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Abstract

It is important to grasp ground motion distributions right after a major earthquake. Ground motion is very sensi-
tive to subsurface structure, but because seismic stations are sparsely distributed, it is necessary to estimate ground mo-
tion distributions at sites with no stations from subsurface structure data at those sites and ground motions data recorded
only at surrounding stations. In this study, we investigated relationship between ground motion and subsurface structure
to estimate ground motion distribution applying corrections according to the subsurface structure differences. Maximum
velocity responses with a period of 3 s or longer were correlated with the first natural period of the deep subsurface
structure, but maximum velocity responses with a shorter period correlated more strongly with the average S-wave ve-
locity in the upper 30 m (4VS30) than with the first natural period. However, the ratios of maximum velocity responses
at one station to those at a nearby station often differed for different earthquakes, indicating that there is limitation in
estimating the ratios of maximum velocity responses only from the subsurface structures. Moreover, we did not detect
any notable correlations between the subsurface structures and the durations of the velocity responses. Although these
results were obtained by using relative velocity responses, similar results were obtained when pseudo-velocity respons-

es were used.
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Fig. 1 Locations of the 444 stations (K-NET, KiK-net, and
F-net) used in this study.
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Table 1. Earthquake list. IMA CMT is referred to as M,. Earthquake types are inland crust (Crust), intraplate (Intra), and in-
terpolate (Inter). The circle in Duration indicates an event for which duration data at more than or equal to 15 stations
were available (see Section 4.2). Model refers to references describing the source process model used: QJS, Seismo-
logical and Volcanological Department, JIMA (2009); CCEP, Earthquake Prediction Information Division, JMA (2010).

We regarded Event No. 13 as a point source.

No. Origin Time (JST) Area M, Type Duration Model
1 2003/05/26 18:24 Northern Miyagi Pref. 7.0 Intra O Kikuchi and Yamanaka
2 2004/09/05 19:07 Off Kii Peninsula 7.3 Intra Yamanaka
3 2004/09/05 23:57 Off Kii Peninsula 7.5 Intra Yamanaka
4 2004/10/23 17:56 Mid Niigata Pref. 6.7 Crust O JMA (2005)
5 2004/10/23 18:34 Mid Niigata Pref. 6.4 Crust O JMA (2005)
6 2005/08/16 11:46 Off Miyagi Pref. 7.1 Inter O Yamanaka
7 2007/03/25 09:42 Off Noto Peninsula 6.6 Crust QIJS (2009)
8 2007/07/16 10:13 Off Southern Niigata Pref. 6.7 Crust @) JMA (2009)
9 2008/05/08 01:45 Far East off Ibaraki Pref. 6.8 Inter Yamanaka
10 2008/06/14 08:43 Southern Iwate Pref. 7.0 Crust JMA (2010)
11 2008/07/19 11:39 East off Fukushima Pref. 6.9 Inter Yamanaka
12 2009/08/11 05:07 Southern Suruga-Bay 6.3 Intra @) CCEP (2010)
13 2009/08/13 07:49 East off Hachijojima Island 6.5 Intra (Epicenter)
14 2011/03/09 11:45 Far East off Miyagi Pref. 7.3 Inter Muto et al. (2014b)
15 2011/03/11 14:46 Far East off Miyagi Pref. 9.0 Inter @) Yoshida et al. (2011)
16 2011/03/11 15:15 Far East off Ibaraki Pref. 7.7 Inter O Muto et al. (2014b)
17 2011/03/12 03:59 Mid Niigata Pref. 6.3 Crust O IMA
18 2011/04/07 23:32 East off Miyagi Pref. 7.1 Intra @) Muto et al. (2014b)
19 2011/04/11 17:16 Eastern Fukushima Pref. 6.7 Crust O Muto et al. (2014a)
20 2011/07/10 09:57 Far East off Miyagi Pref. 7.0 Intra Muto et al. (2014b)
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Fig. 2 Locations of the epicenters of the earthquakes used as
data sources. The size of each focal mechanism diagram
(JMA CMT) indicates the event magnitude, and the
color indicates the focal depth.
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Fig. 3 Azimuthal variation of maximum velocity response
spectrum. (Upper) The relative response spectra of the
No. 14 event at station IBR009 calculated for every 5°
of azimuth. (Lower) Value of the spectrum relative to
the geometric mean according to period.
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Fig. 5 Relationships between maximum velocity response
spectra and the time windows used to calculate each
spectrum. (Upper) Unfiltered waveform of the No. 15
event at CHBHI1 station (KiK-net). The colored bars
at the bottom show the time windows used to calculate
velocity response spectra. (Lower) The Calculated max-
imum velocity response spectra for each time window
(identified by color). The gray line is the spectrum for
the whole waveform.
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Fig. 4 The azimuths of maximum relative velocity responses of the natural period of 2, 5, and 10 s for the event No. 14. The relative
velocity responses were calculated at every 5° of azimuth at all stations.
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Fig. 6 Subsurface structures in the study area. (a) Average S-wave velocity of the upper 30 m (4VS30; Matsuoka and Wakamatsu, 2008).
(b) The first natural period of the deep subsurface structure (Yokota et al., 2011). (c) P-wave velocity at ground level (Matsubara and

