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1. LATAR BELAKANG
DEFINISI TSUNAMI
Tsunami merupakan gelombang laut yang terdiri dari 3-5 gelombangyang
dibangkitkan oleh gempa bumi , longsoran , aktivitas gunung api,
Hantaman Asteroid di Laut dan Atmospheric pressures/ Meteorologi
Tsunami (Rissagg.
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Meteorite Tsunami (Express.co.uk)



PERBEDAAN MENDASAR
TSUNAMI DAN GELOMBANG LAUT (WIND WAVES)
DAN IMPLIKASINYA DALAM MITIGASI TSUNAMI

Tsunami Wind Waves

Experimental Video Courtesy of
Dr. Taro Arikawa,
Tsunami Research Center, Port and Aiport
Research Institute, Japan




SKALA PRIORITAS DALAM
SIKLUS MANAJEMEN BENCANA

Knowing the Risk and Early Warnin
T Disaster

What to do about it s
Memiliki pengetahuan Monitoring
mengenai resiko dan Emgrgency Plg
tahu apa yang harus Capacity

Search & Rescue

dilakukan Building Response

Y

itarian Aid

Damage Assessment

| Rehabilitation &
| Reconstruction

MEMAHAMI PROSHEROSES YANG TERJADI DI AIMENUJU PEMBANGUNAN BERKELAN
~DIBUTUHKAN RISET YANG TERUS MENERUS UNTUK MENGUPDATE KNOWLEDGE MENGENAI SOURCE @(f5




Tsunami Sejak 1992

1992 Flores Tsunami, 1994 East Java, I88§golobikhi 1996 Biak; 200BanggaX X Xusiness as us

2004, 26 December Gempadan Tsunami Aceh (Mw > 9@pamuderdndonesia

(~250ribu jiwa, total kerugian42.7 Triliun Rupiah)--- KESADARAN PERLUNYA FEWS PERIODE
2005, 28 Marclt Gempadan TsunamiNias(Mw 8.5)¢ Samuderdndonesia SEBELUM

(~ 350jiwa, total kerugian10 Triliun Rupiah)-----INATEWS DIMULA}----------------- ADA
2006, 17 Julg (Mw 7.6¢ 7.7) Gempadan TsunamiPangandarafiSamuderdndonesia) INATEWS/

(~773jiwa, total kerugian650 Miliar Rupiah) BNMB
2007, 14 September Mw 8.4 Bengkulu (Indian oceanl25jiwa, total kerugianl.5 Triliun Rupiah
BNPRlidirkkan26JanuarH 11y XXX XXX XXX XXX XXX XX XXX XX

INATEWS OPERATION PADA 11 NOVEMBER-2008 ----------nnn==-meeeeeeemmmmmmmee- >

XX XXX

2010, 26 Octobeg Mw 7.2 Mentawai (Indian Ocean)y 12jiwa, total kerugianlO Triliun Rupiah PERIODE
2012, M 8.6 and M8.2 Couplet Earthquake and minor Tsugamter rise events! ~ No Tsunami !!! SESUDAH
2018, August M7.0 Lombok; Local & Minor Tsunami564jiwa, total kerugianl7 Triliun Rupiah ADA
2018, Septembeg M7.7 Palu- Strike Slip Event + Submaribandslide+Liquefaction INATEWS
(~ 3474iwa, total kerugianl8.4TriliunRupiah ) /IBNPB
2018, December Anak Krakatau Volcanic EruptieB83jiwa, total kerugianmasihdihitung.

KORBAN JIWA DAN HARTA BENDA MASIH TERJADI
EARLY WARNING DAN ATAU URARYAYA MITIGASI TIDAK BERJAL/




Tsunami Hazards and Disaster Management Fundamental Elements
(Source: G.Prasetya after Riggs and Robertson, 2010)
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TSUNAMI TERMINOLOGY

Tsunami Hazards is due to the forces of
tsunami with their components:

Tsunami height/inundation height/flow
depth

Inundation flow velocity 7 wavelenght
Debris/flotsam carried by tsunami

Diagram 1. Inundation of gently sloping topography
C

B

tm
1

Initial
Tsunami waves

Summary of changes using Linear Theory

Depth : 6.25 km =2 10 m

* Length, phase and
Inundation limit group velocity

Inundation Distance

Shoreline

Diagram 2. Inundation of steeply sloping topography

Tzunamiwaves height * Heigth / amplitude:
‘tzunami elevation
measurements above
the hMean Sea Level
(MSL):- A, B,C.D

« Water velocity
Initial
Tsumami waves

measurements above Non-lineanty can contribute a higher

the ground level: A, B, tsunami height and flow velocity
CD (Source: Prof Tarmo Sommere).

