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Abstract. The archipelagos of Vanuatu and the eastern
Solomon Islands, scattered over 1500 km along the Vanuatu
Arc, include dozens of inhabited volcanic islands exposed
to many natural hazards that impact their populations more
or less severely. Due to the location of these islands on a
subduction interface known as the Vanuatu subduction zone,
tsunamis triggered by earthquakes, volcanic eruptions, and
landslides locally, regionally, and in the far field represent
a permanent threat. If catalogues already list tsunamis that
have occurred in the Vanuatu Arc, they were not exclusively
focusing on this region. This study goes further in the list-
ing of tsunamis reported and/or recorded in the Vanuatu Arc,
analysing existing catalogues, historical documents, and sea-
level data from the five coastal tide gauges located in Vanu-
atu at Port Vila (Efate), Luganville (Espiritu Santo), Litzlitz
(Malekula), and Lenakel (Tanna) and in the eastern Solomon
Islands province at Lata (Ndende). It allows the identification
of 100 tsunamis since 1863, 15 of them showing wave ampli-
tude and/or run-up height of more than 1 m and 8 between 0.3
and 1 m. While some tsunamis are known to have occurred in
the past, information about the wave amplitude or potential
run-up is sometime lost (15 events). Also, tsunamis reported
in neighbouring islands like New Caledonia but not reported
or recorded in the Vanuatu Arc are discussed, as well as de-
bated events or events with no known origin(s).

1 Introduction
1.1 Tectonic context
Located in the south-west Pacific region, the Vanuatu sub-

duction zone (called VSZ hereafter) and its associated Van-
uatu Arc (previously known as the New Hebrides Arc) be-

long to the Pacific Ring of Fire and result from the conver-
gence between the Australian and Pacific plates. The Van-
uatu Arc extends over 1500 km and includes the islands of
Vanuatu (65 inhabited islands over a total of ~ 83) but also
includes in its southern part the uninhabited Matthew and
Hunter islands and in its northern part most of the islands
of the easternmost province of the Solomon Islands (also
known as Temotu province and formerly known as the Santa
Cruz Islands province; Fig. 1). Due to the morphology of the
VSZ and to several microplate boundaries at the rear of the
VSZ in the north Fiji Basin (NFB in Fig. 1), the arc can be
divided into four segments, and the rate of convergence at
the trench varies along the arc from 35 mmyr~! in the cen-
tral segment, 48 mmyr~! in the south-easternmost segment
(around Matthew and Hunter islands), 90 to 120 mm yr‘1 in
the southern segment to a maximum of 160 mmyr~! in the
northern segment (Pelletier et al., 1998; Calmant et al., 2003;
Fig. 1).

In the central part of the Vanuatu Arc, the islands are lo-
cated along three lines or ranges parallel to the subduction
trench (Carney and MacFarlane, 1982). The closest line to
the trench, i.e. the western range, is the oldest volcanic line
and contains Early to Middle Miocene volcanic series out-
croppings in Malekula in the south, in Espiritu Santo, and
in the Torres Islands in the far north. The middle line, i.e.
the central range, is the most recent and extends all along the
arc; it is composed of Plio—Quaternary volcanic rocks and ac-
tive volcanoes from Matthew and Hunter islands in the south
to Tinakula Island (Solomon Islands) in the north, through
Aneityum, Tanna, Erromango, part of Efate, the Shepherd Is-
lands, part of Epi, Lopevi, Paama, Ambrym, Ambae, Gaua,
the Banks Islands, and then Vanikoro, Utupua, and the Santa
Cruz Islands (Solomon Islands). The furthest line from the
trench, i.e. the eastern range, is composed of Mio—Pliocene
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Figure 1. The Vanuatu Arc at the boundary between the Australian
and the Pacific tectonic plates. The convergence rates are symbol-
ized by the black arrows (values from Calmant et al., 2003, are in-
dicated in centimetres per year). The five coastal tide gauges are
symbolized by red circles and their respective name given in red.

volcanic series outcroppings in Pentecost and Maewo islands
in the north. These three lines of islands are the result of
complex processes associated with the convergence history
between the Australian and Pacific plates, including subduc-
tion polarity reversal. The islands of the western and eastern
ranges and some of the islands in the central range exhibit
coral reef terraces due to the uplift of the overriding plate
(Taylor, 1992).

1.2 Human occupation and remnants of history

In 2003, the Teouma Lapita site was discovered in Efate Is-
land, central Vanuatu (Bedford et al., 2004). Further inves-
tigations revealed that this is the oldest Lapita site in the
whole western Pacific Ocean, with dating methods proving
that people have occupied it since ca. 3000 cal BP (Bed-
ford et al., 2006, 2007; Petchey et al., 2014). This esti-
mated date has been more recently confirmed through DNA
analyses of bones from the Teouma burial site: Vanuatu
has been occupied by humans who travelled from Asia for
ca. 3000 years (Skoglund et al., 2016). The first Europeans,
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led by the Portuguese explorer Pedro Fernandez De Quiros,
discovered the archipelago in 1606 (and named it Iles St Es-
prit), but effective sparse settlement occurred only from 1768
when the French explorer Louis Antoine de Bougainville re-
discovered these islands, soon followed by James Cook (in
1774), who mapped the archipelago and named it New He-
brides, in reference to the Scottish islands (Aldrich, 1993;
Woodward, 2014). Some settlers from both France and Eng-
land have lived in these islands since then, without one of
the two countries claiming sovereignty. It was only in 1906
that they decided to establish a framework for joint Anglo—
French management (condominium), which lasted until the
independence of the Republic of Vanuatu in July 1980. The
lack of written history from the native people’s side and the
very recent occupation by Europeans has led to the fact that
the potential written history of Vanuatu, mainly by mission-
aries, began only ~ 150 years ago and with it, the potential
information related to tsunamis.

In the Solomon Islands, human occupation is believed to
have begun much earlier in history, ca. 30 000—40 000 years
ago during the Pleistocene (Friedlaender et al., 2002; Walter
and Sheppard, 2009). However, the south-easternmost group
of islands of the Solomon Archipelago, the so-called Santa
Cruz Islands, were probably colonized by the first Lapita
settlers only ca. 3000 years ago according to DNA analysis
of the population (Friedlaender et al., 2002) and archaeol-
ogy, including radiocarbon dating (Green, 1991; Kirch and
Swift, 2017). The diversity of cultures and indigenous lan-
guages (63 different languages reported by Tryon and Hack-
man, 1983) in the archipelago makes the task of establish-
ing a chronology of occupation complex. The only certainty
is that the first Europeans who reached the Santa Cruz Is-
lands were led by the Spanish explorer Alvaro de Mendafia
de Neira in 1568. Navigators, especially whalers, travelled
within this region only from the late 1700s to early 1800s,
and the first missionaries had contact with coastal people
from 1845, settling in 1898 with the foundation of a Roman
Catholic mission (Hilliard, 1974). The Melanesian Mission
was established in the eastern Outer Islands in 1849 (Tryon
and Hackman, 1983). In this region, the settlement of Eu-
ropeans is generally associated with written reports of nat-
ural phenomena, including earthquakes, volcanic eruptions,
and tsunamis, which are not found before their arrival. For
information, Tryon and Hackman (1983) indicate that the
Solomon Islands government did not provide public educa-
tion until 1945, which means that before then education was
therefore limited to that provided by the church.