Obara, 2011).
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Fig. 8 Correlation coefficients between maximum velocity response and subsurface structure in relation to period for inland crust (red),
intraplate (green), and interplate (blue) earthquakes. (a) AVS30 (Matsuoka and Wakamatsu, 2008), (b) the first natural period of the
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Fig. 10 Correlation coefficients between subsurface structures and the corrected durations (1) of the velocity response in relation to period.

Duration was corrected for epicentral distance by using the results shown in Fig. 9. (a) 4VS30 (Matsuoka and Wakamatsu, 2008),
(b) the first natural period of deep subsurface structure (Yokota et al., 2011), and (c) P-wave velocity at the surface (Matsubara and

Obara, 2011). See Fig. 8 for definitions of the colors.
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Fig. 12 Correlation coefficients between subsurface structure and the corrected duration (2) of the velocity response. Duration was correct-
ed for epicentral distance by using the results shown in Fig. 11. (a) 4VS30 (Matsuoka and Wakamatsu, 2008), (b) the first natural
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Table 2. The slopes (a) and intercepts (b) of regression lines between maximum velocity responses and
subsurface structures. 4VS30, average S-wave velocity of the upper 30 m; V,, P-wave velocity.
Period AVS30 First natural period V; at ground level
(sec) a b a b a b
0.5 —0.7569 —0.01123 0.1500 —0.03407 —7.582 —0.03397
1.0 —1.0675 0.02104 0.3399 —0.00891 —8.086 —0.01196
1.5 —1.0049 0.03261 0.4268 0.00628 —8.478 0.00185
2.0 —0.9148 0.03711 0.4769 0.01469 —8.853 0.00952
2.5 —0.8373 0.04154 0.4926 0.02201 —8.821 0.01654
3.0 —0.7941 0.05287 0.5021 0.03496 —8.975 0.02938
4.0 —0.7255 0.06288 0.5007 0.04725 —8.821 0.04146
5.0 —0.6592 0.05439 0.4892 0.04079 —8.453 0.03525
7.0 —0.6100 0.03942 0.4517 0.02682 —8.000 0.02177
10.0 —0.5662 0.04861 0.3966 0.03651 —6.958 0.03206
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Fig. 15 Standard deviations of ratios of estimated to observed maximum velocity response values.
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Fig. 16 Standard deviations of ratios of estimated to observed durations of the velocity response.
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quake pairs.

