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Abstract

Real-time Moment Tensor System (RMT) is an earthquake monitoring system
designed for automatic seismic activity detection in Taiwan. The monitoring region
covers from 119.2°E to 123.0°E, and from 21.0°N to 26.0°N, with depths ranging from
2 km to 180 km. The system combines centroid moment tensor (CMT) inversion
techniques, grid search methods, 3D Green's functions calculated using the
spectral-element method, and real-time broadband seismic recordings to provide the
original time, hypocenter location, moment magnitude, and focal mechanism of seismic
events within two minutes of their occurrence. This report compares the results of the
seismic events detected by the RMT between Jan. 2022 and Sep. 2023 with those in the
earthquake relocation catalog of the Central Weather Bureau (CWB). The average
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differences in the event time and hypocenter location are less than 0.91 seconds and 4.6
kilometers, respectively. The RMT system also provided good solutions for the source
parameters of the Chiashan earthquake sequence, the Yuli earthquake sequence, and the
earthquake swarm southwest of Yonaguni Island (offshore of Hualien) in 2022 and
Chiayi earthquake swarm and Lanyu earthquake swarm in 2023.

Key words: Real-time monitoring, moment tensor inversion, source parameters,
earthquake centroid, computational seismology
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d JEs [F?]:A:'F‘ 7 a‘ ‘% :é‘_ i':\sﬁ‘a‘ ’ —‘—l B d it J - RMT ”7:'[ /Ej“:ﬁ °
1. vwue 6. YDO7 11. 8X1 BEST FIT SOLUTION 2023/07/08
285 63 13748 31335 Location ( 121.56, 21.94) 19:47:15 (UT)
E 025 008 E 187 132 106 125 o
plh: 2 km
32879 69109 603 84 —
N————o20is N 047 027 M 0.14 005 Mw: 5.54 =
20867 52910 444 85 a
T oz oes 2 038 019 2 0.08 0.03 Stke Dip 5
S Plane 1: 108 38 E]
2. SBCB . 12. NACB Plane 2 280 51 E
311.39 48585 143563
E —————ss5 040 E 195 161 E 146 175 . S =
43211 1208.87 194150 =
N ——————0z27 oo N 033 0.4 N 0.05 002 o O =
867,31 72304 282775 0 &0 120 180 240 300
z 016 007 2 008 002 2 0.08 002 0 Time (sec)
3. RLNB 8. TDCB 13. YULE 16. PCYB
1782.58 1382.07 1280.12 33.98
E——1m o083 E 12120 E 0.9 081 E —isinz
1417.34 1250 08 s80748 412.08
N ——————0u44 019 N 030 0.1 N ———=—"~——pi4 ppg N ————455 1232
1404.11 2425.80 204172 345.48
7 03 I T —0e 001 2 T ="mgd 001 2 T 484 1.2
4. TPUB 9. SSLB 14. TWGE 17. YNGF
1775.17 1907.58 224994 625.10
E ———————pg g4z E ——————=j7 12 E ——————=—gzp 04 E —————qsiom
268585 14584 385438 457.95
N——————"—izops N — =gz N ——=""—pamos N —————— o om
3716.50 18 472754 618.64
Z ez 0 I s 00 L g 006 2 (.19 009
5. PHUB 10. MASB 15. TWKB 18. LYUB
0.00 2054.88 285367 TE3.25
E MaN MaM E 100 079 E —————1351 138 E —~—="——135028
0.00 533,42 381678 51552.80
N =———————HaN HNaN N === g4z g7 N ———=——"1321 112 N 0.04 002
0.00 4840.52 381678 sg07.68
T HaM MaN I T =" ggs g4 L =m0 006 2 e (0 04
BATS, Velocity, 0.02-0.05 Hz %10-8(m/s)  Resull ganaration time: - - n n "
Number of alive data: 51 W0sec  mitti meftz  2023/07/08 03:49:10 (UT g 12 12 122 123

M 10-2 ~ ey B3z RMT & &2 - o
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1. VWUC 6. YDO7 — BEST FIT SOLUTION 2023/07/08
. 2550 . 1739 a1 Location (121.51, 21.90) 21:22:06 (UT)
o e L0 o4
N =28 015 N =75 g48 N =034 018 Mw: 4.99 =
26.97 7933 65,59 " <
I —pieoes I 081 040 2 T 0.2% 013 Sthe Dyp Rske §
S Plane 1: 109 64 71 E
2 sBea ' 12.NACE Plane 2 250 31 -124 8
43.08 5014 1 =
E —————&7 g0 E————— @ o8 E ———qp3z 009 =
124.17 18772 244 82 =
N————————pz ou5 N 051 oz N 0.06 001 =
z 3‘35“0 7z 322?0 2 2 0&'2‘2'1?)92 N
L1 1 L .
Time (sec)
3. RLNB 8. TDCB 13. YULE 16. PCYB
208.56 14538 13588 595
E———1a7 124 E 038 020 E 039 020 E TER 124
189.37 16197 32374 50,59
N———q25 013 N 025 013 N ————"~——qoz oo1 N 452153
158.82 38585 44.70
2 iz ges I T — om0 2 T — — Qi ops 2 T g5 13
4. TPUB 9. SSLB 14. TWGB 17. YNGF
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4203 41470 50195 Y
Z i3 04 I =" 002 I ——""—0.4 002 Z 0.21 0.1
5. PHUB 10. MASB 15. TWKB 18. LYUB
0.00 3388 39999 45759
E =———HaM MaN E ———————(g1 052 E 1.04 087 E 0.62 028
0.00 58510 470.74 754568
N =——————————naN taN N === 34 g4 N ————=———1p 108 N 0.04 002
0.00 5311 47074 1382 62
I NaM NeN I =gy g L "m0 011 2 (e 002
BATS, Velocity, 0.02-0.05 Hz %10-8(m/s)  Resull ganaration time:
Nur ol alive data: 51 100 sas misft! misf2 20230709 05:24:01 (UT+8)
. | B g s _
g] 10'3 N W‘[?\ z E‘FS,:'?‘ ~ o
1 VYWUe 6 YDOT 11.8xN BEST FIT SOLUTION 2023/07/09
. ned 567 . 1277 Location (121.61, 21.90) 03:32:00 (UT)
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Z——qaiom I 1ino0s I 047 025 Stke Dip k=
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2. SBCB . 12. NACB Plare 2 255 38 E
10.84 1424 5838 =
E——izon E——izpss E 0.40 0.09 . =
34.08 4458 9255 =
N———oszom N o7 045 N 0.14 005 o o =
24.92 3007 12334
2 052 028 2 028 015 2 ——————"0.20 003
3. RLNB 8. TDCB 13. YULB 16. PCYB
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E————is o089 E 035 oaz E 017 005 E 321 1m
85.09 6492 13048 17.95
N =025 g1g N 050 02 N ———""pqz o1 N 253 128
52.85 12123 13378 177
L7 026 I "=z 005 I T ~"—p12 005 Z 521 128
4. TPUB 9. SSLB 14. TWGE 17. YNGF
.05 7180 107 00 2732
E ————ps3 023 E——————"qx: ops E———"=""gps a5 E 142 1.04
95.18 8279 18133 15.78
N ————="gzg go7 N — gz o4 N ——" gz gio N 0.
173.22 17512 214 85 2354
L N 002 L s O 2 N0 001 2 0.31 015
5. PHUB 10. MASB 15. TWKB 18. LYUB
0.00 13023 80.65 485.21
E MaH MaW E 079 048 E — 1.5 106 E ~\S—— 0.2 0
0.00 19958 128 42 183842
N izt tal N === g7 N ————————psz g27 N 0.1 0.05
0.00 2peE2 12842 212.25
T HaM MaN I —— g gz I =7 g2 2 g 008
BATS, Velocity, 0.02-0.05 Hz %10-8(m/s)  Resull ganaration time:
Numi na . 51 100 sac misfl misfg2 2023007708 11:33:55 (UT
- 1 Sh e 4, 0 -
B 10-4 ~ fFis B2 RMT &4z = o
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#1~2022 & 1% 3 2023 & 11 ? 4~ 2. RMT = Z P &k -

No. Event Time (UTC) lon. lat. Depth Mw MR strl  dipl rakel str2 dip2 rake2

1| 2022/01/03 09:46:42 122.19 24.06 26.0 6.20 87.1 62.6 74.1 48.1 3156 443 1569

2 | 2022/01/03 23:17:30 122.14 24.10 30.0 5.00 83.1 60.6 77.8 469 3179 444 1624

3| 2022/01/05 13:09:04 122.46 23.92 28.0 4.10 81.0 63.4 82.7 519 3242 387 168.2

4 | 2022/01/05 13:11:37 122.46 23.92 28.0 4.60 81.3 629 85.1 533 3263 369 1718

5| 2022/01/05 13:54:03 120.66 23.43 12.0 3.50 77.4 1269 46.1 105.8 284.7 46.1 74.2

6 | 2022/01/12 00:43:26 122.28 24.51 42.0 4.00 69.2 170.3  69.7 70.3 36.1 28.0 1323

7 | 2022/01/14 22:16:35 122.55 23.92 30.0 4.20 83.1 61.0 785 50.1 3176 412 1624

8 | 2022/01/15 02:37:52 122.55 23.92 28.0 3.80 73.9 3186 342 1734 541 86.3 56.0

9 | 2022/01/15 23:57:17 122.10 24.87 8.0 3.60 75.8 2715 291 -44.7 424 70.0 2485
10 | 2022/01/16 08:15:42 122.32 24.19 54.0 5.30 88.6 23 622 848 1934 283 99.8
11 | 2022/01/23 08:22:38 121.92 24.47 14.0 3.50 63.9 7.7 89.8 1439 97.8 53.9 0.2
12 | 2022/01/25 14:35:54 121.92 24.65 60.0 4.30 85.9 740 25.2 1681 1749 85.0 65.3
13 | 2022/02/04 06:50:53 121.02 24.69 2.0 3.40 67.4 103.7 69.8 1159 2292 324 40.1
14 | 2022/02/04 07:06:20 121.07 24.69 2.0 3.50 68.6 248.2 236 72.8 86.9 675 97.4
15 | 2022/02/06 23:52:40 121.83 24.56 6.0 3.50 64.3 264.9 40.3 -21.1 113 76.6 2316
16 | 2022/02/07 10:58:26 121.96 24.42 28.0 5.10 88.1 223.2  89.9 -83.5 313.7 6.5 180.5
17 | 2022/02/10 09:38:34 122.28 24.01 28.0 4.20 77.2 65.6 72.8 49.3 316.7 43.6 1546
18 | 2022/02/11 12:51:30 122.32 24.01 28.0 4.50 82.2 739 731 60.5 316.8 33.6 1484
19 | 2022/02/11 16:43:14 122.28 24.01 28.0 5.60 86.5 63.2 73.2 47.5 3157 451 155.9
20 | 2022/02/11 17:47:46 122.32 23.97 260 4.10 70.8 579 747 389 3158 527 160.6
21 | 2022/02/11 18:19:32 122.32 24.01 28.0 4.00 73.3 61.4 75.7 53.4 3130 389 156.8
22 | 2022/02/12 03:09:36 122.28 23.97 30.0 4.10 69.3 639 73.0 46.2 3169 46.3 156.2
23 | 2022/02/16 05:41:59 121.47 23.92 24.0 4.00 68.1 1011 359 164.1 2041 80.7 55.1
24 | 2022/02/16 15:23:02 12291 24.38 45.0 4.10 76.9 46.1 69.3 41.2 2989 519 1534
25 | 2022/02/20 06:39:37 122.50 23.92 26.0 4.40 78.1 62.5 79.9 56.2 3179 351 1623
26 | 2022/02/20 10:49:43 122.50 23.88 240 4.50 814 63.2 80.6 51.8 3215 39.2 165.0
27 | 2022/03/04 07:54:47 121.07 23.02 10.0 3.50 61.3 1904 60.5 -64.2 3259 384 2324
28 | 2022/03/06 03:51:55 122.24 24.92 120.0 4.40 73.0 26 457 150.0 1146 69.0 48.4
29 | 2022/03/06 16:08:09 122.06 24.87 8.0 3.80 78.1 2429 214 -68.0 395 703 2617
30 | 2022/03/07 18:06:00 122.96 24.28 45.0 4.10 84.3 163.8 170 -14.7 2679 857 2536

31 | 2022/03/09 12:22:14 121.43 23.25 36.0 5.20 95.4 150.7 65.5 -28.4 2534 644 2074
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32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

2022/03/12
2022/03/15
2022/03/16
2022/03/17
2022/03/18
2022/03/19
2022/03/21
2022/03/22
2022/03/22
2022/03/22
2022/03/22
2022/03/22
2022/03/22
2022/03/22
2022/03/22
2022/03/22
2022/03/22
2022/03/23
2022/03/23
2022/03/23
2022/03/23
2022/03/23
2022/03/23
2022/03/23
2022/03/24
2022/03/24
2022/03/24
2022/03/24
2022/03/24
2022/03/25
2022/03/27
2022/03/28
2022/03/28

2022/03/29

05:12:55

21:00:10

00:34:53

01:33:30

12:50:57

15:23:42

23:09:13

17:06:56

17:41:43

18:37:51

19:35:06

20:30:01

21:41:09

22:26:18

22:43:25

23:08:38

23:09:49

00:09:58

01:55:56

04:25:49

09:19:00

09:38:14

20:45:30

22:55:10

00:38:27

01:35:11

10:03:45

10:44:53

14:34:01

01:08:29

00:15:03

09:00:27

20:23:56

09:06:05

122.91

122.73

120.75

122.14

122.24

120.66

122.24

121.43

121.47

121.51

121.51

121.43

121.43

121.47

121.47

121.43

121.43

121.47

121.47

121.47

121.43

121.43

121.51

122.91

121.47

121.47

121.47

121.43

121.43

121.38

121.47

121.33

122.24

122.28

23.88

23.92

22.26

24.83

23.92

23.66

23.92

21.99

23.43

23.43

23.48

23.43

23.34

23.39

23.43

23.34

23.34

23.34

23.43

23.43

23.30

23.34

23.43

25.18

23.43

23.43

23.43

23.34

23.34

23.39

23.39

23.11

23.92

23.92

14.0
36.0
36.0

8.0
26.0
16.0
26.0
26.0
30.0
36.0
24.0
20.0
18.0
26.0
26.0
18.0
18.0
22.0
30.0
26.0
18.0
20.0
24.0
26.0
22.0
26.0
30.0
20.0
28.0
14.0
26.0
18.0
26.0

22.0

20

3.90

4.00

4.50

3.70

4.50

4.60

5.00

4.80

6.67

4.90

5.60

5.80

4.80

3.90

4.40

3.90

3.60

434

4.31

4.14

4.30

3.85

4.42

4.56

5.22

3.78

3.76

3.76

3.53

3.85

3.88

4.48

4.48

4.10

77.1

85.2

85.6

74.7

73.9

89.5

77.1

82.5

94.1

75.7

93.8

93.2

94.7

70.6

88.2

83.9

68.1

93.5

85.8

83.0

92.8

73.1

88.4

66.3

92.6

74.6

64.7

89.5

62.2

77.7

80.0

85.9

73.5

77.6

210.1

55.7

219.8

279.4

62.3

343.4

61.2

67.7

15.5

13.9

5.4

16.8

15.2

11.5

13.2

15.6

15.9

23.1

343.5

13.0

16.2

16.2

4.2

299.7

10.4

15.1

26.8

20.6

37.0

24.7

17.2

22.6

63.4

73.0

54.1

74.4

75.5

47.5

77.9

66.3

82.3

67.5

59.8

60.2

58.7

60.5

793

59.6

60.3

81.2

86.4

88.1

63.0

58.4

76.4

89.8

54.4

43.5

55.5

68.6

66.5

88.6

69.0

86.6

55.8

56.9

75.8

76.8

-35.0

53.3

23.9

-41.8

44.9

-10.1

47.4

100.7

76.0

70.7

63.2

72.0

77.9

48.5

71.0

79.6

78.7

79.8

44.6

70.2

74.8

76.6

55.6

124.5

69.1

61.1

65.9

73.7

90.0

44.7

72.6

74.9

49.1

62.1

322.4

305.9

1235

40.5

320.4

77.5

322.9

2215

221.8

229.2

229.7

230.2

244.2

251.7

228.0

245.7

268.4

282.9

229.4

227.5

245.3

285.4

233.8

76.3

224.4

251.6

255.2

285.8

217.1

291.3

226.3

228.8

317.5

319.6

62.3

39.4

66.9

60.5

46.4

80.7

43.1

24.8

33.0

35.0

40.3

34.1

16.1

49.7

34.7

13.6

11.9

10.4

513

36.8

20.3

13.4

47.8

55.4

39.7

354

33.1

16.4

21.0

45.4

37.9

36.1

42.9

30.6

2215

155.0

164.2

230.9

163.1

204.1

168.6

66.0

112.5

120.0

126.6

118.6

137.8

138.5

119.8

139.4

162.1

169.7

144.5

118.8

137.3

179.2

128.3

61.8

117.4

141.0

133.3

175.0

90.0

175.2

113.7

111.7

158.8

153.4



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

2022/03/29
2022/03/30
2022/03/31
2022/04/01
2022/04/02
2022/04/04
2022/04/05
2022/04/07
2022/04/07
2022/04/09
2022/04/09
2022/04/11
2022/04/12
2022/04/12
2022/04/13
2022/04/14
2022/04/17
2022/04/18
2022/04/22
2022/04/23
2022/04/23
2022/04/25
2022/04/25
2022/04/28
2022/05/02
2022/05/06
2022/05/07
2022/05/09
2022/05/09
2022/05/09
2022/05/09
2022/05/11
2022/05/12

