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AUTOMATIC DATA PROCESSING SYSTEM FOR VOLCANIC
EARTHQUAKES AND TREMORS

By Kiyoshi NisHi

Synopsis

At the active volcano, numerous volcanic earthquakes and tremors with several kinds
occur reflecting the conditions of activity of the volcano. In order to monitor, interpret and
predict the volcanic activity, an automatic data processing system for volcanic earthquakes
and tremors is indispensable.

From this view point, anautomatic data processing system with the following functions
has been developed: 1) Automatic event dteection and classification of volcanic earthquakes
and tremors 2) Filing and display of the results 3) Evaluation and prediction of volcanic
activity 4) Display of the results of evaluation and prediction, and generation of alarm and
control signals.

For the purpose of obtaining the most effective threshold value of classification param
eters a concept of synthetic hit rate (SHR) is introduced. This is defined as SHR=(H/J)#*
(H/P), where H is the number of hit of judgement, J is the number of judgement and P
is the number of phenomena being considered. Applying this concept, evaluation of judgement
considering miss and overlooked become possible.

According to a test operation in 1986, SHR of classification is 0.8-0.9 in the case of
A type, B type and explosion earthquakes, and is 0.5-0.7 in the case of other types. SHR
of H day (the day judged to be high level volcanic activity and may occur som explosions)
is nealy 0.4. As to the number of explosions, the number of 88% of total explosions are
occurred in H day.
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Fig. 1. Location of seismic stations.
(a) Stations of middle range seismic observation network.
(b) Stations of wide range seismic observation network.
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Fig. 2. Hardware system of automatic data processing system for volcanic

earthquakes and tremors data.
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Table 1. Couditions for classification of volcanic earthquakes and tremors

Type Earthquake Continuous tremor
Condition ggicanic ﬁype Eype ExplosionjEruption | Tremor iype ?ig:is

I (:) xX X xX xX = x xX
II . (::) > . . . ° .
I | e O x x % x x O
bl . O O . x x x x
A hd ° . (::) (::) xX . .
VI . . x . x x O | o
VII . . % C) %< x «< x

Condition I: frigger time of wide range seismic observation network is
earlier than that of middle range one.

II: Attenuation of maximum amplitude is less than a certain constant.

III: Zerocross number of one second during P arrival is less than a
certain constant.

IV: Duration time of event is less than a certain constant.
V: Maximum amplitude is more than a certain constat.

VI: Frequencies at the peaks of spectrum are integer multiples of
fundamental frequency.

VII: Event is accompanied with air vibration whose maximum amplitude is
more than a certain constant.

(:) :Valid

X :Not valid
e :Either will do
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a) Distribution of number of earthquakes whose zerocross numbers are equal

to or larger than ZC (zerocross number). Blank dots are as to the earthquakes
which are classified into A type volcanic earthquake. Real A type earthq

uakes are shown by solid dots.

Vertical broken line indicates the most suitable zerocross number which

makes SHR maximum (see the Fig. 5 (b)).

b) Synthetic hit rate as a function of zerocross number. In both of a) and b),
zerocross numbers are the sum of data obtained at 3 different stations.
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Fig. 6. Same as Fig. 5. except that

earthquakes are explosion earth
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maximum amplitude of air
vibration (mb) accompanying
the explosion.
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Fig. 7. Hourly number of B type volcanic earthquakes classified automatically
by this system. X marks indicate the time when volcanic explosions

occurred.
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Fig. 8. Variation of DEV and volcanic activity. () marks indicate the time
when explosions occurred.

Table 2. The level of Volcanic activity, the number of days and the
number of explosions against the value of DEV

DEV Level The number The number
of deys ( E , NE) of explosions

0~2.5 L 116 (21, 95) 23 ( 12%)
2.5~ H 245 (123, 122) 174 ( 88%)
Total 361 (144, 2171 197 (100%)

Dev: Deviation of accumulated square amplitude of B type
earthquakes defined by eq. (3).
Level: Level of volcanic ctivity H: High level L: Low level
E: Days when explosions occurred NE: Days when explosions did not occur
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