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Tsunami (VZ%, "ombak besar di pelabuhan")

Tsunami adalah rangkaian gelombang air laut yang
tinggi dan besar yang bergerak dengan kecepatan
hingga sekitar 900 km/jam.

Katsushika Hokusai

b 4 "i,’ 52 {5‘2{‘ li'\

4 ’,‘) /Zb‘ 2 g =t
I ) e 147 ¢
; e # T

HRE )

Ombak Besar di Kanagawa (5|
Kanagawa-oki nami ura 1829




generation propagation cresting and inundation

(open ocean) {_ﬁ
/L A /L
( " "

- __hail
AV V]

NRRAR \"\‘\f_y
%‘?Qﬁﬁ' R bebikoke

TSUNAMI DALAM PERSPEKTIF SAINS

[R—

to scale
b
'
b
)
|

depth not

g i 1.7

|

Tsunami terjadi setelah adanya gangguan (disturbance)
berskala besar yang menyebabkan pergerakan di dasar
lautan secara tiba — tiba.

» 10% : Vulcanik, landslide, cosmic body impact, atomic
» 90% : Earthquake.
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sea level/ i

padanan istilah tsunami.

- 1& beuna (Aceh) - smong (Simeuleu)

- aazhi peralai (Tamil) - maremoto (Spain)

- flutwellen (German) - vloedgolven (Ned)

- vagues sismiques (Fr) - seismic seawaves (UK)




PERBEDAAN TSUNAMI DENGAN GELOMBANG OMBAK BIASA

-
- [

Perbandingan Gelombang Tsunami dengan Ombak Biasa

Parameter Gelombang Tsunami Ombak Biasa e
Periode gelombang 2 menit—1 jam +/- 10 detik ??;:_,
Panjang gelombang 100 — 200 km 150 meter
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Tsunami Sources 1610 B.C. to A.D. 2020
From Earthquakes, Volcanic Eruptions, Landslides, and Other Causes

Historis (1610 BC sd AD
2020),

Lebih dari 1,300 tsunami
259 mematikan.

90% tsunamis disebabkan
gempa bumi
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IRIS Earthquake Browser

Options =

I
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Select earthquakes by:

A
Newest v

Time Range:

Magnitude Range:

Depth Range (km):

Data Source:

Apply

Other things to try:

Show plate boundaries:

Animate the earthquakes: New!

Go to @ new: | Region / Topic v |

View earthquakes as: Table
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Magnitude (Size)
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7654321

Deselect Region
Zoom o Region

Semarang

Make changes, press Apply:

Maximum earthquakes:

3000 v

Select earthquakes by:
|Newest v

Time Range:
Earliest Available (c.1970)

Latest Available ,
vyyy-mm-dd |{F

‘Magnitude Range:
LI All Values e
5 | <Magnitude<[10 |
Depth Range (km):
LI All Values
0 | =Depth=[200 |
Data Source:
Apply
1033 of 1033 (994 visible)
Selected Lat/Lon Range:
Other things to try:

Show plate boundaries: | Off v |




Wake changes,press A0Pl

Maximum earthquakes:

‘Depth Range (km):
g e [ Al Values
Eariest Avalable (c1970) Ead_
YVVY

Selected LatLon Range:
Other things to try:

Magnitude (Size) G |

v

View earthquakes as: Table

3D View Controls

Map Opacity el

|_ uto Rotate | ‘RES &

Magnitude (Size)

T T TR

9 8 7654321 Earthquake Stats: Newl!

Download as: Excel NetCDF

3D View

:. S . S = Sebaran titik gempa di Jawa 1970-2020
% - &N Mag5-10

\View earthquakes as: Table

| 00 auto Rotate |[Reset View]

Earthquake Stats: New!
Download as: Excel NetCDF




< Magnitude <[10 |

Depth Range (km):
All Values

o <Depin<0 |

Data Source:

Apply |

Selected LatLon Range:
Other things to try: _

Show plate boundaries: | Off v |
Gotoanew.

3D View Controls
Map Opacity el
l (] Auto Rotate |

Magnitude (Size)
T TR
9 8 7654321 Earthquake Stats: New!

Download as: Excel NetCDF




Merupakan uraian-uraian matematis
yang berusaha untuk menjelaskan
tsunami yang telah diamatii
besertapengaruhnya.

Model numerik ini dapat diawali dengan
menciptakan skenario kasus terburuk
dari sumber penyebab tsunami atau
dengan mengamati gelombang lepas
pantai guna menentukan skenario
kasus terburuk

Menghasilkan simulasi-simulasi
tsunami yang layak untuk tujuan
rekayasa.

