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SEMIAUTOMATIC MOMENT TENSOR INVERSION USING REGIONAL
BROADBAND SEISMOGRAMS

Victor Pavlov, Iskander Abubakirov
Kamchatkan Branch of Geophysical Survey of RAS, Petropavlovsk-Kamchatsky, Russia

The seismic moment tensor (SMT) contains information on the mechanism and the moment
magnitude Mw of an earthquake source. The reliable and quick estimates of SMT as well as the
estimates of the depth and the duration of the source process of earthquakes are very important for
the assessment of potential damage and tsunami forecast.

In earlier studies (Abubakirov, Pavlov, 2010; Pavlov, Abubakirov, 2009) an interactive
algorithm was developed for simultaneous assessment of SMT, depth and source duration by
complete regional broadband seismograms. The algorithm testing for 5 strong earthquakes (Mw
7.6-8.3) was successful but revealed that surface waves were sometime distorted by instrument
errors at periods more than 120 seconds. For correct estimation of magnitude M,, of large
earthquakes the longer periods are required.

In this paper a modified version of the algorithm is proposed that can be applied to body
waves only. Both algorithms share the following points. The radiation of an extended source at low
frequencies is approximated by radiation of a point source with symmetric-triangular source time
function (STF) of adjustable duration 7. For fixed point source depth 4 and duration 7z, SMT (having
null trace) is calculated by linear inversion. The best estimate of SMT is seeking by systematic
search over / and 7. The modified algorithm differs from the previous one by the features: (1)
deconvolution in time domain; (2) automatic procedure of selecting intervals for fitting; (3) using of
a Green’s functions library. (Green’s functions were calculated by the technique developed in
(Pavlov, 2009)). The algorithm is semiautomatic; the only manual operation to automate is the data
collection.
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Fig. 1. Summary of results of this study (RSMT) and those of CMT estimations (GCMT,
http://www.globalcmt.org). Epicenter and station locations are shown. NDC is the percentage of
non double part of the SMT.
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Practical estimation of SMT was performed for 8 largest earthquakes occurred in the Far

East of Russia and Japan (Mw 7.6-9.1) (fig. 1). In figures 2, 3 details are shown for the largest (Mw
9.1) Tohoku earthquake 2011/3/11.
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Fig. 2. Dependence of misfit on duration (a) and depth (b).
2011/ 3/ 11: waveforms fitting
SSH SKR PET BJT SMY ENH HKPS
A 960 km 1749 km 2059 km 2264 km 2915 km 3137 km 3225 km
o 2° 34° 32° 283° 46° 263° 245°
2cm [ 3 1 cm [
R .
T
200s

Fig. 3. Observed (solid lines) and calculated (dashed lines) displacements for 2011/3/11 event (Mw
9.1). The points mark the fitting intervals. Epicentral distances and azimuths of the used stations are
shown. The period band is 100-300 seconds.
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MNOJYABTOMATUYECKUM PACYET TEH30PA MOMEHTA 11O
PETMOHAJIBHBIM HINPOKOIIOJIOCHBIM CEUCMOTPAMMAM

IHaBnoB B.M., A0y6akupos U.P.

Kamyuamcxuti punuan I'eogpusuueckoii cnyoscovt PAH, [lemponasnosck-Kamuamckuii, Poccust

Tenzop ceificmuueckoro momeHTa (TCM) conepkuT HHPOPMALIUIO O MEXaHU3ME U
MOMEHTHOM MarHutye Mw ouara 3emnerpsicenusi. Hanexnsie u ObicTpeie orieHku TCM, a Takxe
OLIEHKU TTyOMHBI U 04aroBOW JAJIUTEIBHOCTH 3eMJIETPSICEHUI UMEIOT IEPBOCTEIICHHOE 3HAYCHHE
JUISL OLICHKU TIOTEHIIMAIBHOTO y1epOa U MporHo3a IyHaMu.