H Tsunamu flow depth

MSL

Inundation IMstance
Shoreling Touemeilaatiom Mt (Prasetya et al 2008)

I Famup Measurement: E




KATEGORI TSUNAMI:

TSUNAMI YANG BERSUMBER DARI GEMPA BUMI:

A Tsunami Dekat (NEAR_FIELD): tsunamiyang terjadi dengansumber yang dekat dengan pantai.
Umumnya penduduk didaerah pesisir merasakan goncangangempanya Waktu tempuh tsunami <
30 menit .

A Tsunami Jauh (FAR FIELD): tsunami yang terjadi dengan sumber yang jauh dari pantai. Umumnya
penduduk daerah pesisir tidak merasakan goncangangempa. Waktu tempuh tsunami>3 jam,
tsunami ini dikenal pula sebagai 6 TSUNAMI SENYAPSO

A TSUNAMI EARTHQUAKE : Tsunami ini dikenal sebagai6¢ TSUNA M| S EaxtiYsécBraharfiah
nya, gempadengan magnitudo yang relative kecil namun mampu membangkitkan tsunami yang lebih
besar dari seharusnya

TSUNAMI AKIBAT AKTIVITAS GUNUNG BERAPI:

A Tsunami akibat runtuhnya setengahdari badan gunung Api/flank collapse

A Tsunami akibat runtuhnya Kaldera

A Tsunami akibat luncuran aliran pyroclastic

A Tsunami akibat ledakan/explosion dari gunung api

A Tsunami akibat adanyalateral blast .

Sebagianmekanisme tsunami dari aktivitas vulkanik ini dapat dikategorikan sebagaio TS UN A M|
SENYAPOG

TSUNAMI LONGSORAN (LANDSLIDE, SLUMPS) . tsunami yang terjadi akibat longsoran bawah laut
yang diakibatkan oleh adanyagempabumi ataupun erupsi gunung berapi. Tsunami akibat longsoran ini
juga dapat dikatergorikan sebagaiTSUNAMI SENYAP




SECARA HISTORISejakTahun416tercatat 215 tsunami.

DataHistorisGempabumj Jarak zonagempabawah laut
<300km waktu tempuh tsunami < 30menit.

DataHistorisTsunamimenunjukansumbertsunami
dari tektonik dan nontektonik (gunungapi contohnya
Krakatau 416,1883, Tambora 1815 dBandeApi,
submarine landslide; Flores 1992, Banda 1979)



2. SUMBER TSUNAMI

A Gempabumi (Earthquake): 75%

A Longsoran Bawah Laut (Submarine Landslide): 9%

A Aktivitas Gunung Berapi (Volcanogenic Tsunami): 8%

A Meteorologi (Rissaga): 2%

A Unknown Source:6% M“\
(~ hantaman meteorit) e

Landslide
9%

Earthquake
75%




2.1. TSUNAMIGENIC EARTHQUAKE SOURCE

Normal and thrusting
earthquakes, with secondary
generating mechanisire.

Landslide and or submarine
slumping (prasetya et al. 2g01)
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2.2. VOLCANOGENIC TSUNAMI SOURCE

Major Volcanoes of Indonesia
fwith eruptions since 1900 A. D)
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(Prasetya et.al 2009)
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Bathymetry images of the landslides. Head scarp interpretations
are marked as black lines. Locations are mapped in 1, 2, 3, and 4
have been previously published by Moran and Tappin (2006),
Henstock et al. (2006), Kopp et al. (2008, 2006), respectively.
Note: the different depth scalesfor slides in for-arc basins (3000
to 500 m) and near the trench (7000 to 4000 m) (source: Brune
etal.2010).
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Philipine Plate Megarthrust Philipine
Mw=8.2 , a=4.64 b=0.87

