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Real-time Estimation of the Farthquake Magnitude Using the Bracketed
Cumulative and Peak Parameters of the Ground-motion Acceleration

of a Single Station
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/] ABSTRACT /

In industrial facilities sites, the conventional method determining the earthquake magnitude (M) using earthquake ground-motion records
is generally not applicable due to the poor quality of data. Therefore, a new methodology is proposed for determining the earthquake
magnitude in real-time based on the amplitude measures of the ground-motion acceleration mostly from S-wave packets with the higher
signal-to-ratios, given the Vs30 of the site. The amplitude measures include the bracketed cumulative parameters and peak ground
acceleration (As). The cumulative parameter is either CAV (Cumulative Absolute Velocity) with 100 SPS (sampling per second) or BSPGA
(Bracketed Summation of the PGAs) with 1 SPS. The arithmetic equations to determine the earthquake magnitude are derived from the
CAV(BSPGA)-As-M relations. For the application to broad ranges of earthquake magnitude and distance, the multiple relations of
CAV(BSPGA)-As-M are derived based on worldwide earthquake records and successfully used to determine the earthquake magnitude

with a standard deviation of £0.6M.

Key words: Real-time earthquake magnitude determination, Bracketed summation, Peak ground acceleration per second, Cumulative

absolute velocity, Single station

Rhel=d), vjeigEmes % IXH °1]L111 écd o] 29 é"‘é%t} EF
Aubz] © = ] 7lute] ofjuf = AR A (AR ake] A=)t e
T 2]ehA ofelE= 540 °‘°1 ARl e ez 7)ok 71 et
HAE QA w2bA 2| xlo] T 739, AR S/ A2l E 2Rt Al
éﬁé} | 27sk= I o] 2l AR usf bi-s-ofl 9ot il F-83)Tk

HEAQ1 A0 1L, 72 Fgr 2 A0} 5 71 A e sh=P
‘%? ol meehaA 2 A7) 2= Suhe| AR 2 A71E |

_F(_l,

*Corresponding author: Yun, Kwan Hee
E—mail: kyun@kepri,re kr
(Received 23 September 2013; Accepted 30 October 2013)

J%M A8 Tt 22 A - ShE WA AstaL v R B4 gk
} 2] o] sl 7 A uke] i A 2ol whE A w71 9] 7444
[-8-5t0] =781A| Flet. 7]Eol AAE 21719] 1m0} A E sk
e A7 ot e 7R P o & SRS 4= 9lk
(1) Ax1=he] pufeSufo) mmApAITE7H] Apol(S-P ARDE o]-8-5te] A%
L7 AR ALt 7] i A xlute] fi-Ae] 1A AE o
B5to] TS STe] A7 AR el X 0] 7] &= SRR, A Xl
A 27l 2715 o] gsto] 2171 9] o 2] A=)l At E 4
&= Qlek o] e 2|20 FEe} AR E 51| flaf AT A om A
BEl= W w2 A Pute} Suto] mAARES AR SH= 12 6L
£, o] T2 Pufel SukE A E 0 2 FLESH= W] A 8-A] @579
7RsAo] Wol 4% Soluk S th7f L a2 s, 3] 2|19l A=
O] F4o] FA 052 73 Pulel Sule] i) %] ot AbE3lst o
= olEgo] 9lo], o] S o83t Al&gt 2| Kt A 7] o] of k.

m10£‘.=
Eoo

L

29



B
N
o
H
:cég‘
i

O
4E
317
rr
ox
il

O
rlu
W
N
i
A
rir
w2
i
H
g
o
[
=)
}ﬂ
b
Ol
K=
rir

72 Aol IS Suke] 7|5 YYsto] ARL7A| S ATE
SHsh= "o 2 2| 27)| 7 H(earthquake early warning) 7]\ o]
o} o] 2 PukE o851 A ujsfjel A A% A ZFES Kk wh
A e 4= e A o] glout A 3270 @A 1 Hek
=t A o2 0, PHE A5 0 2 BRohs dAlollA 77y
4= qlom, AsRE o] T2 A-F- Puke] FHiEo] of2i el Pk

