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— ~ HuEEEH Seismic observation
(—) HEBPHIZ%E Seismic observation system
1. BIEgH ZEEIHI4E Real-time seismic observation network
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Figure 2.1.1 Distribution of 24-bit seismic observation station
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2. oaHrELEIHI4E Strong ground motion observation network
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Figure 2.1.4 Old and new free-field strong-motion station instruments



3. WEB RS EEE H %% Marine cable observation

system for earthquake and tsunami disaster prevention
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Figure 2.1.5 Marine cable observation system for earthquake and tsunami in the

eastern waters of Taiwan
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Figure 2.1.6 Laying route and ocean bottom station location of marine cable

observation system for earthquake and tsunami in the eastern waters of
Taiwan. The solid green, yellow, and orange lines in the figure indicate
the cable routes of Phases 1, 2, and 3 respectively. The dots are the
locations of the 9 submarine real-time observation stations. The purple
solid line, the purple dashed line, and the lilac dashed line indicate the
baseline of our country’s territorial waters, 12-nautical-mile line and 24-

nautical-mile line, respectively.
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4. HTFHEEBHILE Borehole seismic observation station
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Figure 2.1.7 Schematic diagram of borehole seismic observation station
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Figure 2.1.8 An example of borehole seismic record from December 10, 2020
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Figure 2.1.9 Distribution of borehole seismic stations
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5. KX L ENEF 2B HI4E Real-time seismic network in the

Tatun Volcano Group
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Figure 2.1.10 Distribution of seismic stations in the Tatun Volcano Group and

surrounding areas
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(=) HEEEHT Seismicity analysis
1. ZEHEEEHT Seismicity analysis in Taiwan region
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Figure 2.2.4 Temporal distribution of magnitude, cumulative magnitude, and
number of earthquakes in 2020
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Figure 2.2.5 Focal mechanisms and centroid moment tensor (CMT) solutions of
earthquakes of magnitude greater than 5.0 in 2020
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Table 2.2.1 Parameters of focal mechanisms in Figure 2.2.5

£ A H B 4y HE(E) JE&E(N) MR dipl strikel rakel dip2 strike2  rake2
2020 2 3 17 2 121.5282 23.5662 33.3 52 79 72 164 74.3 165.1 114
2020 2 15 11 5 121.5212 23.8482 91 53 52 34 72 415 2418 1116
2020 2 15 19 20 121.5237 23.8468 87 51 39 32 -13 819 1322 -128.3
2020 2 25 11 14 121.4062 24.3915 51 53 55 108 -115 421 327.1 -58.9
2020 4 12 11 36 122.2023 24.0567 454 53 75 67 -173 83.2 3352 -15.1
2020 5 3 3 24 1215680 23.2423 40.3 6.0 60 215 110 35,5 358.9 594
2020 6 13 20 18 122.4350 24.2632 55,6 6.1 65 39 127 43.6 158.3 37.8
2020 7 12 4 6 1228762 24.8535 1279 5.1 38 76 150 72.1 1905 55.9
2020 7 26 12 52 122.4215 24.2552 536 6.2 63 42 128 454 162.2 39.6
2020 9 28 20 50 121.0205 22.3830 115 54 70 162 -41 519 268.6 -154.3
2020 10 17 15 3 120.3765 23.2762 158 53 45 188 101 46.0 352.6 79.2
2020 11 5 18 36 121.3718 22.5997 259 54 70 51 128 42.2 164.6 30.6
2020 11 1 40 122.1172 23.1147 371 57 83 148 -14 76.1 239.7 -172.8
2020 11 16 7 19 121.2830 21.9822 68.2 54 28 53 -158 79.9 3034 -63.8
2020 11 29 13 42 122.2478 24.2020 31.8 52 53 59 58 47.4 2851 125.1
2020 12 10 5 29 121.5533 23.4532 380 54 69 3 80 23.2 209.2 114.3
2020 12 10 13 19 122.0035 24.7395 75.7 6.6 30 90 177 885 182.6 60.0
2020 12 10 18 15 121.9720 24.5285 62.7 5.8 32 106 -141 705 3415 -64.1
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Table 2.2.2 Parameters of CMT solutions in Figure 2.2.5

