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Comparison of Natural Seismic Numerical Simulation and Practical Example

Liu Hao, Liu Jiangping

Institute of Geophysics & Geomatics, China University o f Geosciences, Wuhan 430074, China

Abstract: In order to resolve the long-time forward modeling instability and realize the long-time numerical simulation of natural
seismic wave field, based on staggered-grid high-order difference method, the 2-D model partitioning way of M-PML is provid-
ed, the value of the M-PML. absorbing boundary conversion coefficient P and its influence on the absorption capacity and the in-
fluence on effective signal made by truncation error are discussed, the 2D elastic wave long time numerical simulation using
higher-order finite difference is realized. In addition, combining the data of the 5.5 magnitude earthquake which occurred in
Hubei Badong on December 16, 2013 and its aftershock recorded by Wuhan and Zigui Seismograph Stations, the practical sig-
nificance of the forward modeling method is verified . The results can provide a basis for the research of the propagation law,
imaging. phase identification and hypocentral location of natural seismic wave field.
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Fig.1 Schematic diagram of Staggered grid method
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Table 1 The even order accuracy finite difference coefficient table of first derivative staggered grid

1 (0 C C: Cs Cy TR 2% R AL
2 1.0000000E-+00 4.1666667E-02
4 1.1250000E+00 —4.1666667E-02 —4.6875000E-03
6 1.1718750E+00 —6.5104167E-02 4.6875000E-03 6.9754464E-04
8

1.1962891E-+00 —7.9752604E-02

oo 1.2732395E+00 —1.4147106E-01

9.5703125E-03

5.0929581E-02

—6.9754464E-04 —1.1867947E-04

—2.5984480E-02 0
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Fig.2 Numerical simulation snapshot with PML absorbing
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Table 3 Model parameters
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Fig.4 Map of two layer horizontal medium numerical sim-
ulation with PML/M-PML absorbing boundary
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Fig.5 Comparison chart of M-PML absorbing boundary with
different conversion coefficients
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Table 5 Model parameters
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Table 6 Source parameters

R K2 (m) TR A bR (m) R A ()

1 2500 0 0

2 3000 1000 10

3 500 0 20
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6 3500 0 1000
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8 2500 0 17990
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Table 7 Badong earthquake information
KA ‘
72 i 7 2 W (km)  FEZL(M)
L5 CE—J1—H T : 4 B e RE (k) R
S 2013—12—16 T 13: 04 : 52  31.1°N,110.5°E 10 5.5
RiE 1 2013—12—16 T 13 : 14: 06  31.1°N,110.4°E 8 3.0
A= 2 2013—12—16 T 13:29: 15  31.1°N,110.3°E 6 2.3
3 2013—12—16 T 13:30: 55 31.1°N,110.4°E 8 2.0
RE4 2013—12—16 T 14 ¢ 36 : 24 31.1°N,110.4°E 5 2.4
RES 2013—12—16 T 16 : 16 : 59  31.1°N,110.4°E 7 2.9
RE 6 2013—12—16 T 19: 1833  31.1°N,110.4°E 6 2.1
S 2013—12—16 T 20 : 33 48  31.1°N,110.4°E 8 2.0
RES 2013—12—16 T 21:41: 06  31.1°N,110.4°E 6 2.1
REY 2013—12—16 T 21 : 46 : 24 31.2°N,111.4°E 5 2.0
AR 10 2013—12—16 T 22: 42: 08  31.0°N,110.3°E 6 2.1
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Table 8 Stratigraphic information
BE (km) V,(m/s) Vi(m/s)
0.0~4.0 5 040 2990
4.0~6.0 5400 3000
6.0~10.0 5760 3320
10.0~16.0 5880 3 350
16.0~20.0 6 160 3510
20.0~25.0 6 540 3700
25.0~35.0 6 830 3900
35.0~50.0 7470 4270
50.0~80.0 8100 4 600
80.0 LI 7 600 4 300

A b DX TR] — I 220 2 2B ) R A 5 (il 2 AR A S
I R X LR A0 P& 10 b U3 5 o K8l o 7R U
2% 5 vl i H M AR RE B 55 A 5 3 AR XE L BE R IR
B S ILCAR T IR  h  1T Ar g, B AR
P BR TR A 1 WA T U B S AR R TRk
Pl HLAE 55 B R R (R S 9T L S i ae . HLRE R
FIRE B B0 A T B A5 5 90 AN R DA R ) R
T 5 S e T vk ) AR AU R v JE T AR S T A R
ja {5 M 5 5 AR 9 B A 4 AR el AT AL R A
Xt R A T BB I A B Rt = R A U e it T
B

12 9 a] DL B AR 5 6 o W g
W46 B 18] — 30, HOP 28 FE A [R]. 52 Br 2096 &2 4, e
PAE T TGS PR 12 hAD (A FA A
il B R VR L MR A S B A R L FRATT AR U R
DN A I N I S T T A S b )2 BT R S I
B I AT AR DR MR S Rk o ik UL B/ 12 R (A3)
(ADORI A vl BRI, E S 5 RE B 59 . IR XN
S HR AN TR 38 1Y) B A . AT D £ ol B T AR ™
T ) b A U | R AR TR E 6 T A

DL AR BV A b S LD A R IR T OB D K
B I i J2 S S 08 5 A 5 D b R R R TR L R
TR VR 2 2 AR 9 4 L S

A3 BIHRE 18 200~20 000 s F1 23 500~30 000 s
AIRR IS & o BOBUE AR LR Z 4 s B00E. i 13, 7
A5 5 RE B JG » BE AL ECHE Hh AT LA BT 1 4 3] 3
e M H B JE B AR R AR . Bl W I B A 4 i
e 38 P O i — 2P K RE RS A AR R B R KR
JER ARG S S 3 MARESIIAI .23
500~30 000 s £ 4 P AEHR 2 4.5 AR ME 5, ]
T 4.5 WRRZE] 0 H = AF 5, W o 1AL 2% 1l & 4
X FE [F]— I (] & AR 1Y) 2.4 RO RR AR 5.

B B TR 5 B AEAEANE 23 7 55 e b 5%
AT | UG RN R TR LS L i HL 2 R AR S

T(s)
1800/0/ 22000 26000 30000 34000 38000 42000 46000 50000
1000 T T T = T T = T T LN
500 N A RIS o wly | RES AR
0
500 HIN D\ A3
£ oo HNEEI (D
w = = -
T5E-014 | A3 A R6 pye. RES 49
oH—+- | - \W
SsE-014 1) | TR E2
D4l s SREs (A2) A 710
-1E-013
- 7(s)
1001(;300;/ 22000 26000 30000 34000 38000 42000 46000 50000
T T T = T T == T - T = LNg==3
: P 6 e RES AR
500 Ny RIS xR w7 RIES ?’E\
0
= -500
= 4 IR (B1)
1000 L - — =
S523 4756 o7 R RRR9
5E-014 H $ R
0 { \
i 4 2 ; -
SEOUH IS 8 T g RES (B2) &710
J1E-013
B 10 ELZR R RR U B B i R A DL T 5

Fig.10 Station and numerical modeling Single channel record of Badong earthquake from Zigui seismograph station
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Fig.11 Station and numerical modeling single channel record of Badong earthquake from Wuhan seismograph station
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Fig.12 Comparison chart of principal earthquake data from Zigui/Wuhan seismograph station
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Fig.13 Comparison of 18 200 — 20 000 s/23 500 — 30 000 s
data from Zigui seismograph station and numerical
modeling data
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