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A trial estimation of maximum acceleration expected for DONET

Michihiro Ohori*", Takeshi Nakamura®, Keisuke Ariyoshi', Shin'ichiro Kamiya', Hiroyuki Matsumoto’,
Eiichiro Araki', Atsushi Sakuma’, Katsuyoshi Kawaguchi®, Seiji Tsuboi?*, and Yoshiyuki Kaneda®

Using the empirical attenuation relationship between the maximum acceleration and source distance, we evaluated the
amplitude level of the strong ground motion which might be possible at stations of the DONET (Dense Ocean-floor Network System
for Earthquakes and Tsunamis), deployed in the source area of the Tonankai earthquake. We firstly studied on how often the maximum
acceleration data exceeds the criteria, such as 1g, 2g, 3g, and 4g, using the maximum acceleration data from recent fourteen off-shore
earthquakes of magnitude around 7 or more and 2008 Iwate-Miyagi Inland earthquake (M,,6.9). We modified the maximum
accelerations by compensating the attenuation effect, so as to derive the distributions of the corrected acceleration values which might
be observed at an epicentral area. Next, we evaluated the exceeding probabilities of such criteria at the DONET stations against the
1944 Tonankai earthquake (M,,8.1). After selecting five reference events who involved the maximum acceleration data larger than 3g
after such correction, we obtained the distribution of the ratio between the data and the prediction and evaluated the exceeding
probabilities for above criteria. Through the study, it is clarified that the upper limit of the maximum measurable acceleration of the
DONET should be 4g, to avoid saturation by the extremely strong ground shaking from nearby source rupturing as much as possible.
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Table. 1. Summary of targeted earthquakes.
F1 WNRETHHELZOHIT.

Event Abbrev. for Event Natne ot | P Lafudc | Dept M W, | DoROT| e | Do ok
(deg.) | (deg.) (km) (km) (deg.) | (deg) | (deg)

1 2001 Geiyo 2001/03/24 1527 34.120 132.709 51.4 6.7 6.8 50.0 188.0 59.0 -56.0

2 2003 off Tokachi (Mainshock) 2003/09/26 04:50 | 41.780 | 144.079 42.0 8.0 7.9 23.0 249.0 15.0 127.0

3 2003 off Tokachi (Aflershock) 2003/09/26 06:08 41.707 143.695 214 7.1 7.3 53.0 194.0 22.0 76.0

4 2004 off Kii Peninshula (Foreshock) 2004/09/05 19:07 33.030 136.801 37.6 6.9 1.2 14.0 86.0 38.0 89.0

5 2004 off Kii Peninshula (Mainshock) 2004/09/05 23:57 | 33.144 | 137.142 43.5 7.4 75 11.0 115.0 39.0 132.0

6 2004 off Kii Peninshula (Aftershock) 2004/09/07 08:29 33.206 137.296 41.0 6.4 6.5 11.0 74.0 42.0 61.0

7 2004 off Kii Peninshula (Aftershock) |  2004/09/08 23:58 | 33.114 | 137.291 36.1 6.5 6.1 5.0 239.0 37.0 54.0

8 2005 West off Fukuoka Pref. 2005/03/20 10:53 33.739 130.176 9.2 7.0 6.6 11.0 122.0 87.0 -11.0

9 2005 off Miyagi Pref. 2005/08/16 11:46 | 38.151 | 142280 | 41.6 7.2 7.1 44.0 199.0 21.0 66.0
10 2006 off Taiwan (1st) 2006/12/26 2026 21.810 120.520 19.6 7.0 7.0 20.0 165.0 30.0 -76.0

11 2006 off Taiwan (2nd) 2006/12/26 2034 | 22,020 | 120.400 32.8 7.0 6.9 33.0 151.0 48.0 0.0
12 2007 Noto Peninsula 2007/03/25 09:41 37.221 136.686 10.7 6.9 6.7 8.0 58.0 66.0 132.0
13 2007 Chuetsu off 2007/07/16 10:13 | 37.557 | 138.610 16.8 6.8 6.6 8.0 49.0 2.0 101.0
14 2008 Twate-Miyagi Inland 2008/06/14 08:43 39.030 140.881 7.8 7.2 6.9 5.0 209.0 51.0 104.0
15 2009 Suruga Bay 2009/08/11 05:07 | 34.786 | 138.499 23.3 6.5 6.2 20.0 307.0 47.0 119.0