2022/05/12

10:56:57

18:39:05

10:56:02

13:29:01

15:42:22

01:50:47

17:35:34

03:41:01

23:36:18

12:34:02

15:45:57

05:17:56

04:14:40

21:32:22

09:28:01

19:06:59

02:44:11

11:38:38

01:37:44

07:31:37

17:53:48

08:18:25

21:30:36

00:42:45

18:43:14

22:46:35

23:23:47

06:23:06

07:45:54

14:09:21

15:35:35

17:14:50

00:41:25

07:58:46

121.47

121.38

121.38

122.24

121.51

120.61

122.06

121.33

120.97

121.02

121.69

121.51

120.66

121.79

121.92

121.47

122.32

120.89

121.56

121.61

121.83

121.47

121.47

120.89

121.69

120.71

121.51

122.55

122.60

122.55

122.19

121.51

122.06

121.51

23.48

23.43

23.30

24.74

22.84

23.11

24.87

23.11

21.67

21.63

24.65

23.43

22.93

24.01

24.47

23.75

23.97

21.32

23.57

23.97

24.69

23.43

23.30

23.16

24.10

23.11

23.43

24.01

23.97

24.06

24.92

23.48

24.87

23.48

26.0
16.0
16.0
8.0
14.0
10.0
16.0
20.0
14.0
14.0
10.0
30.0
20.0
10.0
16.0
6.0
26.0
20.0
30.0
39.0
66.0
20.0
33.0
8.0
30.0
10.0
30.0
30.0
30.0
33.0
120.0
28.0
8.0

30.0

21

3.79

3.51

3.55

4.00

4.14

4.22

3.45

4.49

5.86

4.09

3.61

4.10

4.07

3.84

3.72

4.30

3.92

5.29

3.96

4.08

4.28

3.40

4.40

3.77

4.40

3.27

4.14

6.19

5.07

4.25

4.52

3.71

3.32

3.61

75.7

76.3

60.5

66.8

71.9

88.4

64.1

86.7

89.7

814

73.4

83.7

82.1

71.7

74.5

65.4

65.7

68.4

814

80.4

90.6

66.4

92.3

73.0

87.7

68.8

87.4

90.9

81.6

84.7

86.4

76.3

72.4

68.2

17.7

194.7

25.4

147.8

45.0

339.5

170.9

18.5

52.4

33.8

241.8

29.2

174.6

45.9

178.5

34.4

55.1

91.2

195.8

121.2

229.8

22.4

239.3

341.5

21.2

360.0

340.9

312.9

302.0

58.7

323.2

34.2

251.6

3.5

60.6

74.5

73.6

68.9

515

81.8

324

51.6

45.0

36.0

49.6

45.8

73.5

86.5

47.6

47.4

75.1

41.8

66.2

57.7

65.6

35.2

44.9

70.6

77.6

88.0

57.2

40.9

26.5

64.5

87.7

64.5

323

58.3

70.4

-76.0

77.6

-3.8

142.0

10.4

125.1

91.6

138.8

129.7

-65.9

72.5

102.6

100.3

136.9

84.7

40.6

102.4

-74.7

-59.7

161.2

83.4

139.9

-33.5

74.1

39.9

163.8

160.6

47.0

-83.6

90.1

-67.1

68.8

233.6

331.6

243.4

239.2

160.9

248.0

3111

196.0

174.1

168.0

27.1

233.5

316.5

154.7

300.8

222.2

312.6

254.8

341.7

253.6

327.8

210.5

0.1

83.8

254.3

90.1

226.5

55.3

49.5

303.9

72.6

213.9

45.0

219.9

34.8

20.7

20.4

86.4

61.2

79.7

64.0

38.5

62.2

63.1

45.9

46.8

20.6

10.9

59.7

42.8

51.0

49.3

28.0

43.1

72.9

55.1

62.9

58.6

20.1

85.1

57.4

79.5

815

48.7

6.8

25.5

60.5

37.5

120.7

228.8

126.2

201.2

45.3

171.7

69.9

88.0

53.0

65.1

244.3

107.2

53.7

19.1

51.3

95.7

160.7

79.1

239.1

231.4

25.6

94.7

52.6

202.8

141.4

182.0

140.0

50.2

64.9

145.0

199.6

89.7

256.2

120.3



100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

2022/05/12
2022/05/12
2022/05/13
2022/05/13
2022/05/20
2022/05/16
2022/05/20
2022/05/23
2022/05/24
2022/05/25
2022/05/27
2022/06/01
2022/06/01
2022/06/01
2022/06/02
2022/06/02
2022/06/04
2022/06/07
2022/06/08
2022/06/10
2022/06/16
2022/06/18
2022/06/18
2022/06/19
2022/06/20
2022/06/20
2022/06/20
2022/06/20
2022/06/21
2022/06/21
2022/06/21
2022/06/21
2022/06/21

2022/06/21

11:45:40

14:47:11

10:28:31

23:23:18

22:00:51

23:30:18

22:00:51

15:30:33

07:37:38

20:58:21

19:39:57

00:35:44

08:16:48

11:19:56

06:03:19

21:09:04

12:11:15

08:31:01

06:22:04

06:03:39

11:00:56

02:57:32

16:10:29

18:38:39

01:05:10

01:39:43

04:15:14

13:31:25

01:30:06

12:01:39

12:05:31

14:55:42

18:52:07

19:08:06

122.68

121.51

122.01

121.56

122.42

122.01

122.42

120.89

122.55

120.89

121.07

121.15

121.47

122.46

122.64

121.51

120.97

122.06

123.00

121.47

121.61

121.38

121.38

121.15

121.47

121.47

121.47

122.06

121.47

121.47

121.47

122.91

121.43

121.51

23.88

23.70

24.87

21.94

24.87

24.87

24.87

23.16

23.97

23.02

23.20

23.52

23.39

24.83

23.70

23.43

21.36

24.87

24.33

23.30

24.65

23.25

23.25

23.02

23.66

23.75

23.66

24.87

23.61

23.70

23.70

25.18

23.66

23.75

28.0
12.0
8.0
4.0
8.0
8.0
8.0
10.0
28.0
6.0
16.0
10.0
22.0
2.0
28.0
30.0
16.0
8.0
42.0
28.0
60.0
18.0
20.0
12.0
8.0
12.0
8.0
8.0
12.0
12.0
14.0
26.0
16.0

16.0

22

4.36

3.86

3.55

3.25

3.68

3.71

3.68

3.26

4.33

4.15

3.44

3.32

3.77

3.82

4.01

4.12

4.29

3.30

4.12

3.87

3.84

4.06

3.47

3.36

5.95

4.54

4.11

3.52

3.72

3.58

3.87

4.05

3.46

3.42

77.8

67.0

68.6

63.8

713

74.5

71.3

66.0

82.1

76.9

68.6

62.5

77.2

74.9

73.2

87.1

60.0

62.9

84.8

86.7

78.7

85.8

78.3

68.6

90.1

66.2

64.9

72.2

60.4

66.5

70.4

62.2

72.8

62.7

61.5

199.2

56.4

99.1

275.1

55.2

275.1

337.0

318.2

148.7

187.4

214.7

25.5

43.3

64.5

228.1

82.5

99.4

257.3

357.6

91.6

11.4

38.4

70.9

59.8

67.4

71.9

281.9

219.2

33.0

206.5

299.5

16.9

68.1

66.1

58.5

53.1

61.7

55.9

56.8

55.9

70.3

344

46.4

71.7

57.7

52.5

45.6

79.5

59.4

47.6

82.1

355

46.7

88.6

67.8

67.8

38.4

54.1

60.9

335

78.2

88.5

80.2

88.2

43.6

54.2

54.1

14.0

83.3

-85.2

-65.6

-69.1

-89.7

-69.1

-37.1

172.2

-76.7

-15.4

-50.3

79.2

-89.9

52.9

151.3

104.7

-11.7

88.7

66.2

100.0

69.4

111.4

129.1

105.7

116.2

130.0

10.9

-55.6

61.6

-69.6

136.8

85.7

115.7

325.7

31.8

228.4

235.4

60.8

234.6

60.8

81.2

54.6

309.8

282.3

337.4

222.9

223.0

321.0

333.7

241.2

191.0

78.9

210.4

189.3

236.3

172.3

204.9

2141

202.0

206.7

189.7

311.4

285.7

301.2

63.7

204.2

208.8

77.2

321

37.1

36.7

39.3

33.2

393

55.4

85.6

45.2

75.4

49.4

38.8

44.4

38.3

65.6

44.4

78.5

54.5

48.3

10.0

29.9

304

61.2

38.8

38.4

65.0

79.3

345

29.9

20.4

61.8

36.0

43.1

155.4

100.8

263.7

232.5

242.2

269.5

242.2

204.2

55.8

256.5

199.0

224.7

103.8

269.9

163.0

34.0

74.5

188.1

90.9

113.2

7.8

130.7

48.2

63.4

69.5

51.6

67.0

168.0

182.7

160.1

185.1

55.2

96.0

59.1



134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

2022/06/22
2022/06/22
2022/06/23
2022/06/23
2022/06/23
2022/06/24
2022/06/24
2022/06/25
2022/06/25
2022/06/25
2022/06/25
2022/06/25
2022/06/25
2022/06/26
2022/06/26
2022/06/26
2022/06/26
2022/07/01
2022/07/07
2022/07/08
2022/07/08
2022/07/08
2022/07/09
2022/07/09
2022/07/12
2022/07/14
2022/07/14
2022/07/14
2022/07/14
2022/07/16
2022/07/19
2022/07/24
2022/07/24

2022/07/24

16:39:10

21:02:44

20:21:22

21:58:56

22:32:22

05:47:56

17:44:43

02:27:20

09:38:19

13:34:36

14:08:56

16:07:50

16:50:04

00:34:34

00:48:20

04:28:42

16:46:02

13:32:10

19:57:52

00:01:46

11:57:49

12:23:42

03:59:52

17:32:29

11:34:45

01:51:17

01:53:12

02:10:19

08:42:54

06:21:52

02:39:59

00:32:36

18:16:36

23:44:31

121.96

121.51

121.47

122.37

122.50

121.47

122.86

121.43

121.43

121.43

121.43

121.43

121.43

121.43

121.43

121.47

121.51

121.47

121.96

122.91

121.92

121.96

121.96

121.38

122.37

121.96

121.96

122.01

121.96

121.96

121.33

121.47

121.43

120.97

24.83

23.61

23.61

24.01

24.15

23.66

24.33

23.66

23.61

23.61

23.61

23.66

23.66

23.61

23.61

23.61

23.75

22.12

24.78

25.18

24.83

24.78

24.83

23.16

24.06

24.83

24.83

24.83

24.83

24.83

23.25

23.30

23.39

24.47

8.0
12.0
2.0
33.0
33.0
14.0
42.0
14.0
14.0
14.0
16.0
16.0
16.0
16.0
16.0
16.0
12.0
33.0
6.0
26.0
8.0
2.0
12.0
36.0
33.0
2.0
8.0
6.0
2.0
4.0
12.0
28.0
16.0

10.0

23

3.27

4.13

4.14

4.40

5.19

3.54

4.09

4.77

3.39

4.88

3.61

3.84

3.37

3.62

3.48

3.70

4.14

4.53

3.63

4.48

4.26

3.29

3.83

3.91

3.65

3.89

3.50

4.11

3.60

341

4.13

4.93

4.01

3.94

76.1

64.7

64.9

73.2

89.1

64.3

90.8

84.1

67.2

84.5

65.2

74.6

64.1

69.9

65.6

70.8

66.9

71.6

78.4

65.7

80.6

55.5

70.2

81.5

67.5

82.0

66.4

82.2

75.8

65.9

76.6

93.0

86.5

80.6

263.7

224.8

61.3

55.6

61.9

30.2

142.8

25.6

50.7

23.1

13.7

19.8

9.1

10.7

25.2

18.4

43.4

345.8

262.6

291.6

99.9

55.5

81.7

145.6

55.1

74.8

99.6

65.1

53.3

241.0

42.7

4.8

19.3

17.4

27.4

86.0

58.6

63.6

63.7

44.5

63.4

56.4

62.5

49.1

56.7

55.6

66.7

49.6

39.6

40.0

79.3

70.1

27.7

44.0

59.2

26.7

59.1

52.4

60.1

66.5

89.6

62.0

56.8

42.4

67.1

55.7

64.0

85.1

-68.0

-57.7

89.7

53.7

103.6

43.5

89.1

106.4

82.2

72.9

90.9

89.4

76.2

94.8

91.9

70.6

30.7

-78.9

117.0

-49.6

-58.9

18.1

-40.7

45.6

-80.6

-49.9

-77.7

-89.3

-81.4

105.6

66.3

79.1

59.3

3211

241.9

304.1

300.8

191.5

29.8

207.2

198.2

215.0

223.0

198.3

190.6

211.5

199.0

195.9

285.7

244.4

70.1

76.2

220.9

201.5

342.1

263.2

298.1

232.3

190.1

220.1

231.9

49.4

187.0

222.7

223.0

108.1

64.7

325

314

53.6

43.8

47.1

52.0

33.6

31.7

41.5

37.0

34.4

233

42.3

50.6

50.0

22.0

61.3

62.9

51.8

49.2

67.4

74.5

58.9

51.7

25.2

40.1

304

33.2

48.2

27.4

40.9

28.1

81.8

259.0

187.5

90.6

146.5

140.2

77.0

145.4

91.3

61.5

98.9

114.2

88.7

91.4

105.7

86.0

88.4

150.4

157.2

264.3

66.3

222.6

255.5

147.8

225.4

140.6

249.4

180.7

248.1

268.9

262.2

57.5

120.4

1111

184.9



168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

2022/07/25
2022/07/28
2022/07/28
2022/08/01
2022/08/15
2022/08/15
2022/08/17
2022/08/18
2022/08/18
2022/08/18
2022/08/18
2022/08/19
2022/08/20
2022/08/23
2022/08/29
2022/09/01
2022/09/07
2022/09/14
2022/09/17
2022/09/17
2022/09/17
2022/09/17
2022/09/17
2022/09/17
2022/09/17
2022/09/17
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18

2022/09/18

23:47:25

00:16:16

14:40:43

06:20:28

12:44:38

21:21:54

15:43:09

09:28:30

10:44:23

10:47:32

14:12:32

11:25:57

04:07:50

13:02:23

11:39:22

07:01:57

04:50:45

01:35:52

08:45:57

13:41:23

14:35:14

14:45:30

18:03:31

19:25:57

21:41:44

22:05:51

00:48:39

01:52:35

02:00:11

03:49:21

04:07:41

04:10:54

05:19:20

05:54:40

120.93

121.38

121.69

122.46

121.74

121.92

122.55

122.46

121.74

121.79

121.74

121.92

122.32

121.43

120.71

121.38

121.92

121.47

122.50

121.15

121.20

121.25

121.29

122.73

121.29

121.25

121.25

121.29

121.29

121.29

121.29

121.15

121.20

121.25

2231

22.98

24.06

23.92

24.42

24.83

24.06

23.92

24.10

24.10

24.10

24.83

24.10

22.44

21.76

23.11

24.83

22.49

23.83

23.07

23.11

23.16

23.11

23.97

23.11

23.11

23.07

23.07

23.11

23.07

23.07

22.93

23.16

23.16

26.0
45.0
33.0
28.0
30.0
10.0
36.0
28.0
14.0
14.0
14.0
10.0
30.0
28.0
30.0
33.0

8.0
24.0
28.0
14.0
12.0
10.0
18.0
28.0
16.0
14.0
12.0
16.0
16.0
16.0
16.0
12.0
14.0

14.0

24

3.54

4.71

3.63

3.94

3.70

3.39

4.00

4.10

3.74

3.87

3.53

3.55

4.81

3.94

3.60

4.19

4.24

4.73

3.82

6.55

4.88

5.50

4.69

4.05

4.12

3.96

3.55

4.80

4.61

4.40

4.10

4.15

5.65

4.28

69.9

90.4

67.6

70.8

77.2

72.3

83.8

79.9

87.5

87.5

85.8

73.2

85.7

71.6

61.2

65.5

80.7

80.0

61.1

89.0

74.6

88.4

85.2

86.3

80.1

67.9

61.0

85.5

84.3

83.0

79.9

64.6

91.8

73.6

356.3

145.2

13.1

318.0

186.5

283.8

305.9

59.7

218.4

209.0

217.0

250.0

65.9

348.8

338.2

133.9

64.4

229.6

60.5

101.3

53.1

99.5

16.2

52.1

23.0

176.6

40.2

10.5

20.2

14.8

15.2

121.8

103.8

63.2

22.1

67.8

86.1

40.2

88.6

43.3

50.1

79.0

88.0

84.0

85.7

38.5

74.3

59.7

49.7

52.5

41.7

59.9

82.9

59.6

62.8

86.5

58.8

74.2

58.0

58.0

52.9

58.6

58.4

59.8

56.4

18.6

56.8

80.4

-14.6

-11.1

68.9

148.6

-63.3

-40.1

144.3

50.6

-82.3

-77.5

-86.4

-83.8

46.6

-2.2

-88.0

-35.3

-73.9

126.9

34.4

167.3

91.1

155.3

74.3

513

80.0

69.1

154.8

64.9

81.8

72.3

67.9

-28.0

166.5

110.2

99.9

239.4

273.2

73.0

279.3

453

60.6

316.7

323.0

324.3

356.9

62.1

319.9

79.9

155.0

247.2

223.3

3534

325.6

197.8

230.6

191.1

224.8

303.3

221.4

323

146.0

232.4

215.5

227.2

231.5

238.6

201.3

177.6

84.6

79.7

21.4

70.4

26.8

63.8

63.4

40.6

8.0

13.8

5.7

51.8

45.6

88.1

40.3

62.8

50.3

46.2

55.9

79.1

27.2

65.3

34.6

414

334

37.6

70.2

39.4

325

34.5

395

814

78.8

223

248.6

202.6

169.4

54.2

183.1

234.2

45.8

163.0

194.7

205.9

230.0

265.1

157.7

210.3

267.6

223.2

256.1

44.0

171.4

31.0

87.8

3.8

114.1

155.6

105.5

119.7

39.9

124.8

103.0

117.6

119.5

253.4

34.0

26.1



202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/18
2022/09/19
2022/09/19
2022/09/19
2022/09/19
2022/09/19
2022/09/19
2022/09/20
2022/09/21
2022/09/21
2022/09/21
2022/09/21
2022/09/22
2022/09/22
2022/09/22
2022/09/23
2022/09/27
2022/09/27
2022/09/29