However, as in other islands in the Pacific region, “kas-
tom” stories related to natural disasters exist in the tradi-
tional oral knowledge in Vanuatu and probably also in the
eastern Solomon Islands. Geological evidence and oral his-
tory of tsunamis in Vanuatu have been reported by Goff et
al. (2008), who related a collection of kastom stories about
tsunamis and volcanic eruptions from villages in Efate, Epi,
and Tongoa.
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1.3 Tsunami catalogues and previous works on
tsunamis in the Vanuatu Arc

Event catalogues, whether they collect information about
tsunamis, volcanic eruptions, landslides, or other disasters,
are a crucial step in studying natural hazards. In fact, haz-
ard assessment needs reliable historical data to validate the
models used for building evacuation maps, land use plan-
ning, etc. Several methodologies exist for building tsunami
catalogues, three of them being the most common. The first
one, and probably the one most commonly applied through-
out the world, consists of investigating historical documents
(including reports, journal articles, drawings, paintings, etc.)
preserved in archives, as well as collecting testimonies from
people (directly from the people themselves or reporting
what someone else told the interviewed person about oral
tradition, for instance, which is very common in the Pa-
cific islands). The second one depends on the availability
of oceanographic or sea-level data: the installation of tide
gauges or, recently, tsunami coastal gauges and Deep-ocean
Assessment and Reporting of Tsunami (DART) stations pro-
vides scientists and risk managers with direct and reliable
observations and/or records of tsunamis waves, associated
with critical values like wave amplitude, periodicity, polar-
ity, frequency content, etc. The third methodology relies onto
the sedimentological archives of tsunamis: when impacting
the coast, tsunami waves are sometimes able to bring ma-
rine material onshore, which is eventually deposited after-
wards. If the environment allows their conservation, typi-
cally in swamps or depressed areas showing a high rate of
sedimentation, then these sediments can be preserved over
millennia. Their analysis requires caution because, for ex-
ample, small tsunami-related deposits can easily be confused
with other marine submersion deposits like those brought by
a storm or strong long-period swells (e.g. Shanmugam, 2012;
Costa et al., 2018), or bioturbation can destroy the sedimen-
tary structures (e.g. Spiske et al., 2020).

In Vanuatu and the eastern Solomon Islands, the limited
written history (~ 150 years) associated with the very re-
cent and limited number of only five coastal gauges — four
in Vanuatu, located in Port Vila (Efate) since 1977, then in
Luganville (Espiritu Santo) in 1993 and more recently in
Lenakel (Tanna) and Litzlitz (Malekula) in 1996, and one in
Lata (Ndende, eastern Solomon Islands province) since 2010
(see details in Table 1) — leads to a very short and incom-
plete history of tsunamis, the largest of which could have
return periods of hundreds to thousands of years. In addi-
tion, tsunamis triggered by landslides or volcanic eruptions
are known to sometimes have a very limited impact zone and
would not be recorded on gauges located tens to hundreds of
kilometres away from their sources.

Although Vanuatu and the eastern Solomon Islands are
located on a major subduction zone and thus are poten-
tially subjected to tsunamis triggered by earthquakes, vol-
canic eruptions, and submarine landslides, there is almost
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Table 1. Coastal sea-level gauges in the Vanuatu Arc: location, start date of data availability, type of sensor, and link to the dataset (data from VLIZ/IOC, 2024, and the Australian
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no work on paleo-tsunamis based on tsunami deposits ex-
cept the one from Goff et al. (2008) on Efate, Epi, and Ton-
goa, mainly focused on addressing the possible tsunami of
the Kuwae eruption in the mid-15th century and the present-
day study by a CNRS-IRD-Clermont Auvergne University
(Clermont-Ferrand) team organized in June 2023 on Efate,
Tanna, and Aneityum that was mainly focused on the prede-
cessors of the 1875 and 1878 major events.

Previous work on historical tsunami catalogues in the Van-
uatu Arc region includes that of Soloviev and Go (1974) on
the western shore of the Pacific Ocean for the 1863—-1967 pe-
riod and Louat and Baldassari (1989) on the New Caledonia—
Vanuatu region for the 1927-1989 period.

Specific studies were focused on some recent major earth-
quakes and associated tsunamis, such as the November 1999
east Ambrym event in the central VSZ (Pelletier et al., 2000;
Ioualalen et al., 2006), the January 2002 Efate event (Ten-
drayen, 2006), the February 2013 Santa Cruz event in the
northern VSZ (Fritz et al., 2013), and the December 2018
(Roger et al., 2021) and February 2021 (Roger et al., 2023a)
Loyalty Islands events located in the southern VSZ.

The tide gauge records used in the present study cover
the period from 15 January 1993 (only in Port Vila) to 30
June 2023. The sampling rate from 1993 to 2012 is 6 min
and increases to 1 min starting in late May 2012. The meta-
data are accessible on the Bureau of Meteorology (BOM)
website: http://www.bom.gov.au/ntc/IDO50000/IDO50000_
57320.pdf (last access: 8 October 2024). Another record was
available for Port Vila for the period from 1977 to 1982
(https://uhslc.soest.hawaii.edu/data/?rq, last access: 8 Octo-
ber 2024). Unfortunately, the data were digitized from paper
records and that was done with hourly spot samples, which
shows a resolution too poor to help identifying any tsunami
waveforms a priori without the conservation of the original
records (Philip Thompson, University of Hawai’i Sea Level
Center, personal communication, 2023).

The other coastal gauges were installed in June 2010 on
Lata Wharf, Ndende; 15 May 2013 in Luganville; and 27
May 2016 in Lenakel and Litzlitz. These four stations have a
sampling rate of 1 min. The Lata Wharf gauge worked be-
tween 11 June 2010 and 27 October 2019, when it failed
(Mike Davis, Bureau of Meteorology, Australia, personal
communication, 2023). For this study we accessed data from
24 May 2011 to 27 October 2019 provided by the Australian
Bureau of Meteorology (BOM) upon our request. These data
show some gaps; however, it was possible to use them for
this study.

