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ABSTRACT: A large-scale eruption cloud from the Hunga Tonga-Hunga Ha’apai submarine volcano on 15

January 2022 was observed by Japan Meteorological Agency’s Himawari-8 geostationary meteorological

satellite. Visible imagery showed the start of a large-scale eruption between 03:57 and 04:07 UTC. The first

cloud from the eruption exhibited directivity with features closely analogous to the blast cloud from the Mount

St. Helens eruption of 18 May 1980. Subsequent umbrella-shaped cloud formed by the expansion of the first

cloud had a cloud-top undercooling of approximately 16°C in infrared imagery. Analysis showed a faster

expansion rate than general law, indicating that pressure may not have been balanced at the front of the

umbrella cloud. The volcanic ash cloud that followed was transported westward by easterlies in the middle

atmosphere. In such satellite analysis of large-scale eruption clouds, the issues of parallax error and immediate

estimation for cloud height should be noted. Cloud position shift due to satellite parallax error was also seen

with the Fukutoku-Oka-no-Ba eruption of 13 August 2021. This problem should be addressed in relation to

potential large-scale future eruptions in Japan. For immediate estimation of cloud height in an undercooling

state, a physics-based eruption source model is needed.
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AREETIL, 2.1 #i TR E 2 B L 72 Himawari-
8 DT DWW TR 72%%, 2.2 HiT20224E 1 A 15 H
WZHE LT oW N H—T T 754 (HTHH)
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21 KREEEZHALL-VEDLY 85
(E8EX % : Figs. A1-A3, Table 1)
1) VEHLY SEOHME
Himawari-8 I%, 140.7°E O iR 224 35800 km % 1
Ko B & [F U B TR 2§k KGR T, Hisk
Lo CHHZ SR L TBRT2Z ENAIEETH D,
BEROTG T, il ST D AR S i R (AHD
DOEES (B Z7—) TEM»DE~—FREH L.
Do, b~ 23 BoOEE (23 AVR) TiIibi
. 1 BloORK (ZVF 4 2 7) BUNZET HRERHIE
SURATHY, 1ZFT 10 5T LICEOHBERD Z
LN T&ED (Bessho etal, 2016; BB - 4 K, 2016,
2018; "B HMEYE & —, 2022).
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Himawari-8 (213
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JHETHY, BRI ES SSP LN HIZ LY 1 WiE
Sl OHBERENRKREL 2D O MEEITK TS
5.

REOBPNZ L, AT E 4 (B03, F.0:# K :0.64 um),
RAE# (B13, 104 um), U FEb Y 7 5 (MTSAT-2)
PURTOZRSE 2 (12.0 pm) (T WVEE (B15,12.4 pm) &
O W BE IR BE 72 2 T o T2 RS 224 i (B13-B15) 1, 3.9
um HHEE (B0O7) DIEH, KILUAT A (SO2) KD
2 7.3 um #HHE B (B10) 3 L O 8.6 um #H E & (B11)
NHRA ST 5 (Bl 21, 121, 2017; Ishii et al., 2018;
e, 2018; [SEE X —, 2022).

(3) RIREEF (KT HHEEBROFIA
MR - REICHT D AT G, ARAVEMG, ARANESY
{523 X OV 3.9 um #EHE ORI H O )71, AR
g - (2013) O & = LFEKTH S, Himawari-8 I
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MEXLPRER X222 (Bl XX, #H, 2003a).
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Appendix 1, ZI A O A IE 21>V Tl Appendix 2
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(7) RGB &FXEif% (True Color RGB)
True Color RGB 1%, 3 /32 Ko A fE 4 ) & 81 i
EDEWIEIZ B03 %%, B02 (0.51 um) % #%, B0O1 (0.47

Himawari-8 @ 7R/ % & BERE IR FE 1T B13, ZRAMZE0 Mm% & R E 7213 B13-B15 #4579

2 RAESES TR, KUK (Si0,) & KRR T 1 um 8 & 12 pm H ORI S Wilisd 5 (FEEIRE N IREIXAM, KE -

KEIFIEMEICRD) HEICESWT, IKEZRIT L. 7272
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LT D (BIZIX, #kH, 2006; k- fil, 2018).
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pum) % EMCCER SN RGB A BB TH D
(K - ﬂﬁ 2018). KERoOBMNEZAEHDHL (A
<), BwEZAr%xm< (BL) L8325 B3 £/ 7
oG TIE, REIIRRRWKAIZ AL, KE - KE
& ORI EE L VY. True Color RGB T, JE/RIKE
BEBE~REETRZEDT, KE - KELHBIL
5L 5. 2L, AHEBgEHOTEREND 20
FIFZAHRICRE SN D.

RBREGT T, AIRO 3 ANy RITERSAD 13
K (B04,0.86 um) &ﬁﬁ‘x%@l/\“/ K (B13) ZfEHL
fibﬁﬁf%é@ WEFREBB L by L—

— F Bl & (Murata etal, 2018) HLIEH I TV
5.

(1) RGB & Ef%& (Ash RGB)

Ash RGB (%, JKZE DB HIZH %) 72 78 5k 2 40 w4
(B13-B15) % 7R, SO2 DA A 272 IRo 7257 i 4
(B13-B11) %k, ARoMEHR (B13) % FHI2HEIY T TE
&7z RGB ARk HE & T 5 (FAK - 1L, 2018; #k -
i, 2018) AshRGB TiX, JKENRMAFR, SO Mikth
R ARET O MNEORTRZ 2O T, FRZ KUK E SO,
k¥l »ﬁ?ﬁ“(“%é (f5] 21X, Ishii etal., 2018; #K- i,
2018) . FRAMEIR A AW TIERR S D 729, FII T IFAK [
LA TH H. 7272 L, FRAESERIZ L D ALK
MOBEHRA (HE2 28 2B -H60 KL
AR S .

2B BIS TS 2 LV RENR < 720 KKK ORI
BT HL oo, KUK F v X 27 (Hayashi
and Ishimoto, 2018; Ishii et al., 2023) TIi%, KE 1% B13
WIE W KBGO %2172 < W Bl4 (11.2 um) 12
ZEZ 7z, B13-Bl4 BIKEDORHBICHELILTVD
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(B3#E X % : Figs. 1-3, Table 2)

HTHH (20.536°S, 175.382°W, & : 114 m ("& k1))
X, KFEEFSL— B A LV R—F—A T VT 7L —
b~k FAdATe N T == T 4y 7 YR O AR AT
ML E T DHEEKILTH L. HMO7 T -« b
BETEMDT T - AT RABORICIEE S LT
KPR, FEMANCIR 2K 150 m FRIEE O ®MED VT
F ONEIZHT- % (Croninetal., 2017). 2022 4 D&

AR TR EER, FICREELRVRD,

Wik (asl) TET.

Mk 1% Himawari-8 THREIS U, VAA O —#HiT v =
Yy b VAAC 7256 1 A 15 H 04:39 UTC IZRE I
o, ZO%, VAA OFERIIEICHET L4 —7 0 v
VAAC 75 22 H 23:40 UTC £ Tk L, IKREDETH
1 1% 50000~63000 ft (K 15~19km) *CHl#H S iz
(Table2). Z DMEKIZHE D —HEOMEME - JKEIZSOWT,
Himawari-8 ® 7 /L5 4 A 7 B O #E 4l o — 5 %
Mok FE AR (Fig. 1), RERKM (Fig. 2), KE#HE
# (Fig.3) AT TaRT. EEL, SEBL IR TH
ZNx, 7T 4 A7 BROKTREZTIX7 <, HTHH

I (RT R 16) OEERZTHD. F-LTOEE
IIREEEEIC RSN TRY, MEREICLDME
R LAHIE (Appendix 1) 1 STV,

PUFCiE, &8Il L2 o R >0 TR
5.

