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Abstract:

On 28 September 2018 significant tsunami wavesghvare considered to have been generated
by submarine landslides, struck the shorelinesesfti@l Sulawesi, Indonesia. One month after
the event, the authors conducted a questionnaingeyswf the affected areas (Donggala
Regency and Palu City) to collect information ore tevacuation behaviour and tsunami
awareness of local residents. In the present sindyddition to summarising the overall trend
of the survey results using descriptive statistecghi-squared test was applied to analyse the
significance of the relationship between tsunamar@wess and evacuation behaviour and the
demographic characteristics of respondents. Thdysisaof the results demonstrates that
although the respondents generally have a high édtsunami awareness, younger people and
Donggala Regency residents have an overall lowdenstanding of the phenomenon. It was
also found that 82.5% of the population evacuaftst aithessing others evacuating during the
event. As there was no official warning to residdmfore the arrival of the tsunami, this social
trigger played a significant role in prompting ewaton and decreasing the number of
casualties. The present study also revealed thay people faced congestion while evacuating
(especially in Palu City). This highlights the netxd introduce additional tsunami disaster

mitigation strategies to ensure that all resideatsswiftly evacuate during such incidents.
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1. Introduction

1.1 Background

Tsunamis can cause widespread damage to coasts, & illustrated by th2004 Indian
Ocean Tsunami and 2011 Tohoku Earthquake and Tsunami. For the case of th2011 Tohoku
Earthquake and Tsunami there were almost 16,000 casualties (NationacBdligency of Japan
2019), and one of the important lessons from swehts is that evacuation is the most effective

way to protect lives (Shibayama et al. 2013).

To increase the number of people who can succéssftdcuate during a future tsunami event,
it is important to learn from the experience of @wes during past tsunami events. Lindell and
Prater (2010) recommend that post-disaster impaoctegs should be conducted to collect
information regarding the evacuation experienceredidents, which have actually been
investigated by a number of researchers in thethestigh questionnaire/interview surveys and
analysis (e.g., Esteban et al. 2016; Takabatale. €018a; Kang et al. 2007; Kajimoto et al.
2016). For instance, after tf2904 Indian Ocean Tsunami, lemura et al. (2006) conducted a
guestionnaire survey of the people affected in BaAdeh, Indonesia and found that the
majority of the respondents (94%) were unawaredttatinami could occur after severe ground
shaking. Gregg et al. (2006) investigated how thaiected in Thailand had responded to
natural signs of th@004 Indian Ocean Tsunami (e.g., ground shaking from earthquakes, sea-
level changes, wave forms, sounds). According &sdéhauthors, although most of the 669
respondents had noticed some natural sign of theisi, many people did not evacuate before
the first wave arrived. Lindell et al. (2015) arsdd the responses of 262 residents during the
2009 American Samoa Tsunami and indicated that 43% expected that the earthqoakéd
cause a tsunami, and 15% obtained some sort @dliniformation about it from TV/radio

broadcasts.

A number of questionnaire surveys were also comduftiliowing the2011 Tohoku Earthquake

and Tsunami. The Japanese government (e.g. Ministry of Landfrastructure and
Transportation (MLIT), 2013; Cabinet Office of Jap2012) collected data on the evacuation
behaviour of more than 10,000 individuals. In terofstriggers for evacuation, 46% of
respondents relied on ground shaking, 28% on teumaarnings, 27% on warnings from
people around them, 22% on a warning from familyniners and 18% on screams of ‘tsunami’
from other people (these are the top five mostueedy cited responses; note that respondents
were allowed multiple answers). The data also dedethat around 60% of the respondents
expected a tsunami after the earthquake, and rhare half of the evacuees used vehicles to

evacuate. Yun and Hamada (2012, 2015) comparedvineuation behaviour of survivors and
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non-survivors during the event and showed thatistatime for evacuation was significantly

different between them.

Although the majority of tsunamis are generatedhgyvertical displacement of the seafloor due
to an earthquake, significant tsunamis are alsavknim have occurred as a result of subaerial
and/or submarine landslides. Nevertheless, almbgiaat research on tsunami awareness and
evacuation has focused on co-seismic tsunami ev€nis exception is Takabatake et al.
(2019a), who conducted a questionnaire survey astdngonesian people that were affected
by the2018 Sunda Strait Tsunami, which was caused by a subaerial landslide (moeeifically,

the collapse of a volcano, Anak Krakatau). TB64 Alaska Good Friday Earthquake generated
submarine earthquake tsunamis that affected soamtalareas of Alaska (e.g. Seward, Valdez
and Whitter), in addition to also generating casset tsunamis. According to the survey
reports (e.g. Lander 1996; Lemke 1967; Grantz.et34), many residents witnessed that the
tsunami waves generated by submarine landslidesedrno the coast within a few minutes of
the initial ground shaking. Although no questiomeasurveys were conducted to analyse the
evacuation behaviour of the affected people, Wdad.€2014) showed that the location where
the highest number of fatalities were recordedesponds to that where the longest evacuation

times are required.

Evacuation from submarine landslide tsunamis agpeabe more challenging than that from
co-seismic tsunamis. As shown in past submarinéslate tsunami eventsl964 Alaska
Earthquake Tsunami, 2018 Sulawesi Earthquake and Tsunami, as will be explained in the next
subsection), such tsunamis are likely to hit cdamteas immediately after the earthquake. To
successfully evacuate, people are thus requirelate a higher level of awareness and
preparedness and initiate evacuation immediatelyr dhe earthquake, without expecting to
receive tsunami warnings (Wood and Peter 2015)s fthus crucial to analyse the actual
evacuation behaviour during submarine landslideasu events and derive lessons that can

help to decrease the number of fatalities in tieréu

1.2 2018 Sulawesi Earthquake and Tsunami

An earthquake with a moment magnitude (Mw) of 7Arfbick Donggala Regency in Central
Sulawesi, Indonesia, at around 18:02 local timeQUT8 h) on 28 September 2018. According
to the United States Geological Survey (USGS) efteamated epicentre of the earthquake was
situated at 0.256° S and 119.846° E, at a depg0df km (USGS, 2018). Following the initial
tremor, significant tsunami waves struck Palu Gityity that lies in a narrow bay of the island
(Fig. 1), destroying low-lying houses and buildings nelag shore. The tsunami also hit
settlements in Donggala Regency, which is locatathrof Palu City. As of January 2019, the
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National Disaster Management Authority (BNPB) ofldnesia reported that the death toll
caused by both the earthquake and tsunami reacB4d, 4vith 667 missing, 10,679 injured and
around 200,000 people still being displaced.

