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ABSTRACT: Atmospheric acoustic waves are defined as pressure waves in the atmosphere resulting from natural
or artificial perturbations in air. Acoustic waves are being used as one of geophysical tools to detect and characterize
volcanic activity. In other countries, the use of acoustic waves becomes conventional for local to global volcano
monitoring after observation of the 1883 Krakatau eruption in Indonesia. Various studies on acoustic waves are
already being actively conducted in addition to the five research topics (estimation of eruption location, source
pressure evaluation, propagation modeling, seismoacoustic coupled waves, and relationship with ash plume
height), which are summarized in this review. In contrast, due to the absence of active volcanoes that cause volcanic
eruptions in Korea, there is a lack of interest and support for geophysical volcano research, including acoustic wave
monitoring. However, it is necessary to prepare for widespread volcanic hazards through monitoring and
understanding volcanic activity because the Korean Peninsula can be affected by large-scale volcanic eruptions
in neighboring countries such as the Japanese Islands, the Kuril Islands, and the Kamchatka Peninsula. For the
past 20 years, the Korea Institute of Geoscience and Mineral Resources (KIGAM) has operated seismoacoustic
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arrays that record and study acoustic waves from various sources, including surface explosions, nuclear tests, large
earthquakes, fireballs, and mine collapses. Such experience, knowledge, and technology of KIGAM can be directly
used for observation and research of active volcanoes that accompany eruptions. Future research using KIGAM’s
long-term seismoacoustic dataset and technology owned is expected to contribute to the vitalization and

development of local volcano research in Korea.
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Aubx 0 2 &5FAK(active volcanoes)2 EA)| 3}
4Hghgo] 18 21 SHito] ALt 2| £3I5E SHike.
= AZtste, gepiht 23 AE 2 Ho 23k
Fol THE IHbE FIMte g R@S| e gttt 1
it A4, KA oA = @A SHEE Ejlo] &
7¥ehe gk At A7) E2A|(Holocene; F 10,000
dARE @A7HA)) o E3Eel tiet 715 E=
ARl B3t A7 YA sk o2 A3kt
ojg} Aozttt A, E3pitolghes &of Hrhe
Z2A) sHte g HHste Ao gutE el &3Hike|
oS U3zt 2a 18 HWHHotK(Global Volcanism
Program, 2013). 2 A|A| Z2A| S}itof| gt ZpA|gH
ue Anjasiel 27 Alat a2 e Smithsonian
Institution National Museum of Natural History)2]
=A| SKEE =2 T73(Global Volcanism Program;
o5} GVP)oll A E1E 4= JIEH(GVP, 2022). ©] 9
of| %= VolcanoDiscovery (VolcanoDiscovery, 2022)
oNx= A AlA sHi-Eat A3 Ay @l gt
AEE AlFstal ok 3] AT EF A=
W BRIl A7 Bl Al E= g2
9] IMA (Japan Meteorological Agency, 2022), o]
=9] USGS (U.S. Geological Survey, 2022), +2
2= 9] GNS Science (GNS Science, 2022; GeoNet,
2022), ol&g]o} INGV(Istituto Nazionale Geofisica
e Vulcanologia, 2022) 5©] tx & o|t}.

GVPo| m=H =] Y| E2A| Ik
WA AR Bepl SEES HRel ofY &
ZA| E3P7} Bes] e A A g F7HEE 29kt
I JeHA™ D). T F ST 5 Hole WF
Abof| tigt A= T Bito|lA = oz X3
sta glom = YR, dd et 5 e A+
Aol Z5H1E st vl JITHRI ef al., 2016;
Hammond et al., 2020). 98 FAR2 2002-20054 3}

AHEQK(volcanic unrest) 7|7t F9F B3} AE7} 11
ZE o, A BRA A 53 2AY
WEARE 3NHCE AFEHL A Bk GVP
o M= AF= et S5== 2 2990
BCE(+40)2} 1007 CEo]| 33t 317} vpx|a} 3t
HEEoz AP A o, iA Eto|HE 1y st
= AFs} 7|dke] dqt= s A3 Yrke.g,
Im et al., 2012; Ahn, 2016). 3HtEof F3-S 7]X]
= MHES olEfsl| HeiA= s e S
sto] B4 &A% oS 7 T SHHAIEi Y
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Ut A E3l&-go] RAG it ks tide
2 FTHATFE AABH ol ofgl=o] WEth