RKEHE B DA/ = FOERAETLTND
ZEEE%T D, £z, Q)OMAEDLEDOL I, &
KHEEISBEDOENEBIZRELFELO2KHBELH DT
Lol
T, BN S D RN RRIRARE, (BREREE
%4%%@@30@%f;iofﬁiéhéo::1
BEt LB A = XA DMELE - 7= U= O T I,
BEIRFECERE IR E R EIT VW EE X b D,
L#L\Q@LQLDﬁOJML®@%W5&M5:
. ETREESBIEREOEN R ET Y, R
EK:%%%ﬁiékwﬁlk%%bfw&

55 BEFAVERAREEGEDHEEDEEHLRR

I RIS & s & OFRNIIHEEN H 2 2 & DR
Sh7- (Fig. 8), LU, & 2 Hum o R S E %
W& % & ST ET 2B OEN D EnE e LT
EEOHEERE (ORI T D EBEO L IG
EHLo) 1, METABMROMMERC E R L
L E LT, g THEZR 0.02 FRE  (SEER D fix ROH
B R— ) WETLHITEE 2 (Fig. 15), B
P29 2 BLHLE R L O K FE IS O i hEIC L - T
AT B9 (Fig. 17), & & 9 RE R B TOHEE
IIERRADRZH D EE XD,

FlkEIZ, 7= & % 1F Hatayama and Kalkan (2011) [,
2010 4F @ Mayor-Cucapah Hi7E C o ¥ B /L 2 JH0 0
HED NG & RO FT O 7 T 7o K5 W R H)
R L7 2 Elcfiiy, HiEESE) S AEE O REMRN AT
N EEERfLTND

Bl b4 2 BLI S Ht@mkﬁﬁmﬁ®mﬁw%’
Yo T+ AL LT, #HEDA D =XLDEN
L. BREREOBEND2ONEZ NS, 2L 2 IFE
# fwF (2012) 1%, FEFATE & L2 K BUBCHERS 20 #h %

BRE LT, 3IRICARESIETCOREHEZIT-> T
éo%@ﬁ%\*ﬁﬁu@@w;iwxﬁgﬁ%@HN
AT MV OE—7 AN R BRETNLAZ L%
RLTWD, ZTOXHIT, HREAMD &0 HH 5K
TEDSAE L= N O BLALE ORI IS K & 7 g8
HZ 5L H D,

LL, BIRSCA D= A LANEE > TWDHIEDHL

23 A CHMA Lk S (Fig. 19) TIE EBEALIEY (s
FEREALLEY ), A =X LR EE-> T ThH, 0D
O ZE o.((el, €2), T) 1203 25 (Wb 5
BYSULEDIEL X D) 22 T6H5Z L0y
Mole, BIEREOA N =X LN/ THTE, E2aIC
—FH LAWY, ZORITHEIIT NS 2B R 0 E

AR
6. T&H

e IO IS A A B ] 3 RO R Tl AVS30 & %
UL 0 A W C IR AR AR 1 0 — IR [E A R T & AR B
NARD BT, UL LIRS, HiiE & B O M SO
e D EOHAEOR KEEREZRDD Z LI
EIRAND D Z & bR &NT, HEE A OGRS
DT, AVS30 o OGS A 1% oo — vk [ A R 1 &
DORNCET OFBENTRD b3, Z OBMRITEHE &
IEEWVEE,

B

AHEZEITHICHTZ 0, MSTITEE ARG SR AR
H%%@ﬁaﬁ@%(KNmﬁ ARSI (KiK-
net) . IS HIEBLNE (F-net) OF — &% #fWi-, =
7=\ zﬁnﬁﬁf*ﬁuﬁbﬁjﬁko)@ﬂ T VAEN ﬂﬁ%/\"ﬁ‘*—
KAF—3 3 > J-SHIS (kAW - #fy, 2008), HAZ
BT O3 WRoTHUER SERE Y = 7914 b (Matsubara
and Obara, 2011) XV i L7, B&H - {1 (2011) D%k
EF —Z 2o\ T, A E kRS o 2 M EEL
KX 0 =720 =, O E 12 1% Wessel and Smith
(1998) (2L 2% GMT % V7=, FHeh 8 B i 25 & oo o
Em%\%wﬁﬁmgwﬁﬁmowfm\%%ﬁﬁﬁ

MBI O TG R Z M, FARER K X0 A%
RIHEETEWL, RLTEHOEEZRT D,

SE 3K

Anderson, J. G. and R. Quaas, 1988: Effect of magnitude on the
character of strong ground motion: an example form the Guer-
rero, Mexico, strong motion network. Earthquake Psectra, 4,
645-646.

