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ABSTRACT: In order to reduce volcanic disasters, it is necessary to detect eruptions, and it is important to
monitor and/or forecast the scale and type of eruption and volcanic ejecta in real time. The series of eruptions
at Shinmoedake, Kirishimayama volcanoes in 2011 was volcanic activity accompanied by huge amounts of
ejecta, including sub-plinian eruption. By using various data observed during this eruption, we began
researching the feasibility of estimating the scale of the eruption.

We investigated the volcanic plume velocity by applying particle image velocimetry (PIV) analysis
(Takimoto et al., 2011) to video images of the 2011 Shinmoedake eruption that were taken with JMA’ s
monitoring cameras. The eruption on March 13 was analyzed due to favorable analysis conditions because of
the calm wind. By applying PIV analysis to this eruption that continued for 15 minutes, the kinetic energy of
ejecta was estimated. There is a high correlation between the time variation of the kinetic energy and the time
variation of the squared amplitude of the infrasound signal of the eruption.

The apparent total volume of ejecta estimated by PIV analysis was 1.5 billion cubic meters. This apparent
total volume includes volcanic gases, entrained air, and pyroclasts. According to the field survey (ERI and
NIED, 2011), the total amount of ashfall was estimated to be around 1 million tons. In other words, the
apparent total amount of ejecta calculated through PIV analysis is equivalent to 1500 times the total amount
of ashfall surveyed.

There is a high correlation between the time variation of the kinetic energy and the time variation of the
squared amplitude of the infrasound signal of the eruption. Based on the above results, if the relationships
between the kinetic energy and infrasound signals can be determined, we can monitor the eruption rate of

ejecta by infrasound monitoring.
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Fig. 1 a: Relationship between plume height and
emission rate of eruptive pyroclast, according to
Sparks et al. (1997). Results of the 2011 Shinmoedake
eruptions, referred to Table 1, are added as open
circles. b: Zooming in on the image of a.
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Fig. 2 Relationship between reduced displacement of
volcanic tremor and ash column height, according to
McNutt (1994). Results of the 2011 Shinmoedake
eruptions are added.

77 BE 3 &

Sparks et al. (1997) 1%, M K kFE I 2 BT 5 T
FI7Z2ME L, BEOR IO 4 FICHHIFT L &
o L7z, F£72, McNutt (1994) 1%, WO & SN
3km PA EDA, WO R STk 00 D o CHE
Al U7z g KB O i RIER D 2 |- L HBERH 5 =
LERRLEE. ZhRoG, BEDE I )6 E KIS
DKINIB OB EAHEST D LN TE, £,
DR S ZMETERVWEATYH, BMAMBIOK
KRIFMWEZBRT 5 2 L&y, BRI &N
ETEDZ &b,

Fig. 1 /%, Sparks et al. (1997) Mt F o 28 O
BMOREREATHELNZEEOR S EEHEORM
2 (BH) 27 vy LERIZ, 2011 % B LH %
HOMWEKD D HWEHEOE S R OMEHEL RS 5 2
ENMTEZTRIOE AT —4% (AH) #NELEK

ThDH., MEOREIE, [RBL—F—ICLVH#fEEX
ht%ﬁ@(mﬁ)@%%%%wt.ﬁmwim

PEEH MR AMIZERT - 7 ¥ T (2011) ZEiC X
B o gl BRI RSk AR ¥R % < 7. Fig. la
i%ﬁ@ﬁéﬂswmif®#~1@$m%7my

FL7ZBToH 0, 2011 FHRE WA S I Bk R
7oy PERHEREWVWEIICRZS. LirL,
WD S 10km LU FIZR> TR.% & (Fig. 1b) , £
MWIFEEMHBERE W ST 2.

