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— ~ HuEEEH Seismic observation
(—) HEBDHIZ%E Seismic observation system
1. R EBIHI4E Real-time seismic observation network
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Table 2.1.1 Earthquake statistics of 2010 to 2019

522.1.1 2010 20194 BB (H #4135 -

b
Eﬁi T
%‘H-._ 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
]
2=M 10234 | 10014 8396 9816 8707 | 11294 | 10314 8639 | 10837 7587
M<2 13039 | 11781 | 22977 | 35694 | 28056 | 33543 | 38601 | 25966 | 37264 | 22718
& 23273 | 21795 | 31373 | 45510 | 36763 | 44837 | 48915 | 34605 | 48101 | 30305

*2018 5z 20195 4585 T8 & H Al E A B 5o 2 st 2 {1 8
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Figure 2.1.1 Distribution map of 24-bit seismic observation station
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Figure 2.1.2 Framework of 24-bit seismic observation system

2. o ELEIHI4E Strong ground motion observation network
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Figure 2.1.3 Distribution map of free-field strong-motion stations
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Figure 2.1.4 Old and new free-field strong-motion station instruments



3. WEB R EEFGEEEE 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
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4. HTFHEEHILE 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
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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. ZEMEEE 1T Earthquakes in the Taiwan region
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Figure 2.2.2 Cumulative magnitude contour map of shallow (left) and deep (right)

earthquakes in 2019
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Figure 2.2.3 Nnumber contour map of shallow (left) and deep (right) earthquakes
in 2019
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%221 [E 2.2.5 TRIENREIREHIE 2 -
Table 2.2.1 Parameters of focal mechanisms in figure 2.2.5

fE/IR/H Bf: 5y R& Joé FE HUR
dipl strikel rakel dip2 strike2 rake2
yyyy/mm/dd  Hh:min  Long.(E) Lat.(N) Depth(km) M.

2019/01/08 12:16  121.5333  23.2440 3403 549 60.0 2140 1200 414 344.9 49.1
2019/01/30 15:14  120.5868  21.8105 46.75 5.8 63.0 133.0 -65.0 36.1 267.2 -129.7
2019/02/07 16:52  120.6057  23.2605 1371 5.07 63.0 31.0 123.0 41.6 156.0 431
2019/02/15 14:08  121.7483  23.7977 4560 517 39.0 51.0 88.0 51.0 233.6 91.6
2019/03/08 02:32  121.3977  22.4375 2408 536 71.0 238.0 129.0 42.7 349.9 28.7
2019/03/13 04:32  121.5887  23.5950 3591 542 56.0 19.0 50.0 50.6 255.3 133.6
2019/04/01 02:54  122.2407  24.9340 128.64  5.12 80.0 110 -64.0 271.7 120.6 -158.1
2019/04/03 01:52  120.8683  22.9373 487 595 56.0 167.0 -45.0 54.1 286.2 -136.4
2019/04/04 01:56  120.8630  22.9827 348 551 52.0 151.0 -54.0 50.4 281.3 -127.0
2019/04/09 15:13  121.5677  23.9835 1165 512 42.0 58.0 105.0 49.7 218.2 76.9
2019/04/09 22:57  121.8787  24.1873 2567 5.03 79.0 380 139.0 49.9 137.4 14.4
2019/05/13 08:55  121.9005  24.7522 8798 5.20 79.0 164.0 1120 24.5 279.3 27.4
2019/06/04 09:46  121.6117  22.8423 1468  5.93 79.0 1410 -43.0 48.0 241.1 -165.1
2019/06/29 19:44  122.3563  22.3208 46.56  5.84 48.0 470 146.0 65.4 161.3 47.4
2019/08/06 01:19 1215303  23.6725 457 510 56.0 46.0 84.0 34.5 236.6 98.8
2019/08/07 21:28  121.9097  24.4363 2415 624 50.0 89.0 -10.0 82.4 185.5 -139.6
2019/10/17 11:44 1225007  24.0275 2962 564 74.0 77.0 86.0 16.5 271.2 103.7
2019/12/16 11:25  121.7618  24.5418 49.73 525 77.0 66.0 77.0 18.3 291.7 134.3
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Table 2.2.2 Parameters of centroid moment tensor solutions in figure 2.2.5

%222 [8 2.2.5 §1 CMT EJRIEHIRSE -

fE/IR/H Bf: 5y R& e BRE HUR
dipl strikel rakel dip2 strike2 rake2
yyyy/mm/dd  Hh:min  Long.(E) Lat.(N) Depth(km) M.