£ A H B 4y HE(E) Jb&E(N) M dipl strikel rakel dip2 strike2  rake2
2020 2 15 11 O 121.51 23.86 83 57 418 209.0 634 533 629 1118
2020 2 15 11 5 121.52 23.85 91 53 39.0 2055 66.2 54.8 55.0 108.0
2020 2 15 19 20 121.52 23.85 87 51 236 3079 -1620 829 2014 -67.3
2020 2 25 11 14 121.41 24.39 51 53 400 133.7 -1228 57.2 353.8 -655
2020 4 12 11 36 122.20 24.06 454 53 718 162.8 134 772 685 1614
2020 5 3 3 24 121.57 23.24 40.3 6.0 34.3 2.7 53.8 629 2242 1119
2020 5 24 22 31 121.95 24.36 238 52 292 2763 -130.8 68.2 141.0 -69.8
2020 6 11 1 38 122.39 24.50 90.8 54 453 2241 47 86.6 130.8 135.2
2020 6 13 20 18 122.43 24.26 55,6 6.1 59.4 150.6 242 693 477 147.1
2020 6 26 23 27 120.84 23.05 54 51 451 1022 -136.6 60.8 3385 -53.8
2020 6 29 12 52 122.34 24.31 64.6 53 534 190.7 47.1 53.8 68.0 1325
2020 7 26 12 52 122.42 24.26 53.6 6.2 555 1545 26.6 683 48.7 1424
2020 9 28 20 50 121.02 22.38 115 54 344 1559 175 80.2 513 1231
2020 9 29 1 14 121.02 22.37 11.7 51 31.8 150.1 50 87.3 558 1217
2020 9 30 4 37 122.10 2484 1060 6.0 119 349 1405 824 163.8 80.7
2020 10 17 15 3 120.38 23.28 158 53 450 2120 1059 471 10.0 74.6
2020 11 5 18 36 121.37 22.60 259 54 536 3332 158 77.2 233.6 1425
2020 11 1 40 122.12 23.11 371 57 76.8 154.0 46 854 629 166.7
2020 11 29 13 42 122.25 24.20 31.8 52 332 2956 1470 726 54.0 61.1
2020 12 10 5 29 121.55 23.45 38.0 54 455 240.8 1399 62.6 14 52.0
2020 12 10 13 19 122.00 24.74 757 6.6 450 66.8 151.0 69.9 1782 48.7
2020 12 10 18 15 121.97 24.53 62.7 58 263 525 1450 752 174.6 67.9
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2. KX LB EEN 34T Local earthquakes in the Tatun

Volcano Group
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Figure 2.2.6 Distribution of local earthquakes in the Tatun Volcano Group in 2020
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Figure 2.2.7 Relation between number and magnitude of the earthquakes in the
Tatun Volcano Group in 2020
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Figure 2.2.8 Daily number of earthquakes in the Tatun Volcano Group in 2020
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Figure 2.2.9 Monthly number of earthquakes in the Tatun Volcano Group from 2012
to 2020
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Figure 2.2.10 Distribution of local earthquakes in the Tatun Volcano Group in 2019
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= ~ HERYEEELR] Geophysical observation
(—) HERYEEEUH| %t Geophysical observation system
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( Taiwan Geophysical Network for Seismology, TGNS ) ([#3.1.1) -
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1. KBB4 Crustal deformation observation network
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2. HrEEHN T /KEBUAIAE Seismic groundwater observation network
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3. HrERBLIEEL R4S Geomagnetic observation network
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4. K EZEHIAY Geoelectric observation network

2 a2 E R - B SLEIE e 2 B
B0y Y B &2 ( Carpinteri et al., 2010; Fukui et al., 2005;
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Figure 3.1.1 Taiwan Geophysical Network for Seismology (TGNS) station map. GNSS:

