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broadband or strong motion recordings. However, the short-period instruments
are still deployed. It is well-known that short-period recordings have saturation
problems for large earthquakes when estimating the size of an earthquake.
Thus, it is necessary to make clear the magnitude at which saturation starts to
occur for the commonly used ¢. and Pd measurements, respectively. To investi-
gate the possibility of using short-period seismic recordings for earthquake early
warning, we conducted a simulated experiment using the strong motion data of
the 1999 Jiji(Chi-Chi) earthquake sequence including its main shock and 31 af-
tershocks, with magnitude span from 4 to 7. 6. The strong motion acceleration
recordings were convolved with the instrument response of short-period seismo-
graphs in North China to simulate short-period recordings. Parameters r. and
Pd from the first-three-second seismograms were calculated for the simulated
short-period recordings and compared with that obtained by the original strong
ground motion recordings. The result showed that to some extent, short-period
recordings can be used for threshold earthquake early warning, while the mag-

nitude saturation of Pd estimation can be up to 6.5, better than ¢. estimation.

Key words: earthquake early warning system; r, measurement; Pd measure-

ment; short-period recording
=
515

TR, MR LI U 2R G (EEWS) Ay 58 F1 0 72 W6l 2 4 52 35 5 T /s R i
77 (Heaton, 1985; Nakamura, 1988, 1989; Espinosa-Aranda et al , 1995; Kanamori et al ,
1997; Wu, Teng, 2002; Allen, Kanamori, 2003; Kanamori, 2005; Wu, Kanamori,
2005a, b, 2007; Olson, Allen, 2005; Horiuchi et al, 2005; Zollo et al, 2006; Boese et
al s 2007) , AP 20— 2 R TS R 402 LT RO 0% R 48 (On-site EEWS). “ 8t
b Y7 B3 FUE o — A OB TR] BB R T P B LRSI A T M R A DR/ . DT ) iR
I8 8 (Wu et al, 2006; Wu, Zhao, 2006). Olson il Allen (2005)IKK, T % 5 47 b 5%
0% P CHT JLAD e 1 52 Y5 R 2ok AR AN RS . AR A B R AT LA el AT b AR A0 R
P PATHTJUARDBA RE . 3 — Wi e M 52 7 40 0 o P 0 1y Bl A AR R R ) B I A
4+ (Rydelek. Horiuchi, 2006) . fHX}F 6 ZLIT BB RE 2 AL 9. X T RE R A 52
P P 3 Fb L A AR e A TR RN K R e AR L M R E ST, (H 2D, Sl i R R R
At AT AR X T O R A 1 1 T CRIVA T 4 52 7T BB A B AR 90

A ZHO R BA A, hE G 5 & E I 45 I8 2 % 5 9 WAL . 5
— A HE B SR 4 ) U2 22 M DX A 5 A AL A 2 B A L R A T R R R A R A Xt
25 A 3t T RS TUE R T MERE. MR A R T M 0 S T T T 0 5 b AR
g XSk RO SR BE A T T AR R IR AN AE RS B — A B R TR, T HLAE
LT AR S L AR SR A, R i SR A R R sy R A A, R
MR Ie . W oo Fl Pd Jr ikl s s gt .t SR Al 0 42 1 7R 2 3K 2 2 b (Ka-
namori, 2005; Wu, Kanamori, 2005a; Wu et al, 2006). NHFFTX —[a] 81, A3k A 1999
SRR MR TR MR R I AT B S5
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1 ¢ #APd Fik

MRIERT A BB 98 45 3 (Kanamori, 2005; Wu, Kanamori, 2005a; Wu et al, 2006,
2007) s ASCHAERAL LI R o0 1 Pd J7 R A T MR 0 e OB .« J7 Al I L 4y
ST S o (O R w (O M -

Jr“iﬂ(z)dz
0 D

r =

Jro u? () dt

0

A O BFXEN P AT 20 s — I 7o 4 3 s(Kanamori, 2005). AR 37 IH 2€ 5L 2 #4 ,
H

4n2r 2 lalp |t
r = =)
IR
0
o w ) N ul) WG, R U ulH [P MBS HPEY. T XEBE, o @ XN
(Wu, Kanamori, 2005a)

= A7 (f") (2)
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T, = === (3
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M s AT RAA = SR 2 P U BN S R GE R MR 2 B R o K, X
H P A K. B A A9t D, 0 1AL i 72 0 9 6 K TG 52 2 PE S8 0 (W et al
2006, 2007)
M, = alge.+0b 1)
Aeha M0 KA MR o Iy ik A A AR 2%
55— A B Pd 52 L PUHTLES GRIE B R 3 O M BRI (Wu et al, 2006), 1gPd
SRRV RE G M A1 1gR (R Sy REUREE) 2 13 10 2 £ 3
My, = AlgPd + BlgR + C (5)
AP AL By CHOBLRHHL P, MBI Pd ) FEME AR I FLLE T AR IR 15 5
T Pd FTFTRAS RS S X REURBE B/ AR+ 10 1 B SR BT R L L 5t
(5) B fafe A

My, = A'lgPd + C’ (6)
Lo AR C R B o R Pd WE T ] MatLab T HAL 5.

