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Reliability of seismic intensity instrument used in earthquake
early warning: Taking the Gaoxiong M;6. 8
earthquake as an example

Zhang Hongcai”* Jin Xing"® LiJun” Wang Shicheng”

1) Earthquake Administration of Fujian Province, Fuzhou 350003, China
2) Institute o f Engineering Mechanics, China Earthquake Administration , Harbin 150008, China

Abstract: Based on the seismic intensity instrument (SSI) records of Gaoxiong
M;6. 8 earthquake in Taiwan, China which occurred on February 6, 2016, we
studied the advantage and reliability of SSI used in earthquake early warning
(EEW) through the analysis on precision of phase pick, applicability of peak
ground motion attenuation relationships and accuracy of earthquake magnitude
estimation results. Meanwhile, we also discussed shortcuts and risks of using
SSI during the EEW process. The results showed that for SSI stations with
near-epicenter and high signal to noise ratio (SNR), the existing phase pick
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methods are applicable to obtain accurate P phase arrival time. The existing
peak ground motion attenuation laws may not fully apply to SSI stations, and a
certain risk exists when apply them to SSI station directly. As a result of dense
SSI stations layout, a great quantity of useful information may be acquired in a
short time, which is very favorable for earthquake magnitude estimation during
the EEW process, and magnitude estimation results could have a good accuracy

by using existing methods.

Key words: seismic intensity instrument; phase pick; ground motion attenua-

tion; magnitude
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AR TR Ge 0 78 & 0l R i 52 6 ol A B RIS . AR PR B R ™ A% . WL 5 7% & 5% 4
PSAS g S R RIS 2 BUBE A i i e Rl s 4 B — 8 MR F. MO ELE A B S
a5 3 M S B v 3 2. 22 B (Holland, 2003; Horiuchi et al s 2009; Wu et al . 2013; Evans
etal, 2014; Wu, 2014; Chen et al, 2015a, b; Hsieh et al, 2015; Tasi et al , 2015), f£—
TENRBLN » BUREA™ 090 SR R 5 5 R R AR 5 0 10 SRR A B 1 —BurE . B s
ARAT I W 5 AL BOE Z B BAF B AT P IR0 A%, 2017) . [ 5 Ml R ZU 2 o 4l
51 TR @8 R0t IEREE TR LR R, IR R S X M
AU by 5= b AR U DXL AR R T VA R T DXORI B R K 1L b AR PR X AF 4 S EE S kb X
2912 000 A4~ dy ZLRE AR B — el » DU R I 78 & RN AR 5 A 22 4h 78 . OF A SRR
Dl 52 TUE AR R A TN L 4 7 2 RO 1 55 T A 4 R A .

T RN AR B AR P BR R AL, 2014 AR o [ b R JR) AE TR b R LU R A R A b
DA ZUTF i 1 0 EEASOULI g Fy a3 el o 20 R ASOUE I 19 Jr 1 57 3] 1 — 2 1l 7% 1 (4] 4l
2015 4F 9 H 14 H{AJL B &L M, 4.5 HuR2) i 70 M7+ ARAT 1 %) 2R SO0 I 5 3% BE 1 ) B WL IA
W WA E R TR H @ ZBoT Rt T B SR MR LR A Mg v 1
BEXIRZ — . BRSO W i ke A R JF3RAR T A A S BRI Bk

ASCHKE 2016 4F 2 7 6 H 4 7% @ i Ms6. 8 #15E (120. 54°E, 22. 94°N, ZIHEE K
15 km) Hr ZUEE A 5 W E 57 20 18 B0V R i 98 0 52 3 5 X6 B ASUIT 1 5% 7% AH B B 1 46 44 25
T VR MR B U SR T AR A R M A A AT B . e FU AR T b R U T
P K Rl BEAF7E 1Y R) L.

1 HiE

H 2010 4EE, G K2 Wu 28 (2013) 3 F ML & 48 (micro-electro-mechanical sys-
tem, fi] 5 MEMS)BE& 1R 07 B9 I3 B2 AL Palert, Jf 40" Z 2% T B E 5. W=
2016 4EAENT . B E A 551 A Palert G, PR G EIEZA N 8 km, Ffdid M4, L
FERD— > B 75 2 SE I AL 2 WL K 4%, Palert B UM FE B £2X9.8 m/s 7, REEHE N
100 Hz, KM [E] Bh (network time proctol, faj 5y NTP) B} 4 ik 55 25 5 0, I N &
16 i A/D ¥4 ds. TELIZITEREY, ZEMEEBIERG 15 s N7 MR ISR, 24
UL ) 368 2o 9 A b AR B S (L2 FB MR A Po=0. 5 cm), W A] & LM U, e oh . Dy s S5
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£ 40 T B 08 T U R G . |
B, S RE R AR e e A
—EWHEE (Wu, 20145 Chen et al, 2015b).

