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Mechanism of the 2018 Sunda Strait Tsunami

*Shingo Watada', Masumi Yamada®, lyan Mulia', Karyono Karyono®, Arif Aditya®, Dimas Sinipar®

1. Earthquake Research Institute of the University of Tokyo, 2. Disaster Prevention Research Institute, Kyoto
University, 3. Meteorological Climatological and Geophysical Agency, 4. Geospatial Information Agency of Indonesia,
5. National Central University, Taiwan

2018F12822HUT14B300t8. 1 Y KXV TRV BREALIOY v 78 - A< M BEZEHNEN
A00BRVBH E o7z, TOEBRORE &IFIFABFFIAICAnak Krakatau K ILATEX L, KILDIEE A IE AH]
% T300MA ST00MAEE T LA ERESNTWS S, ERIIELEAISEPOLERENBIZRI LE
EEZLNTWS, EXBEZROSAREE SEAEARICILTERBZ2OILEIERZE LiBRISELLTWS, B
DIRFELEZEN S, EEOREIX1IFRESNEEHEINDS, 1V KXY TERTIZNIUBA L EERERFICR
WHEDEEDHREIFAWVWSA, BARZEL M Y RR I 7ERANDLFTEMERICIZERA50-1000 ORAERED
HERE (SK- LA4Y—K) MNIPERICEHRINTWVWS, SRIFT41T12ICHADOEARES . 146169212408
BAZELTWS, REES 14272 ICLBEZ BB L TW5, COMERD 130560 tEICAnak

Krakatau X IUFHE TREPOMERFEEARY M H o & &2 R L TWS, EBMEFREL S ERFEREEUIE

100K (128RE) THY., RAVSBEEDOD 4 FRROMERE 3K d. &mASx101T NOAD, &

I
20ETCIFIFILRAEDLTMCEAE, S SIC50WTHAARICARTOTNMNCTRAZEAZICEHWEZI LT
BEATE S, HOAAEAEIE. KrakatauBEDILT 5 A& ICEKE L T /-Anak KrakataulLl{A D& A

(8%) MAEAMAKE20MD AT FEANBIEE THICHE I EEOAAEME %151 L T /=Giachetti et al.
(2012, Geol. Soc. London) DUMEAEBRZEETIL & IFIF—BT 5, LLUFEEIZEDEE IXEkstrom and Startk (2013,
Science) BREREVICKO/ELHMBEY DRADEBEEDLHA N 53x1011 kg #HEES N, LLEDEE %

2gr/cm3 Z{REY % & IARRRAEIE S £ £0.15km3 &Y, REREDN SHEES N TWSBREMEY %3]
3

B LEEFEEO2kM3 EBLF—HLTWS,
EEABERIT L AMELIRMTIERA I A >0, ERERIIRS SN >7-, —FH. ER

DREEHICHKELALEEAONZREAMMEBRIIMERE A NV hD40MEICIF)akartalCEE L, B L

© The Seismological Society of Japan -S17-01 -



81 7'01 Seismological Society of Japan Fall Meeting

SOgASNZL D RRARBEMNERBNICA Y RROU T TEZY—IhhTLhiE, Anak Krakataulll{&

FRIROD BRI & TNICH S ERAELEDOARMIHERBERERMICBETE oD LA,

© The Seismological Society of Japan -S17-01 -



81 7'02 Seismological Society of Japan Fall Meeting

Tsunami simulation due to the Anak Krakatau Volcano activities on 22
December 2018 and analyses on the potential future observing
systems

*lyan E. Mulia', Shingo Watada', Tung-Cheng Ho', Kenji Satake', Yuchen Wang', Arif Aditya®
1. The University of Tokyo, 2. Geospatial Information Agency of Indonesia

A deadly tsunami occurred on 22 December 2018 claimed hundreds of lives, as well as injured and
displaced thousands of people living across the Sunda Strait regions. The tsunami was associated with the
Anak Krakatau volcano, which according to the Indonesian Centre for Volcanology and Geological Hazard
Mitigation, had exhibited an increase in seismic activity followed by explosions and volcanic ash
emissions prior to the event (https://magma.vsi.esdm.go.id/, last accessed 22 May 2019). However, the
Anak Krakatau had never been known to generate significant tsunami. During the 2018 event, the edifice
formed by the accumulation of pyroclastic material partly collapsed and slid down the water, triggering an
impulsive wave.

We use numerical models to reveal the generation (NHWAVE, Ma et al., 2012) and propagation
(FUNWAVE-TVD, Shi et al., 2012) of the tsunami caused by the southwest flank collapse of the Volcano.
With the estimated volume of 0.24 km® and the relatively short duration ("3 to 5 min), the landslide of
volcanic edifices triggers the tsunami of approximately 40 m in the vicinity. The tsunami, however,
attenuates rapidly as it propagates away from the generation area resulting in <2 m wave heights at tide
gauges around the Sunda Strait. The observed tsunami waveforms at these tide gauges are well
reproduced by our model. The maximum tsunami energy is mainly distributed towards the west coast of
Java leading to significant number of casualties compared to other areas.

