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A New Subroutine Program for Determination of Earthquake
Parameters and Local Travel Time Tables for Events
near the Southern Kurile Trench

M. Ichikawa

(Seismological Division, J. M. A.)

The routine program for determining earthquake parameters in the Japan Meteorological
Agency (J. M. A.) required four and more stations where both P and S arrival times are
observed. This requirement is severe restiriction in the calculation of the parmeters for
smaller events. Therefore, a new subroutine program for calculating earthquake parameters
was developed, and the subroutines for determining the first approximation of an origin
time and hypocenter in the program for the routine work was replaced by the new subroutine.
The new program makes it possible to determine parameters of smaller events to which
four and more arrival times for P or S waves are observed at three and more stations.

In 1976, the new program was adopted in the J. M. A.’s routine work of the earthquake
paramater determination. Usefulness of the program is evident from the result shown in

“Fig. 1.

As pointed out by some seismologists, epicenters of events near the southern part of
Kurile trench determined by J. M. A. differ systematically from those given by other organi-
zations. In order to solve this problem, another new program, in which two different local
travel time tables can be used for various stations in Hokkaido and northern Honshu, was
written. Furthermore, new travel time tables for determining parameters of events occur-
ring in the region were calculated using observations obtained from submarine explosions
which were done off the east coast of the Tohoku district, northern Japan. Earthquakes
occurring near the southern part of the Kurile trench are located by the new program, in
which the new travel time tables as well as the conventional J. M. A.’s travel time tables
are used, from 1978 onward.
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Fig. 1. Monthly variation in the number of
events determined by -the new program.
N,: number of events whose number of
P or S observations is less than 4.
N;: number of events whose number
of P or S observations is equal and
larger than 4.
N : N;+N.
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Fig. 2. Travel times for P waves obtained from submarine explosions,
and a mean travel time curve (solid line) calculated on the basis
of the velocity profile shown in Fig. 3 and the travel time curve
(I-M) for depth=0km given by Ichikawa et al (1971) (broken lines).



14 B B R W OE4BE PEl1~2F

RpEATRCD P iR 2 & T, 1968&Eh 5 1973 i
BT, T B~ E A S LB O
BE HAE L7 ZofER% ISC (International
Seismological Center) ® USGS (United States, Geo-
logical Survey) WED LI S & LER, Pio
EED 1/1.74 2 SEorhd L&, BREHRI
HCHEMLCWDT, hae SEoFE/E: L.
Fig. 21z H=0km iz x4+ 550 &, MERRL Y
wxtd &M Pk Bl R 2=~

ERFFT R U PoEE 5 fii % Fig. 3 & Tab. 1
CENFNTRT. i, PEIOSEOERELHEC
BET 5.

Vp ks Vs
6 7 8 4 5
~| T T |N L T TTrrrro
so|- d - §
100{— 100}—
200— 200;
Hkm: B
Fig. 3. P and S velocity distribution as a

function of depth from the earth’s sur-
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Tab. 1. Distribution of velocities of P and S waves as a function of depth from the
earth’s surface, by which the present local travel times are calculated.
H Vo Vs H Vo Vs H Vp Vs
km km/s km/s km km/s km/s km km/s km/s
0 5. 900 3.391 50 7.971 4.581 100 8. 200 4.713
5 6. 347 3.648 55 7.999: 4.597 110 8.215 4.721
10 6. 726 3. 966 60 8. 020 4.609 120 8.210 4.718
15 7. 042 4. 047 65 8. 037 4. 619 130 8.211 4.719
20 7.300 4.195 70 8. 055 4. 629 140 8.220 4.724
25 7.507 4.314 75 8. 076 4.641 150 8.226 4.728
30 7. 666 4. 406 80 8. 100 4. 655 160 8.230 4.730
35 7.784 4. 474 85 8.128 4.671 170 8. 235 4.733
40 7. 870 4.523 90 8. 156 4. 687 180 8. 240 4.736
45 7.930 4. 557 95 8.181 4. 702 190 8.246 4.739
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635.8

