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The analysis of the non-typhoon-induced microseisms before
the 2008 Wenchuan earthquake

HU Xiao-Gang, HAO Xiao-Guang” , XUE Xiu-Xiu

Key Laboratory of Dynamical Geodesy s Institute of Geodesy and Geophysics, Chinese Academy of Sciences, Wuhan 430077, China

Abstract To distinguish typhoon and non-typhoon effects on the tremor before the 2008-05-12
great Wenchuan earthquake, we investigate microseisms recorded by broadband seismographs in
mainland of China before the earthquake. Our results indicate that the microseisms consist of two
main parts that show different dynamical characters. The one in the frequency band of 0. 2 ~
0. 25 Hz is related to typhoon Rammasun, which is strong near the coast of East China but weak
in the inland of China, and its seismic source is located on the seabed near the track of
Rammasun. The other one in the frequency band of 0.1~0.18 Hz bore no relation to
Rammasun. This non-typhoon-induced microseism is strong near the epicenter of the earthquake
but weak in the coast and western areas of China. Locating seismic sources of non-typhoon-
induced microseism by the source scanning algorithm., we show that the sources are distributed
around the epicenter of Wenchuan.
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Fig. 1 Dissimilar in shape of microseismic waveforms at costal stations and distant land stations
(a) The track of the typhoon Rammasun. The red dashed lines indicate that microseismic waves pass through station CD are also close to
QZH, so do the similar situations for XAN , WEZ (green lines) and HNS, SSE (blue lines). (b) Wind-speed variation of Rammasun.
The red line shows the distance between the eye of typhoon and station TATO. (c¢) Microseism waves in period band of 4 ~ 16 s.
Microseismic waveforms recorded at coast stations are significant different these at inner-land stations. The maximum amplitudes recorded
at the coast stations appear at May 11-—when Rammasun is strongest and nearest to the coast of China. The maximum amplitudes recorded

at the inner-land stations appear at May 12—when the great earthquake outbreak.
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Fig. 2 Microseisms generated by the 2004 No. 24 typhoon Tonkage

(a) The track of the typhoon Tonkage. The blue dashed lines indicate that microseismic waves pass through station KMI are also close to

QZH, so do the similar situations for XAN, WEZ (green lines) and HNS, SSE (blue lines) ; (b) Wind-speed variation of Rammasun. The

red line shows the distance between the eye of typhoon and station TATO; (¢) Microseism waves in period band of 4~16 s. Microseismic

waveforms recorded at coast stations QZH, WEZ and SSE are similar to these at inner-land stations KMI, ENS and XAN.
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Fig. 3 The short-time PSD analysis of the seismic records from stations CD and QZH
The 30 h seismic records before the breakout of great Wenchuan earthquake are cut into three equal parts, and PSD analysis is applied to
each 10 h part. The analysis show that at QZH the energy of typhoon-induced microseism (in 0. 2~0. 25 Hz) has decreased since 30 hours
before (on May 11) the earthquake, but at CD the energy of microseism (in 0. 12~0. 17 Hz) has increased, and it goes up to its maximum

value at 10 h time window just before the earthquake.
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Fig. 5

Separating the typhoon- and non-typhoon induced microseism in the time domain

Typhoon- and non-typhoon microseisms are separated in the time domain by bandpass filters. (al,a2) Typhoon microseisms (in 0. 18~0. 25 Hz)

and non-typhoon microseisms (in 0. 12~0. 18 Hz) at QZH station; (bl,b2) The similar case at CD station. (cl,c2) PSD transform for

records of CD before and after filtering (in grey). The time window is 2 h before the earthquake. The comparison indicates that the filters can

efficiently separate the two microseismic signals in the time domain.
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Fig. 4 The short-time PSD analysis of the 90-hour records at stations CD and QZH

The 90 h seismic records before the Wenchuan earthquake are cut into 90 equal parts. PSD transform is applied to each one-hour part and
the hourly variable energy spectra are calculated in the band 0. 12~0. 18 Hz and 0. 18 ~0. 25 Hz, respectively. The energy change of
microseisms in 0. 18~0. 25 Hz is related to the typhoon Rammasun. The energy change of microseisms in 0. 12~0. 18 Hz (red one) is not

related to the typhoon. It starts a dramatic increase 10 h before the earthquake and is up to its maximum one hour before the origin time.

