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A lot of strong ground motion data from the 2003 Tokachi-oki earthquake (Mw8$.3) were
obtained by a dense strong motion network including K-NET, KiK-net and so on. We
examine the long-period ground motions with a period of about 20 seconds based on these
data. First, we estimate propagation directions and phase velocities of long-period Rayleigh
waves at 64 seismic array sites in Hokkaido arranged from the dense network; the radius of
the array is about 15 km. The semblance analysis is applied to band-pass filtered, vertical-
component waveforms at each array; the central frequencies are 0.03 and 0.05 Hz. The
propagation directions of these long-period seismic waves basically radiate from the source
region of the 2003 Tokachi-oki earthquake. However, the propagation directions seem to
turn from the northwest to the west across the Hidaka Mountains, extending from the north
to the south in the central Hokkaido. The phase velocities are 3 to 4 km/sec; the phase
velocity of the 0.03 Hz central frequency wave is slightly higher than that of the 0.05 Hz
central frequency wave across one array.

Next we examine ground velocity waveforms and spatial distribution of peak ground
velocities (PGV) based on all data in the eastern Japan from the 2003 Tokachi-oki earth-
quake. Long-period waves with a period of about 20 seconds predominate on the ground
velocity waveforms; at some sites shorter-period seismic waves are overlaid on the long-
period waves. The PGV distribution shows peculiar features; PGV in Hokkaido, the
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northern part of the epicenter, are larger than those in Tohoku, the south-western part of the
epicenter, at the comparable distance. The PGV attenuation relation also shows peculiar
features; the decay rate changes around a distance of about 200 km and the large scatter with
one order exists at a distance of about 300 km. We interpret these features by comparing
the observed waveforms with the synthetic ones calculated by using the CMT solution and
1-D velocity structure. The direct S-waves contribute PGV at distances less than about 200
km, while the long-period surface waves (Rayleigh waves) contribute PGV at distances larger
than about 200 km. The source radiation pattern of long-period surface waves generates the
large scatter of PGV at a distance of about 300 km. This study concludes that the source
radiation patterns of long-period S and surface waves mainly contribute the spatial distribu-
tion of PGV for large earthquakes such as the 2003 Tokachi-oki earthquake.
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Fig. 1. Location map showing strong motion stations in Hokkaido which recorded strong
ground motion from the 2003 Tokachi-oki earthquake. These stations belong to five
seismic networks as shown in the inset. A gray star is the centroid of the CMT
solution of the 2003 Tokachi-oki earthquake determined by Harvard University.
Sixty-four circles are seismic arrays arranged by using these strong motion stations.
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Fig.2. Vertical (U-D) component velocity seismograms recorded at three seismic arrays.
The locations of these arrays are shown in the upper left map.
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Fig. 3. An example of results of the semblance analysis applied to the
band-pass filtered records (the original records are shown in Fig.2 (a); the
central frequencies are 0.03, 0.05, 0.1 and 0.2 Hz). The first line on each
panel shows the band-pass filtered traces for the velocity seismograms.
The second to the 4-th lines represent results of the semblance analysis:
apparent velocities, arrival directions (back azimuths) and semblance
values. The results with the semblance values larger than (0.8 are shown.
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Fig.5. Waveforms and particle motions at HKD004. Top: Radial and verti-
cal component band-pass filtered velocity seismograms with the central
frequencies of 0.03 and 0.05 Hz. Radial component is calculated using the
arrival direction estimated from the semblance analysis (Fig. 3). Bottom:
Particle motions on the vertical-radial (V-R) plane. The particle motions
are shown for every 20sec. Retrograde motion is predominant at the large
amplitude portion; this indicates that these waves are Rayleigh waves.
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Fig.6. A summary of the propagation directions (arrows) and phase velocities (length
of the arrows) of Rayleigh waves at the array sites, estimated by the semblance
analysis. The propagation direction is calculated by adding 180 degrees to the
arrival direction. Solid and open arrows are the results for the central fre-
quencies of 0.03Hz and 0.05Hz, respectively. A gray star is the centroid location
of the 2003 Tokachi-oki earthquake estimated by Harvard University. Rough
topography map and regions used in the text are also shown.
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Fig. 7. Comparison of strong motion records from the 2003 Tokachi-oki
earthquake observed at two stations (Wakkanai and Sendai) with a
comparable distance. (a) Acceleration and velocity seismograms (N-S
component). Short period seismic waves are dominant at Sendai. (b)
Velocity Fourier spectra. Black and gray lines represent the spectra for
Wakkanai and Sendai, respectively.
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Fig. 8. Distributions of peak ground accelerations (PGA, (a)) and velocities (PGV,
(b)) in the eastern Japan. An open star indicates the centroid location of the
2003 Tokachi-oki earthquake estimated by Harvard University. The inset
map shows the volcanic front and regions used in the text.
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Fig. 9. Attenuation relations of peak ground accelerations (left) and peak ground
velocities (right) from the 2003 Tokachi-oki earthquake. Solid and open circles
denote data recorded at the fore-arc side and back-arc side of the volcanic front,
respectively. Black and gray lines in the PGV panel show decay curves by the
geometrical spreading for body waves (1/R) and surface waves (1//R), respective-
ly where R is a distance from the fault.

