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Abstract: As an effective means of reducing casualties and economic losses, earthquake early warning systems have
received considerable attention and many have been implemented around the world. A complete earthquake early warn-
ing system includes the identification of the earthquake location,estimation of its magnitude,estimation of its intensity
at a target zone,and the dissemination of relevant information. The rapid determination of the earthquake magnitude is
the most important part of such a system,after determining the location of the earthquake,because its accuracy affects
predictions of ground motion of a target area and has influence on the issuance of warnings. An earthquake early warn-
ing system should provide the longest emergency response time possible. Full use must be made of the limited infor-
mation from seismic stations nearest to the epicenter when calculating the earthquake magnitude, using special algo-
rithms to extract the parameters that can better reflect the characteristics of earthquake magnitude from few data.
Therefore, it is necessary to develop some method to calculate earthquake magnitude that is non-traditional, stable,
and reliable.In this study,we used a simple function of the form Bt « exp (—At) and determined A and B in terms of
the least-squares method by fitting this function with a 2-s time window of the first-arrival P waveform envelope.We
proposed three methods for drawing waveform envelopes, which we then compared and analyzed using actual seismic
records.An optimal method of drawing the envelopes was achieved,improving the method using the waveform enve-
lope to obtain the magnitude. Based on 225 vertical recordings from the sensors of the Shandong Seismic Network,
whose distances of separation are <100 km and that have an SNR = 3 after processing and statistics, we obtained a
statistical relationship with magnitude,envelope parameter B ,and the maximum speed for the 2-s time window of the

first-arrival P waveform.An inspection of the results shows that the difference between this and the actual magnitude
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is small (0.36).According to a computational analysis of the Shandong Seismic Network data,we found a good linear
relationship between IgB and epicentral distance A, regardless of the magnitude. Therefore, we can quickly estimate
the magnitude of an earthquake using empirical formulas with the maximum amplitude of the 2-s P waveform and pa-
rameter B ,effectively increasing the warning time and greatly reducing the warning blind spot. The fitting formula
used to estimate the magnitude in this study has lower error and higher accuracy compared with the existing empirical
formula when estimating earthquake magnitude in the Shandong region. However, because of the lack of seismic data
for earthquakes M5, the inversion formula has some limitations, and in addition, parameter B has strong regional
characteristics. This study is based on the Rushan earthquake in the Shandong region,for which the statistical relation-
ship between magnitude, envelope parameter B ,and the maximum speed for the 2-s time window of the first-arrival P
waveform was based.Therefore,the empirical relationship could be applied to the Jiaodong Peninsula that has similar
geological structural characteristics. When an earthquake next occurs in the Jiaodong Peninsula,we will be able to ob-
tain parameter B quickly using the data for the 2-s time window of the first-arrival P waveform at the station nearest

to the epicenter.From this,it will be possible to estimate the earthquake magnitude simply and quickly,and effectively

increase the warning time, which will greatly reduce the warning blind spot.
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Fig.1 The envelopes in the first 2 seconds of P-wave arrival

drawed by the three methods
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Tablel The data of Rushan earthquake chosed to verify the methods

of drawing three envelopes

iy R (] HRE/C) B/ () RH/ M
1 2013-10-11T 0.6 : 36 + 01.55 36.842 121.686 2.7
2 2013-10-17T 02 = 36 = 10.07  36.836 121.696 2.6
3 2013-10-17T03 : 55 ¢ 46.10  36.827 121.688 2.9
4 2013-10-24T 0.8 : 01 * 45.07 36.850 121.684 2.6
5 2013-11-07T 0.7 : 01 + 25.60 36.842 121.689 2.5
6 2013-11-17T 20 = 18+ 49.26  36.849 121.679 2.5
7 2013-12-09T 13 : 38 ¢ 03.87 36.830 121.680 3.2
8 2014-01-04T 23 = 31 : 02.90 36.834 121.689 2.6
9 2014-01-07T 22 = 24 : 06.60  36.820 121.670 4.7
10 2014-01-08T 0.1 : 46 : 30.55 36.841 121.694 2.5
11 2014-01-05T 0.2+ 39 : 02.14 36.836 121.696 2.6
12 2014-01-08T 19 : 27 = 20.26  36.838 121.638 2.5
13 2014-01-09T 16 = 54 ¢ 30.65 36.829 121.681 3.5
14 2014-01-10T 19 = 45 ¢ 30.47 36.842 121.698 2.8
15 2013-10-01T 12 : 07 = 55.27  36.828 121.696 3.6
16 2013-10-05T 03 : 49 = 11.93  36.839  121.695 2.7
17 2013-10-05T 11 : 30 ¢ 02.22 36.829 121.701 3.2
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Fig.3 Obtaining values of B and A by inverting the curve in Fig.2

