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History and current status of the EEW system
CWB Seismic Network and EEW system
Machine learning for EEW system

Future plan for the EEW system
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Ongoing projects
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Monitoring System in the Seismological Center
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Monitoring System in the Seismological Center
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From 1995 to 2002 (processing time 1 — 2 minutes)

Use strong motion sensors
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In 2002 (processing time 22s)

Applying Virtual-subnet method and ML-10 method

Taiwan Earthguake Rapid Information Release System (RT)
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In 2012 (processing time 18s)

Incorporating different kinds of instruments
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From 2014 to 2019 (processing time 15 s)

Start to issue warnings

Performance of the EEW system in CWB from 2014 to 2020

(a) p - (b);- - .

Epicenter Error Reporting Time

o 10 km O 5s
58 o 20 =1 P 5 (a)shows the location error. for
O 1 s . ®:- - o inland events are 2.9 km in average. for
Q 8 m . ~ oy - ~| offshore events are 15.4 kn in average.
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(b) shows the reporting time. for inland
events are 15.3 s in average.
for offshore events are 22.6 s in average.
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Earthquakes with magnitude larger than 5.0 and
depth less than 40 km
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In 2020 (processing time 10s)
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Increasing number of stations
Changing method for data processing

Toward 10-sec EEW System

2020. Apr. 61" ~ 2020 December 315t

Reporting time of the EEW system in CWB after
upgraded system.

The reporting time of the 12 inland earthquakes issued
by the CWB EEW system about 10.5 s is about 10.5s in
average.

The reporting time of the 12 offshore earthquakes issued
by the CWB EEW system about 10.5 s is about 18.0 s in
average.

10




Toward 10-sec EEW System

EEW: 2021/08/31 22:27:56.00 MAN: 2021/08/31 22:27:56.71 Intensity Diff. (Pre. - Obs.)
Longitude: 120.64, Latitude: 23.26, Depth: 10.00, M,: 4.7 Longitude: 120.71, Latitude: 23.27, Depth: 13.74, M_: 4.9 Hori.Diff: 7.6km, Dep.Diff: -3.74km, Mag.Diff: -0.23
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In 2022 (processing time 7 - 95s)

Increasing number of stations

Process time for Significant Earthquake
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Public Warning System
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False Alarm
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Lon=120.45 Lat=23.26 Dep=10.00 Mag=6.0 Time=20.4

119° 120° 121° 122° :
1. September 18, at 20:18 > two earthquakes occurred : — —

1st solution

simultaneously, > one in Tainan with smaller magnitude

(about 2.0), One in Taitung with larger magnitude (about

25°
4.0).
2. All P phases from two events were well recognized ° =
3. The EEW system associated all phases and considered 24
them from one single event.
4. Unfortunately, the epicenter was located at Tainan, by 03’
using the Geiger’s method with low RMS value (<0.8s).
5. Therefore in Tainan area the apparent magnitudes are all
22
small. In Taitung area the apparent magnitudes are all
large, which were close to 6.0.
21° —— — 21"
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False Alarm
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Lon=120.49 Lat=23.35 Dep=10.00 Mag=6.1 Time=21.4 Lon=120.49 Lat=23.35 Dep=10.00 Mag=6.0 Time=21.9
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Lon=121.14 Lat=23.15 Dep=10.00 Mag=4.3 Time=14.7
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Station in Tainan

An Earthquake in Tainan An Earthquake in Taitung

5. Picking Form 2020.04.20
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An Earthquake An Earthquake in

.. in Tainan Taitung
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Ta | nan V;cking Form 2020.04.20
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Station in
Taitung

—

BB REEF Central Weather Bureau

Almost cannot see Tainan

earthqua

5 Picking Form 2020.04.20
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Underestimate Magnitude
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Underestimate Magnitude

Magnitude

7.2

6.8

6.6

6.4

6.2

5.8

5.6
1 2 3 45 6 7 8 9 101112 13141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

The rupture time is about 25 s and rupture is about 60 km
The EEW system only used few seconds of P wave from few nearby stations.

If we took enough length of P-wave time window and used far enough stations,
the magnitude could be estimated around 6.8.
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Problems We Met

EEW: 2021/04/18 14:14:40.00 MAN: 2021/04/18 14:14:37.80

Longitude: 121.45, Latitude: 23.87, Depth: 10.00, M,: 5.8 Longitude: 121.48, Latitude: 23.86, Depth: 14.42, M,: 6.3 Problem L|St

26°

Feel shaking but no warning
Feel shaking but get delayed warning
No shaking but get warning

25°

Earthquakes occurred simultaneously

24° 24° B 24°

Communication delay

1, | Offshore or deep earthquake location

23°

23°

Threshold of the warning ?