1

— T T T T T

T I

|

@
a 0.8 9‘ 0.81
o -
T 0.6 20
g g0
E 044 T 04
g i g
Z 0.24-- 2 024
] : W, W
N e M rominare te
0 10 2030 40 50 6070 80 9

i s P L o lumbee B oaer” [ |
0 10 20 30 40 50 6070 80 90 0 10 20 30 40 50 6070 809

t'h t’h
- 1 —
2 084
[- ™
0.64--
i
E 044
-
i Z 0.24--
it_£._ itV (A2 jpmiert " D) M A W A 0 it ||
0 10 20 30 40 50 6070 8090 0 10 20 30 40 50 6070 8090 0 10 2030 40 50 6070 8090 0 10 20 30 40 50 6070 8090
th t/h
1
20.8
(-9 (-9
g B 061
B £ 04
Z : z
Ly g 02
0 10 20 30 40 50 6070 8090 0 10 20 30 40 50 6070 8090
t’h t’h

Bl 6 AIF Hh AR & 0 5% T i) AR T B KU 3l R AR & XUEE Bl i R AR b
PSD 43 722 B ARl H 52 690 S 1 AE & XUE 20155 B9 B8 5 70 HO A2 BT 10 AN /N FF 46 20 R 38 8, oA 5 RE 70 M A2 4 R I 3k B B k. TS
R & ARG KIS E 5 (0 68 it W1 8K 6 XA 3 B8 5. 10 7 1 i DR o [ ORI P At X Al B XU Bl A X F & R 3 1 £ 38 T
AN & NI F 155 ikt B A 7E AN [R] & 5l s A AN R AR T & 0 5 & XU A A9 E B9 181 b PSD i 5y 13— 105 (9 18 B i) 0 [ Sy 50 )11 K
i 7R A R T 90 A/
Fig. 6 The energy variations of typhoon and non-typhoon microseisms at seismic stations
The energy of non-typhoon microseism signals is starts to dramatically increase 10 hours before the earthquake and reaches to the maximum
at the origin time the earthquake. The energy of non-typhoon microseism signals is obviously larger than that of typhoon microseism signals
at seismic station near epicenter, but not at coastal stations and stations in far-west China. Energy variations of typhoon microseism signals

are a little different at seismic stations far away apart, depending on distances between the typhoon track and stations.
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Fig. 7 The typhoon- and non-typhoon microseisms recorded by a tiltmemter

Significant non-typhoon microseism signal is recorded by a tiltmemter at station Huangmei, which is near the epicenter about 1039 km. The energy

of non-typhoon-induced microseism in E-W component is 4~5 times of the energy of typhoon microseisms during 4 hours before the origin time.
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Fig. 8 Rayleigh waves is the main component of the non-typhoon microseisms

(a) Microseismic particle motion recorded at Wenchuan station. The waveforms between red lines are used for studing tracks

of particle motion. time windows is 15 s. The particle motion in Z-N plane (b) and ZE plane (¢) is elliptical.
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Fig. 9 Location of the seismic sources of typhoon-induced microseism on May 11

The green points indicate the seismic stations used for locating. The blue dot-curves and back lines are plate boundaries. The records used for locating

are within 2008/05/11/13/00/00~2008/05/11/13/30/00(Beijing time). The non- typhoon-induced microseism in records is removed by a

bandpass filter before using the source scanning algorithm. The most possible source locations are indicated by red circles.
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Fig. 10  Location of the seismic sources of typhoon-induced microseism on May 12

Similar as in figure 11, but the records used for locating are

within 2008-05-12-13 :00 :00~2008-05-12-13 :30 :00 (Beijing time).
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Fig. 11

Location of the seismic sources of non-typhoon-induced microseism on May 12

The yellow star indicates the epicenter of Wenchuan earthquake. The green points indicate the seismic stations used for locating. The blue

dot-curves and back lines are plate boundaries.
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