GNSS observation stations. Magnetism: Geomagnetic observation

stations. Groundwater: Seismic groundwater observation stations. GEMS:
Geoelectric observation stations.
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() stBkyEEEAIE R M Geophysical observation data analysis
1. ¥R EEIH] Crustal deformation observation
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Figure 3.2.1 Results of GNSS crustal deformation observation in 2020. The figure

shows the horizontal velocity field under ITRF2014 coordinate system.
The arrows indicate annual average velocity values and the directions in
which the stations move. The figure shows seismicity (the location
distribution of epicenters) in December of 2020 for comparison with the
GNSS crustal deformation data.
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Figure 3.2.2 Results of GNSS crustal deformation observation in 2020. The figure is
the strain field distribution map. Red and blue indicate compression and
extension, respectively. The most compressed area is located at East
Coastal Mountain Range. The figure shows seismicity (the location

distribution of epicenters) in December of 2020 for comparison with the
GNSS crustal deformation data.
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2. BREE 28 F& & lonospheric total electron content

EI88F9H FO1F12H » 2 Eith g $had A= 204EHHR T2 6.06Y
s - HF 16 E AR A S K SN EREeE 22
(TEC) & FH 5 > FHRHMEE80% (Liuetal.,2004) - [IfRIEA
[ B RN R, > 109 HETA 18(E#RH5.0LL F
PRI/ NP A0S B HHEE > Horp g (R34 AR RIS KR N BB 8
#H60% R FLH B - TR fy11% (2/18)  6{ =4 £ IS KA E
MR A E60%IE R E T - 1R R533% (6/18) - 5551 » 1094
BifEeE T a5 (TEC) HHIHISTGREEE0%NE FH Y, - 4TAER
HEAERORNARIFEANNS.0 ~ ZRE/NR40A BAHIESS 4 » &
Bk 5 B IR MR S AR EY [527% (4/15 ) 5 302 #E4E560%1E 22
o H 6T E R H A RIRIIARUEANNS.0 ~ ZE/NF404 B
AR SR A - JTRRIZ Wi 2 - R IR R IR M S8 A i
RELT% (5/29) - BEGETEERA7R3.2.1 - BB e
R Z Bl MR AT B A 3.2.3

% 3.2.1 100 FEBERELGE -
Table 3.2.1 Anomaly of ionospheric total electron content ( TEC ) in 2020

TEC £F{H | MEAIARNARE | ERERARKNAHE

60% & S5 11% (2/18) 27% (4/15)
60%1F 5 33% (6/18) 17% (5/29)
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Figure 3.2.3 Relevance analysis between TEC observation and earthquakes in 2020:
(a) daily variation of Dst-Index; (b) daily variation of observed TEC
values (blue lines); (c) positive difference between observed TEC values
and upper bounds of theoretical values (blue bars), negative difference
for the lower bounds (red bars); (d) 5-day moving average of TEC values.
Arrows indicate earthquakes of magnitude 5.0 or greater.
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3. M EH T /KEAI Seismic groundwater observation

A B ~ AEE B~ NH B R AR LB TT RIS A 4R
VDRI » DUSSEECsR S BUHIE 2 /KAL ~ O/ ~ KRBETT ~ [ERd
TV E - RELUENHL KA 2 EH BN FE SR - R MR
JRASHIATHA] > FH MR 5 R 5 403 2. 471K -

Fh KA IR LI LURUER ~ 4 ~ TRk R £ > T RI
R TURST s RO P F{OPC VLY ST -tEh: LA N NOAVAS L Epl el ) 7
UG RIHI TK AL £ 2 RREERIEA A Al ~ 7SHIER
WK LHETRE > FEE/KCHEREEAIHE - /KA &
Ry BT BRAT ~ FRLEATHE N /K - ARV 2
AR - /KOS LA BRI EER > 52 ~ JRE 23R Ry
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Figure 3.2.4 Time series of the seismic groundwater observation in 2020 at: (a)
ZhuangWei (b) Hualien (c) NaBa (d) LiuJar () DonHer (f) ChiShan.
Green line: water level; Red stars: earthquakes of local magnitude (ML)
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5.0 or greater and less than 40 km deep, with less than 50 km between
epicenter and the station; blue line: atmospheric pressure; gray line: upper
temperature; orange line: bottom temperature; brown bar chart: rainfall
near the station; purple line: theoretical tide.