The earthquake took place along a strike-slip fauttich are generally not considered to be
able to generate significant tsunamis. Thus, dfterevent many international teams, including
the authors of the present study, conducted fieldeys to attempt to clarify the tsunami
generation mechanism, measure the run-up and itiandaeights, and observe the damage to
coastal communities (e.g. Arikawa et al., 2018; Whket al., 2018; Omira et al., 2019;
Robertson et al., 2019; Mikami et al., 2019; Stelial., 2019)Figure 1 presents the locations
of the surveys conducted by the authors, showimag tbunami heights of above 4 m were
recorded inside the bay, and below 4 m near itstimdn Figure 1, tsunami heights are above
the tide level at the time of the estimated tsunamival time (see Mikami et al. 2019), and the
tidal range is around 2 m. Severe damage was ctratet within 200 m from the shoreline.
Through the results of observations and computeulsitions many authors (e.g., Heidarzadeh
et al, 2018; Arikawa et al., 2018; Omira et al.120Takagi et al., 2019; Sasa and Takagawa,
2018) concluded that the event was most likelyaeehbeen generated by submarine landslides,
and there is evidence that many of them occurrsidénthe bay after the earthquake. In fact, a
pilot who took off from the airport in Palu City gubefore the earthquake recorded a video
showing unusual waves being generated on the wksb§the bay, which quickly propagated
(Takagi et al., 2019).
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132  Fig. 1 Distribution of the tsunami heights measured along the coastline in Palu and Donggala (data
133  from Mikami et al., 2019). Tsunami heights are above the tidal level at the estimated time of tsunami
134  arrival. White lines show city boundaries.

135

136 During the event, immediately after the initial tbguake (at 18:02 local time) the BMKG
137 issued a tsunami warning showing possible wavehteigf 0.5 to 3 m for coastal areas,
138 including Sulawesi Island (the warning was subsetjydifted at 18:39 local time). However, a
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newspaper article (Suroyo and Ungku, 2018) repdfiatresidents neither received text alerts
nor heard sirens during the disaster (which mayeha@en due to the damage that power
transmission lines suffered as a consequence oédnhiquake). According to Takagi et al.
(2019) and Carvajal et al. (2019), the tsunamighred coastal areas within several minutes

after the ground shaking.

1.3 Objectives

As explained earlier, although there is a needvestigate the actual evacuation behaviour that
takes place during a submarine landslide tsunamhe authors’ knowledge, no research has
been conducted using questionnaire surveys. Toeasdldhis gap in the literature, the authors
conducted a questionnaire survey in Palu City anddgala Regency a month after the event,
and gathered basic information about tsunami avesenpreparedness and the evacuation
behaviour of coastal residents in each communibe primary aims of the present study are
thus to characterise the tsunami awareness andiai@t behaviour of individuals during the
2018 Qulawesi Tsunami, to examine the relationships between these Jadabnd basic
demographic information (such as age or gendemd, @ derive lessons to improve the
resilience of coastal communities that could suffem submarine landslide tsunamis in the

future.

2. Methodology

A field survey was conducted approximately one rhaiter the tsunami, between the 27th and
31st of October 2018, concentrating on the coastihPalu City and Donggala Regency. A
questionnaire survey was administered by four pdtidonesian speakers to individuals living
in the residential areas of Palu and Donggala. Mmexifically, during the field survey, the
authors drove along a road that runs parallel eéactiastline of the bay, stopping whenever they
saw a group of local residents, moment at which eéheamerators got off the vehicle and
administered the questionnaire survey. A total @ Zuestionnaire sheets were used, as this

number would give a confidence interval of 10% he original questionnaire survey was

! Given the population of the area, and the expiectahat there was the possibility that some redpais might
choose not to complete the questionnaire surveyatithors printed 200 questionnaires (though onk66

would be needed to ensure a confidence interva0®§). It should be noted that this assumes that tivas a
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drafted in English, following the same basic forraatthe questionnaire surveys distributed in
Chile and Indonesia in earlier research (see Estelbaal. 2013) and translated into Bahasa

Indonesia.

It took approximately 5 to 10 minutes to compldte guestionnaire survey, which consisted of
24 questions that were divided into 9 sections: @agaphics, awareness of tsunamis before the
disaster, information about the tsunami, behaviduring the earthquake, whether the
respondent evacuated or not, behaviour of thoseewhouated, behaviour of those who did not
evacuate, and awareness after the disaster (séeaBome of the questions allowed only one
response, though others allowed multiple resporisehie present study, if more than 20% of
the questions were not properly answered (i.e.,uastipnnaire sheet had more than 5
incomplete responses), the sheet was assumed itcd@mplete. It should be noted that this
threshold of 20% is determined based on the authwrsjudgement and could be considered

too strict. As a result, 197 questionnaires weresittered valid out of 200 (valid rate: 98.5%).

In addition to summarising the results using desise statistics, a chi-squared test was used to
analyse the significance of the relationship betweésunami awareness and evacuation
behaviour and the demographic characteristics spaedents, includinggender, age and
location. To make comparisons easier, when invatstig age differences the authors grouped
the ages of 10-29 and termed them as the “younglgign”, 30-49 as the “middle-aged
population” and 50-79 as the “old population”, @ahein analysed the differences between these
groups. It should be noted that the authors indest@d questions to those that were younger
than 18 years, which were included in the 10-29 ggmup. The chi-squared tests were

conducted using SPSS® software, version 25.

Table 1 List of questions asked to local residents inaffiected area.

Category Question
Gender

Demographics Age
Occupation
Location

. . . »
Tsunami awareness before theQ.l Did you think that a tsunami was a real darfgeyou

disaster Q.2 Did you receive enough information about tsundwazards by the
authorities?

normal population and that the sampling was randbough given the opportunistic nature of the sythese

are not perfect assumptions.



Q.3 Did you think that you could evacuate in thergvof a tsunami?

Q.4 Have you joined evacuation drills for tsunamithe last 5 years?

Q.5 From where did you get information about thegsni?
Information about the tsunami Q.6 Was the information useful?

Q.7 Did you get an evacuation order?

Earthquake event & Awareness Op.s Did you experience the earthquake on 28 Sepmef018?

cascading hazards Q.9 What types of phenomena were you afraid ofndpitie earthquake?

Q.10 What did you do when you knew about the tsurzdtack?
Evacuation
Q.11 Did you evacuate?

Q.12 What made you decide to evacuate?
Q.13 How did you evacuate?

For those who did evacuate Q.14 How many minutes did it take for you to rettod evacuation area?
Q.15 Where did you evacuate to?

Q.16 Was there any difficulty in evacuating?

For those who did not evacuate Q.17 Why didn't ggacuate?

Q.18 Did you feel imminent fear about another tsninafter the attack?
Post Disaster Q.19 When did you feel it was safe to go back tarymwuse?

Q.20 If face a similar situation once again, woybdi evacuate?

190

191 3. Resaults

192 3.1 Demographics

193 A summary of the respondents’ demographics chaistits is presented ifiable 2, showing
194 that the proportion of males and females was similae most common age groups were 30-39
195 (27%), 40-49 (22%) and 20-29 (22%). As the damegée coastal area was more severe in
196 Palu City (compared with Donggala) and this was lthgger population centre, the authors
197 spent more time there resulting in a higher pesgmibf respondents from this location. The
198 two main occupations of respondents included beirgousewife (35%) or working in the
199 fishery sector (25%), which is not surprising asuRaity and Donggala Regency are coastal

200 cities and fishing activities are common.