o1 AR5 7740] of2ie wHo] olrk
748 S AFIRIALH AL = FRE ] ofef -2 &4 glrk Lt

1, RS 9] G| A7 E 4= Gl 7IIelo] B et Aol Mol

SIck AR T vhe] ekt QRSS2 341717 |(BHL 15

$)9) 5, Agolo] ) AAH O R T BRSP4 9Irk
S|

b 2 ALY A A SR H(NEMA[ 1) o wh2 Al d

4
E Sl FAHel AAE A5t e Fsfor sk, 4] Wl He s
W59 A 847 B AL, 1 WA e vk A Rk A1%IA
AR A EEsE ]tk FA] Hell FEgt A1xIA AR gl 7
o= Alst 7IRII7HA] Al =3stal Al Hioll XAIE dA[5ted
ofsjojof i}, o] - AlFsulgo] F7hE HashH o) Algg A4
A7E 317 7] whof] B2 Hl-g-o] REE T, R[]t o] fof = A )
ot ol ek AXIAZF 2R Aol DA A Gk 789 sl AR
TSR AT A A8 2 e o, Aoz Akssld
AR 1552 -8k ] ook

EFTh0] Z30A| FE A ] S 0= AA APl AR HE
ZAA Q)= o A7FARA] EQfo] dwtelE Ao 2 ot 74
ol A7k A120AP} Qi sfo] 28 737 A1%1A Ule] A/D(Analog to
Digital) HHA] 352 2=0) A8 o] Lehd 4= gl=d), o] -0l
F& TR AT A BEA R 29k 4 Qlek

o ollret 2T AU FF FEEOloF R FR Al E FA U2
ARAE AR &2 2 o2 s T5g o] FefsiAl, A3
Al A 250) s Rt 31k etk Sl Atk o] B ARl A
A B AR o] w5 A0 R aldEw, S ol w2 4
- AP EAYA] AAREC 2 ARg S A7l 0f A, A ] S| Al o) v
OFA, 4l A Ru] g0 of 2 Hxict.

AR S ARG ol 52 o] Al ST AL 7 A
@ Ale7} mjersto] ASHiREHI(S/NE)7F S 7d-p-oll= A 3ut2) Puf
SFSTE AFg o2 AR 2S5 glom, Puprh RiaAleet 4 o) 7] i
Ol PURE o 87 AL 7o) of A 7] whzel, A7 IRt g o=
© AR 52} A 2| E Al e 4= g ek =3 Aol gl
Stk disfre] xRujs7} ol d s A7 A=t 7k 7
FPuke] A7\ Pute} SURS 2517 = T2 vl ot 2 g1l A
£ PIRE 0] 8314 QAL o] EAE A-foll = AlE &0 7hs ek A
Ao R Z A71E 2= Sute] A7) AER), ARG E Y AR G

O] S RO AREFAGEE ol8oto] ARt 2|19 R E sl =

30

W A s Bk

2, XIS E| F17 =Xt A Z |k TEIIEE

0|8st XXt £ WHE

3 Aol QI AL 0] of8] Pfe] tlo] of2lS 7, Safe)
AP 5/ T 0]-8-5t0] AR FEE AT = Sl S AAIS)H
I ARt} Suke] At B4 0 2= A luky Arigke] ZTiii(As) it
A -4 =(CAV, Cumulative Absolute Velocity) Zro] ARE-EICh
CAV=teRRH R o= A ofd 7 et & Aol A= A2
o] HAITEe & o] FTh= 578 AFAES- 7ol thEt CAV LS onleh=
BCAV(Bracketed Cumulative Absolute Velocity)S % 2Js}al, o5}
CAVel et 7ld 0 2 ARG-ZA} BHe}. A)(1)-& SRR n, 712 T A
o QJeRRel o, (1) o) Mefglol that WS vz 77 AlkelE 242
ol-g5to] Alikgt & w9 AT E NZ O tgte] H4ghe Uit o]
0 AL ARZEERS QIE| kof| whet A 7ol E 1A Em, AlZtolE 7HA
2 1/n, secol| gt Qlo}e) ulia= g 717k, g, (1) =3RS0 2405, 5=
A 17448 A 7IAl A e 57 A AN R Ao 0 &, Ak
A=2E ASShE fole vhts S8l AR ISR gk ook jlt).