2 HESW

A1 2 R R AN P ET LA IC S S8 (B HE o F Pd) By IR FR, F 22 HE T T
#itsEAE 2 (Kanamori, 2005; Wu, Kanamori, 2005a, b; Wu et al, 2006). IAbEER
R SR s R T o T B LU RO AL A TR U i A I T B AR O SR 1 4
AR R SR A S T R G 2 e BUAR AN T B SE PR IC SRR R R A 2 KRR
0 AR AN Y ) R 3X — (R, AR PR A S0 SR A2 5 AT AR AT M R 0 Y ] 2
KEE.

AV EE X CWB 424t 1999 42 LR B i 37 598 3 112 3 B4 (Lee et al,
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2001 PEATARE IS . X HE AR S A 4 34 WRHLAE (1 R F N 33 IR AR, FRATEH T Horp
() 32 RHLFZ (£ 1) X SR R H KT 4, WE/NT 25 km. 55 4M A 352 1930 5% PR 1 e
Lo AR A R . A ik 2 i 5R 42 TSMIP & W (L35 A7 B 7E B R &3k s 1 650 4507
T E ) S SR R KA. G0 Sk T A A 5 R A B # 50 Hz mi i F-3H ©(Chen et al, 20065
Wu et al, 2001), iCRJEHE £2g(g=9.8 m/s*) . &t & 16 bit FH L . RAEZK 200 & /F
5 250 /R0, P 1 SRy ik vk S 00 B b R D R 35k BB AR T S 4 SR N e R T T AE A 7
2B F 9 BUHE S A U b AR B LA B U0 SRk s BB T S8 o A Pd LIS B
U iy 5% R R I L. AR SCI S5 vt 2SR Ml R B TR B R UK M AR BT 1 8

1 WF50 b P e M AR = 1
Table 1 Earthquakes used in this study

ER:] RN Z) (UTC) R ]

A2 PN /° Ag/° RO M
#-A-R SR /lem
1 1999-09-20 17:57:15.3 23.93 121.03 11 6.4
2 1999-09-20 18:03:41.2 23.81 120. 86 8 6.6
3 1999-09-20 18:21.28.6 23.96 121. 06 10 5.2
4 1999-09-20 18:32:55.1 23.83 120.99 17 5.1
5 1999-09-20 18:34:25.9 23.84 121.02 21 4.9
6 1999-09-20 18:50:49.3 23.93 120. 97 14 4.8
7 1999-09-20 18:56:04.5 23.77 120. 80 9 4.7
8 1999-09-20 19:17:10.7 23.93 120. 79 11 4.4
9 1999-09-20 19:19:49.6 24.00 120. 90 19 4.6
10 1999-09-20 19:34.51.0 23.85 120. 76 10 4.7
11 1999-09-20 19:40:32.6 23.55 120. 88 7 5.3
12 1999-09-20 19:44:56.3 24.06 120. 74 9 4.6
13 1999-09-20 19:57:52.6 24.03 120. 81 12 5.2
14 1999-09-20 20:02:15.9 23.98 120. 74 12 5.4
15 1999-09-20 20:08:11.4 24.13 120. 93 11 4.8
16 1999-09-20 20:11:39.5 23.95 120. 80 10 4.5
17 1999-09-20 20:21:59.7 24.11 120. 98 11 5.2
18 1999-09-20 20:29:20.9 23.80 120. 92 15 4.8
19 1999-09-20 21:23:23.9 23.61 120. 85 10 4.9
20 1999-09-20 21:27:56.7 24.09 121.03 12 5.0
21 1999-09-20 21:39:53.7 23.59 120. 56 14 4.1
22 1999-09-20 21:46.37.5 23.61 120. 81 1 6.6
23 1999-09-20 21:54:47.1 23.62 120. 77 it 5.3
24 1999-09-20 21:57:12.4 23.47 120. 86 9 4.7
25 1999-09-20 22:15:34.0 23.59 120. 82 3 4.7
26 1999-09-20 22:22:46.0 23.55 120. 83 5 5.2
27 1999-09-20 22:33:54.8 24.11 120. 98 13 4.8
28 1999-09-20 22:56:45.9 23.88 120. 92 12 4.9
29 1999-09-20 22:58:52.5 23.61 120. 80 11 4.6
30 1999-09-20 23:18:13.2 23.45 120.91 10 5.1
31 1999-09-22 00:14:40. 8 23.83 121. 05 16 6.8
32 1999-09-20 17:46:40.0 23.86 120. 81 11 7.6

@ Kinemetrics Inc. 1997. User’s Guider The FBA-23 Force Balance Accelerometer.
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Fig. 1
Strong Motion Instrumentation Program
(TSMIP) and the epicenters of the 32
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Stations (triangles) of the Taiwan

in this study
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Fig. 2 The vertical component strong motion (acceleration) recording and the simulated short-

period acceleration recording of the 1999 Jiji(Chi-Chi) main shock

The portion of the first three seconds is indicated by the two dashed lines. Note that the short-period

(SP) seismographs record velocities rather than accelerations, therefore the bottom trace cor-

responds to the differentiation of the SP seismogram seen in the seismological network
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Fig. 3 Magnitude estimated from z, calculated using strong motion recordings (a) and calculated
using simulated short-period recordings (b) wersus the magnitude M of the earthquake
The 256 estimated M. (open circles) are from the closest 8 stations of 32 events, together with the average
M, (solid circles) of each event. Solid line shows the least squares fit and two dashed lines show the
range of one standard deviation. In Figure 3a standard deviation is 0. 41, and correlation coefficient

is 0. 86; and in Figure 3b standard deviation is 0. 67, and correlation coefficient is 0. 53
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0.93 and 0. 85, respectively. Others are same as Figure 3
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