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Abstract; Earthquake early warning (EEW) is one of the effective ways to
reduce earthquake damage. Earthquake magnitude estimation is the most impor-
tant and also most difficult part in the whole EEW system. Based on 142 earth-
quake records from KiK-net in Japan and aftershock records of the great Wen-
chuan earthquake in Sichuan, China, we worked out the magnitude estimation
relationships by using 7. and P, methods, with corresponding variances of 0. 62
and 0. 56, respectively. In order to remove the effect of magnitude saturation,
we expanded the P4 method and proposed a new method of continuously calcu-
lating the peak displacement. When the time window is 10 s, the variance of
magnitude estimation is reduced to 0. 37, fully meeting the need of EEW
systems. Meanwhile, our method realized the continuous transition of different
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information, and improved the utilization of seismic records. We also discussed
the relation between Py and PGV, and the compatibility between different

characteristic parameters.

Key words: earthquake early warning; earthquake magnitude; r. method;
P, method
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Table 1 Coefficients of statistical relations for each time window

HEK a; b; ci std
4 0.99 0.55 5.57 0.52
5 1.02 0.53 5.56 0.48
6 1. 04 0. 46 5. 60 0.43
7 1.05 0. 40 5.65 0.41
8 1. 05 0.38 5. 67 0. 39
9 1.04 0. 36 5.68 0. 38
10 1.03 0. 34 5.68 0. 37
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Table 2 Coefficients of different statistical relations between mean P, value and magnitude

(GRS a; b; std
3 0.46 —3.74 0.41
4 0.53 —3.95 0.39
5 0.57 —4.05 0. 36
6 0.61 —4,23 0.33
7 0.65 —4.42 0.32
8 0.68 —4.54 0.32
9 0.72 —4.71 0. 30
10 0.76 —4,87 0.28
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Table 3 Coefficients of different statistical relations between P4 and PGV for different time windows

K a; b; std
3 0. 65 0.79 0. 40
4 0.70 0. 81 0.35
5 0. 69 0.73 0. 31
6 0.68 0. 66 0.28
7 0.67 0.63 0. 26
8 0. 66 0.61 0. 26
9 0. 64 0.58 0. 26
10 0. 64 0.57 0. 26

ML ESET AR AT LUE . et H A KiKenet & MCsR &R REZILSE. Po 5
PGV Z [AIARAF LA RAF B9 S o T EL I A AR OGP o AN A7 75 DXCIOPE 4 . RIS B[R] 747 £

http://www.dizhenxb.org.cn



%MDNLHU@QWMM ‘s 0o1T—7V WC_DD— SMOpUIM W) Lﬁg wCOCmMQM DLH >>O£m va‘AmV .ﬁUOﬁTmE _um MCMWS uonewnso O@SMMCMME IAISSI30NgS ] Mﬁm

ARG s 01— 3 B [l fu fE LY (B)— () "3

W
8 L 9 § 8
SOT=>311 S6=3154
O+ ~ ~ o©
o
SNk - - o®
© 00® o )
XL o § ., -° S
o 8, g
2 .l ~
BHTHH o ° K \owoo\. . g
WENKE e 6°°% .79 o
8 9 %
U o oo g’
m\m \\\\ 1101
o \\ 7
o/ \n\ \\
L &)
- 701
nw n
8 g 4 8 L 9 g |4
SL=34

WWHGRICTE " ¥ 8B

(Sl

8
S8=314
v
=3z
B
5
0/ o
w [ ]
o
[]
e °
[ ]
e P
L
4 7
.
Ve \Q\\
7 Ve
7/
8
Sy=3114
(<]
ﬂ.lam
vmn. L]
s §
"o

(®)

101

701

101

201

uny o1

P
w01

LUC)/

http://www.dizhenxb.org.cn



A[2AN09dsar ¢s 0T—¢ SUIdQ SMOPUIM dWI) YIIM SUONB[AI 3} MOUS ([)—(®B)
6 '3
' M EEEY 6 B

‘sopmiuSew o¥enbylies pue SMOPUIM W JUSISIJIP 10] 9N[BA P UBIW UIIMIDI( SUOHNR[II [BINISIRIS