22° 22° -

Accuracy predicted intensity and magnitude ?
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Difficult to predict Intensities 100% correctly

EEW: 2021/09/06 14:00:26.00 MAN: 2021/09/06 14:00:26.12 Intensity Diff. (Pre. - Obs.)
Longitude: 122.17, Latitude: 23.96, Depth: 10.00, M;: 5.2 Longitude: 122.08, Latitude: 23.85, Depth: 41.09, M,: 5.9 Hori.Diff: 15.5km, Dep.Diff: -31.09km, Mag.Diff: -0.74
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Difficult to predict Intensities 100% correctly
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Four steps to issue warnings for the public
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Concept of the Earthquake Early Warning (EEW)

On-site EEW Regional EEW

Earthquake Early Wamin!g

Watch out for strong tremors
((aking - ((((( }))))

(JMAWED Site)



Data Processing in the EEW System

Earthquak? A

A

BB REEF Central Weather Bureau

Real-time Seismic Network

b

A 4

A

Detect P wave

Detect P wave

Detect P wave

A 4

\ 4

Associate P wave amplitude P wave Features
Loc;tion Inte;\sity
Magr‘w'itude
Inte‘r'1$ity
¥ Regional P Onsite & Al Onsite

Decision Making

l Issue warnings

30



Seismic Network and the Regional EEW System

26°

Auto-pick P-arrivals
Calculate Pd Pd values
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Seismic Network and the Hybrid EEW System

26°

Field Stations IRIS Data Server |ES Data Server

4 J 4

Real-Time Data Integration

D J U 4
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3 EEW Modules EEW Modules EEW Modules
e : (GE method) (GE method) (EE method)
. Decision Making Module
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OBS Network Improve the EEW System

CWB EARTHQUAKE REPORT
Earthquake Mo.: 110093
Origin time (Taiwan Standard Time: GMT+8):
9/ 6/2021 22: 0:26.1
Epicenter: 23.85°N, 122.08°E,
i.e. 49.0 km ESE of Hualien County Hall
Focal depth: 41.1 km
Magnitude (ML): 5.9
Local Largest Intensity:
Hualien County 4 Tainan City 2
Yilan County Taoyuan City 2
2
1

Report: nl

Event time: 2021/09/06 14:00:33.41
Latiende: 122.1134

Longitude: 24.0704

Taitung County Pingtung County Depth: 10.00 km:

Mantou County Penghu County
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0 50 100

Magnitude: 5.29
Repore Time: 2021/09/06 14:00:41.42
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With OBS network the warning was issued at 15 sec after the event occurred

Without OBS network the warning was issued at 22 sec after the event occurred
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Future Plan for the EEW system
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Al technology for the EEW

Real-time Seismic Network
¥ ¥ b o
Detect P wave Detect P wave Detect P wave
Associate P wave amplitude P wave Features
Location Intensity
Magnitude
Intensity
§ Regional & Onsite & Al Onsite

Decision Making

l Issue warnings
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Al technology for the EEW

Predict Intensity
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(Munchmeyer et al., 2021)
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Al technology for the EEW T
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(Chiang et al., 2022)
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Al technology for the EEW
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Predict Intensity
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(Chiang et al., 2022)
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Al technology for the EEW

Time window = 1 sec Time window = 2 sec
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Predict Intensity

Time window = 3 sec

121° 122°
A A s
A aa . z*
L o
A - - :7 24°
e - W Epicenter
¥ B ATN: 130
A ¥ a7p 2
la { |aFP:4
. J  |mEN:0
Al
' 20 km
D A4 —
121° 122°
(a) Prediction result of IGMP
121 1227
F E:
_. A
¥ A 1\/
. A r
2, 2 24°
£ -4 |~Epicenter
4 |+ Station
a
) A b 4 ‘ 20 km
C— T—
121° 122°
[ = sec

Leading Time

Time window = 4 sec

121° 122°
I ‘_.‘t:
A La = /‘
- "
2ol A - .-
e 3 ; * Epicenter
MW ATN: 129
A L : = TP: 12
& & | |AFP:S
.l" F“N"
a, N0
A Ak 20 km
121° 122°

(a) Prediction result of IGMP

24°

121¢ 122°
v
F A .—""’F‘
' A
2o A A 24°
S8 _t 4% |~ Epicenter
A ?3 4 Station
a |
|, v 20 km
| — —
121% 122°
— sec

0 2 4 6
Leading Time

(Chiang et al., 2022)

39



Al technology for the EEW Detect P Wave

Trace endtime: 2022-03-24T00:38:34.7956257, cost 1.71 secs

200000 4 Trace endtime: 2022-03-24T00:38:28.380000Z, cost 1.73 secs :
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(Liao et al., 2022)
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Ongoing projects d
Work with NCU : attenuation equations for magnitude estimations .
. Work with NTU : machine learning method for intensity prediction

Work with NCKU : machine learning method for phase picking

Work with NTUST : machine learning method for phase picking and intensity prediction.
Work with IES : Equal Differential Equation method for locating events

Work with Kyoto University : IPFx method for earthquake locations

Work with PanSci : Education for public people

Increasing seismic stations: borehole stations (32) and Accelerations (96) in 4 years.
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Accelerating the communication.
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Thanks for your listening
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