In October 2022 a tsunami watch camera was installed
with the coastal gauge located at Litzlitz (https://www.jica.
go.jp/Resource/vanuatu/english/office/topics/221023.html,
last access: 8 October 2024).
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2 Data collection and methodology

The actual list of tsunamis recorded in the Vanuatu Arc
and reported in global tsunami databases like the National
Oceanic and Atmospheric Administration — National Cen-
ters for Environmental Information (NOAA/NGDC) tsunami
database (NGDC/WDS, 2023) or the TL/ICMMG Global
Historical Tsunami Database (TL/ICMMG, 2023) is not
clear, as these databases do not really help to distinguish
between tsunamis triggered in a region and/or tsunamis
recorded in that region. As an example, the request on the
NOAA/NGDC tsunami database for the country of Vanuatu
resulted in 36 events with an origin in Vanuatu from 1863
to 2016. A more accurate search using the geographic ex-
tent 9-25°S, 161-175°E provided 83 events between 1863
and 2023, none of which showed an origin outside of the re-
gion. The same requests to the TL/ICMMG Global Historical
Tsunami Database provided 30 and 86 events with origins in
Vanuatu between 1875 and 2023. In both cases, the tsunamis
triggered at the Vanuatu subduction zone after 2016 have
been located in New Caledonia/the Loyalty Islands, proba-
bly because that was the closest land to the source location,
and tsunamis generated outside of the region but recorded in
the region are not listed.

If these tsunamis have generally been triggered by earth-
quakes, some of them may have followed volcanic eruptions
and potentially landslides.

In order to clarify and eventually update the information
provided by the databases, it was decided to look for obser-
vation details in the available literature and to analyse, when
possible, the recorded signals of the five coastal gauges lo-
cated in Vanuatu (Table 1). This exercise could also poten-
tially highlight additional events and especially non-seismic
or volcanic events.

Firstly, the methodology proposed by Roger et al. (2019)
using a decision table was applied to identify the earthquakes
that may have been able to trigger a tsunami recorded in Van-
uatu. From the results obtained using this decision table, au-
tomatic extraction of signal periods corresponding to 2 h be-
fore and 24 h after the earthquake and de-tiding using a poly-
nomial function were performed. Then, a visual check of the
resulting signal extractions was done to distinguish tsunami
waveforms from the background noise.

The same process was run for known volcanic crises from
Vanuatu Arc volcanoes.

Finally, a global check of the whole signal was done to
eventually identify non-seismic or volcanic sources.

The detailed list of the different tsunamis reported or
recorded in the Vanuatu Arc for a time period running from
August 1863 to 30 June 2023 is presented in Table S1. Sig-
nificant events are presented hereafter in Sect. 3.2.

https://doi.org/10.5194/nhess-24-3461-2024
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3 Catalogue
3.1 Description

The list of tsunamis reported and/or recorded in the Vanuatu
Arc is composed of 100 events detailed in Table S1. Of these,
15 show a maximum recorded amplitude on the gauge or a
run-up value of 1 m and above, including 7 showing a run-up
value equal to or above 3 m. An additional eight show a max-
imum amplitude on the gauge or a run-up value of between
0.3 and 1 m. There were 62 that showed a maximum ampli-
tude on the gauge or a run-up value of less than 0.3 m. No
reported amplitude value or reported run-up value was found
for 15 events.

If most of the tsunamis listed here are associated with
earthquakes (92), eight show a different generation mode:
three events are due to either volcanic activity or an earth-
quake (no certainty about the source), and four events are
related to volcanic eruptions, including the Karua (1901), the
Hunga Tonga—Hunga Ha’apai (2022), and the east Epi (1958,
2023) volcanic eruptions. And one event recorded on LITZ
on 16 November 2021 could be attributable to volcanic ac-
tivity at Gaua Volcano.

The three largest amplitudes recorded at a tide gauge cor-
respond to 1.4m on Lenakel following the 2021 M,, 7.7
Matthew Island earthquake, 1.37 m on LATA following the
2011 My 9.1 Tohoku (Japan) earthquake, and 1.03m on
VANU following the HTHH (2022) volcanic eruption. Max-
imum amplitudes of 0.8 and 0.7 m were recorded on LATA
following the 2013 M,, 8.0 Ndende earthquake and on LENA
following the 2023 My, 7.7 south-east Loyalty Islands earth-
quake, respectively.

The two largest reported run-ups are 17m at Port-
Resolution, Tanna Island, on 10 January 1878 (Soloviev and
Go, 1974) and 11 m at west Ndende, eastern Solomon Is-
lands, on 6 February 2013 (Fritz et al., 2013).

Figure 2 shows the maximum wave amplitude or elevation
run-up either reported by or recorded on coastal gauges as
a function of time. It shows that small tsunamis occur rela-
tively frequently (62 in ~ 30 years), while larger ones posing
a direct threat to people (> 30cm) are less frequent (23 in
~ 150 years). It is important to note that this number could
be larger if the 15 events for which there is no amplitude
or run-up data available showed amplitudes or run-up eleva-
tions above 1 m. Figure 2 also shows the tsunami intensity /
as a function of the maximum wave amplitude (or elevation
run-up in our case) Hpax based on the lida (1963) scale, also
called the Imamura-lida scale (Gusiakov, 2009):

I =logy Hmax. @))]

Note that only one event shows an intensity / =4 or more
for the Vanuatu Arc region.

As most of the tsunamis recorded and/or reported in the
Vanuatu Arc are triggered by earthquakes, it is interesting to
show the dependency of the tsunami amplitude on the earth-
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quake magnitude. However, this does not allow us to draw
any clear trend, as shown in Fig. 3.

Tsunamis reported or recorded in the Vanuatu Arc have
multiple origins as, presented in Fig. 4: they can be trig-
gered by earthquakes all around the Pacific Ocean Ring of
Fire, especially in south-west America or Japan (Fig. 4a), or
regionally by earthquakes and/or volcanoes occurring at the
subduction zones in the south-west Pacific Ocean (Fig. 4b),
but most of them are triggered by seismic or volcanic activity
locally due to Vanuatu subduction zone processes (Fig. 4c¢).

3.2 Description of events

Note that for the oldest references, we directly rely on the
information reported in (a) Soloviev and Go (1974) for
the period 1863-1967 and (b) Louat and Baldassari (1989)
for the period 1729-1989, the original references being In-
glis (1887; in b), Robertson (1892; in b), Wawn (1893; in
b), Patton (1894; in b), Davillé (1894; in a and b), Maw-
son (1905; in b), Bourge (1906; in a and b), O’Reilly (1956;
in b), Rothé (1965; in a), and Carney and Campillo (1980; in
b). In the following, the original references are also indicated.
Times are indicated either local (LT) or universal (UTC) time
zones.

