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A Proposal of Hypocenter Calculation for Volcanic Regions

Kiyoshi Nisur* and Kazuhiro ISHIHARA®*

A new scheme for hypocenter calculation is proposed for volcanic regions. The scheme finds the global
minimum of the travel time residual, and the resulting solution is more stable than that from the conventional
Geiger’s method, especially when the number of observations is small or the station distribution is unsuited. In the
first step (Step 1) of this scheme, the target area is parameterized by the node. The node distance depends on the
heterogeneity of the velocity structure; usually about 0.3—1 km is sufficient. Travel times between nodes and
stations are stored. In the first half of the second step (Step 2A), a node is sought that minimizes the sum of
squares of the travel time residuals for the event. By changing the depth of this node, a set of initial hypocenter
candidates is generated. In the following step (Step 2B), with these candidates for the initial hypocenter, precise
locations of the event are obtained by nonlinear calculations using the simplex method. The hypocenter with
minimum travel time residual is then selected as the most probable hypocenter. For the travel time calculation, the
3-D robust seismic ray tracer known as Fermat (Nishi, 2001) is used. If the velocity structure and the locations
of the observation stations do not change, the results of Step 1 are effective for all events. Consequently, repetitions
of only Step 2A and 2B are sufficient for every event. Successful outcomes of calculation using synthetic and actual

data are obtained with practicable CPU times.
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Fig. 2. Contours of root mean square (rms) of
travel time residual for synthetic data. Contour
interval is 0.025 seconds. Solid square indicates
the location of the station. Plus mark and blank
square indicate the location of true hypocenter
and the local minimum of rms of travel time
residual respectively.

East

(a) Horizontal cross section at Z= —0.5km.
(b) Vertical cross section at Y= —0.5km in
Fig. 2(a).
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Fig. 3. Locations of stations (solid dots) at Merapi
Volcano in 1991. Triangle indicates the summit
of Merapi volcano. Dotted line between P; and
P, indicates the location of vertical cross section
cutting the determined epicenters (see caption in
Fig. 4). Contour interval of altitude is 500
meter.
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Fig. 4. Contours of rms of travel time residual for volcanic earthquake at Merapi Volcano. Contour interval is

0.05 seconds.

(a) Horizontal cross section at Z= —1.6 km. Open square indicates the location of epicenter calculated by
Geiger’s method with incorrect initial hypocenter. (b) Horizontal cross section at altitude 0.0 km. Cross mark

indicates the location of epicenter calculated by the HypoFermat method (this study).

(c) Vertical cross

section at the dotted line shown in Fig. 3, cutting the epicenters determined by the HypoFermat and Geiger’s
methods. Cross mark indicates the location of epicenter calculated by the HypoFermat method. Open square

indicates the location of epicenter calculated by Geiger’s method with incorrect initial hypocenter.

Solid

squares indicate the oscillatory locations of hypocenter calculated by Geiger’s method with correct initial

hypocenter.
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Fig. 5. Locations of stations (solid squares) and
controlled event (open star) at Kirishima ooboooooboooooooooood. ooo
Volcano in 1994. Open squares A and B ooooooooooOoooo, ocooooooooo
indicate the initial hypocenters for Geiger’s ooooo.
method. The results of calculations for A and B
are shown in Table 1. Rectangle shows the
target area for hypocenter calculation.

Table 1. Comparative test of Geiger’'s method and the HypoFermat method by the data of controlled event at
Kirishima Volcano.

Initial hypocenter Results of calculation Difference from measured value

Hypocenter Origin time Hypocenter Origin time Hypocenter Origin time

X(km) Y(km) Z(km) T(sec) X(km) Y(km) Z(km) T(sec) AX(km) AY(km) AZ(km) AT(sec)
Geiger *A 0.0 6.0 0.0 5.258 -0.622 4.188 -0.900 5.251 0.002 -0.171 0.267 -0.007
*B 1.0 6.0 0.0 5.258 3.547 -8.603 0.000 6.528 4,173 -12.962 1.167 1.270
HypoFermat not required -0.611 4.195 -0.947 5.256 0.015 -0.165 0.220 -0.002

True (measured) focal elements are X= —0.626 km, Y= 4.359 km, Z= -1.167 km and T=5.258 s. (After Kagiyama et al.,1995 )
*1 and *2 : Location is shown in Fig.4 by open square of A and B respectively

(3)12
11 ®)
] -2
104
9
8 4
74
<4 2 T T T
T 61 12 11 10 9
£
> 9] 8 -7 6 5 -4-3-2-101 2 3 4 5 6
4 (c)_2 TN NP EPUR S TS PR NAPU NP NP B P S R B |
4 4 Y=45km L
34 —1-/—/I\,
2] e O-\O
J = 1 .3
14 N 14
0—- 2']'l"l'l'lllll'l'lll 2
8 -7 6 5 -4 -3 -2-10 1 2 3 4 5 6
-8 -7 -6 -5 -4 -3 -2 -1 6 X (km)

X (km)

Fig. 6. Contours of rms of travel time residual for the controlled event at Kirishima Volcano in 1994. Contour
interval is 0.05 seconds.
(a) Cross section at Z=0.0 km. Solid squares show the locations of the stations. White small circles and cross
marks indicate the locations of initial hypocenters for Geiger’s method. From the initial hypocenter indicated
by white small circle, reasonable result is obtained whereas from the initial hypocenter indicated by cross mark,
reasonable solution is not obtained. Dotted lines indicate the location of the vertical cross section shown in
Fig. 5 (b) and (c). (b) Cross section at X = —0.5 km in Fig. 6(a). (c) Cross section at Y=4.5 km in Fig. 6(a).
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Table 2. Examples of CPU time for Step 1 and Step 2.

Velocity structure Dimension of CPU time ' Example

target area Step 1 Step 2

X(km) Y(km) Z(km) [sec/station sec/event

1-D Layer for 10 10 8 1 1> ° Area is shown in Fig. 3
P & S waves 20 20 20 25 1>
3-D Grid - for P 14 125 4 30 45 °  Area is shown in Fig. 5
wave 20 20 20 1200 55 ¢

*1: 450(SPEC{p2000) with 512MB

*2: block size is 1km and one node between the vertexes on the edge

*3: by 4 stations
*4: by 11 stations
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