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ABSTRACT: The cross-correlation and coherence of infrasound waves between two observation sites in a
moving time window allows extraction of infrasound signals from wind noise within the volcano monitoring
area of the Japan Meteorological Agency (JMA). This allows detection of subtle changes (such as crater
outgassing) that are difficult to identify from individual continuous waveforms. As examples of such
application, infrasound signals preceding an eruption at the volcano on Sakurajima Island were detected, and
highly correlated infrasound waves accompanying thick ash cloud were observed during an eruption at the
volcano on Kuchinoerabujima Island. At Mt. Aso, continuous infrasound signals of 0.5 and 3 Hz were observed
regardless of eruption status, and infrasound noise apparently caused by the passage of Shinkansen trains
through a tunnel was detected at the southern foot of Mt. Asama. Ground-coupled seismic signals were clear
during intermittent eruptions at the volcano on Suwanosejima with a constant frequency throughout. In air-air
and air-ground data, highly correlated frequency bands were generally observed around 1 — 7 Hz, but exceeded
15 Hz in the 2018 eruption of Mt. Kusatsu-Shirane. In the 2014 Mt. Ontake eruption, no frequencies with high
correlation were observed in infrasound coherence analysis. Previous studies indicate that a combination of a
seismometer and an infrasound sensor may be as good as two infrasound sensors in correlation monitoring.
However, in air-ground correlations, no consistent or empirical correspondence for air-ground coupled seismic
signals was observed. In volcanic monitoring, air-air correlation can thus be considered more reliable than the
air-ground correlation for eruption-related infrasound detection. In this way, the correlation of infrasound
waves recorded using multiple closely located infrasound sensors can be considered to enable reliable
monitoring of volcanic infrasound signals and constraint of their arrival directions and sources.
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Waveform A ) Normalized Cross-correlation Function
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Waveform B

Fig. 1
series waveforms of A and B
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Table 1 Observations
Date Infrasound ~ Waveform  Corr. Dist.¢  Corr. Corr. .
No. Volcano ) . Freq.© Fig.®
(YYYY/MM/DD) Source character*  Pair® (km)  Pattern® (H2)
z
MC-MC Clear <6
1 kuraji 201 1 E i T
Sakurajima 019/09/16 ruption , C SU-MC 5 Poor (None) 3
2 Sakurajima 2019/10/30 Eruption T, I MC-MC 5 Clear <2 4
Shinmoe-dake, . SU-MC 4 Poor (None)
3
Kirishima 2018/03/10 Eruption T SU-MC 12 Clear 1-7 6
4  Kusatsu-shirane 2018/01/23 Eruption T SU-MC 3 Clear >15 8
5 Suwanose-jima  2020/04/28 Eruption C, 1 SU-MC 3 Clear >1 10
Kuchi bu-
6 ji;l; OCTabU=  5020/05/05-06  Eruption  C MC-MC  2-3 Clear 1 -4 13
7 Aso 2020/01/16 Eruption C, MC-MC 1 Clear <7 16
8 Ontake 2014/09/27 Eruption C MC-MC 2-3 Clear 2t 18
9 Sakurajima 2019/08/24 Fireworks 1 MC-MC 4-5 Poor (None) 19, 20
10 Asama 2020/02/20 Noise I MC-MC ~5 Clear ~1 22,23

@ Approximate characteristics of infrasound and seismic waveforms. T: transient; C: continuous; I: intermittent.

b Combination for calculation of correlations. MC: infrasound microphone; SU: seismometer vertical component.

¢ Distance to infrasound source
dPattern clarity in cross-correlation monitoring

¢ Cross-correlation frequency band; “None”: no correlation across the whole band

fNo clear frequency band correlation in coherence monitoring

¢ Results
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Table 2 Seismometer depths