3.2.1 Tsunamis of particular interest from local events
with observation data

28-30 March 1875 (Aneityum, Aniwa, Erromango)

A huge seismic crisis felt in both the Loyalty Islands in New
Caledonia and the southern Vanuatu Islands began 28 March
in the southern portion of the VSZ. Major shocks occurred
28 and 30 March and were followed by a “tidal wave”, as re-
ported by Soloviev and Go (1974) and Louat and Baldassari
(1989). The first event, deadly in Lifou, Loyalty Islands, New
Caledonia, was also felt severely in Aneityum, the southern-
most inhabited island of Vanuatu. On Aneityum, one person
drowned and others were severely hurt (Inglis, 1887, in Louat
and Baldassari, 1989). The sea rose around the whole island
and did serious damage to dwellings and crops (Inglis, 1887).
A wave of 1011 ft (~ 3 m) above the spring-tide level, arriv-
ing 15 min after the earthquake, was reported (Inglis, 1887).
Based on testimonies from the Loyalty Islands and numerical
modelling, the magnitude of the 28 March 1875 earthquake
is estimated to have been 8.1-8.2 (Ioualalen et al., 2017).
The earthquake and tsunami were also felt on Erromango
(Robertson, 1892) and Aniwa (Patton, 1894). On both islands
a tidal wave from the second, 30 March event was higher
than the 28 March one. At Erromango, Robertson (1892) in-
dicated that he saw “a prodigious wall of sea, stretching right
across the bay, and which appeared about forty feet high”
(~ 12 m). However, considering the described damage, this
value is considered to be an overestimation herein.

Nat. Hazards Earth Syst. Sci., 24, 3461-3478, 2024
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January/February/August 1878 (Tanna volcano)

In the year 1878, several earthquakes and tsunamis associ-
ated with eruption(s) of the Mount Yasur volcano (Tanna Is-
land) drastically changed the hydrography of Port Resolu-
tion on the south-eastern coast of Tanna Island (Patton, 1894;
Mawson, 1905; Bourge, 1906; Soloviev and Go, 1974; Louat
and Baldassari, 1989). On 10 January, a strong earthquake
generated a 6 m uplift of the coast and a locally devastating
tsunami, rising 12 m above highest tide mark (or 15-17m
high according to other sources; Soloviev and Go, 1974). On
11 February there was an even stronger shock that gener-
ated a large sea wave and caused local uplift of 12 m and
the collapse of other parts of the coast into the sea. A third
main shock occurred in August and again changed the mor-
phology, raising part of the bottom of the harbour above sea
level. The total uplift of the shoreline of 15m in 1878 and
the extraordinarily uplift rate (156 mmyr~—! between 1009
and 1992 CE) of the Yenkahe resurgent block, located in a
partially submerged Quaternary caldera, is likely associated
with the movement of magma below (Chen et al., 1995).

After 3 October 1883 (south-west Malekula)

Following an earthquake, three tidal waves swept the south-
western coast of Malekula from the west. The amplitude of
the tsunami was about 2m (14 feet from trough to crest;
Wawn, 1893, in Louat and Baldassari, 1989). The eyewit-
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Figure 4. Location of the sources of tsunami reported and/or recorded in Vanuatu Arc. (a) Oceanic scale; (b) south-west Pacific Ocean scale;
(¢) Vanuatu Arc scale. The red lines symbolize the plate boundaries; the blue rectangle in (a) represents the extent of (b) and in (b) the
extent of (c); earthquake sources are represented with circles (size is function of the magnitude), volcanic eruptions with triangles and both
earthquake and volcanic source by a pentagon; Maximum wave amplitude or vertical run-up refers to the threat level ranges: 0-0.3 m: green
symbols; 0.3-1.0 m : orange symbols; above 1.0 m: red symbols; no amplitude or run-up information: black symbols.

ness, William T. Wawn, who was on board a ship anchored
in the channel between Ura Islet and the south-western coast

of Malekula, described the scene reported below,

At either side, on the shallow reefs, and high
over the low bushes and smaller trees that lined
the shore, a huge wave was breaking, sweeping
steadily along the coast from westward, until it dis-
appeared beyond a long, low point of land. It was
the swell of this wave, unbroken in the deeper wa-
ter, which had caught the ship aft, and had slewed
her round to her anchor. On the islet we could hear
the yells and cries of the natives, as they fled from
an adjacent village, making for higher ground. On
the main island, cloud of dust could be seen for
miles away, showing where landslips has occurred

https://doi.org/10.5194/nhess-24-3461-2024

on the side of the steep hills and mountains. For
miles the whole surface of the earth had subsided,
sinking eight feet or so, which had caused the great
wave to rush into the deepened channel. Then,
slowly and gradually, came an upheaval. The water
poured out from the flooded forest, bearing with
them portions of the huts of the savages, canoes,
trees and branches, and even two or three squeak-
ing pigs, cascading over the face of the flat shore-
reefs. These now rose as high above their normal
position as they had before sunk below it, forming
flat terraces along the coasts, which were elevated
to six feet above the surface of the sea. Masses of
“Live” coral showed along the face of the raised
shore-reefs, displaying brilliant hues, blue, green,
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yellow, purple, and red, all shining and glistening
in the sun. This was the first act. A pause of a
minute followed. Then, gradually and majestically,
the upraised coral sank again, and the bright colour
disappeared. Then came another subsidence, and a
second vast billow rolled in from westward, mak-
ing our chain rip and tear at the bows as if it
meant to pull the windlass out of the ship. Break-
ing into clouds of foam, the wave ran roaring along
the shores, while every here and there some huge
tree came toppling over, with torn root or broken
trunk. The second upheaval was not equal to the
first; the reefs did not rise more than about three
feet above the water. Though a third wave rolled
in, it was only a “piccaninny” (small) when com-
pared with those that had preceded it. When the
earthquake was over, I could perceive no differ-
ence in the height of the shore, from the level of
the sea. The only effect remaining visible were the
branches and broken trees floating about, or lying
strewn along the beaches, with here and there, a
bare yellow brown patch on the side of the hill.

24 July 1961 (23 July UTC) Efate

During a seismic swarm located south of Efate, a My, 7.3
earthquake was felt severely (intensity VI on the Mercalli
scale) on the islands of Efate and Erromango and also (inten-
sity IV) on Tanna, Malekula, Epi, and the Loyalty Islands.
About 10 to 15 min after the shock, a tsunami with 1 to 1.5 m
of vertical oscillations and a period of about 12 min, gener-
ating minor damage, was reported in Port Vila and Forari,
Efate Island (Soloviev and Go, 1974; Louat and Baldassari,
1989).

12-13 August 1965 LT (11-13 August UTC) northern
Malekula, southern Espiritu Santo

A seismic swarm with several strong shocks (M, 7.2 to 7.6)
occurred between Malekula and Espiritu Santo between 11
and 13 August (see Ebel, 1980). They were felt with esti-
mated intensities of VII to VIII on the Mercalli scale at Nor-
sup (north Malekula) and Luganville (south Espiritu Santo).
Three large earthquakes on 11 and 12 August (UTC) gener-
ated significant damage, landslides, and collapses on Espiritu
Santo and Malekula. The main event (M, 7.6 at 22:31 UTC,
11 August) caused an uplift of the north-western part of
Malekula of 0.5 to 0.8 m according to Benoit and Dubois
(1971) and up to 1.2m according to Taylor et al. (1980).
The shock generated a tsunami that rose with a height of
7m in some bays on Malekula (according to Rothé, 1966,
in Soloviev and Go, 1974). The height of the tsunami was re-
ported at 2.5 m on Tongoa Island and 1.2 m at Port Vila, Efate
(Soloviev and Go, 1974). However, a small tsunami is indi-
cated in other studies (Benoit, 1965, in Louat and Baldassari,
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1989), and Benoit and Dubois (1971) stated that there was
no tsunami associated with the main shocks. In contrast, the
main aftershock on 13 August (My, 7.4 at 12:40 UTC) was
followed by a 2 m high tsunami that caused the loss of small
ships on the west coast of Espiritu Santo and the destruction
of coastal installations (Benoit and Dubois, 1971). The infor-
mation provided by Benoit and Dubois (1971), who surveyed
the islands after the event, is considered herein. A school on
Malo Island was also partly flooded by a tsunami on 13 Au-
gust at 14:00 UTC (Louat and Baldassari, 1989).