1.3 M=MEREBREIARIEER

[l 4 Sk 43 590 465 FE 3 A8 4SS TR R B f (1) =Bt + exp(— Ar)
B AZAC S HAY201312091338.00U (0 = Fh 40, 4% £& 3 47 4
B ELR,

S T R R T i i 4 0 L 4 R AT U G TR
R R ORI 1T AN M =>2.5  fF I KT 3, 3
ICRBCH 92 M Z01LHh 3R HEAT ISR 30, ISR 1. 43 Wikt
B AR )OSR =R BB RS L £ () =Bt
AD W EEOE BTG T L E LR W B (B,
XoF 3% $BC SR B 38 W (R E T I 7 A ek [l e L oK
A 7 R AR S R MR AR R, ST AR R 25 1 L

Xof 3 e by 52 2 LA 2 ) A SR 43 G b T 4R
B =R Rl PUEHT 2 s AL ST NG A G
BRI X SR e BLE L S SIS B R R TR N .

A O H B LAE] a=0.943,6=—0.348,¢

e exp(—

M., =1.5251gP .. — 0.815 IgB + 3.155 (2)
WEHTEOLH M KL TH o« =1.270,0 =
—0.656,c=2.917, FUERHAL AKX N
M., =1.270IgP .. — 0.6561gB +2.917  (3)
A3 =0 R A T 2R B X 2 b 7R i SR
MR TR 2E . S Al L, 4% 07 vk D 24 il
O RS i B /A= 7 - S I R ER S R I =3
0.375 35X Ik @4 il (AL 45 L AT LA TH
HYOE R 2N 0.346 55 XF J7 12 @2 il (1 411 4% 2 vk
TG TR R R IO B 258 0.376 6. UL W] L
BB PLE SR 5 ik © 22 il i 4 45 e 0t 5 1 R Ok
JRE e T A 9 A T 1 s AR SOBE i T TR @ 3E AT AR DG
5%

2 HBNEBRERSH

2.1 TRER

AU T IR BCF M & WE S #2009 451 A 1
HZE 201444 A1 H3k 56 4> M 2.0~4.7 B30 10 H 72 5
P BT b S 1 R AR 20 7R K /N A A TR AN 3R 2
I 6 fiaR, W T # RS F S04 i #f & SEED #% 23,
B LLFRAT 0 1 T 5 AL AR A SEED #% 2 i I I8 B S 5%
e i ASSIC 15 s 2 SCAR SO S I X0 b 78 10 3% 3 AT B 2R AL
IEG AL B



537 % % 1M WRAS 2 e T op S0 % P i bl I 5 2 4y v T g 251

. —_—
~ 2T - T Lk
7 20t = l
g R
= 15¢ - ]
= HE
= s
= 10} : e N . |
® stk £49.490 9, A=1.585 9 el |

LA e

0 . . .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 L6 1.8 2

s

W/ (pm

20F

10} .

