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Abstract

We have routinely estimated the moment tensors of earthquakes occurring in and
around Japanese islands. This report compiles all the moment tensor solutions we have
estimated in 1998. In these computations, we used the FREESIA/KIBAN broadband
seismic network developed by NIED (National Research Institute for Earth Science
and Disaster Prevention) and STA (Science and Technology Agency). We mainly used
STS-1 broadband seismometer records. VSE311 (now upgrading to VSE355) strong
motion velocity-meter was additionally used in cases when STS-1 waveforms were un-
available. Moment tensor estimation is triggered by the JMA (Japan Meteorological
Agency) e-mail of emergent hypocenter location information. This catalogue includes
most M >4.0 earthquakes and some M >3.5 earthquakes. However, due to either in-
complete station distribution or the quality of available data, our catalog missed several
earthquakes that had been detected by JMA.
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1. Method

Below is a brief description of the method used here to determine seismic moment tensors
and their centroid depths. Fukuyama et al. (1998) describes the method and it would be
helpful to refer to this in more details. All the informations concerning this catalogue are
also displayed at the World Wide Web page!.

Moment tensor analysis is triggered by the JMA (Japan Meteorological Agency) emer-
gency hypocenter report received by e-mail. The following information is used from the
report: origin time (in minutes), epicentral location (in 0.1 degree), depth (in 10km) and
magnitude. This e-mail is dispatched for earthquakes with a maximum JMA scale intensity

lhttp://argent.geo.bosai.go.jp
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Fig. 1 Broadband station distribution used in the analysis.

greater than 1 in the Kanto-Shinetsu-Chubu region (central part of Japan) and its sur-
roundings. For other regions, the e-mail is dispatched only for earthquakes with a maximum
intensity 3 or more. This information covers most M >3.5 earthquakes. However, it some-
times misses off shore or deep M >3.5 earthquakes, thus we used the information from the
JWA (Japan Weather Association) World Wide Web page® as a supplement.

All the stations used in this analysis are shown in Fig. 1 and Table 1. Three stations at
most are used for the moment tensor estimation. Filter coefficients and minimum epicentral
distance are chosen according to the JMA magnitude (see Table 2). The JMA magnitude is
used only for this purpose. The criterion for choosing stations is basically on its epicentral
distance. The closest three stations within the epicentral distance range are chosen as a
first (automatic) trial. We then update it manually by examining station combinations,
adjusting origin time offsets, or adjusting source depth. This is because if the waveforms
are contaminated by long period noise, the solution is no more reliable. Manual operation
is mainly to remove these noisy records. If the dataset is well examined, the moment tensor
solution can be determined stably and uniquely by adjusting origin time offset and its source
depth. In this catalogue, all solutions have been inspected and re-computed as final solutions.

Filtered displacement waveforms are used for the moment tensor inversion. The filter
coefficients vary according to JMA magnitude (Table 2). 1 Hz sampling displacement data
produced from the original 20Hz data stream (VBB components) are used in order to reduce
the latency caused by packeting during the transmission from each station.

The moment tensor estimation consists of two steps, an automatic process and a manual

2http:/ /tenki.or.jp/quake.html
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Table 1 Locations of stations used in the analysis.

Station Station Latitude Longitude Height Cooperative Funding
Name Code (°N) (°E) (m) Organization Project
Abuyama ABU 34.8603 135.5734 138 Kyoto U. KIBAN
Fujigawa, FUJ 35.2267  138.4217 640 Tokyo U. FREESIA
Gojyome GIM 39.9517  140.1167 105 Tohoku U. KIBAN
Sapporo HSS 42.9647  141.2328 230 Hokkaido U. FREESIA
Tokushima, IST 34.0572  134.4580 27 Kyoto U. FREESIA
Nakaizu JIZ 349129  138.9972 263 — FREESIA
Kiwa KIS 33.8627  135.8933 70 Kyoto U. FREESIA
Kashiwazaki KZK 37.2951  138.5156 220 Tokyo U. FREESIA
Asahi NAA 35.2217  137.3650 200 Nagoya U. FREESIA
Nemuro NMR 43.3650  145.7430 20 Hokkaido U. FREESIA
Shibata SBT 37.9656  139.4538 160 Tohoku U. KIBAN
TsuruSugeno SGN 35.5054  138.9475 800 — FREESIA
Takakuma TKA 31.5125  130.7853 535 Kagoshima U. FREESIA
Takeda TKD 32.8140  131.3900 751 Kyushu U. FREESIA
Tomari TMR 41.0990  141.3868 120 Hirosaki U. KIBAN
Nakagawa TNK 44.7757  142.0830 60 Hokkaido U. FREESIA
Tateyama TYM 34.9708  139.8481 30 Geogr. Surv. Jpn. FREESIA
Urahoro URH 42.9270  143.6746 75 Hokkaido U. KIBAN
Yamizo YMZ 36.9241 140.2479 555 Tohoku U. KIBAN

one with human inspections. In the automatic stage, by using JMA e-mail, three stations
are chosen automatically to prepare the waveform dataset. Using these waveforms, a mo-
ment tensor inversion is conducted with several trial depths within +30km from the JMA
hypocenter depth. Assumed depth points are shown in Table 3. In the manual determination
stage, the combination of stations, optimum zero offset and depth have been examined by
the operator in a Monte Carlo manner. At this point, the error function is set to variance
reduction (VarRed) defined as follows:

VarRed = 100 x zi:wi/ (1 - (7i,t()ti[§ll((tt))|) ) dt [%] (1)

where s;(t) and o;(t) are synthetic and observed waveforms respectively. w; is a weighting
function proportional to the hypocentral distance.