* Derived from CMT solution or Moment Tensor Inversion
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Fig. 1. Examples of locations of targeted epicenters and stations. In each diagram, an epicenter is indicated with a star. Used stations within 300 km in a
source distance are denoted by green dots, and others are by blue dots. In (a) and (b), stations at ocean bottom are denoted by red solid triangles. In (a),
(c), (e) and (f), the projections of the fault plane are shown by rectangles, which are used for evaluation of the closest source distance.
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Fig. 2. Examples of characteristics of the maximum acceleration attenuation. In each diagram, a bold solid line corresponds to the mean prediction, and
other thin lines correspond to the prediction included single or double standard deviations. Used stations within 300 km in a source distance (shown by
vertical dashed lines) are denoted by green dots, and others are by blue dots. In (a) and (b), stations at ocean bottom are denoted by red solid triangles.
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% AVS30<200m/sOERI T3 DA T,  FIhAy BT 70 il
L#E 2 5 AHAVS30=400m/sD Il A9 H, 200
AVS30<400m/s & 7 A B 251657 &\ ) NER & 72 o 7z,
IHED, WIERKIEEDSKE %2 D134 3 L bk
557 £ G g b CERE S MBS S XS S a8
Db, BIZAE, HIERKINEE A9 % 8 2 755k 0
MIEOO7 @1l 51 & AKTHO4EIH 5 D AVS30IE Z L Z 1
450mis, 466 mis& HE SNTBY, WL R ik & )
WrSNABRETHE I EDDN5D.

Table. 2. Stations and probability exceeding each criterion at an epicentral area.

2. MIERNHEE O BIME IS5 5 55 Atk

Event Whole | Targeted Stations exceeding each Criterion Exceeding Ratio (%)

Stations | Stations >lg >2g >3g >4g >1g >2g >3g >4g
1 316 260 1 0 0 0 0.38 0.00 0.00 0.00
2 360 217 19 2 0 0 8.76 0.92 0.00 0.00
3 287 168 23 3 0 0 13.69 1.79 0.00 0.00
4 416 171 49 5 1 0 28.65 2.92 0.58 0.00
5 432 171 76 12 3 1 44.44 7.02 1.75 0.58
6 301 174 29 3 1 0 16.67 1.72 0.57 0.00
7 153 124 6 1 0 0 4.84 0.81 0.00 0.00
8 299 197 5 0 0 0 2.54 0.00 0.00 0.00
9 456 187 14 1 0 0 7.49 0.53 0.00 0.00
10 95 69 3 1 0 0 4.35 1.45 0.00 0.00
11 95 70 1 0 0 0 1.43 0.00 0.00 . 0.00
12 386 270 28 3 1 0 10.37 1.11 0.37 0.00
13 390 345 13 0 0 0 3.77 0.00 0.00 0.00
14 655 334 58 7 1 1 17.37 2.10 0.30 0.30
15 368 341 1 0 0 0 0.29 0.00 0.00. 0.00
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Fig. 3. Examples of histograms of the maximum acceleration after source distance correction. After compensation of the attenuation effect, corrected
acceleration values correspond to the data which might be observed at an epicentral area.
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D53AG & RS, DONETOBHM AL A ISALE 3 2 48100 A
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Fig 4. Map showing the locations of the fault model of the 1944
Tonankai Earthquake of M,,8.1 (Yamanaka, 2006) and 20 stations of the
DONET. The source (an open star) is located at 20 km in depth. The
DONET stations are indicated with open diamonds. Epicenters of the
foreshock (F), mainshock (M), and the largest aftershock (A) of the
2004 Kii-Peninsula earthquake are also plotted for reference.