2019/01/08 12:16  121.5300  23.2400 3403 549 515 343.5 44.6 56.6 221.9 131.8
2019/01/22 03:19 121.3900 22.2300 2148  5.07 52.4 2284 144.1 62.3 342.2 434
2019/01/30 05:21 1223900  23.7500 3875 597 71.6 2330 -1716 82.1 140.3 -18.5
2019/02/07 16:52  120.6100  23.2600 13.71  5.07 344 181.0 57.6 61.4 38.6 110.2
2019/02/15 14:08  121.7500  23.8000 4560 5.17 43.2 42.6 81.5 47.3 234.2 97.8
2019/03/08 02:32  121.4000  22.4400 24.08  5.36 50.9 334.3 17.8 76.2 232.8 139.5
2019/03/12 20:19  121.8600  25.0200 138.00  5.39 6.7 251.8 10.8 88.7 1511 96.6
2019/03/13 04:32 1215900  23.5900 3591 542 39.7 2479 140.8 66.2 9.9 57.1
2019/04/03 01:52  120.8700  22.9400 487 595 34.8 291.2 -117.3 59.5 143.5 -72.2
2019/04/04 01:56  120.8600  22.9800 348 551 40.0 2915  -1241 57.8 153.1 -64.7
2019/04/09 15:13  121.5700  23.9800 1165 512 475 65.4 120.0 50.3 204.8 61.3
2019/04/09 22:57  121.8800  24.1900 25.67  5.03 31.8 153.7 33.0 73.2 34.8 1175
2019/04/18 05:01  121.5600  24.0500 20.33  6.32 25.4 63.5 121.7 68.5 209.1 75.9
2019/05/13 08:55  121.9000  24.7500 87.98  5.20 37.0 40.7 154.1 74.8 151.9 55.8
2019/06/04 09:46  121.6100 22.8400 1468  5.93 40.3 196.4 94.2 49.7 10.8 86.3
2019/06/29 16:20  122.1800  25.0700 152.05  5.06 27.7 1642  -126.9 68.1 24.6 -712.4
2019/07/11 21:21 1229700 23.8700 2152 525 47.8 209.3 -43.8 59.0 332.1 -128.6
2019/07/19 10:13  122.0600  21.7800 28.60 5.16 36.8 1171 -49.8 62.6 250.6 -115.7
2019/08/06 01:19 1215300 23.6700 457 510 23.6 238.3 104.7 67.2 42.3 83.6
2019/08/07 21:28  121.9100  24.4400 2415  6.24 50.1 82.6 -19.5 75.1 185.4 -138.4
2019/10/17 11:44 1225000 24.0300 29.62 5.64 27.0 288.1 117.2 66.2 78.0 76.8
2019/12/16 11:25  121.7600  24.5400 49.73 525 18.2 290.7 137.6 77.8 61.6 76.2
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2. KIEX LB EE) 34T Earthquakes in the Tatun Volcano
Group
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Figure 2.2.6 Distribution of local earthquakes in the Tatun VVolcano Group in 2019
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Figure 2.2.7 Relation between number and magnitude of the earthquakes in the

Tatun Volcano Group in 2019
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Figure 2.2.8 Daily number of earthquakes in the Tatun Volcano Group in 2019
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Figure 2.2.9 Monthly number of earthquakes in the Tatun Volcano Group from

2012 to 2019
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3./\&& Summary
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= ~ HERYEEELR] Geophysical observation
(—) BB 248 Geophysical observation system
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1. £ERER I E %%t Global navigation satellite system

W2 FE IR ETRRE RIS [ E » BUtER ARt ]
REg AN NEE - RILER G R EU R DU T &
AR EE) - AT EUHM E IR —FE 775 « A e R B
FEEMERZDEHER > H1993F AT E R KEEEN A
4% ( Global Positioning System > DL fSfEGPS) EHHImE » 9214
B AR (RITBE R R S ) s | HE ST
JgtHse | SRl ESRIEGTE - 2005F-GPSEDHILE H Ty s
15215 o 3% Z&bR EAFERE M S R R A f5 4 - HopT
REEAYHER] ~ IR TUINEIZE R - TNE B R E ) Rt
VA IR o

