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ABSTRACT

New era was open in seismological investigations in Japan when Japan Meteorological Agency (JMA) started
analysis of additional seismic data provided by universities and relevant organizations from October 1997. The
increase of data from sensitive seismic stations resulted in significant improvement of earthquake detection
capability and earthquake location accuracy for earthquakes occurring in and around Japan. This change, on the
other hand, illustrated a discrepancy of JMA velocity model from actual velocity structure in the Japanese
archipelago especially in the shallow crust and inconvenience in the use of simple weighting function for
hypocenter location program. The weighting function in use was prepared in 1960°s when the density of station
distribution is much lower than today.

To solve the problems, we modified shallow velocity model by averaging the travel-time data obtained by several
explosion seismic experiments conducted in various regions. Considering several weighting functions employed by
the other seismological research centers, we improved the weighting function. which is continuous to hypocentral
distance and is appropriate for dense seismic network of today.

Use of new hypocenter location procedures by this study show that shallow crustal earthquakes are located in
reasonable focal depth and epicentral distribution of earthquake became clearer in most inland area except some

regions where a deviation of crustal velocity structure from those of the average of Japanese archipelago may be

larger.
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Fig. 1. Locations of shot points (cross marks) and
observation points (small circles) for explosion seis-
mic experiments conducted by the Research Group for
Explosion Seismology (RGES) in the period from 1979
to 1992.
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Fig. 2. Reduced travel-time diagram of all first
arrival data whose rank of data quality are A and B
obtained from explosion seismic experiments conducted
by RGES in the period from 1979 to 1992. Square marks
show travel-times of P-wave whose focal depth is Okm,
adopted by Japan Meteorological Agency (J.M.A.).
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Fig. 3. (Upper) P-wave shallow velocity structures
developed by this study (solid line) and adopted by
J.M.A. in routine hypocenter location (dash line).
(Middle) The deepest point of ray for Okm focal depth
developed by this study (solid line) and adopted by
J.M.A. (dash line). (Lower) Comparison of reduced
travel-time plot for Okm focal depth developed by
this study (solid line) and adopted by J.M.A. (dash
line). Small circles, squares and open circles show
travel-times obtained by explosion seismic experi-
ments, theoretical travel-times adopted by J.M.A.
and those developed by this study, respectively.
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Fig. 4. Epicentral distributions of shallow focus
earthquakes whose S arrivals were used in developing
a new velocity model for S-waves. Earthquakes which
magnitude are 4 or larger and their focal depth are
15km or less in the period from Cctober 1997 to
December 1999 are selected. Hypocenters are deter-
mined by using only P-arrivals.
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Fig. 5. Plots of travel-time residuals (0-C) of S
arrivals for shallow focus earthquakes based on the
83A velocity model. Small open circles, large solid
circles and error bars show 0-C of S arrivals from
the 83A velocity model, mean O-C of S arrivals and
their standard divisions averaged every 5Skm hypocen-
tral distance, respectively.
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Fig. 6. Velocity structures of P-waves and S-waves,
and Vp/Vs adopted by J.M.A. (dash line, 83A) and
newly developed model by this study (solid line,
JMA2001).
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Fig. 7. Plots 0-C of S arrivals for shallow focus
earthquakes based on the newly developed velocity
model by this study (JMA2001). Small open circles,
large solid circles and error bars show 0-C of S
arrivals from JMA2001 velocity model, mean 0-C and
their standard divisions averaged every Skm hypocen-
tral distance, respectively.
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Fig. 8. A comparison of travel-time calculated from
travel-time tables of different mesh size. Travel-
time is a function of epicentral distance and focal
depth and interpolated from the travel-time table
which values are given for discrete distance and
depth. Upper (P-waves) and lower (S-waves) figures
respectively show the difference of values interpo-
lated by the table given by every 10km spacing from
those interpolated by every Zkm spacing. The table of
smaller mesh size enables smooth interpolation of
travel-time values and stable hypocenter location
solution.
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Fig. 9. Various weighting functions of P and S arriv-
als for hypocenter determination employed by J.M.A.
(solid line), National Research Institute for Earth
Science and Disaster Prevention (N.I.E.D. [after Ukawa
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([after Tohoku Univ. (private communication)], dot-
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Fig. 10. Mean 0-C for P and S arrivals and number of
readings for every 10km epicentral distance. 0-C are
based on the 83A velocity model. Circles, bars and
diamonds show mean 0-C, standard divisions of them
and numbers of readings for every 10km epicentral
distance, respectively. Data are taken from earth-
quakes, which focal depths are 20km or less and
magnftudes are 3 or larger, in the period from Janu-
ary 1999 to December 1999.
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Fig. 12. Histograms of frequencies of P and S arrival
readings for every 10km hypocentral distance. Dia-
monds show numbers of readings for each 10km hypocen-
tral distance. Earthquakes in this figure include
all shallower events than 20km in the period from
January 1999 to December 1999. Comparison of the
histogram with Fig. 10 suggests that peak frequency
shift to short hypocentral distance (30 ~60km) if

smaller magnitude earthquake are included in the
statistics.
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Fig. 15. Improvement in focal depth resolution. A result of hypocenter location method
developed by this study (on the right) shows foci of larger earthquakes are located in the
cluster of earthquakes while current hypocenter location method shows foci of larger
earthquakes are often located below the cluster of earthquakes (on the left). The symbols

are same as those of Fig. 13.
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model.
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