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Y% : Nathanaél Schaeffer (ISTerre, Université de Grenoble)
URL.: http://users.isterre.fr/nschaeff/SHTns/
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bwd fwd bwd fwd
SHTns” |0.0021|0.0022 | 0.014 |0.015
SHTns |0.0015|0.0015|0.0097 | 0.0098
ISPACK3 | 0.0017 | 0.0014 | 0.011 |0.0094

M = 4095 | M =8191 M = 16383

owd |fwd |bwd |fwd bwd | fwd
SHTns” |0.11 |0.11 [0.86|0.86 74 7.3
SHTns |0.070|0.0710.53|0.52 4.5 4.3
ISPACK3 | 0.075|0.064 | 0.53 | 0.45 4.0 |34
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et al. (2022) Fig. 9)
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il 3 IR0E, MeEhld o, RORRIZE R o — . D BUERE. 72, k = 2/7.



MR S 7z Lamb € — N D (v/RTp THERuAL & v 72) SLAHE EE O $h 1Y) Wy

I LKA ME. E4EIX /7 /5 ~ 1.183216.
L=10 L=20  L=40 | L=280
1.170342  1.176177 | 1.179378 | 1.181121

BIRTEANRY N IVIEDE AL TEHA U 7= Lamb I D A7 AH R FE D FR 7% D YWk
A7k (Ishioka, et al. (2022) Fig. 10)
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Ishioka, et al. (2022) A* accept T L7=D A 2021 FE12H17H. £ D17 H
%, 202241 H 15 H 12 Hunga Tonga-Hunga Ha’apai XL DIE K D3 - 7~.

The HTHH eruption as viewed from the Himawari-8 weather satellite

(Proud, et al. (2022) Fig. 1)
04:20UTC 04:50UTC 05:40UTC

.4
=S ,_yv.‘f'

Fig. 1. The HTHH eruption as viewed from the Himawari-8 weather cloud at 34 km. (C) At 05:40 UTC, as the volcanic umbrella spreads
satellite. (A) At 04:20 UTC on 15 January 2022, ~10 min after the eruption south-westward and the Sun begins to set, emphasizing the shadows that
began. (B) At 04:50 UTC, after the initial dome collapsed, leaving remnants we used to calculate plume altitude and highlighting wave structure in

at 55- to 58-km altitude that cast a shadow (to the right) onto the umbrella  the umbrella top.



F D%, ZDIEKT, Lambik 7z 13 Tk <, Pekerisi&B3fH /- Z & &R
35w (Watanabe et al., 2022) ¥R I /2 Z & 2 H15 (2022F4 H).

08:40UT 15 January 2022

i .v ‘, ‘v‘\ 5 ‘ V(V "\‘
i 'X Lar\nb mode
(e -_\ Pekeris mode

|

TBB/At [KY 10 min

-0.5 0 05

Fig. 1. The 10-minute difference of the 9.6 um brightness temperature observed by
Himawari-8 plotted about 4 hours after the eruption (difference of 08:40UT — 08:30UT, 15
January 2022). Our identification of the wave fronts associated with the Lamb and Pekeris
modes are marked. The Gaussian filter was applied 10 times and shadings outside the
minimum and maximum of the color scale are omitted for clarity.

The 10-minute difference of the 9.6um
brightness  temperature  observed
by Himawari-8 (08:40UT—-08:30UT)
(Watanabe, et al. (2022) Fig. 1)



Watanabe, et al. (2022) 12 5\ T, EEARTEDAAHEE O AL A0 6,
Lamb i D EMZEE 1% 10.1km, Pekeris i O EMEHEE 1% 6.1km & BfE S5 1,
Zh o DfE X, Salby (1979) 23, K& HHREIOERE X% U.S.
STANDARD ATMOSPHERE, 1976 (LA, USSA76 & L T5IH) D K& i
EREIZNUTEHEREL THEoNZED9.6km & 5.8km & XL TW\W-.