2.2.1 1 A 158 03:57~04:07 UTC O & XIRAN

(BAE % : Figs. 4-6)

Himawari-8 Tli%, 1 A 15 H 04:07 UTC |2 HTHH *k
ORI RIS K 2 L7z, Fig. 4 (SR T AR E 4 T
X, ARV K L O A2 AR D, KA
DE (KRIHE) ORFESPBE SN, Fig. 5 IR HRHA
HBETH, U THILK—HHTELY LV {ERWVWERIK
WE IR -2 4°CNVBL S 47z, BEESIRE N E L <KL
RNT END, Z OB TIIEREESICAE X LA
L5138, ZEERERELS Z2VWEZZOND. FT2R
S8 ZE 5y R CUIT BRI B R N & 2 D A 1E R
SN TD, ZHITEBER KO EE TREICE E
NTWEKRERORBEREZOND . HRfg Ry MR
KV HEE T & DRI AERLNIL, 03:57
~04:07 UTC O[T % (Figs. 4 and 5).

R[EITRERY A 7 VRNT (GA) 1T & DMK FAERED
K5 % Fig. 6 [CR-T . [BFTBIRILEET L (IMA-
ATM, ¥ - A3, 2021) ORKTv 7 7 A KD
EYVa— L EHWT, 00,06 UTC ® GA O % ifilE ~ T
HRkEE (10 hPa £ C) & LEpk)E B~ rE (0.01
hPa ¥ T) OXRIEmEIE T RME (GPV) %, KZl 04UTC
\Z HTHH 222 REZE[#PN4R L CH D L 72 &R, AR
EBLOBRTHD. GA ODZEKEENLHRB LIZED
W& (770 b - AV TR bAEDETRL
7. GADORIREBDOFEE 30 km L FOHE T a7 7

© Himawari-8 |2
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ANOZY4MIE, HTHH K LOKRTFEY OV T H A b
Thd74Y—0F 7 ¢ EFHEZEH (NFFN, HTHH K
Iz R &35 HNAL A N69°W, R 815 km) 1284 T
00UTC Y TR EDHBICI D RL TS,
Flg 6 DRIR & RO AN D, HEARARFO KL E

ST 7 PR T 1 A IR R R -80.6°C, T 17 km 3T,
ﬁ%!ﬁﬁ [IR-9.4°C, WE B kmfHEicdy, H
HER O FEEE 20 AT O KT B 2 5kt it BB o AR 76 JRL & AR
J& T8 O BB OE WA CTH H . xHFENIE, TE
Lo EEEE LY OBRICEEELTEY, HF
FUZ IR o T2 R HI D EN Z O R O F B E %) - Al fE
PEIXBETE 0.

2222 18158 04:07~04:17 UTC D RN E
(BIE#X 3K : Figs. 6-10 and A1, Table 1)

< 04:17 UTC £ TD 10 s RMICEBI S o ik f D
E (X, Fig. 7127”87 Himawari-8 DO ME{4H & 137 2R 2=
EEBLTCHIRMOMER S D LIICAZD. R HEE
(ETHMFTE G, Fig. 7 4) 12K 2 Al R E 1Tk
1 o> B e B A7 ) 22 T-86.8°CMELI ST K& B D
RIERIE (Fig.6 /) LY 6°CLLEETFLTEY, 2o
BF AL CWT B IR 1 & 5 M TR oD it
Woods and Self, 1992; Sparks et al., 1997) 234 LT\ 7=
LEZOND. Thbb, TOEBFIREIBREREEZ#ES

& 7 A1 (undercooling,

TH Y, *7- Himawari-8 ® SSP 726 5x < fif & KTH A
MDRENWZ LD, ZZ2T216 3) THEELEWE

MEZLDEDOMB AL BT 5.

Himawari-8 (HTHH XL % {2 & 32 SSP O LA
N70°W, BEEE 5291 km, ¥§H B CToOfMEKEA 54.7°)
LEIBCEBII S e, 137.2°W ORE B2 5 kIE
DR IE K SR GOES-17 (N66°E, 4736 km, 49.2°) 7
bAR-EB%Z Fig. 8 1277 . BEAE LZEITHD
Himawari-8 2> 5 R7- {4 (Fig.7) Tix kLo HrgH 5
ML E AL L TWDH IR L, HALEEZICH D
GOES-17 (Fig. 8) 7> B IV V6 J7 IS ALE X L LT
LMD LT LRPOENZEHL T &
1%, GOES-17 RIFIEHE--EIZR A2 DITx LT,
Himawari-8 [ Y B OIZH R TN D, ZHIFHERTE
AR E 1T H B0, HADOEN Himawari-8 D fH#R
FHHZEW T ER LEZrbD LSRR x5, 2L T

P ZOROOED TR E LD WANFIE LI 0E 1L, Himawari-8 O W% (Fig. 7) TIXEEE /Y OEIRIC
W 2 1% 9 MV TETE L7c i & DB 21%, B

GOES-17 O {8 (Fig.8) & RIELXTHLAPTHS. KIZ

GOES-17 TIZA LN WEDOTEAIE A Himawari-8 T
R TWS. 22T, FEEWR ORI E G CHEER
FE-40°CLLT D5 6, MHENTNIALDL G R TZEH
By A2 FHP L (Fig. 9 O& B, ®E 20km Bl E &K
JE L CHALE AR VTIE & 1T > 7o (F 1E D J7 k1 Appendix
1 W), ZOfESE, Fig. 9 ICABRTRT L oIc, EE
B OIRA VI KILOE Eiidi< oM L2
BEESN, ZOWmMBHoOEEITEBLIE 21~22 km
EHERI S T2, T O PNER O R R B IR B OO SRR B
BT AEEREL, #5932 km 7608 A7 E xvf@EL
7oA (HTHH KL OK 19km B ) T, BB L% 23
km SHEJI S iz, 22 L, RAMEG 0 K5y iR BE
(Table | Z/, GOES-17 B L) 2 XY, mEICIEL2
km 2 D% (Carretal,,2022) 255, F Xl FE
ﬁﬁ%@zt %ﬂﬁ%f Wﬁﬁfmr@ﬁﬁu%
BT DR ARERGEDN, BERAEOKEDES
E&—ﬁ#é&i@%&w:&%ﬁﬁ%ﬁﬁé
PR VA IE R O ETER 5 (Fig. 9) # ik d 2 &,
FREG E S ZORIK (HR) TRE<E LT
WX DI 2, F7- Himawari-8 & GOES-17 O i fi
EiE AL THLRETHD. £ T, HTHH L2
IZHEWTC, BEHEENPERGEL & bICMERLVICL
S>THEINDEA (Fig. 10) 2R+ 25 (WERD
FH5IL Appendix 2 ). Z DX, HTHH k22T
B 20 km FHir O E I H A& 1Y, Himawari-8 DA 1%
BEOMNMIEED, HEXHEAOHAEHA/NNI WV
GOES-17 D FIFE HIT/hE V. LEER-T, ZOHEH
THEEABOMEALVICLIMERIZEHETE S

RKEEITHSD.
AR % (Figs. 7and 8 D4 /AEX) 121X, Wb
JEOEZNE > TNDH, AEHITE THRIZK S8R

ERET, BIEREERS POV ENME X LVMIEL
72ZEE T (SCP, Fig. Al) BFFETERWD, £
I L D EERE ] (B 21X, Holasek and Self, 1995; 1&
JE, 2017) 20T, MR EEEEREE X FRIEHEE
95 L3 LW (Carretal. (2022) 3 & U Proud et al.
(2022) TEHEEOARHEESNTND).

728, KEHEFREN (USGS) 1L 2L, 04:14:45
UTC (2, HTHH B Ml o 7 v 7 J 3 (20.546°8,
175.390°W) O X 0 km TREWK v/ =F 22—~ 5.8

EhTky,

, BT - fih (2022b) & S ML
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OHENFEA L. O/ 2 5% (04:16:53~04:17:09
UTC) I 28Il S 7o FIDE (Fig.7) &, 1980 4
518 H v b e~L v Rk UmE A THUI S iz 18 8
WCEDZEORELMEICSOWTIE, 328 THRET 5.