201
202 Table2 Summary of demographics. Percentages may notttm 100% due to rounding.

Category Percentage (N)




203

204

205
206
207
208
209
210
211
212
213
214

Male 49% (97)

Gender Female 50% (98)
No response 1% (2)
10-19 8% (16)
20-29 22% (43)
30-39 27% (53)
40-49 22% (44)

Age Group
50-59 12% (24)
60-69 6% (12)
70-79 2% (4)
No response 1% (1)
Palu 64% (125)

Place of residence  Donggala 36% (71)
No response 1% (1)
Fisheries 25% (50)
Office 5% (10)
Transportation 2% (4)

Agriculture or livestock 4% (7)

Retired 2% (4)
Occupation

Unemployed 5% (9)

Housewife 35% (69)

Student 8% (15)

Others 13% (25)

No response 2% (4)

3.2 Tsunami awareness before the disaster

At the start of the questionnaire respondents vasked whether they thought that a tsunami
posed a danger to them, with 100% of the respdosieg affirmative, which would indicate a
high level of tsunami awareness in the area. Howévg. 2 reveals that more than 50% of the
respondents indicated that not enough informatmuttsunami hazards had been provided by
authorities before the event. In fact, to the arghkmowledge (one of the authors of the present
study is a resident in Palu and actually experigrnbés disaster), there was no education at
schools about tsunamis in the study area. A siamifi correlation exists between the evaluation
of the tsunami information and the demographic ifgobf the respondents. For instance,
whereas more than 50% of the male respondents atichawve any opinions regarding the

adequacy of the information about a tsunami, adriglercentage of female respondents (71%)
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had opinions (as either sufficient or insufficiewith the majority feeling the latter). Moreover,
none of the respondents in the old population gresponded that the information provided by
the authorities had been satisfactory. Interestirakclear difference in the percentage of people
who did not know whether the information had beatisgactory exists between the two
locations, with 18% of the respondents in Palu @iyl 87% in Donggala Regency feeling this

way.

A significant correlation was also found betweea tionfidence in being able to evacuate and
the demographic profile of the respondent. Malppoagents and those in Donggala Regency
reported being more confident in being able to eatefrom a tsunami (séég. 3). The reason
why respondents in Donggala Regency were more aemificould be explained by its relatively
hilly terrain, which would allow people to easilyazuate (Mikami et al., 2019). Regarding age,
while one could expect younger respondents to bee roonfident to be able to evacuate, the
opposite was true, with older respondents appeaniaige secure in this respect. This could be
related to their experiences and knowledge abawutatsis, though more detailed research

would be needed to prove whether this is true.

Figure 4 indicates how over 95% of the respondents had rnpeeticipated in tsunami
evacuation drills or had access to any drill. Thav® had participated were mostly below 50
years of age, though in this case none of the aisswere statistically significant. To the
authors’ knowledge, as no tsunami evacuation drtse ever conducted in the study area (at
elementary schools the government only conducth@aake evacuation drills), those who had
participated might have done so at other locatiosdonesia.
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238 Fig. 2 Distribution of responses regarding whether redpats thought that they had been
239 sufficiently informed about tsunami hazards by atities. Percentages may not add up to 100%
240 because of rounding. ** p < 0.01. * p < 0.05.
241
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244  Fig. 3 Distribution of responses regarding whether redpats thought that they could evacuate in
245 the event of a tsunami. Percentages may not add ap0% due to rounding. ** p < 0.01. * p <
246  0.05.
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Fig. 4 Distribution of responses regarding whether redpats had joined tsunami evacuation drills
in the past 5 years. Percentages may not add L@08 due to rounding.

3.2Information about the tsunami

A summary of the sources of information on the #unis presented ifiable 3. Contrary to
the observations in other coastal disasters (Begy2@13 Typhoon Haiyan in the Philippines
(Esteban et al., 2016), t2018 Typhoon Jebi in Japan (Takabatake et al., 2018a) and2€@9
Samoa Tsunami in Samoa (Lindell et al., 2015)), fewer people receivedormation from the
media (e.g. TV, radio or Internet) during the evemhe results also indicate that few
respondents obtained information from public spesskeonfirming that tsunami sirens indeed
failed to provide any warning (an electricity black happened to the whole Palu and
Donggala, as some towers of electricity transmisswere broken). Instead, most respondents
received information through face-to-face commutdcawith neighbours (46%) and family
members (22%), or by making their own deductiorie(deeling the earthquake: 42%; after
seeing or hearing the state of the sea: 19%). Médier, and Donggala Regency respondents
mostly received information from others, whereasnyndemale, younger and Palu City
respondents relied on their own deductions. In, faiginificant statistical relationships exist
between the likelihood of citing ‘neighbour’ andvn assumptions after feeling an earthquake’

as information sources and two of the demograplgiesder and location).

More than 90% of the respondents indicated thatitfi@mation obtained was useful or
extremely usefulKig. 5). Significant relationships were obtained betwdenage and location
demographic variable, with younger and Donggala eReg respondents giving a lower

evaluation to the quality of the information obtin

Figure 6 indicates that a high percentage of respondergsived an evacuation order.
However, as explained previously, although an ea®on order was issued by authorities
immediately after the earthquake (BMKG, 2018), itifermation was not widely disseminated
(due to the malfunction of the tsunami sirens). §/ithe evacuation order that they received
would likely have been the one given to them byemth(e.g. neighbours, or family members).
Significant relationships were not found betweeis tuestion and any of the demographic

variables.

Table 3 Sources of information about the tsunami (multdieice allowed). ** p <0.01. * p < 0.05.

Answer options All Gender (N=195) Age (N=196) Ldoat(N=196)




(N=197)  Male Female 10-29 30-49 50-79 Palu Donggala

TV, Radio 10% 12% 6% 7% 10% 13% 6% 17%
Loudspeaker car 1% 1% 0% 0% 1% 0% 0% 1%
Area loudspeaker 0% 0% 0% 0% 0% 0% 0% 0%
Internet 1% 0% 1% 0% 1% 0% 0% 1%
Family, relatives 22% 26% 17% 15% 21% 33% 19% 27%
Neighbors 46% 62%** 30%** 48% 46% 40% 34%**  68%**
Police and/or firefighter 1% 0% 0% 2% 0% 0% 0% 1%

Deduced by themselves
(after feeling earthquake)
Deduced by themselves

42% 30%*  54%** 42% 42% 40% 53%** 23%**

(after seeing or hearing the19% 12%*  27%* 22% 20% 15% 22% 13%
sea)
282
283
® Very useful 8 Quite useful @ Confusing @ Not needed @ Information was wrong
All (N=196)
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285  Fig. 5 Distribution of responses regarding whether tHermation respondents obtained about the
286  tsunami was useful. Percentages may not add upO% Hue to rounding. ** p <0.01. * p < 0.05.
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig. 6 Distribution of responses regarding whether redpats had received an evacuation order. It
should be noted that the evacuation order in thge ovould not be an official one, but rather an
unofficial one from neighbors or family membersrdeatages may not add up to 100% due to
rounding.

