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Faster and More Accurate Earthquake Early Warning System
- Combination of Velocity and Acceleration-type seismometers -

YAMADA Masumi ¥, TAMARIBUCH]I Koji ? and WU Stephen ¥

1) Member, Assistant Professor, DPRI, Kyoto University, Ph.D.
2) Japan Meteorological Agency, B.S.
3) California Institute of Technology, Ph.D.

ABSTRACT

Current Japanese earthquake early warning system uses data from two seismic networks: Japan Meteorological
Agency (JMA) accelerometer network and high sensitive velocity-type seismometer network (Hi-net). These two
datasets are processed in the different scheme and the results are merged to issue a warning. Combining these two
datasets and processing in the same framework should improve the accuracy and speed of the warning. In this
study, we tried to develop a method to use these two dataset in the same framework. We applied time-domain
recursive filters to correct instrumental response of Hi-net sensors and adjust them to the response of mechanical
seismometers. We evaluated the saturation of the Hi-net data with the data in 2 month after the Tohoku earthquake,
and found the variation due to the saturation was smaller than the variation of attenuation relationship. Therefore,
the Hi-net data includes important information when other data are not available yet. Speed of the warning
improved by 3.6 seconds in the average for the inland earthquake by combining these two networks.

Keywords: Earthquake early warning, Japan Meteorological Agency, Saturation of seismograms, Hi-net, Strong
motion
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No. Date Time Latitude Longitude = Depth Mag SI