A AA 0 REZl= G35 dFol= T A
271 8o] 53 AFET T A Al LHo] &G
&3 ek koA At HIAAAAE S5
AAZE FA sk 2@ 23k 52 245t
o, A&l A@E0] dSH= Afole SHHES =
= 23 FHE EFstA "ot A (voleanic
fluids; wt1m}, 3M7EE 5) 9] A5 SHHA s
2|2t & A Aok X219 #E5L2 7HF LRl
SHiE A WhRolet & &= Qi B3 FH A
Fhlete A RE Eeuhs S EES Gder &
A& = Jlew, B3 7Hehs 5= o)/ (thermal
anomaly)-2 Tlsl=d] o] &=t} 1 2], GNSS (Global
Navigation Satellite System), EDM (Eletronic Distance
Measurement), A1), InSAR (Interferometric Synthetic
Aperture Radar) 5-& 0|83 A FHE A=2 B3
A A apaat o2 Q1 S| 9] §71E Tt
oFd 4= Stk FZolle B3R SHAHESE T o A
BRI o7 48 35 (3523}, atmospheric acous-
fic waves) & ZH5}e] SHAIERES B3 A7zt
SPHSHA 2P =L Qi

SHMEES= I TR Fol "=t ti7] 2
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et al.,2019). Fup tf A o] whet Algo] S5 4=
£ 7PgFm4 gel(20 Hz o)), 27198 A=
HARE-E(infrasound) (20 Hz ©|3}), 23F 58
IH(acoustic-gravity or infragravity; 3 mHz ©]3}) 9
Z 2 9H(Brunt-Viisild Fut4= ofs}) tjgoz &
o 4 Qloh el ZEAE tieo) JuE
‘TEEI, YT R, ‘2AFI S e
{02 T83IAAIT, o] =HolA= ti7| 2 Hutst
= BE TS g9y 3uE FHH e R 3530
2 Aostaz} gt} sibs S0 et 35
1} A1 &= ohd HA(single pulse) e G4:7¢] 1
4~ FZ(atmospheric tremor) 5 THFSH & e Q] 1}
Pom WAsh, ol vt e Ta9) i
&3} TR E0] TN EL Helsh Yo o758
HrfalA) Hek, A0l S0 2 7|% 8 A7)
A0} 4 RG] SlaA T T8 A
S A AL} A AR, 2| Zoll= ThH(wave
front) FE (|, =92}, AE7] $2)5 AUl
3l 24 Al 7 o1 3521 A E 7| YAl (micro-
barometer) 2 TAAE AlA W] (array)2d] #4771
RIS L

3hiko 2 BE AR FEurF duket 5 e
At 258 FHEBAEAD)Y WEFe R Ao
= a8l (effective sound speed) F29] 9
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S5t A Hut A== 202249 14 HEiE
% £7l(Tonga)ol] &gt Hunga Tonga-Hung Ha’apai
SHAtof|A] HHAESE SAREEER|4x(Volcanic Explosivity
Index; ©]3} VEI) 5 o]A}Fe] & £3K ©]5} Hunga
23h7F Stk o] B3k 7SR E SEur)
A FH AT T Y ST WAYAA A Al
Aol E35h= 52 TS0 7155 itk Matoza
et al.,2022; Vergoz et al., 2022).
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Hx2 FY AH-3520 HE54E A5
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H(Korea Infrasound Network; ©]5} KIN)E &%
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Fig. 1. Location map of Holocene volcanoes, the Korea Infrasound Network (KIN), and IMS infrasound stations.
The insert map shows the location of eight infrasound arrays of the KIN and Holocene volcanoes in the Korean
Peninsula. The array configuration of the KIN is well described in Che et al. (2019). The position of Holocene volca-

noes is based on the GVP database (GVP, 2013).
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Shal It 2" 1). KIN #5A 82 3505 Y
A7 = SHAEEE, A9 9= sliAstkaL o]
sfsi7] Sfet Aol AMEIT Qlon], AHinlet 35
L3} X159 32 E31 XA u-23)(seismoacoustic)
BH0% AN A9, A2t A5aE A7 5
<ol gt s Al at 25k ¢l FEE AlFsh=d] o]
SET Yok KIN B220] A4 g Fe), B
A T, 9A Foll BE JE = ofn] A A+
(Che et al., 2019)0)| 4 ZAA|3] A3 vl gloeu =
Aeiith. A kRt fle =WollA KIN 2¢

= 2 AFAZ(, ti+t= e}, AU ) '
A Aol HFEol gloml, ShtaTol ofy 2
I5HA| o]-8HaL A= Yt wEhA, o] =l
£ o] YshtolA W Suke BAjslo] st
A& TEE AFAEIE ARskat gk =3 KIN
BEAZE ol§3to] ST SAIATE Felta,
T FFETE ol g3 ) sKITY AP
A AdskaA ek

