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Statistical analysis of the February 2018 Hualien, Taiwan,
China, earthquake sequence: The features of its
foreshocks, mainshocks, and aftershocks

Shang Yuancheng® Shi Baoping

(College of Earth and Planetary Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: As we know, the statistical properties of an earthquake sequence are associated with
three important empirical laws in seismology: Gutenberg-Richter law for the frequency-
magnitude distribution, Béth law for the magnitude of the largest aftershock, and the modified
Omori’s law for the temporal decay of aftershocks. In this paper these three laws are combined
to study the February 2018 Hualien, Taiwan, China, earthquake sequence. In addition, a
physics-based model proposed by Dieterich is used to describe the foreshock activities. The
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Hualien aftershock sequence is divided as three major sequences compounding with the ;5.5
foreshock sequence, the M;5.5 aftershock sequence and the M;6.0 sequence. The results
indicate that the b values associated with Gutenberg-Richter law for the M5.5 aftershock
sequence and the M, 6. 0 aftershock sequence are approximately 1, respectively. And b value of
the M; 5.5 foreshock sequence are approximately 0.5. The p values with associated modified
Omori’s law for the M;5.5 and M;6.0 aftershock sequences are both approximately 0.9,
respectively. The estimated maximum aftershock magnitudes based on the modified form of
Béth law are about ;5.0 and M;5.5, respectively, for M;5.5 and M;6.0 aftershock
sequences, and the magnitude error is within AM =0.1 with a comparison to the recorded
events. We also find that, for the M; 5.5 foreshock sequence, the seismicity rate N increases as
a function of 1/(¢,,—t), where ¢ (+<t,,) is the time of the foreshock and t#,, is the time when the
M; 5.5 earthquake occurred, respectively, which is consistent with the Dieterich earthquake
triggering model, suggesting that the foreshock sequence may be related with mainshock nucle-
ation process.

Key words: Hualien earthquake; b-value; p-value; Bath law; Dieterich model
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Fr 8 (Kuo et al, 2018) .
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Fig. 2 The spatial distribution of Hualian earthquakes from June 1, 2016 to February 10, 2018
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(a) Background earthquake sequence; (b) M; 5.5 foreshock sequence;
(c) M;5.5 aftershock sequence; (d) My 6.0 earthquake sequence
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Table 1 Fitting a-value and b-value by the Gutenberg-Richter law with different time scales

HE LRI
Mz FRgEmE/d afd bl
H-H-H 2 43 b
R T 2016-06-01 00:00:00 610 5.327 1.016+0.015
M, 5. ST 5 2018-02-04 03:30:00 0.75 3.080 0.548+0.147
My 5. SRR E 2018-02-04 22:13:00 2 5.656 1.128+0.037
My 6.0J751 2018-02-06 23:53:00 2 5.657 1.028+0.079
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Fig. 4 Curves fitted by the modified Omori’s law with different time spans

(a) The cumulative number of events in Hualian area from February 4 to February 10; (b) Fitting M; 5.5

aftershock sequence; (c) Fitting M 6.0 aftershock sequence in two days
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Table 2 Fitting parameters by the modified Omori’s law with different time spans

B A ] )
AR Hegential/d K (M) r
F-H-H R o
M 5. 585275 2018-02-04 22:16: 00 2 13.75 0.79 0.88
M, 6.0/F%) 2018-02-06 23:53:00 2 19.23 1.80 0.92

1.4 BEMNBHER(HEAXELEELNGHED

A E R ERERARBERERANAR E/d, ERB T ERENRAREREHR—
M F B E SN 1—1.2 (Kisslinger, Jones, 1991), {H MBI FIIRE, L k4 S IREH
My >5.0 (LR FAF, e RERH M6.0, FR B M 5.5, B2 AM 7 0.5, 75 M 5.5 )75
H, M 5.5 52 5 M 5.5 RGRIT I BORARE RN E AM 0.4, TE M6.0 7, FREN R
KAREEHNZE AM N 0.6, B, ERREHIFAEE H T X5 AL 7 9] 1 i, 302 ol B
SRR AR 3 B S B R AT Y, EE X TR KIS R AN — i . O T A
it RARBIER, RN AR & - B ke e el 7o HEBE L (R FRE,
1984; BEK, 1989; sKE A, 1989), %75 vk 2 R i G W R P& 3l aod v 8 £ — B o o 41
GRME S N=1 X 5% 2 Bt 28 80 BT X N9 52 O E A e KRR R B R AL T . i
Shcherbakov Fl Turcotte (2004) 4K 5 v 2% €8 - BL a2 4B IE T ELRR 2 AL, FR 4 Schberbakov-
Turcotte (45 4 S-T) ik, $& THEE R R RBREEM:, X —W&, Bt THE R KRz
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Hp, M2 NHEERKRRREN, ZHa5b M@ B R- Bt atMaeEs
bfE. FIH(7), Shcherbakov Hl Turcotte (2004) X 3& [ il M Y 10 A4~ rp i #b 72 A P 8 b AT T
WFE, i B 45 (2017) WA S-T 7 ik UG B 10 T LI b 78 M e KRR B 4, JFIESE T
OB AT . B S-T ik Si i b5 o (R AR R, AR OO A N Rk o=t £ F
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BARARA BN (7) b, TR ) B ) D) P 9 4 e e R AR R B g, 45 R F 3. 451 R
M55 REFINIHEE MR REERAN 5.0, 5LPrE RAE MS. 1ML, BHRIRELN
0.1; M 6.0 55 Y E e R AR R HR A N M 5.5, 5EPr KRR M 5.4 1T, BHRiRER
FEZYR 0.1, X U BT ARG My 5.5 REETFIME ST R R P S, A LLE S S-T ik TEiR 22 At
VF Y B PN 3R 2 AR T 0 B B R TR R Y. SR 51 M6.0 T4 & My 5.5 7 5 B AR E P
B, T M55 A9 I E e R AR M 5.0 5 M 6.0 751 b 52 PR e KE S M 6.0 12
AT LR 1 H M6.0 5 E% =M 5.0 W E =04 3. Kk, M6.0 55T g JF Ik
M;5.5 W P AR AR R T A, BT Z ]2 5 A7 A AR DM (i A AL AT 75 B — 25 5

3 I S-T 5 AT B A A R I i) B py i o e KR AR RS

Table 3 The estimated maximum aftershock magnitude by S-T method with different time spans

LA ] oo i
A e i
H-A-H 58 S M
My 5. 5SAE 51 2018-02-04 22:16:00 2 5.0
M, 6.0/ 2018-02-06 23:53:00 2 5.5
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