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The Performance of Earthworm Based Earthquake

Alarm Reporting System in Taiwan

Ta-Yi (Da-Yi) Chen?, Nai-Chi Hsiao?, Yih-Min Wu?

1-.Central Weather Bureau, Taipei, Taiwan

2Department of Geosciences, National Taiwan University, Taiwan
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Outline

+~ Seismicity in Taiwan

- Seismic Network and Data Center

+~ Earthworm software

- Earthquake Early Warning (EEW) System

- Performance of the EEW system

+ Damage Case Study— 6", Febuary, 2016 earthquake (M, 6.6)
~ Challenges of the EEW system

~ Summary
-+~ Reference N
ey
ﬁ !? e e % =18 W
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Seismicity in Taiwan

Range

Magnitude 7 up
Magnitude 6~7
Magnitude 5~6
Magnitude 4~5

Magnitude 0~7

Earthquake Statistics in 2015

Number

s Satelite Earthquekes Marine Radar Astronomy

3]

\

2016/2/5
M6.6

\ s |
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AN\ ‘\\ ey ke A
0 50 oh LR PN % % '] y
120° 121 122" 12
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ts Satellite Earthquak% Mearine Redar Astronomy
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Seismic Network and Data Center

zﬁug' 120 121 122 wz_a'zs Central Weather Bureau Field Stations Institutions

o | s e T | o] (o] || (e

A CWB-S) 87 I Ethernet
s ® omam :a T 1 e 1
Ay o I l
c,i & & Y CWB-BB
14 .
° 8 o . . Central Station
e n%¢a 3 o W CWB-OBS : |
& o A [] IES-BATS :@23 ’ﬁ ’ﬁ E' ’E‘ ﬁ
e o o - o !
& A n‘n P i wWs-yms ;g /s /s . /] /S
A & a i ) External software software software software Earthworm
a / A & A B RIS B § .
= by p “mwn : 8 I I L Il Il
;‘9 A o s s
n‘i;)l Earthworm Clusters
(integrating and providing real-time data)

| g 0 0 O© O

o~
o+ o CJUR & |
‘A@ Service Observation Climate Forecasts Satellite Eerthquekes Merine Radar Astronomy

Earthworm Software

-+~ Earthworm project was )
Data Input J [ Data Processing J
started in 1993. Initially it was -
1. sensors 1. Filter
developed by the USGS and 2. Time Series 2. Pick
) N : 3. Locate
designed for providing rapid
notification of seismic events. [ Data Exchange M Data Archiving J
~ Earthworm is free and open L. Seedlink L. Continuous
2. Seiscomp 2. Triggered
source software. 3. Earthworm

- Earthworm can be used in [ Data Display J [ Customized
diverse operating system: L Vave viewer 1. Modify
s
Windows, Linux, Solaris, Mac. g ;EEC““‘“ 2. Create |-

ey 7
they wtrg x=—nd I
‘Aég Service Observation Climate Forecasts Satelite Earthquekes Merine Radar Astronomy
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Flowchart of the EEW system

Auto-pick P-arrivals
Calculate Pd Pd values

=i
{1
B

Decision making Earna T . Locate event
Release EEW 4 9 Estimate magnitude

Import real-time data

—

TANKPLAYER |:>

Import offline data

XML FILES <:|
DATABASE <:'

wave packets

Vo

o

ﬁ v e w1l
‘A@ Service Observation Climate Forecasts Satellite Earthquekes Marine Radar Astronomy

-
Source Parameters Determination
Hypocenter Magnitude
+ At least six triggers, start to locate the -~ The peak displacement value, P,
event. is used to estimate magnitude by
. ) the empirical formula of Mg, .
% Using Geiger’s method for
determining epicenter with half space  rq groadand Sensor:
velocity model . My =5.000 + 1.102 - log10 (Pg) + 1.737 - log10 (R)
+~ Using grid search method for the For Acceleration Sensor:
depth' Wlth depths ranging from 10 M],‘I =5.067 + 1.281 < logl0 (Py) + 1.760 -~ log10 (R)
km to 100 km in steps of 10 km. For Short-Period Sensor:
My = 4811+ 1.089 - logl0 (P + 1738 - loglO (R)

J B
(Chen, 2015) ;

Ua L

: y .
R
| f 0 &2 —==—1 Il &
Service Observation Climate Forecasts Satelite Earthquekes Marine Radar Astronomy
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Preventing from False Alarm

Earthquake message
+ At least 6 stations.
A A A A
+ RMS less than 0.8. A A A A A A
- rse
+ Proceed updating procedure. A A

Large event Small event

AAA AAA

EEW report
+ Skip the first and second earthquake message.
+ Take the third earthquake message as the first EEW report.

= § |

i
25§ S
" 5 9 |
ﬁ + , VA ‘ ‘
‘A@ Service Observation Climate Forecasts Satelite Earthquekes Marine Redar Astronomy

M, 25.0
Lon. 119~122
Performance of the EEW system Lat. 21-26
ep. <100 km
Location Error Reporting Time (after origin time)
Epicenter Error Reporting Time
o 10 km Q15 s
25° O 20 km 25 Qa0 g
O 40 km 2 ) OZS s
'O 80 ¥ - Oaﬂ s =
’ 24"
24°
(3%
Error: 6.04 £ 5.04 23’
2"
m 100 km 7~ ™
Bkm 100 km ;‘.‘:‘1{;
22" |
20° Q Inland Average: 16.2 * 2.6 sec
) Offshore Average: 20.0 * 3.9 sec
" . n = omy
120 121 122 123" w— 120° 1217 1227 123" -—IO
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M, 25.0
Lon. 119~122