Volcano Seismic station Depth (m)
Sakurajima SET 0

YOK 85
Shinmoe-dake, KIHN 0
Kirishima KIKR 0
Kusatsu-shirane KSHA 0

KSAO 94
Suwanose-jima SUW 0
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Fig. 2 Observation stations and the main crater at
Sakurajima volcano. Black dots: observation

stations; red star: Mt. Minami crater; black star:
fireworks launch site referred to in Fig. 19.
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Fig. 4 Infrasound signals from before and after the
Sakurajima volcano eruption at 15:27 on October
30 2019. (a): Infrasound waveforms observed at
SET and YOK (maximum amplitudes for SET and
YOK: 41.2 Pa and 92.3 Pa, respectively); (b, c):
related spectrograms; (d) coherence between
infrasound waveforms from SET and YOK.
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vertical ground velocity waveforms at SUW and
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spectrograms; (d) related coherence.
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Fig. 12 (a — f): camera images of the minor eruption
on May 5 — 6 2020 at the Shindake crater of the

Kuchinoerabujima  volcano. Each image

corresponds to the a — f time points in Fig. 13 a.
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Fig. 15 (a — i): camera images of the minor eruption
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Aso. Each image corresponds to the a — i time

points in Fig. 16 a.
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Fig. 16 Infrasound signals from a minor eruption on
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Aso. (a): Infrasound waveforms at HOD and FBC;
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ZOo0BR R TRERBICHIS LIEIRIEDO & E D A5
bivd. =T AT FL(Fig. 19b,0) 2 #5 &,

10Hz ARJili OARJE K &L » 4 30 Hz BL R & JE O
FRRENRT =% b o TEY, ZORKFRIIRE DO
*k (Fig.3,4) 7 10Hz £ OEKBEKIZ T —DE—7

YOK MC -
P . J4 Pa
S
KOR MC e * \ [
w ’M‘w 4 Pa
19:41:53 1941555  19:41557 194159
2019/08/24
Fig. 20  Detailed infrasound waveforms for the

fireworks display on August 24 2019. As per Fig.
19 a, but with time-axis focus around 19:42.
Dotted line: temporal change at the speed of sound
(340 m/s). The phase marked by the arrow for KOR
is assumed to indicate waves reflected from
surrounding topography and buildings. No
corresponding phase is seen in YOK.
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BRERRTHR A 87 &

BRFODO LITRR L/ THS. YOK & KOR DZER
WD =2 —L % (Fig. 194) TiZ, éﬁﬁﬁ%fﬁ
Bo®mEVITRO NP o7, Hax OFTH EIFIfE
DWW EHERT B & (Fig. 20), YOK & KOR O #LHIS
WZRR &, BRI TR LL TIZ Ry, Iz T,
KOR (ZILJEA W 5> & O KEH & F H LD YOK IZ
K L7 Wi s & b7z (Fig. 20).

310 EZMEUOHHRICKLD U RIILBRER

KL K LA 0 28 JRIFAC X0 22 [ B B 72 5
DEFFHTHBEOLLZETR AR B LW E L
T, EELoEILE (Fig.21) TBRAShEZ A4 XD
il (Fig.22,23) 8N T5. 20O/ A4 X%, TORAE
B 28 T e AR O B B & PR A L <, mE L o R
¥ b (Fig. 21) O HFHETHEBFELTNWDLLEEX D L%
BRI ROERPABBTLRAFHITE 5 (Fig.22). ZOff
WSRO P FAPREBHBINTND Z &
ME, T A XFHHBRMBEO b RVBIEICES MK
Eﬁ&ﬁ%héf@aﬂaimm&mﬂzoa@mw
(B 1) & CNT (fLooi) SR clillEn b
FBEKIER OF %79 . CNT 8BS DO AT [
(Fig. 23b) TART LI b FAMKIERITH 1 Hz

138‘:30'E 138‘:33'E i
N
’.J/\ ./ PETANY
anl (T o /

q /*Mt Asama | :
%_&W\.\l. j 2 GERELD A \‘b §
8 d .8

/
:-I
/
/‘/‘.
z f..\ /
T ~ VJ/
N =7
81,
\
\
X
R A—— .36. 325°N 138 548°E
2 km « B
|_| ] y
j ( @ifﬂ!&ﬂ%@iﬁ}gﬂ?ﬁ@'f)b ( #‘-ﬁﬂhlZl )EMILTHER
138°30E 138°33E
Fig. 21 Southern foot of Mt. Asama. Black circles:

observation points; red star; potential noise source
on the Hokuriku Shinkansen train line (Fig. 22).

