2014 2 —wafi b B = ri -
z — — GNSS -~ |H|

Near Field lonospheric Disturbance by the eruption
of the Kelud Volcano, Indonesia, in February 2014
Observed by GNSS-TEC Method

hbemillF v @

Space Geodesy Research Section, Earth and Planetary Dynamics,
Department of Natural History Sciences,
Graduate School of Science,
Hokkaido University

Yuki NAKASHIMA

Supervisor: Prof. Kosuke HEKI

271 2 27
27 February 2015



2014 2 13 CwmfidEc=noO : —Kelud % Vol -— | Volcanic
Explosivity Index# 44 A s ok' 8> £ Ng v ° z| 8
{ — Kelud # — - ™ 250 km— # =V - = ™M= =V 9

K covid ms Lo b= o
Vo/ =8 |v 4 —¢2 a2 - <= A<
Z 8 0o Axr - [ VO

£ | 2014 Kelud - & v E~rs 8 GEOFON— 4= —

(STS2) %k |kd v — 16-33 — & v/ L %l

1550 UT- ™  — %8/ o= 16:15UT V" - ) — =/ dF 0
1 45 f2 0 % 14V = D | —oFfk— 8/ o=

| o=e= i d - #ENefs e d ko %k

Fadv = 4 = 2 eV

— GNSSTEC  r |8 wmfid b on —@ : 2| @v ' L]9 k<a
] —  r~ BIG® IGS/ == SuGAr~ |[f = t 4 v 37— GNSS
Yol |Fdv  e2ad myo ¢d A% <V ETEC%IF| & 1625UT
Yo [F 19:00UT 3% o % td Ve | lkm/s# Yor Vo
od. i — 8 37mHz< 46mHzZ/ <= 6.7mHz-HD> « % |4 vV ¢ 3.7mHz
< 4.6mHz— | 22 e 14 — — 2021 %

</ 4 Jesdx afcermHzl - znefs s e

t k- GNSSTEC %l [kd Vv z— s - < -

vV eKelud %|F 200km 4 v GEOFON sUGM#  |t4 v Ak ( )
o< Vo/ — 8 1530 4 100200 — % 1800UT ~ A
—r =3 200300 — | 1900UT 5# &£ 1 <%yF%/ VoI —
200300 — | — < £%{°oqVe - t4 v 78
— (STS)% o 4 8 GN% [ |4 v — 1001000 —
w4 Lea.,i oy -3 wh
t 4 8 3.7mHz8 4.8mHz¢ 57mHz% |fd 68mHzE 5 ™o = %—H>o o4
At < %# %BY O
— 4/ — - |H o2<— Yl 8 GNSSTEC ~
br= BV |» - SRR E PP
-1 s} —dd %o #Ne| 1V oKelud Ye |-

A" == > % 1 VYV Es % - & Lyl_<

o= TM_” 9
2 v K S SR - -

A -¥%™= ks oV L—2 N ¢ | & Kelud - 4
-V 220 Ys |- ¢ Kelud % — L os 4
Ll %Nef|°/ <=8 wafih' O»fi4 co' —edad| g ks

¢das— & ks |4 00O Ak — L katd oo™



Abstract

The Kelud volcanpeastern part dheJava Islandindonesiaeruptedon 13 February 201Zhis
Plinian eruptionrecorded thetrength4 in the Volcanic Explosivity Index (VEI)lonospheric wave
from the eruption was detected tne Global Navigation Satellite System3otal Electron Contents
(GNSSTEC) methodaround the volcano. The ionospheric reswise comparedith seismic
recordsandthe wholeexcitation scenario has been studied

Theraw GNSS data files in tHeeceiver Independent Exchange For(RANEX) wereobtained
from 37 GNSS stationsandthe TEC information has been extracted from thEnese stationsvere
locatedin the Java,iie Sumatra andthersmall islands around the volcaramdare operatedy
Badan Informasi Geospatial (BlGhternationalGNSS Service (IGS) and Sumatra GPS Array
(SuGAr)

Theionospheriascillationsweredetected fronslant TECtime seriesTheycontinted from
16:25 UT to 19:00 UTandpropagateds fast as1.0 km/s The oscillatiorhad frequencypeaksat
3.7 mHz 4.6 mHz and 6.7 mHzTheformer twocomponentgoincide with the two lowest
atmospheric eigérequenciesThe 6.7 mHzmay correspond toneof thehigher mode.

