Volcanic Tsunami Modelling
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Tsunami Inundation Observations
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Tsunami Damages

Tonga (Borrero et al., 2022)
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Coastal Gauges Data

1.6
(o]
60°N 1.4
: 12
30°N -
2
1, £
0° §
108 §
5
30°S Nos
w3
=
0.4
60°S
! : 0.2
i i i i
0° 60°E 120°E 180°W 120°W 60°W
L J
1.6 -
£
g 14- ° -
2 1.2 oo °
a © 00 0poO
E 14 0° © o
5 o ? @o
Eos-P qé e 0 98 & ©
< ®y%@m © P o @
206+ © o . @® o o
% 0.4 °, @ % h’ o °
& [ ]
= ® ,! e ‘ ® .. - e ©
o, PO ¢ o .
0 . 1.4 T T .l T
0 2,000 4,000 6000 8000 10,000 12,000 14,000 16,000 18,000 20,000

Distance from source, km

- Data source: Global Historical Tsunami Database (NOAA - NCEI) .

-100

Amplitude, cm

100

50

e —— .
04 05 06 07 08 09 10 11 12 13 14 15 16 17 18
50 $tatllon : CPIT
0
-50

1

-10

Station : LOTT

04 05 06 07 08 09 10 11 12 13 14 15 16 17 18
Station : TAUT

04 05 06 07 08 09 10 11 12 13 14 15 16 17 18

Station : MNKT

04 05 06 07 08 09 10 11 12 13 14 15 16 17 18

Station : OTAT

0

o

04 05 06 07 08 09 10 11 12 13 14 15 16 17 18
15-Jan-2022 UTC, hour

Station : AUCT

40

20

04 05 06 07 08 09 10 11 12 13 14 15 16 17 18
Station : CHIT

-100 L DI
04 05 06 07 08 09 10 11 12 13 14 15 16 17 18

Station : KAIT

50

04 05 06 07 08 09 10 11 12 13 14 15 16 17 18
Station : GBIT

-200 oo ' :
04 05 06 07 08 09 10 11 12 13 14 15 16 17 18

Station : WLGT

20

101

-10 P S L K
04 05 06 07 08 09 10 11 12 13 14 15 16 17 18



Volcanic Tsunami Source Mechanisms

a Flank collapse d Columncollapse
e
‘—
b Pyroclastic flows
€ Caldera collapse

f Meteotsunami

€ Underwater explosion

Lane et al. i2022'



Pyroclastic Flow and Landslide Generated Tsunami
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To calculate pyroclastic flows and tsunamis simultaneously,
two types of two-layer shallow water models, a dense-type The flank collapse model of the Anak Krakatau Volcano,
(DPF) model and a light-type (LPF) model were developed which occurred during the eruption in 2018

by Maeno and Imamura (2011).
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The 2022 HTHH Eruption:
Pyroclastic Flow Tsunami Modeling
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Under Water Explosion Model

A formula to estimate the initial water displacement model
for underwater explosions has been proposed by Le
Méhaute (1971). Some modification were made after ward
(Torsvik et al., 2010).
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Under Water Explosion Models

Epi Wolcano eruption in December 2023 generated a small tsunami. The
tsunami was simulated using an underwater explosion mode (Roger et
0 5 0 5 10 al., under preparation) (Photo from: Vanuatu Meteorology and
Distance, km
Geohazards Department)
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Epi Volcano Tsunami
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AGU Fall meeting 2023 Poster (Roger et
al., 2023)

Tsunami simulation: (a) Initial sea-
surface deformation model (in meters);
(b) Maximum wave amplitude

map after 5 hours of tsunami
propagation on a ~450-arcmin
resolution grid ; (c) Comparison of the
simulated waveforms (red curve) to the
de-tided real recorded data (blue curve)
at Lugan ville (LUGA) and Port-Vila
(VANU) coastal gauges; the data were
filterred using a passband filter to
remove both tide signal and high-
frequency background noise from the 1-
minute sampling rate dataset (VLIZ/IOC,
2023).

GNS Science



The 1883 Krakatau Tsunami . s Krakatau to San Francisco

M °: ¥ B 14’000 km NORTH
Largest eruption 27 August 1883 3:02 UTC » \ .

Distance from Krakatau to San Francisco 14,000 km o s i /
Arrival time: 27 August 1883 17:40 UTC ‘ 4
Wave speed: 266 m/s ‘ : ‘

Tsunami speed at 4 km water depth: \/ gd =200 m/s
Tsunami speed at 1 km water depth: \/gd =100 m/s

Map data ©2023

B

e MEIT

e s
17:40 UTC

e

A R SR e

Leald\rf ferl and L.