NET 5. SNY BLHILE Tk b o RV E B LS
BREL A AR REL, BRNEE (Fig.23a) & A7 |
Jb (Fig. 23¢) TIE b > RABKIER OHFEEIXS DI
<WA, ab—LrAE=%4 (Fig.23d) TIE 19 I 27
3 30 B D 19 WE 28 43 ZAIIHMT T R R AARIE
BoORRICEHMEEOEE YR 1 Hz fHETRD LN
7.

4 BEm

UbofEflzlEx, ZiEE (b5 WITZERICL -
T SN HER) OMBAEZERT L P THROIZ
HMRE, 5%, ZOFELKLBEETIEHL TV R
TORERE DR O FRPEIZ OV TEmT 5.

41 tHEHBZMEOETRUANTELIERROFRE
ZEAICBEN T 2 RO ZEIRFT OB (H 5V
ZEHRGET & HURFF OBLIEIY) OMAEMBE RS Z LT,
TR EN MO ZERLED» D ITRAT I o
TEREOBER ML, ZNETREL Wk

EHOEERBTEDL LS ->7. Fig. 3 THRL
) BPF: 1-2 Hz (N=2) 0.1Pa
JERY ‘ OWK &%

N
T

w
T

N

(6)}

{ CNT M

Distance from N36.325° E138.548° (km)

6

yd* : SNY & 8711
19:27:00 19:27:20 19:27:40 19:28:00

2020/02/20

Fig. 22 Filtered (1 — 2 Hz) infrasound noise assumed
to be from Shinkansen train operation. Vertical
offsets: horizontal distance from potential noise
sources on the train line denoted by the red star in
Fig. 21; dotted line: temporal change at the speed
of sound.
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BB R COZERARB 2RI L7 K LR F L o A

(@) cNTM , \
'MWNW"."WV,';'#" )&("*\ \M: i o i, [0,13 Pa

SNY MC |
Wi ety J;.L'-';"»,,]‘,-}.V‘ Wt el 0.29 Pa
|

19:27:00 19:27:20 19:27:40 19:28:00 19:28:20 19:28:40
2020102720

(bL 10F'SD: CNT MC 2
N b o
< 8 -3 %
o) o
g ° -4 3
3 4 n(/f
o
Q5 -5 2
S - — g

01— -6 =
19:27:00 19:27:20 19:27:40 19:28:00 19:28:20 19:28:40

() ;oPSD:SNY MC _ .
N S <
T8 -3 %
36 - 4
c [a]
S 4 —— 4o
g 2 o 5 n-o
i D — - = o
w p— <)

ol = = |
19:27.00 19:27:20 19:27:40 19:28:00 19:28:20  19:28:40

(d) 4oCoherence: CNT MC — SNY MC 10
s 08 g
S e 06 &
% 4 04 £
& 2 02°

0 - ” . 0.0
192700 192720 192740 19:2800 19:2820 1928:40
Fig. 23 Infrasound frequencies assumed to be caused

by Shinkansen train operation. (a): infrasound
waveforms for CNT and SNY; (b, c); related
spectrograms; (d) related coherence.

ToBLE 2019 4E 9 H 16 B OME K TiX, "EABIAARZ O
990 Ay LL LR 06 BE 10 3 EN S, BB O IICAL
B35 208 OMEMBEICE YK | Hz OZFEIR
DR S v7e. ZERIBIC B 7 BRI S oD ZE AR I I AR B
W2 Z LITH—DZIRFEN D RS I ST
WHZ ERBIAEL, BKIZHESE > TRANLDH

AR A & TV S ATREME (Iguchi et al., 2008) 238 %
bad. S HITHE AR 40 R 5 0.5 Hz £ TH 4

Bo@mWEerdERmiciEiEshTnsd. —J7, Pk
ol (Fig. 16) TH, MEKITHE D ZER & 3RS, 13
IEMEBERIIZ 3 Hz & 0.5 Hz £ 32 CHBI O & 22 HE 3 23
B L TRHEEShTWE., 72, NKEEETIX,
KD LTI 5 B, AR R Je o 7oK H
(Fig. 12) IZ&J&E LT, 1 -4 Hz fHiL THIBE O & W2
RABM &= (Fig. 13). 2 b DEFOELITHEKR
DEEHREOTE=4 Y 7 ETEAELTWEL D
THY, KITESOEZBE LE KO TIRER Z 7=
D, KA =ALEMRALIZY, HE5WVIEINET
KA DRI o TN 2Bk B 3 5 ECT&IZSL D
AREMER B B .