O:

P

N+Ek—1
BCAVi= Y, p,. * Flis)

is=k

Fis)= %) (a(+fao, (D)) + 05/n, « de M

j=i
i=(is—1) « n,+1

AolA p;, = Hmaxla, (t)|-ay,) 22 p, =is2 A== 1
FZbe] g ARk Adigre] Higkel max|a,, (t)] o] 5%k ank
t} =29 0] AAL 2o 08 ZH=heavyside step 3otk a,, (1) &=
A2} ol 122 o] ARPIEGEALRE RO R Sk HERRR
A 7ok

B

a;(t) = (aivaiﬂv"'vawn,—l) )

2)(1)9] Akl B agtag= CAV Akt Z3=]7] fls) A9k =9
25 Z|digte] 7HA ok sk F Ak ot

QhA 2|7l Aohgre] 2{ohgi(As) T2 E 4 =(CAV, Cumulative
Absolute Velocity) g2 0183} 2| %151 H(M) F7g0] 7hs3 olf+= 4]
(3)2h 7ol CAVE} As, Mke] 21 TAA(0]5H CAV-As-M 7T 4))
=%0| 7Fs817] hlZotHEPRI[2]). 4)(3)0] E2|AC= oulsh= Hl=
Aset 3 Q)= A|xlake] Hoj =719t CAVEF IR = o) 23 U
A A 27 0] 7Hs k= Folt). A(3)ollA2] Vs A X A7 F A 2] =
A EZRE 25} 30m7EA| 9] Bt Attt =5 ofu|sh, Thekt 2|5
2 0 2 A E|o] Aol 27 4= Qli=gholth Al(3)2Q) Algeel d1~d7
o} g EQl Mo= AR BSAE S o]8-5to] AT A 07 wak= glhol



o 4(3)0l419] 2] 2.3 1L Q18- Ea0] EPRI[2]9] Alof i 21X 44
212,59 thEd), o] ghe B BHo] 254 Fig. 2-39¢) 13 W8
BYShEE Aasio] dojzl grolek

In(CAV) = d1 + d2«(In(As)+2.31) + d3/(In(As)+d4) )
+ d5-(M-Mo) + d6-(M-Mp)* + d7-(In(Visso(m/sec))-6.0)

A(3)S A HoHH A(4) o -2 M) Q22 =2 4= QlaL
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Fig. 1. Distribution of earthquake magnitude(M) and distance
according to the earthquake DBs(EPRI, PA, Korea) of
recorded data used to estimate the coefficients of Egs.
(3). (6) for magnitude determination. EUR DB is used for
comparative error analysis in M determination

Table 1. CAV(BSPGA)-As-M models fitted to local and world-
wide earthquake DBs (EPRI, PA, Korea) in Fig. 1. The
resultant values of the coefficients for the models are
provided in Table 2

M condition for coefficients
est. cumulative parameters of DB coef, vector
models ground—motion acc, in Table 2
an(g)=0.025 —
Fat CAVI la) EPRI D
(g-sec) N(sec)=30
an(g)=0.0001 —
Fa2 CAV2 n(9) PA D
(galsec) N(sec)=30
CAV2 ai(9)=0.0001 Korea -
Fa3 Das
(galsec) N(sec)=30 DB
an(g)=0.025 -
Fb1 BSPGA1 n(Q) PA B
(gal) N(sec)=30
an(g)=0.0001 —
Fb2 BSPGA2 n(9) PA B
(gal) N(sec)=30
BSPGA2 an(g)=0.0001 Korea —
Fb3 Dhs
(gal) N(sec)=30 DB

of gt AJgte] Htu} &L= ek Vsyo=1.5km/sec 2 4= 91508
(Yun et al.[6]) 5 AXAF=E ©]85F CAV(BSPGA)-As-M THA|A] =
ZA]of|= Vsso=1.5km/sec 2 714853 ch