223 18158 04:17~05:57 UTC DR HIEE

(BIE#KX X : Figs. 6, 7, 9-13, Table 2)

Himawari-8 Tl%, 04:27 UTC £ ToO a[i B L R
HifR (Fig. 11) TR O A B 46 A3 a8 S iz,
AE FROEEBRMEE (Fig. 11 47) 12 X 2R E
1%, & OREZNTE KR R THRAK L 72 5 -96.9°CH 1A
SNz, RGO EMEAIE (Fig. 6 /£) LV & 512 16°C
LLEEKTFLTRY, L (Fig. 7) 75%5_%%!1753‘%%%%
LTW2EBE2bND. HMENBHHNKREBICHDHE,
KA & AT HIRBEIC Wiz, [IROHE 2 7 7
ANEZR U THEREICK 2 &mEHRE ) 1T#EHT
TRV, L UAREHNICE LTI, Himawari-8 & A
B O£ FE Dy 5 GOES-17 X0 128.2°E O f5E L2212 5
HEOH ERSRHETER 2 5 (GK-2A, HTHH k1L
RS LT D SSP OF LA NT7°W, HEHE 6542 km, fF
L CTOHRERTESM 66.8°) RETHBH SN &
Mo, BEROBHIEIBHEICL D AT VA BERE
(B 21X, Meruccietal., 2016) 2@EH T 5. Carret
al. (2022) <[ « % [ (2022) @ Himawari-8 & GOES-
17 DAT VA B ERHEIC X, BEo BRI E
20~21km & 26~27km, FHHEIX 38~40km, & L T
F—N— 2 — b L7 O e B BT 5542
km & AT ATV D5. AR IR E T, P
iE}ZE.J:JE KRB & & BT, EHERIL PR (Fig.
6) ICEL TRV, Z ORI B S 7z Bl s & &
W E IR BE U 2 2 AL M K I T P oD e R & A /M &
ek L7,

D%, AN IX 04:47 UTC 1200 TRBUC K E
L 7= (Fig.11). 04:27~04:37 UTC O £ 2 8§ TI3AEE
L, B fRORE R IR E OB S ASE 2 B BRI B
BHEBAR S5, FFEOIREL, BRI 15 EH
TIA L 1991 45 6 A 15 B & F 7 R kL ko 5]
R ETHEBP I N TV D (H 2 1E, Tokuno, 1991; HH -
fitr, 1991). ZEHFE DL (~04:27 UTC) & HALE (04:37
UTC~) %fEoTWD 2 &b, BITLEREN &I

BN, RREADEOEIICHES BEBBRLEAONS.
#HEL LT, 04:37UTC OETEMRFATE B (Fig11 A4)
T, FRERE OIRIFE-50+20CHiL m%#m&%u
#130km & 5. RICHHERE ¥ (1 21F, /&, 1978)
T S 72 E, Fig. 6 T umbf:EP)%j(i (hi @

B~ P ) 2B DI IRE T 0.02 rad/s Bif: T
B0, KEEHEEO FRIZ 100 m/s TR I 5.

D& EDOAEOILREE (BHD Fig. 13 4) X2
ZLEGARW., 2L T04:47U0TCICARD E, WM X
AR CRRAE & 7 2 0 BE IR EE+2.0°C 3 AR ZE oD s fF
TR S (Fig. 1EAT). 203X, A7 1A
mEHEE (Carretal, 2022; (LI - W, 2022; Proud et
al,, 2022) (XX, O 50 km LA LD HEO
HIERICHIE LTV, ZREOHEREN»DL D
% £ 51T, VAA OB — R Tl S Av7 & A 52000 1t K
16 km, Table 2) XK EDHERE CThH > ThRmmET
(EEAAAN

ARSI O T 2 MR T D 21T, 04:17~05:57
UTC OB EDORKE S ORME(LEFTAND . HFEDF
HEHIXE SRS D AN D7, HEREZITRKE
7 TCARMETIERVRIEE & LT/ S 72 fli & 72 0, Fig.
20128 & RS K DT, RS G TIXZE OB O fi
SRABICRE TE 72, ZOFHEOBERIE, FAH
18 CUOBE B IR B —40°CICFE 4 9 5. % Z T Himawari-
8 DRINZESEG Tl % FEFH L, TORNFHOE
7RAENLROTZREEND, MHMEY LRl L
Toib R % Fig 13 2R T . 7272 LA o0 #% i g i ¢ 0D
BRI, RREMR TR BRI S s BRIg R (2.2.1
H) O KEZNZH 725 04:02UTC ZRICH > TV D
AFINE I D F7% (FEIEAE 2> 2 FEREME B 7 o A H e fi
E7 Vv, #lxiX, Woods and Kienle, 1994; Sparks et al.,
1997; /ME M, 2008) (2 XA, —RRICHE o KRR

V(t)~t% (D

TRINDLE, FREIT

r(t)~t@D/3 ®)

THFRIZAL T 5. Lieh o CTHI XX, EFIE A (a =

S Z o, GK-2A @ [ TRl S R 7= E EHEE (Horvathetal., 2021a,2021b; Carretal., 2022) ¥ X " Himawari-8, GK-2A

L GOES-17 D=MIZ K 2 A7 LA R EHE (Proud et al.,, 2022) TIik

, WER L REBEGESEILSTkm EHEESRATWD
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1) oA,
r(t)~ {t2/3 (Vg5 At 1) o)
£1/3 (MK HE T ) (3b)

L72%. Fig 13 £ OBEGMHITIZ N FRAZ Y T
fE R & T 5 &, HTHH WK FE D BRUg A~ A
1% 04:47~04:57 UTC O ETIZHKDY, TNLREIT
@3Bb) XKD 13 FANZHES TV LR NnD. Z O
MR~ DFEARNEL LI &1L, Fig. 13 /4

WARLTEBREEEvTER L LIRS AT — L OR
ME»r b HLNTHD. ZhICKk L, &R~
HEARENTND LB X HDH 04:47 UTC LLAETIE, &
WK DOEE D (3a) XOFLKAIE Y i<, 2R
2T B LTV 2, (1), ) s, AT
DILRIIE OERFE LS TEL L TV e Z &2 BWRT 5. 72
2L, tONFHKIT
b %, MECKBRAAIEZ]CIX 7R <, AR BN JEE 0O T R BH A
G (AR RN & AKSE ST R ~JE DS 0 hR D 2 IR
AN ACBAVTIERFIT/ NS 2D, £z 2) KXo T
ME STz, RO S CRERDES (BE) Lo
DEWVHEY Lo TWRVIREETIXIZ DR Y T <, (3a)
REBZDILRBIUE ST FREMEN S 5. ARIEE O )
FIZE ST 2 S DICED DI, [EHELSND
BT —2bHWERERLETHD. WThiTlL
b, BRI~ OVEAMBERHIT 40~60 73 K 0 EH»1 o
LR EIND.

RB22HOIFIUHITB R ERBY, Fig 12 OfFE
BRI L AE R VMEIZE STV,
O L BRI O WG RITICKE R E G2
MNZ EEMERT A7HIZ, Himawari-8 & [RERIC,

GOES-17 O E &% T L7-2E M b Fig. 13 IZEHAR T
RLZ. MEALVEZMEL TWARWIHEDL LT, M

o2 R O FRAT RS BT K E AR BRI . VAT
(Fig. 10) CTHER L7 X 512, HTHH k22 COEWH
FEONME X UiEIL, &E 40km 31T T % Himawari-8
LA 2WREOHE/NMNIBEEDZ LXK D, Fig 13 £
T 04:17 UTC @ Himawari-8 2% H#HI K & Wi
GOES-17 TR 2 72 WK1 D ZE ol O # %%%5
LROND (Fig.9). ThonZ &b, WG

® Himawari-8 O W[ (B03), #RAMEE (B13), R ES

um, 10.3 pm, 10.3-12.3 um TH 5.

iR E & DRFZNZID DT T 5.

Eif (B13-B15) I

WX DEREROZROREIL, HEHUAZOEBEDK
B Db, FHUREEOIED, WmAREORBRZ, B
HE, HACIVIEATIMEBEDE N L, ok
EEROFNPREVWEEZEZOND.

