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The computer program used in hypocenter determination was upgraded to give the focal
depth in unit of 1 km. Ever since electronic computer came into use for hypocenter location in
the Japan Meteorological Agency, the depth of earthquakes was given in unit of 10 km or
20km. The focal depth given in 10km was quite insufficient for studying the spatial distribution
of earthquakes. Accuracy in focal depth determination is influenced by many factors such as
instability of the solution of equations, errors in reading phase arrivals, heterogeneity in the
velocity structure of the earth and configuration of observation networks, However, inspection
of the program showed that smoothed interpolation of the travel time tables and some
computing techniques reduces instability of the solution considerably.

In the new improved program, four focal parameters (origin time, longitude, latitude and
focal depth) are given simultaneously. In the case in which observational errors are larger,
focal depths are selected from among solutions in which depths are constrained at every 1 km.
Epicenters are indicated in unit of tenth of a minute of arc instead of unit of a minute in the
old program.

By using the new program, the 1980 earthquake swarm off the east coast of the Izu penin-
sula was reanalyzed. The reanalyses showed that inadequate azimuthal coverages of station
distribution were responsible for a spurious trend in epicenter distribution. A lack of pertinent
stations in to the north-east and south-west caused systematic epicenter shift in the said direc-
tion. This spurious trend was, however, much reduced by using station corrections. Station
corrections of P and S arrival times especially for stations which always indicated large travel
time residuals were so effective that it made possible precise estimation of the source region
and fault dimensions.

Application of the new program to the Matsushiro earthquake swarm from 1965 to 1968

showed that focal depth representation in unit of 1 km was statistically meaningful even for

* Received July 20, 1983 = BHAMFRRE, BIKSBRHRH
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days when crystal chronometers and high magnification seismographs were not in general

use. Comparison of the relocated hypocenters with those reported by other organization

showed that the accuracy of location of the J.M.A routine network is not inferior to those

obtained by the high magnification seismograph network temporarily operated around the

swarm- region.

Although accuracy in determining the relative positions of earthquakes occurring in a small

area is much improved by the use of station corrections, fundamental researches about regional

variations of the crustal structure and travel time residuals based on the result obtained by

the newly improved program are necessary to introduce station corrections into the routine

hypocenter determination. The present study also showed that to get more stable hypocenter

solutions it will be necessary to improve the travel time tables.
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Fig.1 Relations between variance of travel
time residuals and focal depth for
events of which the depth is deter-
mined with depth restraint. Dotted
lines show those calculated by the old
program, solid lines those calculated
by the improved program. The follo-
wing are the hypocenters of the exam-
ples reported by the J.M.A.

@ :Jan 14,12h46m, 1978, 138°54’E, 34°52’
N, h=0km, M=2.6

®:Jan 2,11h17m, 1978, 130°36°E,33°10’N,
h=10km

©:Jan 2,0h22m, 1978, 143°16’E, 39°01’N,
h=70km

®:Jan 1,13h09m, 1978, 142°9’E, 37°05°N,
h=40km, M =3.5
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Fig.2 Relations between variance of travel
time residuals and focal depth for the
event of which the depth is determined
uniquely. Dotted lines show those
calculated by the old program, solid
lines those calculated by the improved
program. The following are the hypoc-
enters of the examples reported by the -
J.M. A,

@:Jan 15,7h31m, 1978, 138°53’E, 34°50’N,
h=20km

®:Jan 14,12h34m, 1978, 139°01’E, 34°45’
N, h=0km, M=3.5

©:Jan 4,19h58m, 1978, 137°43’E, 34°45’N,
h =40km

®:Jan 9,3h02m, 1978, 139°59’E, 34°54’N,
h=60km, M=3.5
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Fig.3 Contour map of variance of travel
time residuals obtained by the newly
improved program (upper figure) and
those by the old program (lower).
Rugged contours in the lower figure
are due to inappropriate numeration,
rough interpolation and rounding
error. Mesh size on the contour is
approximately 3km. Contours of
variance show arbitrarily normalized
values. The event is Jan 12,21h24m, 4
140°05’E, 35°31’N, h =70km, Central
Chiba pref.
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Fig4 An example of discontinuity of the
contours introduced by discontinuity
of the weight functions for the obser-
vational data. Nine stations are used
for the location. Discontinuities are
represented by dotted lines, A:caused
by the data of Ajiro, B:caused by the
data of Matsushiro and C:caused by
the data of Oshima. Countors of
variance show arbitrarily normalized
values. The hypocenter is Jan 15,13h
12m, 140°12’E, 35°49°’N, h =70km, m = 3.7
(J.M.A). Mesh size is approximately
3km,
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Fig.5 Irregular shape of contours caused

