Precursory TEC enhancement immediately before
the 2011 Tohoku-Oki earthquake
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GPS|can measure ienospheric TEC
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TEC is proportional to
L4= 1-|.2

Differential delay




Coseismic lonospheric Disturbance



TEC change (TECU)
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3. Resonant oscillation continues

1. Appear ~10 min. after eq.



Raw TEC and Sub-ionospheric point (SIP)
trajectory 3.5-8 5 UT
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Slant TEC time series
Satellites 15/26



Apparent changes of slant TEC
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Slant TEC change

Slant TEC with satellite 15 near zenith
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Preseismic TEC enhancement : Satellite 15

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

Slant TEC with satellite 26 in the eastern sky
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Preseismic TEC enhancement : Satellite 26

20 min. 1 min. before the earthquake
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Artifact hypothesis
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Four objections to the Artifact hypothesis

1. Extrapolation

2. dTEC/dt

3. Satellite #9

4. Numerical identification of onset

Please see my GRL paper [Heki, 2011] for detall
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Slant TEC change

#2 dTEC/dt 30 minutes before earthquake
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Slant TEC change
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What time did the anomaly start?

TEC Eq. 10 min. later




Objective inference of preseismic TEC breaks

Modeling preseismic changes with
two lines connected to each other

Slant TEC change

|

vy mainshock =
0038 .\
0214 I )
GIM (0038) 10 TECU
Anomaly ™
3009 l he— ]
L YE g
0756 M —— S 003 5
040038 8 5
~] &)
0596, -\ 0270214 I =
00- J\/_\ £
I B 13009 ' 3009 | @
E /\N/\ |
- — 7 0
T 0756 i 756
10 TECU [ E |
0596 - 0596
=\ -
T ; T T Lo L !
4 5 6 4 5 5
Time (UT hour) Epoch (UT hour) Epoch (UT hour)




Slant TEC change

Objective inference of break points
(Satellite 15, search window: 4.0-5.8 UT)
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Slant TEC change

Objective inference of break points
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What happened in the ionosphere?
3-D structure of the TEC anomaly

Satellites 15,26 : strong anomaly



One more satellite: satellite #27 in southern sky

1 hour 20 min. 1 min. before the earthquake
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One more satellite: satellite #9 in the southern sky

1 hour 20 min. 1 min. before the earthquake
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Downward displacement of electrons along B ?



Positive charges on the ground ?
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Serotonin irritation syndrome ?

P-hole release or

alpha-decay of radon

~300 km
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Why did anomaly disappear ?
Acoustic wave arrival



Rolland, Lognonné and Munekane (JGR, 2011)
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Other large earthquakes ?

2010 Chile M,, 8.8,
2004 Sumatra-Andaman M,,9.2
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Slant TEC change

2010 February Chile (Maule) Earthquake
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2004 December Sumatra-Andaman Earthquake
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M8 class earthquakes?

1994 Hokkaido-Toho-Oki (Shikotan)M,,8.3,

2003 Tokachi-Oki M,,8.0
2006 Kuril Islands M,,8.2



1994 Hokkaido-Toho-Oki (Shikotan) eq. (M8.3)
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M9 class events

Slant TEC change
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M7-8 class events show
little preseismic TEC
anomalies

(Small signals for the
M,8.2 and M 8.3 events(]

Slant TEC change

||||||||||

2006 Kuril
(0532 Sat.20)

y

@

1994 Hokkaido—
Toho-0ki

(0027 Sat.20) /
/

2\ - 2003 Tokachi
(0357 Sat.13)

2004 Kii
Foreshock
(0094 Sat.15)

lllll

Time from earthquake (hour)



Earthquake Prediction

1. When positive TEC anomaly started, an earthquake
will occur in 1 hour or so (\When?)

2. Rupture will occur beneath the anomaly (\Where?)

3. Anomaly depends on magnitude, and visible
only for M9 class events (How large?)

(Three “musts” of Earthquake Prediction)



Similar TEC anomalies Irrelevant to earthquakes?
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Slant TEC change
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4 months of

TEC
(3009, Satellite 15)
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2007 September, Bengkulu Earthquake, Sumatra (M,,8.6)
GPS data from SUGAR network (2 min. sampling)
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TEC anomaly before 2007 Bengkulu Eq.
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Thank you for your attention

Hokkaido University
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