Panee B paGotax aBTopoB [ 1, 3] 611 pa3paboTaH HHTEPAKTUBHEIN alTOPUTM
onHOBpeMeHHO# orieHkr TCM, riyOuHBI M 04aroBO# ITUTEILHOCTH IO ITOJTHBIM PEeTrHOHATHHBIM
LIMPOKOMNOJIOCHBIM ceiicMorpamMMam. OnpoboBaHue anroputMa s 5 cuibHbIX (M,,=7.6-8.3)
3eMJICTPSICEHUH OBLTO ycTenHbIM. BMecTe ¢ TeM ObLIO 00HAPYKEHO, YTO TIOBEPXHOCTHBIE BOJTHBI
3a4acTyl0 UCKa)KeHbI IOMEXaMH Ha niepuojax 6omnpmmx 120 ceKyH, 4To NPUBOJUT K 3aHUKEHUIO
OLEHKM MW CHJIBHBIX 3€MJIETPSICEHHIA.

B nannoii pabote npeanaraercst MOAU(UIIMPOBAHHAS BEPCUS allTOPUTMA, KOTOPAst MOKET
WCTIOJIB30BATh TOJIBKO 00BbEMHBIEC BOJTHBL. O0a anropuTMa CXOIHBI B cenyromeM. M3myueHne
MIPOTSHKEHHOIO OYara Ha HU3KMX 4acTOTaxX allpOKCHUMHUPYETCS U3IyUYEHUEM TOYEUHOIO UCTOUYHHKA C
TpeyroisHOU BpeMeHHoU ¢yHkuueit (BOW) mmrensnocty 7. [Ipu pukcupoBaHHBIX TiyOHHE
UCTOYHHUKA A u ponoskuTenbHocTd BOU 7, TCM (¢ HyneBbIM ClIeZIoOM) BBIYUCIISETCS IPU
MOMOLIY JIuHeHOW nHBepcun. Hamnyumas onenka TCM umetcst nepe6opoM 1o 3HaUEHUsIM /1 U 7.
HoBblil anropuT™ oT/IM4aeTcst OT NpeIblIyIero TeM, 4yTo: (1) JeKoHBoIonUs IPOBOJUTCS BO
BpeMEeHHOM o0macTy; (2) mporeaypa BEIOOpa CETMEHTOB JIJIsl TOATOHKH aBTOMATH3HPOBaHa; (3)
ucnoinbs3yercs oubnuoreka GpyHkiuil ['prHa (paccyu-ThIBAIKCH [0 aNTOpUTMY padoThI [2]). B
pe3ynbTare alrOPUTM CTAHOBUTCS MOJIYaBTOMAaTH-YECKUM — HE aBTOMAaTHU3MpOBaHa JIUIIb
nporerypa 0Toopa UCXOIHBIX CEHCMOrpamMM.

Anroputm ObUT IpUMEHEH K 8 Hanbosee CHIIbHBIM 3eMieTpsicenusM Jlanbaero Bocroka
Poccun u SAnonun (Mw 7.6-9.1) (puc. 1). Ha puc. 2, 3 npuBeneHb! moipoOHOCTH JJIs KPYITHEHUIIIETO
(Mw 9.1) 3emnerpsicenust Toxoky 2011/3/11.
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Puc. 1. CBoaxka pesynbratoB ganHoi padotsl (RSMT) u CMT ouenok (GCMT,
http://www.globalcmt.org). [Tokazano monoxxeHue snuneHTpoB u ctanuuii. NDC — koagdumnmeHT
OTKJIOHEHHS OT JBOWHOIO AUIOIA 0€3 MOMEHTA.
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a) 2011/3/11: misfit vr STF duration t b) 2011/3/11: misfit vr source depth h
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Puc. 2. 3aBucumocTs HeBsi3kH OT putenbHocTH BOU (a) u riryouns! (b).

2011/ 3/ 11: waveforms fitting
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Puc. 3. Habmtonennplie (CIUIONTHBIC) U PACCUUTAHHBIC (ITyHKTUPHBIC) CMEIIEHUS JTsI
3emierpsicenus 2011/3/11 (Mw 9.1). Touku oTMedaroT UHTEpBal NOAroHKH. [IprBeeHbI 3HAUCHHS
SMUIIEHTPATBHBIX PACCTOSIHUN U a3UMYTOB UCMOJIb30BaHHBIX cTaHIui. [lonoca nepuonos 100-300
CEeKYHI.
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