2022/09/29

06:32:03

06:44:25

09:40:00

10:57:14

11:27:31

12:11:05

12:33:35

12:38:44

12:44:37

13:07:24

15:34:07

15:39:32

18:21:09

18:41:48

19:12:10

00:24:34

02:07:45

07:03:36

09:51:44

10:34:16

11:30:33

01:23:31

01:13:44

13:06:31

17:50:43

19:35:30

01:04:46

14:15:50

15:21:12

01:57:20

11:11:10

16:59:34

12:36:15

18:33:36

121.20

121.29

121.29

121.29

121.20

121.20

121.38

121.38

121.20

121.33

121.15

121.33

121.25

121.25

123.00

121.38

121.33

121.43

121.33

121.38

121.25

121.43

121.15

121.11

121.25

121.51

121.25

121.29

121.20

121.20

121.25

121.25

121.29

121.83

23.16

23.25

23.25

23.39

23.16

23.16

23.39

23.30

23.11

23.34

22.93

23.48

23.11

23.11

23.70

23.39

23.43

23.30

23.48

23.39

23.30

23.30

23.07

22.93

22.93

23.52

23.30

22.98

22.93

22.89

22.98

22.93

22.93

24.33

12.0

8.0
10.0

2.0
12.0
10.0
16.0
16.0
12.0
12.0
10.0
16.0
14.0
14.0
33.0
14.0
14.0
22.0
10.0
14.0
24.0
20.0
22.0
12.0
18.0
22.0
18.0

4.0
12.0

8.0

8.0
14.0
22.0

20.0

25

5.25

6.93

5.73

3.91

4.01

3.76

3.96

3.70

3.82

3.43

3.55

3.81

4.02

3.75

4.10

3.46

5.65

3.75

3.39

3.30

4.01

3.87

4.28

3.53

3.42

3.94

3.95

4.04

3.48

3.73

4.11

3.49

3.67

3.56

89.0

88.1

91.0

89.7

74.9

74.6

93.5

86.6

72.7

78.9

814

84.4

70.7

64.5

74.1

79.1

91.5

66.4

65.3

61.3

81.5

73.2

84.4

60.9

62.1

84.0

73.0

72.9

79.3

80.5

85.6

70.9

711

69.0

97.7

84.4

32.7

184.7

283.4

95.9

43.8

213.7

96.8

195.2

173.8

198.2

59.6

190.0

342.4

196.1

77.8

351.2

71.6

34.7

22.3

23.5

22.1

198.0

118.3

17.5

102.0

321.2

159.2

79.2

344.4

75.9

22.4

21.7

59.5

50.9

65.9

70.8

83.8

82.5

45.0

64.2

76.4

50.1

79.3

63.2

22.4

81.6

48.8

57.6

40.6

51.0

40.3

21.5

87.1

53.0

83.9

68.5

79.0

74.0

56.3

75.3

72.4

58.4

87.6

86.1

53.0

71.8

154.2

134.6

111.0

87.0

60.8

-46.3

110.8

104.0

-47.8

107.3

68.0

48.5

130.8

82.9

-7.0

87.6

143.1

43.4

131.2

114.7

-26.2

69.2

-29.8

15.4

-84.0

82.6

165.2

15.8

35.9

137.3

-39.7

172.8

76.4

72.9

201.5

206.9

169.6

13.8

182.5

193.7

195.6

3.9

201.4

349.3

59.2

81.3

196.5

50.5

77.1

20.6

197.5

230.4

202.7

188.3

113.7

235.8

115.6

102.3

269.6

222.7

200.4

227.0

56.9

195.0

76.3

166.4

224.3

246.2

68.0

56.5

31.6

19.4

29.8

44.2

48.6

29.1

43.9

42.9

243

48.1

73.2

11.0

84.7

325

67.0

57.7

60.9

70.6

63.8

41.8

60.4

75.7

12.5

17.6

77.7

74.7

56.0

54.7

50.3

82.8

39.1

24.7

33.2

49.2

51.4

98.6

167.5

190.8

70.4

63.4

199.8

70.4

153.3

142.8

74.9

130.0

221.4

93.8

55.5

131.9

60.9

80.6

183.2

115.2

187.1

157.8

241.9

114.1

34.6

164.7

158.7

39.9

183.1

4.0

107.4

131.8



236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

2022/09/29
2022/09/30
2022/09/30
2022/09/30
2022/10/02
2022/10/02
2022/10/02
2022/10/02
2022/10/03
2022/10/03
2022/10/03
2022/10/06
2022/10/07
2022/10/07
2022/10/09
2022/10/10
2022/10/10
2022/10/10
2022/10/13
2022/10/22
2022/10/23
2022/10/27
2022/10/28
2022/10/31
2022/10/31
2022/11/01
2022/11/02
2022/11/03
2022/11/03
2022/11/06
2022/11/09
2022/11/09
2022/11/11

2022/11/12

20:21:56

06:04:07

13:17:59

14:37:22

03:47:18

07:35:25

16:44:48

20:25:23

14:33:55

14:41:22

17:47:17

16:37:57

05:13:24

14:06:55

20:03:41

03:37:31

12:17:52

19:24:44

12:58:17

04:38:11

23:14:53

09:35:51

15:30:44

08:48:28

12:31:16

08:30:09

17:35:05

05:43:01

07:50:09

00:10:13

07:42:08

18:53:16

09:50:59

01:20:51

121.83

121.15

121.29

121.29

122.55

121.29

121.20

121.47

121.25

121.33

121.25

122.78

121.33

121.33

121.25

121.33

121.56

122.24

121.51

121.25

122.24

121.20

122.01

121.25

121.15

122.60

121.25

121.25

121.20

121.65

121.25

121.29

122.46

121.56

24.33

23.16

22.89

22.89

23.92

22.89

22.98

23.48

23.30

23.48

22.93

24.78

23.48

23.48

23.30

22.93

23.61

24.01

23.75

23.30

23.92

23.16

24.65

22.89

22.84

24.78

23.70

22.93

22.89

21.45

22.89

22.89

23.92

21.41

22.0
10.0
20.0
20.0
28.0
18.0
8.0
24.0
18.0
14.0
10.0
39.0
16.0
20.0
18.0
6.0
33.0
28.0
12.0
24.0
26.0
22.0
60.0
8.0
2.0
126.0
14.0
10.0
10.0
150.0
4.0
10.0
28.0

28.0

26

3.57

3.61

3.81

4.52

4.24

3.55

3.23

4.74

3.46

3.39

3.78

4.54

4.14

4.30

3.88

4.28

4.84

5.71

4.09

4.02

4.14

3.79

4.76

4.98

3.76

5.15

3.71

3.66

3.68

4.72

4.61

3.31

3.73

4.40

69.2

70.8

75.2

83.7

80.4

74.1

75.9

90.0

74.2

85.8

76.0

61.3

82.0

92.2

65.8

753

914

83.8

67.7

80.5

67.9

64.5

88.7

86.3

58.1

88.3

65.3

68.6

78.3

63.5

82.8

70.8

68.1

68.4

16.4

284.6

19.0

15.6

304.7

215.2

163.8

3.8

101.6

73.3

78.0

55.3

815

194.9

198.8

58.7

23.4

318.5

15.8

233

62.9

21.1

54.7

149.3

285.7

1111

148.4

157.3

128.8

344.5

146.5

143.8

59.7

147.7

76.5

82.0

54.0

57.3

23.4

54.2

74.8

68.9

56.7

44.6

87.5

355

38.9

60.3

80.4

89.2

65.0

41.0

81.6

85.5

81.1

88.9

34.5

80.7

14.5

79.2

58.0

82.0

64.7

78.6

76.8

66.1

78.9

55.5

66.6

48.6

74.0

74.9

150.8

110.2

5.7

55.6

168.7

124.0

177.1

113.9

146.9

50.8

34.1

179.8

73.0

168.0

76.6

-27.1

44.9

-21.8

142.7

-1.0

102.0

103.5

-79.5

48.3

94.8

258.0

185.6

224.9

222.2

61.8

3.1

72.3

246.0

197.9

209.9

168.2

206.8

198.4

73.6

102.4

148.7

239.3

57.6

254.3

115.6

324.1

111.6

176.8

239.5

93.2

239.1

309.1

247.8

238.6

75.6

55.8

235.7

317.5

319.2

26.9

42.0

39.0

35.6

78.8

40.4

84.5

39.7

80.6

54.4

87.1

58.0

70.0

47.7

56.5

89.8

29.9

82.2

15.7

63.0

45.8

68.2

69.9

89.0

75.8

17.2

335

85.8

54.4

84.1

87.3

85.8

42.9

34.8

148.8

168.0

110.7

112.1

69.3

64.4

164.8

145.6

33.8

61.2

2.5

73.9

56.0

137.9

168.4

0.8

1221

49.6

147.4

185.1

167.5

181.2

61.3

189.3

86.9

39.3

253.7

188.0

211.7

191.5

166.8

203.9

163.5

83.0



270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

2022/11/12
2022/11/13
2022/11/13
2022/11/14
2022/11/14
2022/11/15
2022/11/15
2022/11/15
2022/11/15
2022/11/15
2022/11/15
2022/11/15
2022/11/16
2022/11/16
2022/11/16
2022/11/16
2022/11/16
2022/11/17
2022/11/18
2022/11/19
2022/11/20
2022/11/21
2022/11/22
2022/11/26
2022/11/26
2022/11/26
2022/11/29
2022/12/07
2022/12/12
2022/12/14
2022/12/14
2022/12/15
2022/12/16

2022/12/16

20:32:59

01:47:46

14:09:09

13:21:06

16:57:27

00:07:01

03:43:53

08:05:01

11:53:23

12:36:16

14:55:09

15:00:08

01:09:35

15:02:09

15:07:44

18:18:27

23:26:03

04:07:55

22:25:25

11:45:58

01:49:42

15:27:08

21:55:43

00:57:04

17:38:04

19:09:55

02:43:22

16:54:28

15:52:34

22:01:51

22:54:12

04:03:20

00:35:17

17:38:27

121.74

121.07

121.02

121.15

121.33

122.06

121.07

121.25

121.02

121.47

121.07

121.07

121.15

121.07

121.07

122.50

121.07

122.46

121.15

121.02

121.96

121.69

121.33

122.28

121.65

122.32

121.61

121.61

121.29

122.06

121.25

121.79

120.66

121.51

24.06

22.44

22.49

23.11

22.58

24.65

22.44

23.30

22.44

23.34

22.40

22.40

23.07

22.44

22.44

24.01

22.93

24.06

24.19

22.31

24.69

24.60

23.48

24.24

23.88

24.10

23.88

23.79

22.89

24.87

23.43

23.79

22.84

23.52

36.0
14.0
12.0
22.0
33.0
60.0
12.0
24.0
10.0
33.0
12.0
12.0
22.0
10.0
10.0
30.0
14.0
30.0
66.0
20.0
66.0
180.0
12.0
39.0
45.0
26.0
42.0
39.0
8.0
6.0
30.0
16.0
22.0

14.0

27

3.66

5.13

4.20

3.75

3.74

3.92

4.50

3.51

4.73

4.00

3.60

3.56

4.16

4.11

4.75

3.75

3.35

4.00

3.83

3.89

4.80

4.58

3.36

3.77

4.83

4.37

3.75

5.33

3.76

3.69

4.13

5.98

3.74

3.68

68.0

83.7

77.7

74.0

66.7

68.4

64.7

69.6

68.9

86.7

61.2

64.4

85.4

63.8

66.0

83.3

61.0

85.6

65.0

74.7

89.3

61.3

77.3

67.2

90.8

79.0

64.9

93.2

73.6

86.0

86.3

91.5

74.9

64.8

339.8

171.5

165.4

18.9

142.9

44.3

57.7

104.6

46.4

10.1

74.6

94.1

22.8

76.5

88.4

299.6

197.5

290.4

319.4

120.0

68.6

288.9

81.2

170.8

20.7

231.5

176.4

4.1

141.9

262.9

193

30.8

55.7

200.9

80.1

26.4

32.2

89.1

77.4

30.0

36.4

62.8

41.7

54.8

28.9

31.2

84.4

43.5

33.1

34.4

75.2

33.6

75.2

15.0

34.0

84.7

45.6

49.0

85.1

72.7

53.7

66.9

61.0

29.7

75.2

50.3

333

69.1

-1.5

-22.2

-27.9

-23.6

132.4

-76.2

171.1

-86.9

63.0

-56.4

-44.7

-29.1

-65.8

-54.1

124.0

25.8

116.3

-40.5

-16.4

164.3

-19.2

128.5

92.4

71.0

-69.1

-14.9

58.5

-1.9

-42.1

-36.8

78.5

137.0

91.8

70.0

266.2

274.5

109.3

238.3

177.8

220.8

198.7

222.2

231.6

217.4

224.4

1159

224.8

227.5

80.4

100.5

79.7

61.7

225.9

171.7

20.8

212.6

347.1

276.8

359.4

275.3

241.4

232.8

31.0

120.1

228.4

183.6

15.8

88.6

87.7

78.4

62.2

67.1

68.3

54.8

82.1

48.3

43.2

66.3

68.6

61.0

51.1

63.7

62.1

65.2

60.2

51.1

85.8

813

70.9

56.0

41.0

19.6

26.9

78.0

38.4

88.3

70.6

54.7

41.1

68.0

20.9

189.9

243.7

239.8

181.1

193.7

68.8

260.0

27.5

267.2

122.8

253.0

246.7

186.4

248.8

249.1

69.0

163.7

73.6

199.1

255.6

57.0

185.6

57.6

87.2

165.3

221.2

217.2

140.7

209.0

247.1

198.3

103.5

64.3

85.2



304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

2022/12/22
2022/12/23
2022/12/26
2022/12/29
2023/01/05
2023/01/05
2023/01/05
2023/01/05
2023/01/05
2023/01/07
2023/01/08
2023/01/09
2023/01/11
2023/01/11
2023/01/12
2023/01/13
2023/01/13
2023/01/16
2023/01/22
2023/01/22
2023/02/06
2023/02/08
2023/02/10
2023/02/11
2023/02/12
2023/02/16
2023/02/16
2023/02/17
2023/02/17
2023/02/18
2023/02/21
2023/02/22
2023/02/25

2023/02/27

04:36:33

21:17:59

22:56:22

13:43:38

02:10:35

04:59:29

17:11:37

18:02:54

23:06:16

11:21:27

17:13:18

10:07:09

04:42:10

14:50:53

05:15:53

15:02:39

18:56:01

14:03:01

13:47:46

14:40:18

20:20:17

10:50:00

00:07:59

11:35:49

21:51:17

00:30:20

09:59:25

01:08:21

01:22:50

15:49:10

11:01:42

21:18:45

16:03:20

19:30:59

120.97

121.20

122.55

122.73

122.01

121.56

122.06

122.01

121.96

121.29

120.57

122.46

121.43

120.71

120.66

122.32

122.01

122.42

122.42

122.42

121.79

121.56

121.92

121.56

121.15

120.61

122.14

121.56

121.51

120.79

121.69

121.74

121.29

121.38

22.58

23.16

23.70

23.92

24.87

23.25

24.87

24.92

24.92

23.57

23.11

23.97

23.20

23.16

22.84

24.01

24.92

23.92

24.06

24.06

24.28

23.39

24.60

23.43

23.11

22.93

24.83

25.14

23.92

23.70

23.52

23.97

22.49

23.20

10.0
22.0
26.0
28.0

4.0
45.0

4.0

4.0

2.0
20.0
12.0
28.0
28.0
10.0
26.0
26.0

6.0
24.0
14.0
14.0
28.0
39.0
12.0
36.0
22.0
12.0
14.0

4.0
20.0
24.0
33.0

8.0
18.0

20.0

28

4.68

4.86

4.67

4.07

3.69

4.37

4.11

4.13

3.50

4.17

3.66

3.78

4.22

3.20

4.03

4.61

3.38

4.42

3.80

3.54

4.59

5.01

3.34

4.62

3.64

3.67

3.70

3.17

4.29

4.44

4.32

4.05

4.67

3.66

82.6

87.5

74.6

77.8

73.1

84.3

84.5

86.0

69.4

63.5

70.6

79.4

90.3

63.3

82.7

81.7

74.1

83.4

80.2

66.9

84.9

90.6

60.5

91.0

71.2

61.2

68.0

36.8

85.6

75.9

75.2

733

68.7

71.0

177.4

20.1

61.0

59.7

67.9

354.2

235.5

245.2

56.0

75.1

187.6

293.2

19.0

327.1

59.7

257.7

281.4

158.7

226.1

225.9

19.1

4.1

85.9

254.5

17.7

164.4

271.4

36.9

69.6

343.9

268.0

38.6

209.7

26.6

41.9

87.8

76.5

71.0

61.2

45.0

33.1

30.6

67.0

42.6

36.9

36.2

50.2

69.7

36.3

12.7

45.8

3.1

72.4

70.6

85.3

63.0

72.3

61.4

88.3

62.8

78.0

64.6

43.6

64.4

66.1

79.0

63.3

53.2

-21.0

48.5

52.1

-83.8

64.1

-84.9

-55.6

-77.9

139.3

85.2

122.1

73.4

-12.5

140.3

81.2

4.7

-21.1

-1.8

-10.2

65.6

54.8

-86.2

155.3

-24.5

68.9

3.6

-71.0

122.0

34.0

176.9

81.9

156.0

86.6

271.1

110.9

316.2

307.0

2353

208.7

49.4

26.7

207.3

197.4

13.6

75.4

224.0

61.5

183.4

86.7

188.1

269.8

316.6

319.3

278.9

241.4

253.5

356.9

108.5

24.5

180.6

178.1

208.7

237.6

359.3

255.4

3111

212.4

86.7

69.0

43.3

41.8

29.4

50.5

57.1

65.1

25.8

63.8

53.2

60.0

42.6

78.3

67.8

77.5

86.6

88.9

88.3

80.4

24.8

433

18.1

68.5

65.6

33.9

86.5

314

54.3

59.7

87.1

13.7

68.6

36.9

228.2

182.3

160.1

150.8

258.9

113.6

266.7

2515

243.7

55.1

93.6

68.8

108.9

200.7

60.5

92.0

135.7

267.1

197.7

199.7

168.8

138.5

258.2

30.9

181.9

125.0

168.0

2355

63.2

150.0

24.0

126.0

28.8

94.6



338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

2023/03/02
2023/03/03
2023/03/03
2023/03/06
2023/03/06
2023/03/08
2023/03/09
2023/03/15
2023/03/15
2023/03/21
2023/03/22
2023/03/22
2023/03/26
2023/03/29
2023/03/30
2023/03/30
2023/03/30
2023/03/31
2023/03/31
2023/04/05
2023/04/07
2023/04/08
2023/04/09
2023/04/09
2023/04/14
2023/04/14
2023/04/16
2023/04/17
2023/04/21
2023/04/24
2023/04/24
2023/04/25
2023/05/04

