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Fig. 1 (a) The eruption rising to its climax at 5.24 pm (0424 UTC) January 15th from ~10 km north of
Tongatapu (Photo: Branko Sugar): the upper plume is already >100 km wide. (b) The location of major
islands in the Kingdom of Tonga. with Hunga volcano indicated with a red triangle. (c) The bathymetry
around Tongatapu and ‘Eua islands

On January 15th, 2022, at approximately 4:47 pm
local time (0347 UTC), several weeks of heightened
activity at Hunga volcano culminated in an 11-hour
long violent eruption, 65 km northwest of the main
populated island of Tongatapu in the Kingdom of
Tonga (Fig. 1). Hunga is often referred to by the
names of two small islands Hunga-Tonga and Hunga
Ha'apai that are located on the submarine caldera’s
northern rim (Cronin et al., 2017), During the first 45
minutes of this eruption, a massive atmospheric
pressure wave and a series of tsunamis were
generated and observed around the world (Carvajal
et al., 2022, Lynett et al., 2022).

2022F1 8158, BB F®HAIRFLITH (0347 UTC)
B, 7 ANLOBBRICHI-ZERGEZEL. b
AEEOFEANOSE b HZ 7 DILFA65km TLIRFRE (1
Hi=B5BLVWENCEST (KD , 70HE BES
LT T DIBKICAREBET 2200D/NET7vH - hvAET
VH T RADZREITHEIEINS Z & H % < (Cronin
et al.,, 2017) . ZOEADFERHFDAISHEIL., KFEEL
AKERE —FEDEEIEELHFRFTCEHH N
(Carvajal et al, 2022, Lynett et al, 2022)

(DeeplLic & 2 EPER)




Summary data plots of maximum tsunami height for Tongatapu and ‘Eua (left)
and Ha'apai islands (right). HTHH = Hunga Tonga — Hunga Ha'apai Volcano
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Fig. 10 Scenes from Nuku’alofa (a) tsunami surge coming ashore on the grounds of the Royal Palace at

17:47 local time (b. ¢) some smaller vessels were floated on to the wharf decks (d) inundation at the Tanoa
Hotel along the waterfront.
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Tsunami arrival
situation at Tongatap

Relative Water Level

17:47 04:47
First large surge arrives at Nuku'alofa
15 January 2022 17:00 17:30 18:00 LOCAL
1 pap Lgg gl -gug geglig gugag-q IR V10 T O Y R 1 1111111111111_]_11111!1111111A111111111111111111111111111111111111!
1.0
a E Synthetic water level time series at T —
< Ha'atafu created by shifting the | Witness notices
0.5 Nuku'alofa tide gauge record 18 (. ocesn getting ‘
g minutes earier and normalizing to | “~_‘washy’ -~
s show a ‘relative’ tsunami height.
0.0 5 - — N~ ISAW.
9 Intended to show general trends and V
= arrivals of packets of tsunami energy,
& iF : <—
-0.5 — notspecifictsunami effects. B tion piiiss L s P b
1 |j«— visible on satellite | Lar8e Explosion boat north of Nukwalofa at
N Start of surface eruption 03:47 UTC 04:06 UTC at HTHH 04:15UTC 04:25:47 and 04:26:44 UTC
-1'0_[' ‘l]'f'l]"lll“‘r] B el N

:0

Photos from a guest at the Ha'atafu Beach
Resort of the first small surges. The 16:41
photo is prior to the onset of tsunami
activity. The 17:14 photos show a surge (red
arrows) propagating towards shore and
hitting the beach. The 17:17 photo shows
another surge. These surges prompted the
guest to return to her room and start
packing to leave and likely prompted the
men in the sequence at right to evacuate
the beach.

l'lf"l'T]ll1‘]7IT"[Y‘I'TII"T'II]II]I'YIIIT' & U8 W8 el o8 RoRvE KUl
- - utC
- — i - iy ” 02:00 The Kanokupolu weather station,
; e . . : S situated at an elevation of “+13 m
ASL, transmitted data until 18:00
(05:00 UTC). This corresponds to

the arrival of the second large
surge.