— 07 T, 22 4R I B K 0 A X U O R KU E o R
PRI DA M08 H 5 (Bl 21X, Lacannaetal., 2013).
7 % — Z2 R FH B R 2 38\ TR IE O JE R B TARBE 8
BNV ERDHDIDOILIZDEDTHASA. BE
2019 4 09 A 16 A&k (Fig. 3) O BITIX, 1.5 Hz 2
5 3 Hz OWBIZREICEDLL T, Hicae—L 2
I/NEWV. YOK & SET IXFAWIZ R E S BN 7-RLE D
ﬁ%’& LTHEY, ZROEEEIC L DEHFEREKEO

EWREREL TS LEEXLND. T72bb, 1.5-3
Hz #C, — 5 OB SIS ORI 72 E AR B R
B BB ATIE, ZOWEETHBEILTNS
2020 4F 1 A 6 A pék Lk (Fig. 16) O f1Ti%, FBC
& HOD O@llA (Fig. 14) TRU—ORE M
¥4 (Fig. 16b, ¢) & FHBID &V E 44 (Fig. 16d)
ICRE 72N TV, 2L FBC & HOD (3i# L C
BOGERKICHE TIELALEOREN DL
BERZOND. Z0O XD RBEERE OBV O BT
D71, MAEMBIC L 2ER T, ZEH (bon
1L ZE IR R & HIEEF) aiﬁb\c:iﬁﬁbf‘“%éhfw
TEMEFE L.

4.2 ZEiR—MEHEBEDER

Z T Tl Ichiharaetal. (2012) TR I N7 28R & 22
RICE VRSN D OMEMEIC L 5 KILER
WZDOWTHEHHR L7z,

FPRE 201949 A 16 HoH (Fig. 3) 245 &,
ZERFEHE S L CITHAMRARMEBEN A b7 — T, SET
() o &, ISP S 7o R g 3

W CHBEN A LN o7z (Fig. 3f ).
YOK (FiIl) DZEfEit & MEGH OMA A bR TH Rk
WCFIBIIE A B 7 o 7. SET O R =G+ 13 E
WIHREINTWDH—T, YOK OHiEFIT 85 m DL
EICRESNATWVWDEWVIEVRH DI, WThizl
T%, ZOERTIHMEFS M LIS 0TIICH D

Wb b THIE & ZZIEOMBII AR TH - 72,
F72, BRI GHBRE) @ 20184E 3 H 10 A 01 B
M/W§k®m(ﬁg6)fi X v koizEyy KIHN
(NP TE) CIE 2R & O 00 3 (o WARSE 72 1R B 75 72
Motz —J T (Fig. 6b), KIHN X 0 H ks 3
DIEEER H D KIKR (BB EFE) TILm & IZHBN A
Ltz (Fig.6d). 703, Z OF TS & b I
BRHIEBENMEH CHY, M EIZHRBESR TN
WTRICLTHARFAE TIX, EIRE TEIRICEVE
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M & DM ORI DT, B A R 9 %%
Hr, BDWITHIEF ORI — B L72iERIOR
BrAlZ R4 2 LIXTE 2o 72, Ichiharaetal. (2012)
IERPOHES & L TEET 2 MBI IRIE 2 K
B2 &, MXRICZEIRIC X i & b EERIE A
INEL 72D, HEB L EIROMBEN KDL D HH %R L
TW5., BB TEE—MEOHBNENZR - = HEfH
(Fig. 3f) ®°ZHL (FERE) TABHIZEVENTSH
b o THENALNRNo7=F6 (Fig. 6b) X2 0
HThAHD.