ZZBlk 2 £ 5| Ishioka, et al. (2022) D % /LT, USSA76 O K& E
&% 5 2 12158, SFMEEP WL S22 DEHHE L THAT-.
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WD Z & T, HREDYWRE E 57D KRE LK L TH, Salby (1979) Difg
EEDIN,

fafhrSalby (1979) 3B L TW T IEL THRE L TWAIZ L EHBDNE
B\, Salby (1979) 230 572 Z & ZMUEIICHIE L TAZ. iR, Salby
(1979) DEIHAIZRIER D o 22 300, TNZHEHMLTHEXA L LT
Fo e CEMEE 2 35 L7 B U 723w X (Ishioka, 2023) & Hifik L 7.

IR, BREBLRADHHKREDFEP OB S 5\,
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KA H RS (2 D 2)

FERZDEE, ZTOHEDAT—INA b2 H T 5L, hizi—L H
RN = vH & 725 (vIdEEUL) (Lamb, 1911)

HEKQDEFEMBEEDLE S 2500, KAEBERDOIEIRERIED DD 6 7%
W\ & SRERGHE SRR DR T R W2 DR DR Do 7273, Taylor (1929) 5° 1883
HE.D Krakatoa D IE K D BE D KL EEL D ERFEE D &, FEMEE D 10.4km
BETHDI LR 7. (BETIE, ZOFMEEDE— KX LambE— R
LRI T W),




KD HHHxE) (€ D 3)

Z D f10km &\ D DK D H HIRE) D ME— DO SFEMZERE & B 7z 3,
BRI DO K[OG OIRIENS 1 HEAM K O EFHEAHO AR RENWZ & D
IR & U T, Buiii] & B HxE) & OIRIGRELN T W2 (ZHIEED LW
ZEMEAETIZHEHL TW5 D). SKmIEE DO EMEE D E— NBELET S
S HrhiKelvin (1882) LAk, KEWBELETH 72, £D & S5 HRREH
=D &, Pekeris (1937) A%, /& B 5 O =R O IZ & > Tid, Lamb
T— F AR, SkmEEEDOFEMAEELDE—REFEL DD & ZRUT.




Pekeris (1937) TN -ShEIRE 07 v 4L &, R I N/ EMEE
(Pekeris (1937) @ Fig. 2 & Table 1)




KD HHxE) (€ D 4)

K 0 BEMRERERE 70/ % 5 2 72 FMEE ORI Salby (1979) 12 & -
TUSSA76IZx L Tirbhb v =h, £ Z Tlx, Lamb T — NIZFHY 3 5 Sl
e LT 9.6kmAaE o772 T, 5.8kmDEMEE L E S N, £
D FiH Pekeris B FEMREME 2 F8f L 72— N IZH 3 5 £ D723 (Salby
iXducted mode L FEA7Z), ZD LD BRE— RDOEFEMIZOWTIEINE T
I N T\ -7~




R=D H HxE) (< D 5)

Watanabe et al. (2022) Tl&, Himawari-8 O ¥ E iR E 7 — X DRfE 247 %
L5222, MMHEE 315m/stEE O (FFMEE 10.1km IZXR) &,
245m/SFEE (FMEE 6.1km 2 X% DI A & v 7=,

AiE 1L LambE— RIZAHY T 21 D7D, 155 13 Pekeris D3ELE Al gEME: %

HEIMLU7ZZE—RNIZHETHSHDEF A 6NDHT78,

7% Pekeris®t—F &

ERZ & Z2BELZ. ZTDLDIZ Pekeris®— RABRHE I NZDIEZ D

XBPHTDI EThb. ZDWX T, GCM %)

W 7= BUESEERX°, ERAS
Hiffr T — X CH PekerisE— FDARHBINEZ 2R TWVWAS.



Power spectrum for eastward-propagating wavenumber 1 and 2 com-
ponents for equatorially symmetric components of the surface pressure
calculated with ERAS5 data for 20°S—20°N during 1950-2016 (Watan-
abe, et al. (2022) Fig. 9d)

(d) Power Spectrum (E1, E2)
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Frequency (cpd)

Gray solid (denoted by “P”) and dashed lines (denoted by “L”') are for resonant frequencies for h=6.1 km
and h=10.1 km. respectively.