Anderson, J. G., 2003: Strong-Motion Seismology, International
Handbook of Earthquake and Engineering Seismology. Aca-
demic Press, pp. 937-966.

Earthquake Prediction Information Division, JMA, 2010: The earth-
quake of Suruga bay (M6.5) on August 11 2008, Report of
CCEP, 83,211-230. (in Japanese)

Hatayama, K. and E. Kalkan, 2011: Long-period (3 to 10 s) ground
motions in and around the Los Angeles Basin during the M,, 7.2
El Mayor-Cucapah Earthquake of April 4, 2010. Proc. of the
4th IASPE/IAEE International Symposium, University of Cali-
fornia Santa Barbara.

TG, AR, 2012: BRI & % K HHHER A O
EEIROE N — 3R ARAENEY I 21— 3 I
KW — . A EEFZ5 0 TR, 89.

Izutani, Y. and T. Hirasawa, 1987: Use of strong motion duration for



77 2017

14 D. Muto and A. Katsumata Vol. 66

rapid evaluation of fault parameters. J. Phys. Earth, 25, 171—
190.

Jennings, P. C., 2003: An introduction to the earthquake response of
structures, Internatinal Handbook of Earthquake and Engineer-
ing Seismology. Academic Press, pp. 1097—1125.

JMA, The reports of source process analysis of remarkable earth-
quakes in and around Japan, http://www.data.jma.go.jp/svd/
eqev/data/sourceprocess/index.html (2013 4E7 A 15 HEH'%).
(in Japanese)

JMA, 2005: Report on the mid Niigata prefecture earthquake in
2004, Technical report of the Japan Meteorological Agency,
127. (in Japanese)

IJMA, 2009: Report on the Niigataken Chuetsu-oki Earthquake in
2007, Technical report of the Japan Meteorological Agency,
131. (in Japanese)

JMA, 2010: Report on the Iwate-Miyagi Nairiku Earthquake in 2008,
Technical report of the Japan Meteorological Agency, 132. (in
Japanese)

Joyner, W. B. and T. E. Fumal, 1984: Use of measured shear-wave
velocity for predicting geologic site effects on strong ground
motion. Proceeding of the Eighth World Conference on Earth-
quake Engineering, 2, 777—783.

JUREIEYCRS, VR S5, 2007: WREMEHIE 2505 & L 7= iR H)
R S O BRI R E O MU 2 B D a4 10 [/ EE
BFIRFTIT ) 54 He D RFRGAHEA) DI R 71 (TS
S A XA, 269274

JRIERES, AaAfREl, B FEEY, mIEEZ, 2008 XK
JE R E) o BB R A & A E O S IERF R, LA
L XHE A, 64,721-738

HgiEsE, LR fE, EIC #IEE% / — I, http://www.eri.u-tokyo.
ac.jp/sanchu/Seismo_Note/ (2013 47 A 15 ARIE).

RERIT, 2008: HERHERIL /AT X O HGH R FERIZ OV T,
http://www.jma.go.jp/jma/press/0801/10b/suikeijinsoku.pdf
(2014 41 J 29 HIHE).

Lay, T. and T. C. Wallace, 1995: Modern Global Seismology. Aca-
demic Press, pp. 104—115.

Matsubara, M. and K. Obara, 2011: The 2011 Off the Pacific Coast
of Tohoku earthquake related to a strong velocity gradient with
the Pacific plate. Earth Planets Space, 63, 663—667.

FAR B, ARVINFFILT, 2008: HiJE » HAEHH 250 m A v =

~ v TRERIZIES S HEOWNT &7 — 2. EEH
e AFJERT, SR PE B 7 H20PRO-936.