2023/05/04

16:48:59

14:48:44

17:57:32

13:27:17

14:34:02

18:32:21

19:45:12

09:05:05

09:15:37

01:45:20

15:43:04

21:51:03

04:43:51

10:06:10

06:44:30

15:20:19

20:15:50

20:00:50

20:02:17

18:09:15

10:36:31

12:14:50

17:35:19

19:11:33

03:54:04

15:38:17

19:17:34

08:49:04

11:44:44

13:35:38

18:31:52

07:27:41

08:15:47

08:55:31

121.83

121.88

122.19

121.69

121.83

122.64

121.51

122.06

122.01

121.33

121.33

121.29

121.47

120.71

121.33

121.61

121.61

120.57

120.97

121.47

121.38

121.47

121.43

121.43

121.15

120.97

120.93

121.69

121.51

121.20

121.96

120.53

120.93

121.61

24.56

24.92

24.06

23.97

24.51

23.88

23.48

24.87

24.92

23.66

23.66

23.66

21.36

22.75

23.48

21.90

21.90

22.89

24.42

23.30

23.20

23.43

23.75

24.83

22.80

22.53

22.75

24.38

23.48

22.75

24.24

21.67

22.75

23.79

8.0
114.0
26.0
10.0
10.0
28.0
33.0
6.0
6.0
8.0
8.0
10.0
39.0
30.0
18.0
2.0
2.0
24.0
6.0
22.0
20.0
36.0
20.0
12.0
2.0
12.0
10.0
26.0
33.0
8.0
28.0
36.0
10.0

20.0

29

4.19

4.42

4.48

3.37

3.49

4.28

3.69

3.45

3.17

5.19

4.16

4.03

434

3.61

3.49

3.44

4.13

3.88

3.77

3.76

4.29

4.17

3.48

3.22

3.95

3.43

3.70

4.04

4.18

4.24

3.85

4.43

3.50

3.69

76.8

88.5

75.3

65.9

68.0

80.1

65.8

73.5

66.3

89.0

77.8

77.2

76.6

59.7

69.1

64.6

80.9

77.3

74.9

84.3

86.0

78.9

713

60.4

87.4

77.3

81.1

82.4

79.0

91.0

68.1

75.7

76.1

63.2

266.4

48.0

64.7

45.0

93.1

307.7

133

252.6

47.3

139.4

125.0

138.4

29.2

72.9

76.6

84.9

94.5

174.3

170.8

10.1

16.4

330.7

89.6

179.3

188.1

232.6

198.1

194.9

240.8

190.4

35.1

153.2

192.5

264.6

82.1

42.8

74.7

79.3

36.4

28.3

74.5

40.1

73.6

39.8

52.9

56.2

41.1

38.2

43.2

48.4

42.8

66.2

74.5

31.1

61.3

70.9

41.3

45.7

50.8

18.4

63.2

88.5

67.6

78.4

88.0

51.9

66.9

29.0

140.7

53.6

76.8

-63.6

170.3

59.1

-55.5

-82.4

-67.9

-88.0

-73.9

53.8

152.8

134.9

-87.3

-80.6

75.1

-13.7

62.4

73.4

-6.1

153.7

-69.8

-0.9

157.1

-66.8

-59.2

144.9

-10.9

74.0

-87.5

-68.0

-56.8

356.6

169.0

315.0

276.6

241.4

46.2

259.1

30.7

201.9

291.6

301.7

291.0

253.3

184.9

202.9

260.9

261.8

27.8

264.5

221.5

228.2

62.7

200.0

331.5

278.7

344.5

334.6

287.4

345.8

282.6

298.1

329.2

326.7

47.7

87.9

64.5

39.1

17.0

57.9

85.4

34.2

57.9

18.0

53.6

37.1

37.0

58.0

73.6

61.0

41.7

47.9

27.8

76.8

62.7

32.8

84.3

73.0

47.8

89.3

82.9

34.9

30.8

57.9

79.3

16.1

38.1

315

66.0

187.9

54.4

155.3

140.4

251.8

62.1

151.5

244.5

245.7

252.6

267.4

247.5

117.2

55.0

56.5

267.0

261.4

120.3

195.9

105.6

117.5

199.2

51.8

250.5

219.2

72.9

232.1

182.9

26.8

191.8

172.6

266.8

228.8

253.1



372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

2023/05/04
2023/05/05
2023/05/07
2023/05/08
2023/05/11
2023/05/15
2023/05/23
2023/06/02
2023/06/09
2023/06/10
2023/06/10
2023/06/10
2023/06/11
2023/06/12
2023/06/12
2023/06/12
2023/06/13
2023/06/13
2023/06/14
2023/06/14
2023/06/14
2023/06/17
2023/06/17
2023/06/22
2023/06/22
2023/06/22
2023/06/28
2023/06/29
2023/06/29
2023/07/06
2023/07/06
2023/07/08
2023/07/08

2023/07/08

15:38:21

09:38:42

15:54:58

02:02:53

21:25:18

22:28:46

09:00:08

09:48:43

19:51:02

05:26:04

05:31:54

09:12:35

12:25:39

12:10:19

12:40:57

17:34:31

23:52:47

23:56:15

00:28:36

16:50:33

23:58:59

01:47:29

06:09:34

06:04:07

16:27:56

18:45:30

09:25:10

14:40:45

21:14:16

18:03:56

18:21:26

19:47:14

20:26:33

21:22:06

121.29

122.55

121.96

121.38

120.93

121.56

122.55

122.19

120.61

120.66

120.66

120.66

122.50

122.96

122.28

122.42

122.42

122.42

122.46

122.46

121.51

121.20

121.20

121.74

120.97

121.65

120.66

122.50

122.28

121.20

121.47

121.56

121.61

121.51

23.48

23.83

24.83

23.43

21.58

21.94

23.92

24.28

22.89

22.84

22.89

22.89

24.24

23.66

24.19

24.87

24.83

24.87

24.92

24.87

23.57

23.30

23.30

23.88

24.01

24.56

22.84

24.74

23.92

23.16

23.39

21.85

21.90

21.90

18.0
30.0
14.0
33.0
30.0
2.0
28.0
28.0
22.0
24.0
22.0
20.0
48.0
42.0
33.0
8.0
4.0
8.0
8.0
2.0
30.0
22.0
28.0
26.0
20.0
60.0
20.0
102.0
24.0
16.0
36.0
4.0
2.0

4.0

30

4.67

4.19

3.47

3.95

4.47

3.33

4.20

4.11

3.80

3.95

4.86

4.64

4.68

4.12

3.97

3.62

3.63

4.40

3.95

4.11

4.32

3.76

3.63

4.13

3.30

4.17

3.54

4.41

3.84

4.37

3.87

5.66

4.49

4.99

86.3

73.0

68.9

75.9

68.0

67.6

82.8

76.3

72.2

77.6

91.3

91.0

86.2

82.1

80.3

69.0

65.2

71.4

67.0

69.5

86.5

73.5

60.7

79.4

69.8

90.1

82.4

85.0

723

84.0

77.5

92.9

86.9

90.5

194.5

323.2

291.4

110.9

65.7

80.1

58.1

316.8

60.1

52.1

183.0

44.1

146.6

344.8

70.9

318.6

294.9

311.5

257.2

105.5

10.4

112.2

113.2

180.6

0.5

263.2

81.1

293.4

64.1

202.4

124.3

89.9

84.1

109.6

63.5

41.2

72.4

85.8

54.5

33.4

83.5

47.7

22,5

22.5

72.6

33.0

75.4

57.6

76.7

39.4

34.1

30.9

39.0

75.2

55.0

60.4

54.6

82.9

334

60.2

41.7

8.6

79.9

81.3

63.6

61.7

51.7

65.0

43.5

-30.0

-13.4

-64.8

137.0

-89.1

51.1

151.6

154.6

141.0

58.0

130.2

2.1

50.1

-28.5

-65.3

-42.4

-79.9

-77.9

36.6

178.1

173.7

-54.4

87.7

58.4

138.6

66.2

54.0

24.6

-48.6

-81.9

-82.7

-71.0

814

76.6

25.6

209.7

184.2

259.0

320.1

66.8

173.8

178.9

67.5

178.8

238.7

253.6

3255

713

85.9

79.6

64.3

245.4

257.3

203.1

206.9

280.4

183.2

134.4

204.5

137.5

320.5

108.4

241.1

253.1

252.4

250.4

51.9

70.8

77.2

25.5

56.2

56.6

393

69.4

80.6

76.1

36.0

65.4

82.0

88.2

41.7

72.4

59.4

69.8

51.7

19.1

60.8

88.3

84.8

36.2

56.7

42.4

63.9

82.2

37.2

65.7

47.8

29.3

38.9

31.1

145.4

232.8

198.0

189.8

44.2

269.4

169.7

46.0

69.5

72.2

149.4

67.2

194.8

147.6

159.8

234.2

254.2

246.2

261.9

231.5

138.9

29.6

35.6

192.1

91.5

132.5

56.3

93.5

163.1

170.4

216.9

255.2

260.8

235.1



406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

2023/07/08
2023/07/09
2023/07/09
2023/07/09
2023/07/09
2023/07/09
2023/07/09
2023/07/09
2023/07/09
2023/07/09
2023/07/09
2023/07/09
2023/07/09
2023/07/11
2023/07/11
2023/07/14
2023/07/15
2023/07/22
2023/07/23
2023/07/30
2023/08/01
2023/08/04
2023/08/04
2023/08/08
2023/08/10
2023/08/11
2023/08/13
2023/08/13
2023/08/15
2023/08/16
2023/08/17
2023/08/20
2023/08/27

2023/08/31

22:46:38

01:20:22

01:53:50

02:05:02

02:56:42

03:31:59

03:49:56

05:27:29

07:52:53

08:16:36

09:38:01

17:27:45

22:11:33

11:42:07

17:55:11

11:53:18

07:50:51

13:36:00

10:01:57

16:44:34

17:07:32

12:22:14

12:25:19

10:38:14

02:02:18

10:24:00

12:06:23

18:41:23

17:09:18

14:58:53

03:52:14

07:10:43

11:04:46

04:49:04

121.61

121.61

121.61

121.56

121.61

121.61

121.51

121.47

121.61

121.61

121.61

121.51

121.51

121.51

122.46

122.46

121.38

121.65

121.02

121.96

122.42

121.65

121.69

121.56

121.88

120.93

120.66

122.42

121.69

120.39

121.29

121.51

121.07

120.43

21.90

21.90

21.90

21.99

21.90

21.90

21.90

21.90

21.85

21.85

21.90

21.90

24.06

24.06

23.92

23.97

23.48

24.06

22.17

25.36

26.00

21.85

21.90

23.30

24.87

23.30

21.67

24.42

24.15

23.57

22.84

23.52

22.93

23.52

2.0
2.0
2.0
2.0
2.0
2.0
4.0
2.0
2.0
2.0
2.0
2.0
30.0
28.0
24.0
28.0
14.0
10.0
20.0
10.0
164.0
4.0
4.0
39.0
90.0
8.0
22.0
54.0
33.0
8.0
14.0
36.0
12.0

6.0

31

331

3.68

4.59

3.70

3.87

4.61

3.59

4.26

4.43

4.58

3.55

3.52

4.76

3.43

4.01

3.97

3.78

3.37

3.68

4.01

4.66

4.71

4.61

4.04

4.21

3.76

4.45

3.95

4.31

3.38

3.28

3.86

3.72

3.94

65.1

74.5

86.4

68.0

74.4

86.3

66.8

69.0

85.0

83.4

63.5

77.0

89.1

71.7

80.0

63.1

79.9

86.0

65.5

78.7

67.0

76.3

63.5

90.8

76.8

81.8

68.8

70.9

72.8

60.7

66.0

73.5

68.7

72.4

94.1

88.2

95.4

99.4

90.0

90.0

101.4

118.5

262.3

97.3

102.5

102.9

513

52.3

63.6

63.1

89.2

230.0

146.2

52.4

154.8

104.9

286.1

337.9

61.7

347.2

248.2
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Abstract

The earthquake early warning (EEW) system aims to warn the public in advance
when a large event occurs. These can reduce life and economic losses. The EEW is one
of the important missions of the Central Weather Administration (CWA). When an
earthquake occurs, the CWA-EEW system predicts intensity (ground shaking) in different
regions by using a ground motion prediction equation (GMPE). The rapidly determined
source parameters (e.g., location and magnitude) and the site effects of the regions are
considered in the calculation. The GMPE, which is widely used by academia and industry,
is usually applied in studies of seismic hazard assessment. However, seismologists
extended its application in the recent year. The GMPE now is applied to predict the
seismic intensity distribution and to evaluate losses for an earthquake in real-time
seismology (e.g., EEW). To satisfy these proposes, a simple and efficient GMPE is
necessary. Complexity of the GMPE and the number of parameters within it must be
simplified.

This project includes the prediction equation which the CWA has applied (Hsiao,
2007) and those which are used in seismic hazard analyses. With the strong ground motion
records in Taiwan, we examine the prediction error (the residual between the observed
and predicted value) of ground motion parameters (magnitude and distance) meet the
assumption of linear regression by residual analysis. Peak ground acceleration (PGA) and
peak ground velocity (PGV) are also analyzed by using calibration curve regression to
identify the relationship between observed and predicted values. The results show that the
GMPE perform better than the current prediction equation in the large amplitude range
of shallow crustal earthquake type, as indicated by the calibration curve of ground motion
acceleration being closer to the standard value. The slope of the subduction zone
earthquake and interface earthquake types also show less underestimation or
overestimation, which enables more accurate prediction when a large event occurs. For
the subduction intraslab earthquake types, the predicted values show both
underestimation and overestimation, but still have a certain level of reliability for
intensity above 4. In terms of ground motion velocity, there is still room for improvement
in the models included in this project except shallow crustal earthquake type, and further
related studies will be conducted in the future.

Keywords: earthquake early warning, ground motion prediction equation, residual
analysis, calibration curve
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A F R 1992 £ 3 2014 & & B B BRI 4] (Taiwan Strong Motion
Instrumentation Program > f§ # TSMIP )b’“r»l’(»":i R o (F 2-1) e

EQ_ID STAID STALonX STALatY Hyplat Hyplong HypDepth MW Ztor Stike Dip Rake faulttype eq.type Vs30 z10 Rx Ry  Repi Rhyp

1992 0419_1832 21 ALS 120.8133611 23.50827778 23.8443 121.5672 1137 61 7.007 200 39 42 RO shallow crustal 5246131 60 64.94 61.77 854371225 86.1903638
1992 04191832 21 EHC 1217401791 24.26540615 23.8443 1215672 1187 61 7007 200 39 42 RO shallow crustal 760 108 492 -49.53 500473091 513226075
1982 0419.1832 21 EHY  121.3279167 2350383333 23.8443 1215672 1187 61 7007 200 38 42 RO shallow crustal 760 22.88678335 1538  44.45 450506546 46.4720278
1992 0419 1832 21 ENT 121.5736389 24.6372776 23.8443 121.5672 137 61 7.007 200 39 42 RO shallow crustal 770 21.8905948 34.96 -82.63 88.2443952 88.9738736
109204101832 21 | CHY 1204306417 2349606111 23.8443 1215672 1187 61 7007 200 39 42 RO shallow crustal 2014775 445.630851 101.00 761 121.8574978 122.4863591
1982_0419_1832 21 HEN 1207460278 22.00366667 23.8443 1215672 1187 61 7007 200 38 42 RO shallow crustal 188.4127 120 15.02 22174 2214373473 221.7200501
1992 0419_1832 21 HSN 121.0141907 2482813835 23.8443 121.5672 1137 61 7.007 200 39 42 RO shallow crustal 427.1375 il 95.35 -83.36 122.9971916 123.5216015
1982 _0419_1832_21 HWA 121.61345 23975225 23.8443 121.5672 1137 6.1 7.007 200 38 42 RO shallow crustal 503.5246727 2161 584 -1479 15.308612  19.0690981
1992 0419 1832 21 ESL  121.4415278 23.61180556 23.8443 1215672 1137 61 7007 200 39 42 RO shallow crustal 620.500766 108 1617 828 132064328 17.4949143
1992 04191832 21 KAU 1203158083 2256625 23.8443 1215672 1137 61 7.007 200 39 42 RO shallow crustal 145.218395 953 7777 177.62 1913322693 1916698051
1992_0419_1832 21 NCU 121.1944199 24.06727753 23.8443 121.5672 1137 6.1 7.007 200 39 42 RO shallow crustal 370.7136 87 83.48 -104.1 130.5488417 131.0430348
1992 0419_1832 21 NST 121.0086111 24.62942222 23.8443 121.5672 11.37 6.1 7.007 200 39 42 RO shallow crustal B07.6457 29 88.4 -62.36 104.1397946 104.7586451
1982 _0419_1832_ 21 NSY 120.7688425 24.41440326 23.8443 121.5672 1137 61 7.007 200 39 42 RO shallow crustal 581.9495 21 10318 -31.65 102.8510492 103.5770024
1992.0410.1892 21 | PNG 1105635611 2356502002 238443 1215672 1137 61 7007 200 33 42 RO shallow crustal 279.803 8 187.3 0828 2055280582 206.840798
1992 0419 1832 21 SCL 120.2017517 23.17344475 23.8443 121.5672 11.37 61 7.007 200 39 42 RO shallow crustal 124.8959 7824 111.34 117.83 158.0775221 158.4858981
1992 0419_1832 21 SGL 120.4985667 22.72375556 23.8443 121.5672 1137 61 7.007 200 39 42 RO shallow crustal 194.9493821 236 65.04 154.82 165.7666031 166.156082
1992.0419.1832 21 | SGS 1205006333 2008041667 23,8443 1215672 147 61 7007 200 39 42 RO shallow crustal 760 18 7037 11427 131.0120456 1315053946
1992 04191832 21 SML  120.9081611 23.88143889 23.8443 1215672 1187 61 7007 200 39 42 RO shallow crustal 760 23 6986 1942 67.1905309  68.145758
1992_0419_1832 21 | SSD 12064015 227443 238443 1215672 1137 61 7007 200 33 42 RO shallow crustal 402 8 5302 147.79 1547919255 155.2088466
1992 0419 1832 21 STY 120.7657583 23.16073883 23.8443 1215672 1137 61 7.007 200 39 42 RO shallow crustal 760 6 56.49 9983 111.6903252 112.2675627
1982 0419_1832 21 TAI 1202048611 22.99316667 23.8443 1215672 1137 61 7007 200 38 42 RO shallow crustal 245 451 104.34 136,63 168.2866063 168.6702664
1992 04191832 21 TAP 1215138202 2503764722 23.8443 1215672 1137 61 7007 200 39 42 RO shallow crustal 177.4248608 555 55.88 -122.42 1328960150 133.3815128
1992 0419 1832 21 TIN 121.1546667 22.75222222 23.8443 121.5672 11.37 61 7.007 200 39 42 RO shallow crustal 491.6637 58 3.62 120.13 128.6303091 129.1318447
1992_0419_1832 21 WGK 120570375 23.68452222 23.8443 121.5672 1137 61 7.007 200 39 42 RO shallow crustal 252.3659 149 94.88 51.63 103.0649268 103.6901925
1992 0419_1832 21 WNT 120.6924744 23.87664032 23.8443 121.5672 1137 61 7.007 200 39 42 RO shallow crustal 508.4573 10 90.34 27.32 89.0898098 B89.8124218
1992 0419_1832 21 WSF 120.2297745 23.63636017 23.8443 121.5672 11.37 61 7.007 200 39 42 RO shallow crustal 170.8915 749.1 125.81 68.29 138.1877466 138.6547158
1992 0419_1832 21 WTC 120.2800694 23.86146667 23.8443 121.5672 1137 61 7.007 200 39 42 RO shallow crustal 2228992 7614 128.47 4265 130.0970823 130.592985
1992 0419 1832 21 WTP 120.6223333 23.24369444 23.8443 121.5672 137 61 7.007 200 39 42 RO shallow crustal 836.1204 9 73.42 96.06 117.2982015 117.847974
109204101832 21 ILA 1217560889 2476356389 23.8443 1215672 1187 81 7007 200 39 42 RO shallow crustal 242.4099532 611 22.44 -10215 104074619 104.6038547
1982 0028_1406 03 ILA 1217560880 2476356380 23.0133 1225616 1504 612 11680 200 28 130 RO subduction interface 242.4099532 611 6575 11368 126.6620066 120.5389715
1992 0928_1406 03 TAPOO1 121.5138222 2503764722 23.9133 122616 15.04 612 11.689 290 28 130 RO subduction interface  177.4248608 558 86.28 14695 167.6745042 168.3476788