2. 39| sty S

18831 2l y|AJo} Krakatau S}HAFe] T2 &
Sh= 7= HeKLamb wave)E HAAIROH, &
¥ B2 RS B s A7 A2t A
717} Eith(Matoza and Roman, 2022 and refer-
ences therein). 3PAEFEY A H | Zu}f 2 F=2
sho] A7 AT AlE ZeE Aol Bl Sof
+ F2 9% 4 = (Matoza and Roman, 2022)
oA Bhel FR5sict. AT S ] BT 2
He shHEE Blel glold Fa% 48 shn
Rem, g A58 FSARED], 352 &
et A7F EEstA A= ok wEkA 3
SIS o) 87 BT AT RS A} 3}
AAR gt 2 ATeARLES ol 83t @
AsEo] ek 3L JAZTFARRE tfHo] FA T
A7} Hsstehes e A7 Ak W7ol Helt
=2 oMM FFFTHAZ2AE H9)E °]
8% AN A7 et £ 2R =E(ohnson
and Ripepe, 2011; Fee and Matoza, 2013)°]] 2 &
Z=o] ok A7HA = TRt Aot ==l
Faskal gl QJIEZEARE A =F(e.g., Ripepe
and Marchetti, 2002; Johnson, 2003; Johnson et al.,

2003, 2004; Matoza et al., 2007; Fee et al., 2010)
2 SPHATFE gl o B e E

UN9] ZHA AL S FR| 22F7|7HComprehensive
Nuclear-Test-Ban Treaty Organization):= 2 A7
HY @A FR|sta A5t flske] 2|7l
FF0T, 5587, 9% BE7ES F2 WA 7]
&2 AEsrgon], ofS BE| 9T FAUSY
(International Monitoring System; ©|3} IMS)S =
3l QJc}. £3] 1 kt (kiloton of TNT; TriNitroToluene)
ol ti7]d A o] o= X Hof|A EAYs}E 2}
T g7t 7HssheE A AlA] F 60719 21zt
AHEE(FF2TH BEAE S ok 20229
A 53709] QJIZTAEE TEA 50| AR E o]
=@ Foll ok HE, AL HRE FH 22 IMS
HEgo] FESE QA A A1 R PAYSH=
A7, sk Yo, et AL 5 A
A, A9 T2 T SUe "Xkt IMS
B2 427} 43 P4ETL ek Sol, FATR
So QAR Bakst sate] 947 Tjetat Rat
5448 QTSR IS ZAALE BET A2
£ o|-&3tar Ut} FE Ato] A (Science) Ao Al
A% Matoza et al. (2022)= IMS QT = 2
Tood #S5Yol| 7|55 20229 Hunga £33}
= AR E AR TS, Vergoz et al. (2022)
= IMS QIZZRIRE IEYo] 7|55 E3HIsE
B35}0] Hunga £310] Zxkeko] 100-200 Mt (mil-
lions of TNT)o]| A3t} B 115}¢ T}, 0]2], IMS
= A g = QlE=Y|AJoKRose and Matoza, 2021),
FHEE(McKee et al., 2021a), T=FEoR77]Y(McKee
et al.,2021b), ] H(Perttu et al., 2020) 52] X F
of A ZZ 5AZE S A A|A VEI 3 o]/4e] 3Hik
EIE A5k Aol 8= Ut

IMS A HE Qo 7+ vzt A7 dolAe=
KINZ} Zro] et 54 9] 353 #5742 AHA|
=5t L-eAZ A MRS AAIskAL QL
ot 2AY F520 W52 MRS 27|H K,
IS 1A T}, vhant B SHito]Ry(la-
har)9] W A52 s457] fi8) E&Hh °ol=
T2 WS7|EE AATEY A O S 2
A5} o B AR S selel Ao fASITHT B
2= 9ltKHeck ef al., 2019). B3}1 ZHE A 3
5% 2AY 3530 BEAR = ol tigh 2
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o} 2 HE7E Z3bE o] Qe kA &3 371,
v, 37] 59 st opl et 23 S i &
TR 23] WY RS AYstA e 5 e
A7 o] It Yamakawa et al., 2018). 13y 35
S08] ZAY Aup= s 7| £ 729 AP
Q1 kS wol 7] wjFof IAF FH O BT
AFE g sfj4]o] W= ojoF i Matoza et
al., 2019). <A 9 9AY F52394E o] &% =
9] sHATE AFEFEH A 571K AFFAR
U= 4= ok
2125 913 Y 2

