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Executive Summary

The Expert Meeting on Seismic Sources of Tsunamis in the Northwest (NW) Caribbean and Non-Seismic Sources in the
Caribbean Region was convened by the Intergovernmental Oceanographic Commission (I0C) of UNESCO in Heredia,
Costa Rica, from 3-5 December 2024. The meeting brought together regional and international experts to improve
understanding, characterization, and numerical modelling of tsunami sources in the Caribbean Basin, with a particular
focus on the NW Caribbean and non-seismic mechanisms such as landslides and volcanic activity.

The meeting aimed to support Member States of the Tsunami and Other Coastal Hazards Warning System for the
Caribbean and Adjacent Regions (CARIBE-EWS) in refining tsunami source databases, hazard assessments, and community
preparedness initiatives under the Tsunami Ready Recognition Programme. It filled two key knowledge gaps: (1) The lack
of validated seismic tsunami source models for the NW Caribbean (from the Gulf of Honduras to southern Cuba); and (2)
The absence of a comprehensive review of non-seismic tsunami sources (landslides and volcanic events) across the entire
Caribbean region.

Experts reviewed geological, geophysical, geodetic, and historical data to define 21 new seismic tsunami scenarios for the
NW Caribbean. These scenarios are linked to known fault systems such as the Motagua—Polochic Fault Zone (Guatemala-
Honduras), the Swan Island Fault Zone (Honduras-Cayman Trough), the Walton and Oriente Fault Zones (Jamaica—

Cuba), and the Cayman Trough. Recent major earthquakes (e.g., 2009, 2018, 2020, 2025) were used to constrain rupture
dimensions and slip parameters. Scenarios integrate realistic strike-slip and normal faulting geometries without assuming
extreme, low-probability “mega-events.”

Regarding non-seismic tsunamis, the experts proposed 9 new submarine landslide scenarios and 5 new volcanic tsunami
scenarios. The new landslide tsunamis scenarios include 3 each in the Muertos Trough (Dominican Republic), Cariaco Basin
(Venezuela), and Désirade—-Barracuda Ridge (Guadeloupe) areas, with variable volumes (1-10 km®). The volcanic tsunamis
scenarios include updated Kick’Em Jenny volcano (Grenada) flank-collapse scenario, a tsunami generated by underwater
explosion at Kick'Em Jenny, pyroclastic flow at the Soufriere St Vincent, and dome-collapses at Soufriere Hills (Montserrat)
and Soufriére (Guadeloupe).

The results of numerical simulations of the 21 seismic and 9 landslide tsunami scenarios are included in the report,
together with 3 additional scenarios in the SW Caribbean (San Andres Rift and Hess Escarpment).

Participants also endorsed recommendations on future works such as additional simulations of volcanic tsunamis, the
implementation of the new scenarios proposed here in the CATSAM database, and the feasibility of a probabilistic tsunami
hazard assessment (PTHA) for the Caribbean (noting the need for better input data).



1. Background and Objectives

1.1 Purpose

The Intergovernmental Oceanographic Commission (I0C) of UNESCO supported the Member States of the Tsunami and Other
Coastal Hazards Warning System for the Caribbean and Adjacent Regions (CARIBE-EWS) to better understand and quantify
earthquake sources in the Northwest Caribbean and non-seismic sources in the whole Caribbean and Adjacent Regions that
can generate dangerous tsunamis. The purpose of the meeting was also to directly support community hazard assessments
and holistic risk management, including contributing to the evacuation planning that are part of the implementation of the
Tsunami Ready Recognition Program in the Caribbean and its Adjacent regions.

1.2 Objectives

The meeting aimed to deliver a number of outcomes which are summarised in this IOC Technical Report. All participants
endorsed and supported the report. The objectives can be summarized as follows, in agreement with key objectives of
ICG/CARIBE-EWS. The expert meeting fills two gaps: the first one in terms of geographical coverage for seismic sources of
tsunamis, the second one in terms of non-seismic sources for the entire Caribbean. Previous meetings have specifically
covered the following areas:

B Earthquake and Tsunami Hazard in Northern Haiti- Historical Events and Potential Sources (I0C, 2013, WR-255, in red
on Fig. 1).

B Sources of tsunamis in the Caribbean with possibility to impact the southern coast of the Dominican Republic (I0C,
2016, WR-276).

B TsunamiHazard in Central America- Historical Events and Potential Sources (I0C, 2018, WR-278, in blue on Fig. 1).

B Sources of Tsunamis in the Lesser Antilles (I0C, 2019, WR-291, in green on Fig. 1).