4. 19444 R HLE (M,8.1) DB E 7V [ (2006) ]
& DONETHBUH S DA i AR, FIRAE (5 £20km) % B2FITR
9. DONETD20@ll 5% O LIEHIT/RT. & & LT, 20044
OB OMEOERD ) b, FIXAE, MIIARE, Aldk
RREERT S,
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RDFERDL SN2 DIE, 2004FEGHEBIMO3ME (B
B, AE, WASE), 20074ERE - BHE, 20084E %
F - BRI ANEERE, L EosthE (Eventd, 5, 6, 12, 14)
Thb., INHOSMELZRHES L, 1 MEEOS
MBIk E EFMET B, 4 MEERISSBERS A TR <
FENDLLELEAONTEY B2, FaEST
724y (1994), FR - IUAR (2007) % &, 22 CTHFEBED
ETMEE TS, FHWEDETNINT X =5 IECE51E,
ISR ) OHEERE R % Table 318 & & b2, 23
= (BEvent5,14) %6z, A MEEOHESMB L R
T % Fig. 6127°°F. Fig. 61213, BRHIE X Y ER
57 A MO T — 5 £ FNEE T ML LS
REGDETRIRL TV D, S & LT 5 72012,
MER 72 7 — & L EBUC A X 912, Table 31278 HGE
BUAANIE) BB AR L CFRRLTWA, &5, ET
L L7t 2 - 7235612, SRR OHIER AN
HEEA K B Z BT iR 2 HE L, Table 412779, [A]
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Fig 5. Characteristics of the maximum acceleration attenuation due to
the 1944 Tonankai Earthquake (M,,8.1). A bold solid line corresponds to
the mean prediction. The estimated values at 20 stations of the DONET
are denoted by open diamonds.
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Table 3. Parameters of the logarithmic normal distirubtion model
estimated from the site effects for selected five events. Note that ;. and
o are the mean and standard deviation of the natural logarithm.

#3. BT GHE) O 1 ML Y HEE Lo BuE B A
ETNDINT A= IECENE, o (SRR T

Table 4. Probabilities exceeding each criterion for selected five events
based on the logarithmic normal distirubtion model.

F4. HHE GHE) 2BWTY A MEEOS T TV EH
WCHEE L 7R IR R S B % B S 2 s,

o T 0,
et Exceeding Probability (%)
Event n o >lg >2g >3g >4g
30.38 3.89 0.63 0.13
2 =lolz f.oo% 4 (28.65) (2.92) (0.58) (0.00)
5 -0.0575 0.5973 5 43.20 9.15 222 0.63
6 -0.0286 0.5868 @a44) | (1.02) (1.75) 0.58
12 -0.2138 0.7516 6 18.65 1.91 0.29 0.06
14 -0.1661 0.7387 (16.67) (1.72) 0.57) (0.00)
12 9.83 1.34 0.30 0.09
(10.37) (1.11) (0.37) (0.00)
14 16.80 2.87 0.72 0.23
1737 | 2100 | (030 | (030
[memo] numerals in brakets: exceeding ratios in Table 2.
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50 ————
> 40~ -
8 =
g 30~
o 20~ !
=g ._I
0 . —mm =
-2 =15 -1 -0.5 0 05 1 15 2
Natural Logarithm of Site Effect
100 .
w 50- L
o
(@]
0 — == —=—
-2 =15 =1 -05 0 05 1 15 2
Natural Logarithm of Site Effect
(b) Event 14
> 30 -
Q
&
-
o
[
i
=2 -15 -1 -05 0 05 1 1.5 2
Natural Logarithm of Site Effect
100
2
w 50- i
(=]
[&]
0 =

=2 =1 -1 -05

0 05 1 15 2

Natural Logarithm of Site Effect

Fig. 6. Example distribution models of site effects of reference events. In panels of (a) and (b), frequency distributions of logarithmic of site effects
(upper) and cumulative distribution functions (lower) are plotted. Data is plotted in light blue, and model is in red.
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4.3. DONETOHBIN R I 5 e 0 il