4. HrERWEIGERH] Geomagnetic observation

H R b 508U E R M BN S DR A R 5
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2SR B Y k54 S #i &4 F543,500%246,500nT > A
UhEETE RS 0 WESTRIE R 5 MEs H 8L E 2 RS &S AT
{REMLEAUKR o« PRHAMIG B L2 R BR R #5HEUI 2
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B NI O RAVE R R E A E RS - H 99T A Eithi 55
HIERFRIGHEEIGZ S QNS ] 38 3 RIS 8 A R =iy
HE o 109F 1 L5 EUN B EANES.2.507R » 124 H N EEsax i
fafe » SEUHIE RIS - S PIEhR1LH B 2 0rubil  Fresubilk
R E 2= SECEUIEEA S 2= - 2RI (ZB) A ps Bl 7
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Magnetism (2020010100~2020123123)

- 0
n
(=] H e Q‘M i " T
-50 - ' | ‘ 'R‘ =
47800 A — MT
' 47600 - DO IS
47400;: i i i i i i i i i i i /:
A A
46400 —
h M
£ 46200 A
P S
460002: i i i i i i i i i i i /:8 0
45600/‘ e 'YH —_— LY — NC SM —_tXC - ™™ cs — LN — HC T '
N~ MNWM‘WWWWW
45200 A L 7.0
45000 A E5
W' .
I= 44800 - =
- 6.0
44600 A &
*
4 5.5
44400 i o ** *
*k * *
44200 Tt WN‘W’VWW\:W' 5.0
44000 A
T 4.5

T T T T T T T T T T
12-31 01-31 03-01 04-01 05-01 06-01 07-01 08-01 09-01 10-01 11-01 12-01

UT Time

[E3.2.5 [EH _FJ7 R 100F L EREUAIMZE S5 8L (Dst index) HfFplE » BURi

W35 2 K5 s BB ENHIREE AL SR S B ENE B s CudR Mot

FIME{E (Dst=-30) - [@HY 7 Ry [FIFFra MSAY RS EUNE (/2
o BNT) - ALEESRFORG A RIES.0LL B HIAE /N 404 B St
FEHYHRF I B o HIEnEA4 chFOCEIRAN @ FHEEMT ~ ©FJUEKM
PREERFIRYH » B EEE FURUELY ~ H R PISENC ~ p % H HELESM »
FEHEFIUEXC ~ ZFRELEETW ~ 250 FUACS ~ SIREEIELN ~ 57
FINALEHC -

Figure 3.2.5 Top: Red line: disturbance storm time (Dst) index; yellow line: threshold
value of magnetic storm (Dst=-30). Bottom: Time series of the
geomagnetic observation of 2020. Line of different colors represent

different

stations. Red stars denote earthquakes of local magnitude (ML)

5.0 or greater and less than 40 km deep.
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5. K EEZEIH] Geoelectric observation
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Figure 3.2.6 Time series of the geoelectric observation of 2020. Green lines are NS

component and blue lines are EW component. The red stars denote the
earthquakes of local magnitude (ML) 5.0 or greater and less than 40 km
deep.
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Vg ~ s EEER/ES Earthquake rapid reporting operation
(—) BEREStE#HRE Felt earthquake reports
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Figure 4.1.1 Felt earthquakes in 2020 (*: Magnitude = 6)
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% 4.1.1 109 5% H A R E 2 BERaT& -
Table 4.1.1 Magnitude of felt earthquakes in 2020 by month

