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GPS Seismology

e GPS seismology uses convential geodetic models to analyze
GPS data at high sampling rates, such as 1 Hz [Larson, 2009].

e First case: Denali, M7.9, 2002 Nov 3
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Tohoku-Oki earthquake - GEONET
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Real-time high-rate GPS applications

Real-time source inversion

S for El Mayor-Cucapah
earthquake

Synthetic

Insufficient Data

[O’Toole et al., 2012]

(c) Hokkaido

Tsunami forecast from
near-real-time fault model
of Tohoku earthquake

(e) GPS buoy
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Advantage and disadvantage for GPS seismology

Advantages Disadvantages

* No clip and tilt e More noisy
e Position of the GPS antenna

Time (s)

i [Bilich et al., 2008]
 True displacements

East Component

L)
seconds




Taiwan dense high-rate CGPS network

Total 220 CGPS stations for
1-Hz observations

CWB F R 55
CGS oIt 3y
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NCCU H 1 RE
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Other institutions

For real-time applications

NLSC, e-GPS system




Ultra-high-rate CGPS network in Taiwan
(NCKU-IES)

20-Hz observations

Receiver type: TRIMBLE NETRS8
Antenna type:

Mounted on the roof




GPS Seismology in Taiwan

2011 Tohoku earthquake (1-Hz, 2400-2800 km)
2010 Jiashian earthquake (1-Hz, 10 -120 km)
2013 Nantou earthquake (20-Hz)

2013/10/31 Hualien earthquake (20-Hz)




Datasets for Tohoku EQ (GPS & seismic data)

e High-rate continuous GPS

A 1HzGPS

e sites (210 stations)

CWB, CGS, NLSC, NCCU

&
GS19
NA &

1-Hz, 7-11 March, 2011

Broadband seismometers (15
BATS, IES, 20-Hz

8 co-located pairs for
comparison
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RESULTS PRECISION OF HIGH RATE GPS
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High-rate GPS v.s. Broadband seismometers

Spectral analysis
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Comparison between and
Unfiltered 0.008 — 0.08 Hz bandpass filter
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Surface waves from Tohoku earthquake

Love waves
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Surface waves from Tohoku earthquake

Rayleigh waves
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Displacement field from CGPS and BB

orizontal Displacement
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Animation for CGPS and BB motions
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SURFACE WAVES DERIVED FROM
156 CGPS STATIONS AND 15
BROADBAND SEISMOMEERS
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Maximum peak-to-peak amplitude

-
N

@

Displacement (cm)

ok & o &

700 800
Time (Sec)

(a) Rayleigh peak amplitude

]
|

11 12 13 15 16




MAXIMUM PEAK-TO-PEAK AMPLITUDE

| Z&H

| ~r3

JRayILeighl

12

£
s
Q
©
=)
o —
S 6
-
©
X
©
(]
o

o

w

+Y=-0.0082x+27.5 cm/km |

1>
o

0
2400

2500 2600 2700
Epicentral distance (km

2800

18

m
—
(&)

Peak amplitude (cm)

6

Love

L A
B S
ar + 4+ ar Gl
N %*ﬁ -
O N O

-
N
]

©
1

Y=-0.0067x+32.2 cm/km

Y=-0.022x+69.0 cm/km>

2400 2500 2600 2700 2800

Epicentral distance (km




AXIMUM PEAK-TO-PEAK AMPLITUDE OF THE LATER PHASES
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GPS Seismology in Taiwan

e 2011 Tohoku earthquake (1-Hz, 2400-2800 km)
e 2010 Jiashian earthquake (1-Hz, 10 -120 km)
e 2013 Nantou earthquake (20-Hz)




High-rate GPS for near-field earthquake in
Taiwan (Jiashian earthquake)

Jiashian earthquake
(M, 6.4), 4t March,
2010

89 CGPS stations

o )
6 pairs of CGPS-SM ;;:3,@?5'5

WIAN HUSI
Kinematic positioning
(TRACK 1.26)

\_)

Fix stations - LEYU
(&=F)

Filtering - 4 stations
JIBE, WIAN, HUSI,
CIME (;£3)

Distribution of the high-rate CGPS stations in Jiashian earthquake
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Modified sidereal filtering (MSF) & Spatial Filtering (SP)

[Wdowinski et al., 1997]

i Mg 1st Mar.

: gﬁ*g 2nd Marr |
wy
’3rd‘Marm¢M)ﬁ‘t@

-
8]
o

Displacement (mm)

Spatial Filtering

g = " gt Yo ' ‘ ‘
4th Mar-MSF. - 4th Mar-MSF. 400 800 1200 1600 2000 2400 2800
800 1200 1600 2000 2400 %00 800 1200 1600 2000 2400 Time (second)




Results — displacement precision (79 CGPS STATIONS)
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Coseismic displacements in daily and
epoch-by epoch solutions
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Coseismic displacements in daily and Differences between two observations
epoch-by-epoch solutions 26




Displacement field from 0-48 seconds
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Horizontal CGPS displacements
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GPS Seismology in Taiwan

e 2011 Tohoku earthquake (1-Hz, 2400-2800 km)
e 2010 Jiashian earthquake (1-Hz, 10 -120 km)
e 2013 June 2"¥ Nantou earthquake (20-Hz)

Origin Time: 2013/06/02 13:43:03
Lat:23.86N Lon:120.97E Mag:6.5 Depth:14.5km
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Nantou EQ

e 12 CGPS stations (20-Hz)
* PNHU - FIX stations (}iiZi)
e 11 strong motion data (200-Hz)
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Ultra-high-rate GPS displacements (western Taiwan)
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Ultra-high-rate GPS displacements (eastern Taiwan)
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Discussion- capacity of 1-Hz CGPS data

Amplitude

e PPP positioning - ~¥0.5 cm horizontal, ~¥3 cm vertical

e Differential positioning - ~¥0.6 cm horizontal, ~5 cm vertical

e Least amplitude we can detect using high-rate GPS is 6 mm for horizontal

Frequency

Tohoku earthquake — 0.008-0.08 Hz
Jiashian earthquake — 0.2-3 Hz
Nantou earthquake — 0.008-2 Hz

1-Hz sampling data, Nyquist frequency f,, = 0.5 Hz (good for Tohoku, not
enough for Jiashian)

5-Hz signal, f, = 10-Hz (least sampling rate for near-field earthquakes)




Behavior of later phase in west coastal region
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Conclusions

* For near-field earthquake
- are capable of detecting the co-seismic displacement at the earthquake
origin time
- the frequency of seismic motions is too high to well detect by 1-Hz GPS
solutions (10-Hz should be better)

- Densely CGPS array indicates the propagations of the seismic waves

e For far-field earthquake
- highly agreement between CGPS and BB displacements
- clear attenuation and propagation of the surface waves
- animation provides good opportunity for the scientific educations
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