0 B

-10+ |

220k J

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

t/s t/s
(a) 5 —Fhfl g4k
L . —fl — T 2
25 e seaas S 20r i
T, 207 o 1 ™ 1of 1
£ 15} s | &
E 15 S . —
ol o ."""'-.--.., N
i o : ® -10f .
W 5| /B-71.462 9, 4-1.733 3 | ®
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
t/s /s
(b) 2 FhA 4 sk
25 | - _M/ﬁgggﬁ_ _ﬁﬁﬁiﬁ
- T T LRk 20¢ 1
-
201 12 10} ]
: Y s
g 151 HES 18 o |
3 ’ Yaay =
. 10 L .0' ...""n. 4
.ﬁgg .0’ Zrva, Q'loh 7
- » HA
B 5| / B-57.417 8, A4-1.605 4 9
o “vy T220F -
0 “I ‘.
0 0.2 04 06 08 1 12 L4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
/s (0) #=Mss s t/s

B4 =ZHoLENEGLER

Fig.4 Fitting results of three envelopes
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Fig.5 Histogram of errors distribution of magnitudes estimated by the three envelopes
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Table 2 The data of Rushan earthquake

i K B[] HRE/ () BPE/(C) RH/ ML

1 2009-11-13T 17 : 15 : 13.04 36.959 121.325 2.6 R®° N| o Pt o

2 2009-11-23T 22 ¢ 13+ 20.16  36.822 121.433 2.0 A e

3 2009-12-30T 22 : 16 : 32.52  37.038 121.269 2.2 R

4 2012-02-28T 05 * 37 * 50.83  37.046 121.540 3.2 S e

5 2012-03-01T 21: 44 : 02.65 37.054 121.552 3.2 N

6  2012-03-02T 00 : 49 ¢ 54.68 37.056 121.559 2.4 36° i

7 2012-03-11T 03 : 32 : 34.59  37.038 121.547 2.3

8 2012-04-05T 02 : 08 : 16.39  37.049 121.547 3.0

9 2013-05-02T 21: 25: 42.37 36.852 121.686 2.2

10 2013-06-17T 00 : 56 : 56.64 37.023 121.686 2.1 ue L k _ \ _ _
11 2013-10-01T 12 : 07 : 55.27 36.828 121.696 3.8 114 116 118 120 122 124" E
12 2013-10-02T 18 : 21 : 01.37 36.829 121.693 2.2 B6 EPASEHEsHE

13 2013-10-02T 19 : 07 ¢ 52.05 36.841 121.691 2.0 Fig.6  Distribution of epicenters and stations

14 2013-10-05T 03 : 49 : 11.93  36.839 121.695 2.7

15 2013-10-05T 11:30:02.22 36.829 121.701 3.2 22 HHLBERER

16 2013-10-11T 06 : 36 : 01.55 36.842 121.686 2.7 KA 1.3 75 BT i B B A 4 4 4% 2k 09 O 95 BT Bk i
17 2013-10-17T 02 * 36 : 10.07 36.836 121.696 2.6 A A0 S PO EA ST 2 s MOBUIE AT & 2y 2241,
18 2013-10-17T 03 : 55 : 46,10  36.827 121.688 2.9 WIEFL £ =B+ exp(— AD) JE 29 5RO 28 1
19 2013-10-24T 08 : 01 : 45.07 36.850 121.684 2.6

20 2013-11-03T 08 : 53 : 49.98 36.833 121.702 2.1 AT LA SR R BB B Oy L8 i SR P A
21 2013-11-07T 07 : 01 ¢ 25.60 36.842 121.689 2.5 o BT HAY & HUARR 0 SR O Y 4% AU A it 2k Kt
22 2013-11-17T 17 : 06 : 18.41 36.839 121.678 2.0 B A R IE S 5L

23 2013-11-17T 20 : 18 = 49.26  36.849  121.679 2.5 Ko 430 52 0 SR AR A S UM L AR B o =1,
24 2013-12-02T 21 ¢ 35 ¢ 53.65  36.846 121.678 2.0 699.b— —0.993 ¢ — 3057 k55 B 44 TR «