PR o B e AR BT B - IR E RERA = BIGPS
W RMIEZ 24 TR BV BB E RG22
EREf# 2 248 (Global Navigation Satellite System » DL fif i
GNSS ) B4 Jay H 201 24 EE BrIgGrRH i 22 AU BT RGNS S £4%
F£201747-10 H £ [ 22 5 GNSSTi7 2 7E {ir R E% i i A 5% Trimble
NetR9 - /220174F R EH2018F YA HAEZ EEHYGPSEDHI S » T 2248
e SRR B AR AR H  BEREEFE ~ ERHEIL
RRER R RS R DAE o 20184 LbRDHIE B AER BT A FE AT
ZMEMBURHL - 6 5580 Sl BTk » 201943 E b L B
FSHLETE » BB S A ARG o 220194 (R A &3t
EEE B IR 5ERE162EGNSS I ([E3.1.1 ~ [&3.1.2) - ZEHHGSN
VPNEL fied A p s 55 7 = T ERHE I -

29



2. ¥ KAZEDHI %48 Groundwater observation system
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3. HEEEHI 2.4t Geomagnetic observation system
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Figure 3.1.1 Taiwan Geophysical Network for Seismology (TGNS) station map. GNSS:
Global Navigation Satellite System. Magnetism: Geomagnetic

Observation System. Groundwater: Seismic Groundwater Observation
System. GEMS: Geoelectric Observation System.
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Figure 3.1.2 Distribution map of GNSS observation stations. Blue solid square: stations
moved in 2019. Red solid circle: new stations built in 2019. Green solid
rhombus: stations removed in 2019.
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() tBkyEEEAIE R M Geophysical observation data analysis
1. #EHEEEIA] Crustal deformation observation
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Figure 3.2.1

Results of GNSS observation in 2019. 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 2019 for comparison with the GNSS crustal
deformation data.
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Figure 3.2.2 Results of GNSS observation in 2019. 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 2019 for comparison with the GNSS
crustal deformation data.
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2. BREE 28 F& & lonospheric total electron content
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Figure 3.2.3 Relevance analysis between TEC observation and earthquakes in 2019:
(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 bar); (d) 5-day moving average of TEC values.
Arrows indicate earthquakes of magnitude 5.0 or greater.
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3. # T /KNArEH] Groundwater observation
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Figure 3.2.4 Time series of seismic groundwater observation in 2019 at: (a)Zhuangwei,
(b)Hualien, (c)Naba (d)Liuja (€)Donhe (f)Chishan. Geen lines: water level,
red stars: earthquakes of local magnitude 5.0 or greater and less than 40
km deep; blue line: atmospheric pressure; gray line: upper temperature;
red line: bottom temperature; brown bar chart: rainfall near the station;

purple line: theoretical tide
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4. HrEEEE Rl Geomagnetic observation
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Magnetism (2019010100~2019123123)
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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 2018. Lines of different colors represent
different stations. Red stars denote of local magnitude 5.0 or greater and
less than 40 km deep.
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5. HEEEIH] Geoelectric observation
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Figure 3.2.6 Time series of the geoelectric observation of 2019. Green lines are NS
component and blue lines are EW component. Red stars denote
earthquakes of local magnitude 5.0 or greater and less than 40 km deep.
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Vg ~ s EERER/ES Earthquake rapid reporting operation
(—) BEREStE#HRE Felt earthquake reports
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Figure 4.1.1 Felt earthquakes in 2019 (k: Magnitude = 6)

47



* 411 2019 & H A RShE 2 RHEGETE -
Table 4.1.1 Magnitude of felt earthquakes in 2019 by month