T, ZR—HEMBEE T, HEREVE K
ENENDNT — AT MVBIRK & 70 2 B L
METLb—F Loz (BlZ2E, mEAMRL (K
AR (Fig. 8), WLz S (Fig. 10)). ZERO M
~OATIZR LT, ZRICIEET 2 ik o @) & (213
FEEIZLDEWAHDLZ EE2RLTEY, BRLEO®
i TS, H2WVIIBRAIRORERENZEL TV
5 EE %2 5N 5. Matoza and Fee (2014) 1%, RN Z
OETOMEZMNMS Z & THERDEIE S D3R
(WALIETE O ZZR 16+ 2 BT O JEE L) How
WCHEB L, B2 by XKL OWE KRG T & JE B H
FEEZDORE (KAL) BRELSRDHZEHFMNL TV
L. MBI, WUE 2 HERE Y O Mk O I REE 72 A A R
WZHRTH A U3 KRE L 72 54 (Hinzen, 2007) % %
JT, FA O BB AT P AL T S o HUE
SHICES S AREMICOVWTERLTWS. 1=,
Ichihara et al. (2021) [LZER—HIE O BB & &
BAEL Hpw HEICHEE T2 FIEZIREL TV D, B
OEFHEMUFEFNEH SN TWHRLTHERIE, 5
MUDBREZ &I Hyw 2B LTRBLZET, £
DEEEOEWVWEHRNTELITHAY. WThIZLT
b, ZER—HURARBIAITLE L2 22RO S ERE 2
b5,

43 AE—LUREZRITRALNGEL2014F9 A
27 B fEn 5 1L & K

2014 4F 9 A 27 HESR L kD %4 (Fig. 18) TIE,
MHEMBET=X THEARBEDRMTEZI2H00, 2t
— LU RE=H THEBEAFEAEN S ELRAMTE 0
KR HEHIE -7, 2k, HAEMBEER (Fig 18d)
NZEROB|ERE ZETH D 7 J WM 2.4 LTI
BNE—T EZFOZ L EIIE LTS EEXLND.
I, H—OZRE DIAET 5 RN Al E

ThoHrGGEE2 L. ABMEETIX, 2AEEST Y
— AT MR —ET, o, FNENDEEE DA
MBRE 7y ZATHY, HEHMEBEEILZ /Rt
oA CIIHENR e T A B E D (Bl
X, BB, 1977). ZOHAHEOEIRENZ O F F%
MR BN 7o i A & M B ICHE 2 145 CEHT
DEFTiE, ZoZHROMAMBEBEEILT 7R
Tup DA NE =T HEFESOT VX B 50— 145)
Ein. XoT (9 XXy, #HE AL B TSR
LD T v A AT bV OfExHE I,

[oe]

1Sap(F)| = Tlmgof Cap (t; T)e?™ T dt
= f 6(T—TAB)927Tide-L— — |eszrAB|
=1 @1)

LRy, AEHICEIOT—TELRD. SHic, At
BT, "RU—2X7 hr (@4 K& 5 X)) baH
EET—ETHDHI N, ab—L 2z (3) R)
LEAERICEILT—EE D, DR, AT
BB R TH D, — AL, EIRERIAW
PR T R T — &L, o, BRI Lo
THAEN T X LA THHIFE, HEMBERBRKIEZT /i
M g DHICHNWE—27 2FFH, SHIZ7 v AR
R () X)) PoEANDITE =L ABEVER
HHICHBm L CHEERH>Z&ICRhD. 1o, ab—
VO ALFET DEOFIBILOBREIZL - T, HOHE
FEBIZEAEER RIS RoTLEI EEZDL
5. Fig. 18e OME LD FITIX, ZkT 52RO
NI —NIEWEE B ORI L, & OIS HRE
BHIZL T v F Loz, ab—L v AE=
X TRIMTE ol EZExzOND. £z, 2D L)
RAb—L I AE=F TOREKLEZL I, B
TANE —FPT R VHEMHBEE =2 bbb TR
RTDOBEHTHA .
Ikt —L I RAE=F TR IOV
IR D REIE, BB O RRFEXRDOH] (Fig. 3e) R
Bh 2 W O KRk (Fig. 10d), Bl#g L ok (Fig.
l6d) &IXXHHITH L. #FH LD (Fig. 18) T, =
KT DRI D EVITALE N T & 7R R A
By DO G A TWEEBE LT, EIRFEICEA D
RERVFEET, EBIRFOKE SOKSLZ OALE D
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BB R COZERARB 2RI L7 K LR F L o A