Delft Dashboard ‘ MATLAB
standalone Matlab-based GUI
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related to hydrodynamics, waves, morphodynamics, tidal analysis, wind speed simulations, pressure
drop estimations for tropical cyclones dan tsunami generation/propagation analysis



TSUNAMI TRAVEL TIME

PERKIRAAN WAKTU KEDATANGAN
(ESTIMATED TIME OF ARRIVAL - ETA)

Melalui model kecepatan dan pembiasan gelombang
tsunami ketika ia bergerak dari sumber asalnya. ETA dapat
diperkirakan dengan ketepatan yang sangat baik jika
bathymetry dan sumber gempa
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Operational tsunami modelling
TsunAWI

Latitude: -14.59 Longitude: 142.82

TsunAWI Simulations in the Indonesia Tsunami Early Warning System

| Leaflet | maps@awi de | Basemap: rTopo
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| Leaflet | maps@awi.de | Basemap: rTopo

Visualisation of a subset of the pre-calculated tsunami scenario | Wave propagation dengan non-linear shallow water equations (SWE)

database covering the Sunda Trench used in the Indonesia ' %J,v (#(h+H))=0
T

Tsunami Early Warning System (InaTEWS). - : c il
i S el Oy w -7 a "'I‘- v — . 1 | =
FH'LL VI + Ffx¥+gVh+ Wt H) V-4, VF)=0



Simulasi & visualisasi Tsunami generation dan propagation di 5 kawasan
Asia , Eropa, Arab, Africa dan Andaman.
Model tsunami propagation based on Nonlinear Wave Eaquation

Designed for fast computing in Real-Time Simulation and Visualitation in 2D

Welcome to SiTProS version 1.2x (Real-Time Simulation and Visualization Tool)

SiTProS (Siam Tsunami Propagation Simulator) Model version 1.2x

p’. v"'. o
LL

This version supports the following grids such as Asia. Europe, Arab (lran-Kenya), Andaman (Etopol), Africa, Pacific, WestWorld, and East- World(EtopuS)

—Select Computing Grid
(" [B0N-20S,80E-150E] ¢ [8ON-10N,25w-45E] ¢ [30N-40S,30E-100E] ¢ [30N-20S,60E-110E] ¢ [20N-50S.40Ww/-30E] ¢ [FON-80S,90E-60W)

(¢ [90N-905,180w-180E]

1 SiTProS [Siam Tsunami Propagation Simulator) Madel version 1.2x @ Thailand

This software named SiTProS simulates and visualizes Tsunami generation and propagation in a given computing grid in five different
L regions such as Asia , Europe, &rab (Iran-Kenya), Africa on Etopo2 grid, and Andaman on Etopol.

The model for Tsunami propagation is based on Nonlinear Wave Equation [NWE). The code is programmed by Pascal Programming
language. This software is designed for fast computing in Real-Time Simulation and Visualization in 2D domain.

All copyright and intellectual properties are held by the developers : Somporn Chuai-tree and Wattana Kanbua. This software and all
simulated results cannot be used for any commercial purposes, but training, warning systems and education are available.

Software Minimum Requirements:
1. Computer CPL speed 1GHz or higher,
2. Graphic Card Memory size 64 MB or higher.

Users have to read and accept all conditions and agreement of SiTPros. Thank you very much for your kind supports.

Exit Next > > I

>

| B

V|

Numerical simulation

U, aEUJra?U
dt dx? 9y’

U is wave height,

X is spatial grid in x direction (West-East)
y is spatial grid in y-direction
(North-South)

a is wave propagation speed,

d is water depth.



., iro version 1. :(sunamn [-.E 50=(11 ,10] & mlns & AsTby70mlns.xyz) : Frame 60 x
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~Simulation Parameter:
Fault \Width
Damping
Magnitude
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I~ DrawLine
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‘Epicentar (33.81E.2 483N), Mag = 9.3, on 12/27/2006 7:50:26 PM. at Time Stap 33.3 mins. Distance from Epicenter to (83 86E.-1.035) = 1215364 Km.
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Lempeng samudera memiliki “
massa jenis lebih besar
menunjam masuk dibawah gy ’
lempeng benua > Subduksi

&
Melalui proses subduksi ini,  } (k)
menjadikan Indonesia beribu- - 33
ribu pulau, ratusan gunung .

berapi, abunya menyuburkan
menghijaukan daratan
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BERKAH ATAU BENCANA ?

Namun melalui proses subduksi pula s
Tuhan menjadikan bencana juga e
mungkin terjadi di Indonesia. ==

Letusan gunung berapi, tsunami

T RS e . gempabumi, tanah longsor adalah
Ll g e bagian dari kuas-Nya supaya kita lebih

R B~ memahami-Nya.

IPTEK IMTAQ
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