Video 1 (red), shows men evacuating the beach after the first surges. They
filmed as a wave hits, then continue filming from a car as a larger surge
comes ashore. Video 2 (green) shot form further inland shows the back of
the car (circled in red) and the departing car of the Ha'atafu beach resort
guest who took the photos shown to the left

A boom can be heard at the end
of the second video, likely
corresponding to the booms
recorded from the boat.
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Calculation conditions

Domain 1 Size Grid size [m]
e “ﬁ Width x Height

Domain 1 960 x 1200 450
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Calculation conditions

Domain 3
Domain 2
-21.25—+ 9 .
LLLLLLLLL - 0

Size Grid size [m]
Width x Height

Domain 1 960 x 1200 450

Domain 2 680 x 500 90

Domain 3 1740 x 1140 30 ) R



Topography
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Calculation conditions

« Sea-levelrise

sine curve

R : distance from the burst center [m]

H : Maximum rise [m]

R =5000m,H = 45m



Calculation conditions

« Atmospheric pressure fluctuations

- -

L0:2R

L
AP — Py) + L, L<L
P1—Po( o) + Lo 1

L>L,

L, =VT
AP=P,

L : wavelength, V :velocity, T : period

Py = 500hPa, P; = 2hPa
T =600s,V =310m/s

sine curve

P L
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Survey Point from Prof. Cronin

Google Earth
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How should tsunami countermeasures be
Implemented on Tongatapu Island?



Tsunami sensitivity analysis

Calculation Conditions

Grid size [

1 960 X 1200 450 - Calculation Time : 7200s

2 680 X 500 90 - DT=AUTO(0.001~0.1s)
3 1740 X 1140 30

4 1020 X510 10




Tsunami sensitivity analysis

Wave Source

In this inundation simulation, the wave source from the eruption is
given by sin wave concentrically from the position of the volcano.

H= (D30m
260m

(3)90m R=5000m

R : distance from the burst center [m]
H : Maximum rise [m]



Tsunami sensitivity analysis

Comparison
(m)

Residual(m)
)
(9,
()
A
©

0 600 1,200 1,800 2,400 3,000 3,600 4,200 4,800 5,400 6,000 6,600 7,200 (S)

Time(s)
30m «:60m e:90m O:0bs.



Tsunami sensitivity analysis

Seawall

(Dno seawall

(2current seawall height(2.5m)

(3seawall raised by 0.5m(3.0m)

@) seawall raised by 1.0m(3.5m)

a

ukunukumotu
Island

FR=fringing reef, R=revetment, W=Wharf, C=channel,
MR=mangrove removal, and M= mangroves,

RRF=rocky reef flats, and B=breakwater
i http://ccprojects.gsd.spc.int/wp-

et SeaW8.| I content/uploads/2021/03/Coastal-protection-along-the-north-

coast-of-Tongatapu-Tonga_-CPS_20_140_Report-1_Rev1.pdf




Tsunami sensitivity analysis

Case name :

R_seawall

_ _ _ Ex) R=30m } . 30m_no
Arrival time of the first wave no seawall
distance from the burst center : 30m
. |
(ﬁ s O}ij R i ;Y - q\\
30m_no 30m_current

30m_+0.5m

30m_+1.0m

Wo-s00  (S)
I G00- 1,200
[ 1,200 - 1,800
[ 1,800 - 2,400
12400 - 3,000
[ 3,000 - 3,600
] 3,600 - 4,200
[ 4,200 - 4,600
[ 4,800 - 5,400
Il 5,400 - 5,000
I 5,000 - 6,600
B G500 - 7,200



Evacuation simulations

Multi-agent based evacuation simulation (Arikawa and Oie, 2015)

center

11 Evacuation shelters :

Grid Interval 10m . . . School : 8/11
Time Step Interval 1005 Calculation Condition  city hall: 11
Calculation Time 7200 s Hill - 2711
Evacuation Start Time | 0s,1400s,3000s,3300s,3600s,5400s Location left center right
Evacuation Speed 1.0 m/s (initial velocity) Evacuation Center| 6 locations | 8 locations | 1 location
Number of Evacuees 5000 (random placement) Number of Grid | 367 X162 | 356x324 | 281 %238
Tsunami Avoidance On




Discussion
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Evacuation Behavior

AADEEEHITENIUT 2 S8
Imamura, F., Suppasri, A., Arikawa, T., Koshimura, S., Satake, K., & Tanioka, Y. (2022). Preliminary

Observat’ior.l’s and Imp’act”in Japan of the Tsunami Caused by the Tonga Volcanic Eruption on
January 15, 2022. Pure and Applied Geophysics, 179(5), 1549-1560.
https://doi.org/10.1007/s00024-022-03058-0
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-vacuation behavior in Japan

« Amami Islands

* [n terms of the evacuation ratio, approximately 960 out of 1,400 people in
Yamato Village evacuated, and most of those in Setouchi Town evacuated,
including vertical evacuation to the 2nd and 3rd floors. In Amami City,
government staff commented that the line of cars trapped in traffic started
at 24:18 JST, 3 minutes after the warning was issued. This is proof that the
evacuation started not only because of the evacuation order of the local
government but also because of the JMA tsunami warning. We also found
that quite a few people returned home after the alarm was cancelled.