1 2011/3/9 11:45:13 38.3285 143.2798 83 73 5

2 2011/3/10 6:24:00 38.1722 143.0448 9.3 6.8 4

3 2011/3/11 14:46:18 38.1035 142.861 23.7 9 7

4 2011/3/11 15:15:34 36.1208 1412525 427 76 65

5 2011/3/11 15:57:13 35.8187 141.1817 275 6.2 4

6 2011/3/11 16:14:57 36.5572 142.0413 0.3 6.8 4

7 2011/3/11 16:29:00 39.0225 142.3112 17.0 6.6 55

8  2011/3/11 17:12:06 36.5488 1413863 325 6.6 4

9 2011/3/11 17:19:17 36.1567 141.7157 355 6.8 4
10 2011/3/11 17:31:08 37.4675 141.3772 30.7 59 4
11 201vY3/11 17:35:22 36.0688 1411332 373 52 4
12 2011/3/11 17:40:55 37.424 141.2732 29.9 6 55
13 2011/3/11 17:58:08 36.8142 139.462 31 4.1 4
14 2011/3/11 18:04:14 36.5507 140956 165 5.3 4
15  2011/3/11 18:19:53 36.5622 140954 153 5 4
16 2011/3/11 19:10:40 39.3342 1421525 438 6.2 4
17 2011/3/11 19:35:37 37.0702 141.3428 49.1 51 4
18 2011/3/11 19:58:04 39.017 142.3667 32.2 49 4
19  201V1/3/11 20:00:53 37.7225 14173 461 55 4
20 201Y/3/11 20:21:00 35.7948 1412 386 56 4
21 2011/3/11 20:31:07 38.1818 140.4895 8.6 5.2 4
22 2011/3/11 20:36:40 39.2302 1425787 23.6 6.7 5
23 201Y3/11 20:57:14 39.2723 1423112 287 53 4
24 2011/3/11 21:13:03 37.2252 142.218 0.3 6.2 4
25 2011/3/11 21:15:42 39.125 142.4053 234 59 4
26 2011/3/11 21:21:22 37.4822 1413003 232 49 4
27 201Y3/11 22:33:31 37.2588 141.0858 338 45 4
28 2011/3/11 22:47:41 36.9325 141111 50.2 4.7 4
29 2011/3/11 23:00:37 36.148 140.8792 43.4 54 4
30  2011/3/11 23:44:09 36.6453 1409788 473 49 4
31 201V1/3/12 0:13:12 36.0537 142.0015 228 6.7 4
32 2011/3/12 0:24:40 36.8048 139.3113 6.3 45 4
33 2011/3/12 2:30:46 37.4118 141.3098 18.3 5 4
34 2011/3/12 2:56:47 37.4758 141317 296 44 4
35 2011/3/12 3:44:08 36.8707 141.1545 47.3 5 4
36 2011/3/12 3:59:16 36.986 138.5978 84 67 65
37 201V1/3/12 4.08:41 36.2863 140948 347 52 4
38 2011/3/12 4:12:45 37.0323 1386723 121 43 4
39 2011/3/12 4:24:28 35.7592 141.041 35.1 5.7 4
40 2011/3/12 4:31:56 36.9488 138.5725 08 59 6
41 2011/3/12 4:44:28 36.9423 138.5972 00 42 4
42 2011/3/12 4:45:22 37.49 141666 257 5.2 4
43 2011/3/12 4:46:46 40.3942 139.089 39 6.4 4
44 2011/3/12 5:42:20 36.9732 138.5905 38 53 6
45 2011/3/12 6:11:07 36.9408 138.5288 70 37 4
46 2011/3/12 6:34:22 37.4518 1413088 226 48 4
a7 2011/3/12 7:.01:47 36.939 138.6058 4.0 3.9 4
48 2011/3/12 7:14:05 36.9943 138.6393 99 42 4
49 2011/3/12 7:18:06 36.969 138.613 73 38 4
50 2011/3/12 8:11:52 37.1803 140.9737 10.2 4.6 4
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No. Date Time Latitude Longitude = Depth Mag SI
51 2011/3/12 8:32:24 36.9345 138.5572 51 3.7 4
52 2011/3/12 10:13:56 37.3227 141.2223 30.1 49 4
53  2011/3/12 10:42:35 36.9773 138.598 63 37 4
54 2011/3/12 10:47:13 37.476 142.754 0.0 6.8 4
55  2011/3/12 13:06:09 38.7358 142.1667 04 53 4
56 2011/3/12 14:55:13 36.9488 138.5598 65 42 4
57 2011/3/12 15:18:40 39.1582 142.7047 04 55 4
58  2011/3/12 19:08:02 36.9588 138.5507 51 36 4
59  2011/3/12 19:53:28 38.998 1425377 205 58 4
60 2011/3/12 22:15:42 37.1975 141.4263 40.1 6.2 5
61  2011/3/12 23:34:59 36.9677 138.5682 53 37 5
62  2011/3/12 23:43:06 39.4703 142.6955 93 59 4
63  2011/3/13 3:09:14 37.3933 1412978 284 45 4
64 2011/3/13 8:24:47 38.012 141.9483 152 6.2 5
65  2011/3/13 10:26:02 35.8282 1419723 112 66 4
66  2011/3/13 12:32:19 37.0143 138.6693 90 38 4
67 2011/3/13 23:27:55 36.9672 138.5702 6.3 3.6 4
68  2011/3/14 10:02:39 36.4583 1411253 318 6.2 5
69 2011/3/14 15:12:34 37.8047 142.5877 0.1 6.5 4
70 2011/3/14 15:17:48 37.7243 142.4318 0.0 53 4
71 2011/3/14 15:38:52 36.9325 138.5983 44 35 4
72 2011/3/14 15:52:23 36.955 141.12 51.8 5.2 4
73 2011/3/15 22:27:54 37.5992 142.2985 10.0 6.2 4
74 2011/3/15 22:31:46 35.3095 138.7145 143 64 65
75 2011/3/15 22:40:10 35.3517 138.7278 104 42 4
76 2011/3/16 3:33:28 35.9787 137.3083 7.0 4 4
77 2011/3/16 12:52:03 35.837 1409065 100 6.1 5
78 2011/3/16 13:14:30 37.5345 141.581 25.3 5.6 4
79 2011/3/16 22:39:03 35.9167 140.44 53.4 5.4 4
80 2011/3/16 23:46:10 38.5377 141.802 54.1 53 4
81  2011/3/17 13:13:57 40.1263 1424115 311 59 4
82 2011/3/17 21:32:02 35.6302 140.9785 27.9 5.7 4
83 2011/3/17 21:54:54 36.7377 141.3093 47.0 5.7 4
84  2011/3/18 17:01:34 35.8217 141112 346 54 4
85 2011/3/19 8:33:00 39.1853 142.421 36.7 5.7 4
86  2011/3/19 18:56:48 36.7837 140.5715 54 61 55
87  2011/3/20 10:30:46 36.9392 1411773 293 55 4
88  2011/3/20 21:03:48 39.3443 142.0483 478 59 4
89 2011/3/21 4:54:20 37.3082 141.1238 29.0 4.6 4
90  2011/3/22 12:38:35 35.2638 1412373 370 59 4
91  2011/3/22 16:18:41 37.086 144.248 03 67 4
92 2011/3/22 18:19:05 37.3158 141.9103 43.0 6.4 4
93  2011/3/22 18:44:25 39.9193 143.661 04 65 4
94  2011/3/23 0:49:27 39.2227 1423998 337 52 4
95 2011/3/23 7:12:29 37.0848 140.7878 7.6 6 55
96  2011/3/23 7:34:56 37.0982 140.7958 67 55 55
97  2011/3/23 7:36:31 37.0633 140.7707 73 58 5
98 2011/3/23 18:55:20 37.111 140.7607 9.0 47 55
99 2011/3/24 5:32:56 36.2277 140.935 447 4.7 4

