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Internal waves (IW) are widely distributed at the marginal seas or continental shelves (Liu et al., 2013; Zhao and Alford, 2006;
Zheng et al., 2007). They have an amplitude of up to hundreds of meters and wave crests of several hundreds of kilometers, and affect
ocean environments significantly (Wyatt et al., 2019; Zhang et al., 2022). Satellite images have played an essential role in studying IWs
owing to their global-scale observation ability and multi-band sensors in orbit (Alpers, 1985; Apel et al., 1976; Lindsey et al., 2018;
Zheng et al., 2001). IW generations are generally reported closely related to wind, tides, topography, and currents (Li et al., 2008;
Whalen et al., 2020). Large-amplitude long-wave-crest IW is frequently generated by tide-topography interactions, lee wave
plume mechanisms or other small-scale disturbances in coastal ocean areas (Alford et al., 2015; Jackson et al., 2012). However, IWs are
rarely observed in open ocean areas because of the strong dispersion effect in the deep ocean. Here we report the first observation of
IWs generated by a volcano, the Tongan volcano, eruption in the southwest of the Pacific Ocean on January 15, 2022,
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Exact Linear Solution

n(r,t) = ]OkdkS(k)Jo (kr) cos(w(k)t)

with exact dispersion relation

w(k) = /gk tanh(kh)

where S(k) = T rdrn(r)Jd, (kr)




Method of Stationary Phase

n(r,t) = ]OkdkS(k)JO(kr) cos(a(k)t)

for large time and distance

ke S(K)
r.t) ~ It cos|lo(K)\t—kr—z/4
(1) \/Zﬂldcgr/dk| - cosle(k) 714]

where dow r
C.(K)=—=—




Variable Amplitude

L[ ke 500 Q)
27| dc,, /dk| T r

Q(k) has one or several maxima
Max[H] = Max|[Q]/r

k_da)_r
Cgr( )= d_k — f |_ocation of maxima




Wave Field far from the Source
(linear deep water)
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Myojin-sho

11952-1953 Myojin-sho volcanc
Myajin-Sho (ja:BBEBHE #& S UAL &£5)

15 a submarine volcano located about

450 kilometers south of Tokyo on the Izu-
Ogasawara Ridge in the Izu Islands. Volcanic

activity has been detected there since 1869,
Steam pours from the blocky summit of a lava dome

Height 0.2-0.9 m Period 70-110 s
] formed at Myd in—sh() during a submarine efuption
|n tsunami 1% Of energy E —_~ 1015 J at the Bayonnaise Rocks volcano in 1952.

. ) ] Elevation -50 m (-164 fr)
Mirchina N., Pelinovsky E. Location
Estimation of underwater eruption Location Izu Islands, Japan
energy based on tsunami wave data. Coordinates 31°55.1'N 140°1.3E

Natural Hazards, 1988, 1, 277 - 283

The volcanic eruption from 1932 to 1953 was one of its biggest activities on record,. with the
repetitious appearance and disappearance of an i1sland, which at one point reached over ten metres
above sea level, before sinking after a severe volcanic explosion i September 1953, On September
241953, a survey vessel, No. J Kaive-Maru of the Hydrographic Department of the Maritime
Safety Agency. was destroyed by the volcano, with the loss of 1ts crew of 31 (including the nine
scientists studying the eruption). Consequently the Department developed Manbou (Sunfish). an

unmanned radio operating survey boat. and has used it for the research of dangerous sea areas such
as submarine volcanoes.



Tsunami generated by subaquatic volcanic eruptions
PAGEOPH, 2000, v. 157, 1135-1143

“Explosions occurred every 4 to 12 min. Six explosions
were observed with an ayverage interval of 6 min”




Mat. Hazards Earth Syst. Sci., 10, 23592362, 2010 T o ‘-&
www.nat-hazards-earth-syst-sci.net/10/2339/ 2010/ € Natural Hazards

doi:10.5194/nhess-10-2359-2010 anq Earth
£ Author(s) 2010, CC Attribution 3.0 License. Sy stem Sciences

Numerical simulation of a tsunami event during the 1996 volcanic
eruption in Karvmskoye lake, Kamchatka, Russia
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Based on predictions by Belousov and Belousova (2001)
that the kinetic energv of the largest explosions were of
the order E =2 x 1012 ] the corresponding maximum initial

surface displacement according to Le Mehaute's formula 1s
ng=23.0m. The characteristic length scale K = 200.0m

15 determined by the radius of the caldera created bv the
eruptions.