R B EB T2 L2 2 RUEAB L2 OND. IoE
F ONTA (HOJFEE) & ONTN (HOJ) o i
RS EAR EICZERIR & 2 DO KN BALE LT
Wiz (Fig. 17), W%ﬁ#%wﬁﬁifﬁﬁ’ﬁb
S THHAMBEBEENmK L 22 7 7RI
ﬁﬂ@&%)ﬁot@f%%5.ﬁ%mwﬁkfﬁﬁ
BoKkONF-ICHE S (Oikawa et al., 2016) , &
DA KRGV O (] 2 1E, FA - filL, 2014)
NHY, HHELRERBEBREIN S s EHRIND.
FIEAMBEE=ZRabt —L Ly RAE=EZNL0N5 D
DX FHLEKBRELEMT D O X TL D
BB B I Livz .

4.4 HEHEBEE=FICBITS2ERETERICKY BE
ShbthE] ONBEENER —SETORMEAT S
REtDOME—

Ichiharaetal. (2012) Tt SN TW5dH L 92, ZER
DHIEZ N Z & THEBRME I ND5E, O
EEHORBIXZZERL D S 90 EMMHEAENS (Ben-
Menahem and Singh, 1981). Z D72, Z2fR—HEFHES
BETIEZD 90 EONMAHTNEMET HZ & TEIED
BkZREMTED. LL, [BITOKINERTTIZZ
D 90 FEAAT N A ABICHR TE LEHIL o7
(1l 21X Fig. 6d TIXHBE —EIROMMEITIZIE 0 T
HD). T, KETOXRKLERTEIHWLATY
57 a—MBEKEN~ 1 7 vk (Type 3348+7144)
LA AR O RE BB O 2 i O R
WE2erbnd. - (2013) X, BEEKD
ZERW OB T — & 2 AV, 7 3 — 4 RIZE IR F O AR
¢t % Paroscientific %8 # 5 5 F (Model6000-16B)
EOWBBAICXVHEE L. TOME, 7T a—ti
DZERFT O T AT T 1 Hz 3L TR 45 EAL
MR, Zh i bEEEd D VIHMEEE IR b

{L*ﬁﬁ‘ Dz rEWmEL TS, F£72, Yukutake et
al. (2018) AR [0 22 iR > HIFR B & o FABIFRAT I &
TooT, oL 7 a—tRoOEIER % [ LR
S04 ZefREt & ey 5 2 & T, 7 a—tRoER:
DIREMEE KD, CnEHELL ECEE—MED
MBI 21T > TV D, 51, EWNKILTIA < R
EhTWAEAEY 1 BoMETS, 2 oEAa @S
W CIEN R ES K& < ZT 5.

RET OBAE DO BN TEIE—MED 90 FEALAHT
NICER LTERT 012N T O N AR R E

DWERS LN COMEE RS, MA T, HEMEE
=X ClX, HHBE O BIMEZ JE BEHOE O BPURATEERA D
WEETH D, B B ETERE T, HAMEE
= ZIT BT D A B B £ O B D FEBL D BT TE
HLTERTZOTHNE, BAEEEORROLEN
RWAb—L U ZAE=FDIE) NEHRICHER LT
WTHAH. I LEEO 2014 FEHELOFH O K
ICab—LrAE=XTHRZONT, HAMEE=
ZTHRZONDFEHOHFELET DI LICHEERMLET
b5, £, HEMMEET=21%, HEMEBEKORE
Kk D224 B ZE 4RI 00 B SR 5 1 R JH W o oI 7R
FAEERATEDEWVI ATy BB D.