1 January 1967 LT (31 December 1966 UTC) Vanikoro

A large earthquake (M,, 7.8) was felt severely on Vanikoro
Island in the easternmost Solomon Islands province and
caused landslides and tsunamis within the lagoon, with
2m high waves (Soloviev and Go, 1974). A tsunami was
recorded at Suva (Fiji) and Pago Pago (American Samoa).
A large aftershock (M, 7.1) also generated a tsunami in the
lagoon, with an amplitude of 0.8 m (Soloviev and Go, 1974).

17 May 1995 LT (16 May 1995 UTC) south Vanuatu,
south-east of Walpole Island

A large normal-fault-type earthquake (M, 7.7) located
south-east of Walpole Island on the plunging plate at the
southernmost part of the VSZ generated a tsunami that
reached 8 m at Aneityum and 1.5 m at Erakor Island in Port
Vila on Efate (Lardy, 1995). At Erakor, the water rose up to
the entrance of the bungalows and stayed at a high level for
10-15 min.

21 April 1997 (Torres)

A large My, 7.8 thrust-type earthquake occurred north of Tor-
res Island (northern Vanuatu) and caused a local tsunami on
the east of Hiu Island, with run-up elevation as high as 3m,
and generated co-seismic subsidence of at least 0.5 m on the
northern part of Loh Island (Kaverina et al., 1998; Ballu et
al., 2011). The tsunami heights recorded at the Port Vila, Fu-
nafuti, and Suva tide gauge stations were 20, 10, and 10cm
respectively.

26 November 1999 (east Ambrym — south Pentecost)

On 26 November 1999, a M, 7.5 thrust-type earthquake oc-
curred east of Ambrym Island in the back-arc compressive
zone of central Vanuatu (Pelletier et al., 2000; Lagabrielle et
al., 2003; Régnier et al., 2003). It is the largest known event
in the Vanuatu back arc. It caused an uplift (up to 1.5m) on
the easternmost tip of Ambrym (Pelletier et al., 2000) and
triggered a destructive tsunami affecting the south Pentecost
and east Ambrym island shorelines, as well as on more dis-
tant islands such as Malekula and Efate, killing five people
and fully destroying the village of Martelli Bay on south-
ern Pentecost Island (Caminade et al., 2000). Run-up heights
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Figure 5. Records from the Port Vila coastal gauge of the 26
November 1999 tsunami triggered by a My 7.5 earthquake east of
Ambrym Island (6 min sampling rate data). The vertical red line
symbolizes the earthquake time.

reached 6-7ma.s.l. in Martelli Bay in the south of Pente-
cost (Caminade et al., 2000) and at the mouth of the Pamal
River in eastern Ambrym (Pelletier et al., 2000). Tsunami
modelling results are in good agreement with reported near-
field run-ups (Ioualalen et al., 2006). A run-up of 1.8 m on
the eastern shore of Malekuka caused the sinking of a 50t
wooden ship. Run-up heights on Efate, although far from
the source, locally exceeded 1.5 m and reached 2.6 m on the
northern shore (Caminade et al., 2000). The tide gauge at
Port Vila recorded a maximum tsunami wave amplitude of
32 cm 30 min after the earthquake (Fig. 5).

3 January 2002 LT (2 January 2002 UTC) Efate

A significant event of magnitude M,, 7.2, located west of
Efate Island and felt on the whole island, caused some dam-
age in the capital city of Port Vila and generated a tsunami
that arrived 15 min after the shock in the bay of Port Vila. A
maximum amplitude of 32 cm is recorded at the Port Vila tide
gauge. However, eyewitnesses reported a much larger effect
at different places around the harbour, with maximum wave
heights around 3 m from trough to crest; Shorten, 2002). Ac-
cording to the same reference, a small tsunami following a
large My, 6.4 aftershock is also reported, although nothing
can be seen on the tide gauge record.

7 October 2009 UTC (Vanikoro)

A seismic crisis with three large events showing magnitudes
from My, 7.4 to My, 7.8 occurred south-west of Vanikoro and
caused a tsunami that was recorded on the Port Vila tide
gauge (30cm). No additional information about the event
was reported, and no investigation was led in the closest is-
lands from the source (i.e. Vanikoro and the Torres Islands).

https://doi.org/10.5194/nhess-24-3461-2024
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Figure 6. Records from the Lata Wharf coastal gauge of the 6
February 2013 tsunami triggered by a My 8.0 earthquake west of
Ndende Island in the Santa Cruz Islands group (1 min sampling rate
data). The vertical red line symbolizes the earthquake time.

Note that in Table S1 in the Supplement, only one tsunami is
reported according to the gauge record analysis, but this one
is associated with the two largest earthquakes (M, 7.7 and
7.8).

6 February 2013 (Santa Cruz)

This is one of the largest (M, 8.0) earthquakes known to
have occurred along the VSZ, west of Ndende Island in the
Santa Cruz Islands group, the easternmost province of the
Solomon Islands (Lay et al., 2013; Romano et al., 2015).
It generated a deadly tsunami that struck Ndende Island, in
particular the western part of the island, with a maximum
height of about 11 m and local flow depths above ground of
7m (Fritz et al., 2013). The same authors reported that the
tsunami killed 10 people, injured 15, and destroyed or dam-
aged ~ 1000 houses. An amplitude of ~ 0.9 m was recorded
on the tide gauge at the wharf in Lata, the main city of
Ndende (Fig. 6). The tsunami was also recorded at DART
stations and coastal tide gauges throughout the Pacific. The
Port Vila tide gauge recorded a maximum tsunami amplitude
of 33 cm (Table S1).

5 December 2018 (southern Vanuatu, south-east of
Maré, Loyalty Islands)

On 5 December 2018, a M, 7.5 thrust-type earthquake oc-
curred south-east of Maré, Loyalty Islands, in the region
where the Loyalty Ridge enters the trench and is subduct-
ing or colliding with the Vanuatu Arc. Widely felt in Vanuatu
and New Caledonia, the shaking was quickly followed by a
tsunami as detailed by Roger et al. (2019, 2021). A maxi-
mum run-up of ~4 m was reported along the southern coast
of Aneityum Island, the southernmost island of Vanuatu.

