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Fast estimation of fault rupture length and direction
based on FinDer method

Yu Weiheng Wang Shicheng” Zhou Yueyong Zhou Shiwen Li Shuilong

(Fujian Earthquake Agency, Fuzhou 350003, China)

Abstract: The distribution direction and rupture length of large earthquake faults will affect the
prediction of the city intensity in the earthquake early warning system and the subsequent out-
puts in the intensity rapid reporting system, such as the intensity of cities and towns, spatial
distribution maps of intensity, etc. For large earthquake catastrophes, the accurate fault loca-
tion will effectively improve the comprehensive processing ability of the earthquake early warn-
ing system and the intensity rapid reporting system for major earthquakes. In 2012, Bose pro-
posed the finite fault identification rupture detector (short for FinDer), which used image re-
cognition and template matching techniques to calculate the rupture length and direction of large
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earthquakes (My,>6.0) in real time. In 2015, the FinDer method was used in the ShakeAlert
system in California, USA. In 2018, Bose expanded the warning range of fault parameters and
proposed the second-generation algorithm, namely FinDer 2. For earthquakes with M>2.0,
the peak ground acceleration (PGA) threshold was set based on the earthquake magnitudes in
FinDer 2.

When a station data records exceed the set PGA threshold, the station is determined as a
near-source station. By identifying the distribution range of near-source stations, the near-field
area with strong ground motion is obtained, which is then matched with a pre-made template
with fault direction and length. Here, the length and direction of the fault are calculated using
the template with the highest matching degree.

The FinDer method has been running online in California for nearly ten years, and hence it
provides a good demonstration for the discrimination of major earthquake faults in the earth-
quake early warning system, and provides a foundation for the construction of the large earth-
quake early warning system in the National Seismic Intensity Rapid Reporting and Early Warn-
ing project. What is more, through the construction of the national project, the current monitor-
ing station network provides a favorable data support for the implementation of the FinDer
method. In order to adapt to local site conditions and improve the calculation efficiency of the
direction and length of fault rupture of major earthquakes, this study optimized the two steps:
station property discrimination and template matching, and the details are as follows:

1) Select earthquakes with magnitude M4. 0 or above that occurred in China from January
2022 to July 2023, as well as the 1999 M; 7.3 Chi-Chi and 2008 Mg8. 0 Wenchuan earthquakes,
and recount the initial thresholds corresponding to different magnitudes.

2) Perform an interpolation calculation on the distribution range of the near-source stations
to determine the boundary of the surface rupture area of the fault: (D calculate the PGA value of
each interpolation point every second; 2 compare PGA of the interpolation points with the ini-
tial triggering threshold and determine the classification of the interpolation points; 3 determ-
ine the edge of rupture projection on the surface through the envelope of the near-source
stations and the near-source interpolation points.

3) Select the minimum enclosing rectangle of the fault surface rupture edge as the optimal
template and select the length and direction of the long side of the rectangle as the length and
direction of the surface projection of the fault rupture so as to quickly obtain the length and dir-
ection of the fault rupture.

Taking the Chi-Chi M; 7.3 earthquake in Taiwan region in 1999 as an example, the real-
time calculation process by FinDer method is introduced in detail. Then, the improved FinDer
method is verified by six earthquakes of M4.5-8.0 in Chinese mainland. The verification res-
ults show that:

1) By selecting an appropriate PGA threshold, the calculated length of the fault will be
around a reasonable theoretical value. For earthquakes with larger magnitude, especially those
with M>7.0, the calculation results are consistent with the field investigation results. For
earthquakes with 4.5<<M<5.5, the length and direction of rupture is calculated in an ex-
tremely short time, with a relatively short rupture length. Although the FinDer method can cal-
culate direction, its accuracy is not high.

2) The calculation of fault direction and length is related to the distribution of the station
network. When there are near-source stations around the fault, there are better constraints on
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the calculation of fault length. When the near-source stations around the fault are densely dis-
tributed, the accuracy of fault direction will be improved.

3) Based on the existing network conditions, the fault rupture calculations are generally
completed within one minute after the first station is triggered, meeting the timeliness require-
ments of the earthquake early warning system. However, when a single earthquake causes mul-
tiple faults to rupture simultaneously, the FinDer method can only calculate the comprehensive
rupture length and direction of multiple faults, but cannot calculate the rupture length and direc-
tion of multiple faults.

Key words: FinDer method; fault rupture parameters of large earthquake; earthquake early

warning system; state engineering
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SRR | U A oA A (4 A, 2021) . XFFRGEE U, W 10 W7 )2 07 B8R A7 280 4 5
by 72 T R0 R AR 6T KRR A R A AL R AR Oy, KRR T R P AR T RRE AT AE 09 8T 2 K
KTy Rk

HHT, CAMRZIE T R 0% 0 KRR )2 0% 24 S 5000 7 i, s U8 ) 250 40 F 1 i 4
T T RPI RIS — R 5L T A% e b 2 UL DU K i 47 W )2 S 833, 0 — KRR T
i 43K T W T A & 4 (Global Navigation Satellite System, 4% i GNSS) £#i 15 2| W Z i R &
B, IOk 0 GNSS dlE © 28 N T M AR U 4 (Allen, Ziv, 2011; Colombelli et al,
2013; Shan et al, 2021; &5 4EE, 2022) . GNSS B4 AE 4815 B MR K A2 # , #14 JLE
B X LR AR AR F T DU AHh T A AR AR YRR AR K T )2 9 FE 0 R U7 1) (Geng
etal, 2013; FRA:AT, 2022), {H @45 GNSS W52 15 3 AR X H it , 0T 07 J2 A fl 2 1) 13 3l i A4
FR, A U R RORG b X LA R A R T A% Gt b R L Sl ) R kL B TR G R
M B T R AR T R RS R s, S B ORGR IR A i, JE A U2 0 R A
%A WK ZE W E 2 2 %0 (Cua, 2005; Yamada, Heaton, 2008) ; 1 FH U1 i34 B4E, 108 53 WL
{5 T B B Bb 4 b 15 3 W7 )2 % 24 2 8 (Ben-Menahem, 1961; Boatwright, 2007; Convertito
etal, 2012) 5 BT 2Pk 5 38 e , 38 25 F0 50 o B 5 0 P BT EAT e, 0 b3 )2 AL 1Y 65 3k
SR, PR AT B )2 2 X Y8 (Yamada er al, 2007; TAH1E, 2016) .

