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1. Introduction

Arrival times at seismic observation points are used for the determi-
nation of earthquake parameters, consequently the distribution of stations
has a large effect upon the errors of these parameters such as epicenter
location, focal depth, origin time and wave velocity. In our previous
papers”? the position of the epicenter was given in advance—cases
applicable to volcanic earthquakes and similar phenomena—and such
station distributions were discussed in which the errors were very small
(or very large) by means of the Monte Carlo method.

In the present paper, however, a number of distributions are chosen,
some of which were found to be good by the previous study, errors
being calculated as functions of epicenter location. In this way we can
determine the extent of errors, their distribution, expected minimum and
maximum errors, existence of areas where results appear comparatively
poor even for good station combinations.

2. Problem

At the stations Pi(X;, Y;, Z;) the equations for errors of five quanti-
ties (the location of focus, the origin time and the propagation velocity)

1) Y. SATO, Zisin, 18 (1965), 9. (in Japanese).
2) Y. SAT0 and D. SKoko, “Optimum Distribution of Seismic Observation Points. II”,
Bull. Earthq. Res. Inst., 43 (1965), 451.
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are given as follows:
(Xj—X)e+(Y;—Y)y—Hh+V,.Ct—Dyw/V,=V,Cie; (j=1,---,5) (2.1)

where :
<, Y errors in epicenter location of © and ¥ direction,
respectively,
h,t,v errors of focal depth, origin time and velocity,
X,, Y, coordinates of epicenter,

D; ==X Xy (Y= Y+, (2.2)
C;  =—(=Dy», |
H =focal depth,
and
v, =velocity of elastic waves.

Tor simplicity’s sake the following assumptions are adopted as before,
which will not spoil the generality of the theory.
1) smallness of errors x, ---, v,

ii) P;, observational points, are on the surface (Z;=0),

iii) velocity of the waves is constant,

iv) observational errors e; of arrival times are Ze¢ or 0.

For fifteen distributions of stations, including satisfactory ones proved
in our previous study”, the errors x, ---, v are calculated for all the
possible combinations of ¢;, the arrival time errors at the stations. These
values are calculated as a function of epicenter location within an area
around the stations. The standard deviations of the epicenter location
(E), depth of the focus (Z), origin time (7") and velocity (V') are plotted
and the contours with equal degrees of error are drawn in the figures.

3. Result

The nondimensional amount of the errors can be seen in Fig. 1,
where the side of the square is taken as the unit of length and the
time for a wave to travel that distance as the unit of time. The depth
of the focus (H) is assumed to be 0.1 and the errors of arrival times
e;==+0.01 or 0. (e=.01).

If we assume
unit of length (=side of the square) =100km
unit of velocity = 10 km/sec, 3.1)
unit of time = 10sec,

and observation error of time (=¢) = 0.1sec.
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The 1st, 2nd, 3rd and 4th rows of the figure indicate the errors R, Z,
T and V respectively, for 15 significant distributions. The black circles
denote the position of the seismic observation points.

(1), (2) and (3) of Fig. 1 are examples of symmetrical distribution.
The region of large errors at (1) is found around two perpendicular
axes of symmetry and that of small errors towards the outer stations.
Especially small errors at (2) and (3) are at the center of the square.
The errors of the epicentral position at (1) vary from about 1 km (around
the outer stations) to more than 10km (within the central part of the
square). The errors of the depth vary from about 7km to more than
a hundred, the errors of origin time from about 0.4sec to more than
20 sec and that of velocity from about 0.4 km/sec to more than 20 km/sec*.

Three of the stations at distributions (4), (5) and (6) form a triangle,
the 4th points being on one side, the 5th either on the side or within
the triangle ((6) is a case of symmetrical distribution). The area of small
errors exists around the stations, especially, near the center of the
triangle. The minimum values of errors R, Z, T and V are about 1km,
4km, 0.4sec and 0.4 km/sec respectively, while the maximum values are
as large as 50 times of the minima.

(7), (8) and (9) are examples of irregular station distributions which
prove to be very good. Again, small errors are generally at close
proximity to the stations.

(11) (symmetrical), (12), (13), (14) and (15) are examples of flat
distributions, the entire field being separated by narrow bands with
large errors. Generally speaking, however, the errors are small if the
epicenter is inside the polygon formed by stations.

4, Remarks

From the results obtained above it can be seen that the distribution
of the seismological stations has a significant influence upon the accuracy
of the determination of the earthquake parameters. Their positions have
to be chosen carefully so that errors may remain small at the area of
expected earthquake occurrence.

The above examples will give some clue to the choice of optimum
distribution of stations, from which we ean deduce the following few
conclusions : —

* Smallness of errors is assumed in the calculation, therefore the amount of large
errors is not accurate.
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Fig. 1. (continued)
Error of the epicenter location (unit: length of the side of square)
Error of the focal depth (unit: the same)

Error of the origin time (unit: time for the wave to travel the unit length)
Error of the propagation velocity.
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Fig. 1. (continued)
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The area around a station generally consists of a small degree of
error.

Flat distributions show two distinetive regions with small errors
separated by a band of large errors, which are, however, fairly narrow
and small.

Distributions not symmetrical have the advantage over those which
are symmetrical. Latter ones often show very large errors though the
area may not be large.

If we remember existence of such unfavorable areas and pay atten-
tion to the treatment of the results, all the examples given here can
be recommended.

In these examples, when the numerical values given in (3.1) are
employed, minimum errors arrived at are: —

Epicenter location 1km
Depth of the focus 5km
Origin time 0.5sec
Velocity 0.5km/sec

-
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