by the discontinuities of weight func-
tion of the many stations (lower
figure). 16 stations are used for the
location. Upper figure shows the
contours obtained by the improved
program, The hypocenter is Jan 14,12h
45m, 139°01’N, 34°45’N, h =0km, M =3.5
(J.M.A).
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Fig.6 J.M.A seismographic network in 1980
around the Izu peninsula, Codes of
the seismograph are after the Seismo-
logical Bulletin of the J.M.A.
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Fig.7 Epicenter distribution of the 1980 earthquake swarm off the east coast of the Izu
peninsula during the period from June 26 to June 30, 1980. Closed circles denote
those occurring before the largest event (16h20m, 139°14’E, 34°55’N, h=10km, M =6.7)
and open circles those after it. JMA: the Seismological Bulletin of the J.M.A. DP : after
Ohtake et al. (1980). G:after Imoto et al. 1981). DS: epicenters located by the newly
improved program. The depth is restrained at 10km or Okm. DF: epicenters located by
the newly improved program without depth restraint. SC: epicenters located by the
newly improved program with station corrections. Station corrections are based on
the residuals for hypocenters of the DF,
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Fig.8 Comparison of latitude, longitude
and origin time of the events between
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reported by Ohtake et al. (1980) and
those located by the new program.
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Fig.9 Frequency distributions of standard
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computed by the several methods.
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Fig.10 Frequency distributions of focal
depth for the 1980 earthquake swarm
off the east coast of the Izu peninsula.
G: those . after Imoto et al. (1981).
JMA: those reported by the Seismo-
logical Bulletin. SCA and SCB: those
located by the new program with
station corrections. Station corrections
for the SCA are based on the result
in which the data of relatively
distant stations are used for the loca-
tion; those for the SCB are based on
the result in which the data from
nearer stations (distance less than 120
km) are used.
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Fig.11 JMA seismographic network in

1967. Codes of seismograph type are
after the Seismological Bulletin. .
Numbers beside the symbols indicate
the J.M.A. seismographic station
number code. Open symbols denote
stations where the crystal chrono-
meter has been used; closed symbols
those where the mechanical chrono-
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Fig.12 Epicenter distributions of the
Matsushiro earthquake swarm during
the period from 1965 to 1968. JMA:data
after the Seismological Bulletin, DF:
determined by the new program and
SC: determined by the new program
with station corrections. Closed circles
indicate events whose focal depth is
greater than 5km, open circles those
less than 5km. MAT: Matsushiro and
NG: Nagano are stations belonging to
the J.M.A. OM: Omineyama, HS:
Hoshina and KR: Kamimuroga belong-
ing to the Earthquake Research Insti-
tute, the University of Tokyo
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Figl3 Comparison of epicenters reported by several studies with those investigated by the

present study. SC: located by the new program with station corrections, YI: after
Yamashina ‘et al. (1975), JMA: after the Seismological Bulletin, DF: located by the new
program without station corrections and JMAT: located by using the data obtained
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Fig.14 Histogram and comparison of focal
depths of the Matsushiro earthquake
swarm. HI: after Hagiwara et al.
(1969). Other abbreviations in the
figure are the same as those in Fig.
13.
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Fig.15 Relation between the distribution

of epicenters and the horizontal direc-
tion of principal stress axis of the
Matsushiro earthquake swarm. the
epicenter in the upper figure(IC) and
the mechanism of the earthquakes are
after Ichikawa (1971). Open circles
indicate epicenters whose pressure
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Fig.16 Epicenter distributions of the Matsushiro earthquake swarm divided into six periods
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