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GPS as a Swiss Army Knife
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GPS can measure ionosphere

TEC (roral 2lzctron conrzny)
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TEC is proportional to
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2. Positive initial motion, period ~4.5 min.
amplitudes a few 0.1~1 TECU
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3. Monochromatic oscillation
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Two difrerent Tyonzs of dcoustic waves
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Rolland, Lognonné and Munekane (JGR, 2011)
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Raw TEC and Sub-ionospheric point (SIP) trajectory 3.5-8.5 UT

A main shock (5:46) B
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TEC changes (TECU)

Propagation of the ionospheric disturbance (acoustic wave)
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TEC changes (TECU)

Generation and propagation of inner gravity wave
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Satellite 22 gravity wave
130° 140°

Propagating westward
300-400 meter/sec
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Slant TEC change

Satellite #15 near zenith
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Vertical TEC is modeled as a cubic function of time



Electron concentration above the focal region prior to the earthquake

1 hour 20 min. 1 min. before the earthquake
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Slant TEC change

Satellite #26 in NE sky
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10 TECU /
T GIM (0221) i
_ 0o / i

Satellite 26
_u i B 135° 140°

Time (UT hour)



Positive TEC anomalies before earthquakes

1 hour 20 min. 1 min. before the earthquake
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Preseismic TEC increase

or
Coseismic TEC decrease?
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Slant TEC change
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Slant TEC change

One more satellite: satellite #27 in southern sky near zenith
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One more satellite: satellite #9 in the southern sky
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Angle between B and LOS matters
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Positive charge attracted ionospheric electrons ?
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COSMIC-2 RO data at 2011/070/05:50
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Rolland, Loghonné and Munekane (JGR, 2011)

Vertical velocity Electron density change
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Coseismic Ionospheric
Disturbance in the 2010 \ N \ 2 J 1 [
Chile Earthquake SN \&zﬂ./

IR i 1 23
= [ ]
= 17
=
= WW' —1 4
S T sps R i ety ppescsted] o
8 M//\._/—/\w—'\_a
= NS TN -12
> . WY WA Mg
.| CFAG (Coronal Fontana, Argentine) 10|
6.0 | | 6{5 | | 7!0 | | 7{5 | | 8!0 | | 8!5 | | 9!0 | | 9!5 | | 10.0

Time (UT hour)



Slant TEC change

2010 February Chile (Maule) Earthquake
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Slant TEC change

2004 December Sumatra-Andaman Earthquake
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Slant TEC change

2TECU

1994 Hokkaido-Toho-Oki eq. (M8.3)
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Slant TEC change
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Slant TEC change
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Earthquakes are not inherently unpredictable
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