4.5 —i@AM (Transient) BEREDER

JOALTEENT A 5 2R ICIE, ﬁg3@i9&ﬁﬁﬁu
L%ﬂmbt&%@ mm&%ﬁx& B 52 E K 1T

% ZEiR LI A AYIC, Fig. 4 @ X 9 7R3 _H:o* B
i) (transient) 7222#E (il 21X, Fee and Matoza, 2013)
WD . — A7 Z2 IR O BB EY 72 1 & L T 2020 4
6 7 4 HORLE DB O IR % Fig. 24a TR
L7z, Mkt A AEMBE 23R T 2 BBREMEO R
L RENENRBO R ZREITK L THE, %K,
Z O R Hy IRy 2R 03 I 0 J8 Bl R & e D AL
PEBEOBE VIIHFHTE RV, b HAL, FO—hE
EEHLRTCT I—L&aHT LI IERGFELEZEZD
B L, B A X082 B T—BZT
TELERVHBETEN D AREME S H Y BLEM TR
W, Fio, MAEMABEREKE LU RAOHEICHT
ST, TNENORFME TR R E T 2N
(ZORMAELY LRV 7 — /L T) IZIXRE/M
WEHRTHDLZ EEBIRELTND. FlziE, AR
RO E CH O EEH Nk Z & T
DWEEOMEAENRRKRES RPN LT LIFHAELTY
2.

PWH - A (2000) THEMHINLTWDLI LI, 20
£ 52— 7 22 4R CIX L 72 2 B AR TR o R
PEASE . LRSS T S 2 B G 0k 1 ASEE
WCIRES>TNDHOTHIIE, EFRFEZHIE L ECTZ2ER
KEEG(RAZ X)L, EDEAWE (Fig.24b)
EE=XTLLEVWOERTIELZEAOND. EAICK
S CTHABMAICEMBARE ) A X722 ERMEINT
fEExt /A Xsm E L, HEAIZHE D ZIED % FmHD
BHEECRIET2Z EBHFETE 5.
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Fig. 24 Transient infrasound signals. (a) Waveforms
of the eruption at the Minamidake Crater of the
Sakurajima volcano. Vertical axis: horizontal
distance from the crater. Each trace is plotted
relative to an amplitude axis anchored at the
distance of the station from the crater. The dotted
line indicates temporal change at the speed of
sound (340 m/s). (b) Stacked waveform from
traces in (a). Before stacking, the temporal delay
of each waveform was removed with the
assumption of the source as the Minamidake
Crater, and the peak-to-peak amplitude of each
waveform was normalized to 1.

4.6 THBEMWZIHEICEV-ZRAOEELREL
KT KD ZEIROBRFEER DD 7 B N T 7
T ARLEE - BHA 7 T RHIR S LD KL RIS
WL, ZERHFIPEEREINDZCIEIHTHD. *ff

i, %3J<f2%%ﬁ> TEME KT, ZEIRFTOKREIT D
SHOEICIROND D3, "Ek@ﬁé&‘é’]%ﬁ’i“ik’é& <

OFERRAMOBEEMEILE V. Ichiharaetal. (2012) O F

EE AW TEIRS L HEFORIEROMAEDLET
AR E BT o 2 i3k 7En, EIR—HME
OHAMBIIZEE LI ZIROBAMNEHEL W & 25
Mmolo. XOMERITKITEBN LD EIRKEZIRZ D7
DL, RO LD IR A HMCHRETLIEZ L%
B, 2 R EOERFHZHEE L T 2 L2 M
RETHAS. [BITOEATO K LB TIX, Fig
25a DL, BEADEET L O ICEIRFHIA WIS
TEDRETHELTCRETDIIENEROTHE 2o
TWb. UL, 2R OB 2R RERFIC
RERENSDLGEITIE, AP —L U 2%
HET2DICBHRMELZRS LDLERHD,
B K2 IR ANICIT@E S e v, Bz, kons S
hn@ﬁmﬁkkDL%®QWﬁ&T§ﬁ®W%%ﬂ
B 2856, ERICKN ISBOERS DD, EADT
7%%%Lf30@ﬂi@ﬁﬁ%fﬁ%%%%?é:
Enkwong. Fio, BIRDEEREYRET L RE
TIREER—HOHTIRAL, HEABMETTZ &1
EzbNhb. —JiT, Fig. 25b O X H 22 RE &2 E
KO OBRFRICEHE L CERETIL, HVEERET
B A RO Z T AFHEE OB W2 R O R
TELHIEF TR, ERENMUEKRD TN LESEL
TWELEN, 77RO HES x5, A/ A X
OFBEEIEE < TbE m FEE (Wilson et al., 2007;
Shields, 2005) T 5 DIZxt L, #2720 ZEHER 1-10
Hz BEZL L TE, ZOREITIH+ m o HE m R
ETbhd. Z0izH 10 m FREREL T2 Rl Lok
FrERECE UL, KINEEICER T 22RE L0 1E
HER<BRMTELEBEILND.