Nat. Hazards Earth Syst. Sci., 24, 3461-3478, 2024
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10 February 2021 (Matthew Island, southernmost island
group of the VSZ)

On 10 February 2021, a powerful My, 7.7 thrust-type earth-
quake occurred at the south-easternmost part of the VSZ,
south of Matthew and Hunter islands, and generated a
tsunami that was observed on most coastal gauges and DART
stations in the south-west Pacific region as far as Tasmania to
the south and Tuvalu to the north, at distances of 3000 and
1800km from the epicentre, respectively (detailed in Gus-
man et al., 2022a; Roger et al., 2023a). The maximum am-
plitude of about 1.4 m was recorded on the closest tide gauge
at Lenakel on Tanna Island, southern Vanuatu.

31 January 2023 (east Epi volcano eruption)

Between 25 and 31 January 2023 (UTC), an eruption oc-
curred at one of the east Epi submarine volcanoes. The erup-
tion evolved into a Surtseyan-style eruption on 31 January
and was followed by a small tsunami showing an amplitude
of ~ 5 cm recorded on the coastal tide gauges of Port Vila to
the south and Luganville to the north, located at distances of
125 and 175 km from the eruption area, respectively (Roger
et al., 2023b).

19 May 2023 (south-east of Walpole Island, Loyalty
Islands)

On 19 May 2023, a M,, 7.7 earthquake located south-east
of Walpole Island at almost the same place but with a com-
parable focal mechanism solution to the 17 May 1995 event
(slightly different in terms of azimuth and non-double couple
component), i.e. a normal-fault-type event on the Australian
plunging plate at the outer wall of the southernmost part of
the VSZ, generated a small tsunami that was recorded on the
tide gauges of New Caledonia, Vanuatu, and northern New
Zealand. The largest wave was recorded at the Lenakel tide
gauge on Tanna, showing a maximum amplitude of 70 cm.
Note that this tide gauge stopped transmitting data after-
wards.

3.2.2 Tsunamis from far-field and regional origins with
observation data

Since the installation of the 6 min sampling rate tide gauge
in Port Vila in 1993 and then at the three other locations in
Vanuatu, tsunamis from far-field and regional origins have
been recorded.

a. Far-field origin.

The 4 October 1994 M,, 8.3 Shikotan (Kuril Islands)—
Hokkaido (Japan), the 10 June 1996 M, 7.9 (Alaska),
the 23 June 2001 M,, 8.4 southern Peru, the 26 De-
cember 2004 My, 9.1 (Sumatra), the 15 November 2006
M,, 8.3 (Kuril Islands), the 27 February 2010 M,, 8.8
Maule (Chile), the 11 March 2011 My, 9.1 Tohoku
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(Japan), the 1 April 2014 My, 8.2 Iquique (Chile), the
16 September 2015 M,, 8.3 Illapel (Chile), and the 8
September 2017 M, 8.2 Chiapas (Mexico) tsunamis
were recorded.

All these recent widespread transpacific tsunamis,
recorded on most of the gauges of the Pacific Ocean,
were registered on the gauges in the Vanuatu Arc. For
instance, on the Port Vila tide gauge, the Maule tsunami
perturbed the sea-level in the harbour where the gauge is
located for more than 2 d following the first arrival of the
tsunami on 27 February 2010, showing a maximum am-
plitude of ~ 0.3 m (Fig. 7). The Tohoku tsunami arrived
at Port Vila ~ 8 h after the main earthquake on 11 March
2011, showing a maximum height of ~0.7m (Fig. 7)
and perturbing the harbour for more than 3 d. This was
also the case for the 2004 global transoceanic “Indian
Ocean” tsunami, which reached the Port Vila tide gauge
after ~ 21 h of propagation, showing a maximum height
of ~0.1 m (Fig. 7) and perturbing the harbour for more
than 4 d.

b. Regional origin.

The 16 November 2000 M,, 8.0 Rabaul (Papua New
Guinea), the 1 April 2007 M, 8.1 Gizo (New Geor-
gia Islands group, Solomon Islands), the 23 Decem-
ber 2004 M,, 8.1 Macquarie Island (Australia), the 29
September 2009 M,, 8.1 Samoa-north Tonga, the 5
March 2021 My, 8.1 Kermadec, and the 15 January 2022
Hunga Tonga—Hunga Ha’apai eruption (Tonga) were
also recorded.

The recent major tsunamis of regional origin have been
also recorded on the Vanuatu Arc tide gauges (see the
list above) except for the deadly 17 July 1998 Aitape
(Papua New Guinea) tsunami, which is supposed to
have been mainly caused by a submarine slump trig-
gered by the shaking of the initial M,, 7.0 earthquake
(Synolakis et al., 2002).

On 5 March 2021, three earthquakes of magnitude
My, 7.3, 7.4, and 8.1 occurred on the Hikurangi—
Kermadec subduction zone and triggered three distinct
tsunamis recorded on coastal gauges and DART stations
of the south-west Pacific. The third one had a wider im-
pact, being recorded in many places across the Pacific
Ocean and some locations in the Atlantic and Indian
oceans (Roger, 2023). It was clearly recorded in Vanu-
atu at the LENA, VANU, and LITZ coastal gauges, with
a maximum amplitude of 38 cm at LENA.

The widespread tsunami triggered by the 15 January
2022 eruption of the Hunga Tonga—Hunga Ha’apai vol-
cano was recorded well in the south-west Pacific region
(e.g. Gusman et al., 2022b) and particularly on the Van-
uatu tide gauges VANU, LITZ, and LUGA, where it
reached amplitudes of 0.5 m or more, as shown in Fig. 8.
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3.2.3 Tsunamis reported without details (black events
in Table 1 and Fig. 1)

17 August 1863 (LT) Erromango, Tanna

The oldest known tsunami reported in Vanuatu occurred on
17 August 1863 (Soloviev and Go, 1974). Following a shock
felt in New Caledonia, most strongly at Kanala and Vagap
(Poindimié) on the east coast of Grande Terre, the schooner
Ariel, passing Port de France (former name for Nouméa be-
fore 1966) on 26 August 1863, reported that a shock on 17
August was also felt on Erromango Island and was accom-
panied by a large wave that must have done great damage
on land. Another schooner that was close to Tanna Island re-
ported that the shock may have been related to an eruption of
Yasur volcano on Tanna Island.

August 1892, first week, about 00:20 (LT) Espiritu Santo

A very strong shock was felt at Luganville, Espiritu Santo
Island. An eyewitness, Davillé, who was sleeping on the top
deck of a small schooner at Shark Bay on the east coast of
Espiritu Santo, woke up and saw that a gigantic foaming
roller had suddenly appeared on the hitherto calm sea sur-
face and was advancing toward the schooner from south to
north (Davillé, 1894, in Soloviev and Go, 1974; and in Louat
and Baldassari, 1989).

https://doi.org/10.5194/nhess-24-3461-2024

27 August 1893 (LT) Efate

A wave crossed the bay of Port Vila and reached the cof-
fee shop of the French merchant company (Davillé, 1894, in
Soloviev and Go, 1974, and in Louat and Baldassari, 1989).