Table 3II/R T BHEHIEDOY A MEEDOGAET IV & v
T, Fig. 512739 DONET D208l 5. D i KMBAEE 126 LT
EH0& %52, SESOBIEICHT 2 BEMEREFE
fili L 7=4554 %, Table 5IT7R S, &BUISIZ BT 5
X, ZHEBEZLICDIESS 00, BAEICERT
A&, 1glaxf L CT1941%, 2g12xF L CiE351%, 3giaxfL
TI130.92%, 49l2xF L C0.30%, LLLEOFEEI LN,
&), DONETOIREFOEIEL » P xdgl T4 2 L
I2&D, fioRE (1g, 29, 3g) BT, iBiMfEsR)s
RAERENT VD Z DA TE B,

44. DONETZ:AATRGEHER DRIl

19444E SR HEHLFZ L 26 L C,  DONET 208l s n 2 LA
b (72720, n=1, 2, 329 5%) 2BV TRAIIHEND
% Bk % BT AP EFHET 5. Table 5ICEHY S
NTW575, BllTioE#EEY HKE L, T
% IEHGEMERZR(K) & T1UE, RK)=1-HKE %5, it-o
T, 20004 AT EMEKI T L CIEE & e R (20
B ) O BMEKIZ T L THET 2HER) 1QuK)IE,

20Qu(x) =TT7 Ritk)

L. GE- T, 208 P LA DL BRIk T
P (K1,

20

20P(k) =1 —20Qu(k) =1 — L1172 Ri(k) 2

LERDLTIENPTES. FERIZ, 208D 9 HLEDO A
BRMEKL G L ClEald 5 HER, Qu()1,
20Qik) = ,2£| {Hi(k) i#j le Rj(k)}

LB, HEo T, 2081 S 25 DL EASBIEKI R LT
T DR, PRI,

20P3(K) =20P1 (k) —20Qu (k) = 0Py (k) — 7 {Hik) o, [T R} (3)

ERDLTIENTE L, FAFKIZ, 208D 9 L2255 D ADS
Bk UGl 9 2 i ,,Q,K) & FH 37 1Ug,

2= T2 [Hk® T2, {H® w0 LR }]

J#k

LB, HEo T, 2081 E3E L EASBIEKI R LT
T B PHK)IE,
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20P3(k) =20P2(k) —20Qa(k) @)
=aPa)— X1 [Hik) X320 { H0 1 TR R }]
Jjzk
ERDOTZENTES.

FBUEI S 2 EiEsR 2 H i L, Tables 6~8I2/8.
9, W%z AEEIL, SHEBEICLILTRENIE
Whirh., TOPTRL KNS WHEBHERIZEET S L,
P1(10)%798.33%, P,(10)7590.74% L1 I, ,P(10)%%74.35%
LREESINTWD, fE-> T0HH3rl L Tlghhiz 51
BEMEDSIEE ISEm WS &b 5. 29 l EOBMEICH T 5
HEiERIE, 20084 ET - EIAREHEE (Event 14) D4
TR Z W7 IR b mWRER E 2o THB Y, LI,
CHICERT S, 2gLL EORME ST 5 B EAESR I,
P1(20)7549.11%, PA20)7514.13%, P(20)752.73% & Hi5E
ENTWD, Ik, 205H1ELl EC2g% it 2 Al RE
PEAIFIZE0% TH D Z LD bh b, 3gx R HIERIL,
P1(30)7515.83%, PA(30)7°1.26%, P3(30)7%70.064% & Hi5E
ENTWD, dg%iBR HIEFTRIL, Pi(40)A5.43%, P.(40)
730.14%, »Pa(40)%%0.0024% L FHE SN T 5, SHHIE
L )3MEE (Event5, 12, 14) % 3#1, Fig.7|JiBEiEH P,
oPa WP BT, INLD, BESIKELS R 512D
NTEMBIEE DS ZEI TN E (o TWDH T L, 20084
BF - EHHABEE O E TV & 7285 R 720074
REEPEHEDOZIICR—HT 52 L, E0bns.