2320 BEbo] £U Thue] B2l 2
7] SEL W W A4 7he] A2l 914 Hol
SF ALH o] B2 A5 = A7 Fo|2
E] 3+& 4= 9Jth(Rost and Thomas, 2002). 74 S
2 ofg] XY £EZst= 5o TSaAA
=2 st U EYAE FAste] s 4l
35 SAlo TSk, AE BSaA 2AE 4l
3 AR(FHZE =EATHE AA(association) sk
of ¥ SAEKHY fAE FAE 4 AUk I
FHo| A 2AY IS ALHS AR e s 1
Fut ] Sut A7 9 A E o] £33 A
Dt AAE AlFst, YA HEHTE= AFat 41
35 o] &st 3Hke YXE dHE o s 2T 4
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Sigkat Aat

— —-O

otk T35t A4 )2 29| e (array proc-
essing) = APRFRE A 2lnk BAJo] AEL 714 S
28513 )=, f-k (frequency-wavenumber; Smart
and Flinn, 1971), PMCC (Progressive Multi-Channel
Correlation; Cansi, 1995; Matoza et al., 2007), A|
YWFae F9 A1S Afl(Ichihara ef al., 2012; Matoza
and Fee, 2014) 24 vy Zo] ARR-E| 11 9ict 18
2az BEA F5HH150) L= °F 13 km Hojl
AIRIE AAIA(St. Helens) 3] E3} A15E PMCC
HlH © 2 Z}x) 8 AR o|tiMatoza et al., 2007).

2229 Y3

T3} AEene shiEsle) Fug gt
stele toRet 477 $RE T g 2 BE
A= A elo] uhe R e] 7] o] §oto] BT
25 71 A, 1 km 5)oll 42 ¥ (reduced
pressure) 0= FAsto] ThE Spito] B3l 1ot
v s}A U(Johnson et al., 2004), u}1u} HE2]
2719 R BAE FAskET olguith B,
=99 Z=(intensity)ot 7% oA AT <l
LA E F Y E AT o 2len|(Johnson et
al., 2018), 22 ZZ(monopole, dipole, quadru-
pole)of] W2 T E 7k & &5 (gas exit veloc-
ity)2] g2 A4 4= Yt Curle, 1955; Lighthill,
1962, 1963; Matoza et al., 2013). Johnson and Aster
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c. Ray tracing and parabolic equation
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e. Acoustic energy vs. plume height
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Fig. 2. Examples of the five research topics using acoustic waves. Detailed explanations are given in the subchapters

of Chapter 2.
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(2005)= = km o|WjollA 7]5H A7t & FF5=
sho] o|UiA| 2 etk 44& AXIste] = o]
2] 9] H]-8(VASR; volcano acoustic-seismic ratio)
2 23} uE F43Hi 1™ 2b). LANL (Los
Alamos National Laboratory)ol| A 7H@tst S3t Al
T (Y5 vh BA) I FUHTINT) 749] 4
YA g7 shrste) Bu 7R 45T
Z2 ApgET.

233530 Mo 243

FTEeThe 5o Halh o] SE 72
= wat Antebo] Azl weh o (B &
7 gtk 35539 th71% Auks ohdt 2EE
"l (ray-tracing, parabolic equation, normal modes,
finite-difference, spectral element, fast field program,
finite volume) 2 2 A8t 4= QIt} oju] 7t
95 T2 J3W(Table 1 in Appendix B in Fee ef al.,
2020)& olsto] Hat EA(HTAR, AT, 2
Ane, AT} F) £4, T4 (Transmission
Loss, ©|3} TL) A4, Fubed A% 44| 7hs 913
55 A3k 13 2¢= ray-tracing} parabolic
equation M1 #-gelo] BEl=IE Aol 212t
Hom AT} o2 BAE Hnpg el w3t
SA(TL)o] Alits|o] MupAZtolu 283 = 55
1olgt 4= Qlth(Fee and Matoza, 2013). 22 o]
Ta% 7| St &= F2= I 73RS 71E
(717473, ECMWF F)ollA dish= 3] 2l
(Numerical Weather Prediction Model)o] &85 11
Uk 7] A R R E-2 A tf7] Sl ERsh=
H|AlRE EAE2] S5 Sk 8] AR = &
s, I AYErt A& 02 FYEIL jlo] A
S MECE L EERS T S
8310 o] g =13 ek