2.2.4 18 158 05:57 UTC UEDO X ILIKE
(BIE# XK : Figs. 2, 3, 6, 14 and 15, Table 2)
AT AR B, R A~DFEANKET Lz b
R o2 05 UTC ALK, AR O —HITIKE & 72
S TP H M~k % Bss L7 (Figs. 2 and 3).
Himawari-8 O JR4ME & CTREMT 417, 15 HOAEES
FORELEORKHEEREORMA/LE Fig. 14 12
FEMRTRT. ZORAREERE L, F—HA B2 T
R E & BICHBIMMENELLT B, &fEEL
T—HICENRES>TWND. EARKEAET D 04 UTC
LRI HTHH {3 08 585 OB EIRE (Fig. 14 O R
) 1L 0~10°CTH 7= DITH L, WAIEAEITHE D B
WH (222 W) kb, 100°0CiE AIETF L. L
T, AT O AT PO i R B TR VX AR B L e S

5 (2.2.31H), 07 UTC £ Tz x5 m T o &R
(Fig. 14 OB il Lz, 2 OxFF B R m i <
BOEEIREBICH D L EZ DN D IKE O ERE DK

WiER 43 1L, Himawari-8 O RS TIIAEE O FE 6
B2 8%, 15 UTC 12T TIRERIBIT—FRIZIEA o
TWwo 7z (Fig.3 DB 2 (AW) #84y). Z DI#, 08:27
~08:37 UTC IRk ~FHEA L7 & B 2 b b ik
S5 R D — B A 2R A T S AR E 0 D BB 4y T RR
#U72. AshRGB TiX, BZME I ERE ENAME L
72 % O RILKTH S 3 % fEIK (Fig. 15 £ O AR V)
DRZTHDEA, 2.1 fi 3) THREZXLIITA—1—
Ya— hOWRREIZEAT HITIERANH 5. 15UTC LA
D B AREEIRE D EH T, *HST2RERBBL R
FEELTWDZ b, EEOREE (Fig.6) 12X
DS TR Y, RFRE R T O K E O E BT
O R EE N OB &EEOEICHIEL TWD &EE X
bihs.

iy, AR I X OVREREI O K m iR, 8%
HIZEERBGOREITEDSS D TRET D Z &I
LWz, EEANOMmKIEORFZE (L% Fig. 14 1T
BECAR L. 06 UTC E TIHEZOHLAME, TN b

KG9 % GOES-17 O BLHIE R XX £ 0.64
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08 UTC F TIXRED G~ k, Z OBIixbiEd
BIREOHRMIEICHKRERH Y, RICHEEIRE L O
FEMN 10°CHEY) - 72 16 UTC F TiBHF L7z, MR
& D AU D T AT FE D IRE) AR~ D TR EA
WZHE D —Rei7e BAIT, SRR E 02 b (Fig. 14
DEH) LIS LTWVD. ZO—HRE 2R TIE,
06 UTC LLFE, K9 4°C/h DR TR T L 72 f K 2 I &
bELHRBENICH 2IKEDETHGE O EALIT KIS
LTWhEExbhd. BOPEERELZFEL T, [iR
DERE T 1 7 7 AV (Fig. 6) 75 EERE O LKL & #
WLz ZA, K 1.6km/h (=0.44m/s) O TFREIZHEY
T 5. TIE, —RICIKEE KT SRR 10~100 um
DKWIKD, *EEAN LV EHSBET T2 EENTO
ORI O (B Z0E, Bide - A3, 2021) CHEAER
T 5. Fig. 14 121% 16 UTC LA, 4°C/h DR EWFE T
AR L2 S TR L. ZOBRIIGIX, 17~
18 UTC (T H# R D b /M & R EDEN 2 72 1,
LIRE O e OB EE IR S IX K E DO ETH R E ISR T 2 &
NIl ENRIBEIND.

16 HLARE G K =T 2 i 1, A& MIC Himawari-
8 TIE 22 H 17:20 UTC I S 72 < 72 > 7= (Table
2).

3 BEOKRREBERDOEH LEDEEK

2022 4F HTHH Mk CTHRAE LB, #EIC 1991
Fr YR (Bl 21X, Holasek et al., 1996; Newhall and
Punongbayan, 1996; {%H, 2003b), 1980 fF& > bk - ~
L2 X (ffl 1%, Lipman and Mullineaux, 1981; % H -
L, 1982; Sparks et al., 1986; Holasek and Self, 1995),
1956 XX ¢ X 7 = ¢ (il 21, Gorshkov, 1959; Af 1L,
1969; Okada, 1983), 1883 427 7 U & v (Hil 21X, FnH,
1886; Latter, 1981) 72 & @ K [LIMg K D FA| T, HorAYIC
HULEBESRBRAShTWS. ZOETIE, KK
TRURJEEME K S FEAE LT 2021 4E4EFER] /35 (FOB) & K
B IRIR (777 2 N) M4 LT 1980 Et‘/ NI
LR (MSH) O&Ff] & ot & i HIZ ik~ 5.

3.1 2021 EEER/ HSOBEEKE OLE

(B8R % : Figs. 15-17, Table 3)

TEIER /85 (24.285°N, 141.481°F, = OKIE) : —
m) 1, NEEIREE B o BT < AL E T D TR S O
BB 55km (2 D UEIE K ILTH 5. 2021 4F D IR K
1%, 2022 4£> HTHH "k & Ak, Himawari-8 THA

S, VAA O —HITHE T VAAC 7°5H 8 A 13 H 00:27
UTC IZRE SNz, LT D%, VAA Of#iE 15 H 17:50
UTC £ THkfe L, IKEDETESEIX 40000~54000 ft
(8 12~16 km) TiE#H S 4172 (Table3). 13 H 06 UTC
DREBIT A VN (MA) 12X B &, kil B2 o %t
R RARRIE-74.2°C, ®E 17km 2 H 0, xtifi
B L b plE B TR T R E S B L Tz (Fig. 16) .
2021 FE DB TEE) L, BN (2021), B)Il- 4l (2021),
Maeno et al. (2022) 72 E CHE SN TE Y, HEHMO
13 H 04:20~10:50 UTC (13:20~19:50 JST) (T X #Ax%!
EABLI S L. 2o, MERE M R BETLE
05:32 UTC (14:32JST) ¢ Himawari-8 @ % % Fig. 17
WZoRTT. 2 O WER AT O e RO B IR B 1, s i B A T A+
TORBKIEL Y & 52 4°CREK Y, —78.3°CTH Y,
2022 4F HTHH "8k & R, W@mHREEL TWD.
L2>L, Fig. 15 & Fig. 17 ® Ash RGB # FL.lb~5 &,
JFHTE N RERIE T (KB D y) ORE ST
2022 = HTHH MK DO J7 235K 10 fE k& <, B Tk S
NT2HeT SO M 23y (R y) IXmER /
LEKOFNRIENE NI EVWRRELND.
iR 2 ¥ L Himawari-8 @ SSP DR E 21X 1°12 0
ToIRVNDS, ZORFREEBRIC S IR AKX DL
BALVRELTWE., 20L& 0mEEREIXLI
(2022) £k D& 16~19km LEHFEINTEBY, 20
e P S o AR B IR O FE SR B IS BT D ETH S I
T D ERET D &, (LfER UAHIERD SCP 1L 9
~10 km B§1272 % (Fig. 17 i FOXH). Z ® SCP i%
AR 2 50K 7 km VEEVEICAZE L, MA (Fig. 16)
IZE D @EE 16~19km T DRALH~HKEF Y D Jal & #&
ALTW3.

