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Abstract—On September 28, 2018, a large earthquake and its

accompanying tsunami waves caused severe damage to the coastal

area of Palu Bay, in the central western part of Sulawesi Island,

Indonesia. To clarify the distribution of tsunami inundation and

run-up heights, and damage to coastal communities due to the

tsunami, the authors conducted a field survey 1 month after the

event. In the inner part of Palu Bay tsunami inundation and run-up

heights of more than 4 m were measured at many locations, and

severe damage by the tsunami to coastal low-lying settlements was

observed. In the areas to the north of the bay and around its

entrance the tsunami inundation and run-up heights were lower

than in the inner part of the bay. The tsunami inundation distance

depended on the topographical features of coastal areas. The

southern shore of the bay experienced a longer inundation distance

than other shores, though generally severe damage to houses was

limited to within around 200 m from the shoreline. The main les-

sons that can be learnt from the present event are also discussed.
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1. Introduction

At 18:02 local time (Indonesia Central Standard

Time, UTC ? 8) on September 28, 2018, a large

earthquake of Mw 7.5 took place on Sulawesi Island,

Indonesia. This earthquake and its accompanying

hazards, including a tsunami, landslides, and lique-

faction, caused severe damage to the central western

part of Sulawesi Island, including two coastal

municipalities facing Palu Bay: Palu City, the capital

of Central Sulawesi Province, and Donggala

Regency, located north of Palu. According to the

Indonesian National Disaster Management Agency

(2018), this event caused 2101 fatalities (1727 in

Palu, 171 in Donggala, and 203 in other municipali-

ties) and 1373 were missing/buried, as of November

20, 2018.

The United States Geological Survey (USGS)

estimated that the origin of the earthquake was

located at 0.255�S and 119.840�E, 20.0 km deep and

that it was caused by a strike-slip fault (USGS 2018).

Since seismic events caused by a strike-slip fault

typically do not result in any significant vertical

displacement of the ground, they are usually consid-

ered unlikely to generate large tsunamis. However,

video images posted online show that destructive

tsunami waves inundated the Palu Bay coastline soon

after the earthquake, which indicates that something

had actually generated a significant tsunami. An

aerial video taken by a pilot, who took off from the
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airport in Palu City just before the earthquake

occurred, captured circular waves that were generated

along the west side of Palu Bay, which implies that

tsunamis were generated by submarine landslides

triggered by the earthquake.

Although Prasetya et al. (2001) suggested that

submarine slumping triggered by an earthquake in the

Makassar Strait (outside of Palu Bay) could be a

secondary mechanism of tsunami generation, to the

authors’ knowledge there has been no discussion of

the risk of landslide-generated tsunami inside Palu

Bay before the 2018 event. However, the results of

field observation and numerical simulations of the

2018 event show that the combination of co-seismic

deformation at the bottom of the sea [including both

the vertical displacement and the effect of the hori-

zontal displacement on a steep ocean bottom slope

(Tanioka and Satake 1996)] and local mass move-

ments (landslides, land subsidence, and liquefied

gravity flow) along the Palu Bay coastline generated

a series of tsunami waves that hit locations through-

out the bay (Muhari et al. 2018; Arikawa et al. 2018;

Sassa and Takagawa 2019; Heidarzadeh et al. 2019;

Takagi et al. 2019; Omira et al. 2019). The evidence

so far appears to point to landslides in coastal areas as

the trigger for the different tsunami waveforms

witnessed.

The authors conducted a field survey 1 month

after the event to obtain some basic information about

it, such as the tsunami inundation and run-up heights,

and damage to buildings and coastal infrastructure

(especially focusing on how far from the shoreline

did severe damage to houses take place) at each

coastal community. Several other international teams

also conducted field surveys in the coastal area

affected by the tsunami, with a summary of such

surveys being reported elsewhere (Arikawa et al.

2018; Muhari et al. 2018; Robertson 2019; Omira

et al. 2019). In the present paper the authors detail the

results of their own survey, which covers both the

circumference of Palu Bay and the area to the north

of it, aiming to summarize lessons learnt from the

event for developing better disaster risk reduction

strategies, in addition to complementing the surveys

that were conducted by the other teams.

The present paper will first summarize past tsu-

nami events recorded in Sulawesi Island, based on

existing tsunami catalogues. Then the results of the

authors’ field survey will be presented. Finally, the

characteristics of the distribution of tsunami inunda-

tion and run-up heights, damage patterns, and lessons

that can be derived to improve disaster risk man-

agement will be discussed.

2. Past Tsunami Events on Sulawesi Island

Table 1 shows major tsunami events caused by

earthquakes on Sulawesi Island based on the existing

records of global tsunami catalogues (Soloviev and

Table 1

Major tsunami events caused by earthquakes on Sulawesi Island, based on the records of global tsunami catalogues [magnitudes are from the

tsunami database of NGDC/WDS (2018)]

Date Source location Magnitude Damaged areas Tsunami catalogue

December 29, 1820 7�S/119�E 7.5 Coast from Bonthain to Bulukumba Soloviev and Go (1984)

November 17, 1857 1.35�N/125.2�E – Kema Soloviev and Go (1984)

December 13, 1858 1�N/126�E 7.3 Entire eastern coast of Sulawesi Island Soloviev and Go (1984)

June 28, 1859 1�N/126.5�E 7.0 Kema Soloviev and Go (1984)

July 29, 1859 0�N/125.5�E 7.3 Kema Soloviev and Go (1984)

September 6, 1889 1�N/126.25�E 8.0 Kema Soloviev and Go (1984)

December 1, 1927 0.5�S/119.5�E 6.3 Palu Bay, Talise Soloviev and Go (1984)

May 20, 1938 0.7�S/120.3�E 7.6 Ampibabo, Parigi Soloviev and Go (1984)

April 11, 1967 3.3�S/119.4�E 5.5 Tinambung Soloviev and Go (1984)

August 15, 1968 0.2�N/119.8�E 7.4 Donggala, Tambu, Mapaga Soloviev and Go (1984)

February 23, 1969 3.1�S/118.9�E 7.4 North of Madjene Soloviev et al. (1992)

January 1, 1996 0.724�N/119.981�E 7.9 Tonggolobibi Lander et al. (2003)

May 4, 2000 1.105�S/123.573�E 7.6 Luwuk, Peleng Lander et al. (2003)
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