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lonospheric total electron content
(TEC) derived from GPS

Receiver: YMSM (North Taiwan)
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SIP observed by GPS TEC




Seismo-lonospheric Precursors (SIP)
- foF2
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Precursor Lead Time 416 Anomalies
307 Precursors

Lead Time: 0-5 days

Liu et al. [JGR, 2006]
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Remark-1

 The SIP, defined as the abnormal decrease In
the ionospheric electron density during the
afternoon period, 1200-1800 LT, significantly
occurs within 5 days before the earthquakes.

* The odds of the earthquakes with the SIP
Increasing with the earthquake magnitude but
decreasing with the distance between the
epicenter and the ionosonde station indicate
that the SIP may be energy related.

* The probability of observing the SIP seems to
be related to the conductivity of the solid Earth.
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Seismo lonospheric Precursor (SIP)
-GPS TEC
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SIP observed by GPS TEC
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LTT plot

Liu et al.
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Remark-2

The maps reveal that the GPS TEC significantly
decreases around the Chi-Chi epicenter when
the SIP appears.

The crest of equatorial ionization anomaly (EIA)
reduces and/or moves equatorward during the
SIP appearance.

GPS TEC can be used to detect the SIP.

Results demonstrate that GPSTEC significantly
decreases within 1-5 days before the
earthquakes.




Remark-3

* The seismo-ionospheric seems to be that
the GPS TEC around the epicenter
significantly decreases in the afternoon of
21 December 2004, 5 days prior to the
earthquake occurrence.

 The temporal and spatial variations of the
precursor show that the equatorial
lonization anomaly (EIA) plays an
Important role.

ﬁ IS xfﬁfﬁmz..ﬁ-%‘-iﬁ%*&ﬂri — — iﬂ:E'EE'_GEﬂJJLEﬁE’E
b o - ¥ or F y - _ " . E'




Co-seismo-ionospheric
Disturbances
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Doppler Sounding System
Probing frequency:5.26 MHz

National Central University
Receiver Station

25

Liyutan Reservoir
Transmission Station

Da-Han Institute of Technology
Receiver Station

24

National Chi-Nan University
Receiver Station

Latitude (°M)

[
(W]
T

Fuli Township, Hualien
Receiver Station

22

----== \Wave propagate path

| | |
120 121 122
- \1 Longitude ("E)

R HA A 478 K & A iR R A E H#h = B B A It BT 3T

" Program for Promoting University Academic Excellence - Research on Seismo-Electromagnetic Precursors of Earthquake




Routine Observation 7] 1T M4 ER A &R

Fik Fuz Ea ALbkan
National Central University HOOG0] ~ 20040600

&'l

=1

TF T

e 0 T

m ﬁ?ﬂ#ﬁw e S e s e A e e

5
1
S
%
g
+
Tt
_*f
1
;
1
:

Date in 2004
G
f
R
|
]

E
IHF:
|
B
i
f
bl
N
R
SREE
aE
1
!
1

ot

0

N A SN SEANERARSANGSARAS

| 2 ¥ 4 5 3 7 ] 9 Lo (H] 17 13 14 15 16 I7 1@ 19 1] 20 Fad I3

a
5
:
y
:
3
-
_i
B
i
}

= Local T|me (hr)

“Program for Promoting University Academlc'Ech!enca "Research on Seismo- Electmmagnetic Precursars of Earthquake



Amplification
» K=12p,V 2 =120,V
e V=AW

* AJA = (P /PL)Ye ~ 10°

A A A 07 58 SR s B R 5t It = B B AT JC AT 3T

" Program for Promoting University Academic Excellence - Research on Seismo-Electromagnetic Precursors of Earthquake




Locate sources of atmospheric and
lonospheric disturbances triggered
by an earthquake

e Circle Method
 Ray Tracing Technique
« Beam Forming Technique
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Grid Search

 Hamilton’s Variational Principle of
Lagrangian Mechanics (assume that there
are numerous paths between the CID origin
or trial center and the SIP.

GPS
Satellite

* Global Grid Search [ N,
(the Ray Tracing
Technique and Beam

Forming Technique)




The Ray Tracing Technique

* The two-segment path
Tok = Tax— (DudVy + Dyi/Vy)

 The great circle (radial) path
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The Beam Forming Technique

 The great circle (radial) path
Rrk = Drid( Tak— To)
| p

GPS
Satellite

W

Seismo-ionospheric
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Rayleigh Wave 3.5 km/s
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Remark-4

* The disturbance excited by the Rayleigh waves results
In the induced atmospheric disturbances traveling
away from the earth’s surface 833 m/s upward into the
lonospheric and there causing the vertical fluctuations
with a maximum Doppler velocity of about 70 m/s and
displacement of about 200 m (amplification 50,000).

* The disturbance propagating at a horizontal speed of
360470 m/s, Is attributable to coupling of the
atmospheric gravity waves excited by broad crustal
uplift together with the following big tsunami waves
around the earthquake source zone.
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Tsunami
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The two arrival times have good agreements accordingly.
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Remark-5

e ItIs found that the tsunami waves triggered
acoustic gravity waves near the sea surface,
which then traveled upward with an average
velocity of about 730m/s Into the ionosphere
and significantly disturbed the GPS TEC (or
lonospheric electron density) within It.

e The giant iononamis which have maximum
heights of about 8.6-17.2 km (amplification
1300-20,000), periods of 10-20 minutes, and
horizontal wavelengths of about 120-240 km,
travel away from the epicenter with an average
horizontal speed of about 700 km/hr.
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Mechanisms of Seismo-lonospheric
Variations
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Conclusion

e Seismo-ionospheric precursors
might mainly be resulted from the
EM processes In the lithosphere.

e Co-seismo-ionospheric disturbances
IS most likely triggered by the vertical
motions (mechanical processes) of
the Earth’s surface.
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