Fig. 1:2 ool A A3 EPRI 73 A4 570l AR R[] 7
5, 72| &3 % PA DB} Korea DB X|XI5HE, 7] FEE LEhdich
Fig. 10] 2|21¢] 715, Ae] E37} A E the A|%IAFE DBE= 3
2] 7}x1A1=2 DB(Fig. 1 2] EUR, Ambraseys et al.[7])7] 21t} EUR DB+
=70 SREROA Q] Vsyo AR th4l /2] 1 A& ek4 Q1 2Rk
U5 RS TEY 90 L ATl ARTm 24 el 84S Bt
5}7] ARR-E|Qick DB Jf2 E32= oj2F PA = EPRI > EUR > Korea
DB <=0]H, #2}=400kmo| 58] A 71| &3t Fig. 104 A
2]9] £5Z=PA, EPRI DB 2] 7-9—+=Rupture distance(R:,) 0|1, Korea,
EUR DB+ A9}7|2|(epicentral distance, Repi) 241, A A2} /XA
7121 %5 710 Aol R 4 QLo Q110] BAAol= o] Aol
TefakA) sl

Table 12 Fig. 19] X]%Z}& DB(PA DB, Korea DB) 4! Z|Hl7[&%
2] 22fu]E|¢] CAV -2 BSPGA Alhtol| ARG 2] X215k an ol
& THEHCAV(BSPGA)-As-M HAIA] RellS LFERfm, Table 2= ThF
3 CAV(BSPGA)-As-M A4 mdlo] tfgt Al 324 ks vrehdich,
Table 18] Fal H&-2 EPRIS| o #AAE o835 X7l = el-S
o|u|3}t, Fa2, Fa3, Fb2, Fb3 2@-2-a,=0.0001g 2 3}3F 273}, 2|
A7} 740,025 of31e] 272 9 Bl 212 ko]t A 5
o] 7153+ melo|ck. Table 20] CAV(BSPGA)-As-M 28] AGgEe
2 DBE A}8-5}0] Levenberg-Marquardt B4 24 HH(Marquardt[8])
S ARgste] EE513Tk $HH Mo=PA DBE AM-E % 9-=EPRIDBE
83 Al FH AT R 6.5 = IPAF U, =) ARARE AL
B A= AR gL ISR REE Gakste] 753t

oldollAfel o] E&H iy IALS A4 C == AMEE DB
O A x5tE, A §9] ol 282 4= Slet. wh2bA Table 18] Fal, Fa2,
Fbl, Fb2 =311 oAke] x| ARl 70| A-8-0] 71555}, Fa3, Fb3-& 3+
5L oate] FA| Kol Tk it 7ol ARk 4= Qlrk

4. CAV(BSPGA)-As—M &|AZ 0|28t X|ZI 12

=8 22Xt

oJAfol Az, A EPRI CAV-As-M TA| 02 2E] A7 0s 34

Table 2. Earthquake data-driven coefficients of CAV(BSPGA)-As-M models in Table 1. The values in the shaded cell are fixed for inversion.
The coefficient vector, Da1, represent the original values of the coefficients for the EPRI equation (EPRI[2])

coef, vector di d2 d3 d4 d5 d6 d7 Mm
Bm -0.405 0.509 -2.11 4.25 0.667 -0.0947 -0.266 6.5
Baz 0.72114 0.73592 3.04856 386.49251 0.5265 -0.19042 -0.31095 6.5
Bas 2.07713 0.28395 -12.27003 477472 1.4712 -0.34372 -0.31095 2.88
BM 108.839 -3.49351 -1279.607 11.79419 0.50781 -0.13871 -0.12596 6.5
Bbz 1.54006 0.7657 -6.19277 -2811.3423 0.43226 -0.16018 -0.20082 6.5
Bm 1.48591 0.51961 -3.79722 3.4501 0.7758 -0.09401 -0.31095 2.6
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SRz Al(A1( )& AAIBHCE o] EPRI TAALS 24ts1e] CAV thil
BSPGA S 0} §3 4157 340] 7Hs 517 5H= BSPGA-As-M 274]
& w2319}, 5 CAVLEBSPGAS A4k uf Apg3Hs 24 3}
SR anS SF 2AB10L 2 71 A Bk opfe} el WA
4 Qe % A 2)200] g XAHRE 248 52 L= CAV(BSPGA)-
As-MBAE 3712 ANk
Aol Az oAfe] of 2] A|H e AL 0 B E A XA FaE
©Z37] $IshA, Fig. 204 28 4312 ARisieic: Fig. 2(a)oliz A2
23E) SAIRHE 54 AR (ATt CAV 9 AsE ol §3le] 4l
A5he ol that S5 wol, Fig. 2(b) = AAAZYE 4414
= 7 AR XA1n}0] BSPGA H AsS 0] §310] A28 Sgshs
el chet B ol ofelghaxiel vielE -0 e theat gt
(1) EPRI®| CAV-As-M $A|4)(Table 12 Fal T&)-o- 714 W Al 2 =
o] §3}0] £EE T4 0 2A, EPRI A4S o §5 2|51 24
o] 7P e AR Hofsieir.
(2) BSPGAS o] 8%+ A2 54 1ol §lo1A|1E, BSPGAS 4/(9)
£ 0]85}0] CAV R 45k 5 EPRI 24|41 0] 83 2|5720] 7}