GEOFON(15 broadband seismomete&TS2) also detectedeismicwaves excited bythe
eruption The time serieshowedone Rayleigh pulsat 16:15 UTandfollowing continuous acoustic
waves. One ofthe GEOFONstatiors, UGM, is locatecabout 200 km away from the volcaride
seismicwaveof the eruptionwasclear andhe componentsvith periods200-300 seccontinued from
16:25 to 19:00. ltasted~1 hour longer than shorter periodmponerg. GSN (78 broadband
seismometers; STH recadedthe Rayleigh wavdrom the erupting volcanoTher spectrogram
hadseveral cleapeaks afrequencies3.7 mHz, 4.8 mHz, 6.7 mKand so onSome of the
components have been excited by atmospheric free oscillation.

Theseobservationindicate he GNS-TEC results detectefdee oscillationof the atmosphere
excited by continuouBlinian eruption This oscillationcontinuedoveranhour.

More realistic égenfrequenciemust beinferred n the futureconsideringhe atmospheric
structurein the region grroundingthe Kelud volcano. It must lmmpare with other observations,
for example infrasound data or airglow, anccbasideed themechanisnof the excitatiorin detail.
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Figure 2.Taken fromFig.1 ofHeki (2006) (center) A map showvg the centrapart ofJapan.
Squares indicate GNSS stations, triangles show sub ionospheric points (ionospheric height
assumedt ~300km) and a star is the Asama Volcamiagrams surroundintpe map) Time

series indicaing theTEC perturbatioapropagating westward (top left), northeastward (top
middle),eastward (top right), southward (bottom right) and southeastward (bottorindeit}he
volcano.Gray lines shoveruption time. Concentric ionospheric wave frAsama volcano
propagated at 1.08 km/s and 1.12 km/s southwestward and southward, respectively. Geor
field attenuates signals tife wave spreading westwaraorthwestward andorthward.
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Table 1. Sounders of the lonosphere.

Measurement Advantage Disadvantage

GNSSTEC High temporal/spatial resolution Vertically integrated value

15 min. sampling only

lonosonde Long observation history
lowermost layer

Spatial distribution for several

Airglow Only night time observation
layer
GPSOccultation Accurate ‘ertical profile Horizontal spatial resolution
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Figure 11. Photographs tife Kelud volcano taken by M@ystein Lund AndersefTheleft
image showshat alava dome existedntil the 2014eruption.Theright image showthata
craterwas leftafterthe domecollapsdin the eruption.
(URL:http://www.oysteinlundandersen.com/Volcanoes/Kelud/KalaoktanoIndonesiaFebruar

y-2014.htm)
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Figure 12. Seismic waveforms observed by 4 GEOFON statior80(8tHz).The horizontal

axis indicateshetime in UT,and thevertical axis showthedistance from the Kelud volcano.
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steeper oneand acoustic waves. Teoustic signakeems to have occurrati15:46 UT.
Rayleighwavestartedat~16:15 UT. Acoustic wavecontinuedfrom 16:02 UT to-18:00 UT

(Seismic data analyzed and the figure dréaywr. Akiko Takeq Hokkaido University.
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Figure 173. Same as Fig. 1¥.
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Figure 192. Same as Fig. 19 (later period)
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Figure 193. Same as Fig. 1B (period after Figure 12).
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Figure 194. Same as Fig. 19 (period after Figure 13).
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4. Discussion
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Table 2. Observed resonances from previous studies.

Origin Frequency Velocity Observation Reference
1980 Mount St. Helens 3mHz N/A Seismometer Kanamoriet al. 1994
1883 Krak#&na 3mHz N/A Seismometer Kanamoriet al. 1994
3.76mHz, 3.76km/s, Gravimeter, Widmer andziirn
1982 El Chichon
5.14mHz 300m/s Seismometer 1992
) 3.70mHz, 3.55km/s, . Kanamori and Mori
1991 Pinatubo Volcano Seismometer
4.,39mHz 4.791km/s 1992
) 3.68mHz, Gravimeter, Widmer andziirn
1991 Pinatub Volcano 3.78km/s ]
4.44mHz Seismometer 1992
2003SoufriéreHills 616m/s, Dautermanret al
4mHz GNSSTEC
\olcano 631m/s 2009
2011 Tohokwoki 3.7mHz,
1km/s GNSSTEC Rollandet al 2011
Earthquake 4.4mHz
3.7mHz,
2011Tohokuok
4.5mHz, 1.4km/s GNSSTEC Saitoet al. 2011
Earthquake
5.3mHz
2013 MooreTornado 4mHz 1.3km/s GNSSTEC Nishiokaet al 2013
2014 Kelud Volcano 3.7mHz, 4.6mHz 1km/s GNSSTEC This study
. This stud
Rayleigh wave Seismometer y
2014 Kelud Volcano 3.7mHz, 4.8mHz (analyzed by Dr.
(Fig. 22) (STS1)

Takeo)
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5. Conclusion
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Figure25. Schematic image of the evartcurredby the Kelud volcano on 13 February 2014.
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