2.4 A|121-20t Ag2A

ATHREES Aupst= A zluke} ti7| 2 Hust=
T oits i AA RN A2 e AR oY
A& Agsto] 23T coupled waves)S TIA|Z
4= St} it e 2|7 Fofl 93t ARk t7]S
S 7 FZL8ul(ground-to-air coupled waves)E gt
A7), B 2 o) 7| Zol A BE 35T A
Al ARt 2 7]E4d 4= YAthair-to-ground cou-

pled waves). 18 2d+= HlFROoE Hlo|(Ambae)
Shibof| A WS 3ot A2 E A AN B
Wl ZAIRE 0.1 Hy olsh Futsee] skgoln), o
WEOE 4 kmiso) SRR ATl AAniel 2
2] oF 340 m/sQ] £ 2 A= AT E I
UTh(Park et al., 2021). o] A" XA 7| 5H ¥
FoTe S BEAH} BAIR Ao Ei At
AlZlo AR B3 A7 = e 7Fe S €
o}&tHe.g., Johnson and Malone, 2007; Mendo-Pérez
et al., 2021).

2.5 SR =0|

FF-SThE SAMIGE dulely] St BHos
SpAIRYe] 018 245H Aol o}k Caplan-
Auerbach et al. (2010)= ZAZ 9 7|EH =z}
AREE A5 0] B E S o] 9} Hl Wt o,
Perttu ef al. (2020} B} TolA]o] Hatran
B S o) Atalt] Iz 415 o}
9= #8519t} Dabrowa ef al. (2011)& 972
o BEE Qe Al ofifx|gt 2B
o|-gsto] SHHA Folete] WAE A HE Stk
(19 2e). SRS =o] ol = &3} o] (hysteresis)
3} QITEALLT AE TeHTLY BAS AT A
#= lthFee er al, 2017). o|Xe ZE-oute} 3}
AR olo) TAE BFeHE A7 A 35 5
AR 27173 Hof| F-8&5HA &-8-2 4= Slth

AAE A=A o= vt Foll oRt 3=
=Y 5 AUe WBRSAA A2 A HH o Al
A B8-S AASe A= AP glom, 23}
7t 7] o= e o] A &A Q) sh7kA W
59] %o A= 3HiHopen-vent volcanoes)
oAl Bale] Azx@AFoR QlEepAErt 7|1EH
A+ A= UK Garcés ef al., 1999; Johnson et
al., 2018).

A LAL AT DY QTR E HEL
EQF KINZ gt A& dupof A 724 Q%
A& A AT ] S B o= 5
ATk $HA AT vkek o] Fhite= SHikES A
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7o) ofBlgo2 Qlste] KIN A £2 1% 7
2l Aol oG AR, A 209 St 53T
et FF20 AEAR= IR FHR| oA
SPE SR 0] 7] S E]o] glrk 2 4 9l
Sk x]of] AR KING| ST = FEEEY
AF2] A Z(Sarychev Peak; Matoza et al., 2011) £
3le} £7}9] Hunga 3K Matoza et al., 2022)7} ©j
EHoc, o] 5 kol WAT R IMS 9=
SIARRE HE 2R ofjet KING ¥%e ot
9] A 7-29} &4 HEY A 7|5F K 2010
W FHEE AR A SHibof| 4] EHAYRE VEI 2 £33}
£ 2000 km ©oJ4F @ojZl KIN #ZAof ZR|= Q]
t}. Matoza et al. (2011)& F=52u} A&A R A
BB E FE010] IS ARET =2 ARt
L I MRS, ERS PPN
s8g s £4, 1742 7638 @730
Zo{3t Matoza et al. (2022) A= 1IMS L ZF |
7)ol A &9 S AR, 3520 5T 71y
Aloll 715%! 2022'd Hunga #£3KVEL 5 o[%HE &
Hoto] A 715h-5F-Safe] WAzt Aol s ot
Foh 53], 3% Tt sl ke A4S
Aolx v vH &9 A AlA BSa0A AAEH
th(Matoza et al., 2022). ©] dF-ol+=KIN9| 7| =%
Hunga 23} 4159} 7|44 9] 7144 & XX @S a0
7189 Aa= ELEthFig. S21 in Matoza et
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Fig. 3. Example of volcano research using the 2011 Shinmoedake eruption recorded at the KIN data (modified from
Kim et al., 2012). (a) Estimated source locations determined by back-azimuth cross-bearing and least-square method.
(b) Infrasonic ray trajectories from the volcano to BRDAR array. (c) Detection results for subplinian eruptions at

3 infrasound arrays.
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