65.0
66,1
K7.5
q8.5
69.1

70.8
72,0
73,2
74.4
75,5

76,7
77.9
79,1
80,2
Bl.4

82,6
83.8
85.0
86,2
7.5

8845



710 93.4
720 S4.6
730 95.8
740 97.1
750 98.3
760 99,5
770 100.8
780 102,0
790 103.3
800 104.5
810 105.7
820 106.6%
330 108,1
340 109.3
850 110.6
860 111.8
870 113.0
860 114.2
860 115.4
900 116.6
910 117.8
920 119.0
930 120.2
940 121.4
950 122.6
960 123.8
970 125.0
980  126.2
99y 127.,4
1000 128.e
101y 129.%
1020 131,0
1030 132.2
1040 133.4
1050 134.6
1060 135.#
1970 137.0
1080 138.2
1090 139.4
110u  140.¢
1110 14l.5
1120 143.0
1130 184,27
1140 145.4
1150 . 146.6
1160 147.8
1170 149.0
1180 150.2
1190 151.4
1200 152.6
121¢ . 153.4
1220 155,0
1230 156.2
1240 157.4
1250 158,6
1260 159.8
1270 161.0
1280 162.2
1290 - 163.4
1500 164.6
1310 165.8
1320 167.0
1330 168,1
1340 169.3
1350 170.5
1360 171,7
1370 172.9
1380 174.1
1399 175.3
1400 .176,5

TABLE OF P TIMES

10

92.4
93,6
94,8
96,1
97.%

98.5
99.48
101.0
102.2
103.5

104.7
105.9
107.1
100.3
109.5

110.7
112.0
113.2
114.4
115.6

1le.8
118.0
119.2
120.4
121.¢

12¢.8
124.0
175.2
120.4
127,0

126.8
130.0
131.2
132.¢
133.6

134.0
136.0
137.2
136.4
139.6

140.9
142.0
145.2
144 .4
145.6

146,8
14b6.¢
149.2
150.4
151.6

152.8
155.,9
155.1
156.3
157.5

156.7
159.9
161.1
162,3
165.5

164.7
16,9
167.1
168.3
169.5

170.7
171.9
173.1
174.3
175.5

20
91.7
92.9
94,1
95.4
96,6

97.8
99.1
100.3

101.5

102.7

103.9
105.2
106, 4
107.6
108,48

110.0
111.,2
112.4
113.6
114.5

116.0
117.2
1184
119,68
120.4

122.0
124.2
1724.4
125.6
126.58

12¢.0
1?79.2
130.4
131.0

132.8.

134.,0
135.2
1%0.4
137.06
136.8

140.0
141.2
142.4
143.6
144 8

146.,0
147.2
14¢.,4
149.6
150.8

152,0
153,2
154, 4
155.6
156.48
158.0

159.2
160.4

1le1.6

162.8

163.9
165.1
166.3
167.5
164,7

169.9
171.1
172.3
173.5
174.,7

30
91.2
92.4
93.6
94.9
96.1

97.3

98.5

99.8
101.0
102.2

103.4
104.6
105.8
107.0
108.2

109.4
110.6
111.8
113.0
114.2

115. 4
116.6
117.8

119.0.