2.1.1. TSUNAMIGENIC EARTHQUAKE

— -
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Sulu Thrust
Megarthrust Andaman-Suma ( N ) Mgt ) West Molucca Sea
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MEGATHRUST EARTHQUAKE
Didefinisikan sebagai gempa yang terjadi di zona
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PELAJARAN YANG DIAMBIL ADALAH:
BESAR KECILNYA MAGNITUDO GEMPA TIDAK SELALU BISA
DIJADIKAN ACUAN ATAU UKURAN BESAR KECILNYA TSUNAMI YANG
TERJADI !

tsunami yang dibangkitkannya memberikan dampak yang
besar/destruktif . Kanamori (1972 pertamakal
memperkenalkan istilah Tsunami Earthquake ini untuk
Tsunami yangterjadi di Sanriku Jepang.




CONTOH TSUNAMI EARTHQUAKE DI INDONESIA

Secarateoritis M7.8
menghasilkan
tsunami runup <5m

A TSUNAMI JAWA TIMUR 2004, M7.8 i ketinggian runup mencapai>12m.
A TSUNAMI PANGANDARAN 2006, M7.7 i ketinggian runup mencapai 10-21m
A TSUNAMI MENTAWAI 2010, M7.8 i ketinggian runup mencapai>10m

L05302 NEWMAN ET AL.: THE 2010 MENTAWAI TSUNAMI EARTHQUAKE L05302 Perbedaan Sou rce_tl me fu nctlon antara
AN Tsunami Earthquake dengan Earthquake biasa untuk M7.79
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Figure 3. (a) The preferred interface slip model strikes N35°W, and extends from the seafloor to 33.9 km depth at a dip of Time (s)

11.6°, has primarily thrust motion with large slip focused updip and primarily NE of the hypocenter (star). The spatially
distributed slip form the scaled finite fault solution is used as input to predict (b) the surface uplift, and (c) the earthquake

source-time function. G e m pa blasa de n g an M 7 o 79




Taunams Generabo:

Open Ocean Propagation

Tsunami Wave e
“10ekm

132 miles 14 miles 2
- 213 km : g = A

As it enters shallow water,
tsunami wave speed slows
and its height increases,
creating destructive,
life-threatening waves.

Source: 10C

SIKLUS HIDUP TSUNAMI

Source: Gonzales, 1990



TSUNAMI LIFE CYCLES FROM EARTHQUAKE SOURCES

00:00:00

2. propagation

3. Inundation / run up

>

)t‘\'l‘ Rt"li w
mawe than SOm

(modified from Imamura, DCRC Tohoku University, Japan)
Prasetya et.al 2009



2.2.1 Volcanic Tsunamisi the complexities and uncertainties

4. Lateral blast

Geologic Hazards of Volcanoes 1. Original summit 75 (0 23 B
of volcano v/ 226 €
\ “4:." ! »
A 2 (
_-tPrenlllquind Erixstion ol 2. Voicano collapses A ’ 5. Fast-movin
e debris avalanche
, crashes into sea
El’llption c'o”d > — 6 Tsunam' forms
Tephra (Ash) Fall 7 Debris Avalanche - - \ 7. Wave fravels out
iha (Landslide) 3. Magma body Is unroofed ~_{o distant coastlines
cid Rain Bombs
Pyroclastic The volcanic eruption processes generate tsunami for island based_\mnosou‘rée‘ """
Lava Dome Flow http://academic.evergreen.edu/g/grossmaz/springle/)

Lava Dome Collapse N r:\/ .\3
A =)

Fissures| (a) r( " 5
Pyroclastic j ’ G D)
5 - W’
How\{:" L\ k"i\J column feeding and collapse
- X Y
~ ’
oo 1}
/—/ /J PALIFAY )\_)\ pyroclastic density current
LY ~)
> o P T = / g
Vo » . SRS )VV“{ M -~ tsunami
O 2 Nl AR LS. Wi
Lava Flow sea — L& o S I T " coast
Lahar (Mud or Debris Flow)
<«—— Crack
(b) & doposlu (variation of lithofacies, grain-size, grain-component, ...)
S o
Most volcano hazards are associated e’ N, source /" ey ol AP = _/—“\Es‘m
with eruptions. However, some DR N S \s% e coast
hazards, such as lahars and debris . SES
avalanches, can occur even when a Mogma
volcano is not erupting. | caldera
U.S. Geological Survey Tsunami generated by volcanic island eruption where (a) is representing the

process of pyroclastic flow, which is in similar case like lateral blast or flank collapse
in Figure above, and (b) is representing the caldera collapse and also submarine
explosion tsunami generation mechanism (Source of sketch: Maeno F, 2006).


