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Abstract

Simulated annealing (SA) is known as one of the efficient methods for global
optimization. It allows for getting an optimal solution by jumping out of local
minimum. In this paper, we apply the simulated annealing to determination of
focal mechanism solution. To investigate the feasibility of the application, we
determine focal mechanism solution of the 14 March 2014 Iyo-Nada intermediate-
depth earthquake. The computation of SA method is then 1278 times faster than

that of the grid search method.
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Fig. 1. Polarity distribution of the P-wave first motion for the

2000 Western Tottori earthquake where epicenter is shown
by star. Black and white circles indicate compressional
(outward) and dilatational (inward) first motions at seismic
stations, respectively. Two dashed lines divide outward and
inward regions. The focal mechanism of this event reported
by Japan Meteorological Agency (JMA) is shown at bottom-
right side of this figure.
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Fig. 2. Schematic view for global minimum and local

minimum in an optimization.

Z ¥, http!//www.data.jma.go.jp/svd/eqev/data/
mech/).
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Fig. 3. Unit vectors A B, N P and T in a focal
sphere. The quadrants of compressional (outward) first P

motions are shown shaded.
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2-nd step
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Fig. 4. Definition of a set of Euler angles: ¢ .0, @ . In the right panel, N indicates Null axis.
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Fig. 5. Focal sphere. 05 indicates unit vector pointing
from the source to the I -th station along the P-wave ray

path. This specify the position on the focal sphere by angular

ray coordinate (@ i (D!) .
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Fig. 6. Schematic view to determine fault parameters. (a)

Geometry of a fault plane. Gray shadow circle indicates the
fault plane defined by normal vector M and slip vector 1.
Components of Il are expressed by angles & and & . (b)
Determination of strike ¢n from angle O . (¢) Derivation
of dip angle O from angle & . (d) Determination of slip
angle A between vectors 1 and m , where I is the
horizontal unit vector pointing to the strike of the fault

plane.
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Table 1. Information on event used in this paper.

C . 2014/03/14
Origin time
2:06:50.86
Latitude 33.6917'N
Hypocenter Longitude 131.8913°E
Depth 78.04 km
M ja 6.2
Strike 1 22°
Dip 1 69°
Fault parameters Rake 1 39°
from - 5
. Strike 2 279
focal mechanism .
Dip 2 61
Rake 2 155°

Reported by JMA.
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Fig. 7. Location map of the epicenter (star) of the analyzed
event and the seismic stations (circles) in this paper. Black
and white circles indicate compressional (outward) and

dilatational (inward) first motions, respectively.
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Table 2. Results from simulated annealing and grid search.

15

SA O Grid se;arch o
Interval : 1.0 0.5 0.25
Computation time 0.06 s 994 s 76.70 s 599.74 s
Number of searches 9,600 2,916,000 23,328,000 186,624,000
Min. @ 2.00 3.00 2.00 2.00
[0) 219.79° (£1.66") 219.00°£1.06° 219.00°+0.79° 219.25+0.99°
Euler angles 6 38.83° (+1.22)  39.00t1.06° 38.00+0.50°  38.50"+0.90°
@ 79.99° (+1.44)  81.00+1.06° 80.50+0.79°  80.50"+0.84
Strike 1 21.61° 21.55° 21.66° 21.58°
Dip 1 68.93° 68.29° 69.05° 68.81°
Fault Rake 1 33.40° 33.23° 32.46° 32.93°
parameters  Strike 2 278.27° 277.93° 278.85° 278.40°
Dip 2 59.09° 59.39° 59.92° 59.55°
Rake 2 155.23° 154.55° 155.60° 155.21°
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Fig. 8. Variation of misfit Q and temperature during SA.
The left and right ordinate axes indicate Q and

temperature for SA, respectively.
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Fig. 9. Focal mechanism shown by lower hemisphere
projection. Thin lines and cross marks show the nodal lines
and P and T axes of solutions for Q =2.0 and 3.0, where the
minimum Q is 2.0. Note that there are many sets of nodal
lines and cross marks on the sphere. Black and white circles
indicate compressional (outward) and dilatational (inward)

first motions, respectively.

Fig. 10. (a) Focal mechanism solution from the simulated

annealing in this paper. (b) Focal mechanism reported by
JMA. It has been modified from the diagram by JMA
(http://www.data.jma.go.jp/svd/eqev/data/mech/pdf/mc20140
3.pdf). Black and white circles indicate compressional
(outward) and dilatational (inward) first motions,
respectively. Compressional quadrants (outward motions)

are shown shaded.
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