Muto, D., H. Ueno, K. Tamaribuchi and K. Iwakiri, 2014a: Char-
acteristics and factors of the earthquakes around the Northern
Ibaraki Prefecture and Coastal Area of Fukushima Prefecture
after the 2011 off the Pacific Coast of Tohoku Earthquake.
Quarterly Journal of Seismology, 78, 1-28. (in Japanese with
English abstract)

Muto, D., H. Ueno, Y. Kawazoe and K. Iwakiri, 2014b: The analysis
of the source processes of the foreshocks and aftershocks of
the 2011 off the Pacific Coast of Tohoku Earthquake. Quarterly
Journal of Seismology, 78, 29—44. (in Japanese with English
abstract)

Okada, Y., K. Kasahara, S. Hori, K. Obara, S. Sekiguchi, H. Fujiwara
and A. Yamamoto, 2004: Recent progress of seismic observa-
tion networks in Japan —Hi-net, F-net, K-NET and KiK-net-.
Earth Planets Space, 56, 15-28.

KIGNEEE, 1994: # + MFEB)D 227 b UAEAT AR, & R
2, 299p.

Ve 2, 2004 EHRI O AT 7T NITE L 7 L — NEERME
DFEJAM VA~V OHERE. 7 AMEE L 72 K, 4, 1-4.

Seismological and Volcanological Department, JMA, 2009: Report
on the Noto Hanto Earthquake in 2007. Quarterly Journal of
Seismology, 72, 27—60. (in Japanese)

Wessel, P. and W. H. F. Smith, 1998: New improved version of the
Generic Mapping Tools released. EOS Trans. AGU, 79, 579.

(LR EE -, NGY #1585 7 — b, http://www.seis.nagoya-u.ac.jp/
sanchu/Seismo_Note/ (2013 4=7 A 15 HBIE).

BH 5%, MNEER], REEW, WEEREGL, ARREZ, 2011
R AR E) O FEEECR Jo X OSSR ReE. A AME L
S X, 11,81-101.

Yoshida, Y., H. Ueno, D. Muto and S. Aoki, 2011: Source process of
the 2011 off the Pacific coast of Tohoku Earthquake with the
combination of teleseismic and strong motion data. Earth Plan-
ets Space, 63, 565—569.

BU 8, L5, 2011 REAWER (1-158) 2k0 2
A HIRB ORI TN, 7 ABEFZ2EE R XK,
76, 661, 519-526.

AR T2y, 1999 AT 7/ — 9 HIEEE). Ak T,
116p.

REAYHES) & ihigiEE & OBERICOLNT

REAN - BRIEBIS" (LI HEKILTIEH)
« BFR : KHH S
o TR - RRFEALEERHRL

W BB O EEBICHBIO DA 2R T2 2 SIFEECTH D, MBS ARG OB A R Z T D08, HER O
XD THH -0, HEFHBEE L WSRO T, iR E T — & 2 T, B OB OBIIE & His) 2
M3 22 EnEEND, Fhoxld, ERITHEMESZ 58 U iE 2 B A Chix 228 o BB i 2 e+ 5720, #
BR A & B O BIFRIC OV TR L7z, Ok FLJE 3 3 50 LA b 0D Jc s B 25 4 ol At s o0 — VR [ JE 440 & AHBE 3
HIlaRAM U, Fo, TR 0EFRHTIE, TE30 m O SIEHE (AVS30) & OFABENRWZ E XNy, L Lir
BT 25 2 BNLEIC B AR AHEREOKIT, LIZUISHERIZ L - TRAAEE RS, Zhid., #EOLITHE - - HEE TR
RN D EaRT, M7, HWEISE ORI & HE & OMICIZBEE 2 FHBIXRED e oo, 2D OfE Rl X
ISENBIFLNIZ DO THHH, FEEHEISEZ AV T LIRS TH D,



	4.1.0-転載-長周期地震動と地盤構造との関係-20170316
	4.1-長周期地震動と地盤構造との関係_ロック解除