MR T —RB|ZB|=B|mB &R |RA|tB|N\B|AB|+tB|+t—8B|+ZA|&&
RE7 L EES | O 0 0 0 0 0 0 0 0 0 0 0 0
A 6~7 B2 0 0 0 1 0 1 1 0 1 0 0 1 5
#1% 5~6 B2 0 6 0 1 2 3 1 1 2 1 8 2 27
A 4~5 (@2 8 | 16 | 2 9 | 11 (13| 9 | 11 | 12 | 13 8 10 | 122
JERE3~4EE | 18 | 20 | 28 | 10 | 10 [ 10 | 12 | 10 | 19 | 15 17 10 | 179
A 2~3 (@2 2 2 6 0 0 2 1 1 0 1 0 1 16
ME12M@g | 0o | 0 | 0| O | O 0 0| 0 0| o 0 0 0
REo~11E8 | 0 | 0 | 0 | O | O 0 0| 0 0| o 0 0 0
a5 28 | 44 | 36 | 21 | 23 | 29 | 24 | 23 | 34 | 30 | 33 24 | 349
%= 4.1.2 109 F& H A RME 2 BEHETER -
Table 4.1.2 Intensity of felt earthquakes in 2020 by month
BEH#: —RB|ZB|=ZA|mB | AR |AB|tA|\B|nA|+B|+—A| +ZA | &5t
BE7EH o|lo|lo|]o|]O|]O]|]O|O]|]O]oO 0 0 0
EEem@E®e | 0|0 | 0|O0O|]O0O|[O]O0O|O]|]O0O]|oO 0 0 0
EE 6 551 % 0 0 0 0 0 0 0 0 0 0 0 0 0
EE 5 aES 0 0 0 0 0 0 0 0 0 0 0 0 0
EE 5 $51E % 0 1 0 0 0 0 0 0 0 0 0 0 1
EE 4 B 3 |18 | 8 0 7 1 5 2 | 11| 7 4 3 69
EE 3 @ 10 | 7 9 (12| 7 | 10| 7 7 |12 | 7 10 3 101
BE 2@ 11 (16 |17 | 8 | 9 10| 7 [ 12| 8 | 12 17 15 142
EE 1 EH 4 2 2 1 0 8 5 2 3 4 2 3 36
EE 0@ o|lo|lo|]o|]OoO|]O]|]O|O]|]O]oO 0 0 0
&t 28 | 44 | 36 | 21 | 23 | 29 | 24 | 23 | 34 | 30 | 33 24 349
72 4.1.3 109 & A AR S 2 H8arRE 2% -
Table 4.1.3 Number of felt earthquakes in 2020 by month
ARMESRt |—B|ZR|=ZR|mA|RA|XA|tA|\A|AR|tB|t+—HB|+ZRH | &&
HEEARMEEH| 4 | 13 | 1 6 4 8 6 5 9 8 6 4 74
INEeEithEEg | 24 | 31 | 35 | 15 | 19 | 21 [ 18 | 18 | 25 | 22 | 27 20 | 975
At 28 | 44 | 36 | 21 | 23 | 29 | 24 | 23 | 34 | 30 | 33 24 | 39
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Figure 4.2.1 Auto-location and official report issuance for significant felt earthquakes

in 2020
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A~ SR ES Tsunami warning reporting

operation

109 R = o0y ((Pacific Tsunami Warning Center,
PTWC) ST GEHNERT 4 2 23 MBS » L3t
37 TR 2 /GEHE S - HF 6 SIS £ H I -

Hrh i Rt E R R E T 3 H 25 HBAENBERTSERTT > #
?F\ 7.8 258 (PTWC #41 HHitE 7.8 » (R&SEEBEHERT (U.S.
Geological Survey, USGS ) JHIs #2847 B R 7.5) » 41[E 5.1 Fi7s 5 109
T PTWC [ /S 51| Ry /G i 2 St 0 4 -

fi5. 1 1095!*135 ZSE{&Z@\;&?%H%%?? FATET. 85‘%)@&%.
Figure 5.1 Epicenter of the magnitude-7.8 earthquake of Mar 25, 2020, in

Kuril'sk, Russia.
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7N ~ TR RN i FE #EElh Promotion of earthquake early

warning application

(—) &£ Background
1. [REEAFR&] Principle and limitation

s R B H e e S AHIE SR A 1% - AR AT R e
AR R ER > PR R A ~ BB - ALDL
BETRfS Sl 2 R B S F AR » F A PR RS -
TEAEE B MRV (S)7) FIZERT - Sl B TR A=
JE R R B IR G,

YNER50RE= Ny B i A > R PR M (SI)
SEPREEE - AHRBE N ] AR E R H TR E R R AE S
& H AT A E SR -

e 2850 S R E AR AT RE F U B R R A TR - HMGETE
.o FHERRBGE > EE2HEEE R > (HameE A - )
FSEHEIRARIDIR - FRECTAERESE ) - 5 20 T H AEH Ky
TR ~ HEAESREUE BUATE SREEFTE BIRARA - TRRAAEEESR 7T AR
HRp {22 (1 7 > SR S B AR R BN A DAL R (REhE -
BEA Rl (EAE 28R A TR R S E A RS SR Rl B e L
BRI RH i -

