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Introduction
On September 28, 2018, the island of Sulawesi, Indonesia was struck by a large earthquake of
moment magnitude (Mw) 7.5 (U.S. Geological Survey, 2018). The city of Palu, home to 350,000
people, was devastated by a sequence of multiple geological hazards. There was strong shaking
due to the mainshock, which then triggered tsunamis and large-scale mass movements. There
were 2,100 deaths and 4,400 injuries reported and more than 1,300 people missing. Many
buildings, including a large shopping complex, hospital, and hotel had collapsed. There were
unique qualities to this earthquake, one being the unexpectedly large tsunami waves. Two
possible reasons for the large tsunami is the concentration of large earthquake slips within Palu
Bay and underneath Palu City as well as the occurrence of underwater landslides.
Methods
During December 17 - 23, 2018, the researcher along with a team of experts conducted a field
investigation of the earthquake and tsunami damage of the event in Palu City and surrounding
areas. Data was collected in the form of digital photographs, recorded inundation marks,
damage observations as well as discussions with local engineers and eyewitnesses. The visited
sites were around Palu Bay, where most of the severe damage occurred.
First-hand hazard and damage data and the new knowledge gained from such a field
investigation are of critical importance in understanding the exact causes of the disaster. The
data will be valuable for future numerical modeling of earthquake-tsunami-liquefaction hazards
and risks. The findings will lead to more effective earthquake risk mitigation against future
catastrophes and contribute to more effective development of multi-hazard risk maps and
mitigation strategies.
Preliminary Findings
The key findings gathered from the field investigation include:
1. Earthquake shaking damage: The ground shaking in Palu was intense, causing many
buildings to be damaged and several to be destroyed. For example, the Mercure Hotel,
located along the bay promenade, had severe damage to the columns and infill walls and a
spectacular collapse of one section of the building occurred. The water marks noted on
some of the building walls were around 50cm above ground, indicating that the main cause

of the building damage was due to shaking. In addition, the collapse of a two-span
motorway bridge was noted by the researcher, as well as several other large buildings that
were destroyed in parts of downtown Palu.
2. Tsunami damage: Tsunami damage was observed along the coastline and was more severe
at the inner part and on the western side of Palu Bay. This was partly because the western
side of Palu Bay had subsided due to the earthquake rupture. There were a number of local
communities on the western side of Palu Bay that were devastated by the tsunamis, likely
caused by local submarine landslides. The water marks and damage patterns observed at
destroyed buildings indicated that the tsunami was less than a few metres in height from
the ground in some areas, while in other parts damage showed that the tsunami heights
reached up to 3-5 meters in height.
Due to the subsidence of the bay area, normal tidal variations result in inundation of this
area (up to about 300 meters inland from the shoreline), making it difficult to carry out the
recovery and reconstruction of this area. Field observations showed that mangroves on the
western side of Palu Bay protected some communities from the impact of the tsunami.
These natural barriers can be effective in reducing the impacts of tsunami waves.
3. Mass movement damage: A major cause of large fatalities from this event was the largescale mass movements of soil at Petobo, Balaroa, and Jono Oge. The initiation of the
mudslides was soil liquefaction caused by strong shaking from the earthquake. At the foot
of the mudslide many houses were destroyed, whereas at the top of the mudslide many
large tensile cracks appeared and roads as well as houses were damaged.
Conclusion
The field investigation in Palu after the 2018 Sulawesi earthquake highlights the multi-hazard
nature of an earthquake catastrophe. The earthquake rupture generated strong shaking and
ground deformation which triggered secondary hazards like the tsunami, liquefaction,
submarine landslides, and massive mudflows.
As the researcher notes, this kind of multi-hazard earthquake disaster could occur in Western
Canada. The Cascadia subduction earthquake, if a full and extensive rupture should occur from
the north of Vancouver Island to Northern California, could cause major earthquake-tsunamigeohazard disaster sequences (Leonard et al., 2010). This would impact a large population in
southwestern British Columbia. In addition, there are several major fault systems in
southwestern British Columbia, such as Devils Mountain Fault zone (Barrie and Greene, 2018)
passing South of Victoria, which could trigger similar types of multiple geological hazards and
risks. This research helps to highlight some lessons for earthquake tsunami risk in Canada.

