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Abstract

The problem of optimum distribution of seismic observation
points here discussed is what will be the best location for the new
station which is to be set up in addition to the present ones in
Yugoslavia. An epicenter was assumed and then the errthquake
parameters were calculated using the data of arrival times of the
present eight stations which are not without a certain amount of
observation errors. If the observation error is normally distributed
and has a standard deviation 0.1 sec the average value of the ex-
pected errors for the epicenter location and the origin time are
about 8.1km and 0.77 sec respectively. Then a new station and its
location was changed uniformly with a constant stepping within
the territory of Yugoslavia. If an adequate location is chosen for
the additional station, the average values of expected errors all
over the country decrease as much as 20%. In this way the optimum
location of the new station was discussed, the calculation being
based on the Monte Carlo method.

1. Introduction

Geologically speaking, Yugoslavia belongs to the Alpine Belt and in
the course of her history she experienced a number of very strong
earthquakes. At the moment seven seismic stations are being operated
and the eighth is now under construction. If we consider the seismic
activities of the area of about 256,000 km* and the population inhabited
there, eight stations are not sufficient and it is now seriously con-



290 D. Skoko0, Y. SATO and I. OcH1

sidered advisable to add a new seismic station with high magnification
instruments.

In this paper the problem of the optimum location of this new station
is discussed. The method used by the present authors? is similar to
that originated by E. Herrin.” E. A. Flinn also gives a way of attacking
the precision problem, which is more theoretical.?

2. Fundamental formulas and assumptions

The equation for the errors of epicentral location, depth, arrival
time and propagation velocity is:

(X; =X —a)y + (Y; = Yo —9)* + (H + 1)

=(V+ 0 (T; + ¢; + t)* (i=12,--), (1)

where j index number of each station

X;, Y; coordinates of seismic stations

X, Y, coordinates of epicenter

H depth of focus

V propagation velocity of waves

T travel time

e; observation error of arrival time

x,y, h,t,v errors of the location of focus, origin time and
the velocity, which result from calculation.

The following assumptions were adopted as before

i)—the errors =z, --., v are small,
ii )—stations are on a flat surface,
iii )—velocity of elastic waves is constant
and 1iv )—observational errors e¢; follow Gaussian distribution with mean
value 0.
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Since the area in question is of no large size, geographical coordinates
were transformed into Cartesian coordinates with the origin at the
center of the region and the axes x(eastward), y(northward) and z(down-
ward). The x and ¥ coordinates of a point («a, 8) referred to the center
of the region («,, B,) were given as follows: '

@ = 1.8584 (8 — B, cos (@ + a,)/2) (2)
y = 1.8519 (@ — a,)
(a, @, B, B, in min.)

3. Present observation in Yugoslavia

Yugoslavia is not a large country with the dimension about (800 km
x 500km), the present eight seismic stations being listed and illustrated
below. Errors were allotted to each of these stations from a random
number series and the equation (1) was solved using the least square
method for a certain epicenter location. A similar calculation was re-
peated 300 times for the same origin location and the standard deviation

Table 1. Seismic stations in Yugoslavia

Latitude | Longitude 5
Station (North) (Bast) | Instrument
deg min | deg min |

46 02.6 | 14 32.0 | 1) Wiechert Mechanical 200kg. Horizontal

1 | Ljubljana 2) Hiller  Optical Vertical
45 49 15 59 . 1) Wiechert Mechanical 1000 kg. Horizontal
2 | Zagreb - 2) Id. 1300 kg. Vertical
. 3) Id. 80 kg. Horizontal
3 | Sarajevo 43 52.4 18 25.7 . 1) Mainka Mechanical 450 kg. Horizontal
44 49.3 20 27.3 1) Wiechert Mechanical 1000 kg. Horizontal
4 | Beograd 2) Id. 1300 kg. Vertical
5 | Titograd 42 25.8 19 15.6 1) Mainka Mechanical 450 kg. Horizontal
41 58.3 21 26.4 1) Lehner-Griffth Short Period
2) Press-Ewing Long Period
6 | Skopje 3) Wilmore Short Period

4) Strong Motion Recorder
5) Mainka Mechanical 450 kg. Horizontal

7 | Ohrid* 41 08.0 20 50.4 1) Lehner-Griffth Short Period
8 | Valandovo| 41 20.2 22 35.3 1) Lehner-Griffth Short Period