32 1980 FEEY b - ALYRANILDEKE D HE
(EH#E X % : Figs. 7, 17 and 18, Table 4)

Z OfiTIE, 2022 4 HTHH & 1980 4= MSH @ k|l
IR W T, KRR HE BRI SN =B O EDHL
PEIZ DWW TR % . MSH (46.20°N, 122.18°W, #Z & : 2950
m ("EKHT), 2549 m (k%)) 1TKED > b,
A — RIURIZ & 2 KT, 1980 4 5 H 18 ATk
IAEEE S (LR FREE L C, 77 XA b3 FA L. YR
135°W O FRiE 2212 &% o 72 GOES-3 1T X 0 MK FE A M
518 BICRBEINE, 77 A NE (blast cloud,
Lipman and Mullineaux, 1981; Woods and Wohletz, 1991)
DA % Fig. 18 IZBI AT 2. 0%, MUVIEE A
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5 M IE YA 9 RER KSR L, MSH O RALE~
HF A ~KREE S5 IKENHE B G TR S
(Holasek and Self, 1995), ZEJE T otk ClIEtdE % £
5 B IR 3 fife 78 & 4172 (Carey and Sigurdsson,1982; Durant
etal., 2009). MSH M kI 5 BEIK O Fest (B 21X
memﬂ”w%)ﬁﬁﬁ%ﬂ%ﬁ%@&?ﬁ@éﬂ
TEY, FILTIE 20184 10 A 14 BIZHEMRE D VAA
MWIT Y R VAAC LD REEINLTVD
RIS T IS B %ISR S T & A
DEIZSWT, L7/ % Table 4 TR 7. SME
TOWNMELZBRTIE, #HEOHE, EoKFEBE)H
B, WS, mMCTORKENE (NEEIE) o
Wig7e CHELENZ V. HERJLH R D SSP &k L DE
Bt fpm L CcofmREREA) bIEERLTHILZLE
BE 2T, Fig. 7 & Fig. 18 O Al & % L9 2 &,
IO EIT 1T 2022 4 HTHH M k3K 1L O B 3, 1980
A MSH Mk IEAbIEER G s mtERn & v, EO RN
DHELTWAS. 7272 L, MSH O ZE D 47813 i IaF
() olzxt L, HTHH O ZEZIH 50 (AW). @&l
5 DE (Fig. 17 /£ L) bEP-TZZ &N, 20
BOEWIL, RO K &HFOEKOENE KL TV
2bENZRN. WTRIC LT 2.22 IHTH 7 2022
EHTHH B OB DOEL, 77 A FEOREEA L
TW5b. 4%, HTHH W KO NFEEMAT 5 LT,
JECOIARREOFERN —SDERICRD EEZD
ns.

4 FLHLEE

2022 4F HTHH M k(2 fEn
BN S 72 RBUBERE I & AT U 72 5 ICMEKEL TR T R
BINTRKPOE (222 ) X, 1980 4 MSH Mk D
=L O 326H) D, 7T A NEOHMBAS
iz, BLRFIERR S L2 WO K LE IR LT,
WpZ2 M3 fIRRE D LA o 7O E D 0 I K 5 g BT I1X
K DBmMRLHAROHEEICHANTH D Z L BP0
27 o7z

fin 5, RHEEE O R MATIIE, BIK T HS° VAA
REOTHREL L, BELRINERZRLZ2VEERD
HZ b TREmEINSE. —olk, HEHEDOE
WWEAMNEALTHD. ZOMEIT 218 3) Tb
FEBYVHURINLMBNTEY, 2.2.2,2.23 HTIHf
BORTEAA A BR < 14 B 08 R0 22 TH /i B oD i W KB AR g
JEIZ/e D LT D2 L2 R BNTY 1986 4F

XG4 & Himawari-8 T

FEREWKOFHF (JEH, 2003a) <2021 4 4% H
J E R OHEF] (3.1 ) T, HE WG OB AR
«@ﬁ%fvﬁ$Ufwk.%Kkﬂﬁ@k%@EE
KOBFE, EAELRBRDIERERHLDOT, EE
DUNETHD. —fRIZ ﬁ%i@%ﬁ%m BWT, fif
S G D AT O E IR ESCH R - BRO LS
AT T — OB ABIENT 24T 5 G, 7R RTE A DR
WCBWTWARWRY, (IfEX LIEEE x5, Ll
EIRONEEESBEEE O X D 27 bV EO#E
BIRNT 21T 5 BA, MEXVIZERTE 2. IER
VEARMIET 52 &%, EBRICE DMK - B X
BEER 720 T2 <, KIWR FRIOMRIEDBLR N D b E
HEHTH5D.

HO—DOOMEL, WHEEEOHE THDS. HEMH
ZICEXHDMBAVEZMIET 5L, BESEOFHL
VETHD. LT, Bk BB ERBEHEL, kil
TR0 0 WIME 2 AR 212, R v B O AT A3
HThD. koM EFIEITIE, B -t (2013) T
AT XL T, THEFEIR I K @B ), TRl &
LEEHE] LT [ERCL2@EHE 5.
L, AR (2.2.2,223H) THRARZXLH1, KRH
BRI D 35 G, 0 EDIRBE CIX ARSI R o> T i IR
WCEDmEHE] ZTET, RARENEIRIE ST
WD HREE TR E BB Tl GPV O RRUE E
ML TBENC L 2mEHE) b T&7, EZHPT
Ho THMEBEXLAAL T SHIRE TIXATHEG O
EFICLrmEHT] LY. ZhbitRbdF
HBEELT, MECLIBERE] &L TETMICLDE
FEHE] BDFEFOND. MEOHEX, MEXLOK
b o KE, —HU LT TEERAT LA EE
HeE Al REIC 72 D Z & 2%, HTHH MK O HFH T H R &S
7= (Carr et al., 2022; | - M, 2022; Proud et al.,
2022). THRZEIC K D@ EHEE) 13, BEEHERELIZIER
UCHILREICH DHEHERE S OMAEE TITERR ®
D0, Bl 21X GK-2A 72 E oM R IEH TE g,
WM R EG CHETE A0, BEMNHALEZL
narLb M. ZThIiZx L, f%?/vbzié%‘fﬁ#ﬁ
EEBE, b AR FEEEZBND. KUK T
B O ZERT D70 ICBRE SN TWD 1 KT
JE 5 L (Ishii et al., 2022) 1, HEIRFESTNARETH
D, EEONENRBRE SN TS0, Flz 1 Xi@m A
RN & o T b Foe B B2 TR JEE 20> © W 7 v JBE oD o 31 A%
WREIC 72 5. BERMENT & OB OBAND B 1 IR
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JEET NV OBERLETHD.

2022 4= HTHH Mk O 8 IL, WEED H & E KR
F T, RFICKLA TWVWD. Himawari-8 TIIAR CHENT
L= - JKEDIED, ZEOFMKITHITL Tk L=
RIEE (7 A8) bAKESE# (BOS, 6.2 um, Otsuka,
mm)%7um%¥@(mﬁﬁa)$&%wﬁmt%
T 5, 2022) @ 2 B EIRIC LV AT & T
Wa L KRR i‘(ﬁﬂm%ﬂ:%i%rllméﬁéﬁfﬁé'@ﬁ%ék
W (%1, Kubotaetal,2022; &=, 2022), 2022 4
TH2T AL ERBRICIE, OFbV OMITHERHIE
HEnTnd CRILME S X DI ICBE T 2 15
DY FifgEte, 2022). SR OE K TG S L7l
DB T — 2 3 WILEEET L (84K, 2022) DI
By alb—varilicky, HTHH kD %E%E
fREAS 2 2 LI3REk, MK T & B KB 22 18 58 e
KMNFAE LT LRI EN D AKEOHFEICHEN
L. RIWKELZRLT HHERBRICET D720, 514

bk LC, BEBITOMELED TP Z LN FE
Ths.

EiE

BEEICEE L CiE, KRMFSEHT K LR 9258 o & B HEZ
ATER R, H—HREOANL HFEE, H_HREED
FIHBENFTHEE, @AB—FBHRE S O
REOHEBRERNMELI AR R EB V. IR
BEEGOMITICIIREMHEE ¥ —CTIER Sz
[SATAID| Z#{EfA L7z, S HICEHBE TH D[R
FIEATEONERRK (Bl K8 it ¥ —), il
VAAC RIFHEH O BRK (B AE#) B L0
HKEZBOBERR LK, IHER TR, ERNFEEKH»
LOTHEMICELY, ARiTkEsNL. L L TUEHO
BaRTD.