Numerical code of nonlinear —dispersive shallow-water theory
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BHYyTpeHHH/e BOJIHbI LlYHaMU, Bbi3BaHHbI€ 3KCMJ/I03UBHbIM

nu3BeprxeHnem noasoaAHOro ByJsik g
/\ nopmuposka: |K = kd O=w/ N N=g'/d1 | =22
d,
dq P1
AUCIIEPCHOHHOC COOTHOILICHUC:
dz
P2 2
O (K:1) = K :
coth(K) + coth(KI) '-
MOHOXPOMATHYCCKANA BOJIHA.
n(x,t) = Asin(kx — wt) N
AU CIIEPCHOHHOE COOTHOIIEHHE: [DVIIOBAS CKOPOCTD:
0 =g’ K g'=g Ap: P2 P c _ 1 1 N K 1 N I
coth(kd,) + coth(kd,) 0 " 20 | coth K +coth(KI) ~ [coth K +coth(KI)]?| sinh? K sinh?(KI)

= g’k tanh(kd)

g’ _ gk tanh(kd)
1+ coth(kd ) 1+ tanh(kd)
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BHYyTpeHHMe BOJIHbI LLYHaMU, Bbi3BaHHbI€ 3KCMNJIO3UBHbIM

U3BeprxeHnem noasoaHoOro ByJsikaHa

MapamMeTpuyeckuii oyar LuyHamm
(napabonuyeckas kaBepHa):

PeweHne nMHenHou 3ada4u - peweHue KpaHuepa — Kennepa

(npeobpa3oBaHue XaHkens):

r2
7.(r)=h Z(Ej el

0 r>R
e
_ P4

N A

n(r,t) = ]O KA(K)J, (kr) cos(at)dk

A(k) :Trne(r)Jo(kr)dr

XapaKTepuCcTUKNU BHYTPEHHUX BOJIH B jaJIbHEN 30HeE:

MEeTOoA CTaunoHapHON da3bl:

n.R Cyr (K) { n}
rt~-—= J.(KR)cos| kr — o(k)t —=
n(r )~ = \/kldcgr/dk|3( ) ok)t=5
C (k):d—a):£ (noBepXHOCTHblE U BHYTPEHHUE BOJIHbI)
o dk t

Mone B 6e3pa3mMepHbIX BENMUMHAX:

£(%,7) z%B(K;I,,u)cos[Kx—Q(K)r—%}

c. (K)=—0=2

B(K;1, 1) = p

K |dc, /dK |

J3(Kp)

picnocline displacement, &

24—

0.024

n(r,t) = hRTJ3(kR)JO(kr) cos(at)dk

J3;— PpyHKUMa beccens TpeTbero nopsiaka

BOJIHOBOE MoJsie pa3buBaeTcs Ha rpynnbi

x = 100p
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Mone TeueHn Ha MOPCKOU NOBEPXHOCTH, Bbi3biIBa€MOe BHYTPEHHUMU BOJIHAMMU

Mone ropusoHTaNIbHON CKOPOCTU TEYEHWUI B BEPXHEM CIIOE:

u(z, x,t) = oAsin(kx — wt)

cosh(kz)
sinh(kd,)

Ha MOPCKOW MOBEPXHOCTH.

u(z =0, x,t) = wAsin(kx — wt)

1
sinh(kd, )

B 6e3pa3mMepHOM BUae:

uiz=0,xt)  Q

U(x,t)=

NA  sinh(K)

sin(kx — wt)

surface current veloci

CKOPOCTb T€YEHUSI Ha MOPCKOMN MOBEPXHOCTU B AaJIbHEN 30HE:

u(r,t) =

1. Ra(k)

Cyr (K)

" rsinh(kd,)

\/kldcgr/dkl

J,(kR) cos [kr — k)t - ﬂ

CKOPOCTb TeYeHusi B 6e3pa3MepHOM BUAE:

u(r,t)=NnU(X,7;u1l)

U(x,r)z%B(K;l,y)

Q(K)

—— COS

sinh(K

{KX—Q(K)T—%}
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Summary:

*» Far-field can be analyzed with equivalent tsunami source
“*Modeling of tsunami source in basic hydrodynamic equations
“*Near-field modeling with strongly nonlinearity

“sParametrization of other volcano sources: pyroclastic flow

F. SCHINDELE, L. KONG, E. LANE, R. PARIS, M. RIPEPE, V.
TITOV, and R. BAILEY. A Review of Tsunamis Generated by
Volcanoes: Source Mechanism, Modelling, Monitoring and
Warning Systems. Pure and Applied Geophysics, 2024 vol. 181,
1745-1792