3.3 Awareness of cascading hazards

All respondents confirmed that they felt the eautile on 28 September 2018. Respondents
were asked what phenomena they thought would tiake @fter the ground shaking, in order to
clarify their overall disaster awareness and whatpercentage of people who had anticipated a
tsunami. Generally, people who anticipated a tsuratack after the ground shaking should
start evacuation earlier than others. However etlage many cascading hazards that can occur
after an earthquake, and in the present study utteors focused on five of these. Indeed, it
appears that the intense shaking caused fear ehiimt types of associated disasters, with
respondents indicating that these included a tsur@8%), house/building collapse (53%),
landslides (12%), liquefaction (9%) and fire (1%g€T able 4). It should be noted that multiple
choice was allowed in this question. The differebeéveen the most cited response for Palu
City (tsunami, 97%) and Donggala Regency resposdéatuse or building collapse, 65%) may

indicate a significant disparity in tsunami-likedibd awareness between the two locations.

Table 4 Phenomena that respondents were afraid of dunmgvent (multiple-choice allowed). ** p
<0.01. * p < 0.05.

All Gender (N=195)  Age (N=196) Location (N=196)

Answer options N=197
(N=197) Male  Female 10-29 30-49 50-79 Palu  Donggala
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House / building collapse  53% 64%* 42%** 46% 57% 5% 46%*  65%*
Tsunami 83% 80% 86% 64%** 93%** 85%* 97%** 59%**
Liguefaction 9% 9% 8% % 12% 5% 9% 10%
Fire 1% 0% 1% 0% 1% 0% 0% 1%
Landslides 12% 13% 11% 15% 11% 10% 10% 16%

3.4 Evacuation

Table 5 shows the actions taken by respondents when thegnte aware about the tsunami
attack. Most respondents (95%) indicated that tpegpared to evacuate, 16% contacted
families or neighbours, 6% collected further infation and 2% just waited. No respondent

mentioned going to the sea after knowing aboutgheami attack.

Table 5 Actions taken by the respondents when they knestaihe tsunami attack (multiple-choice
allowed). ** p <0.01. * p < 0.05.

All Gender (N=195) Age (N=196) Location (N=196)
Answer options N=197

(N=197) male Female 10-29 30-49 50-79 Palu Donggala
Just waited 2% 2% 2% 3% 1% 3% 1% 4%
Prepared to evacuate 95% 92% 98% 93% 97% 93% 98%0%* 9
Collected further go, 7% 5% 149%%  4%*  0%*  206%*  14%*
information
Contacted  family -~ or ;g 2506 8yt  22%  12%  15%  14% = 21%
neighbors
Went to the sea 0% 0% 0% 0% 0% 0% 0% 0%

Almost all of the respondents answered that thegceated (only one respondent did not
evacuate, as he was out of the risk area). Themegmts’ reasons for evacuation (evacuation
trigger) are presented hable 6, with nearly 50% indicating feeling the groundlshg, around
10% mentioning one or more environmental signals wfunami (e.g., 12% noticing an unusual
behaviour of the sea surface, 7% hearing loud sofnodn the sea, 6% directly observing the
seawater approaching land and 7% being caught dystimami waves). However, the most
frequently cited reason for evacuation is that tleywv someone else evacuating (83%),
demonstrating that this social trigger worked wetid decreased the number of residents caught
by the flooding. No respondent cited the evacuatraming from local authorities as the reason

for starting to evacuate, further confirming theopaissemination of the official evacuation
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warning in the study area before the tsunami adrive

The “feeling the ground motion” trigger correlategnificantly with age and location. Older

people and Palu City residents started evacuafirey Beeling the ground shaking, whereas
younger people and Donggala Regency residentsodafter seeing someone else evacuating.
The rapid evacuation of Palu City residents aféedihg the earthquake could be explained by

their high level of awareness of tsunami as a chsgaeffect of an earthquake (SEable 4).

Figure 7 shows different modes of evacuation. It is possiol observe that only 1% of the
respondents evacuated by car, which is clearledifft from the evacuation behaviour observed
during the2011 Tohoku Earthquake and Tsunami (in which around 50% of the evacuees used
their car for evacuation). In the present ever, thst majority of people evacuated by foot,
regardless of their demographic background. Whiet pf this could be explained by the
relative low car ownership in the area, the usenoforbikes is more widespread, though few
reported to use this mode of transportation. Tlasae for this appears to be that immediately
after the earthquake there were many people ruramidgwalking on the road, and thus due to
this congestion evacuees could not use cars/matescyone of the authors of the present study
Is a survivor from the tsunami, and actually wisezs severe congestion on the road leading to
higher ground soon after the earthquake). Thesealso the possibility that many of the
residents knew where to evacuate to in the everd tfunami, and the distance from their

position to this safe location was short, which ni¢bey did not need to use a vehicle.

Table 6 Reasons why respondents decided to evacuate §hatdtioice allowed). ** p < 0.01. *p <
0.05.

All Gender (N=192) Age (N=193) Location (N=193)

Answer options N=194
(N=194) Male  Female 10-29 30-49 50-79 Palu  Donggala

Feeling the ground motion  50% 51% 48% 31%** 60%** 598 59%* 33%**

seeing unusual beNavior o,  q1a05 1496 5%  13%  18%  15%* 6%
of the sea surface
Hearing a loud sound7

% 5% 8% 3% 10% 5% 11%**  0%**
from the sea

Being caught by sea water 7% 9% 5% 0%**  13%** 5%** %8 6%
Seeing SOMEONE g3y, 010%%  74%* 86%*  86%* 68%*  T4%* 97%*
evacuating

Hearing someone calling 4%
for evacuation

Receiving a message from
the authorities through 0% 0% 0% 0% 0% 0% 0% 0%
TV, radio, sirens, etc.

3% 5% 0%* 6%* 5%* 6% 1%
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Fig. 7 Distribution of responses regarding how resporslemicuated. Percentages may not add up
to 100% due to rounding. ** p < 0.01. * p < 0.05.

The time taken by respondents to reach the evacuatea (se€ig. 8) varied from 0-5 min
(24%), 5-10 min (36%), 15-30 min (20%) and morentld® min (21%). As expected,
respondents in good physical shape (i.e., maleygen) took less time to reach a safe place. For
instance, over 40% of the respondents aged 10-&thed the evacuation area within 5 min,
whereas only 10% of those aged 50—-79 was able tbedsame. A higher percentage of people
in Donggala Regency finished evacuation within B,naind this is explained by its relatively
hilly terrain, allowing people to easily reach &esplace (Mikami et al., 2019). This hypothesis
IS supported by data iRig. 9, which shows the evacuation destination of the respondénts
higher percentage of those in Donggala Regency (®88cated that they evacuated to nearby
high ground.

Regarding the difficulties encountered during thecsiation Table 7), 63% of the respondents
indicated congestion in the roads leading to a gpédee (corroborating earlier explanations
about the mode of evacuation). Although there watsanclear influence of gender in this
reporting, other demographic characteristics showe#ng correlations. Particularly, a
significantly higher percentage of people in Palty @75%) experienced congestion on the
roads while evacuating, compared with those in [QalgyRegency (39%), which can be easily
explained by the higher population density in treaaMany respondents in Donggala Regency
also indicated that they faced difficulty with ddicig what to take with them, particularly

amongst the younger respondents.
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Table 7 Difficulties that the respondents faced while exating (multiple-choice allowed). ** p <
0.01. * p < 0.05.