8 August 1901 (LT) Karua, south-east Epi

A tsunami followed an eruption of a volcano near Epi Island
on 8 August 1901, as described by testimonies reported in
the Sydney Morning Herald (1901), “The eruption was fol-
lowed by a tidal wave, which did infinitely greater damage to
the plantations than the eruption.” The responsible volcano is
likely to have been Karua, located south-east of Epi Island,
which is known to have been very active in 1900-1901 (Eis-
sen et al., 1991).

19-20 November 1933 (LT) Malekula

Earthquakes were felt on Malekula Island. One of them,
on 19 November, was strong enough to damage the church
and other buildings at Lamap, southern Malekula. Follow-
ing these shocks, the southern coast of Makekula, at least the
region from Assouk to Port Ravallec, subsided about 0.3—
0.4m. It is also reported that the subsidence was accompa-
nied by a small tsunami (Louat and Baldassari, 1989).

Nat. Hazards Earth Syst. Sci., 24, 3461-3478, 2024
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and LUGA. The vertical red line indicates the time of the main volcanic eruption.

3—4 December 1950 (LT) south-west Efate

Following a seismic crisis felt in Port Vila (22 shocks in 24 h)
including a large My, 7.9 earthquake on 2 December 1950 at
19:52 UTC, located south-west of Efate and west-north-west
of Erromango, a tsunami was reported from Erakor Island,
Port Vila (O’Reilly, 1956, in Louat and Baldassari, 1989).

7 October 1958 (LT) east Epi

Unusual waves reported by locals on the south-east of Epi
Island seemed to be caused by an underwater volcanic erup-
tion (Soloviev and Go, 1974). An aeroplane survey of the re-
gion by the French naval aviation on 7 October 1958 around
10:00 LT revealed spots and streams of discoloured water
from the so-called “Epi B” underwater volcano, as well as
bubbling of water above the submarine Karua volcano lo-
cated on the Kuwae caldera (sketch of de Brossard, 1958, in
Eissen et al., 1991). Further aircraft surveys on 18 Novem-
ber (Lt. Valette) and 16 December (Roland Priam) reported
the same manifestations but with less intensity (Eissen et al.,
1991).

13 May 1980 LT (12 May 1980 16:37 UTC) Mere Lava

A M, 6.1 earthquake, located east of Mere Lava Island
(Banks Islands group) and felt with an intensity of V—VI on
the island, caused a small tsunami corroborated by the strand-
ing of fish on the shore near Tasmat village, as reported by
Father Langon in Carney and Campillo (1980) in Louat and
Baldassari (1989).
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9 and 18 July 1980 (LT) Torres

Following large-thrust fault-type earthquakes (My 7.5 on 8
July at 23:19 UTC and My, 7.9 on 17 July at 19:42 UTC) oc-
curring north of the Torres Islands, run-up heights of less than
2m were reported in Lockridge and Smith (1984) without
more details, including the precise locations. Small tsunami
waves were reported at the tide gauge of Port Vila (Carney
and Campillo 1980, in Louat and Baldassari 1989). As pre-
viously indicated, the tide gauge data from Port Vila for this
period seem to no longer be available.

3.3 Potential tsunamis from debated local events

3.3.1 1452 CE Kuwae eruption (tsunami from volcanic
eruption)

The Vanuatu Arc, showing several aerial and submarine
explosive-type active volcanoes with steep slopes, can be
seen as a strong candidate to produce volcanism-triggered
tsunamis. A destructive tsunami was reported associated with
the eruption of Yasur volcano on Tanna Island in 1878, and
tsunamis related to the eruption of the east Epi volcano
were reported in October 1958 and recorded in January 2023
(Roger et al., 2023b).

The large (12km x 6 km) Kuwae submarine caldera lo-
cated between Tongoa and Epi islands is considered to be the
result of a gigantic eruption in the mid-15th century (Monzier
et al., 1994; Witter and Self, 2007). This cataclysm, which
broke the former Kuwae volcano and separated all the neigh-
bouring islands into their present distribution, is widely re-
ported in the Vanuatu oral tradition and in several kastom sto-
ries and may have caused a large destructive tsunami. How-
ever, with the exception of the preliminary work of Goff et
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al. (2008), the potential sedimentary deposits of this major
event have not been researched so far.

3.3.2 Tsunamis from landslides?

Several reported particular waves or abnormal movements of
the sea not associated with any earthquakes may have been
triggered by local landslides. Indeed, such events caused
by underwater or subaerial landslides may likely have oc-
curred along the VSZ. This could be the case for the event
on 13 March 1959 that destroyed the Catholic mission at
Loanatom, Tanna Island (Wallez, 1998), the tsunami on 28
November 1966 at 13:00LT in Mohawk Bay, Santa Cruz
Islands (Soloviev and Go, 1974), and the event on 10 July
1993 at Whitesands, southern coast of Efate Island (tes-
timony collected by the Office of Scientific and Techni-
cal Research Overseas (ORSTOM) (France) and reported in
Wallez, 1998).

3.4 Tsunamis not reported in Vanuatu but elsewhere
around - not in the catalogue

3.4.1 Local and regional tsunamis

Some tsunamis triggered by local earthquakes along the
VSZ and regional events from the Solomon subduction zone
(M, 8.1 shock on 21 September 1920 LT west of Aneityum
Island, My, 7.8 on 4 October 1931 LT south-west of San
Cristobal Island, M, 7.7 on 19 July 1934 LT west-south-
west of Vanikoro Island, My, 7.3 on 21 July 1934 south-
west of Ndende Island) and reported in other neighbouring
locations, for example in New Caledonia (Soloviev and Go,
1974; Sahal et al., 2010), have not been reported in the Van-
uatu Arc islands. This raises the question in particular for
the largest event ever recorded in Vanuatu since 1900, i.e. the
M,, 8.1 earthquake on 20 September 1920 UTC that went un-
noticed in Vanuatu and almost unnoticed in New Caledonia
(Louat and Baldassari, 1989) and for which a tsunami was
reported 4 h and 30 min later on Apia, Samoa (Soloviev and
Go, 1974). Estimated local run-up of 2 to 6 m is indicated in
Lockridge and Smith (1984). However, no run-up has been
reported anywhere. Based on the lack of testimony (except
one in Ouvéa Island, New Caledonia, reported by Sahal et
al., 2010) and numerical modelling, the magnitude of this
event is estimated to be 7.5-7.8 instead of 8.1 (Ioualalen et
al., 2017).