4 2-1~1992 & 3 2014 & 4 455 3 & BLRl3* $I(TSMIP)#Hjc k2 5 B THF
I

35



1L R/ RPR

ﬁ%'%'ﬁ%4ﬂ%%%*ﬁﬁﬁy’%%%§35Aaum%aﬁ,f@
sildzihfd B9 ovTaR o ié;’i%%iiﬁ 2 B ehBffopft & 4 4 ATE
’fé“” ’ﬁ%’x\w% SAgAle R H AT AR ) e g A

LA BEA T A 5 B w 3(interplate)£2 p %A (intraplate)d B o ITHPPE LA 4P
MAT T (M %0 2019)4 3% A M X o fa A8 Reh t oW 217 T 5
g o P ARAE RS F R A ONC BELTARE A RN R B A F
Yol 22 A FH R G A e % F- =~ A1 vy & (megathrust earthquake) » 2
WERFERS L RFAIRG 0 S LM E RGBS Rod WERFRT HE
AAR G P AERATR ’%?@Jﬁ@ﬂm_\&%%&%J’agéi%@
BE O FR-ENARAFORE R I RT S RASB LT P o B A EHp
A RF A BERFRPN L F RRFAR RS0 2L 0 RS e TR I
Bop 3R B2 = Fly ?\ DHE BT R BT FRAS E AR &R D ET
By Bsb b SHIRIEY OB PSRITT A A ER IR B o B R Uk
SEFANE

\

z%

-

= FOREARC .
‘ OUTIEI%-HARC
\ j—————ACCRETIONARY WEDGE——— JTRENCH
VOLCANIC \.\
+~ ARC P
* v BASIN
’ N o * ~ ’ N *_ * *

v @ <

C c C

C
80 100 c c
BESE QF ELASTIC LITHOSPHERE—]

40

60

APPROXIMATE HORIZONTAL SCALE (km)
VERTICAL EXAGGERATION 3 I

SEISMICITY
INTERPLATE . T~ THRUST EVENTS AND AFTERSHOCKS
% — SHALLOW UPPER-PLATE EVENTS
o o Ie) INTRAPLATE [ O~ BENDING-RELATED NORMAL EVENTS
o C — BENDING-RELATED THRUST EVENTS

W2-1~ERF 2 Ao AP AOPHUL BFLCETAW
(4% p Byrne et al., 1988)

36



""ii > N \
" :" £ WE \
S 6 l's ‘ PSS
" Pei 0T 25 S0km : AR
X . ~ s :
NET
1 Ale N . -
25 » r @ = O
;ﬁ_ > AT e
=N
. s -~ N sz
.;.?:‘\ .\ =3 3 \\ )
t:l ~ NE1|
Al
240 :i\\ S : ;‘ \‘-
- \ R "
: Y il s S o
| Ry s
B : S 1 e, sl
'h. a9
23u ‘ 50K: 1 00kM
R -
k .
e R b
0 2103 -
22 s 0
i {
al s,
F 1026
¥ < B
e 3 ;
[# k : 3
21 . : p— u s
119 120 121 122

SR D R

B 2-2~ &2 ¥ A
(5 B BB SRAE -

-2000

37

_DHENENE

2002)

oMw657.0 @Mw7.075 @Mw75-80 @ Mw80-85
FFEHME2000 R

190k!
170kr
150Kks
130kt
10k

70km



N y.f,,;g" =\

In

1. RARBIERA

Acceleratlon( PGA)FE iz 7\ 2 # 2 42

: 2007 # 4 ez h)i(f'z? v H51a02007) A
AT (3 -) e
PGA = 1244 X exp(1.31 X M) X Rpypo %7 X Si (*-)

HPSiHE G Ha s TS 0 FRAAL 31 BT § T
P RBRRFER A0 22 L R IR(site_s)E2iFIR(site d)0 P m AR
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¥ &2 AT 2007 % £ 2% ¢ » F #% % Peak Ground Velocity(PGV)Fg fz 2 5%
e % i #- Hsia02007 » ff s 2584 T (38 2 ) o

PGV = 0.003 X exp(1.970 X M;) X Rpypo~ "*%° x Si (82)

Sizf 2 Frakid & F]F (BRGS0 4ok 3-2) 0 & BEET 5 BB ST B S
S 2 ST EEL T P A R FS o R RRRER 40 22 A
= X FR(site s)"»ti 3R (site_d) °

2. - i H I T

AT FAERPN MR EF Y GAAM 1§L¢(Abrahamson et al., 2016;
Akkar and Cagnan, 2010; Akkar et al., 2014; Arroyo et al., 2010; Atkinson and Boore,
2003; Atkinson and Macias, 2009; Bindi et al., 2014; Boore et al., 2014; Campbell and
Bozorgnia, 2003; Chao et al., 2020; Garcia et al., 2005; Gregor et al., 2006; Idriss, 2014;
Kale et al., 2015; Kanno et al., 2006; Lin, 2009; Lin and Lee, 2008; Lin, 2011; Loh, 1996;
Montalva et al., 2017; Phung et al., 2020; Phung et al., 2020; Shoushtari et. al., 2018; SI
and Midorikawa, 1999; Stewart et al., 2016; Youngs et al., 1997; Zhao et al., 2006; Zhao
etal, 2016; F 73 A1 A2 7 ¥ < > 2011; B4R A P 21 R RE R 7}4 » 2012) >
#bi‘gi?‘%i“ Teif 20| 8 ”}r’#iz }”\‘P\ TR FER TR MEY TN "Lrj,

B RAA 15111»\&‘? vl sl N *’L%L(ﬁ Fi v PGA PGV &4 33 ¢
¥ 0\11@”1(0 ATHAAE FRFIHEHE L ATEELN FLFLHEE) A

FREEAEFT LA LT IR F'Uh i“”fq ﬁ(cm) SR ;a(sub) RS Koo Al R
(sub 1nter) . ‘%m% MFRA = R(sub_slab) o H P Al F 5 w252 B-C~E-F
20 BEA RS L RAET AT FL B €34 (Taiwan SSHAC Project)
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¥

POTRECE Tl 2 7 R A A “fﬁﬂ’“ 92 BRI L FEIR AL BOA AT H
B M SET F'~ FLadB (FER £ 3-3) °
£ 31~ Fait FI 2R A
site_info_pws lon lat site_s site_d sprint
site_info_pws[0] 0
site_info_pws[0] 1
site_info_pws[0] 121.564 25.04 site_s[0] = 1.948  site_d[0] = 2.865 sprintf(site_info_pws|[0].code,"TAP")
site_info_pws[0] 121.564 25.04 site_s[0] = 1.948 site_d[0] = 2.865 sprintf(site_info_pws[0].code,"TAP")
site_info_pws[0] 121.564 25.04 site_s[0] =1.948  site_d[0] = 2.865 sprintf(site_info_pws[0].code,"TAP")
site_info_pws[1] 0
site_info_pws[1] 1
site_info_pws[1] 121.744 25.133 site_s[0] = 1.347 site_d[0] =2.313 sprintf(site_info_pws[1].code,"KLU")
site_info_pws[1] 121.744 25.133 site_s[1] = 1.347 site_d[1] =2.313 sprintf(site_info_pws[1].code,"KLU")
site_info_pws[1] 121.744 25.133 site_s[2] = 1.347 site_d[2] =2.313 sprintf(site_info_pws|[1].code,"KLU")
site_info_pws[2] 0
site_info_pws[2] 3
site_info_pws[2] 121.465 25.012  site_s[0] = 1.795 site_d[0] = 2.238 sprintf(site_info_pws[2].code,"BAC")
site_info_pws|[2] 121.443 25.187 site_s[1]=1.520  site_d[1] =2.650 sprintf(site_info_pws[2].code,"BAC")
site_info_pws[2] 121.711 24.936 site_s[2] = 1.112 site_d[2] = 1.478 sprintf(site_info_pws[2].code,"BAC")

% 32~ FHB i FF LR AR

Longitude latitude site
119.950 22.400 0.840
119.950 22.450 1.129
119.950 22.500 1.042
119.950 22.550 1.395
119.950 22.600 1.576
119.950 22.650 1.594
119.950 22.700 1.769
119.950 22.750 1.832
119.950 22.800 1.789
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name EQ_type | PGA | PGV | parameter

ABO3 sub 1 0 Mag, Rrup, Prd, ftype, depth, Sc,
Sd, Se

(Atkinson and Boore, 2003)

AC10 cru 1 1 Mag, Rjb, Prd, ftype, Vs30

(Akkar and Cagnan, 2010)

AGA16.tw.C01 sub 1 0 Mag, Rrup, Prd, ftype, Vs30,
Ztor, depth, Rhypo

(Abrahamson et al., 2016)

AGA16.tw.F10 sub 1 0 Mag, Rrup, Prd, ftype, Vs30,
forearc(0:forearc), Ztor, depth,

(Abrahamson et al., 2016) Rhypo

AMO09 sub_inter | 1 0 Mag, Rrup, Prd

(Atkinson and Macias,

2009)

Arroyo02010 sub_inter | 1 0 Mag, Rrup, Prd

(Arroyo et al., 2010)

ASB14 cru 1 0 Mag, Rjb, Prd, ftype, Vs30

(AKkar et al., 2014)

ASB14.tw.BO1 cru 1 0 Mag, Rjb, Prd, ftype, Vs30

(Akkar et al., 2014)

ASB14.tw.C01 cru 1 0 Mag, Rjb, Prd, ftype, Vs30

(AKkkar et al., 2014)

ASB14.tw.E02 cru 1 0 Mag, Rjb, Prd, ftype, Vs30

(Akkar et al., 2014)

name EQ_type | PGA | PGV | parameter

BCHydroSub2018Global sub 1 0 Mag, ftype, Rrup, Vs30, Prd,
forearc(0:forearc), depth, Rhypo

(Abrahamson et al., 2016)

BCHydroSub2018SouthAM | sub 1 0 Mag, ftype, Rrup, Vs30, Prd,
forearc(0:forearc), depth, Rhypo

(Abrahamson et al., 2016)

BCHydroSub2018TW sub 1 0 Mag, ftype, Rrup, Vs30, Prd,

(Abrahamson et al., 2016)

forearc(0:forearc), depth, Rhypo
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BCHydroSubV3 sub 1 0 Mag, ftype, Rrup, Vs30, Prd,
forearc(0:forearc), depth, Rhypo
(Abrahamson et al., 2016)
Bl14 cru 1 1 Mag, Rjb, Prd, ftype, Vs30
(Bindi et al., 2014)
Bl114.tw.B0O1 cru 1 0 Mag, Rjb, Prd, ftype, Vs30
(Bindi et al., 2014)
Bl114.tw.C01 cru 1 0 Mag, Rjb, Prd, ftype, Vs30
(Bindi et al., 2014)
Bl114.tw.EQ02 cru 1 0 Mag, Rjb, Prd, ftype, Vs30
(Bindi et al., 2014)
BSSA14 cru 1 1 Mag, Rjb, Prd, Vs30, ftype, Z1.0,
regionflag(0:Global), basinflag(0
(Boore et al., 2014) 8 & ) &)
BSSA14.tw.B01 cru 1 0 Mag, Rjb, Prd, Vs30, ftype, Z1.0,
regionflag(0:Global), basinflag(0)
(Boore et al., 2014)
name EQ_type | PGA | PGV | parameter
BSSA14.tw.C01 cru 1 0 Mag, Rjb, Prd, Vs30, ftype, Z1.0,
regionflag(0:Global), basinflag(0)
(Boore et al., 2014)
BSSA14.tw.E02 cru 1 0 Mag, Rjb, Prd, Vs30, ftype, Z1.0,
regionflag(0:Global), basinflag(0)
(Boore et al., 2014)
CampO3H cru 1 0 Mag, Rjb, Rseis(Rhypo), Prd,
. Svfs, Ssr,Sfr, Frv, Fth,
(Campbell and Bozorgnia, hwflag(0:foot-wall)
2003)
Chao20(cru) cru 1 0 Mag, Rrup, ftype,
Vs30 class(0:estimated), Vs30,
(Chao et al., 2020) Prd, sourcetype, Ztor, Z1.0,
msasflag(0:mainshocks)
Chao20(sub) sub 1 0 Mag, Rrup, ftype,
Vs30 class(0:estimated), Vs30,
(Chao et al., 2020) Prd, sourcetype, Ztor, Z1.0,
msasflag(0:mainshocks)
Chao20(sub_inter) sub_inter | 1 0 Mag, Rrup, ftype,
Vs30 class(0:estimated), Vs30,
(Chao et al., 2020) Prd, sourcetype, Ztor, Z1.0,
msasflag(0:mainshocks)
Chao20(sub_slab) sub_slab |1 0 Mag, Rrup, ftype,

Vs30 class(0:estimated), Vs30,
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(Chao et al., 2020)

Prd, sourcetype, Ztor, Z1.0,
msasflag(0:mainshocks)

Garcia05 sub_slab | 1 0 Mag, Rrup, Prd, depth
(Garcm et al., 2005)

Gregor06 sub_inter | 1 0 Mag, Rrup, Prd, Vs30
(Gregor et al., 2006)

114 cru 1 0 Mag, Rrup, Prd, ftype, Vs30
(Idriss, 2014)

name EQ_type | PGA | PGV | parameter

114.tw.BO1 cru 1 0 Mag, Rrup, Prd, ftype, Vs30
(Idriss, 2014)

114.tw.CO1 cru 1 0 Mag, Rrup, Prd, ftype, Vs30
(Idriss, 2014)

114.tw.E04 cru 1 0 Mag, Rrup, Prd, ftype, Vs30, Ztor
(Idriss, 2014)

KAAH15 cru 1 1 Mag, Rjb, Prd, ftype, Vs30,
(Kale et al., 2015) regionflag(0:Turkey)
Kanno06(cru) cru 1 0 Mag, Rrup, Prd, Vs30, depth
(Kanno et al., 2006)

Kanno06(sub) sub 1 0 Mag, Rrup, Prd, Vs30, depth
(Kanno et al., 2006)

Kanno06(sub_inter) sub_inter | 1 0 Mag, Rrup, Prd, Vs30, depth
(Kanno et al., 2006)

Kanno06(sub_slab) sub_slab |1 0 Mag, Rrup, Prd, Vs30, depth
(Kanno et al., 2006)

Lin09 cru 1 0 Mag, Rrup, Prd, Vs30, ftype
(Lin, 2009)

Linll cru 1 0 Mag, Rrup, Prd, hwflag(0:foot-
(Lin et al., 2011) wall

name EQ_type | PGA | PGV | parameter
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LLO8
(Lin and Lee, 2008)

sub

Mag, Rrup, depth, ftype, Prd,
Vs30

LL08.C02 sub Mag, Rrup, Ztor, ftype, Prd, Vs30

(Lin and Lee, 2008)

LL08.F04 sub Mag, Rrup, Ztor, ftype, Prd, Vs30

(Lin and Lee, 2008)

Loh96 cru Mag, Rrup

(Loh, 1996)

MBR17 sub Mag, Rrup, Prd, ftype, Vs30,
forearc(0:forearc), depth, Rhypo

(Montalva et al., 2017)

