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The strong motion duration of the short-period accelerogram depends on the direction of rupture
propagation due to the directivity effect: it is short at seismic stations located along the forward direction
of rupture propagation but long along the opposite side. A larger earthquake tends to have a longer strong
motion duration. In this study, we examined the characteristics of rupture propagation: rupture direction
0, rupture duration L/ Vy, and fault length L of the 2003 Off-Tokachi Earthquake and its largest aftershock
from the azimuthal dependence of strong motion duration, where Vj is rupture velocity. A filtered (5 to
10Hz band-pass) accelerogram revealed clear azimuthal dependence of the duration for the main shock,
which is consistent with the distribution calculated for unilateral faulting. We obtained 0=N27°W, L/ V=
42s, and L=91km for the main shock. These results are comparable to the fault parameters estimated by
the slip inversion using the long-period waveforms in previous studies. The largest aftershock could be re-
garded as unilateral faulting in the view of the azimuthal distribution of the duration as well as the main
shock. We obtained §=N70°W, L/V,=40s, and L=98km for the aftershock. The large L means that the
rupture of the aftershock extended to off Urakawa, Hokkaido. The estimation is consistent with the obser-
vation that peak ground accelerations of the aftershock were greater than those of the main shock in
western Hokkaido and northern Tohoku district. Consequently, the rupture extent of the aftershock was
as great as that of the main shock despite a magnitude difference of 1.0.

2003 Off-Tokachi Earthquake, Rupture propagation characteristics, Strong motion duration,
Directivity effect, Relationship between the main shock and its largest aftershock
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Fig. 1.

Maps of the seismic stations used (a) in the analysis for the 2003 Off-Tokachi Earthquake and (b)

for its largest aftershock. The color of triangles indicates the length of strong motion duration for the
stations. The star denotes the epicenter. The direction and the length of the arrow indicate the rupture
direction and the length of estimated fault. Concentric circles are epicentral distances at intervals of
100 km. The small red (blue) circle indicates the HKD053 (IWTHO07) site.
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Fig. 2. Examples of the filtered (5 to 10Hz band-pass) EW component accelerograms (black waveforms)
and the traces of their cumulative power (red curves) recorded (a) at HKDO053 [K-NET Rubeshibe in Hok-
kaido] and (b) at IWTHO7 [KiK-net Karumai in Iwate prefecture]. The upper and lower panels plot the
traces of the 2003 Off-Tokachi Earthquake and its largest aftershock, respectively. Strong motion dura-
tion D, is defined as the time interval between the S-wave arrival time (blue vertical bar) and 85% of
the cumulative power (green vertical bar). Red (gray) vertical bar indicates the P-wave arrival time (the
reference time for the normalization of cumulative power).
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Fig. 3. Traces of the normalized cumulative power
of the filtered (5 to 10 Hz band-pass) accelero-
gram observed (a) in the 2003 Off-Tokachi Earth-
quake and (b) in its largest aftershock. The ori-
gin of the time axis corresponds to the S-wave
arrival time. Trace colors indicate the azimuth
of the stations. The horizontal dotted line repre-
sents 85% of the normalized cumulative power.
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Fig. 4. Azimuthal distributions of strong motion duration observed (a) in the 2003 Off-Tokachi Earthquake

and (b) in its largest aftershock. Azimuth is measu
indicates the KiK-net (K-NET) station. The colors

red clockwise from north. The small circle (triangle)
indicate the epicentral distance of the stations. The

thick blue curve represents the theoretical distribution with the far-field approximation (Eq. (1)), and the
thin black curve represents the theoretical distribution without the approximation (Eq. (7)). The red line

denotes the mean strong motion duration.
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Rupture propagation parameters of the 2003 Off-Tokachi Earthquake and its

largest aftershock estimated from the azimuthal distribution of strong motion dura-
tions with (Eq. (1)) and without (Eq. (7)) the far-field approximation. L is fault length, V,
is rupture velocity, 8 is S-wave velocity, and 6 is rupture direction. Here, 20 degrees
is adopted for the fault dipping for the estimation without the approximation. For
comparison with horizontal faults in the far-field approximation, the length of the fault
projected on the horizontal plane (Lcos(20°) is listed when there is no approximation