PGS 01— ST ENEL0 (D— () LMY G2 2 M S H) B4

orF - - EESTR R S
W nW W W
8 L 9 S ¥ 8 L 9 S |4 8 L 9 S ¥ 8 L 9 S ¥
T T T T T T T T T T T T T T T T T T T T
S01=3H4 b S6=314 27/ $8=314 ~ SL=318 »
77301 7301 o -3z010 7301
\\va\ z \\OQ z \\oo z e e
/ - .
PR PR e y \%%\
,7e ¢ e \\om L7 ° \\om L7 00\\0\0 -
00\00\0\q ooQob\oQ O\oob\oQ o o\o\oO\
e 7 s . o, 7 ) 7 e s e
0" 7 1-0T c 7 e T1-01 . ° 1-0T L7 e 101
, \Q\\o Vs e P e
‘e °- - er o
A oo R o o S o . o
s ~ L, ~ ‘e - ~ - ~
600, =] - o o, e} <, 2 <] Q
77 =1 e 2 - =1 4 =
o s, o« z -’ 5} ®
/ 00T P e ° 00T 20 e 7 001 ° 00T
® s, . P I
L, PR I
s ,70 . e o e
.
R A
- - A 4
K M
101 o 3701 s 01 1ot
.
\\ 4
-
R4 [Ch) (%) @ Q)
nw "W "W
8 L 9 S 4 8 L 9 S 4 8 L 9 S ¥ 8
T T T T T T T T T T T T T T T T
o o o
S9=314 g SG=314 . Sy=314 - Se=314
- - e
T 701 \\\oow\AN\oH ° - ooxx 20T
P . 7o o
o \\\o oo ® \\0\\00 - S0
o0 S - o_“00 _Jo - 7 o%
KISl ol Lot
- - - - - - E - -
P 1-01 - Lo 101 - o o 1-0T1 o
7 I3 P 7 ) - e O\o \\\
-
oy -7 v AL a® P e < | x-
s 707 & L7 7 e N A o e
- _ e B | x - e 7 3 P o =1 P
e 0 e ® 00T e e . 4001 P % 00T ” _-
Ty - - v e - e -
¥ - - o Phe _ e - L4 -
P ' 7 e
Rt - -
- -
- 10T 4101 101 4101
P ) @ (®)

http://www.dizhenxb.org.cn



%~®>CU®QW®.~ ‘s 0l—¢ WC_DO— SMOpUIM oW} Lu:&w wCOﬁwﬁwp >>>O£m Aﬁ—v‘ﬁwv

*ADd PUB SMOPUIM W) JUSISJJIP 10] 9NfBA P UdaM]aq suone[al [eonsnels 0 ‘81,
£GP S 0T —¢ STRACHEL (D — @) "X PELHI ADD & 'd M3TE =y o1 3

OLF -~ SNk --- 2N o HLHH o HENEL - RUNY o

201 101 ¢-01 ¢-01 201 101 ¢-01
T T

101 4101 SL=318 4101
- 00T = ‘coﬂd 4001 -
Q Q Q Q
< < < <
~ ~ ~ o~
[} o [} [}
A 5 H B
ER 01 7 d0r7 ERI

e 4201 z0T 4201 \\\\ 4201

()
wo wo
0T 10T 00T 10T 20T ¢ 0T 2 ¢0T 20T 101 00T 1-0T1 701 ¢0T Z0T 101 ¢ 0T
40T 101 SY=14 4007 Se=314

4001 - 00T - Aooﬁd 4001 -
Q Q Q Q
< < < <
~ ~ ~ ~
[} [} [} [}
= 3 3 3
d01 L 01 L 3017 - Ji01 L

4201 201 \\\ \\\ ° 3201 R ° 3201

. (@ ’ (®)

http://www.dizhenxb.org.cn



5 B R M U R E T 507

KN 3 s, MOBIRIE Py WAEGS XU (E 3 PGV U LB MER MO A 1T (Gt R
250 0.37). [EF, MEE SR &K EME . P, 5 PGV A Bk &, B Py fh3T
PGV 17 22 ot/ bRl 6 KBy 10 s BESE 1T 56 R UM 24000k 0.26. HIL, Py
SR AT T X M2 s PGV A HF 28 BR B B0, (EN b 1 p o BB I B 2R 5], X T 46
B ERAPN EZBERKMBEM S . MBIRE P, 5 PGV Z XA SHE P/ ERIC
ZIMAFES BE WA, 2R KR, A2 e R R A e, R
WATTRE T Py S5O0 Hi 52 2l 0 58 5 450 H o o A 1, FLOR AR ST R O 2 00 R 8 4 i 17y
PGV #1748 T 25 5 0 S B AR A o L, AR S0 o6 R 38 PR IR 75 i — 2 50, KRR
gt Py 5 PGV ZI W) RIETT B B Z 3R T 53140 0. 28 BTk, Py i &
ZE I AT DL TR G R . T L BE 8 X 1 R Sl i I AT R .