2016 4E 2 J1 6 H &b Ms6. 7 HosZrp,
AT 4301 551 4 Palert G it 373
B IRAT T I U M R I e SR (T D)
oo R ) Palert £ 36 BB AR ALl | o
5.5 k. Bt o il ko X K i A g, 48R
BRI E G, LHU G S
X JE e o . XX Sl R gt B —
)G A B, Hod 24 A 5 55 118 S AFAEAS [
PR, Flin %k, FE. 5w Rk
. DG, AR SCOCR Y 349 AN id R
HillE & W &b, sesh. 1E X, fEE R
WAE T 65 L 5E TR AE 9 PO 3R R Y ik
MRz b 31 AR A (8 DIl . —If

Y A 373 Palert 3 it 22°
W 31N A
Il

B 1 ASCHTH Palert & 5 #E & 0l 40 10

Fig. 1 Distribution of Palert stations (triangles)

e, XL 5E R Bl ¥R 2E ufjl Je and strong motion stations (squares)
AR Etna 3B 5RAL, RAEER N 100 Hz. used in this study

2 ZUEMEERH P EEREE

VE Sy b 52 00 A0 SR A OB IR YT b 7R Bl 3 B AR A 1) v T R 45 A 5 e M R
T B R (BT A, 2013). ZR 343 W) 2% F K 48 i S 3 (short time average to long time
average, i 5N STA/LTA) (Allen, 1978, 1982) Fil K 45 i} F ¥ B & ( Akaike information
criterion, %54 AIC)H kL (L3R, 2008; B4, 2013) 3k MiFh B #6877 ik H 5 W) 2 5%
MBI A E . F 5 AN TRAA G RIEIT. K, KFgE K EREE. ik BESS 5
BB R T (2008) R P A HE A (A

T UL M2, R 349 A Palert & il iy LI %5 45 7T £k 43 A7, (H Y458 b BF 2
180 km J5, M Fic s A5 M L AIG, RO A 2856 19 %ol N B3 3 TG 12 BH Aff b 0 1) Pl 7% A %)
AL E T E Sh AR 7 R AR R TP I 170 km J5 0 A RO IR P o R e. R, 52
PR N T4 45 P PGRAAY Palert 535404 208 A, B Sh# #0772 ml J51 A 19 194 4>, X
T3l ARG . AN LHEEHEMY) 2R A0, (H 8 34840 75 ik WAL RE X = B 200 km 1Y 26
A6l W =R A AT R, AR SR G A3 A AR XF 194 A Palert & 35 F1 26 49k 5E &l &
2 4T R WA B SR R AR 2 PR R AR B E SO TR A 25 R 18] Y 22
XF HE A L.

H T STA/LTA J7 i & 1 b A& SR RLIHGR % 0 ¥ 20 00 45 30 1 40 28 7 A 1)
WO R T g B A B RR X TR P B L fF M LB Bl X R A0 B 8
(B 2a). (HAEFT ATC Jy dE b e R0 5 o B0 28 58 AH 146 188 B2 045 21 B 2 52 5 (&1 2b) . AR
JEF . {5 M8 EE (signal to noise ratio, &5 4 SNR), B R GMEEFE TR Z . & miE
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Fig. 2 Comparisons of P phase pick deviations between manual picks (dashed line) and
picks by STA/LTA (a) or STA/LTA+ AIC (b) method
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Fig. 3 Arrival time picks of P phase at 1.025 station after Gaoxiong
M;6. 7 earthquake in Taiwan on June 2, 2016
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Fig. 4 SNR recorded by stations varies accordingly with epicentral distance
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Fig. 6

Analysis of early warning magnitude estimation results

The vertical bar represents magnitude estimation variance at each moment, and dashed line is the linkage of

magnitude estimation result at each moment. (a)—(d) are the magnitude estimation results using z. value
(after Wu et al, 2007), Pq4 value (after Wu et al, 2007), modified P4 value (0. 075 Hz high pass filtered,
after Zhang, 2013) and modified P4 value (1 Hz high pass filtered, after Li et al, 2013), respectively;

(e) is numbers of triggered stations versus time; (f) is epicentral distance of the

farthest triggered station wersus time
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