120.2

121.64
122.6
123%.8
125.0
126.2

127.4
128.6
129.8
131.0
132.2

133.4
134.6
135.8
137.0
138.2

139.4
140.6
141.8
143.0
144.2

145.4
1460.6
147.8
149.0
150.2

151.4
152.6
153.8
155.0
156.2

157.¢4
158.6
159.8
161.0
162.2

163.4
164.6

165.8

167.0
168.2

169.3%
170.5
171.7
172.9
174.1

KR B0 5 BIRERFFTHE & L —T

DIST,= DISTANCE (KM)» H = DEPTH (KM}

4o
90,8
92.1
93.3
94.5
95.7

96.9

98.1
96.3
100:6
101.8

103.0
104.2
105.4
106.6
107.8

109.0
110.2
111.4
112.6
113.8

115.0
116.2
117.4
118.6
119.8

121.0
122.2
©123.4
124.6
125.8

127,0
128,2
©129.4
130.6
‘131.8

133.0
134,2
135.4
136,6
137.8

139.0
140.2
141,4
142.6
143,8

145,0
146.2
147 .4
148,6
149.8

150.9
152.1
153,3
154,5
155.7

156.9
158,1
159.3
160.5
161.7

162.9
164.1
165.3
166.5
167.,7

168,9

170.1
171.3
172.5
173,7

50
90.5
91.8
93.0
94.2
95.4

96.6
97.8
99.0
100.2
101.4

102.6
103.8
105.0
106.2
107,4

108.6
109.8
111.0
112.2
113.4

114,6
115.8
117.0
118.2
11%.4

120.6
121.8
123.0
124.2
175.4

126.6
127.8
129.0
130.2
131.4

132.6
133.8
135.0
136.2
137.4

138.06
139.8
141.0
1462.2
143.4

144.6
145.8
147.0
148.2
149.4

150.6
151.8
153.0
154.2
155.4

156.6
157.8
158.9
160.1
161.3

162.5
163.7
164.9
166,1
167.3

168.5
169.7
170.9
172.1
173.3

60
90.3
91.5
92.7
93,9
95.1

96.3
97,5
98.7
99.9
101.1

102.3
103.5
104,7
105.9
107,1

108,3

109.5.