4 FHAESHEHEFERN

B F A AT F R AR B A7 RO ], — HUR A MR T, B St &k
JERATI A 7= AR = A F R . PR, 6 200 38 43 1 O U AT S R T RE M. X A
FOR bR B — 245 1) 25 08, ORI R A A b 7R U A B vER M . S R R Ao R Dy A i Al
ISR HE R

Wu il Kanamori (2008) W 58N K . Fl Py SECER 0T LAAE Sy M = T2 5 8. % A1 0 R s
FIgE. MATAI, R xR AR o B 1 s, R Py S 0.5 em, B4R
A DA R BT 2 3 O A= AR AT B2 — U SR PR AR, 40 Bl mT DL K A B (S R RIET < F
Py WA DLGS G 7E— X R S AT H . AR BN Z M A SC et &R . IR 4 fE
i L 35 AT A b 5 03] L B R AT b AR U S R A 1 b R

A SCAH S A Al AR s oo Z80SEPR b s e 1 b 7% 20 i JE 0 O30 SR AE 1T Py
SO0 B W T 1R B0 1 R B CRR B FRRAE. A SCES B IS SR AS TR JE PR RRAE . A X F —
UCCELTE 75 SR EAE B R AR S F . & A SR BT O %8) e A R {8 o 38D RRAIE 3% 2 78 53
A BNZ S F B M55 2 6% 58, () B ik B2 o W R B8 K. 280 oo Py AH 2 1 A6 0 A0, 9l i
HEBRAH 24 K — & 73 Pa AR K v AR/NGBBEELTHAE B . B o AR KM Py AR/D GIEFR) 1Y 25
PERRE . ARG T oo 5 Py ZEM KRR, & 11 F1xL10) fs.

lg(P(L 1()km) - 1. 44X1g<r()—1.03i0.58 (10)

MBI Al LA s oo 25000 Py Z80CEAT RUAF I BRIR 1 268 023 90 R ARAL T 2
18577 26 Z N RIETT 2273 0T BAE - AR SGA XS TAE T 14577 22 Z N I R0 B AT LA E O —
B E B W TR T 157 2249 2 507 22 Z 1180 . DA O — U R RE Y ML 7R
HAFs T — B 2 507 22 WA A AT RE T B b R S E. W oo 5 Py A PRSI B AT
DASH Bk — e 5 4 5 B 90, PRIE(E B Ay TS vk, R EER R, X T4 R R 6. 0
MR o EHAPRD 1 s, A Py EHREE 0.1 cm, X145 Wu Ml Kanamori(2005) (g HF 524518
AR—EL BVFIX S22 5 o R SCHE T AP 3k T B0 DR e P Al 20 T S ) A 2 0 s 4k
BEXT i ) BT BT 5T

Hi Po 28009 5E SCHAHL, Py Z00C0URE SO P IEAT 3 s P9 M 3= 3l 1Y d R 8 1 A 2 F
Psit g g ORAIE R A PUE A5 B 0 Al SRR . R R R MR B iR R S —— R Ty

http://www.dizhenxb.org.cn



608

H 1

b
4k

34 &

10

ceocee

M<4.0
4.0=M<5.0
5.0=M<6.0
6.0<=M<T7.0
M=17.0

|

I

I

|

|

e 1
-- *lo | -

1

I

|

|

|

109 +20

107! 100

F 11 P, 5 MBGEITXR

Fig. 11 Statistical relation between P, and z.

MR Ve B IR v KT 2GTE

u " n
1 2 2 2
Umms — n ZUF. ew + Z U, xs 2 Vi, up 1D
i—1 i=1 i=1

/H\:':P UEW s UNS » UUI)%%IJ?‘:’;{EE\ %:”3\ ﬁﬁzrﬁlﬁ;fﬁﬂﬁi» ] vrms)i@%? P {Biﬁﬂji 3s V‘]E"J
M 72 Bl B BKOE. BS . AC G R R T Py SEEY IR v AR, WE
12 fIzL(12) 7R,

lg(vm,) = 0. 64 X 1g(P;) —0.03£0. 20 (12)

ME 12 Rl RIE B BT v 5 Po #ERES R ENZEMAEEN BT o 5
Py A SRE. [RBE. AR SCGANAL T 1457 22 Z NI — IR B E "R R R s AT 1 4%
Ti 72 2 AETT 22 Z I B WA R 0 — U RTRE” #3245 T — EORE I 2 A8 T 2 A Ok 2
AATRET IR . B va T Po BOAA RN . BB ROt HERR — KAt R 5 BT
P, B IE T b PSR A PRI S e A A B (S R A B 8 Y AT A R AR L