_ All Gender (N=184) Age (N=185) Location (N=185)
Answer options

(N=186) Male  Female 10-29 30-49 5079 Palu  Donggala

| didn't know what to

bring 20% 24% 15% 35%*  16%** 8%**  5%*  48%**
| had to look for relatives 22% 28% 17% 15% 25% 27% 26% 14%
There were too many

people on the way to 62% 56% 70% 44%**  T70%** 68%** 75%* 39%**
safety

I didn’t know wheretogo 7% 9% 4% 0%*  11%** 5%** 9%* 2%*

3.5 Post disaster

Almost all respondents (99%) indicated that theyamed frightened after the evehigure 10
displays the time when residents felt it was safieeturn home, with more than 50% only doing
so after a week or more. A news article (ShellegleR018) reported that for the case of this
disaster it was difficult to quickly deliver aidud to the difficulty in accessing the affected
areas. That delay and the challenge to obtain fnestier and food could have influenced the
mental state of respondents, and help to explaig ook so long for them to return.
Statistically significant correlations were fourat &ll three demographic variables, with male,
younger and Donggala Regency respondents likelgingéess time to feel safe to return home.
Finally, all (100%) of the respondents confirme&ythwould evacuate if a similar situation

occurred in the future, which was not surprising.
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Fig. 10 Distribution of respondents regarding the time whwey felt safe to go back to house. ** p
<0.01. *p<0.05.

4. Discussion

The tsunami that affected Palu City and DonggalgeRey originated from, and was amplified
by, multiple submarine landslides. Takagi et a01@ and Mikami et al. (2019) interviewed
several survivors who witnessed tsunami waves apdrted that at least three waves, with the
third being the largest, arrived at Palu City. \ddeaken by survivors also revealed that the
three waves reached Palu City within 10 min of #asthquake (Takagi et al. (2019) also
confirmed the arrival time of the tsunami wavesngsa numerical simulation). This indicates
that residents had barely a minute to start to uatecfrom the coastline after the initial
earthquake (though this first wave was quite liohite height). As previously discussed, official
tsunami warnings failed to reach most residentsewise, challenging evacuation requirements
(in terms of the short arrival time of tsunami) webserved during tH©64 Alaska Earthquake
Tsunami, which also resulted from submarine landslidess thus worthwhile to derive some
lessons that could be helpful to decrease the daraag casualties from future submarine
landslide tsunamis, by comparing the tsunami avem®iand evacuation behaviour analysed in

the present study with those of other coastal thsa the past.

4.1 Tsunami Awareness

A questionnaire survey conducted amongst the peaffketed by the2004 Indian Ocean
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Tsunami revealed that many lacked enough knowledge alsantimis and were unable to link a
severe earthquake with the likelihood of a tsunamfact, Kurita et al. (2007) show that more
than 70% of the respondents in Indonesia at the wwere ignorant about what tsunamis were.
lemura et al. (2006) also indicate that more th@fo Qf the respondents in Banda Ache,
Indonesia, were unaware of the risks associatddawnhajor earthquake. Evidently, the level of
tsunami awareness increased significantly aftarah@ngst the population of Indonesia, as all
respondents in the present study knew the dandetsupami, and 83% anticipated that a
tsunami could take place following an earthquakehShigh levels of awareness that a tsunami
could follow an earthquake have also been highdigfib the other places at risk (Lindell et al.,
2015; Esteban et al., 2015), though the percembgespondents answering this (83%) exceeds
that (55%) reported for the011 Tohoku Earthquake and Tsunami (Cabinet Office of Japan,
2012). Considering that few respondents in thegmestudy felt that the information provided
by the authorities had been enough (and many hagbarticipated in evacuation drills), the
high level of awareness could be the result of @rahsmission of prior events to new
generations, TV footage and associated media cgeefimcluding the extreme devastation
caused by events like ti2004 Indian Ocean Tsunami or the 2011 Tohoku Earthquake and

Tsunami) rather than official efforts to disseminate imf@tion about tsunami hazards.

As explained earlier, evacuating from a submareredslide tsunami is more difficult than
doing so from a co-seismic tsunami, as existingndsu warning systems are generally
unsuitable for submarine or subaerial landslidedsus due to their short arrival times (Takagi
et al. 2019). Thus, to minimise casualties fromirailar event in the future, residents must
quickly establish a link between strong ground sigiland the potential for a tsunami to arrive
and start evacuation immediately by their own atitie. Although at present people in
Indonesia report to have a higher level of tsunawareness than in the past, knowledge on the
risks and characteristics of submarine landslidmamis might not be sufficient. It is thus
necessary for authorities to focus on disseminatirigrmation about submarine landslide

tsunamis in potential areas at risk.

4.2 Information source and evacuation behaviour

Mass media is known to play an important role ie tlisseminating of disaster information,
especially in cases of a slow disaster onset, aadiiphoons, storm surges (Esteban et al. 2016;
Takabatake et al., 2018a; Senoo et al., 2019) anfield tsunamis (Perry, 2007). However, as
the present tsunami affected coastal areas withghat time after the occurrence of the
earthquake and due to the damage to the electsigfigly system, only 10% of the respondents
obtained information through TV or radio, whichnisich smaller than the 85% reported for the

2013 Typhoon Haiyan (see Esteban et al. 2016). Rather, many respadesgived information
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about the tsunami from neighbours or family memk{é696 and 22%, respectively), which is
consistent with the findings from other near-figddinami disaster studies (e.g., Esteban et al.
2013; Wei et al. 2017).

50% of respondents answered that they decided &ueate due to feeling the
ground shaking, which is similar to that reported previous events (around
60% and 45% did so for the 2010 Chilean (Estebamle2015) and 2011
Tohoku Earthquake and Tsunami (Cabinet Office of gan, 2012), respectively).
Given the shorter arrival time of submarine landgé tsunamis, it is necessary
to increase awareness so that more people evacuateediately after an
earthquake, especially in coastal areas that aregisk of being hit by this type
of tsunami event. Interestingly, although only arad 15% cited ‘seeing others
evacuating’ as the reason for evacuation during tB811 Tohoku Earthquake
and Tsunami (Cabinet Office of Japan, 2012), 83%ldio for the present event,
indicating that this social warning significantly élped in decreasing fatalities.
Prompt evacuation should thus play a crucial role decrease the number of
fatalities from future submarine landslide tsunamiand it is thus important to
conduct further research to clarify why more peomeacuated due to this social
warning in the study area than in other places. Goary to the case of the 2011
Tohoku Earthquake and Tsunami (where over 50% evatad by car), more
than 80% of respondents in this study walked toesafeas. This difference can
be explained by the difference in tsunami arrivaites, as the first wave arrived
at Palu City within several minutes of the earthgke, which did not give
respondents any alternative options (for the 201dhbtku Earthquake Tsunami
the first wave reached many coastal areas withimand 20 min — 60 min). It is
also important to note that there was severe cotigeson roads and many of
the evacuees could not use cars. In fact, responiddaced a variety of
difficulties while evacuating by foot, including emestion in roads, which was
also noted in a study of the 2018 Sunda Strait Taun (Takabatake et al.
2019a). For the case of submarine landslide tsunapas residents should start
evacuation immediately after the ground shakingads are more likely to
suddenly become very crowded. It is thus necessanonsider the capacity of
each road beforehand, and to develop an effectivaaeiation plan, including