P PR 58 7 R S S AT ZR A ok DB A i R b I 2y 8
ERER > HERE R e AR - S AT s R
siE AT E iy > e (S mIReCaEHEE > IS LA A S
e[ Y& & TR 5 & (blind zone) > RyMUEFEMVIRS] - 55
Ah > SE ARG R ] P9 A 2(E it R A S A - SRR Bl R A
RESE AR HER S BRI Bl B Ry SR A B8
wElan BN EFFRN - SR ER L E A E - HH AT REEK
A B IR ERAVIEHEE - R 28R - B
R S AR SRR A - ARSI A RREUs -

2. #EEHEE] Promotion plans

KRB ERETEERCE R R Z B E R e &1
o FHEEREEE T BN ER AR, - BRI (ret i
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(=) 109 FEh TR Implementation and performance in 2020

1. Z&e308E System performance

Fatil 2020 HEFE THE R GUEIERTD - St 33T RE IRy
B (R6.21) - (ESARKRPRERIA T > PR 73R EESNEY
I - HALS N ETEHE & i E S AR R 200D DI i
HNEEATENE - BIEEEERE LT DI MY FR BETHES - ERT0L
HLINEE - R EEFREE RN - O e B RHEREE
TEAL > NILE RIS R FRIG S MEAHT - HIERYSHEHET
R B METHERIIRG] > MR (TR S AR Ry T
BI& (blindzone) - Z4MNER AR HBSEAMAVE R AR Tid
HEHRAHE RS - BN BN AT - EE I B SRR
AN ] IATRIFRVESR - BB B PHRREN290E B
F520.40 8 > G 13 30 H (5£6.2.1 ~ [E]6.2.1) - MIHERAE
15503 (£26.2.1 ~ [#6.2.2) -
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7 6.2.1 109 FE5RE AR B SRR = TR -

Table 6.2.1 System performance in 2020

RE BE RE RE(R BRER
(Z) () A (AE) RE(E) RE(E) HRE @) BEEER RNEE REHE AREE &

2020-01-06 14:53:55 120.26 23.38 4.8 8.5 120.25 23.39

2020-02-15 19:05:00 121.53 23.85 5 8.4 121.53 23.85 4.6 0.0 3481
_----------------
2020-02-25 19:14:02 121.42 24.39 5 121.39 4.4 29 35101 0.1 0.0 3654

2020-06-11 09:38:26 122.39 4.5 0.8 121.89 24.51 4.7 3.5 5551 0.7 0.16 3785

2020-06-14 04:18:59 122.44 24.26 6.0 55.6 121.92 24.33

2020-06-27 07:27:44 120.84 23.05 5.0 5.4  120.84 23.05 4.9

10 11.2 0.00 0.1 0.10 3505 1 & &=
----------------
2020-07-09 12:12:03 121.67 24.15 4.6 27.1  121.67 24.13 4.5 16.5 2.22 0.10 3765
—----------------
—----------------

2020-08-19 11:13:31 120.39 23.23 4.7 0.4 120.39 23.23 5.0 0.09 3661

2020-08-27 06:15:08 123.2  24.99 55 1373 1219 24.84

3

2020-09-1709:37:52  121.33 ~ 23.05 = 49  17.3 12132 23.04 4.7

v v v

2020-09-29 09:14:17  121.03  22.39 5.0 9.9 121.04 22.38 5ol 0.27 6679

2020-10-17 05:06:38  120.24  23.08 4.0 7.4 120.08 23.17 53 ' 100.0 8.2 20.38 1.3 010 5135
_----------------
2020-10-17 23:03:14  120.38  23.28 5.3 5.8 120.37 23.30 4.9 0.1 5115

2020-11-26 23:54:52  121.89 ~ 24.7 6.4 12181 2476 3.9 11.10 0.1 018 5124

2020-12-1021:19:58  24.74 1220 66 57 2471 12193 59 045 5130

_----------------
firE& Fgaa7 (Average epicenter error ) 13.3 /0EH (km)

ISR (Average magnitude error ) 0.3
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Figure 6.2.1 Epicenter error of earthquake early warning in 2020
(The larger the circle, the bigger the error)
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Figure 6.2.2 Magnitude error of earthquake early warning in 2020
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