NCREE2011 cru Mag, Rrup, Prd

(ApF pifgEmg? oo

2011)

PhungCru20 cru Mag, Rrup, Rjb, Rx, Prd, Vs30,
Dip, Ztor, ftype, Z1.0,

(Phung et al., 2020) Vs30 class, regionflag, hwflag

PhungSub20 sub Mag, Rrup, Prd, ftype, Vs30,
Z1.0, Ztor, regionflag

(Phung et al., 2020)

Shoushtaril8 sub_inter Mag, Rhypo, Prd, depth, Sclass

(Shoushtari et al., 2018)
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name EQ _type | PGA | PGV | parameter

S11999(cru) cru 1 1 Mag, Rhypo, Prd, depth, eq.type

(Sland

Midorikawa,

1999)

S11999(sub_inter) | sub_inter | 1 1 Mag, Rhypo, Prd, depth, eq.type

(Sland

Midorikawa,

1999)

S11999(sub_slab) | sub slab | 1 1 Mag, Rhypo, Prd, depth, eq.type

(Sland

Midorikawa,

1999)

Sinotech12 cru 1 0 Mag, Rrup, Prd, Vs30, ftype

(PAMiz A ¢ g1

FZAE R Ak > 2012)

Stewartl16 cru 1 1 Mag, Rjb, Prd, Vs30, ftype

(Stewart et al.,

2016)

Youngs97Rock sub 1 0 Mag, Rrup, Prd, ftype, depth

(Youngs et al.,

1997)

Zh06(cru) cru 1 0 Mag, Rrup, ftype, sclass, Prd, sourceclass,
depth

(Zhao et al.,

2006)

Zh06(sub) sub 1 0 Mag, Rrup, ftype, sclass, Prd, sourceclass,
depth

(Zhao et al.,

2006)

name EQ_type | PGA | PGV | parameter

Zh06(sub_inter) | sub_inter | 1 0 Mag, Rrup, ftype, sclass, Prd, sourceclass,
depth

(Zhao et al.,

2006)

Zh16Cru cru 1 0 Mag, Rrup, ftype, sclass, Prd, sourceclass,
depth

(Zhao et al.,

2016)

Zhl6Inter sub_inter | 1 0 Mag, Rrup, sclass, Prd, depth
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(Zhao et al.,
2016)

Zh16Slab sub slab | 1 0 Mag, Rrup, sclass, Prd, depth

(Zhao et al.,
2016)

Zh16Sub sub 1 0 Mag, Rrup, sclass, Prd, sourceclass, depth

(Zhao et al.,
2016)

Remark Sc: 1 =360<Vs<760, 0 =clse

Sd: 1 =180<Vs<360, 0 =else

Se: 1 =Vs<180, 0 =else

Svfs: 1=360<Vs<760

Ssr: 1=360<Vs<760

Sfr: 1 =760<Vs<1500

Sclass: 0 =Vs30>1500, 1 = 760<Vs<1500, 2 = 360<Vs<760, 3 =
180<Vs<360, 4 = Vs<180

Sourcetype: 0 = crustal, 1 = Subduction

Sourceclass: 0 = crustal, 1 = subduction interface, 2 = subduction
intraslab

Frv: 1 = reverse fault, 0 = strike slip & normal fault

Fth: 1 = thrust fault, 0 = strike slip & normal fault

Vs30 class: 0 = estimated, 1 = measured

forearc: 0 = Forearc site, 1 = Backarc site

basinflag: Basin Adjustments

Msasflag: 0 = Mainshocks, 1 = Aftershocks

hwflag: 0 = foot-wall, 1 = hanging-wall
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(AP EESERLEFEL 27T F P BIFEHEL > 23542 B)

Parameter |Meanofres |.. Regression |Regression
Model EQ_type type idual Sigma b b_I>3
‘é(‘flA“'tW' sub PGA 20283 0.303 1.004 1.293
?S)A“'tw' sub PGA 0236| 03000  0.950 1229
3”0”201 sub_inter |PGA 0.045 0.306 1.015 1.131
ASB14  |oru PGA 0.007 0.272 0.829 0.866
331314-““ cru PGA -0.061 0.273 0.831 0.868
AR ey PGA 0056 0275 0849  0.888
33;314-““ cru PGA -0.093 0.283  0.896|  0.943
BCHydroS
ub2018Glo |sub PGA -0.247 0.305 1.021 1171
bal
BCHydroS
ub2018Sou sub PGA -0.265 0.299 0.968 1.103
thAM
E&%fg;‘;sv sub PGA 0209 0305 0772|0915
BI14 cru PGA -0.033 0.269 0.822 0.852
113114-““30 cru PGA -0.034 0.269 0.710 0.742
113114-““(30 cru PGA -0.041 0.267 0.756 0.788
123114~tW'E" cru PGA -0.057 0.268 0.753 0.785
BSSA14 |cru PGA -0.160 0.304 0.853 0.842
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Parameter |Meanofres |.. Regression |Regression
Model EQ_type type idual Sigma b b 153
%%SIAI‘“W ru PGA -0.007 0.283 0.783 0.763
BCSOSIAM‘tW cru PGA 0.002 0.290 0.826 0.798
IES&)SZAI‘“W ru PGA -0.006 0.292 0.827 0.794
bc)ha"zo(s“ sub PGA -0.245 0.282 0.913 1.083
Chao20(su | 0o [PGA -0.129 0.293 0.990 1.172
b_inter) -
Garcia05 |sub slab |PGA 20292 0331 1.122 1.439
114 cru PGA 20.165 0.299 0.924 0.974
114.tw.B01 |cru PGA 20.079 0271 0.915 0.953
114.tw.C01 |cru PGA 20.088 0277 0.968 1.007
114.tw.E04 |cru PGA 20.142 0274 0.921 0.959
KAAHI5 |cru PGA 0.099 0.281 0.817 0.566
53“““06“ cru PGA 20211 0.294 0.935 0.971
flf)““"%(s sub PGA 0291 0.295 1.070 1.293
Kanno06(s |+ ter  [PGA -0.251 0.279 0.978 1.134
ub_inter) -
Lin09 cru PGA 20.143 0271 0.686 0.712
Linll cru PGA 0.079 0277 0.811 0.872
LLO08 sub PGA 20.251 0272 0.725 0.808
LL08.C02 |sub PGA 20.018 0.309 0917 1.120
LLO08.F04 |sub PGA 20.178 0317 0.991 1.320
Loh96 cru PGA 0.019 0276 0.842 0912
NCREE20 | PGA 0.039 0.309 1.112 1211

11
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PhungCru

20 cru PGA -0.139 0.272 0.908 0.888
;‘;““gs“b sub PGA -0.148 0.299 0.887 1.045
Sinotech12 |cru PGA -0.146 0.272 0.764 0.798
Parameter | Meanofres . Regression| Regression
St SoLves _type idual S b b I>3
Zh06(cru) [cru PGA -0.228 0.277 0.837 0.874
.Zh06(SUb— sub inter |PGA -0.189 0.275 0.842 0.915
inter) -
Zhl16Inter |sub inter |PGA -0.244 0.338 1.122 1.413
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Abstract

In this study, we conduct a recent-developed epidemic-type aftershock sequence
(ETAS) model, which accounts for more detailed derivations on conditional intensity
probability, model parameterization and data fitting, and model selection. Furthermore,
the concepts of self-similarity and the branching process are also introduced in the ETAS
model. Thus, the ETAS model is an advanced-statistical model to analyze the
spatiotemporal interrelationship between earthquakes, e.g., earthquake location,
magnitude dependency, earthquake sequence and background event, etc. The method also
has the potential for earthquake forecasting or precursor. In this project, we aim to
compile earthquake catalogs and use the ETAS model to statistically analyze features of
earthquake occurrence, including magnitude dependency and earthquake sequence, etc.,
and try to deliver a statistical model that fits the requirement for earthquake forecasting.
In this study, we have implemented a stochastic de-clustering algorithm to analyze the
Taiwanese earthquake catalog from 1994 to 2021 on the high-performance computing
system at the National Center for High-performance Computing. It successfully
distinguishes seismic activity into background and clustered earthquake events.
Additionally, based on the probability analysis results, it calculates various parameters
such as total seismic activity rate, background seismic activity rate, and triggerbility for
the period from January to September 2022. This study utilized the ETAS model to
examine the 2022 Taitung earthquake sequence. We calculated the variations in
triggerbility from September 17" to 25", The findings indicated a considerable rise in
triggerbility in the Taitung region following the Guanshan foreshock (M16.6) and the
Chishang mainshock (MLr6.8). Additionally, a hot-spot zone emerged along the
longitudinal valley, aligning with the distribution pattern of subsequent aftershocks.

Keywords: seismicity, epidemic-type aftershock sequence (ETAS), earthquake
cluster, 2022 Taitung earthquake sequence
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PRI PRI 20 R F 5B F K (stochastic declustering) h imi-s R pE S 4 F
s TR REE 2T Er R 88 00 ETASHS 4 * 0 375 Sodk
L% H_F 18 $ & (overfitting) » &]4- Ogata (1988)Fr & % » 7 5 21 4, & % P (Akaike
information criterion, AIC) » ¥ # & 2 FHE 7 KRR T R ",ﬁct  JEFRLAR
(data mining)ed B E i ~ A7 RE ARSI G FIRRTEAE LR A
TS RARYTERFIPRL ALFE T 5 4175 £ RE TR ETAS #
;3B or Mg § i 3@ 8 (high performance computing, HPC)$L /¥ » 35 iff #-~
EEREARELEL SR BEAIGTE CFTHES REFEREESE AR
EAHEPTHEZ LN LEE o

& 3 i A% (branching processes) i3] 7 * *thy it RA w2 R B T B A F &
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Mo E L F T RAE R e R ARG B o AT BLiE 48 (point processes) I # 17
ETAS 55V et # v i FPEXF PR EF M- 2 FEegs T+
PR,FE B ZERAEES REBFIEELRIIERM@D -

All earthquakes trigger their “

own aftershocks. / \\

0]
- Cascade of triggering f \ : /‘\

Instead, we observe the time series

time

W 1 d At EARE S BT T M

BloBols BAY- S)f## EB-C D-E(¥- %) RBfi## B F-~G(¥ =
)

(> B4 p https://www.isterre.fr/annuaire/pages-web-du-personnel/david-marsan/article/model-
independent-stochastic-declustering.html)

Ogata(1998) & 2. P& 5 ETAS #;8 %4 B8 4 F 1 47 5 ¢

At x,y) = ulx,y) + Z k(m)g(t —t)f (x — xp,y — yismy)

i<t

(1)

B oy s FRF RFERR S TFIERFLF AR RALER AN D
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https://www.isterre.fr/annuaire/pages-web-du-personnel/david-marsan/article/model-independent-stochastic-declustering.html

B _g_; g flx, y;

k(m) = Ae®*"™ m > m,

2
Pl eso
g =——@Q+)™"t>
©)
~1 +
f(xly;m)=m(1 %) I
(4)

LR AdvarprgDopEe s Kl w ome 3R 2Bl R A REC 2 B
MR R A S

J(m) = Bexp[—B(m —m)]
)

He g GRL Y 2. b ER 25 f=bInl0- % A 4pF~ 3 ® > 4- Zhuangetal. (2002)
£2 Zhuang & Ogata (2006) =728 & Hﬂ“i?fﬁﬁ“f #_;% (stochastic declustering) > = B ¥ i §
W2 8 A U, xi )2 B RF LS AR Y RS ORFT AT

Cl( x]’yj)

v ’1( xj,y]) i

(6)

B G(txy)= w(mi) g(t-t) foc-xi, y-ymi) » d ¥ RjIFLFRE R I 5
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:“(xj'yf)

Yj =
! ’1( %, Y})
(7)
d#F e EWFF %S fk(kernel function) k 7 5 = 2 F §F u(x,y) >
. 1
alx,y) = ?Z @jZn; (X = x5, Y = ¥j)
J

(8)

P TEERDR @‘ﬂ(@fﬁfmﬁx’zh RS g ATl e h R Ry R P

H
RJ I F N @&%%ﬁmﬁﬂ’—%wﬁm4°

WHA T TS ETAS 05U 2 AR H 0 E R R E R B

Xi, Vi ml) = 12 ; ' 7 = & L%}&7 = R AR e T
"5%(1) FHRTIFERR S8 u(xy) PIF B REERRET NI T AL
7T rv»

pxy)=ou(x,y) > B9 0i 22002 Fi Sk
% F(Q2) & A P 3 (maximum likelihood) s & 2 54 (1)# & 38 Sk o
HEQE) BB Sdd » 28T FEERERITIERBT 0
HI@) J 2R@)EATTE ulr,y) 0 FAFERE TS Jra e

FEART T P ERERF R RER R R (L) M E RN Kﬁt{uA a,p,q,D,
Fe) R P AL DRI B LD e BB T R
ETAS #5382 Bt B P grorif Bz ﬁﬁ& g b RE NFPW@L@
'%%;g:#%f?éi—é%%’ﬁé SR ft’ﬁ;"’ﬂq\-%ﬁﬁjow’}’_ﬂfg,
*ﬁw‘“§*+ﬁﬁ*ﬁla_i%; EEAE T AT RH REIEASL -
BT R G AN H s SR ERF R4 5 S TP JE 0 - ETAS H5V AR

7 o
~

23, % BT B 2B

_#ﬁﬂzﬁ9ﬁﬂ) TJRETAS Bt T At A4 B - R E A F B HL R
Wy 2E® Atxy) %’upfnﬂ(xy) s Fp o4 H RN 2 'Ef_ w7
AR S ATEE BB 5’3‘\ B A S b%*bg%,;‘,rfn_, o {4 mtE BT R
# pF 5 ETAS %-#cis » ;‘5—15';?' FRZRER BE® i 80 ?""H tﬁ—? >R
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EiP R R S TR R R A AR R FA PR BRI S5 e
B 3B A B AR B2 Gty 6 xi i, mi= k(mi) g(t-6) fexi, -y mi) 0 it TE
Ay R RS T e R H RF R DT RS A A
(triggerbility)fi-2 » ¢ ¥ = % events/day/deg? > v B (T4 RAF4F2 A# 5 kA
USRS N St et T S R Uy T
BEREI AT S RFRTE BTN ERT - R R L

[N = U I g
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31 HEPBEBSAR

] ETAS #7838 2 frw &i,é} BB RS AT T AFTG
PAFTANELSITRY cAFmTp P L5 25T 28 REr
(Taiwan Geophysical Database Management  System,
https://gdms.cwa. gov tw/index.php)#& % p 1973 & 01 * I 2022 #
WAFERRTL LS 1198 BT 1225 & ~ # % 21.7 B3 256

i fp- GDMS
129 2.3 RE 2>
B BB RR

T 33 & ,,d P EMEEFHEERE 0 - £ 825816 LK BT 1

ko W25 1973 E ks KRBT BN E L At o B3 5K
ﬁ’{ii‘% o

AR $H B R

Total Events

25
245}
24
©
~ 995
23 |
22.5
22t
120 120.5 121 1215 122 1225
Lon.
Wl 2 25 SRy REh AT
FREEAG VL A TN BRI AR A AR R SR
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B %10 Total Events: 825816

Event Counts

0 1 2 3 4 5 6 7
Magnitude, ML

W 3 B RE L R Rz AT E )

FE ETASH ¢ ERRARE

AT &4 2 ETAS ‘Jﬁ’: %k B Zhuanget al. (2002)2. “E f ¥ (stochastic
declustermg):}iﬁtr W RFEARTG AT CEFRRCFEE FARRE
YT LR o o E«?“f'  F g ’LE - T 3 Tkt CPU it Hefpt < | @
EZRET S m AT HEY WA 7B @ #E 7 < (National Center for High-
performance Computing, NCHC > f§ #£B 4 ¢ )2 T4 %4 5L, F #3852 ’}j&zE‘.
f?%ﬁ§$%9*EUS‘E*fﬁ$WNﬁ°%“%ﬁ]kﬂm»W$
(https://iservice.nchc.org.tw/nchc_service/nchc_service hpc.php) » 2 & st & 3+ 30 000
FEPe T FREE AR E R S 34PB s 5 OPA100Gbps § i# 4§ o ﬁ%ﬁﬁmb

7if 149 F v 3 EEE H(PFLOPS) > 5 £ 5 = B3 E &2 hr ik iz F2
| m»J—s RIS ﬁ,t.;;f@AP&%m)la PREx> & g,f,,;gl_\ (=R - SR 5’177?5‘
B I T LT i

AR T * 2 ETAS i b i2 5 14 Fortran 77 £ 8 2 42 5% 76 » % & MPICH2
Wig 7T TR E > FP A STEB R ¢ 2 %k & Fortran %% % (GNU Fortran 2 Intel
Fortran) ~ OpenMPI ¢ MPICH2 3 ;¢ }E_EE fel » FhFR LN ETe AT 718 2
HETEAENFEY 3 E T o 0 KRWPRETHE R 72485 L 2w
Kok "ﬂ{fﬁ&*f%’.ﬁ’”ﬂ%;zﬁ‘i ge”rc 5 ) %:i 7.5 3 Bd % > b ]J;.p&ﬁ'*_ﬁ KX é‘r,h,' %
BEE R RS RERD S B B R LS G
(maximum likelihood estimation, MLE)™ j# » #cig i (N 3K 25 3 =X 175 JTacp & »
Mg * 384 E o ieiTEE .‘ﬁf%’ 52 AkB @ E e P RAF A ETAS $05¢ $ 8
PETS TS #ﬁﬁﬁﬁﬁ B RS B 3~%s N T
Sz B o T ORI P dicd 384**m+ FMGRY 963 H e o P H R
PFX 16 44 -

o

-
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¥ ETAS #5' S8k &

ETAS $dgcw fFan » FEAJ LER APy REGFL ST FF 20

w
w
m

it is
IESCEE T S EIJ'* RRRE R R A & LM AT A
N EE R LR A ztk*“u Fid o 2575 %% Chengeral (2015)0 4 & H 12
7 2R ¥ 2AE RIFEH RF 414 (zoning scheme + B 4) i3 - SHETH ¥ iF

ZRFFLRS o 0 2 RGE RAELS 0 ARETALL 98 AT 1225 & ~ &
F2lT BRI 256 B2 F RS TAKR PR 5 8l BRE-FR W
P05 200 BREZ BFRARERERBF TR R RSB AF N E 2R
d gt 81x201 R BHE IR S o MR R B2 FREES S FY 4§ g%
2w F LT 1994 &£ pEd JPE N R s R RRAT L ERE -
BT E PSS B # BT REE d F E T 394,000 B % rFH 4 3 20,000
B A tgHD AR BT R o EAFEL R e R PR PR 1994 &
{2 REimledko gt ot > 1395 Chengetal. 20157 3 » £4p 1973 £ {52+ &
P 4% = B M 2L (magnitude of completeness, Mc) 5 2.0-3.0 » ~# 3 % Cheng et al.
(2015) > = F B Mc=3.0 (£ 5 ¥ B P $r2 AN

a b
26° -~ 26° <
U N SN N
® - e
"9 S : SV Ay 28 ‘ R >
o — e gy - s - =3
3 7 - Ty \; \ A / ’a : N R
25° FEBL At 25° FEHL R
/ 5 - ' -'“.‘,4'5\3 ._‘, A / 001 / @A j = s
3 ‘ll (
4 !
\
24° = ~J oy, oy o 24° 5
: &
> F L) » f
o '1 ; o .
23° ; 5 23° —
'3
22° e 22° b
&) e
21- RIS ' 21~ I 3
119° 120° 121° 122° 123°  119° 120° 121° 122° 123°
*Mw6.5C7.0 ® Mw7.0-7.5 ® Mw7.5-8.0 @ Mw8.0-8.5 *Mw6.5-7.0 ® Mw7.0-7.5 @® Mw7.5-8.0 @ Mw8.0-8.5

Topography and depth (m)

—6000 -5000 -4000 -3000 —2000 ~—1000 0 1000 4000

W 4 45 RS TR

(Q)7FA<35km 2% & ¥ B (b)EA>3S 2 LEME B2 ¥ RiER LA (EF S p
Cheng et al., 2015)
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Zonation in this Study

255F

251

245 r

24 |

Lat.