constructing, widening and maintaining new and eKisg evacuation routes,
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and increasing/or optimising the location of tsunarshelters. In this sense,
agent-based modelling that is capable of simulatiegacuation behaviour can
be helpful to highlight potential problems duringishster events (Takabatake et
al. 2017, 2018b, 2019b; Mostafizi et al., 2017).dddition, disaster risk
managers in Palu City and Donggala Regency mustksiereduce the
evacuation time for vulnerable people, as the rdasudlearly showed that female
and older people took longer to reach safe placEsis can be done through
multi-layer safety measures, where the locationsamvulnerable groups
undertake most of their daily activities is locatesvay from the most at risk
areas (such as by placing hospitals and schoolstevated ground, Esteban et
al., 2015). 4.3 Difference in tsunami awareness ahcuation behaviour

among different groups of people

The differences in the awareness and evacuatioavimlr across individuals of different
gender and age has been actively studied by a muhiseholars (Huang et al., 2015; Wei et al.
2017; Bateman and Edwards 2005; Yun and Hamadd&;)2®Dbr instance, Bateman and
Edwards (2005) reported a higher likelihood for #&s to evacuate during the 1998 Hurricane
Bonnie, due to a higher overall risk perceptione Tinesent study supports the hypothesis that
women anticipate better the risk that a tsunamhirigke place(se€able 3), and that they are
less likely to be prompted to evacuate by oth&mable 6). Despite the lack of significant
correlations between information sources and agelé 3), the results suggest a lower level of
awareness and preparedness among younger than pmdete, with fewer anticipating a
tsunami Table 4), more attempting to collect informatiomdble 5), fewer starting to evacuate
due to ground shakin@ @ble 6) and more being uncertain of what to bring witbrth(Table 7).
The survey results also found that people in DolegBagency were less aware of tsunami risks,
with few anticipating a tsunami after the earthqu@kable 3 and 4), many trying to collect
further information Table 5), a few starting to evacuate due to severe greha#ting Table 6)

and many being uncertain of what to brifigafle 7). Although the reasons behind this are not
entirely clear, Donggala Regency might have beess #dfected by previous tsunami events in
Palu Bay, and prior generations there might hawe leas experience with such events (a
tsunami was reported to have hit Paly Bay in 182¢&, Mikami et al. 2019). Their occupations
(there are many farmers in Donggala Regency) caldd have had an effect on their lower
level of tsunami awareness. These findings sugtiestneed to focus more on raising the
tsunami awareness and preparedness of youngerepgaogplDonggala Regency residents in the

study area.
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5. Conclusions

In the present study the authors examined the msuaaareness and evacuation behaviour of
people affected by th2018 Sulawes Earthquake and Tsunami. A questionnaire survey was
conducted 1 month after the event, and 197 valisivars were obtained. In addition to
summarising the overall trend of the results uslagcriptive statistics, a chi-squared test was
used to analyse the significance of the relatignleitween tsunami awareness and evacuation
behaviour and the demographic characteristics spardents (includinggender, age and

location).

The analysis of the results demonstrates a higbl le¥ tsunami awareness amongst the
residents of the study area, with more than 80%¢ipating a tsunami after ground shaking.
Undoubtedly, the high level of tsunami awarenes®danany lives, especially given the fact
that the tsunami reached the study area withinrabweinutes. One of the characteristics of
submarine landslide tsunamis is this shorter drtivae, which highlights the importance of
residents evacuating at-risk coastlines immediatdtgr ground shaking using their own
initiative (instead of expecting an evacuation wagh It is also necessary for local authorities
to increase information dissemination activitieuaththis type of tsunami. For the case of the
study area, as the survey result indicates thahg@upeople and Donggala Regency residents
had a lower overall awareness, efforts should beenta improve their education regarding how
to act during a disaster. It was also found th&b &8 the population evacuated after witnessing
others evacuating. As there was no official warnthgs social trigger played a significant role
in prompting evacuation and decreasing the numbeasualties from the tsunami, indicating
the importance of strengthening the relationshiprgnpeople in local communities. It is also
necessary to carry out further research on theuenfie of social behaviour on human

evacuation behaviour.

The present study also revealed that many peopési faongestion while evacuating (especially
in Palu City). Given the shorter arrival time ofitemi, such road congestion issues could
appear in other areas at risk of submarine larelgsidnamis. Even if all residents could start
evacuation immediately in the future, they woulil e caught by a tsunami if they failed to

swiftly evacuate due to congestion. This highligtite need to introduce additional tsunami
disaster mitigation strategies (formulating an &ffe evacuation plan, constructing sufficiently
wide and paved evacuation routes, and increasamgumber of sturdy evacuation buildings) to

ensure that all residents can rapidly evacuatengwiich incidents.



562
563
564
565
566
567
568
569
570
571

572

573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597

Acknowledgements

The field survey was financially supported by PeGizean Co. Ltd., New CC Construction
Consultants Co., Ltd. This work was also suppofgdJSPS KAKENHI Grant Numbers
JP19K15104. The present work was performed as taopactivities of Research Institute of
Sustainable Future Society, Waseda Research besfibu Science and Engineering, Waseda
University. The authors also thank CONICYT (Chiie) its FONDAP 15110017 grant.

References:

Arikawa, T., Muhari, A., Okumura, Y., Dohi, Y., Aflanto, B., Sujatmiko, K. A., et al. (2018).
“Coastal Subsidence induced several tsunamis duting2018 Sulawesi Earthquake.”
Jour nal of Disaster Research, Vol.13, Sci. Comm., sc20181204.
https://doi.org/10.20965/jdr.2018.sc20181204.