* Under Construction
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2. Distribution of 4R (error of epicenter location) when there are

only 8 stations given in Table 1. Unit of length is 12.5m, therefore the
smallest value in the figure is 0.8 km and the average about 3.1 km.
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Fig. 3. Distribution of 47 (error of origin time) when there are only

8 stations given in Table 1. Unit of time is about 8.4 msec, therefore the
smallest value in the figure is 0.13 sec and the average about 0.77 sec.

was calculated for 7, k, ¢t and v. (r is the vectorial sum of the errors
@ and y.) The numerical assumptions in this calculation are:

Standard deviation of the errors e; = 0.1 sec.
Depth of the focus = 25 km,
Wave velocity = T km/sec.

The epicenters were placed at intervals of 30’ both in longitude
(about 40 km) and in latitude (about 55 km); altogether there were 200
cases.

The accuracy of the observation at the present condition thus eluci-
dated is given in Figures 2 and 3. According to the calculation based
on the Monte Carlo method the errors are small in the central part of
the country and large at the boundary. The smallest and average
values are, translating into ordinary units, about
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AR AT
Minimum 0.8 km 0.13 sec
Average 3.1km 0.77 sec

4. Additional New Station

In order to make clear the problem of where the most desirable
location of a future station should be, 84 points were taken all over
the territory with intervals of 1° in longitude (80 km) and 30’ in latitude
(about 55km), and for each of this new position similar caleulation of
error estimation was done as in the previous section.

The criterion of the “Suitability” of the new station is “How
small the observation errors will become when that specific station is
added.” In the present section, therefore, the distribution of the errors
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is given as the function of the new station location. The unit of length is
85 m, therefore the contour of (85) implies the curve of 4R = 3 km.
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Fig. 5. Mean value of 4T when an extra station is added. Mean 4T is
given as the function of the new station location. The unit of time is
5 msec, therefore the contour of (140) implies the curve of 4T = 0.7 sec.

at 200 epicenters is not discussed in detail, but the mean value of those
expected values as a function of the new station location is studied.
The trial calculations were repeated about 80 times for each extra
station. In this way the calculated values of mean square errors were
plotted in the map.

As is seen in the last line of the previous section the mean values
when only the present eight stations are available are 4R = 3.1km,
AT = 0.77 sec, while the smaller values found in Figures 4 and 5 are
(translating into ordinary units) about

AR = 3.0 km, 4T = 0.75sec .

Consequently the construction of an additional station scarcely brings
an accuracy improvement if it is situated in the central part of the
country. If, however, a good place is chosen, the average improvement
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amounts to as much as 20%. (In Figures 4 and 5 compare the largest
and smallest values, which are 20¢ smaller than the former.)

5. Conclusion

Distribution of the existing network of seismic stations in Yugo-
slavia is rather satisfactory. It enables us to calculate earthquake
parameters with a pretty good accuracy in most part of the territory.
The weak points, however, lie in the circumferential region. If we
compare Figures 2 and 3 with Figures 4 and 5 respectively, we can see
that the regions with bad precision harmonize with the regions favorable
for a new set-up. The above mathematical study gives a clue, even
without Figs. 4 and 5, where the new stations should be constructed.
We should, however, add another geophysical fact of practical importance.
Very roughly speaking, the seismic activity in Yugoslavia increases
from north-east to south-west the seismicity reaching its maximum in
north-west and south-east regions of the country, as well as along the
coastal area of the Adriatic Sea. There are, however, isolated inland
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(Compare with Fig. 2.)
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Fig. 7. Distribution of 4T when the 9th station was set up at 43°45'N,
16°00’E. (Compare with Fig. 3.)

regions such as the areas around (44°N, 21°E) and (45.5°N, 18.5°E)
where the seismicity is comparatively high.

Taking into account the above facts we can draw a conclusion that
the spots recommendable for setting up a new station in Yugoslavia
are at first the territory along the coast of the Adriatic Sea and second
the region around the point (43.5°N, 21.0°E). From Figs. 4 and 5 we
recognize that both these regions make the mean value of the error
small. As an example a new station was assumed at 43°45'N, 16°00'E
and 4R (Fig. 6) and 4T (Fig. 7) were calculated. It will be interesting
to compare these figures with Figs. 2 and 3.
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