235}

23

2251

221

120 120.5

121 121.5
Lon.

122

122.5

B 5 1345 Chengetal. (2015)F 4 13 B¥ BEH R A (2d 2 R)

*’%* ETAS #;% % #cw ﬁf{?n‘v =
tu~A~aprq Dy chH ¥ Eo FE-]EF‘—?\’#EP; 8 B B Bl Sk

&2 {lf'_p?—éff&a lf'_s 2 3
WF 40 i

2
g

Co PR -

#g)%“l i%ﬂiﬂf%&?vi*’]ﬁlﬁm//
kst ‘f\}?*%—”l E’"*"*‘*‘E’fﬁ BT R
5 5 BELSHT B LB BTN, B RET
TimEAL G Mo on PR K L,—w 3.5 FF o ARG @ 2
v 3B 2 h=3 (km) o @ onp BIER

N ]
3 7'&":1 £ T T

Ll

v}ﬂ% 2.2 & git

£ 8 BEBLFEAY

BikE o tr hie 7 28w Eﬁ A7 0 M BB

ﬁh*&*@%ﬂkﬁr LR R

’Lﬁ:hr}tﬂ.ﬁk‘}&

3.4. ‘iﬁﬁ‘ﬁ%i% Gl 2022 # 01 % 01 p % &)

A et 2 ETAS i i2 > ¥ E R 4p LW AL T - 4p 5w fdcde v %
Bhg B L

SB 2 BERART
ﬁﬁ“ﬁ:‘%\; l/;""‘ [

CX NS S
ETAS %#cir£ 3.4 1 AT o

% 1ETAS %-#w W

< A

ﬂEl_r

TR EEERP
T SEAEBRLNRE
25 o

AE12022 & 010 01 B 3 24 PFR B S b > TR T §F ETAS
3 1994/01/01 00:00:00 3 2021/12/3123:59:59 (UTC Time) - & 7'

N Rl -8 i FooR RS

u A C a p D q e
(counts/day) (day) (deg?)
AR S :d 0.5636 1.2568 0.0012 1.1294 1.0187 0.0007 2.2713 0.3473
ﬁ%] RHE % 3 0.5098 0.6188 0.0031 1.1733 1.0616 0.00005 1.5934 0.6786
'”xs‘.ﬁﬁ“f%uzm'? LGBz AT 23 R RRERAZIFRER
(background event)£? T ¥ & ¥ 2 | (clusterevent) - % § ¥ 2 "fa‘ Ay REE Ty R
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\4-

e 27 #iR: ’ﬁ‘i‘ipﬁﬁi" ﬁgﬁ?‘ﬁfﬁg%’f’ﬁi" %%im&#ﬁi«;‘ﬁ%;
- X FEMG T2 L AT EPE I AT E I AT EPF Y AT
WF LI G- Az o HATHFRER 2 TERTE | 2 B
T 03052 a 2FFRE05 T2 SREFADEE L2 &y
@T’%%%%%ﬂ%4mﬂﬁhhwpMygo7y%;%+44m1
5 16,540 B % F ix—bk’27471”%\§:11—7_,_‘ ’ﬁl9imll
;%ﬂﬁﬁﬁﬁﬁ RS SNEE P AT
«%{'L%“%Ff‘?‘:“‘fﬂéﬂﬁ?‘: % rs;g_L,%T;F 1
W1 i%**ﬁ%’i%ﬁﬁﬁﬂFk& - T8 -
ﬁiﬁﬂﬂﬁ’m%’x AR T et J RS # R
% ; » 1935 Bl 3ﬁm14kfﬁﬁkﬁgkﬁgfag B RS

T lm o

R R oee TR o=h R

ﬁ%wv%m«g%m

.
=T 5=

““ﬂ" }‘-:n*

[y
87"‘#
3

R

-
1

T TR o
s«g\‘wﬂ

=T M TS

s b 3 c»ﬂg&p%%ﬁﬁzﬁ PRl o ® R BERE 2 & 20 4 gt ks s 1215
122 B ~ A% 2352 45 R FRB(ONAFERS) I3 EEF RFEFL
&ﬁ{%\’"}ﬂ‘*“?ﬁ‘i—% BHE 6 N RERETT R, REHGFL AP &
’-"iéﬁiiii‘& N BE A NI PE G = i ra’f"’ﬂg;%ﬁi’%é*%;%%%‘ﬁ””
ST LSRR R ST T RFE AR SR
Hpgs 32 A g~y A%;,:—;;F"*E?;M%Ii}_’éi'l’ﬁii“ﬁ%%;% B AR P
- Ea =

w TR OE ek W3R 3 s

Total Events (M, >=3)
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Total-Event Distribution along Latitude

255 ]
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24.5 H
24
® ‘
-1 235
23
22,5 [F 6/ e Gy S R AR
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B 7 1994-2021 & z_3 %i‘éﬁ”&?ﬁﬁﬂ“i’é R o A (M>3.0)
%104 Cumulative Sum of Total-Event Numbers
4 L -
35F i
3t !
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s
Wost o
(o]
£
@ 2 .
£
> ]
O4sf 1
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Background (pbk g>0.5)
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T
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3oz )
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Background-Event Distribution along Latitude
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25 i .. .
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Cumulative Sum of Background-Event Numbers
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255 F T =
25+ i
o § ! L) 9 :‘;}r

g ot i f
4 f‘ i v
24.5 -§m R AT ¥ b P ) 2 ; ‘. 8
24 bk g B8 phsosreigln e
s i : 5' r R | ‘ 1 o

© - s p &
- 235} X 4
23 |- ! b l | e
, Y‘ f | y
225+ :
2L b -
fid 7. IS
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W 1319942021 &£ 2. E ¥+ REHERFE L5 E > A F (M>3.0)
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35. ¥ RERF LA 63H

34$*m%$%3¢5“*$?§*ﬁ*§%%% Sapg Aok B A EF
FtHEF ETAS 8w il 7 G BBt 5 5 Ay %j«éﬁa_{,&: . =§b gy 2
%ﬁ*’*“?W%ﬁJ’—m&ﬂ**ﬁfxmaﬁéﬁiw 2T
ALEIE R AR RS S R Y fEF > AW F A0 EIEAR (T o

A EHEPEERE > I3 SRR FRE SIS S 81x201 g
422 %‘”wi i AL F *f"s?i#ﬁ“ff PAEALR PR RE RS 0 A E R 2022 £ O
501 P 5 b 33 1994/1/1 00:00:00 & 2021/12/31 23:59:59 (UTC Time)2 ¥ £ 7%
B R RIESF A 0 RiE ST A B0 1S X 16 TR 9 34 o
BHET e RERRR TS ﬁ: I *M;a,ﬂh::a: 11d pEE T d IR
REAEREHSE S RMITRERGETRL L EF G4 > B° ool ,T,H
Wi R fFEa s > B LA TEEERIR RS
ST L ARG BGE IR A 4 R T R R B RS ﬁvﬁgﬁ;q,{%,ﬂw
FAEF TR EALIRY B RFBR M FFTETR

Total Rate

25.5 o
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24.5 10°
24

23.5 10°"
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22:5 1072

120 1205 121 1215 122 1225

W 15 %33 2022/01/01 00:00:00 (UTC Time)2 2483 & 6 &

(¢ F# ¥ = 5 events/day/deg?)
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Background Rate
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v
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Intensity Rate
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il  #-2022/01/01 00:00:00 (UTC Time)2 ff 5 it 4 22 15 F 3 Rind ot (W) 18
IW22) FHERT PPN RTEFRSE S B RER 15 BN 30 PO
AT R L e RE PO BT U A G SRR R R E - R )
FFIRAFERENTRE RFERL 04755 FL FATRAFYEATEL 2
PR L R R R > e BRFRR A SRR 4 D R
A RS RY RPiocdk o WL H - R6]> @ 2022& 02 P42 &7 01
P2ffaad 8BRS RBR VG LE- -

Earthquakes in 01 Day(s)
nevt=5 (ID202201010000TNO)
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Earthquakes in 03 Day(s)
nevt=25 (ID202201010000TNO)
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Earthquakes in 07 Day(s)
nevt=53 (ID202201010000TNO)
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Earthquakes in 15 Day(s)
nevt=88 (1D202201010000TNO)
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Earthquakes in 30 Day(s)
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4. 2022 # £ K@ PR LY REGFY

2022 # 09 * 17 p 13 p¥ 41 » (UTC Time)# 4 N X240 6.6 1B L B(FF
$FLE LA R) 122 09 7 18 p 06 PF 44 A (UTC Time)s # K < 44 6.8 s
PROAAFEFES IR AFGERLFRE ZEF BFITL R AL AT
ﬁ*@'t? AL o R RLTE CRRFR WA G RERRL TG ML IE R

BUTE G-ArAAs ~F G703 80 Renup AUk > TR L2 EE
» J YR e Rl L BN(CEANTE TR A E HEFRY v A1)

AP 3] EoriE z g 0 3T GDMS k S & R LR 0 09 7 17
p 13B?41 309 % 25¢ OEﬁOA\”:}%"éEE'J 332 LA e R A
o 2 st A AF RARAZH R A REARE L LFATHE S 204
FERETRRE A - REF AL RERN S FNEEAR I REEAL TR
SRR s AN B RZABE T SRR R REEA B2 B RS o Lee
etal. (2023)14  *L#7 A & ¥ (finite-fault inversion) H it o 47k o FH £ > B % % &
TR GEERAT IR TER G BB EF R FR

hFT 3@ ETAS 340 1995 % = § #fit ETAS S8t & i 42 v jF £ 1 2022
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B BT B ARB660 2 BE WEEPEME N A E (T 2022 & 09 !
170 1330 4) 7 LT k- B P2 REGSMELS AT &P KM H(H
23b) - % ,mm@H 19 A kais = B 5 5 4 (W 24a) > £ K3 T 2 f5 it
ARFPHEERNEIRRRET LI PRF 662 T RE T FEBPAE B
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Abstract

Current earthquake prediction methods are not yet viable for effectively mitigating
seismic damage. Instead, an earthquake early warning (EEW) system stands out as an
essential strategy in seismic hazard mitigation. Fundamental to the EEW system are the
processes of automatically detecting P-wave arrivals and determining the earthquake's
location in real time. Continuous advancements in the EEW system are necessary to
minimize reporting times (thus providing earlier warnings) and to enhance the system's
reliability. Upgrading modules within the EEW system is a continuous endeavor.
Presently, most P-wave detection relies on amplitude information. To address this
limitation, we have integrated a P-wave arrival picker that focuses on the seismic period
into the EEW system, named the enhanced TP method. Our subsequent simulation tests
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have shown that the enhanced TP method significantly reduces travel time residuals to
an average of only 0.6 seconds, a marked improvement over the STA/LTA method,
which has residuals of about 1.1 seconds. Moreover, we have introduced a module
capable of detecting multiple earthquakes simultaneously. This advancement is crucial
for avoiding false alarms and improving the accuracy of the system. By implementing a
new location module and applying the results obtained from the enhanced TP method,
the upgraded system has exhibited an average horizontal error of just 6.9+6.9 km and a
mean vertical error of -0.2£13.8 km. This accuracy is a considerable improvement and
illustrates the enhanced TPY method's significant role in increasing the stability of the
earthquake location process in comparison to the STA/LTA method.

Keywords: earthquake, seismic hazard mitigation, earthquake early warning,
earthquake early warning system
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W= ~ B @ ¢ 4§ % % (Central Weather Administration, CWA) % 4 %« &3 & i@
E% 2 F b RIFE el R e 2 g2 42 (Chen etal., 2015) -
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Ft 0 AFTE X S 7 iTE Kk 4R4PE (e (Signal to Noise Ratio, SNR)z1 855
0 BEFT 7 o 4ess 1t TPY 2 (Yamada and Mori, 2022)~ 225 % & STA/LTA ;% (Zhang et al.,
2017)% - # ¥ 2 Yamada and Mori (2022)3 &1 1 * % #p cndF el kg 7 Pk $4if ep
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Algorithm 1 Outline of the refined 774 method.
while end of data do

x Compute T},4, smoothed derivative dT?, and the largest change in 3s AT,,’,‘f,,
pd . X;
= 3’7\/ Di+D,
pd _ pd pd \ /e
T = (T, — T,) /(3  dt)
qpd  pdy s .
ATPE  — max(]i'" — [,’" ),j € (previous 3 s)

max

if ATPY

max

if 20 s passed from the prev. trig V (within 20 s AATP4, > ATPL (prev.)) then

max

> ¢1A b s passed from the previous trig then

* Signal detected. Refine the arrival time in the previous 0.15 s.

for j = (i — 0.15/dt) — i do
if 79 < (TP - 0.5ATES,

) < TP then
refined time step = j
end if
end for
if not refined then
for j = (¢ —3/dt) — i do
if TP < (17 - 0.8ATYS

az) <

T ’”il then
refined time step = j
end if

end for
end if
* Additional refinement in the previous 1 s from the first refinement.
for k= (j—1/dt) — j do

if dT7" < 0.01 < dT}?, then

refined time step = &
end if
end for
end if
end if

end while

Bl = ~ TP & 3| pr e % s 42 (From Yamada and Mori, 2022) -

Foehogp Y 2 chi % kg LES £ & 5h i TPz g it ch STAILTA 2
Frul Lt ARG P OAEPE o TR 5 (0 TP e B B g R PR FIPEV AL
B3l e bk BRERIED © E RS HHE 5% gLl 2 STAILTA 2 425
TP #5 ﬁiﬁb“‘*%gzﬁﬁlf/’ii27f'}‘°5’f’*’7ff’57i

% @s'g;&ﬁﬁ@tﬁ_ RESTEEY B F RS TR
175



it 7 7 cFLEE RH IR v AT AT et TGRSR
PeiE o *F‘:f” (s e 2R o

Aty s Barthworm fa s (8 0RIG# T & 0 & i * tankplayer #- P-Alert i sidt
R E R B R R w kD £ S RPN cBRFR Y Tpd *#“ £
Bredhd o AN A2 BIBFTR O £ B AT e (s @ f TCPD i
YA E B AR ot AR D Wy STAILTA 2 o s i iR R Y 50
STA/LTA 25 o ffs » R~ 2475 ?_ﬁ;ﬁ A AR 2 T Pk 4 o j\E‘r;E ¥
B30 2012 1 2023 # B KA ALH A 0 550 T %G P-Alert [k seh %20 12 Biplak
WA ehE 5 £ 554 2ok - o

TCPD firieaicie #ye s € B » T £ i34 TCPD e > 875 5 £ &

Bymn R L0 B3 T 2022 & ) w BAF R ARREG 4 g4 é:a‘_i*‘
Bid MR OIEAS o Fpt o ArF e E 2 N2 S £ R TCPD ’fﬂ—‘gﬁ’ﬂ” °
m ot i S ERRFEL TR RIER R FIEL S TRE R L s ,;i
TIpE g 7 ST AL ERIE 3 > X Z e RMY - @
H o> TRIPFE RipgEy o 2 P RIFLEsRiy 2 #Bfﬁgﬁﬁvmi'l
P TR T R A e R A gg%fra FIE E A o Bt TRk
B oo g g% Geiger % (Geiger, 1912) » &% 02 L % [ ig B iR 0k Bk B )
kB APEZ 2o 1 B ED2EE R zﬂi i#ijﬁiv’ PEEADL IR E
FO o Ay o - Bk R 2 = M AR bR R
o FhERM B |art R

Y
?E
A -
)
=
=
3
*m}
-k
=

Multiple earthquakes detecting algorithm

Events Incoming
associator arrivals
Detected events »  Extracting
' f ' detected
A Unrelated
events arrivals | .
. arrivals
via calculated _
Updating travel time _ :
source v Temporal and
parameters Location spatial
detected clustering
New detected events analysis
source Clustered
Event location
parameters artivals

via clustered |«
arrivals

Ble ~ 2 €80 BF E2 WL PIIARE o

176



KB R EME R P ER R BT EE A B AR A
Pz MR € P TR B 15 B AR BE o R4
HBFITOS NP ER IR EE N R T RL SF 82 F B
H =R 7 v peyrg S H ik e P A B £ edRiE & (Apparent velocity) 18 © Bk BEAR
BEEEZ30202 ) UPRr ARERGS 2L E R E > FR O GHE -
X h 4645 o RILG ELPIEAS T A, TR B 15 B L B H - &
o AR T Y B R OB RS R ARSI REORH AL BEOE
ok b b oniplak o € A R B ALK I o AR Rl > s R R iT % n
RIEIEAE S B G E 2 o dogt 0 A Rl UG A R R B Sl MR R LE
A G MR .