MR et —B|ZR|=B|mB|EB|AB|tB|\B|"B|+B|+—B|+Z8 |&&t
MRET LI EES | 0 0 0 0 0 0 0 0 0 0 0 0 0
Mge~7M@E [ 0 | 0o | 0| 1|0 |0 ]|] 0] 1 |o0]oO 0 0 2
mes6M@EE [ 4 | 2 | 3| 5 |23 |3 |1 |1]2 1 2 29
RE 45 B2 | 8 5 [ 15 [ 13 | 11 | 8 7 (19 | 7 6 7 8 114
R 3~4EE | 29 | 11 | 14 [ 27 [ 15 | 16 | 16 | 26 | 18 | 28 13 11 | 224
Mgo-3@e [ 8 | 5| 1| 3|3 |03 |2 ]|1]0 2 3 31
Mg12M@g [ 0o [ 0o | 0| 0|0 |21 ] 0] 0| o0]oO 0 0 1
mEgo~1ME% [ 0o | 0o | 0o | O[O | O] O] O0O]|O0O]|oO 0 0 0
AE 49 | 23 | 33 | 49 | 31 | 28 | 29 | 49 [ 27 | 36 | 23 24 | 401
* 412 2019 FE{HOARME ZELES TR -
Table 4.1.2 Intensity of felt earthquakes in 2019 by month
BEMmaT —B|ZB|=A|mB|AB|XB|tB|\B|AB|+B|+—8B| +Z8H | &%
BE7EH olo|of1]o0o|0|O0]|]O0O|O]oO 0 1
B 6 @ olo|lofo]|]o|oOo|O]|1|o0]oO 0 0 1
EE 5 @ 1 1 1 5 2 1 0 5 2 0 1 1 20
EE4EH 2|5 |4 |12|6 | 3|6 |2]|5]F%6 2 4 87
EE 3 A 2 | 5 9 | 16 | 6 9 | 12 [ 12 | 8 | 17 4 8 128
BE 2 E% 11 | 10 | 18 | 12 | 11 | 11 | 8 8 |11 | 8 1 10 129
BE 1{E% 3 2 1 3 6 4 3 1 1 5 5 1 35
BE 0@ 0 0 0 0 0 0 0 0 0 0 0 0 0
&5t 49 | 23 | 33 | 49 | 31 | 28 | 29 | 49 | 27 | 36 | 23 24 401
413 2019 F& A A B E S 2 (HBEET % -
Table 4.1.3 Number of felt earthquakes in 2019 by month
BRMB®K:t |—B|ZB|=B|mB|RB|XB|tB|N\B|ABR|+B|+—B|t+ZRH | &&t
HEARMMEES | 8 5 8 | 11 | 9 4 0 | 11 | 1 3 1 5 66
NSt EES | 41 | 18 | 25 | 38 | 22 | 24 [ 29 | 38 | 26 | 33 22 19 | 335
8% 49 | 23 | 33 | 49 | 31 | 28 | 29 | 49 | 27 | 36 | 23 24 | 401
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() HEHER ASEIRABE S Hr Performance analysis of

earthquake rapid reporting system
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Figure 4.2.1 Auto-location and official report issuance for significant felt earthquakes

in 2019
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A~ AR fES Tsunami warning reporting

operation
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Figure 5.1 Epicenter of the magnitude 7.7 May 14, 2019 Papua New Guinea
earthquake

50



7N ~ R RN i FE #EElh Promotion of earthquake early

warning application

(—) &£ Background
1. [REEAFR&] Principle and limitation
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2. #EEHEE] Promotion plans
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() 2019 FEghfTREE Implementation and performance in 2019

1. Z&e308E System performance

feti 2019 I EE THE S B (EIRTE - Bt 33T RE IRy
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I - HALS N ETEHE & i E S AR R 200D DL i
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TEAL > NILE R SIS R FRIG S MEAHT - HIERYSHAE T
R B METHERIIRG] > MR (TR B AR Ry T E
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%621 2019 FiREE R BRI NIRRT -
Table 6.2.1 System performance in 2019

- EEER

BB
_-----------I

2015-01-04 06:59:20 12096 2289 4.4 12093

2019-01-30 13:21:36 12239 2375 388 12208 2381 5.6 3473

2019-02-15 22:08:07 12175 56 12175 2388

2019-03-15 04:19:15 12186 2502 138 12176 2502 11.00

2019-03-1912:01:34 12193 2475 12174 2484 4. 2313

2019-04-03 09:52:55 12085 224895 41 12087 22898

2019-04-06 05:24:55 12069 22.82 45 169 12069 2279 4.5

2015-04-10 04:24:13 12156 2397 4.8 103 12158 2398

2019-04-15 23:26:22 12152 2405 12153 2403

2019-04-18 13:17:26 12153 2408 06 12152 2406

2019-05-08 25:48:47 12245 2481 449 1236 12175 2465 46 7899

2019-05-22 09:37:25 12164 2397 B F 12161

2019-05-31 23:53:18 12057 22893 46 128 12061 2292

2015-06-06 03:27:20 12159 2383 45 B 12161 2385

2019-08-02 21:53:00 12154 3.7 6.6 12153 2371

2019-08-06 09:19:48 12154 2366 12148 2367

2019-08-08 05:28:03 12191 2443 5 12188 2445

2019-08-16 05:41:40 12071 2357 46 12072 2359

2019-11-25 09:32:42 12175 2403 46 51 12172 2403

11 & A4 2575 (Average epicenter error) 12.7 23 B (km)
FRENA b 20 2 (Average magnitude error) 0.21
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Figure 6.2.3 Example of earthquake early warning message received by
customized software

2. B{TEER Implementation results
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() 2019 4 8 H 8 HEBRI/FEHE August 8, 2019

earthquake in the eastern waters of Taiwan
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