3.4.2 Transoceanic tsunamis

Similar to local and regional events, the widespread transpa-
cific tsunamis generated by the 4 November 1952 M, 9.0
Kamchatka earthquake or by the 22 May 1960 M,, 9.5 Chile
earthquake have not been reported in Vanuatu, although they
were documented in New Caledonia (i.e. the Chile event in
Sahal et al., 2010) and in other countries in the south-west
Pacific region, i.e. Fiji, New Zealand, and Australia.
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4 Discussion

4.1 About the catalogue and the knowledge of the
tsunami hazard

This list of tsunamis shows that Vanuatu and the eastern
Solomon Islands are exposed to this natural hazard. A total
of 100 tsunamis have been identified since 1863 and 78 since
1993 when the sampling rate of the tide gauges was set up
high enough to record small ones. Tsunami sources are local,
regional, and distant (far-field tsunamis). Tsunamis of local
origin show the largest amplitudes and/or run-ups, except the
2011 Tohoku tsunami, which is one of the largest tsunamis
recorded and/or reported in the Vanuatu Arc. Only seven of
them show run-up values higher than 3 m and three have been
deadly. At least 1 man drowned on Aneityum following the
large 1875 earthquake, there were 5 victims on south Pen-
tecost following the 1999 M,, 7.5 east Ambrym earthquake,
and 10 fatalities occurred on west Ndende following the 2013
M, 8.0 Ndende earthquake. The low number of casualties is
likely due to the fact that tsunamis were not very large or
highly powerful (maximum earthquake magnitude M ~ 8)
but also chiefly results from very good knowledge of the
tsunami phenomenon, which is orally transmitted between
generations through myths (e.g. Nunn et al., 2006). The good
understanding of the tsunami hazard appears quite well in the
writings recounting historical events (like that of 1875) and
was clearly pointed to by the international tsunami survey
teams following the deadly events of 1999 (Caminade et al.,
2000) and 2013 (Fritz et al., 2013). However, it is important
to note that it is always difficult to collect precise testimonies,
especially over large regions like the Vanuatu Arc and even
for recent events as indicated by Rahmi et al. (2019).

It is important to indicate that there is a lack of knowledge
about underwater landslides in Vanuatu, which are known
to be able to trigger very localized and potentially large-
amplitude tsunamis (Roger et al., 2024).

Also, underwater volcanoes are not well-known, and there
is a high potential for the existence of active volcanoes es-
pecially within a 400 km long section without aerial active
volcanoes in the northern part of the arc between Vanua Lava
(Banks Islands, Vanuatu) and Tinakula (eastern Solomon Is-
lands).

This study allows us to build a tsunami exceedance
frequency curve (Fig. 9), showing the cumulative rate of
tsunamis (per year) exceeding the amplitude or run-up value
given by the present tsunami catalogue over the period 1863—
2023. A common practice is to fit a simple power law (e.g.
y =0.0716x 938! shown in Fig. 9), which provides a good
approximation, except for the largest amplitudes (low ex-
ceedance frequency). Using the work from Burroughs and
Tebbens (2001) on the fitting of an upper-truncated power
law to a cumulative dataset and proposing the equation of the
upper-truncated power law M as M (r)=C - (r P — rr b ),
where r is the object size (the maximum amplitude or run-
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Figure 9. Tsunami exceedance frequency curve showing the cumu-
lative rate of tsunamis (yr_l) exceeding the maximum amplitude or
run-up value given by the x axis for the present tsunami catalogue
of the Vanuatu Arc over the period 1863-2023. The black dots rep-
resents the data, the red line represents the trend with a power law
fit (a =0.0716; b = —0.581), the yellow line represents the trend
using an upper-truncated power law fit based on the work from Bur-
roughs and Tebbens (2001) with C =0.0993 and D = —0.4626, and
the purple line is an example of the trend using an upper-truncated
power law fit for tsunami exceedance frequency for Acapulco (Geist
and Parsons, 2006).

up in our case), Ry is the maximum size, and C and D
are constant values providing the best fit of the upper-
truncated power law, we found a best fit with C =0.0993
and D = —0.4626. Visual comparison with the results ob-
tained by Geist and Parsons (2006) for Acapulco tsunamis
shows strong similarity with the trend they obtained but with
a higher exceedance frequency generally, keeping also in
mind that the Vanuatu catalogue probably does not show all
the historical events over the period considered (especially
during the non-instrumental period) and that the number and
types of observations are also not representative of all the
locations in Vanuatu, which may result in bias and underes-
timation of the tsunami hazard.

4.2 Improvement of tsunami hazard knowledge

This study clearly demonstrates that there is a lack of both
geographic and temporal coverage of records and observa-
tions all along the Vanuatu Arc. Only five recently installed
coastal gauges are disseminated along the approximately
1500 km long Vanuatu Arc. Moreover, these gauges were in-
stalled for oceanographic purposes (i.e. tide observation and
sea-level rise) and are not specifically designed for tsunami
recording. In addition, they are not regularly spaced along the
arc, they are located in semi-enclosed places (like harbours,
or bays), potentially subject to disturbances triggered by nav-
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igation and resonance phenomenon, and sometimes they do
not transmit real-time data.

In 2021, two DART stations were established by New
Zealand as part of the New Zealand DART Network (Power
et al., 2018) in front of the southern part of the Vanuatu Arc,
in addition to the Australian one located north-north-west of
New Caledonia between the northern part of the Vanuatu Arc
and Australia.

Deployment of additional coastal gauges and/or sea-
bottom pressure sensors (like DART stations for example)
is strongly recommended to collect more tsunami records
in order to improve the hazard knowledge in that region.
We note that a SMART (Science Monitoring And Reliable
Telecommunications) cable project is under development be-
tween Vanuatu and New Caledonia (Howe et al., 2022). This
SMART cable technology provides an additional opportunity
to monitor sea-level variations caused by tsunami wave prop-
agation through the integration of pressure sensors among
other environmental instruments in the system (Howe et al.,
2019). Once installed, it will be able to help assess whether
a tsunami was triggered by an earthquake or not, comple-
menting the DART systems already operational in the re-
gion. It may also allow us to detect underwater landslides,
which are potential tsunami sources. In fact, tsunami sources
other than earthquakes, like submarine landslides and vol-
canic eruptions, are not well known in the Vanuatu Arc. One
of the reasons is the lack of high-resolution bathymetric data
around the numerous islands’ slopes and the poor knowledge
of the underwater volcanic activity in the region.

Finally, the very limited period of time covered by the
present catalogue could be increased via the analysis and
precise dating of sediments moved by tsunami waves: paleo-
tsunami surveys led in environments able to preserve marine
submersion footprints for centuries or more (e.g. swamps, la-
goons, topographic depressions, etc.).

Data availability. Most of the coastal gauge records
used in the present study are publicly available online
(https://doi.org/10.14284/482, VLIZ/IOC, 2024). The other
datasets were provided by the Bureau of Meteorology (Australia).

Supplement. Table S1 — catalogue of the tsunamis reported and/or
recorded in the Vanuatu Arc since 1863. The colour of the lines
depends on the maximum wave amplitude or vertical run-up value,
referring to the threat level ranges: 0-0.3 m — green, 0.3-1.0m —
orange, above 1.0 m — red, and no amplitude or run-up information
— black. No values are indicated by “NaN”. The supplement related
to this article is available online at: https://doi.org/10.5194/nhess-
24-3461-2024-supplement.
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