Fig. 2 1%, McNutt (1994) 2SR P THRAELE 14
DHFLD K X I TR LN IEO R X & iEEC
Bk L MENRIE ORI (BAL) 27 ey bLTE
BT, 2011 4255 & LCHT B T DI ok (J& 58 B e K I3 BR

) TSR —% (BH) ZMELEZK TS
AL MO S IXFTM (2013) 12X B MF0E
BT RIS T D EER Z R T, HIREDOE kD
96, 20114FE 1 H26 AR 1 H27THD L1, BB
PITHE M EN LD o T2EICE LTk, ERlERO
<L IZ7 8y b & McNutt (1994) OFBIZAET
0, MEERZNIEESL o ZEKIZONT
AR AN S, HRRAL L2 BRI I e, M T
K.

b OFfERIE, Sparks et al. (1997) = McNutt
(1994) OBIRE N FALD K E 22k 23 RIT L T
WB=HTHY, BEREN 10km LT TH - 72 2011
EFBE O KIEBITIE, MHENKREN-72 14
26~27 H DML D% <1, MBERE < 2R
DIFAHRTIERY. ZOX 5 ITEBED S S &gk

— 112 —



W BRBLINIC L 2 BT O IR OO B 22 HE XE DRk 7

B D B KIRIE 21T 20 6, BEH RO/ S WK DL
HMEaBEHICHET S Z LIEHETH 5.

2011 4F 1 A DA E o 72 B 5 ILHT RS DM XX,
SROEHYEKILT 28T ) = —XE K& 5 TG
e Rolz. TOEKIZE > THLIL, Bk,
WEH), ERET —XEE2 AV, R A AR
WZHEET DT EMNFARENE I DO TR HRAE 21T
SIAER, ZERT — 4 BB R TS R & HEE T
DFENENTOHLIZ RO THET 5.

2 Fi&

2011 4 D FRAE DWE K D s & FEMT S E D Ju
FHIZEINL, EAHMOHEFIEELBETZDO
T4 =YY T ot (EBWRRERA) 2179

2011 F DO FRE DMK TS T, " AKH 5 I
BHREMTbUKILBREM OB ESHE ST
LS, WEBNIC L DHEE E HERHEICEKS
SHEE & ZHERMNT LI VHESICEER TV S,
FIT, BAMPRBEICLVREHES DN TNDHE
KIZHOWT, BB 21T 5 2 & THNT O
HSEHER & 0 OB = XL ¥ — DO HER & 1R 5
5. —J, WELZERORLENOL =R LXF—RILO
WEEHET LI EMNARTHL. 22T, HEM
B O HEE ST B = ) L X — R & R - 22 R
DTXNFXF—HEBZHEKT D2 LT, WEORBFRN
BRI, EROICAHANTOEHEHESL L RED
LD AREMED B D .

TOEDIT, RIEHENBE A O KFERITT LT,
BN 2RI L O EAFH R T L L THEL
T BT E B = R L X — L RS & NS R E) & ik
FTHZ LIk, MBEMICHEKBERZHEET 2 TIE
ERETD.

3 &
3.1 MEXEH

MEIZBT IMAETIE, —EOEAKHIRMICE T 2
WEETE B & EHEARAT T A 0, BATRIIC S S b L
WK A RINT A2 0ER S D, T, N2
WK AR S FAET D 2 &, ISR M C LT % 1E
T CTE W iod, BHOMAEHTHD Z L,
Z LT, WEIEE O RK N TE DB T
LT ENEREHETHD. RHLIEHM TH - 72 2011
B 1A 26, 27 BHOME KT, BAO®EF D5 KUK

Table 1

List of main plume events of the 2011
Shinmoedake eruption. Except for No.2, these events

are shown in Fig. 1.
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Fig. 3 Topographical map and distribution of camera
sites and seismic and infrasound observation stations
around  Shinmoedake  crater, Kirishimayama
volcanoes. Red indicates stations used in this study.
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Fig. 4
images to PIV analysis images.
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Fig. 5 Sample of PIV analysis images applied to the
March 13 eruption.
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Fig. 7 Time variation of the seismic amplitude squared
(SAS) (a) and the infrasound pressure amplitude
squared (PAS) (b).
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Fig. 8 Time variation of apparent emission rate and
cumulative volume (a) and time variation of
apparent plume kinetic energy (b) estimated by PIV
analysis.
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Fig. 9 Comparison between plume kinetic energy flux
and estimated energy flux. Infrasound energy (b) is a
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Fig. 10 Comparison between observation and
calculation of apparent emission. a: Apparent
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