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Tools for investigation on subsurface seismic velocity structure of volcano

— Development of three-dimensional robust seismic ray tracer for

volcanic regions and nonlinear hypocenter calculation scheme —

Kiyoshi NISHI

Sakurajima Volcano Research Center, Disaster Prevention Research Institute,

Kyoto University

og

Seismic velocity structure of volcanic edifice is highly heterogeneous so that tools for investigation
on the seismic properties of volcano should be robust for velocity heterogeneity. From this viewpoint, a
three-dimensional robust seismic ray tracer, effective in any complicated velocity structure, is developed
by using hybrid scheme of the shortest path calculation and the simplex method.

Hypocenter calculation in a three-dimensional heterogeneous velocity structure is another problem
to be solved. Geiger’s method effective in a 1-D velocity structure sometimes loses efficiency in a 3-
D heterogeneous velocity structure, because of unavailability of appropriate initial values necessary for
linearization. Alternative calculation scheme to find hypocenter parameters that minimize the travel
time residuals is proposed. In this calculation, travel times are calculated by above mentioned robust
seismic ray tracer and travel time residuals are optimized by simplex method. Examples of superior
results to conventional Geiger’s method on actual hypocenter calculation in 3-D heterogeneous velocity

structure are shown.
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O 1: Initial locations and final locations calculated by Geiger’s method and nonlinear method (see Figure

5).

True Initial Location Geiger’s method Nonlinear method

(Shot 2) (This study)

(-0.626,4.359, -1.167) A (3.0, 6.0, 0.0)  (-0.584, 4.264,-0.927)  (-0.596, 4.253, -0.922)
B (4.0,8.0,0.0)  (-5.792, 2.002, 13.877) (-0.582, 4.261, -0.926)
C (5.0, 10.0,0.0) (00 divergence 00)  (-0.595, 4.251, -0.944)
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O 1:0 Results of the checkerboard test for travel time tomography using the shots and stations configuration (top
right) of Project ASO98 (Seismic explosions)(Sudo, 1999). Solid dots and asterisks indicate the stations and shots
respectively. Checkerboard pattern (top left) is for a depth of 1 km. A bottom left and bottom right are the results
of velocity inversion with a pseudo bending ray tracer and the present ray tracer, respectively. Superior velocity
recover is achieved by inversion with the present ray tracer.
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図1:　Results of the checkerboard test for travel time tomography using the shots and stations configuration (top right) of Project ASO98 (Seismic explosions)(Sudo, 1999). Solid dots and asterisks indicate the stations and shots respectively. Checkerboard pattern (top left) is for a depth of 1 km. A bottom left and bottom right are the results of velocity inversion with a pseudo bending ray tracer and the present ray tracer, respectively.    Superior velocity recover is achieved by inversion with the present ray tracer.
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O 2:0 Travel time residuals of the checkerboard test shown in Figure 1. Comparison of inversion with pseudo
bending (a) and inversion with the present ray tracer (b) clearly shows that travel time residuals are halved by
the present ray tracer.
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図2:　Travel time residuals of the checkerboard test shown in Figure 1. Comparison of inversion with pseudo bending (a) and inversion with the present ray tracer (b) clearly shows that travel time residuals are halved by the present ray tracer.
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0 3:0 Change of travel time residuals in travel time inversion for 3-D velocity structure in south Kyushu, Japan.
Solid circles and solid squares indicate the results of hypocenter determination by Geiger's method and nonlinear
method respectively.
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図3:　Change of travel time residuals in travel time inversion for 3-D velocity structure in south Kyushu, Japan. Solid circles and solid squares indicate the results of hypocenter determination by Geiger's method and nonlinear method respectively.
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0 4:0 Velocity structure and ray path (shot 2) of vertical cross section along the survey line from shot 1 to shot 4 on
Kirishima experimental explosions in 1994.
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0 5:0 Results of hypocenter calculations by Geiger's method (left) and nonlinear method (right). Squares of A, B and
C indicate initial locations for hypocenter calculations and smaller squares indicate final results of the calculations
(See Table 1). In Geiger's method, no reasonable solutions are obtained by the initial location of B and C. (Cartesian
coordinate system is adopted. Axes are rotated 44 degree anticlockwise along to the direction of volcanic edifice.
Origin of coordinate is 3100 55.0' N, 13000 53.0'E at the sea level and downward direction is positive.)
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図4:　Velocity structure and ray path (shot 2) of vertical cross section along the survey line from shot 1 to shot 4 on Kirishima experimental explosions in 1994.
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図5:　Results of hypocenter calculations by Geiger's method (left) and nonlinear method (right). Squares of A, B and C  indicate initial locations for hypocenter  calculations and smaller squares indicate final results of the  calculations  (See Table 1). In Geiger's method, no reasonable solutions are obtained by the initial location of B and C.   (Cartesian coordinate system is adopted.   Axes are rotated  44 degree anticlockwise along to the direction of volcanic edifice.    Origin of coordinate is 31゜55.0' N, 130゜53.0'E at the sea level and downward direction is positive.)