PGA D ZEo7m T3, MENKE BB RDKFERICIE > THEC B > Twa, 2
2 LT, PGV D24 Tld, ALy &5 BIFROKRTFEEEM & B AN TIRIBED K E ZEWIZ R
Lz, 2L T, 1ZIZFE—ERETHET 2 &, BEOIANICAET 2 biEE T, BEiEflicfhr
EY 5RALM & 0 YIRIBES K E -, 29 Lz 224w ORI EEHERERR, b bk &
5. PGA DIEBERZERFR TIX, M—ERTI A —F—RBEDIXL D225, Xl 7v> F DOH
AN TT B & D b ESRRRE WERS R 515, —F T, PGV O BEHERZFRIfRIZ, PGA
DENL D YFE—EBETOEDIT LD EDVNE N, 72771, 200~400 km DEHTIZ 1 A — 25—
BENELDEZRL, kll7wr O (6iEE) OB REMI (FEILHA) L0 il
ADRELETHE., ZnkHiz, FEFEIC L > TRARBHED ZZMSHIZEL > T b,

WAHIALETHRET DHE T, KRPEERICH-> CTEEDOKRE LHEBIE )ED 2 B ESRE
SFRLoNDE. ZOHARL, KQENY PICE QENT L — b TN T 5, hAAARTE
DEMLEE T HBEIMRET 2720ICE L TW5 EE 2 LN T 5, PGA H5fiZ = 0 BREER,
ERIBDGHZRL T 5B Z &b 5, PGA IZMBIERERFHENHE LB ZIT Tnd EEI LN
(Maeda and Sasatani, 2006). L7 L7%2%6, PGV 07RIZ 20 k 9 e kEEIC & A(EEEHRE
HCTRHBET 22 LIETEL W, ERBEORE W v~y RE-CEFEE 7 & (B2 T3,
Fig. 8 DA ZZH) TIIEE L Y b PGV sk&E(, H4 MEEOHEZZIT Twb 525
N5, ZoOBBIIMADEE (Fig.7@) IS FENTWDE EEZ LML, £z PGV Ok



186 = I R
MenfizEBH2IIENRFITE Z> Tk, Leh'> T, PGV RBEFERHIENEEZ % (2
TWwpEEZ L5,

Fig. 9 12 (3R & RE WIS 2 BMREIC L 2 EEERERFZ L TL TWw5a, PGV it 200
km L 23 & L CHERFEMMEEZ »Z{bL T ), TEBTIRERENEE (1/R), EEHT
BFEAmENMEEZ (1/V/R)) 12k, Zd, PGV 3 EEHECRERHOETMENHEL K ST
TWwbZ EamBEL Tw5, EEIC, Fig. 210 L 2B 6, THERETIZ S #5%, ZEERET
IZ Rayleigh #%7°5 PGV 2/ RL TW3 Z &b 5