Performance of the EEW system e

Miss Event Magnitude Error
" /A Miss ' . L . . :
@ Detect : o
25" 6 5 i /’/ L
= m P % /’/ @)
M 6.0 y y -
24" E ; ,C)
= p %
B i i
® 5.0 -
- o ®
- %9 M, = My, SDV: 0.3
T - T T T T
‘ 4.5 5.0 55 6.0 6.5
B Catalog Magnitude N
Miss one aftershock ~ M B ﬁﬁ
(2 events in one minute) 0z I\ ‘ [
! S T
21 - — i ’ k
120° 12U . o 22 e l3Ee FOrecasts Satelite Earthquekes Marine Radar Astronomy
— i

M, > 5.0
Lon. 122 ~ 123

EEW system for offshore events Lat. 21-26
Dep. < 100 km

Location Error Magnitude Error
Epicenter Error | "
o 10 km o .
25" O 20 km . 6.5 - {/” L
[@BELE e O ’ - //
lO 80 km O m 6.0 1 - ‘ I
=4 P O_ //
= O .
o = SO © e
- ?B g8 5% " oo o |
= S OLO
. g - S
( @ 50 0 r
Error: 31.21 + 26.45 us ’g%) M, = M SDV: 0.4 |
23 T - T T T T
4.5 5.0 5.5 6.0 6.5
Catalog Magnitude a
—_— .
0km 100 km ~ ,}‘:ﬁ
- < b b A 0 | W
ecasts Satellite Earthauekes Merine Radar Astronomy

120° 121° 122° 123 12
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CWB EARTHQUAKE REPORT

Earthquake No.: 105006

Origin time (Taiwan Standard Tire: GMTHI80):
2E0016 3:57:26.1

Lecation: 22.99M, 120.54E

i 27.1 krn NME of Pingtung Connty

Depth: 14.6km

MagnitudeML): 6.6

Local Largest Intensity :

Tadnan City
Tunlin Cownty
Kaohsinng Citw
Pingtng Comnty
Chiayi Connty
Chiai City
Taitung Comnty
Penghu Connty
Changhua County
Wanton Couaty
Taichung City
Hualien Comnty
Mianli County
Tilan Comaty
Hiinchu County
Haincho City

Taoyuan County
Wew Taiped City
Taipei Cityr
Keelung City

V)

Latitude (N)

Origin Time: 2016/02/06 03:57:26
Lat:22.92N Lon: 120.54E Mag: 6.5 Depth: 14 .6km
T T T T

T T T
Earthemake Mo.: 105006

260016 357261

Depth: 1d.6km
MagnitodeML): 6.6
Local Largest Intensity ©
Tadnan City

Funlin Comnty
Kachsiung City
Pingtong County
Chiagr Comnty
Chisyi City

Taitung Comnty
Penghu Comnty
Changhua County

J HWamton Comnty
Taichung City
Hualien Comnty

central Weather Burean
1 L ol L

Mianli Connty
Tilan County
Hainchn Conmity
Hainchu City

120.0 121.0
Longitude (E)

Intensity | I} L] v v VIVl

122.0 123.0

PGA 08 25 8 25 80 250 400 (gal)

Location: 22.92M, 120.54E
i, 27,1 Jem NME of Pingtung County

CWB EARTHQUAKE REPORT

Crrigin tire (Taivwan Standard Time: GMT+08:00):

Taoyuan Cownty
New Taipei City
Taipei City
Keelung City
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Contents of the Earthquake Early Warning

Time after first
detected P

Number
of

Time after
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Challenge of the EEW system : Multi-Event
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Summary

+ The performance of the EEW system is:
for inland events, location error is less than 5 km,
magnitude error is about 0.3, reporting time is

about 16 sec after the earthquake occurrences.

+ Two challenges for the EEW system:

(1) Offshore events location

(2) Multi-events distinguish ~
Another bigAissue: Large Event ?? VS S P — ‘ \ W

Service Observation Climate Forecasts Satellite Earthquekes Marine Radar Astronomy
2

4
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Bulletin of the Scismological Society of America, Vol. 105, No. 2A, pp. S68-579, April 2015, doi: 10.1785/0120140147

The Earthworm Based Earthquake Alarm Reporting System in Taiwan
by Da-Yi Chen,” Nai-Chi Hsiao. and Yih-Min Wu

Abstract For more than 10 years. the Central Weather Bureau of Taiwan has op-
erated an earthquake early warning (EEW) system and has issued warnings for specific
agencies. For the past two years, the Earthworm platform has been used to integrate
real-time seismic data streams from different types of seismic stations and to monitor
seismicity in Taiwan. Using the Earthworm platform, the Earthworm Based Earth-
quake Alarm Reporting (eBEAR) system is currently in development for shortening
reporting times and improving the accuracy of warnings for EEW purposes. The
€BEAR system consists of new Earthworm modules for managing P-wave phase pick-
ing, trigger associations, locations, i imations, and alert filter-
ing prior 10 broadcasting. Here, we outline the methodology and performance of the
€eBEAR system. To calibrate the eBEAR system, an offline test was implemented us-
ing 154 earthquakes with magnitudes ranging from M, 4.0 10 6.5. In a comparison of
online performance using the current EEW system. the eBEAR system reduced report-
ing times and improved the accuracy of offshos locations and i
Online performance of the eBEAR system indicated that the average reporting times
afforded by the system are approximately 15 and 26 s for inland and offshore carth-
quakes, respectively. The eBEAR system now delivers warnings to elementary and
Junior high schools in Taiwan.
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