AR R W ) R ST K A R R R I S B B, IE SN SE I AE R GE 4T 1Y J2& Bose 45
(2012) #%2 H 19 A BR W7 )2 3 51 55 1% (finite fault identification rupture detector, 455 & FinDer), #|
PG ) B A M D it 5 R S B 338 R 7R (M > 6..0) B W1 2 i 244 B2 R 7] . 2015 4F, FinDer
D5 AE 5 E N ShakeAlert RSt B 1T, ZJ5 Bose % (2018) 97 e T 1K )2 2 81 BUE Y5 [, JF
KT AR FinDer J5 vk, Bl X T M>2.0 H5R, 3 TR 52 9 0 Hh 5% 18 8 04 1 3 B2 (peak
ground acceleration, 4i%5 & PGA) BI{E, i i 4813 PGA BIME & ¥l 1Y /0 A X 38 5 8 b gk 47 VC e,
SKEUERAL W Z 288

EEEGMEMET, FinDer J5 7% G805 5 0 MERA M 1T 550 15 76 A A= M 78 A% W 2 1% 244K B2 ALy
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3.1 EEHEHREHAUTRITE

FIIFE 1 AN 5] 5% G5 DX 7 FY) PGA ) R B X & 3l 10 SR AT 8, AR 4l i IR &5 o
WAL 2% JE O TH T2 R BE R ). BR TR IR, DL 1999 AE 9 H 21 H 5 1 Hb X 4 4
M 7.3 M2 M), PEARA 47 FinDer J7 ik 380 2.

REMBRMBIEREMFMET GMAEGRITE. FEMETGMER 1s, W20
ARy 8 km, G 1°, BEE IS RS, )2 00K BERE I AW S fk, HE R 18, W2
i TRE, RETE T E 6L E 38 s sEal, MRS R A W2 K B 132 km, E M
9 18°, AN THE R R TR 3

SR AT g R R, SRR T A O A 1Y R W R i a2 AW E R, e b ) 3
J2 1) Hb 2 M 2K B 28 80 km, E [l hy 3°, R E ) A B AL O 38 KA AR AR, BT R R
140 km, JE 04 F 0°—26°Z [A] (5 g2 e, 4= 1l4, 2021) . Ji 48 (2001) FJ FH # B 3 Fl GPS i i
T %) SO 000 5 4k B0 A5 T Y A B 4 A Hb AR 1 = A1 1 B2 LA BB . A ST TSR 4 R T A 0
B W2 Z A 15O R 25, (0S5 R 0T 2 1) A SR R AR — 3. 5 30 5 (2001) 1)
W )2 LA R AR LG, W2 KRR AR — 3, &l 4 Fron . A SO i HEES B — N & ik 2 58
AR, TR 2 W2 4 B2 AE )
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I — B 55 0B J2 1 b 2 o 8 1< 29 240 km, E 17y (42°+ 5°) (R B A 45, 2008) . 01| M R& &
S5, W H N H R EWE AT T W58 (Jiet al, 2001; 124851545, 2008; Zhang et al, 2009; T
ffifH, 2016), H:rf Zhang % (2009) 15 2| 1 W7 J2 ik 4 7E M R BSE M FEIRBLAY . K S 451 T AR
J5 ¥k 5 BF AN A W2 M Zhang 45 (2009) (19 W 2 45 R BT HE, T AR SO RS B M T2 K
FERY K T B AN R AT W2 K, &2 Zhang %5 (2009) 15 2] (14 Wr )2 B0 RS 5 W7 )2 58 1) 55 4 5 4%
AR — . O Hh R W2 R A 5 1) B AR A, S A R X AR B, TR £ AR A D, )
RACBEM A H AT, T B AT A 45 R 5 B /M8 A5 45 I Zhang 55 (2009) (14 87 )2 452 51 A4
I 25

X T RRBARM R, B TR0 R R K, THH 45— LB 4 (Bése et al, 2012;
FEEEME, AR, 2021) . BEAh, Bose %5 (2018) # H FinDer — AU AT LATFE M> 2.0 Hi5E (1) W7 )2
W 2407 1) R B, H/INRR W 25 1 24 LT 6 Bk 18] 56 B, THE30 A i 2407 ) N W, 11530 25 R Ay ofe
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Fig. 3

Inversion for fault rupture process of Chi-Chi earthquake on September 21, 1999

(a) 1 second after the first station is triggered; (b) 5 seconds after the first station is triggered; (c) 10 seconds

after the first station is triggered; (d) 15 seconds after the first station is triggered; (e) 20 seconds after the first

station is triggered; (f) 25 seconds after the first station is triggered; (g) 30 seconds after the first station is

triggered; (h) 35 seconds after the first station is triggered; (i) 38 seconds after the first station is triggered
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Table 2 The calculation results using improved FinDer method compared with
large earthquake mechanism CMT products
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Table 3 Fault parameters of six earthquake examples by using improved FinDer method in this study
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