Bateman, J.M., and Edwards, B. (2002) “Gender aadueation: a closer look at why women

are more likely to evacuate for hurricanesNat. Hazards Rev., 3(3): 107-117.
https://doi.org/10.1061/(ASCE)1527-6988(2002)3:3(10

Cabinet Office of Japan (2012) “Questionnaire syrea evacuation behaviour of residents

during  the 2011 Great East Japan Earthquake (maimsults)”
http://www.bousai.go.jp/jishin/tsunami/hinan/pdfiZ1221_chousal_1.pdf (Accessed on
5 April 2019) (in Japanese)

Carvajal, M., Araya—Cornejo, C., Sepulveda, I., Mek, D., and Haase, J. S. (2019) “Nearly
instantaneous tsunamis following the Mw 7.5 2018uPearthquake.” Geophysical
Research Letters, 46: 5117-5126. https://doi.org/ 10.1029/2019G15¥®

Esteban, M., Valenzuela, V. P., Matsumaru, R., MikaT., Shibayama, T., Takagi, H.,
Nguyen, D. T., and De Leon, M. (2016) “Storm Sufgeareness in the Philippines Prior
to Typhoon Haiyan: a Comparative Analysis with Tamh Awareness in Recent Times.”
Coastal Engineering Journal, 58(1):16400009.
https://doi.org/10.1142/S057856341640009X

Esteban, M., Tsimopoulou, V., Mikami, T., Yun, N,5uppasri, A., and Shibayama, T. (2013)
“Recent tsunamis events and preparedness: Devefhbpaietsunami aware- ness in
Indonesia, Chile and Japan.Int. J. Disaster Risk Reduct., 5: 84-97.
https://doi.org/10.1016/j.ijdrr.2013.07.002

Esteban, M., Onuki, M., Ikeda, | and Akiyama, TO18) “Reconstruction Following the 2011

Tohoku Earthquake Tsunami: Case Study of OtsuchinTio lwate Prefecture, Japan” in



598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633

Handbook of Coastal Disaster Mitigation for Engineers and Planners. Esteban, M.,
Takagi, H. and Shibayama, T. (eds.), 615-630, Butiegh-Heinemann (Elsevier), Oxford,
UK

Grantz, A., Plofker, G., Kachadoorian, R. (1964) LMSKA'S GOOD FRIDAY
EARTHQUAKE, MARCH 27,1964 A Preliminary Geologic &wation.” GEOLOGICAL
SURVEY CIRCULAR 491,

Heidarzadeh, M., Muhari, A., and Wijanarto, B. (8D1Insights on the source of the 28
September 2018 Sulawesi tsunami, Indonesia basexp@ttral analyses and numerical
simulations.” Pure Appl. Geophys., 176(1): 25-43. https://doi.org/10.1007/s00024-018
2065-9

Huang, S.-K., Lindell, M.K., and Prater, C.S. (2Dp1Who leaves and who stays? A review and
statistical meta-analysis of hurricane evacuattadies.” Environ. Behav., 48: 991-1029.
http://dx.doi.org/10.1177/0013916515578485.

lemura, H., Takahashi, Y., Pradono, M. H., Sukam®&o, and Kurniawan, R. (2006)
"Earthquake and tsunami questionnaires in Bandd Acel surrounding areadlsaster
Prevention and Management., 15(1): 21-30. https:// doi.org/10.1108/09653580b4211

Gregg, C. E., Houghton, B. F., Paton, D., LachnRn,Lachman, J., Johnston, D. M., and
Wongbusarakum, S. (2006) “Natural Warning Signs Teunamis: Human Sensory
Experience and Response tlte2004GreatSumatra Earthquake and Tsunami in
Thailand.” Earthquake Spectra., 22(S3): 671-691. https://doi.org/10.1193/1.22067

Kajimoto, R., Fujimi, T., Yoshida, M., and Kim, H2016) “Factors promoting and impeding
precautionary evacuation behavioudfifernational Journal of Urban Sciences, 20(S1):
25-37. http://dx.doi.org/10.1080/12265934.2016. B85

Kang, J. E., Lindell, M. K., and Prater, C. S. (ZR0'Hurricane evacuation expectations and
actual behavior in Hurricane Lili.”J. Appl. Soc. Psychol., 37(4): 887-903.
https://doi.org/10.1111/j.1559-1816.2007.00191.x

Kurita, T., Arakid, M., and Colomage, S.R.N. (200Regional characteristics of tsunami risk
perception among the tsunami affected countriethénindian Ocean.J. Nat. Disaster
i, 29(1): 29-38. https://doi.org/10.2328/jnds.29.29

Lander, J. (1996) “Tsunamis affecting Alaska 17386l NCGC Key to Geophysical
Research Documentation, No 31, National Geophysical Data Center, Boul@#D,

Lemke, R. (1967) “Effects of the earthquake of Mwar2z7, 1964, at Seward, Alaska.”
Geological Survey Professional Paper, 542-E. United States Government Printing Office:
Washington, DC

Lindell, M. K., and Prater, C.S. (2010) “Tsunameparedness on the Oregon and Washington

coast: recommendations for researdiat. Hazards Rev., 11(2): 69-81.



634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669

Lindell, M. K., Prater, C. S., Gregg, C. E., Apai,J. |., Huang, S.-K., and Wu, H.-C. (2015).
“Households' immediate responses to the 2009 Amer8amoa earthquake and tsunami.”
Int. J. Disaster Risk Reduct., 12: 328—-340. https://doi.org/10.1016/}.ijdrr.202%003

Mikami, T., Shibayama, T., Esteban, M., Takabatdke Nakamura, R., Nishida, Y., Achiari,
H., Rusli, Marzuki, A. G., Marzuki, M. F. H., Stell J., Krautwald, C., Robertson, I.,
Aranguiz, R., and Ohira, K. (2019) “Field Survey tfe 2018 Sulawesi Tsunami:
Inundation and Run-up Heights and Damage to CodStahmunities.” Pure Appl.
Geophys., 1-14._https://doi.org/10.1007/s00024-019-02258-5

Ministry of Land, Infrastructure, Transport and Tism (MLIT). (2013) “Routes, facility

layouts and guidance for tsunami evacuation Vér3.0Available at
http://www.mlit.go.jp/common/000233464.pdf (Accedsm 5 April 2019) (in Japanese)

Mostafizi, A., Wang, H., Cox, D., Cramer, L. A.,dabong, S. (2017) “Agent-based tsunami
evacuation modeling of unplanned network disruidar evidence-driven resource
allocation and retrofitting strategies.”Natural Hazards, 88(3): 1347-1372.
https://doi.org/10.1007/s11069-017-2927-y

Muhari, A., Imamura, F., Arikawa, T., Hakim, A. Rand Afriyanto, B. (2018) “Solving the
puzzle of the September 2018 Palu, Indonesia, tsung/stery: Clues from the tsunami
waveform and the initial field survey dataldurnal of Disaster Research. Vol.13, Sci.
Comm., sc20181108. https://doi.org/10.20965/jdr&6d20181108.

Omira, R., Dogan, G. G., Hidayat, R., Husrin, Sasetya, G., Annunziato, A., Proietti, C.,
Probst, P., Paparo M. A., Wronna, M., Zaytsev Agnih, P., Giniyatullin, A., Putra, P.
S., Hartanto, D., Ginanjar, G., Kongko, W., Pelisioy, E., Yalciner, A. C. (2019) “The
September 28th, 2018, tsunami In Palu-Sulawespriasia: A post-event field survey.”
Pure and Applied Geophysics, 176(4): 1379-1395._ https://doi.org/10.1007/s@B029-
02145-z.

Perry, S. D. (2007). “Tsunami warning disseminatioMauritius.” J. Appl. Commun. Res., 35:
399-417. https://doi.org/10.1080/00909880701611060

Robertson, I., et al. (2019). “StEER—Palu earthguakd tsunami, Sulawesi, Indonesia: Field
assessment team 1 (FAT-1) early access reconnaissaport (EARR)."DesignSafe-Cl.
https://doi.org/10.17603/DS2JD7T.