PGV mZefimfn & BEEERERRIE, RAMMEBISIOHFEZRL CWBEEZ N5, UTT
I3, PGV DI 5 DE DK EV 200~400 km DFEREICER LT, T0ERICOWTHERT 5. 2
EEEER T, dWEEY b HILMF 12 THOEWH L THOT =& ENTw 5

2. PGV nZE5 M 0EER

BIR LT LS % 08 L TR L D B 258 L, BEeod0 (HEWF
E) A D 5 TR & g L 72 (Fig. 10). BB ostEicls, Harvard k%9 CMT
MBI & D A =X LM, MEE— 22, BRUE (> FeA F) 2w, BFEESI340km
& L7z, BIRRREEEUL, BRWIE D R T 0B & kR 5 20 WO~ VE & L7z, 3 E
g, REHEE, TEMER, <> bvideT bl 7z 3 EEE R e L7z (Table 1), #HI%
B, MEREREZES L CROERERE (£ LTS, & N-SES) THhb., 74
F— IR Z AT Tnip\nized, BRI 5~10 Bols 8l s 2 Blls b » 5 25, BIREREL 200 km
D VEWHETE, FEH 20 WOWEIKE LREZ R - Tw5 (Fig. 10 &), 2L T, BHER

RO ZD L ) 2 BREBMEREREFICB W UIZHEHREI N T 5 (Fig. 10 ), =
DEF B ITBRECEOKFENC b RN (Fig. 10 4), BIEOMENTS & Z DYt Rayleigh
WThHBHERbNS, KPENT ETENCHANERYRGICEATEY, BXREMEIL LT LY
bREW, LaL, ARG & BERYG ORIEL <V E2EET 5 &, PGV 445 (Fig.8) @
KEBOZEEICEIZFS L T 2012 EFEMEN (Rayleigh%) THL EEbLNE, iz, B
SR 53R 72, BYFERE 250 km T Rayleigh #% (V-R EH THO-AIRE) & Love I (trans-
verse {4) DIRIED FASH (Fig. 11) 725 4, Rayleigh A2 FE LW ThH 5 L5255,
T ZT, ZORBMBBENOIREOGTARIEE N5 201z, EinlkiE L 8RB0 LT Eks
DERRIRIBME D FAL A % i L 7= (Fig. 12), WReZ R ) [n W FALEH 2 fEfR§ 5 7200z, Bk
BEREDS 250 km & 300 km DA DTz, BEMEIZ SEHEO R 10 km O &N O FEEk

Table 1. Velocity structure used in calculation of synthetic seismograms.

Vp Vs Density Thickness Qp Qs

(km/s) (km/s) (g/cm?) (km)
1 6.0 3.5 2.7 10.0 600 300
2 6.4 3.7 2.8 20.0 600 300

3 8.0 4.5 3.3 — 1000 500
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Fig. 10. Comparison of the observed (left) and synthetic (center) velocity seismograms (U-D component) along the profile from the

epicenter to Wakkanai (N330°E).

The observed N-S component seismograms are also shown in the right column.
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Fig.11. Azimuth distribution of

peak ground velocity ampli-
tudes of Rayleigh waves (O)
and Love waves (@) at the
epicentral distance of
250km; these are taken from
the synthetic seismograms.
The focal mechanism deter-
mined by Harvard Univer-
sity is also shown in the left.

Fig. 12. Azimuth distribution
of peak ground velocity
amplitudes (U-D compo-
nent) at the epicentral
distances of 250km
(upper) and 300km
(lower). Open and solid
circles are the synthetic
and observed values; the
synthetic and observed
values are normalized by
each largest amplitude.
Velocity seismograms ob-
served at several stations
are also shown.
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