To mitigate future tsunami disasters in the region, we assess the efficacy of potential tsunami observations
using ship height positioning and oceanographic radars. We demonstrate that the relatively small tsunami
amplitudes of the event are still considerably larger than the noise level of a typical observation by ship
height positioning. Furthermore, applying a tsunami data assimilation (Maeda et al., 2015) to the tsunami
velocity field detected by radars can produce accurate forecasts of coastal tsunami heights.
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Investigation for the Tsunami and Earthquake Source of the 2018
M7.5 Sulawesi Earthquake

*Tung-Cheng Ho', Kenji Satake', Shingo Watada', lyan E. Mulia, Yosuke Aoki', Ray Y. Chuang2

1. Earthquake Research Institute, Univ. of Tokyo, 2. Dept. Geography, NTU, Taiwan

A devastating tsunami struck the bay of Palu, Indonesia after the M7.5 (U.S. Geological Survey; USGS)
Sulawesi (Palu) earthquake. This earthquake mechanism was a left-lateral strike slip fault. Large horizontal
offsets of up to 5 meters were measured near the bay area by satellite images. According to the
researches of Bao et al. (2019, Nat. Geosci.) and Socquet et al (2019, Nat. Geosci.) a rupture velocity 4.1
km/s was suggested indicating that this earthquake was a supershear event. The tsunami was recorded by
two tide gauges: 2-m wave height was observed by a tide gauge at the port of Pantoloan in the Palu bay,
and 20 cm wave height observed by a "200-km-far tide gauge at Mamuju port. In addition to the tide
gauges, up to 10 m runups were measured near the coastal area by field surveys (Omira et al., 2019,
Pageoph; Muhari et al., 2019, JDR). Other than the earthquake, landslide events were captured by videos
which also induced local tsunamis.

Our analyses showed that the tsunami leading wave at the Pantoloan port may have directly induced by
the earthquake rupture deformation, but the initial tsunami waves at Mamuju port should be from the
source outside the bay or the earthquake source area. We applied the back-tracing method and the result
indicates that the potential tsunami source for Pantoloan located inside the bay but the source for
Mamuju should located outside the bay at about 2°S, 119.3°E.

To understand the tsunami induced only from the fault deformation, we utilized the InSAR data and
tsunami waveform at Pantoloan to estimate the source of the earthquake. Two InSAR datasets of
ascending and descending data from Sentinel-1 operated by the European Space Agency were used in
this study.

The InSAR images revealed clear traces of the rupture. We assumed a fault plane consisted of 27 by 6
subfaults along the traces and performed a source inversion. In our inversion, the two InSAR datasets
constrained horizontal land deformations in two different azimuths and the tsunami waveform constrained
the vertical deformation at the offshore area. The combination of the INSAR and tsunami data provided
complete information for the rupture deformations.

Our result suggested that the rupture extended southward from the epicenter and changed its direction
or strike at the bay where also showed a large asperity of a 10 m slip (Figure 1). The rupture changed the
strike again at near 1.2°S and had an offset slip there. In addition to the dominant strike-slip components,
normal fault components were also estimated at the asperity area which agrees with the finite fault
solution of USGS and the plate motion recorded by GPS (Socquet et al., 2006, JGR). Our model
reconstructed the tsunami waveform at Pantoloan and the offset data by InSAR. However, we
underestimate the inundations and runups for the coastal area. The local landslides may explain for the
high inundations and runups.
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A Method of Real-Time Tsunami Detection

*Yuchen Wang', Kenji Satake’
1. Earthquake Research Institute, The University of Tokyo

Real-time tsunami detection plays a key role in tsunami early warning system. The best way to confirm the
tsunami arrival is to use the ocean bottom pressure gauges (OBPGs) (Sanderson, 2008). A reliable tsunami
detection algorithm for OBPGs should be able to identify the tsunami signals and characterize the tsunami
amplitude accurately, at a small computational cost. Traditional methods, like the DART algorithm
adopted by the National Oceanic and Atmospheric Administration (NOAA), or the Algorithm based on
artificial neural network (Beltrami, 2008), have to rely on the prediction of the tides and other lower
frequency signals. These algorithms can detect a tsunami by subtracting predicted pressures from the
observation, but they cannot properly identify its waveform. And they are unable to capture the feature of
the background sea noise.

In our research, we propose a method of real-time tsunami detection based on Ensemble Empirical Mode
Decomposition (EEMD). EEMD decomposes the time series into a set of intrinsic mode functions (IMFs)
(Huang et al., 1998; Wu, 2005). Unlike Fast Fourier Transform or wavelet analysis, it does not need a
priori basis. Instead, it adaptively determines the natural oscillatory modes embedded in the original
signal. Therefore, it is applicable to nonlinear, non-stationary data like tsunami signals. In our practice, we
use the series of the OBPG record of the past three hours, and then we conduct EEMD and obtain the
IMFs. The tsunami signals can be separated from the tide signals, seismic signals, as well as background
noise. By comparing the value with the threshold, we could decide whether the tsunami has arrived or
not.

We apply our method to the tsunami record of OBPGs of the 2016 Fukushima earthquake (M7.4; Gusman
et al.,, 2017). Five OBPGs owned and operated by the Earthquake Research Institute recorded the tsunami
generated by the earthquake. We retroactively conduct EEMD to the data. Our method separates the
high-frequency components and extracts tsunami signals automatically, without the need of predicting
the tides. The tsunami arrival is easily determined by comparing with a threshold. In addition, the tsunami
waveforms are also characterized in the IMFs, without the need of filtering. Because our method uses an
ensemble with the help of white noise, it becomes robust to background noise.
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Rapid magnitude estimation method for slow tsunami earthquakes (4)

*Akio Katsumata', Masayuki Tanaka'

1. Meteorological Research Institute, JMA
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