F-FLZEEN PP ATIPFE AT 6B 7 BER BT 280
RRFBA AT P RFE B L] TEMEATIE  2F A HA &
PR FEMZATA N R FlS hEEAITE G T AL - B R
ARREF L R TR Fp o AF MBS RS Y FRE R
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CWA report
Time(UTC) Long. Lat. Depth

e | ooy | wm |
2012/11/20 17:09:02 121.40 22.45 17.5 5.5
2013/03/07 | 03:36:46 121.49 24.31 15.2 5.6
2013/03/27 | 02:03:20 121.07 23.90 154 6.1
2013/06/02 | 05:43:04 121.00 23.87 10.0 6.3
2013/10/31 12:02:09 121.42 23.55 19.5 6.3
2014/05/21 | 00:21:14 121.45 23.74 18.0 5.9
2015/02/13 | 20:06:31 121.46 22.66 18.4 6.1
2015/03/23 10:13:51 121.76 23.70 26.3 6.0
2015/04/20 11:20:47 121.75 23.63 32.6 5.5
2015/09/01 13:24:46 121.55 23.91 20.3 5.5
2015/09/15 19:37:36 121.81 24.28 15.3 5.6
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2015/09/16 | 13:09:00 121.86 2431 17.8 5.5
2015/11/01 | 21:09:42 121.60 22.71 18.9 5.9
2016/01/19 | 02:13:26 121.38 22.75 20.4 5.7
2016/02/05 | 19:57:27 120.54 22.93 16.7 6.4
2016/04/27 | 15:17:15 121.81 24.25 10.0 5.6
2016/04/27 | 18:19:06 121.30 23.26 18.2 5.5
2016/05/12 | 03:17:15 121.95 24.69 17.5 5.8
2016/05/12 | 04:29:56 122.00 24.68 16.4 5.5
2016/10/06 | 15:52:00 121.40 22.61 20.0 6.0
2017/02/10 | 17:12:53 120.12 22.90 18.4 5.6
2017/05/15 | 23:12:54 121.47 23.25 21.9 5.7
2017/09/20 | 14:29:57 121.76 23.33 15.3 5.7
2017/11/22 | 14:20:10 120.73 23.59 18.5 9.5
2018/02/04 | 13:56:42 121.83 24.15 16.0 5.8
2018/02/06 | 15:50:43 121.69 24.14 10.0 6.0
2018/02/07 | 15:21:32 121.79 24.12 10.0 5.7
2018/02/21 | 23:10:40 121.67 23.36 32.8 5.6
2018/12/15 | 21:21:06 121.90 23.74 30.0 5.6
2019/04/03 | 01:52:55 120.85 22.95 10.0 5.6
2019/04/18 | 05:01:07 121.54 24.06 18.8 6.1
2019/06/04 | 09:46:19 121.59 22.85 13.9 5.6
2019/08/07 | 21:28:04 121.91 24.43 22.5 6.0
2020/02/15 | 11:00:06 121.52 23.84 10.5 5.5
2021/04/18 | 14:11:40 121.49 23.87 15.0 5.8
2021/04/18 | 14:14:38 121.48 23.86 13.9 6.2
2022/02/07 | 10:58:25 121.94 24.41 34.6 5.6
2022/03/09 | 12:22:14 121.44 23.25 34.5 5.6
2022/03/22 | 17:41:40 121.52 23.43 30.6 6.6
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2022/03/22 | 17:42:39 121.48 23.43 28.0 5.7
2022/03/22 | 17:43:26 121.46 23.46 19.3 6.1
2022/03/22 | 19:35:04 121.52 23.48 26.0 5.8
2022/03/22 | 20:29:59 121.44 23.42 21.0 5.8
2022/06/20 | 01:05:08 121.47 23.68 6.8 6.0
2022/09/17 | 13:41:19 121.16 23.08 8.6 6.6
2022/09/17 | 14:45:28 121.19 23.12 5.8 5.8
2022/09/18 | 05:19:19 121.18 23.13 121 6.1
2022/09/18 | 06:32:03 121.20 23.14 7.8 5.7
2022/09/18 | 06:44:15 121.20 23.14 7.8 6.8
2022/09/18 | 08:46:32 121.18 23.12 13.9 5.6
2022/09/18 | 09:39:56 121.30 23.27 11.5 5.8
2022/09/19 | 02:07:45 121.30 23.44 134 6.0
2022/11/26 | 17:38:04 121.64 23.86 36.0 5.6
2022/12/15 | 04:03:16 121.85 23.78 16.3 6.5
2023/09/05 | 09:30:41 120.39 23.53 8.5 5.5
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2022/03/24 00:38:13.7 23.44 121.46 25.6 44
1 2022/03/24 00:38:26.0 23.44 121.43 25.0 5.7
2022/06/20 01:05:07.7 23.69 121.45 7.0 6.0
: 2022/06/20 01:05:47.2 23.69 121.42 7.9 5.2

3 2022/09/18 12:44:37.2 23.14 121.19 15.0 4.68

183



\”3"

cr}; ‘aﬂl*“
o
—'? ki &

e R FERD EJ SEREETARRT S B R RERESTR
%i%&r—}pﬁp ° —,‘\ EJ %&iff_“g—atf iﬁ@g‘\ ) @%{ It 4F’, %3_" ESR
é—%‘j‘mfﬂvéﬂ ’-giﬂ“ﬁéwﬁq’i‘?'i\.ﬁ'&v%-ﬁ-ru «uﬁﬁ&mfﬁﬁ&ﬁgﬁ’m

A
3%11\&

3 ‘;“_ F_L
13\

b
=y
[y

—

<

e
‘>‘+ e L N
o

TR &Y hr ol o e E - F S Ao 3
REAZWEHIIFTA DN MEEEEG &H 2 A FTEF - 2 BB ORI PR
FURAL R RAER T 7 e G- LRI (W)
Rpa A LEL - RF NI ERE ?;FEF*F‘@%E&&P,E—%H&%%‘;%
é—ifiz;%ttfﬁﬁg&w F&)K#Bﬁf"ﬁxﬁ‘ %Fggfﬁ‘méﬂ , RS BEAPN /EH;Z o

23.6°
Hualien County
Chiayi County
23.4°
2022/09/18
12:44:26.73
10.0 km M d3.12
P 2022/09/18
®, 0230013 12:44:36.86
= 15.0km M_,4.68
£ 232° 12:44:25.49 Pd 0 ‘
% 10.0 km MPd6O4 Pacific Ocean
= [
.E Tainan City o
S 2022/09/18
12:44:24.18 2022/09/18
23 0° Kaohsiung City 15.0 km MPd 1.85 41‘2541:1'1131/[ 45
. . L4
Taitung County
22.8° — O I\Tew Tepd Module
10 km O CWB EEWS

\n @ CWB Catalog

120.4° 120.6° 120.8° 121.0° 121.2° 121.4° 121.6°
Longitude(E)

B4 ~2022 # 9 * 18 p 12:43:00 & 12:45:00 % €+ BRE 2 pRE S L F B -

Rpn g% Ziemy F’“ﬁé‘vﬁ‘i’ﬁ LR ol N PR ol AN E L S
ST AL A R RANGES 0 A B0 FER T A o LA P BRI 0 IRAT
T T D] R A AR T A SRR wg;& TSR AR, NI o A
P AR AT L P HEYI ) fm@»%ﬁ,x¢%%f¢&g
Hehfa) o

Flt o AF R ﬁ‘*‘rp’%ﬁ“ EB T PHE TR Y 2T lE - BP0
TIPFFRAR m P g i R PRt R R R AR o R S R R
‘*’\ﬁm’f‘t"’ S e it B o 4] DR B A D B 0 B A B
ﬁﬁnvﬁFz#a\%sr,éii'J‘,lfo"mq%zrw’ﬂwﬁ’“#gﬁ FERLBE2EE S Lol
Y P AT RS SE

BT 2P » M L
&}ﬁz% A Tpd,z-rn*;l- ﬁ_@_f;,igggﬁ@w ﬁi; er;J!—;!i._lo BE AR B TR %iﬁi
FEERFORY > RATERERMNATEFRY AR fT iR



BEETES pr—i 7k 18 - BT HR 1 TP 2 STAILTA 2945 & 5 b
LA R g{,ﬁg@%vﬁp ’W@"I? F‘.ri‘.ﬁf_v]”?,]\ ) 5f§,§’ﬂ,zi,p-‘%)@#p—i %
Boe FlPt o SFmiril o PR AEAY 0 RO ERES 0 AR LR
LR S ERE L - S XA

R - &75@ WGBS B R R T & :Iﬁ&% TIE ~ A AT o R Fé's:
Bangipk 0 54 - P enb5 A E 2 PIREES AR - AT oo E]*L“r—r E
— dF 2 Kt A% v iRp W AT F-FREFEF 6 BPEFT T2
£ (Gap)pii 2t 180 B o d M B H DT FEILF f_kfe‘ R -TF -
Th oo Fl o AT RYEIFERG AR ONE S FF P EFT AR
12 R A (B - ) A2 o geBEon endicdp o @ F it TP2 A 4 e F
it STAILTA #ehptiE T o s v TP2 A kT2 % F 4 6.946.9 2 2 thT 3o
FAoEE 2 e+ 3 -024138 2 2 T 3E L (STAILTA 2 kT2 + 5 114
1204 22 cnT oL > £E 2o b PlF -0.37414.0 & 2 ehT R A o

L-‘-‘g EN
ﬁ%‘?ﬁ &

O CWA Catalog
O STA/LTA
@ Trd

Latitude (°N)

22 Difference average T
STA/LTA : 10.8 £ 15.9 km
Tr4:9.1+9.9km

0

o () B
£ 4+
g o0
2

80 | Difference average
7| STALTA-CWA : 9.0 + 28.0 km 5 5
100 —{ ™.CWA : 1.9+ 192 km

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
119 120 121 122 123

Longitude (°E)
185




EH‘CWAH%ﬁ%ﬁﬁﬁﬁ§ﬁﬁ%“*%i&ﬁ@ﬁ%~$%ii&@\ﬁ
Bt mBled?oghi CWAK B2 8% ghz 2R 4 B 4
Fra_=fepe & STAILTA 2 ~ 5t TP 2 ch %

Ba b oA ’Fe*’** STA/LTA,z GERRL-AHAIRBIKA N BAATE
CLFRAPETRLE Y P HOREE  FREZ BT LA Ak
AR FCE S RVE S J67+61 w2 o dE AT P E-0.7113.7 22 > &g
L Tpd E BT o j_‘fv',-‘l:’.ﬁm:mffi/»\ i 5 i TPOx 2 STAILTA 2 A& ) ehT 308 ph
F(ANEFLPPEFEF-JCH S - BPHEFTADER)L WL 278+24 fi % 264117
Fio TORBERE (AL SRR OF RPN B 5 7.3825 /52 9.8+3.3
Poo FHE-AF G AR OMY 1 A *J'Fffﬁ'ia*&ﬁ Llf_‘—%{“}i e ,faqi#’ T
AR RHETRT e D EHITRL FR AR A FE RS RIT B h
£ B AR, % “,L,m;faé T H g, ,T%q,\#“ "‘%é’f‘lf,%i'fi° Motk L
BREPE ReERAT

26
O CWA Catalog
O STA/LTA
® Trd
25
—
Z
L
o 24
=
=1
e
=
=]
|
23
22 Difference average <
STA/LTA : 11.4 + 20.4 km
T™: 6.9+ 6.9 km
X (b)
20 —
— -
£ 40—
- —
=
s 60 — |
3 . [
80 — Difference average |
7| STALTA-CWA : -0.37 + 14.0 km s
100 —{ 1»CWA :-0.2 + 13.8 km
T T T T T[T T T T T AT [T T T T T[T T IT T

119 120 121 122 123
Longitude (°E)

186



Bl-- ~CWA & R L 80 AP EF e B ATl » 33 12 1[% PLPviE

NS

It

F_

T mﬁd’— Tim(a) ~ FR (b B - Y vogn CWA » REZ 5
% 0 AEhz RoEbp) e A R e e e & STALTA 2 ~ it Tpd/é""ﬁ
%

-

-g;;

cER A TR e e AR R A B F RLRGES C %E S &P
HAE D PR AR T o B STA/LTA AR FER G L HehEA R e ats eh
BRRIFE T o TERE T M P ARG R XA g kSR - 11 2022 £ 9
P18 P RAARNC68 7 R bl w TP % pef % % i STAILTA 2 ¢ o
Poagfe TP ERE DI pEA £ T30 0.6 0 43 STAILTA 2 eh 11 §) 0 5 it
TP % el it P OAE IR o

~ @ BEarthworm & 5 L L % 2 T i3 B 0 2 4 R D FERATAF e R

MEF AT RERATR ifEI Fﬁés\ﬁ: BRGEHE AH » Bz K IR EY A
o R EAWEMIOERL FHEY L BRUYAFLEEE

BEFRR RSN BT i 5 LRI R L i

% LLL ’ ﬂ\ﬁﬁ %;B'IFW/” ﬁié’\*q_ , -pL% S *E@%&-; o ﬁ-%&l?lpf‘%}‘;g_ , %’T«‘LP"
*3"@*55% i ’1”’\‘”’“\-"53‘?&1“\ I EER D Fh »&Mﬁé AR Tl

§

FTHREFEZEE T UG AT i'*k\’JmTLT‘ Fl 4 m 2 #”fm/,,\’J
féﬁ SHP AKX e R ﬁ? f’diléﬂ”“ﬂg:}ixgj FEAETEE LB
15 A Bk o

AT R £ 50 TP pE ﬁé:% AoKT S 5 Ti9:2 Y 4 6.946.9
w2 d3 > e p]2-02113.8 22 5 LT pivf'mz78+247f,,ibﬁf9
R 5 7.342.5 45 o ¢ STALTA i Apdi > 56 1 TP BEF 422 0 A0 4 seeh
T AEEL o

187



34

Chen, D. Y., N. C. Hsiao, and Y. M. Wu (2015). The Earthworm Based Earthquake
Alarm Reporting System in Taiwan, Bull. Seismol. Soc. Am. 105, no. 2A,
568-579, doi: 10.1785/0120140147.

Geiger, L. (1912). Probability method for the determination of earthquake epicenters
from the arrival time only, Bull. St. Louis Univ. 8, no. 1, 56-71.

Huang, T. C., and Y. M. Wu (2019). A Robust Algorithm for Automatic P-wave
Arrival-Time Picking Based on the Local Extrema Scalogram, Bull. Seismol. Soc.
Am. 109, no. 1, 413-423, doi: 10.1785/0120180127.

Lee, W. H. K., and Y. M. Wu (2010). Earthquake Monitoring and Early Warning
Systems in Encyclopedia of Complexity and Systems Science, Springer-Verlag,
New York, 2496-2530.

Shin, T. C., and T. liang Teng (2001). An Overview of the 1999 Chi-Chi, Taiwan,
Earthquake, Bull. Seismol. Soc. Am. 91, no. 5, 895-913, doi:
10.1785/0120000738.

Wu, Y. M. (2015). Progress on Development of an Earthquake Early Warning System
Using Low-Cost Sensors, Pure Appl. Geophys. 172, no. 9, 2343-2351, doi:
10.1007/s00024-014-0933-5.

Wu, Y. M., D. Y. Chen, T. L. Lin, C. Y. Hsieh, T. L. Chin, W. Y. Chang, W. S. Li, and S.
H. Ker (2013). A High-Density Seismic Network for Earthquake Early Warning
in Taiwan Based on Low Cost Sensors, Seismol. Res. Lett. 84, no. 6, 1048-1054,
doi: 10.1785/0220130085.

Wu, Y. M., J. K. Chung, and T. C. Shin (1999). Development of an Integrated
Earthquake Early Warning System in Taiwan-Case for the Hualien Area
Earthquakes, Terr. Atmospheric Ocean. Sci. 10, no. 4, 719, doi:
10.3319/TA0.1999.10.4.719(T).

Wu, Y. M., W. T. Liang, H. Mittal, W. A. Chao, C. H. Lin, B. S. Huang, and C. M. Lin
(2016). Performance of a Low-Cost Earthquake Early Warning System (P-Alert)
during the 2016 ML 6.4 Meinong (Taiwan) Earthquake, Seismol. Res. Lett. 87,
no. 5, 1050-1059, doi: 10.1785/0220160058.

Wu, Y. M., H. Mittal, D. Y. Chen, T. Y. Hsu, and P. Y. Lin (2021). Earthquake Early
Warning Systems in Taiwan: Current Status, J. Geol. Soc. India 97, no. 12,
1525-1532, doi: 10.1007/s12594-021-1909-6.

Wu, Y. M., H. Mittal, T. C. Huang, B. M. Yang, J. C. Jan, and S. K. Chen (2019).
Performance of a Low-Cost Earthquake Early Warning System (P-Alert) and
Shake Map Production during the 2018 Mw 6.4 Hualien, Taiwan, Earthquake,
Seismol. Res. Lett. 90, no. 1, 19-29, doi: 10.1785/0220180170.

Yamada, M., and J. Mori (2022). P-wave picking for earthquake early warning:
refinement of a Tpd method, Geophys. J. Int. 228, no. 1, 387-395, doi:
10.1093/gji/ggab349.

188



Yang, B. M., H. Mittal, and Y. M. Wu (2021). Real-Time Production of PGA, PGV,
Intensity, and Sa Shakemaps Using Dense MEMS-Based Sensors in Taiwan 3,
Sensors 21, no. 3, 943, doi: 10.3390/s21030943.

Zhang, J., Y. Tang, and H. Li (2017). STA/LTA Fractal Dimension Algorithm of
Detecting the P-Wave Arrival, Bull. Seismol. Soc. Am. 108, no. 1, 230-237, doi:
10.1785/0120170099.

189



190