110.7
111.9
113.1

114.3

115.5
116.7
117.9
119.1

120.3
121.5
122,7
123.9
125,1

126.3
127,5
128.7
129.9
131.1

132.3
133,5
134.7
135,9
137.1

138.3
129,5
140.7
141,9
143,1

144,3
145.5
146,7
147.9
149.0

150.2
151.4
152,6
153.8
155,0

156,2
157.4
158.6
159.¢&
161.0

162.2
163,4
164,6
165.8
167,0

168,2
169,4
170.6
171.8

“173,0

70
90+0
91.2
92.4
93,6
94,8

96.0
97.2
98.4
99,6
100.8

102.0
103.2
104.4
105.,6
106.8

108.0
109.2
11044
111.6
112,8

114,90
115.2
116.4
117.6
118.8

120.,0
121.2
122.,4
123.6
124.8

126.0
127.2
128.4
129.6
130.8

132.0
133.2
134.4
135.¢6
136.8

138.0
139.2
140.4
141.6
142.8

144,0
145,2
146,64
147.6
148.8

149.9
151.1

1523

153.5
154.7

155.9
157,1
158.3
159.5
160.7

161.9
163.1
164.3
165,5
166.7

167.9
169,1
170.3
171.5
172,7

89
89.8
91.0
92,2
93.4
94,6

95.8
97.0
98,2
99.4
100.6

101.8
103,0
104.2
105.4
106.6

107.8
109.0
110.2
111.4
112.6

113.8
115,0
116.2
117.4
118.6

119.8
121,0
122.2
123,64
124,6

125,8
127.0
128,2
129.3
130.5

131.7
152.9
134,1
15,3
136,5

137,7
138,9
140,1
141.3
142,5

143,7
144,9
146,1
147,3
148,5

149,7
150.9
152,1
153.3
154.,5

155,7
156,9
158,1
159.3
160,5

161,6
162.8
164,0
165,2
166,4

167,6
168.8
170.0
171.2
172,4

Y0
BY.6
9p.8
92.0
93.2
94,4

95.6
96.8
98.0
99.2
100.4

10l.6
102.8
104.0
105.2
106.4

107.,6
108.8
110.0
111.2
112.4

1135.6
114.8
116.0
117.2
118.4

119.6
120.8
122.0
125.2
124.4

125.6
126.7
127.9
129.1
130.3

131,5
132.7
135,9
135.1
136.3

137.5
138.7
139.9
141.1
142.3

143,5
144,7
145,9
147.1
148.3

149.5
150.7
151.9
153,1
154,53

155.5
156.7
157.8
159.0
160.2

161.4
162.6
163.8
165.0
166.,2

167.4
168,06
169.8
171.0
172,2

100

89.5
9p.7
91.9
93,1
94.3

95.5
96,7
97.9
99.1
100.3

101.5
102.7
103.9
105.1
106.3

107.5
108.7
109.9
111.1
112.3

113.4
114.6
115.8
117,0
118.2

119.4
120.6
121.4
123,0
124.2

125.4
126,6
127 .%
129.0
130.2

131.4
132.6
133.8
135.0
136.2

137.4
158.6
139.6
141.0
142.2

143,4
144,5
145.7
146.9
148.1

149.%
150.5
151.7
152.9
156.1

155.3
156.5
157.7
158.9
160.1

161.3
162.5
163.7
164,9
166,1

167,3

168,5

169.7
170.9
1720

110

B9.5
90.7
91.9
Q3.0
94.2

95.4
96.6
97.8
99,0
100.2

101.4
102.6
103.8
105,0
106.2

107.4
108.6
109.4
111.0
112.2

113.4
114.6
115.8
117.0
118.2

119.4
120.6
121.8
125.0
1264.1

125.53
126.5
127.7
126.9
130.1

131.3
132.5
133%.7
1364.9
136.1

137.3
138.5
139.7
140.9
142.1

143.3
144.5
145.7
146.9
148.1

149.3
150.4
151.6
152.8
154.0

155,3
156,5
157.6
158.8
160.0

161.2
162.4
163.6
164.7
166,0

167.2
168,4
169.6
170.8
172.,0

120

89,4
90.6
91.8
93%.0
94.2

95.4
96.6
97.8
99.0
100.2

101.4
102.6
10%.8
105.0
106.2

107.4
108.A
109.8
111.0
112.2

11%.4
114.6
115.8
117.n
118.2

119.3%
120.5
121.7
122.9
124.1

125.3
126.5
127.,7
128.9
130.1

131.3
132.5
153.7
1%4.9
136.1

157.3
158.5
139.7
140.9
1421

143.3
146.5
145.7
146.,9
148.1

149.2
150.4
151.6
1%2.8
154.0

155.2
156.4
157.6
158.8
160.0

161.2
162.3
163.5
166.7
165.9

167.1
168.3
169.5
170.7
171.,9

13p
89.5
9p.7
91.9
93.1
9.3

95.%
96.7
Q7.9
99.1
100.3

101.5
1n2.6
103.9
105.0
106.2

107.4
108.6
109.8
111.0
112.2

115.4
114.6
115.8
117.0
118.2

119.4
120.5
121.7
122.9
124.1

125.3
126.5
127.7
128.9
130.1

131.3
132.5
133.7
134.9
136.1

137.2
138.4
139.06
140.8
142.0

14%5.2
144.4
145.6
146.8
148.0

149.2
150.3
151.5
152.7
153.9

155.1
156.3
157.5
158.7
159.9

161.0
162.2
163.4
164.6
165.8

167.0
168.2
169.4
170.5
171.7

17

150

8947
90.9
Q2.1
95,3
94,4

95.6
96,8
98,0
99,2
100.4

101.6
102.7
105.9
105,1
106.3

107,85
108,/
109.9
111.0
12,2

113.4
114.6
115.8
117.0
118,2

119.3%
120.5
121.7
122.9
124,1

125,3
126,5
127,7
128.8
130.0

131.2
132,4
135.,6
134,8
136.0

137.1
138,353
1359.02
140,/
141.9

143,1
144,5
145,5
146,6
147.,8

149.0
150,2
151,4
152.6
153,8

154.9
156,1
157.3
158,5
159.,7

160,9
162,1
163,2
1664, 4
165,¢6

166.8
168.,0
169.2
170.4
171,5
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DISTAM
0