BEREICLIEOMBEALOMWIE
LR SR LV EXZBNT 2546, MEET
(SSP) 1T/ WEIAID LENLBHSND. 20k

HiRmE LI SN2 HEBRBOEDOEL, EE TR
(SCP) B AL EAEL D, ZO/EKTEMAONM <

IC L DEONE X LI, SSP 6 DN VIS L, £z

EEREWVIZEREL 2D (FH, 1979; BBEH, 1980).
Z 2T Fig ALITTRT X 91, HIMiEE g (=0°), A

As (=140.7°E), m/EHg (=35800km) (& 51K S

ES (OFEDLY) »nb, BEHEEHOE C M MgREG Lo

Appendix 1

ﬁf%,%F@@& RP TRz L&,
SCP IZB1T DhE e, REAZROFIATKRD 5.
ROZNVE C OEAJEFEE, [BIHEEFE PR ORMREE ©

BONE

[G1(p) + H] cos ¢ cos A
[G1(@) + H] cos ¢ sin A (A1)
[G2(@) + H]sing

X
Y
VA

LRREND. 112 LGy, Gold, HRE VAR WEFER,,

fE%e = [RZ —R3/Req& LT,
R? R
Gi(p) = = = ——
Jqu cos? ¢ + R sin? ¢ J1-e?sin? ¢
(1—e?)R Rp\?
G(9) = ——== ) Gi(®) (A2)
J1—eZsin2gp \Req

THzbND (FRH, 1979).
FARIZ, FRIER MR S O E AL,

Xs = [G1(¢@s) + Hs] cos @g cos Ag

Ys = [G1(@s) + Hs] cos @g sin Ag (A3)

Zs = [G,(ps) + Hg] sin g

R EHE ORI P T

Xp = G1(@p) cos @p cos Ap
Yp = G1(@p) cos @p sin Ap (A4)
Zp = G,(p) sin gp

tEREhD.
RS, C, P IR OBIERR ST 17 D[Rl —E# LI H D05,
ELHR D 7R

X-Xp Y—-Yo Z-7p
Xs—Xp Ys—Yp Zs—1Zp

AiiT= . 2 CEEMO R
AXEXS—XP
AZEZS—ZP
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LiEE, (AS) REBNM LSz HVvTHRT L&

X = Xp + tAX
Y = Yp + tAY (A7)
Z=7p+thZ

LRs.

(A5) T (AD), (A2) RERALTEET D L, singpl
B4 5 8 ijﬁfﬁ&fcﬁU%&ﬁﬁ’ﬁmif%b:f@é (FLH,
1979). JEH (1979) HiBERTNB L EBY, EOMEXL D
MEICB W CIIHIER A BRIKCERIL T+ Th D &
MNH, ZIZTIE (A2) XEe? (= 0.007) IZOW TR
5

1
G1(¢) = Req [1 + Eez sin® @ + 0(64)]
R2 . (A8)
G, () = R—P[l + Eez sin? ¢ + O(e‘*)]
eq

ZoEuPlEANT, (A1) K& (A7) RITRALT
BT D&, 422 kR
at?+2bt+c=0 (A9)

MOENTIEARED. 72720

a = (AX)2 + (AY)? + (rAZ)?
b = XpAX + YoAY + 12ZpAZ (A10)
C=XEHYZ+ (Zp)? — (Reqg + H)’

Gi+H  Req+H
Go+H RZ[Req+H

r (All)

Thb.
PLEICEVRESTZEREE (A7) Xd, E C O
- BEIT (A RUTRALT,

rZ )
VX2 +7Y2

Q= arctan(
(A12)
A= artn5)
= arctan X

TROHND.

TR BHETR B OMED Fig. Al ISR THLOEE P TH %
bd & &L, RPES = (Req— Rp)/Req & T, %
TR (MR L) @lo 284 hud v (U, 1979)

1 Req)’
=4 Al3
tang = a f)zta ¢ = < p) tan ¢ ( )

ETEREH = 15 km OBE OAE X L OFHIEEDOHIX
JRH (1979) @ Figs.4and 5 &M I iz,

Appendix 2 FHEMREICLIZHEEOMHIER

—EREILHDHEOHIZOWT, HEMEAEIZX D01
BEALICEY, FEBEGRICEY SR> bHE S
2HEEGERDD.

Fig. Al O C B 2 EMEHIL, (Al) Xb

ds = J(aa T HY sin? g + (G, + H)? cos? ¢

x (G, + H) cos @ dpdA (Al4)

2725, 1P L, (A8) RoEE oitld AV TG, G,D

QIR R L 7=,
FARIZ, Fig. Al OFF S P ICBIT2EEERL, (Ad)
X

dSp = \/Gfsinz @p + GZ cos? gp

X G, cos pp dpdAp (A15)

272 %.

(A14), (A15) 226, Appendix 1 TR D7 (p,1) &
(@p, Ap) DBEMRE FWNT, tdS/dSpE D L2k, &
WHEBOMERNGE X bRD.

Bl LCEEBEH =15km OBFAIC, OFb v EE L
DOEIRFFE DN B R VA IERICOW T, BREKRFIEZ Fig.
A2, FEERIFM A Fig. A3 1TRT.

List of Acronyms

AHI Advanced Himawari Imager

ATM Atmospheric Transport Model

FOB Fukutoku-Oka-no-Ba

GA Global Analysis

GK GEO-KOMPSAT (Geostationary Korea Multi-

_10_
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Purpose Satellite)

GMS Geostationary Meteorological Satellite

GOES Geostationary ~ Operational ~ Environmental
Satellite

GPV Grid Point Value

HTHH Hunga Tonga—Hunga Ha’apai

IR Infrared
IMA Japan Meteorological Agency

JST Japan Standard Time

MA Mesoscale Analysis

MSC Meteorological Satellite Center

MSH Mount St. Helens

MTSAT Multi-functional Transport Satellite
NIR Near-infrared

PDT Pacific Daylight Time

SATAID Satellite Animation and Interactive Diagnosis
SCp Sub-cloud Point

Sp Split-window

SSpP Sub-satellite Point

TBB Blackbody Brightness Temperature
USGS United States Geological Survey
UTC Universal Time Coordinated

VAA Volcanic Ash Advisory

VAAC Volcanic Ash Advisory Center

VIS Visible

3k

AR (2021): AFER] /5 2021 RIS K0 HEHY - 4R
BLEBEAT 7 b, HARKIFESHERTRE, A2-02.
IREBEE] (2022): b KHUBLKILME KR S KUEZ B
EFNIC K DHEPE I AERA = X LIZHONT, EFE T

e, 39, 67-89.

KRS (2022): HEES2>ND O 7" ) =—3UME ok, (& FEM /) 35
2021 AFMEk b ETREA, B A HIERER 2 R
AL &—, 181, 8-9.

BVSERSE « BIRZRR - th BARE - R 168 - KT - 3R
TR - AR - P B B2 )1 0 ST ATBOE (2021):
INEREE R, fEER 2 G D 2021 4 8 H DK,
AACKIIF i TRaE, P1-34.

BTG (1978): KRBy, RATR RS, 249 pp.

B - 22 KBz (2018): OE bV 8 B9 B-of
o, LRSI E O E DY 85 -9 5L Z ORI, K4
e/ — bk, 238, 11-21.

E[»—:L

R e 2 REH (2016): #HIERBHMEOVEDY 8 5
K9 ZOME, OFbh 8§ ZRV9 ZoMi LT

LA, KGR v X — s, ®RlE, 3-16.
KK K BN ZEALIC BT B MO H 0 FRGETS
(2022): KIMEKEFIZ K DN ZEAGICBE T 2RO &H Y
¥ (iEE), 27+25 pp.

SRS (2006): K LERKRREN— KUK O &S —,
ENDbnbER—~LFF v 32T —X2OFH—,
K[REHFIE / — b, 212, 77-104.