http://academic.evergreen.edu/g/grossmaz/springle/

The Processes

Latter (1981), with particular reference to Krakatau event in 1883 recognised 10 distinct processes with 8
main processes whereby volcanic activities may generate tsunamis as follows:
Apyroclastic flows or nuees ardantes (impacting on water): 20 %

Aearthquake accompanying eruptions: 22%

Alandslides and avalanches of cold rock: 7%

Asubmarine explosions: 19 %

Acaldera collapse or subsidence: 9 %

Abasal surges and accompanying shock waves: 7%

Aavalanches of hot rock: 6%

A 4.5 %

Aair waves associated with large explosion: 4.5%

Alava flows: 1%

It was noted that the efficiency of these processes varies , depending primarily on the amount of
seawater displaced, the direction of displacement and the duration of the disturbance (Latter,
1981, Sigurdsson and Carey,1991; de Lange and Hull, 1994; de Lange et al., 1997, Prasetya 1998).

AWMLY



Lang Island Laboratory experiment ~ reference to Krakatau 1883 and
future event of Anak Krakatau

A E& pewalan Laboratory Setting for three hypotheses:
* Submarine explosion,

c
S Island « Pyroclastic Flow,
l\ g - / before 1883 . am—i Caldera Collapse

Sertung Island
“~_
Pre-historic

Caldera ~ 7 Anak

km in diameter Krakatau 4 i i ‘
The 3-dimensional wave basin arrangement at Coastal Engineenng Laboratory BPPT Yogyakarta (Now BPDP) for this undistorted model experiment (Prasetya, 1998)

M* .
=

»

(Prasetya, 1998)




THE 22" DECEMBER 2018 EVENT
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2

Source: Crew of Susi Air/239 December 2018



Q MARIGRAM: Bangkunat Q MARIGRAM: Ciwandan

0O MARIGRAM: Kota Agung

Initial wave: 22.46 WIB Initial wave: 21.36 WIB

Initial wave: 21.39 WIB

Kota Agung
(104.619€, 5.50035)

S 400

e TEL7:00 1 wem)

Tsunami Kota Agung
(104.619¢, 5.50035)

Q MARIGRAM: Serang (Marina
Jambu) Initial wave: 21.30 WIB

( TIDE STATION POINTS
GAK: Anak Krakatau Volcano

| ik

Q MARIGRAM: Pel. Panjang

Initial wave: 22.03 WIB

Polabuhan

Lon. (deg) Sta. Name ~. B ' '"' : j v =3 D | B i
arcpdnbitang | 1

1058410  [-6.1893 Serang
105.9530 Ciwandan
[104.2130 . o ) NS S —

4|104.6190 g Agung : —Aang Y e




Typical eruption from the top 19 December 2018 22 December 2018 The missing part
(source: Discovery Volcano) (Source: Sentinel-1) (source: JAXA) ~1.21 km2

Eyewi t nes s etle vacano was erupted fdom the side (lateral
blast?) not from the top as usual, and the top was collapse after eruption and
the volcano was divided into two 7 the tsunami generate shortly after its
erupted and collapsel there are 3 waves(Prasetya et.al 2019)




Magnitudo

— . . . .
= Grafik Magnitudo Gempa Di Sekitar G. Anak Krakatau
e 22 Desember 2018 - 17 Januari 2019
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_— Grafik Magnitudo Gempa Di Sekitar G. Anak Krakatau
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SURVEY RESULTS BASED ON RAPID SURVEY 227 December 2018 AND DAMAGE LEVEL
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SURVEY RESULTS BASED ON RAPID SURVEY 227 December 2018 AND DAMAGE LEVEL
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SIMILARITY OF 1883 AND 2018 EVENT ON
COASTAL IMPACT



The Evidence:
Coral Boulder carried out by Tsunami 1883
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The Evidence:
Coral Boulder carried out by Tsunami 2018




