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Abstract

We develop a new methodology to rapidly and automatically retrieve the earthquake source parameters: magnitude, focal mechanism, hypocentral depth and source time function.

The P-wave signal duration is estimated by filtering the data within a narrow frequency band centered around 1 Hz. Over this frequency band, only the P-wave train (P pP and sP)
remains. The determination of the source parameters is based on the deconvolution of the Green function. The parameters search is achieved by an exploration of the parameters space. Four
to five parameters are inverted: strike, deep and rake of the focal mechanism, depth and if the earthquake is shallow (depth less than 50 km) the seismic velocity.

We tested the method for earthquakes of magnitude larger than or equal to 7.8 and from 1990 to 2009. The obtained results are promising and interesting. We point out the fact that
this methodology allows to complete the catalogue of the source parameters by adding the relative source time function at each station. A precise comparison between this new broadband
technique and the low-frequency global CMT catalogue is presented.

1. Introduction

E develop a new methodology to rapidly and au-

tomatically retrieve the earthquake source parame-
ters: magnitude, focal mechanism, hypocentral depth and
source time function.
This project is part of the ongoing effort to develop fast
and efficient method to determine the source parameters
of earthquake for real-time implementation. Early warning
systems based on the real time automated analysis can
play an important role in reducing the negative impact of
such catastrophic events.
This study presents a methodology able to retrieve magni-
tude, focal mechanism, hypocentral depth and source time
function. For that purpose we use P, pP, sP and SH waves
at teleseismic distances.

2.1 [First step: Signal duration determination

The determination of the time window of signal se-
lected for the deconvolution uses the observations made
by Ni et al. [2005] or Lomax [2005] about the P
wavetrain at 1Hz. For high frequencies (1-5Hz) only
the P wavetrain is not destroyed by the filtering that
means that only P, depth phases are still visible 1.
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Figure 1: lllustration of the determination of the signal du-

ration for the deconvolution. Presented the earthquake of
Hokkaido, Japan, 2003/9/25 19:50:38, M, 8.3.

2.2 Second step: Optimized deconvolution of
P- and SH-waves

The parameters space is explored and sampled with the
neighbourhood algorithm [Sambridge, 1999]. For each sta-
tion and given parameters set, the green’s function is cal-
culated with the Bouchon’s method [Bouchon, 1976] for a
simple earth model which is identical for the source and for
the receiver. Then the source time function is computed by
deconvolving the signal by the green function. The decon-
volution algorithm [Vallée, 2004] imposes the causality and
positivity of the source time functions. The solution corre-
sponds to the parameters set that give moments defined by
the source time function at all stations as stable as possible.

3.1 Data

We analyse the data of earthquakes whose characteristics
reported on the global CMT catalogue satisfied:

e occurred during the period 1990/1/1 - 2009/3/18
e depth < 50 km

e 45 < tension plunge < 90

e /.8< M, <8.9

This set of earthquake is supposed to represent the major
shallow subduction events. The data are teleseismic signal
with epicentral distance of 50°-90° for P-wave and 60°-95°
for S-wave. For such distances, the time interval between
the (P, pP, sP and PcP) and PP is large enough not to inter-
fere. It implies that the source duration is not too long and
thus to discard giant or very complex earthquakes.
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1 - NorthernSumateralndones_280320051609 @ @14 - Solomonislands_010420072039 @ @
2 - SouthOfJawalndonesia_ 020619941817 @ @15 - NearCoastOfPeru_150820072340 @ @
3 - NearCoastOfNorthernChil_300719950511 @ @16 - SouthernSumateralndones_120920071110 @ @
4 - NearCoastOfJaliscoMexic_091019951535 @ @17 - SouthernSumateralndones_120920072349 @ @

5 - Kurillslands_031219951801 @ @18 - SichuanChina_120520080628 @ @

6 - MinahassaPeninsulaSulaw_010119960805 @ @
7 - IrianJayaRegionindonesi_170219960559 @ @
8 - AndreanoflslandsAleutia_100619960403 @ @
9 - NearEastCoastOfKamchatk 051219971126 @ @
10 - NewBritainRegionPNG_171120002101 @ @
11 - NearCoastOfPeru_230620012033 @ @

12 - HokkaidoJapanRegion 250920031950 @ @

13 - Kurillslands_151120061114 @ @

Figure 2: Set of earthquakes analysed in this study. The
number corresponds to the one repoted in the following fig-
ures. Also shown the comparison between the focal mech-
anism determined by this new methodology and the one
determined by Global CMT.
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Figure 3: Moment comparison between the CMT solution
and our results. We tend to under-estimate the moment.
To know the correspondance between number and earth-
quake report to figure 2.

For that kind of earthquake, the amplitudes of surface wave
are proportional to Mgsin(20), with ¢ the dip. This can be the
cause of some trade off between dip and moment. There-
fore for a more robust comparison of the results, we decided
to compare the quantity Mgsin(29).
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Figure 4: Comparison of the quantity Mysin(25) between
our results and those of GCMT. To know the correspon-
dance between number and earthquake report to figure 2.

We note that the method tends to over-estimate M;sin(2J).
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4. Discussion and Conclusion

The results show a good agreement between the results for
the determination of the moment or the focal mechanism.
We can however note some differences in dip estimation
(figure 4).

The depth is similar to the ones determined by Global CMT.
Most of the events are within =5 km. The trade-off be-
tween focal depth and the shape of source time function
[Christensen and Ruff, 1985] seems to be of little impor-
tance. Consequently, it confirms the good behaviour of the
method.

The information that we bring is the apparent source time
functions derived from the deconvolution. It allows to give
some valuable information on the source and can be used
for other studies (high resolution tomography, source stud-
les, ...).
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Figure 6: Example of apparent source time func-
tions obtained from P-wave for the earthquake of
2007/8/15 23:41 Peru M8.0 (number 15). The appar-
ent source time functions show the main features of
the source, lLe. a lwo separated slip patches, the
second one occurring 60s after earthquake initiation (cf
http.//geoazur.oca.eu/spip.php?article107 ).

We show that the low frequency content of large earth-
quakes can be retrieved by body waves analysis.
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