HEEM  F (1980): HIEORIEMIC L DEMBE DR, K
R, 27, 63-66.

R[REM R ¥ — (2022): K G2 E G OfiEHT & FI A
(2022 SETH), RGfit v ¥ —Hirmis, #95,
258 pp.

/N P (2008): KILBERDOET Y v 7, BURFHR
2=, 637 pp.

EBHAE (2003a): ffIEREME TOEDY ) OEBRICK
2 MK MR OBLR & OFENTICBE T D98, [T
JEREHR, 55, 57-152.

T AT (2003b): 80 BUAUEFHCRBUII S 7z 1991 45 6 A
15 AT Y A KORLEE —2RE T BB T HKE
FroFesk—, WMERH, 70, 189-216.

JEHAIVE - JHHAI—BR - /NE 5 (1982): Mount St. Helens
? 1980 4= 5 H 18 HRMIAIC X DKUER, ki, 27,
195-202.

EKEGIE - FERRSERAR « AR A (2018): RGB A ALHI
KGR OEDY 85 -9 5L ZORMH, JEHFE
J— 1, 238, 59-71.

FORMUEL - AHEN (2021): [REITBRILEE T VG E
KRG T AT R, 84, 146 pp.

BRI - RHERISE - HIREAT - mH— (2013): &L
— 4 — - BRI L D LA — 2011 EZ R GO
PRIE) MK OFF —, SRR, 77, 139-214.

BTIREUE - AR %ﬁ-EE%E(NHQQMZEIHISE
b WKL IZ L0 R L KILREDO O E D
D 8 FIT K DN, HARRFREFTRIMHTRHE,
OB-22.

BOREOL - A B2 - Ao (2022b):2022 41 A 15 H
k2 AR K LS KT &0 A L= RIS OO F b
D 8 FICX AN, HAMEKRERZHAKRSTHE
£, U09-P25.

BOREUL - K BZZ - AT (2022¢):2022 41 A 15 H
b o AR K LM KIS L0 R L e A O OvE b

_11_
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D 8 FIC X BT (2D 2), AA KIS EH TR,
P1-38.
\/A*KYAEB (2022): b H 2022 K LMK ORE 3 KT

Sal—yay, AARMEKREERFEHS KRS THE,
U09-09.
FH HEHEORRR « AR « TR ZnsE - P ERE 7 (1991): ¥

T AR K L O pl i B PR B S A R B, AR
UE— Moo 75agk, 11, 529-537.

TR (2017): §FIERRMRIC K D W2 B OB E),
2013-2015 EFE 2 BEADE=Z 1 v 7T B,
KRETFERT i, 78, 23-33.

HE PR ICBET D i a (2022): 7 - bA
=TT e NT A KT OWE KT X0 FAE UL
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Himawa-8 IR 2022—01;14 23:57UTC [© ' Himaw?—S IR 2022-01-15 00:56UTC ¢ <& Himawa—8 IR 2022-01-15 01:56UTC |
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Fig. 1 Himawari-8 IR (10.4 pm) imagery from 23:57 UTC on 14 January to 03:57 UTC on 15 January 2022 (1-h
intervals before HTHH eruption). Triangles denote HTHH location, and latitude-longitude grid lines indicate 1°
intervals.
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Fig.2 Himawari-8 IR (10.4 pm) imagery from 04:07 to 05:57 UTC on 15 January 2022 (10-min intervals during HTHH
eruption cloud formation). Triangles and latitude-longitude grid lines are as per Fig. 1.
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Fig. 3 Himawari-8 IR (10.4 um) imagery from 06:57 to 23:57 UTC on 15 January 2022 (1-h intervals after HTHH
eruption cloud transport). Triangles and latitude-longitude grid lines are as per Fig. 1.
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Himawa—8 VS 2022-01-15 03:57UTC Himawa—8 VS 2022-01-15 04:07UTC
0 i L

Fig. 4 Himawari-8 VIS (True Color RGB) imagery for 03:57 and 04:07 UTC on 15 January 2022. Triangles denote
HTHH location, and latitude-longitude grid lines indicate 1° intervals.

Himawa-8 IR 2022-01-15 03:57UTC Himawa-8 IR 2022-01-15 04.07UTC
0 0

Fig. 5 Himawari-8 IR (10.4 um) imagery for 03:57 and 04:07 UTC on 15 January 2022. These are enlarged views of
the lower-middle panel in Fig. 1 and the upper-left panel in Fig. 2. Triangles and latitude-longitude grid lines are
as per Fig. 4.
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Fig. 6 Vertical profiles of air temperature, relative humidity, wind direction and speed above HTHH for 04:00 UTC on
15 January 2022 (red lines). Interpolated GPVs are GA values at the analysis times of 00:00 and 06:00 UTC. The
gray dashed lines show altitude around the tropopause (16.7 km asl) and stratopause (42.8 km asl). For reference,
NFFN (815 km, N69°W of HTHH) sonde data for 00:00 UTC are shown by black lines.
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Fig. 6 (Continued) Vertical profile of Brunt-Viiséiléd frequency above HTHH for 04:00 UTC on 15 January 2022.
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Himawa-8 VS 2022-01-15 04:17UTC Himawa—8 IR 2022-01-15 04:17UTC
R Sl .

0
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Himawa-8 IR 2022-01-15 04:17UTC
0

-1000 600  -200°C
| -
Fig. 7 Himawari-8 VIS (0.64 um) and IR (10.4 pum) imagery for 04:17 UTC on 15 January 2022. Middle panel: enlarged

view of the upper-middle panel in Fig. 2. Right panel: enhanced color image with Tgg < —20°C. Triangles denote
HTHH locations, and latitude-longitude grid lines indicate 1° intervals.

G17 V2 2022-01-15 04:16UTC G17 IR 2022-01-15 04:16UTC G17 IR 2022-01-15 04:16UTC
0 0 0

-1000 600
L. - n
Fig. 8 GOES-17 VIS (0.64 um) and IR (10.3 um) imagery for 04:16 UTC on 15 January 2022. Right panel: enhanced
color image with Tgg < —20°C. Triangles and latitude-longitude grid lines are as per Fig. 7.

Himawa-8 IR 2022-01-15 04:17UTC / G17 IR 2022-01-15 04:16UTC
0

Fig. 9 Himawari-8 and GOES-17 IR imagery around 04:17 UTC on 15 January 2022, as per the middle panels in Figs.
7 and 8. Black lines: area with Tgg < —40°C observed from both satellites. White lines: after parallax correction
(same in both panels).
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Fig. 10 Correction of cloud area ratio with cloud height H on the horizontal axis. AS: corrected cloud area; ASp:
apparent cloud area in satellite imagery (point P in Fig. Al). For latitude and longitude of SCP ¢ =20.536°S, 1 =
175.382°W (HTHH), latitude and longitude of SSPs ¢@g = 0°, Ag = 140.7°E (Himawari-8, red line) or ¢g =0°, Ag =
137.2°W (GOES-17, blue dotted line) and satellite height Hg = 35800 km asl.
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Fig. 11 As per Fig. 7, but from 04:27 to 04:47 UTC on 15 January 2022. The middle panels are enlarged views of the
upper-right, second-row left and middle panels in Fig. 2.
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Fig. 12 Himawari-8 SP (10.4 — 12.4 um) imagery from 04:17 to 04:47 UTC on 15 January 2022. Triangles denote
HTHH locations, and latitude-longitude grid lines indicate 1° intervals.
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Fig. 13 Mean radius r of HTHH eruption cloud observed by Himawari-8 (red dots) and GOES-17 (blue squares) from
04:17 to 05:57 UTC on 15 January 2022. The horizontal axes represent time t since eruption (assumed to have
been at 04:02 UTC). The lines in the figure on the left show power-law fittings for 04:17 — 04:47 and 04:57 — 05:57
UTC. The panel on the right shows a corresponding dimensionless length scale with radial velocity v calculated
from backward difference. Error bars indicate spread associated with satellite observation time intervals. All
intervals are 10 min.
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Fig. 14 Time-series variation in brightness temperature Tgg of the HTHH eruption cloud analyzed using Himawari-8
IR (10.4 pum) imagery from 00:00 to 24:00 UTC on 15 January 2022. Black dotted line: background Tgg at HTHH
before the eruption; blue line: minimum Tgp for the HTHH eruption cloud; red dashed line: local maximum Tgg
on the cloud; red dotted line: linear extrapolation after difference Tgg < 10°C. Gray dashed lines show air
temperature around the tropopause and stratopause based on GA (Fig. 6) at the analysis times of 00:00, 06:00,

12:00, 18:00 and 24:00 UTC.