10
20
30
40

50
60
70
80
90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
3830
390

400
410
420
430
449

450
460
470
480
490

500
510

530
540

550"

560
570
580
590

600
610
620
630
640

650
660
670
680
690

700

0

- TN WO
~Nxooo

1

14.5
17.2
19.9
22.5
25,1

27.6
30.1
32.6
35.0
37.4

39,4
42,1
44,4
46,7
49,0

51,3
53.¢
55.R
58,1
60,3

62.6
04,1
67.0
69,2
71.4

73,6
75.8
78.0
860.2
R2.4

84,0
&6, &
a9.0
91.2
92.4

95.5
97.7
6g.9
102.1
104.2

106.4
108.4
110.7
112.9
115.1

117.2
119.4
121.5
123.7
125,9

128.0
130.2
132,3
134,5
136.7

138,48
141,0
143.1
145,3
147 .4

149.6
151.7
153.,9
156.0
158.2

160.3

TABLE UF S TIMES

26.6

31.2
33.6
36,0

38,3
4¢.0
42.9
45,2
47.5

4Y9.7
52.0
56.2
50.5
56,7

60.9
65,2
65,4
LLVAN)
A.H

72.0
74.2
76.4
78,6
B .6

LB2.9
#A5.1
R7.3

91.7

95.8
96.0
98.2
100.4
102.5

104.7
106,99
109.0
111.2
1135.4

115.5
117.7
119.8
122.0
124,2

126.%
128.5%
130.6
132.8
134.9

137.1
139.2
141.4
143.5
145,7

147.8
150.0
152.1
154.3
156.4

158.6

25.7
27.9
30.2
32.4
34.7

36.9
29.2
41.4
43,7
45.9

44.]
50.3
52.5
Sa.,7
56.9

59.1
61.3
63.5
65.7
67.9

70.1
72.3
74.5
76.6
78.8

#1.0
83.2
85.3
nr.5
89.7

91.9
94.0
96.2
8.4
100.5

102.7
104.8
107.0
109.2
111.3

113.5
115.6
117.8
120.0
122.1

124.3
126.4
128.6
130.7
132.9

135.0
137.2
139.3
141.5
143.,6

145.8
147.9
150.1
152.2
154.4

156.5

B B R W W43 H1~2%

DIST,=

49

9.9
10.2
110
12.3
13.9

15.6
17.6
19,6
21,6
23.8

25.9
28,1
30.2
32.4
34,6

36,8
3g9.0
41.2
43.4
45.6

47.8
50,0
52.2
54,4
56.6

58,8
60.9
63,1
65.3
67.5

69,7
71.8
76.0
76.2
78.3

80,5
82,7
84,8
87.0
89,2

91.3
93.5
95.7
97.8
100.0

102.1
104.3
106.5
108.6
110.8

112.9
115.1
117.2
119.4
121.5

123.7
125.8
128,0
130.1
132.3

134.4
136.6
138.7
140.9
1430

145.2
147.3
149.,5
151,6
153.8

155.9

DISTANCE

50
12,1
12.3
13.0
140
15.4

16.9
18.7
20.5
22,4
24,4

26.5
28.5
30.6
32.7
34.9

37.0
39.2
41.3
43,5
45.6

47.8
49,9
52,1
54.3
56,4

58.6
60.8
62.9
65.1
67.3

69.4
71.6
73.8
75.9
78.1

H0.3
H2.4
4.6
36.7
a8.9

91.0
93.2
95.4
97.5
99.7

101.8
104.0
106.1
108.3
110.4

112.6
114.7
116.9
119.0
121.2

123.3
125.5
127.6
129.8
131.9

134.1
136.2
138.3
140.5
142.6

144.8
146.9
149.1