R=D H HxE) (< D 6)

LEDERDE &, FLH Ishioka, et al. (2022) TIRE L 72#REA X2 ML
%D GCM D 2 — R %2 H\WT, USSA76 DIE AR IZEE U T, S ligEE D&t
e UTHAD, BRZiAR7Z K 512, Salby (1979) 235157 L 72 £ 5 72 5.8km
FRE E WO IR E DEMEE IZIZ R o o7-. T 612, Lamb T — N DO FEA
HEH 9.6km & D IXHH S DT KR EREIZAR - TV,

%z 2T, Saloy (1979) DEFEFEAE RE L Chiz b 25, FHEF I RIEA
HoTKIBLEEETZIEE L TWABZ ENDNo7-0DT, DM EK
Y ENEBELEEAEE S RAENIIOVTHRET 3.




Salby (1979) X & 3 % > THAMER % 2 L 7= D92
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SUTD X HIZEINS:

d 11| 1 d .
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(4)
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Salby (1979) %, shEME AFER(2) & TimERSLM ([ 2T DE FDIKT
ZHHT, LD X DIZEE L THh oo T\,

Z(¢) = e 2HATH 4 k] ?0(¢) (5)
ZITEEMTDESITEHEINS.
¢ dnm
— 6
D=1z (6)

(2) & (3) I, UFD &> IcET 3.

o + k(¢ a)v =0, (7)

-, 1 oy - HH" | B
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I, E2(C o) 1k TRITR] T, U TDISITEREIND.

k2 B 1 | ﬁ/// 3(H//)2 H// | O{(H/—I—K,). (9)
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USSA76 DEE 7O 7 7 A6 EEINE H L mIrER k2 D4
(Salby (1979) Fig. 1 and 3)
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FiG. 1. Normalized scale height from the 1976

: Fi1G. 3. Vertical refractive index as a function of «.
U.S. Standard Atmosphere temperature. -
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FiG. 2. Normalized surface error as a function of «a.
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Salby (1979) d T 0D e 58 15

USSA76 D & 517, ShiERE A IZAEG R AR DA X nhmzHNW5S
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Salby (1979) D F 7D A % Wi T 5 12147

DD & D i BIZ I F 2 & Z 5.

Z(¢) = 2 Z(Q). (10)
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Tiﬁ%"iﬁ'ﬁ*#@ %O)aﬁﬂ?lﬁz(lshloka (2023) Fig. 2)
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75, Salby (1979) DEtELKE R X, Pekeris €— RIZDWTHHIZ A IERE.
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KmTdh - 7=.

fEE, AR 2O Tk, USSA76 DIEE 4G = AW 554, Lamb
T — NOZFEMEE X, h = 9.9 km, Pekeris € — NOZEMEEE X, h = 6.6
km &\ 5 DO H3EES G

> Watanabe, et al. (2023) D#ER & [b#k 9 5 &, Lamb €& — N DML A3
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\WH Z 2T, ERASD T — & % fdi -5 T, HTHHME K F§ D Bt sk D K5 D $h
ERE 707 74 V% HWT, SRR OFHE %2 > T A7z (Ishizaki, et al.,
2023).

fEmm e UTC, TD LD IZHENLIBE M2 HWTE, Lamb T — KO
ZERE X, h = 10.1 km, Pekeris & — FOEMEE X, h = 6.5 km &\
[ETHYH,USSA76 % FHW=IGE L K= ITEDR .




X 512, ERAS D67 F47 DEVE DMMRMAI LT — XD ART NIVIRITH 5,
Pekris®— NIZMHHE T HE— 27121, FMAEE 6.1 kmE VD H6.5km& L7z
BEDADEIDEBLTWAS XS IZH Z % (Ishizaki, et al. (2023) Fig. 5).
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Fig. 5. Power spectrum for eastward-propagating wavenumber 1 (E1) and wavenumber 2 (E2) components for
equatorially symmetric surface pressure (during 1950—2016) averaged for 20°S—20°N, as adopted by Fig. 9d of
Watanabe et al. (2022) with a slight modification. Thin, red dashed and solid vertical lines indicate the theoretical-
ly predicted resonant frequencies for 2 = 10.1 km and 6.1 km, respectively, while thick, red vertical lines are for
those for 4 = 6.5 km. © American Meteorological Society. Used with permission.
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