 There was a traffic jam that did not move for approximately one hour in
Amami City
e Otsuchi Town
* |[n Otsuchi Town, on the other hand, the evacuation rate was about 4%.



-vacuation behavior in
longatapu

 Three people died

e From the interview with TGS, Tongans
were aware that earthquakes and
volcanoes can cause tsunamis, and they
evacuated when they saw the signs of
nature, rather than relying on alerts.

 [n fact, on the west side of the coast, wh
the restaurant owner saw the sea change
he shouted to the people in the surround
houses to run, and they evacuated inlanc

e There were witnhesses on the north side
who saw the tsunami and began to
evacuate.
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Figure 3.1 Locations surveyed along the western coast of Tongatapu. The start and endpoints of
each transect are indicated with the red dot. Green tringle indicates the location of the NIWA weather
station. Yellow shaded area indicated extents of inundation. Left plot shows maximum tsunami trace
height and maximum runup height along each transect, right plot shows maximum inundation
distance.



The relation between the Intensity of the shaking and
evacuation rate in the 2011 Tohoku Earthquake

Target person; Within 40 minutes
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Data :archives for reconstruction support, http://fukkou.csis.u-tokyo.ac.jp/



Relation between seismic intensity and evacuation rate within 10 minutes in Turkey,
Japan and Chile
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Difference between country's preparation for tsunami disaster prevention and
response to tsunami evacuation

Protective Warning system Tsunami education
facilities

Japan © (within 3 min)
Chile X O (after 2010) @
Turkey X X (the Med) X

¥

Japan- = *Waiting for information and do not depend on alert only. As a result,
they do not evacuate until the limitation of their feeling

Chile= = =If the earthquake shakes, they run away quickly (do not depend on alert)
Turkey* = They evacuate properly against the earthquake. On the other hand, they
do not recall the tsunami even strong earthquakes is occurred. As a result, after
they see the tsunami, they would run away

¥

Therefore, while it is important to enhance education and warnings, it is clear
that visualization of the tsunami is important for immediate evacuation.



Case of the eruption tsunami in Tonga, 2022

Protective Warning system | Tsunami Natural warning | Case
facilities education sign

Japan © (within 3 2011,
min) 2022(tonga)
Chile X O (after 2010) © Seismic intensity 2015
Turkey X X (the Med) X 2017
Tonga X A (within 10 - O eruption 2022
15min)

* Visibility is important to the Tongan people. In other words, it is important to realize fear
* In the case of Japan, the height of the seawalls changed the resulting evacuation situation

* |t suggests that' people did not evacuate because they felt safe that the tsunami would not
inundate the area.” (Height of seawall, Otsuchi 12m, Amami Islands less than 3m)



Conclusions
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Tsunami Boulder in Tongatapu
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3 2003 Flood ?/12/2003 ?/1/2003 450
4 2005 Epidemic Viral disease Dengue haemorrhagic fever 5/1/2005 28/2/2005 22 336
5 2006 Storm 15/1/2006 ?/3/2006 8,730
6 2007 Flood Intense monsoonal activity ?/12/2007 ?/1/2008
7 2007 Flood Riverine flood Heavy rains ?/6/2007 ?/7/2007 1 947
8 2007 Drought Drought ?/2/2007 ?/3/2007
9 2014 Epidemic Viral disease Dengue ?/1/2014 ?/2/2014 2 197
10 2015 Earthquake |Ground movement 4/11/2015 4/11/2015 3 2,000
11 2016 Drought Drought Lack of rain, El Nino ?/4/2016 ?/4/2016 120,000
12 2020 Flood Riverine flood Heavy rains 13/3/2020 13/3/2020 3 7 9,131
13 2021 Storm Tropical cyclone Tropical cyclone 'Seroja-21' 5/4/2021 6/4/2021 41 143,670
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