£, BEILOFHBICL D b FAHMKRIERE O X

I, EBR—ZERMAEETORISATLEIRED
BWER A XDHEELHA LN o7, i kil
EENC L D2 b ONENLOHB DT, ZERDOE]K
HHRERMEORFENRDBEND. iz iE, DL
EH3ADOERENHNILENS Z = ATBRICALE T
5 THEEROR AR TE S, £z, kil
JEDICHLE L7 R O BRI O AR B AR B 5 D 2R
DB EFMZEERDD Z L TERFRONEZ MR T
&% (il z1X, Yamasato,1997; Yokoo etal.,2019). 7=72
L, [T THRAL TV 7 a—HRZERHI AT IR
TAHMHTHREETH Y, m%@@ EiRE GRS N
T2 L ONHZEZEm T AHEICIXEERLETH D
CBT o, - ﬂﬂ,2013;§ﬁﬂqnakeetaL,2018).
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BB R COZERARB 2RI L7 K LR F L o A

T, KIUERES L L CREMICATEZER Y
2 BT, HAMEBEE=XLtabt— L RAE=HEFE
AT 57O EEFICHRENLETH D, HRE
BREA2EC 50 ks v (2023 4F 1 HBE), B
£, — ookt ¥ —NE=49 25 kLT 10-
20 KILFEECH 5. B G M E THRT 572012 1k
ez 2 - 3MOBP AT CHEAZHET S EL
T, 20 — 60 OB ST THEMBE O EHE B L
BErhd FleinbEZHEoae—LrAE=4 -
HARB® =% 2 B4 5 72 I 1320 A0 72 i i B &
HkEE I D

(a) Present (b) Ideal for correlation

A
* *

A A

Fig. 25
stations (black triangles) and the crater (red star)

Layouts for two infrasound observation

assumed to be the infrasound source. (a) Present
typical station arrangement. Infrasound sensors are
placed as far apart as possible around the presumed
source crater. This arrangement is not suitable for
detecting infrasound waves in wind noise using
correlation due to the large arrival time difference
of air waves from the crater. (b) Arrangement of
infrasound  sensors  assuming  correlation
monitoring. These are placed close together
radially around the presumed source crater. This
allows infrasound detection with suppressed wind
noise using correlation and determination of
whether infrasound waves are actually coming

from the presumed source crater.

5 F&O

HAEMEE=4, H5VEFabt— L AE=F (2L
D, ZERIAICEENTZ 2 ORI OB EZERT D
LT, BRSSO IXRM EF I ol
EROB R E DR HOEEZPARICHRITE D X
Il oTe. REE TIEIMKIZHAITT 2 BB ORAE % 2
R 7=, BRI TIE—E QR D ZE IR A K &R
g L TR S 7z, Ok BREE Cidf &m i3 <
7o R RERNC RS U CEIEBS R S iz, G2
D WHGE R 72 ZE R A £ 5 K TIE, RIRASENE L 7o HiE

B & ZIROMBENHE T, 0TS koM E
WU C—ERE 7. BEILOEILEOEE DR T
X, 2 ROZEIRFOMBICE Y, FrapklimEiE s &
FHNDZEE ) A AR Sz, BIR—%2R, 5
W22 iR —HE OB T 5 KR I, %<
DEAETI-THz L TH o722, 15Hz LLEDEE
FHIZRb ezt — L 2AE=Z THEAOEW
FEREAENREETE RV Do T
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