IJUGONET workshop
(18 Aug. 2015)

GNSS-TEC




Disturbances made by Volcanos

Acoustic/gravity wave
lonosphere

How does an eruption disturb
the ionosphere?

)

' Troposphere
(Neutral atmosphere)




GNSS-TEC Method

GNSS
Satellite
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lonosphere

TEC (Total Electron Content)
# electrons along the line-of-sight
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2004 Asamayama
(Heki 2006)

alflall 2009 Sakurajima

2011 Shinmoe-dake

2003 Soufriere Hills

(Dautermann et al. 2009)

2014 Kelud
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Why are the TEC changes different?

Vulcanian vs. Plinian
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++ TEC signatures: Vulcanian vs. Plinian

Type 1 Type 2

Plinlan eruptions excite atmospheric resonance




Summary: Plinian vs. Vulcanian

Plinian

Vulcanian

TEC Harmonic oscillation
Waveform (~250sec)

Propagation

Veloci ty Acoustic

Resonance excited by

Origin turbulence

N-shaped pulse
(~120sec)

Acoustic

Pressure pulse by
explosion




The 2004
Asama volcano
Eruption
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The 1991 Pinatubo eruption

0.004 i0.008
Frequency, Hz

Two frequency peaks: 270 sec (3.7 mHz)
230 sec (4.3 mHz)

The 1991 Pinatubo eruption excited bichromatic oscillation.
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2011 Tohoku-Oki Earthquake
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The 2003 Soufriere Hills volcano

P (Continuous waves
propagated
| (~ 0.6km/s).

Peak Centered
at ~4.0mHz |
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[ It have ~4 mHz
components.
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Near Field lonospheric Disturbance
by the Eruption of the Kelud Volcano,
Indonesia, In February 2014
Observed by GNSS-TEC
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** Kelud Volcano eruption in 2014
Java, Indonesia

VEI (volcanic Explosivity Index) : 4




Trip to the Kelud (1 Aug.)




Trip to the Kelud (1 Aug.)




Eruption History of Kelud

VEI = Volcanic Explosivity Index
VEI
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The Smithsonian Institution's Global Volcanism Program




Kelud Volcano Feb 13, 2014 Explosion
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Analysis of Seismograms
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TEC oscillation by the Kelud eruption

[ 2014 044 cbtl ,

5
O
L
wl
O ]
;si
C
('U_
Pl
O ]
O
Ll
el

¢-period components %
5 with wavelet ™.




GNSS-TEC Method

lonospheric
Piercing
Point

Sub

lonospheric
Point




Spatial Distribution of the anomaly
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Propagation of TEC anomaly

] Concentric wave is clearer

on the northern side.
(interaction with geomagnetism)
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Distance from Kelud (km)
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Kelud volcano - Stacked Wave Form
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EW component of UGM station @ 200km west from Kelud
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Vertrca[ TEC annmaly
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Two-stage excitation?




Time Sequence of the Eruption

Ash Supply to Plume
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Excitation Scenario
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Summary: 2014 Kelud case

GNSS-TEC detected ionospheric
disturbances by the 2014 Kelud eruption.

Concentric waves propagated outward
with acoustic wave velocity (0.8-1.3 km/s).

Kelud eruptions excited an atmospheric
resonance.

The resonance excited solid earth -
atmosphere coupling.
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co-unleashes-dramatic-explosive-eruption/
Photo by JULIO DEL RI10O C.

http://www.wired.com/2015/04/chiles-calbu




An eruption from Calbuco began at
21:04 UT on 22 April. [...] After a Large
seismic event detected at 20:35 UT, a 90
minute eruption generated a sub-Plinian,
gray ash plume that rose 15 km above the
main crater....

A large second event on 23 April began
at 4:00 UT, lasted six hours, and also
generated a sub-Plinian ash plume that
rose higher than 15 km....

The Smithsonian Institution®s Global Volcanism Program -Weekly Reports
http://www.volcano.si.edu/volcano.cfm?vn=358020




https.//cimss.ssec.wisc.edu/goes/blog/archives/1817
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Summary: the 2015 Calbuco case

* lonospheric disturbances are detected
near the Calbuco volcano after the
eruptions.

These excitations correspond to the two
eruptions.

Second excitation continued for more
than 5 hours.

Frequency components have atmospheric
eigenfrequency components.
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The 2015 Kuchinoerabujima Volcano
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GEONET

(Japanese GNSS Dense Array)
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Conclusion

» Plinian ionospheric disturbances seem to
be excited by lower atmospheric
resonance.

Vulcanian ionospheric disturbances
directly shake the ionosphere

We detect, for the first time, spatial
distribution of Plinian ionospheric
disturbance, and bichromatic oscillation in
the ionosphere from Plinian eruption
about the Kelud case.




