nankai Trough
(Cabinet Office)

® SPGAs for the 1946 Nankai earthquake
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5 The 1946 Nankai earthquake
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36

O Source region of the anticipated M9.0
earthquake along the Nankai Trough (Cabinet Office)
% SPGAs for the 1946 Nankai earthquake
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