5t

b 75 TUE AR Dy — FOBT R AY | BB A I R OCH B A T B, 1 25 20 JLARR B 4% B
KB ZEFZMEN, REZEZAMMXBHCEET T HORMERE RS, 802 E7EN X
SE R GEVEAT I T, A SCRI ] B4 2 1 b i U B R AE By 52 9 Hh 19 3 224 T DA B st
U R GEAE M A A M B B 00 . I A X R UE R G BUE R i ROk AT T
WEFE. S I R SR o APy R . AR R H AR KiKenet & R A1 P9 1301 AR 52
(i 5 LG 5K » 23 S GE AR 3 T B AR AR S RS MR R R Z B A G &R X A T

http://www.dizhenxb.org.cn



5 B R M U R E T 509

@ M<4.0 o 7
@ 4.0<M<5.0 el y
© 5.0<M<6.0 Re
@ 6.0<M<T.0 e
o M=7.0 e /'
- A e L
@ ’
100 +lo /./ .8 o’ o
-- *2¢ , 0@ /O
e, @ ch/d
’ .
- ® e .6/ ©8 .
. Qo D .
g VO o - .
g Pt
z '
k- R A ib -
e o Al T
10k /".o it
P
I @0 5} /.
T\ ]
AP X oe o
R % o ol
.
7/ ) //
%, p® .’
o . T o -
e,60 ,
e @ 7
102’. L] . | | 1
10 102 10! 100 10!
P,/cm

K12 P 5 v W5 KR

Fig. 12 Statistical relation between Py and v,ue

TEEATTRANR LE M7, o DRAIE U R 0 3T 5045 SR ARG PR A R S A B e AR A > 2 8K
AT EYE . 30 T oo 5 Py SECRATERIN LA L Py 58 B 5 MR 0.0, S 800 AR 28 VA T
S5 AR SCHE SR o B SR Pl LU . AR LA B A 2 8800 AT LIOx M 7 5 AT LE 45 T
Mt ARSCEIE T Py Jrikm R HTER . JE 3 s TR RS0 R BT, XA Rtk
0 92 3 R PUE R P S , [ B R BEIR B 10 s i B Al FRAG RS E nl A5 1 R Ak T
250 [ENE, SR Py SEC AR X LI PGV BEATEZAL S, JF 0] IR A PGV fliit45
R S A b = U £ L.

W ZBURE R R 2 . MR R R W e BRI B L A RE A B i AR AU
Wi 187 35 25 4~ T T 17 3t 5 0 T AR S 0 A BRSO S i (AR T /N vy P B
— W A 2 B R (2 R MRS BT S8 1 | R RO AR AR UG T4 R SEPr iR il R 2
AEH LI, I RS R S B — i TR L L RE A8 S W M 72 9 LSS (HLAS T i
3L 52 1 R R AL . X R E 1A ST R T T R A T I LA R B k. R, SR
PP A [5) 2 B0 3145 2 ) T 72 ¢ 6] 0] R G 23 A7 e — L8 25 S Rl . Ao o 5 B 2%
iz PR SR, 808 KRR RHES 8. R AR W (EA3 BF 5 1Y TR

2 X X #

S, TR, AIA. 2003, PURN TR SO BUE JTEE I TSR LT ). MR TR S TR RS, 23(1) . 18-30.

g, 4R, A, 2003, HE B ERGEMEES) RSN R DR MR TR S TR, 23(5): 61-68.

iR, 2008, MR TUE B ARG M LD]. WE/REE: hE R R TR ¥ 124-134.

WRELA . B FE. FAKE. BIR. 2012, METUERYGT LI GRLT]. BRI R, 27(2): 464-474,

Allen R M, Kanamori H. 2003. The potential for earthquake early warning in southern Californial J]. Science, 300
786—789.

Allen R M, Brown H, Hellweg M, Kireev A, Neuhauser D. 2007. Real-time test of the ElarmS earthquake early

http://www.dizhenxb.org.cn



610 Hh =

5

Eiid 34 %

warning methodology[J]. J Geophys Res, 112(B08311), doi:10.1029/2008G1.036366.

Ellsworth W L, Beroza G C. 1995. Seismic evidence for an earthquake nucleation phase[ J]. Science, 268: 851-855.

Ellsworth W L, Heaton T. 1994. Real-time analysis of earthquakes: Early-warning systems and rapid damage
assessment[ J]. Sensors, (April);: 27-33.

Erdik M, Fahjan Y, Ozel O, Alcik H, Mert A, Gul M. 2003. Istanbul earthquake rapid response and the early warning
system[]]. Bull Earthq Eng, 1(1): 157-163.