e SRS ofalnt

=

i

=
=T

CAV=CAVI

CAV=CAVZ

(3) an=0.025g°]l gt EPRI TA|A 0 21 |zl 70| 57158
7%, ay=0.0001go]l th3 CAV(BSPGA)-As-M TA A 0 2HE| 2|
NS 7435

(4) B | R ARE 2 HE] a=0.0001g0] 5l == CAV (BSPGA)-
As-M TAX)(Table 12 Fa2, Fb2)L 0] 831 A A=} PA 2|12}
2 DBE 0]-83F CAV(BSPGA)-As-M 7| 4)(Table 12] Fa3, Fb3)
O 2HE mEE AR F, 2 S U A, ARG Y &
A7} EolEk

(5) =] H8-& lelalz e 30m7ER] Q) Hat e £5=Q1 Vs
R} AR Y= ofoF g

Fig. 29| A Xt AL A2, WA AZEN=302 A7t thgh As

2 CAV 52 BSPGA Fol| thal] Table 1] thekFst 2| X7 A Hlo]

W APE SAA 02 o]gs1e] 2(5),(8) 2 A|XIFFE ALte] 7Hs

S AE oA 2 FRlstaL, Alhto] 7Hg P Al AR E X 4]

ZtEgro s A7gstA k.

As, CAV o] tf|3]j4}=Table 29]] 3}+=Table 12] Fal, Fa2, Fa3 o] ¢

A5tk A5l A= A-g-sto] T AXTHel M(Fal), M(Fa2),

M(Fa3)& AXTSEL, As, BSPGAE 0|88 73-9-0ll= A Table 2] $l=

EEERE EEERE
TM(FEﬂ ) fm(Fa2)

hin(fi(Fa2), f(Fa3)

R EEEREE
fm(FEB)

(a) CAV & AsE O[8St XTItz F8 Hit

BSPGAIE 0| EotH
CAV Z=F (92D

BSPGA=BSPGAT

h 4

BSPGA=BSPGAZ

n2Ed = 7224 =

A2 = A2 =
fi(Fb3)

fiulFb2)

EEETE
hAin(hACF2), MIFD 300

(b) BSPGA 3 AsE 0|85t XXt £4 Hx}

Fig. 2. Procedures to determine the earthquake M by using the cumulative parameters (CAV or BSPGA) and peak value (As) of the
ground-motion acceleration. Reference for CAV1, CAV2, BSPGA1, and BSPGA2 in the figures are in Table 1
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Fal, Fb1, Fb2, Fb3 2] 221 A4:gE& 4Y8)0] &A= 2510] 2l 2141
X2l M(Fal), M(Fbl), M(Fb2), M(Fb3)E Alikgtc) olu Fig. 29]
M(Fal)i= 2)(5)9] 3= fi(CAVI, As, Vsg; D) S 0] 88t 2 A7H2 7]
AT ofufstol, M(Fb3)3= 418 ] 2+ (BSPGA2, As, Vss: Dis)
2 o}t 2|27 ARFALE ofn] Fick. G Fig. 2004 Fa2hFa3 71
|1 Fb29k Fb3 ] Ao theh 2 2057k Ao AXRE S glizel, o]
7ol AR 7S] 5 5 Z27)(Fig. 2] Min(M(Fa2), M(Fa3)),
Min(M(Fb2), M(Fb3))) 2.2 Z|& J12E A4 st
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Fig. 3. Error comparison of the earthquake magnitudes determined
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