151.2
153.3

155.4

(KM)y

69
14,3
14,5
150
15.9
1701

18.4
20,0
21.7
23,5
25.3

27.3
29.2
31.2
33.3
35.3

37.4
39,5
41.6
43.7
45,9

48.0
50.1
52.3
54,4
56.5

58,7
60.3
63,0
65.1
67.3

69.4
71.6
73.7
75.9
78.0

8n.2
82.3
84,5
846.6
8P .5

9n.9
93.1
95.2
97.4
99.5

101.6
103.48
105.9
108.1
110.2

112.4
114.5
116.7
118,38
120.9

123,1
125.2
127 .4
129.5
131.7

133,8
135,9
138.1
140.2
142.3

l144.4
146.5
148,7
150.8
152.9

155.0

H = DEPTH (KM)

70
16.4
16.6
17.1
17.8
18.9

20.1
21,5
23,0
264.7
26,4

28,3
30.1
32.1
34.0
36.0

38.0
40.1
42.1
44,2
46,3

48.4
50.¢
52.5
54.7
56.8

58.9
61.0
63,1
65,3
67.4

69.5
71.6
75.8

139.8
141.9

144.1
146,2
148.3
150.4
152.5

154,6

8p
18,6
18,7
19.2
19.8
20.7

21.8
23,1
24.5
26,1
27.7

29.4
31,2
33,0
34,9
36.8

38,8
40.8
42,7
44,8
46,8

48 . A
50.9
53,0
55.0
57.1

9.2

61,3

63,4
65.5
67.6

69.7
71.8
73.9
/6.0
7.2

80.3
82,4
84,5
B6., 6
b8, P

90.9
93,0
¥5.1
97,2
99,4

101.5
103.6
105.7
107.9
110.0

112,1
114.2
116.3
118.4
120.6

122.7
124.8

126.9.

129.0
131.1

133,2
135.3
137.4
139.5
141.6

143,7
145.,8
147.9
150,0
152.1

154.2

90
S2007
20.9
212
218
22.6

25,06
24,8
26,1
27.5
29,1

30.7
32.4
34,1
35,9
37.8

39,6
41.6
43,5
45,5
4/.4

49.4
51.4
53.5
55.5
57.6

59.6
6l./
65,7
6b.,8
67.9

7040
72.1
74.1
76.2
78.5

RO. 4
B2.5
64.6
86.7
85.58

9u.9
95.0
us.1
97.2
99.3

1nl.e

103.5.

105.7
107.8
109.9

112, ¢
114,1
116.2
118.3
120.4

122.95
1264,6
126,/
128,86
130.8

132.9
135.0
137.1
139.2
141.3

145.4
145,5
147.6
149,7
151.8

153.8

100

22.9
23.0
23,3
23.8
26.6

25.5
26,5
27.8
29.1
30,5

32.0
33.6
35.3%
37.0
38,4

40.6
42.5
44,3
46.2
48.2

50.1
52.1
56,1
56.1
58,1

60.1
62.1
64,2
66,2
68,2

0.5
2.4
76,4
/6.5
78,6

B0.H
a?2./
a4.¢c
86.9
8B8.9

91.0
93.1
¥5.2
97.5%
99.4

101.5
103.5
105.6
107.7
109.8

111.9
114.0
116.1
118.2
120.2

122.3
124.4
126.5
128.6
130.7

132.8
134.,9
137.0
139.0
1641,1

143.2
145,3
147 .4
149.5
151.6

153,6

1lo0

25.90
25,1
?25.4
25.9
26.5

27.4
28.4
29.5
30.7
32.0

33.5
35.0
36.6
38.2
39.9

41.7
63.5
45,3
4/.1
49,0

50.9
52.8
4.8
56.7
8.7

&60.7
62.7
64,7
0b6.7
68,7

0.7
72.8
76.8
/6.8
8.9
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