Himawa—8 S1 2022-01-15 08:2/UTC Himawa—8 S1 2022-01-15 08:37UTC

Fig. 15 Himawari-8 SP (Ash RGB) imagery for 08:27 and 08:37 UTC on 15 January 2022. Triangles denote HTHH

locations, and latitude-longitude grid lines indicate 1° intervals.
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Fig. 16 Vertical profiles of air temperature, relative humidity, wind direction and speed above FOB for 06:00 UTC on
13 August 2021 (red lines). Interpolated GPVs are MA values for the same analysis time. Gray dashed lines show

altitude around the tropopause (16.6 km asl). For reference, Chichijima (320 km, N13°E of FOB) sonde data for
00:00 and 12:00 UTC are shown by the solid and dotted black lines, respectively.

Himawa-8 VS 2021-08-13 05:32UTC i Himawa-8 IR 2021-08-13 05:32UTC

Himawa—-8 S1 2021-08-13 05:32UTC i Himawa-8 IR 2021-08-13 05:32UTC

Fig. 17 Himawari-8 VIS (True Color RGB), IR (10.4 um) and SP (Ash RGB) imagery for 05:32 UTC on 13 August
2021. The lower-right panel is an enlarged view of the enhanced color image with Tgg < —20°C. Triangles denote
FOB locations. The white arrow indicates the SCP of the minimum Tgg, and the white error bar indicates plume
height spread. Latitude-longitude grid lines indicate 1° intervals.
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Fig. 18 GOES-3 VIS (0.55~0.70 pm) imagery for 15:50 UTC (08:50 PDT) on 18 May 1980 (Plate 3a of Holasek and
Self (1995)). Crosses denote MSH locations, and latitude-longitude grid lines indicate 4° intervals. The panel on
the right is an enlarged view around the MSH on the same scale as Fig. 7.
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Fig. A1 Location of the satellite (S), cloud top (C) and apparent position in the image (P). SSP is a sub-satellite point,
and SCP is a sub-cloud point. Req: equatorial radius; Ry: polar radius; Hg: satellite height; H: cloud height from
earth surface; ¢: geocentric latitude; @: geodetic latitude at SCP; 6: satellite zenith angle.
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Fig. A2 Correction of cloud area ratio with longitude A on the horizontal axis. AS: corrected cloud area; ASp:
apparent cloud area in satellite image (point P in Fig. Al). For cloud height H = 15 km asl, latitude and longitude
of SSP ¢g =0°, Ag =140.7°E (Himawari) and satellite height Hg = 35800 km asl.
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Fig. A3 As per Fig. A2, but with latitude ¢ on the horizontal axis
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Himawari-8 imager (AHI) characteristics.

Band

Wavelength [pm]

Resolution * [km]

—_

0.47 (0.450~0.491)

VIS 2 0.51 (0.495~0.526)
3 0.64 (0.599~0.681) 0.5
4 0.86 (0.839~0.874) 1
NIR 5 1.6 (1.59~1.63)
6 2.3(2.23~2.28)
7 3.9 (3.78~3.99)
8 6.2 (5.83~6.65)
9 6.9 (6.74~7.14)
10 7.3 (7.25~7.44)
11 8.6 (8.40~8.78) ?
IR
12 9.6 (9.45~9.82)
13 10.4 (10.2~10.6)
14 11.2 (10.9~11.6)
15 12.4 (11.9~12.9)
16 13.3 (13.0~13.6)
a: at SSP
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Table 2 VAA records of volcanic ash cloud from HTHH (from 15 to 22 January 2022).

Date [UTC] VAAC Height ? [ft] Direction Speed [kt]
1/15 04:39 Wellington Surface~52000 N 5
1/15 05:19

| Wellington Surface~50000 NE 20
1/1510:22
1/15 14:43

| Wellington Surface~63000 w 15
1/16 03:32
1/16 03:32 Wellington 50000~63000 W 50
1/16 09:14 Wellington Surface~60000 W 50
1/16 15:00 Wellington Surface~60000 S 5
1/16 15:00 Wellington 45000~63000 W 30
1/16 15:00

| Darwin 40000~63000 W 40
1/16 16:10
1/16 20:53

| Wellington 40000~63000 W 30
1/16 21:19
1/16 21:30 Darwin 40000~63000 W 55
1/17 02:30

| Darwin 42000~63000 w 50
1/17 06:20
1/17 12:30 Darwin 42000~63000 W 55
1/17 18:00

| Darwin 45000~63000 w 50
1/18 05:50
1/18 12:00

| Darwin 42000~63000 w 50
1/19 12:00
1/19 18:00 Darwin 42000~63000 W 55
1/20 00:03

| Darwin 42000~63000 W 50
1/20 17:40
1/20 23:40

| Darwin 42000~63000 W 30
1/21 11:40
1/21 17:40 Darwin 42000~63000 W 40
1/21 23:40

| Darwin 42000~63000 w 45
1/22 17:20

a: cloud base~cloud top height
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Table 3 VAA records of volcanic ash cloud from FOB (from 12 to 15 August 2021).

Date [UTC] VAAC Height ? [ft] Direction Speed [kt]
8/12 23:50

| Tokyo Surface~54000 \% 50
8/13 20:20
8/13 23:20

| Tokyo Surface~54000 \% 55
8/14 11:30
8/14 14:20 Tokyo Surface~54000 W 50
8/14 17:20 Tokyo Surface~48000 Y 50
8/14 20:20

| Tokyo Surface~48000 w 55
8/15 05:20
8/15 08:20

| Tokyo Surface~40000 w 40
8/15 14:20

a: cloud base~cloud top height
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Table 4 Comparison of first eruption clouds from HTHH in 2022 and MSH in 1980.

HTHH2022 MSH1980 Remarks
Date 15 January 2022 18 May 1980
Seismic magnitude Mg =5.8, Mgz; =5.2,
and depth 0 km ? 4 km bvl ®
Lateral speed ~ 58 m/s (average ~ 60 m/s (average
between 04:07 and 04:17 UTC) © between 15:37 and 15:50 UTC) ¢
Directivity ESE NNE ¢
Plume height 2 23 km asl ~ 26 km asl §2.22
(at 04:17 UTC) (at 15:50 UTC) ¢
Undercooling >6~16°C (Tgg =—86.8 ~—96.9°C >6~15°C (Tgg =56 ~—65.2°C Fig. 14
at 04:17, 04:27 and 04:37 UTC) at 15:50 and 16:20 UTC) ¢
Atmospheric L; ~200 Pa (+, 7816 km) © L: Lamb wave

pressure wave
(Amp. in Japan)

S; ~ 40 Pa (7920 ~ 8000 km)
A; ~ 10 Pa (7920 ~ 8000 km)

Ay ~ 10 Pa (+, 7802 km) ¢

S: Acoustic wave
A: Gravity wave

Tide level change Observed © Undetected
GMS Himawari-8 GOES-3
5291 km, N70°W of HTHH, 5270 km, S18°W of MSH, Fig. Al
0 =54.7° 0 =54.6° for H =0
Satellite imagery Fig. 7 Fig. 18 ¢

(10 ~ 20 min after eruption)

(18 min after eruption)

a: USGS

b: Yamagishi and Wakui (1981)

c: Carr et al. (2022)

d: Holasek and Self (1995)

e: IMA
f: Izumiya (2022)

g: Sawada et al. (1982)
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