The velocity structure used for Green’s function is shown in Table 4. This structure is
constructed by referring to Ukawa et al. (1984) for the shallower part and Fukao (1977) for
the deeper part. Green’s function is computed by using the discrete wavenumber method
developed by Saikia (1994). The program named tdmt_inv is used for the moment tensor
estimation which is developed by Pasyanos et al. (1996). tdmt_sched.pl is a Perl script
developed here and used in the routine process. tdmt_sched.pl controls the automatic proce-
dure. tdmt_manual.pl then supports the human inspection of the automatic moment tensor
solution by referring to the automatic solution. In this inversion, since the time offset is
shifted either automatically or manually, the centroid location is not estimated. This offset
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Table 2 Minimum epicentral distance, filter coefficients, and data length for initial
magnitude reported by JMA

Magnitude range Epicentral Dist. Frequency range Data length

(km) (Hz) (seconds)
3.5 <M <5.0 >50 0.02 - 0.05 120
5.0 <M <6.5 >100 0.01 - 0.05 120
6.5 <M <7.5 >300 0.01 - 0.05 150
7.5 <M >600 0.005 - 0.02 180

Table 3 Assumed source depths in km used in the analysis.

58111417 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68
71 74 77 80 83 86 89 92 95 98 101 104 107 110 113 116 119 122
125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200
210 220 230 240 250 260 270 280 290 300 320 340 360 380 400

adjustment corrects both velocity structure misfit and centroid location misfit. As shown in
Fukuyama et al. (1998), the shape of Green’s function does not change for slight epicentral
distance change, so that the above procedure works.

2. Results

The results are shown in Table 4, Figs. 2 and 3. In Table 3, origin times, latitudes, longitudes
and region names are provided by JMA e-mail. Other parameters such as D (depth), Mw
(moment magnitude) etc., are determined by this analysis. VarRed represents variance

Table 4 Velocity structure for Green’s functions.

Depth Thickness P Velocity S Velocity Density Qp Qg

(km)  (km) (km/s) _ (km/s) (kg/m’)

0 3 5.50 3.14 2300 600 300
3 15 6.00 3.55 2400 600 300
18 15 6.70 3.83 2800 600 300
33 67 7.80 4.46 3200 600 300
100 125 8.00 4.57 3300 600 300
225 100 8.40 4.80 3400 600 300
325 100 8.60 4.91 3500 600 300
425 - 9.30 5.31 3700 600 300
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reduction, showing as percentages. (Strl, Dipl, Rakl) and (Str2, Dip2, Rak2) are two fault
planes. Str, Dip, and Rak indicate strike, dip and rake angles, respectively. My,, My,
My,, My, M,,, and M, are the moment tensor components normalized by M, (total scalar
moment). In Fig. 2, the best fit double couples are shown with their epicentral locations.
The numerals appearing above each focal mechanism represent the event ID shown in Table
5. In Fig 3, moment tensors are shown with lower hemisphere projection. P- and T- axes
are also shown. Superscripted numerals again indicate event ID.

3. Conclusion

We have estimated 284 seismic moment tensors and their centroid depths by using FREESIA
/KIBAN broadband waveforms.
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NIED Seismic Moment Tensor Catalogue January-December, 1998 — E. FUKUYAMA, ef al.
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations.
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).
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Fig. 2 Estimated focal mechanisms plotted with epicentral locations (continued).



Technical Note of the National Research Institute for Earth Science and Disaster Prevention, No. 193 ; May, 1999

24

4/

and T-

26

Fig. 3 Estimated moment tensors plotted to the lower hemisphere. P-
axes are also plotted.
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Fig. 3 Estimated moment tensors plotted to the lower hemisphere (continued).
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Fig. 3 Estimated moment tensors plotted to the lower hemisphere (continued).
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Fig. 3 Estimated moment tensors plotted to the lower hemisphere (continued).
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Fig. 3 Estimated moment tensors plotted to the lower hemisphere (continued).
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Fig. 3 Estimated moment tensors plotted to the lower hemisphere (continued).
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Fig. 3 Estimated moment tensors plotted to the lower hemisphere (continued).
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Fig. 3 Estimated moment tensors plotted to the lower hemisphere (continued).
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Fig. 3 Estimated moment tensors plotted to the lower hemisphere (continued).
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Fig. 3 Estimated moment tensors plotted to the lower hemisphere (continued).