Hsiao N C, Wu Y M, Shin T C, Li Z, Teng T L. 2009. Development of an earthquake early warning system in
Taiwan[J]. Geophys Res Lett, 36 1.00B02, doi:10.1029/2008 GL036596.

Tannaccone G, Zollo A, Elia L. 2010. A prototype system for earthquake early-warning and alert management in southern
Ttaly[J]. Bull Earthq Eng, 8(5): 1105-1129.

Iglesias A, Singh S K, Santoyo M A, Pacheco J, Ordaz M. 2007. The seismic alert system for Mexico City: An evalua-
tion of its performance and a strategy for its improvement[J]. Bull Seism Soc Amer, 97(5): 1718-1729.

Tlio Y. 1992. Slow initial phase of the P-wave velocity pulse generated by micro-earthquakes[ J]. Geophys Res Lett
19(5) . 477-80.

Tio Y. 1995. Observations of the slow initial phase generated by micro-earthquakes: Implications for earthquake nuclea-
tion and propagation[ J]. J Geophys Res, 100(B8) . 15333—15349.

Kamigaichi O, Saito M, Doi K, Matsumori T, Tsukada S, Takeda K, Shimoyama T, Nakamura K, Kiyomoto M,
Watanabe Y. 2009. Earthquake early warning in Japan: Warning the general public and future prospects[J]. Seism
Res Lett, 80(5): 717-726.

Kanamori H, Hauksson E, Heaton T. 1997. Real-time seismology and earthquake hazard mitigation[ J]. Nature, 390
461-464.

Kanamori H. 2005. Real-time seismology and earthquake damage mitigation[ J]. Annu Rev Earth Pl Sci, 33: 195-214.

Kilb D, Gomberg J. 1999. The initial subevent of the 1994 Northridge, California, earthquake: Is earthquake size
predictable? [J1. J Seismol, 3(4): 409—420.

Lancieri M, Zollo A. 2008. A Bayesian approach to the real-time estimation of magnitude from the early P and S wave
displacement peaks[J]. J Geophys Res. 113: B12302, doi:10.1029/2007 JB005386.

Mori J, Kanamori H. 1996. Rupture initiations of microearthquakes in the 1995 Ridgecrest, California, sequence[ J].
Geophys Res Lett + 23: 2437—-2440.

Murphy S, Nielsen S. 2009. Estimating earthquake magnitude with early arrivals: A test using dynamic and kinematic
models[J]. Bull Seism Soc Amer, 99(1): 1-23.

Nakamura Y. 1988. On the urgent earthquake detection and alarm system (UrEDAS)[C] // Proceedings of Ninth World
Con ference on Earthquake Engineering . 7. 673—678.

Nakatani M, Kaneshima S, Fukao Y. 2000. Size dependent microearthquake initiation inferred from high-gain and low-
noise observations at Nikko district, Japan[J]. J Geophys Res, 105(B12): 28095-28109.

Olson E L, Allen R M. 2005. The deterministic nature of earthquake rupture[J]. Nature, 438 212-215.

Rydelek P, Horiuchi S. 2006. Is earthquake rupture deterministic? [J]. Nature, 442. E5-E6, doi: 10. 1038/nature
04963.

Umeda Y. 1990. High-amplitude seismic waves radiated from the bright spot of an earthquake[ J]. Tectonophysics.,
175(1-3): 81-92.

Umeda Y. 1992. The bright spot of an earthquake[]J]. Tectonophysics, 211(1-4) ; 13-22.

Wolfe C J. 2006. On the properties of predominant-period estimators for earthquake early warning[ J]. Bull Seism Soc
Amer, 96(5): 1961-1965.

Wu Y M, Kanamori H. 2005. Experiment on an onsite early warning method for the Taiwan early warning system[]].
Bull Seism Soc Amer, 95(1): 347-353.

WuY M, Li Z. 2006. Magnitude estimation using the first three seconds P-wave amplitude in earthquake early
warning[ J]. Geophys Res Lett, 33: 1.16312, doi:10. 1029/2006GL026871.

Wu Y M, Kanamori H, Richard M A, Hauksson E. 2007. Determination of earthquake early warning parameters, z. and
Py, for southern Californial J]. Geophys J Int, 170; 711-717.

Wu Y M, Kanamori H. 2008. Development of an earthquake early warning system using real-time strong motion
signals[J]]. Sensors, 8(1): 1-9.

Zollo A, Lancieri M, Nielsen S. 2006. Earthquake magnitude estimation from peak amplitudes of very early seismic
signals on strong motion records[J]. Geophys Res Lett, 33; 1.23312, dio:10. 1029/2006GL027795.

http://www.dizhenxb.org.cn