25 2013-12-09T 13 : 38 * 03.87  36.830 121.680 3.2

26 2013-12-25T 19 ¢ 11+ 13.38  36.840 121.672 2.1 M = 1.6991gP x — 0.9931gB +3.057 0
27 2014-01-03T 04 : 59 ¢ 19.20  36.844 121.668 2.0 FH GG B 10 BT AT b 7 1T S 9 2 8, OF T 3 i 2 (141 8
28 2014-01-04T 23 * 31 : 02.90 36.834 121.689 2.6 (), ¥R 24 0.36.,

29 2014-01-05T 04 * 10+ 32.87  36.841 121.695 2.0 23 1B 5 IgA WX R

S SO 60 AR A 2 3 B 5 B 19 7
32 2014-01-07T 22 : 28 ¢ 03.36  36.847 121.686 2.1 i 1gA 5 1gB MM TR DG OE R L SRR G RN TG
33 2014-01-08T 01 ¢ 46 * 30.55 36.841 121.694 2.5 PG AT DL A T3 P ) 2 B B AR I A KR B ORAE B
34 2014-01-08T 02 : 39 : 02.14  36.836 121.696 2.6 B, AL EAE FIESMICZ AN M =2
35 2014-01-08T 05 * 45 : 20.63  36.828 121.692 2.0 U\J_%?':F'EEE 100 km LJWE’J%E[EI P ﬁbﬂiﬁ%%ﬁ(ﬁ A
36 2014-01-05T 19 ¢ 27 * 20.26  36.838 121.638 2.5 \ . ,

37 2014-01-09T 16 * 54 * 30.65 36.829 121.681 3.5 M B H.FAHTRE g5 5 lea FEMAHRR,

38 2014-01-09T 20 ¢ 24 ¢ 30.84  36.843 121.694 2.0 SRR BN 225 A REASEAT ISR (90 R
39 2014-01-10T 19 : 45 : 30.47 36.842 121.698 2.8 lgB 5EMIEA FEEPEREXR, XD KRENZ R
10 2014-01-11T 15+ 43+ 11.16  36.847 121.678 2.3 WAL DRI TT DA lgA #0% 1B MU iR 20 7T LL iy POk fil % 5
41 2014-01-14T 15 ¢ 23 : 01.81  36.846 121.674 2.0 2 B I B 14 06 0 05 B 05 (50 2 B 3 3 O 25 0
42 2014-01-14T 21 : 03 : 21.04  36.846 121.691 2.0

43 2014-01-15T 15 : 08 : 46.28  36.849 121.683 2.0 2 AOREAT I -

44 2014-02-02T 09 : 11 : 43.58 36.829 121.696 2.1 M = algP ... +blgB +¢

45 2014-02-09T 17 : 59 : 10.52  36.845 121.701 2.0 NI a b e ] LI I RN IR E IR

46 2014-02-11T 08 * 02 * 53.90  36.841 121.691 2.1 24 SRR

[ e e ek A 0
49 2014-02-20T 11: 06 : 12.24  36.824 121.693 2.0 2007 4F 5 Hid kB My =2 PLE 41 A 508s D 13 51
50 2014-02-22T 20 : 10 ¢ 55.81  36.833 121.699 2.0 e PR B A 3

51 214-02-25T 01: 50 : 03.76  36.807 121.688 3.5 M., = 1.510 7 1gP . — 0.822 71gB +3.014 9 (5)
52 2014-02-25T 05 ¢ 23 : 01.67 36.820 121.676 3.5 Jﬂﬁgﬁ/&ﬁ@)ﬁ?ﬁﬂﬁﬁLﬂi 2925 %iﬂ%iﬂ%ﬂ’ﬂ%é s
53 2014-02-25T 05 : 23 : 27.71  36.827 121.680 3.5 o th AT 05 2% 40 P R 25 3 0,38 s 7 A BF 5 7 th 1 22
54 2014-02-25T 06 : 28 : 31.01  36.847 121.679 2.0

55 2014-02-25T 12 : 46 : 14.72  36.856 121.675 2.0 3023 AR O GC SR AR P Ky B 22 Dy 0.36 (1 8).

56 2014-02-27T 21: 58 : 15.60 36.841 121.683 2.1
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