100 2011/3/24 8:56:49 36.1778 140.0425 51.7 48 5
101 2011/3/24 17:20:59 39.0767 142.3577 33.7 6.2 5
102 2011/3/25 20:36:24 38.7292 142.1072 447 6.3 4
103 2011/3/26 19:18:35 38.5668 1418915 490 52 4
104 2011/3/26 22:33:.04 37.0813 140.7687 8.8 3.7 4
105 2011/3/26 23:11:00 36.7253 140.6527 66 43 4
106 2011/3/27 5:36:02 37.1328 140.8512 6.2 4 4
107 2011/3/28 7:23:57 38.3837 142.3463 317 6.5 5
108 2011/3/29 19:54:30 37.4087 1424697 134 66 4
109  2011/3/30 22:19:05 36.6498 1409323 50.0 5 4
110 2011/3/31 16:15:30 38.8723 142.0843 474 6.1 5
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No. Date Time Latitude Longitude = Depth Mag SI
111 2011/4/1 19:49:44 40.2568 140.364 124 5 55
112 2011/4/1 20:57:55 39.3363 142.1662 45.2 6 4
113 2011/4/2 4:59:50 38.8765 1419952 493 49 4
114 2011/4/2 13:08:07 38.7728 142.0965 417 5.2 4
115 2011/4/2 16:55:54 36.207 139.9622  53.6 5 5
116 2011/4/2 23:38:08 37.0965 140.834 64 48 4
117 2011/4/3 16:38:45 37.6255 141.6503 46.8 5.4 4
118 2011/4/3 21:57:39 37.264 141.4023 48.1 4.6 4
119 2011/4/5 5:43:57 36.3023 1409153 415 43 4
120 2011/4/6 21:56:50 36.7348 140.6028 7.2 49 4
121 2011/4/6 22:54:51 37.6343 141.5722 45.9 53 4
122 2011/4/7 11:40:47 36.5408 140.8912  50.7 49 4
123 2011/4/7 23:32:43 38.2042 1419202 659 72 65
124 2011/4/9 17:02:19 36.2292 140.09 54.5 43 4
125 2011/4/9 18:42:20 38.2473 1418145 582 54 5
126 2011/4/10 20:22:16 37.0848 140.7675 68 38 4
127 2011/4/11 6:35:54 36.7415 141.1547 52.7 51 4
128 2011/4/11 13:51:45 37.4697 141324 289 5 4
129 2011/4/11 17:16:12 36.9457 140.6727 6.4 7 6
130 2011/4/11 17:26:29 37.0627 140.6232 53 5.4 5
131  201v/4/11 17:58:03 37.0248 140.6082 100 49 4
132 2011/4/11 17:59:45 36.992 140.7315 116 48 4
133 2011/4/11 18:05:18 36.9887 140.7308 124 51 4
134 2011/4/11 18:36:20 36.9005 140.6812 8.1 48 4
135 2011/4/11 20:42:35 36.9658 1406348 106 59 5
136 2011/4/11 22:05:40 37.0195 140.691 113 4.7 4
137 2011/4/12 0:57:56 37.0622 140.6533  10.6 5 4
138 2011/4/12 7:26:17 36.8187 138.6057 00 56 5
139 2011/4/12 8:08:16 35.4817 140.868 26.3 6.4 5
140 2011/4/12 8:48:15 37.0305 140.6925 109 4.7 4
141 2011/4/12 14:07:42 37.0525 1406435 151 64 6
142 2011/4/12 14:26:33 37.042 140.6517 139 4.8 4
143 2011/4/12 14:32:47 37.0987 140.6543 155 4 4
144 2011/4/12 16:15:00 36.833 138.5683 09 46 4
145 2011/4/12 17:48:25 37.0267 140.6895 98 49 4
146 2011/4/12 19:15:35 37.151 140.8203 104 45 4
147 2011/4/13 4:37:48 39.3437 142.0647 483 55 4
148 2011/4/13 10:07:58 36.9152 140.7068 4.5 5.7 5
149 2011/4/14 7:35:50 36.7783 140.5732 8.8 51 4
150  2011/4/14 12:08:58 36.9838 140773 108 54 4
151 2011/4/16 11:19:32 36.3408 139.9455 788 59 55
152 2011/4/17 0:56:22 37.0228 138.6887 8.0 49 5
153 2011/4/17 23:46:52 37.094 140.834 66 45 4
154 2011/4/18 11:.08:14 37.0882 140.6585 83 42 4
155 2011/4/19 4:14:27 39.6027 140.3872 5.6 49 5
156 2011/4/19 21:55:33 40.0772 1421122 477 43 4
157 2011/4/19 23:10:20 36.1688 139.8075 535 5 4
158 2011/4/19 23:47:08 36.8805 140.8137 8.3 45 4
159 2011/4/21 17:18:13 38.321 142.2318 313 5.2 4
160  201v/4/21 22:37:02 35.6752 140.6855  46.4 6 5
161 2011/4/22 1:11:17 37.5115 141.452 48.2 5.6 4
162 2011/4/23 0:25:16 37.1695 141.1948 214 54 5
163 2011/4/23 8:15:27 36.7092 140.6413 46 45 4
164 2011/4/24 19:09:52 37.0585 140.639 135 45 4
165 2011/4/25 18:00:19 36.174 141.0262 38.8 5 4
166~ 2011/4/26 21:12:02 36.086 139.9762  46.3 5 4
167 2011/4/27 19:27:24 36.8203 138.6248 04 4.6 4
168 2011/4/28 18:27:47 37.4133 141.7815 435 5.7 4
169  2011/4/29 15:54:48 39.3403 142.0637 482 48 4
170 2011/4/30 14:06:31 36.7595 1412808 369 53 4
171 2011/4/30 14:46:59 37.3352 141.2962 32.8 45 4
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