P2T =30 cm

‘:.47«4 24 I Stagy 2p) Hgha omg $7

27

GNS Science



Lamb Wave Generated Tsunami Simulation

The long wave theory can be used to simulate the behavior of To simulate the tsunami generated by the air wave
air pressure waves in the atmosphere. The equations take into we used a linear shallow water wave model with
account factors such as atmospheric temperature, gravity, and air  the atmospheric pressure term in spherical
density. coordinates
op N Pad 6[upHp] N ﬁ[vapsinH] ) oh N 1 [0[ud] N dlvdsind]|
ot Rsinf| 0d¢ 00 B dt  RsinB| O¢ 06
ou 1 op ou 1 [ oh 10p
p
dt  pgRsind [6(,0] 4 g - YRT ot ' Rsind |7 3¢ " p agal 4
P gM
ovp 1 lap fu=0 g ov 1[ ok 14p B
dt  pgR |00 ot " R|790 " po6 fu=

Y = 1.4; % ratio of specific heat of air

T =288 % K Pobs = Patm T Pn
R = 8314.36; % J Kmol™-1 K*-1 universal gas constant

M = 28.966; % kg Kmol™-1 Molecular mass for dry air

g = 9.81; % gravity acceleration m s*-2

Pg = 1.225; % air density in 15C in kg m"-3 (Amores et al., 2022)
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Gisborne
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Global Tsunami Propagation
(Lamb wave generated)

Tsunami amplitude, cm
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The 2022 HTHH Air wave Water displacement
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Volcanic tsunami source mechanisms
according to Paris et al. (2014):
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Vertical GLVD Earthquakes
CLVD: Compensated Linear Vector Dipole

60° 120° 180° -120° -60° 0 60°

Vertical-CLVD earthquakes are predominantly
associated with volcanic activities with most
common source volcanoes are strato-
volcanoes and submarine volcanoes with
caldera structures (Shuler et al., 2013).

Shallow Magma Chamber

Schematic diagram for inward- and outward- dipping
ring faults located above a shallow maama chamber

Inward-Dipping Normal Ring Fault
Strike: 0-120° Dip: 65° Rake: -90°

DOWN

~ o
L :

~.l-’

Outward-Dipping Normal Ring Fault
Strike: 180-300° Dip: 65° Rake: -90°

.l-'

‘-

-.-‘

Inward-Dipping Reverse Ring Fault
Strike: 0-120° Dip: 65° Rake: 90°

\

I

l
~ o
~.--‘

Outward-Dipping Reverse Ring Fault
Strike: 180-300° Dip: 65° Rake: 90°

DOWN

.l-‘

.--

(Shuler et al., 2013)

GNS Science



cm ZEE0FH) S&FT m=t8 %) BERRT

The Torishima Tsunami Earthquakes  &ccbbloms

20 N v

O———-—%W——W\/\z

13 June 1984 (M5.9) Mo e w0y

oﬁiﬁk% FEE) S&KFT R [RT

5 September 1996 (M5.6) ;xw
1 January 2006 (M5.9) o= .
3 May 2015 (M5.9) s Cwremr

80 80

60 1 60 N \WVWVYVN WA,

40 M 40 e AN VNN NN

20 1 20+

0 0 p——~— ANV NVNA~—
" i 1 _20 i i

-20 . i
40 60 80 100 120 60 80 100 120 140

3

BoRs3a

téz

.%

'
[

8

aEE SRT BEE BLERERF
80 80
60 e VAVA VWAV IR VA VAR 60
40 A A A [ A AR N 40 S~
20 NN UAN W 20 —
0 0 A~ N\INNA~AANASAANAS
<20 . . . . -20 : : : :
40 60 80 100 120 40 60 80 100 120
b8 BLHREF N\XB (\ER) KSET
80 80
60 NV AN\ 60
PRy b kvl LA AR P By
20 W—*—f\/\«/\/\/\/\/\/\—v\/ﬂ. 20
0 0
- 205, 100 120 140 160 “20,, 40 60 80 100
LR s o EBER  BLRES
60 Wv\l/\/\/'\/\’\ﬁﬂw 60 ~~A
-1500 -1000 -500 0 20 20 ¢
0 0+
Depth [m] I A ‘ , J ¥ , . . A
40 60 80 100 120 20 40 60 80 100
Satake and Gusman, 2015
| 1984 1996 2006 2015 HERER |




The Kermadec CLVD Earthquakes

The 2009 Earthquake The 2017 Earthquake
Date 2009-02-17 oo (85 Date 2017-12-08
Time 03:30:53 UTC v Time 02:09:57 UTC
Epicenter 30.724°S 178.617° o Epicenter 30.555°S 178.492°
W W
Depth 13 km o Depth 12 km
Mw 5.8 B Mw 5.8
Moment 7.29 x 1017 Nm Moment 6.44 x 101" Nm
Strike 3190 1670 i ‘ BN St”ke 3270 1730
Dip 47° 70° S 2 43" >0
Rake 46° 110° Epicenter: USGS Rake 70° 107°

Focal mechanism: Global CMT
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The Kermadec GLVD Earthquakes
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The Kermadec arc-trench system features a chain of about 80 predominantly submarine
volcanoes stretching from White Island up through Tonga and beyond — a continuous volcanic
front of about 2500km. About 80 percent of the volcanoes in this chain are hydrothermally active.
That is, they have multiple vents on the seafloor where hot mineral-rich fluids and gases
discharge into the ocean. When the hot fluids meet cold seawater, metals precipitate out and
form mineral deposits on the seafloor. The submarine volcanoes also host vibrant ecosystems
that feature and range of marine life specially adapted to these conditions.
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Volcanic Tsunami Threat Level Database
Selected Volcanoes 24°

Volcanoes

3000

For this work, we selected 28 volcanoes located in New
Zealand and the Kermadec ridge south of 25° S. These
volcanoes include submarine volcanoes and volcanic islands
from Monowai, a submarine volcano in Kermadec, to
Whakaari/White Island, a volcanic island in the Bay of Plenty.
Inland volcanoes are also evaluated, especially those located
near the coast.
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Volcanic Tsunami Threat Level Database
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Inland Volcano Eruption Scenario

Lamb wave generated tsunami
simulation for a Mt. Ruapehu scenario
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