estimation.
far-field approximation (Eq. (1)) no approximation (Eq. (7))
L L co0s(20°)
L/Vgs) L/Bs) 0 (degree) (km, projection on thel V'R (km/s) ! @ (degree)
(km, f=38Kkm/S) |3 ongal plane)
Main shock 42.4 24.0 N27° W 91 92 2.4 N26° W
Largest 40.1 258 INT0CW! 98 96 275 | N70° W
aftershock
2003 Off-Tokachi Earthquake Largest aftershock
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Fig. 5. Azimuthal distributions of strong motion duration measured under different conditions. (a) Dura-
tions of the main shock measured for different frequency bands. Red crosses indicate the durations for
the 5 to 10 Hz band; green, those of the 2 to 4 Hz band; and black, those of the 1 to 2Hz band. (b) Same as
Fig. 5a, but for the largest aftershock. (c) Durations of the main shock measured at stations located at dif-
ferent epicentral distance ranges. Red crosses indicate the durations for the 200 to 300 km range; green
crosses indicate those for the 300 to 400 km range. (d) Same as Fig. 5c, but for the aftershock. The blue
curve depicted in each figure is the same as the thick blue curve in Fig. 4.
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Table 2. Azimuthal distributions of the strong motion duration observed in the 2003 Off-
Tokachi Earthquake (a) and in its largest aftershock (b). The durations were measured
under different conditions, including four frequency bands and two distance ranges.
The top line in a cell indicates the mean duration; the middle line, its standard devia-
tion; and the bottom line, its frequency in the 30-degree azimuth interval. The right-
most column lists the average across the row excluding empty cells.

(a) Main shock

frequency | distance azimuthal ranges average

band (Hz) | range (km) across

0-30 | 30-60 1180-210§210-240§240-270J270-3004300-330§330-360] the row

36.8s] 32.1 - 60.7 46.7 31.7 38.1 30.2 39.5

1-2 200-300 52s 3.6 - 6.5 10.2 5.5 5.9 6.8 6.3

16 2 0 19 23 27 41 28] 223

32.1 31.2 - 53.8 415 29.4 29.8 25.7 34.8

2-4 200-300 3.0 1.6 - 6.0 59 42 34 5.8 43

16 2 0 19 23 27 41 28] 223

30.7 325 - 532 43.8 28.3 26.9 22.4 34.0

5-10 200-300 2.9 1.1 - 49 3.9 33 3.0 3.9 33

16 2 0 19 23 27 41 28] 223

- - - 56.9 423 30.8 28.2 29.6 37.6

5-10 300-400 - - - 4.8 5.6 2.6 2.3 3.0 3.7

0 0 0 45 30 30 13 32]  30.0

304 32.8 - 52.8 43.7 28.4 26.7 223 33.9

10-20 200-300 2.8 1.3 - 4.6 3.8 2.2 32 3.7 3.1

16 2 0 19 23 27 41 28] 223

(b) Largest aftershock

frequency | distance azimuthal ranges a:;?fse

band (Hz) | range (km) (=550 e 5105 1023005402702 70-3000300-3300330-360] the row

542s] 655 - 38.5 31.2 26.7 31.6 39.1 41.0
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23 8 0 36 31 37 38 31 29.1

45.1 553 - 353 26.0 21.5 253 33.0 345

2-4 200-300 4.6 2.5 - 6.6 4.5 4.8 42 3.9 45

23 8 0 36 31 37 38 314 29.1

42.8 51.2 - 34.1 25.0 19.1 22.8 30.7 322

5-10 200-300 4.9 1.9 - 52 3.1 35 33 3.8 3.7

23 8 0 36 31 37 38 31 29.1

- - 425 39.6 29.0 22.0 242 35.6 322

5-10 300-400 - - 1.9 33 5.1 2.9 5.5 43 3.8

0 0 2 45 16 11 6 16] 16.0

423 50.8 - 34.1 252 19.0 22.6 31.1 322

10-20 200-300 49 2.0 - 4.9 3.1 35 3.1 4.3 3.7

23 8 0 36 31 37 38 31 29.1
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LERITEL, B, TITHA DS SEORE
BRI E LTwa, BERS Dglid,

085@4—6/; (%/2;<§/ﬁo>
Ds= t+t,—/03tz, (%oﬁ%fl%> ©)

ossi+l/y (4/;>10/5)

LEEND. Fig T2 6,=15s DHED DD t 12k

LA FERTRT. TN Dk, £ 29HWIEET
2008/9/11 (M, 6.8)T=13s) (b)
2007/2/17 (M|,6.0/=5.0s) N7
2009/6/5 (M- 63 F= <) *
009/6/5((M,5.3, £=7.1s)
ta 200-300km

guency 5-10Hz

*
§ o] X
ks x| X

60 120 180 240 300 360
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(a) Map of three small earthquakes (small red, green and black stars) which occurred near the epi-

centers of the main shock (large yellow star) and its largest aftershock (large blue star). (b) Azimuthal
distributions of strong motion duration observed for three small earthquakes. The color of crosses corre-
sponds to that of epicenters in Fig. 6a.
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Fig. 7. Relationship of the pulse width of source
time function ¢, with simulated strong motion
duration Ds in Eq. (6). Ds—t, means the broaden-
ing width of ¢ due to the propagation effect.
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9. Fig 712 4,=15s D& D Dy—t, O ¢ (2K % B4R
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