Said, A.M., Ahmadun, F.-R., Mahmud, A.R., and Abas(2011). “Community preparedness
for tsunami disaster: a case studyDisaster Prevention and Msanagement, 20(3):266—
280. https://doi.org/10.1108/09653561111141718

Sassa, S., and Takagawa, T. (2019). “Liquefied itydlow-induced tsunami: first evidence

and comparison from the 2018 Indonesia Sulaweshgaake and tsunami disasters.”
Landslides, 16(1), 195-200. https://doi.org/10.1007/s10348-0114-x.




670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704

Senoo, K., Takabatake, T., Esteban, M., and Shibaya. 2019. “Storm Surge Awareness and
Intended Evacuation in Low-Lying Areas of Tokyo YCit submitted tolnternational
Natural Hazards.

Shelley, B. J., Rivers, M. and Berlinger, J. (201B)donesia tsunami and earthquake: Rescuers
race to aid victims as death toll passes 840.”CNN.
https://edition.cnn.com/2018/09/30/asia/indonesidgkejuake/index.html

Shibayama, T., Esteban, M., Nistor, I., Takgi, Hhao, N. D., Matsumaru, R., Mikami, T.,
Aranguiz, R., Jayaratne, R., and Ohira, K. (2018)assification of tsunami and
evacuation areasNatural Hazards, 67(2), 365—386. http://dx.doi.org/10.1007/ s11069
013-0567-4.

Stolle, J., Krautwald, C., Robertson, I., Achi&ti, Mikami, T., Nakamura, R., Takabatake, T.,
Nishida, Y., Shibayama, T., Esteban, M., Nistgrahd Goseberg, N. (2019). Engineering
Lessons from the 28 September 2018 Indonesian Wsurebris Loading,Canadian
Journal of Civil Engineering. https://doi.org/10.1139/cjce-2019-0049Suroyo, &hd

Ungku, F. (2018). No siren, no warning: Indonesiaasight unawares by devastating

tsunami, REUTERS. https://www.reuters.com/article/us-indonesia-quake-

warnings/no-siren-no-warning-indonesians-caughtuanas-by-devastating-
tsunami-idUSKCN1MH048

Takabatake, T., Fujisawa, K., Esteban, M., and &fkitha, T. (2019b) “Simulated
Effectiveness of a Car Evacuation from a Tsuna®ubmitted tdnternational Journal of
Disaster Risk Reduction.

Takabatake, T, Mall, M., Esteban, M., Nakamura, Ryaw, T.0., Ishii, H., Valdez, J.J.,
Nishida, Y., Noya, F., and Shibayama, T. (2018&jel Survey of 2018 Typhoon Jebi in
Japan: Lessons for Disaster Risk ManagemenGeosciences, 8(11):412.
https://doi.org/10.3390/geosciences8110412

Takabatake, T., Shibayama, T., Esteban, M., AchtariNurismanc, N., Gelfi, M., Tariganc,T.
A., Kencanac, E. R., Fauzic, M. A. R, Panalar&g¢ Harnantyaria, A.S., and Kyaw, T.
O. (2019a). “Field Survey and Evacuation Behaviduring the 2018 Sunda Strait
Tsunami”Coastal Engineering Journal. Accepted.

Takabatake, T., Shibayama, T., Esteban, M., and, Ish (2018b). “Advanced casualty
estimation based on tsunami evacuation intendecdvi@h case study at Yuigahama
Beach, Kamakura, Japan.” Natural Hazards 92(3), 1763-1788.
https://doi.org/10.1007/s11069-018-3277-0.

Takabatake, T,, Shibayama, T., Esteban, M., Isthij,and Hamano, G. (2017). “Simulated

tsunami evacuation behavior of local residents aisitors in Kamakura, Japan.”




705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727

I nternational Journal of Disaster Risk Reduction, 23, 1-14.
https://doi.org/10.1016/j.ijdrr.2017.04.003

Takagi, H., Pratama, M. B., Kurobe, S., Esteban,Aanguiz, R., and Ke, B. (2019) “Analysis
of generation and arrival time of landslide tsun&mPalu City due to the 2018 Sulawesi
Earthquake.Landslides, 16(5): 983-991. https://doi.org/10.1007/s10346-01166-y.

USGS https://prod-earthquake.cr.usgs.gov/earthcekentpage/us1000h3p4/execu-tive,
Accessed 11 July 2019.

Yun, N. Y., and Hamada, M. (2012) “Evacuation Bebes in the 2011 Great East Japan
Earthquake.Journal of Disaster Research, 7: 458-467. DOI:10.20965/jdr.2012.p0458

Yun, N. Y., and Hamada, M. (2015) “Evacuation Babaand Fatality Rate during the 2011
Tohoku-Oki Earthquake and Tsunami.Earthquake Spectra, 31(3), 1237-1265.
https://doi.org/10.1193/082013EQS234M

Wei, H.-L., Wu, H.-C., Lindell, M. K., Prater, CShiroshita, H., Johnston, D. M., and Becker,

J. S. (2017) “Assessment of households’ resporséset tsunami threat: A comparative

study of Japan and New Zealanthternational Journal of Disaster Risk Reduction, 25,
274-282. https://doi.org/10.1016/}.ijdrr.2017.09.01

Wood, N. J., and Peters, J. (2015) “Variations apwation vulnerability to tectonic and
landslide-related tsunami hazards in Alaska.” Natudazards, 75, 1811-1831. DOI
10.1007/s11069-014-1399-6

Wood, N. J., Schmidtlein, M. C., and Peters, J.1#0'Changes in population evacuation

potential for tsunami hazards in Seward, Alaskacesthe 1964 Good Friday earthquake.”
Natural Hazards, 70, 1031-1053. DOI 10.1007/s11069-013-0859-8



Subject: Conflict of Interest

Title: Tsunami Awareness and Evacuation Behaviour during the 2018 Sulawesi Earthquake

Tsunami

In attn. of Editor of International Journal of Disaster Risk Reduction:

The authors whose names are listed immediatbelow certify that they have
NO affiliations with or involvement in any rganization or entity with any financial
interest (such as honoraria; educational grantdgjcgmation in speakers’ bureaus; membership,
employment, consultancies, stock ownership, or rotfipiity interest; and expert testimony or
patent-licensing arrangements), or non-financialerest (such as personal or professional
relationships, affiliations, knowledge or belieis)the subject matter or materials discussed s thi

manuscript.
Sincerely,
Ms. Anisa Shafiyya Harnantyari, Dr. Tomoyuki Taketh®, Dr. Miguel Esteban, Mr. Paolo

Valenzuela, Mr. Yuta Nishida, Mr. Tomoya Shibayarit, Hendra Achiari, Mr. Rusli, Mr. Abdul
Gafur Marzuki, Mr. Muhammad Fadel Hidayat Marzubi, Rafael Aranguiz, Ms. Thit Oo Kyaw