Table 5. Summary of probabilities exceeding each criterion at each
station of 20 stations of the DONET due to the 1944 Tonankai
Earthquake (M, 8.1).

5. 19444F M EMEE (M,8.1) (12X ) DONET 2081l A%
% #8585 2 R OB,

— StatisiEs Exceeding Probability (%)

>lg >2g >3g >4

max. 16.66 1.33 0.16 0.03

4 mean 15.78 1.23 0.15 0.02
min. 8.96 0.48 0.04 0.01

max. 18.51 1.99 0.31 0.06

9 mean 17.62 1.85 0.29 0.06
min. 10.66 0.81 0.10 0.02

max. 19.41 2.05 0.31 0.06

6 mean 18.48 1.90 0.29 0.06
min. 11.16 0.82 0.10 0.02

max. 17.87 32 0.86 0.28

12 mean 17.17 3.09 0.81 0.27
min. 11.56 1.70 0.39 0.12

max. 19.17 3.51 0.92 0.30

14 mean 18.42 3.32 0.86 0.28
min. 12.43 1.82 0.41 0.12

[memo] max. : the maximum exceeding probabilitiy among 20 stations
mean : the average exceeding probabilitty among 20 stations
min. : the minimum exceeding probabilitiy among 20 stations
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Table 6. Probabilities exceeding each criterion at 1 station or more among 20 stations of the DONET due to the

1944 Tonankai Earthquake (M,,8.1), ,P;.

F6. 19MAETFEHE (M,8.1) 12X ) DONET D201l & 015 Ll b2l % il § 2 FEER,P,.

. Exceeding Probability (%)
>lg >2g >3g >4g
4 96.80 21.90 2.87 0.47
5 97.94 31.13 5.57 1.17
6 98.33 31.90 5.57 1.14
12 97.70 46.65 14.96 5.17
14 98.30 49.11 15.83 5.43

Table 7. Probabilities exceeding each criterion at 2 stations or more among 20 stations of the DONET due to the

1944 Tonankai Earthquake (M,,8.1) , 5P,

7. 144 EFHEHLE (M,8.1) 12X ) DONET 201 &t 02 21 LI ASHIl % #8H § 2 FER 0P,

— Exceeding Probability (%)
>lg >2g >3g >4g
4 84.76 2.47 0.04 1.1.E-03
5 89.11 5.20 0.15 0.01
6 90.74 5.48 0.15 0.01
12 88.14 12.58 1.12 0.13
14 90.62 14.13 1.26 0.14

Table 8. Probabilities exceeding each criterion at 3 stations or more among 20 stations of the DONET due to the

1944 Tonankai Earthquake (M,,8.1) , »Ps.

F8. 1MAETRFHE (M,8.1) 12X ) DONET D20 55 i1 3,5 Lh b ASBi it % #3835 i 2R,0P,

Event Exceeding Probability (%)
>]g >2g >3g >4g
4 63.26 1.8.E-01 | 3.4.E-04 | 1.5.E-06
5 71.11 5.7.E-01 | 2.6.E-03 | 2.3.E-05
6 74.35 6.1.E-01 | 2.6.E-03 | 2.1.E-05
12 69.27 2.27 5.4.E-02 | 2.0.E-03
14 74.11 2.73 6.4.E-02 | 2.4.E-03

Exceeding Probability (%)

10 Event 14

Event 5 |

Event 12

20

~

ZDP 3

STl il el il s

Fig. 7. Probabilities exceeding each criterion at k stations or more among 20 stations of the DONET due to the 1944
Tonankai Earthquake (M,,8.1) , P, (n=1,2,3). Results from three events are selected for graphical convenience.

7. 1944F W HEHE (M,8.1) 12 X V) DONET O 201t on i DL EASHIE % 88 3 2 = ,,P, (n=1,2,3).

2

3e

Acceleration Criteria

TEROHEIZ LY, SHBED ) bEBIEROR S VEOAZFIRL TV 5.
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