The main geographical gap in terms of seismic sources thus extends from the Gulf of Honduras to southern Cuba (in
orange on Fig. 1). In the online database of tsunami sources for the Caribbean (CATSAM - Caribbean and Adjacent Regions
Tsunamis Sources and Models : https://www.ncei.noaa.gov/maps/CATSAM/) there are currently one scenario for the
southern coast of Cuba (CUBA scenario, used for the CaribeWave17 exercise), one scenario between Jamaica and Haiti
(JAMAICA scenario, used in CaribeWave20), and two scenarios for the Gulf of Honduras (ROATAN and GULF OF HONDURAS,
this latter having been used for CaribeWave23). None of these scenarios has been validated at an expert meeting. The
scenarios in the Gulf of Honduras were used for a training meeting in Honduras in 2016.



https://www.ncei.noaa.gov/maps/CATSAM/

Figure 1. Map of the Caribbean showing areas covered by previous ICG/CARIBE-EWS expert meetings. The study
area (NW Caribbean) is in orange.

Non-seismic sources of tsunamis (landslides and volcanic eruptions) were previously discussed at an expert meeting on
tsunami sources in the Lesser Antilles (IOC-UNESCO, 2020, WR-291, Martinique, 2019). The meeting’s report includes a list
of volcanic tsunamis observed in the Lesser Antilles since 1902, a list of potentially tsunamigenic volcanoes in the Antilles,
and a table of scenarios of volcanic sources of tsunamis proposed by the experts.

This new meeting addresses non-seismic sources for the entire Caribbean. Volcanic tsunami sources were used for
CaribeWave exercises in 2019 (Kick’Em Jenny volcano) and in 2023 (Mount Pelée). Considering the great uncertainty on
such complex sources, it was simplified to a point source with a magnitude M 6.0 (which is not relevant for a volcanic
source, but this is mandatory to trigger an alert), originated from Kick'em Jenny submarine volcano (Grenada). Following
the expert meeting in Martinique, it was decided to add a better-defined landslide source from Kick'em Jenny, based on
the numerical simulations of Harbitz et al. (2012). This is so far the only non-seismic source of tsunami listed in CATSAM and
it was selected for the CaribeWave exercice to be organized in 2026.

1.3 Meeting Overview

Two separate meetings were initially recommended, one on non-seismic sources for the whole Caribbean, the other on
non-seismic sources in the north-western Caribbean. For ecological and logistical reasons, it was decided to merge them.
The meeting was organized in a hybrid format (Annex V).

During the first day, the first session involved all participants (joint session) and was devoted to presenting the objectives
of the meeting (Frédéric Dondin and Raphaél Paris), the CATSAM scenario database (Nicolas Arcos), and the Tsunami Ready
Recognition Program (Silvia Chacon-Barrantes). Participants were also able to take advantage of presentations illustrating
the latest advances of the Global Tsunami Model project for the ICG/NEAMTWS (Tsunami Early Warning and Mitigation
System in the North-Eastern Atlantic), the Mediterranean and Connected Seas, particularly in terms of PTHA and its
applicability to the Caribbean (Finn Lovholt, Natalia Zamora, Hong Kie Thio, and Stefano Lorito). The second part of the first
day was devoted to general presentations on the seismic sources of tsunamis in the NW Caribbean Region, tectonic setting
and historical events (Emile Okal), and the non-seismic sources in the Caribbean Region (Raphaél Paris). During the second
day, the experts split into two groups (parallel sessions) to discuss possible scenarios and recommended parameters for
numerical simulations. Discussions also focused on the relevance and feasibility of a probabilistic approach, particularly for
non-seismic sources. At the final joint session (Day 3), participants took stock of the parallel discussions, and preliminary
results were presented. The final discussion also included a proposal for a hybrid earthquake-landslide scenario to be used
for a future CaribeWave exercise.



2. Regional Overview

In this section we briefly review on one side the tectonic setting, the historical seismicity and tsunamis in the Northwest
Caribbean region, and on the other side the non-seismic (landslide and volcanic) sources of tsunamis in the whole
Caribbean region.

2.1 The Northwest Caribbean Region

2.1.1 Tectonic setting of the NW Caribbean

The northwest Caribbean region, as defined in this report, extends from the Gulf of Honduras to Cuba and Jamaica, with
a southern extension to the Hess escarpment off Nicaragua (Fig. 2). From a tectonic point of view, this region is at the
crossroads between the wedge-shaped triple junction of the North America, Cocos and Caribbean plates to the West
(green rectangle on Fig. 2), and the subduction of the Antilles to the East. The deformation associated with the relative
motion of the three plates is largely accommodated by a 1500 km long system of left-lateral, strike slip (transform) faults
(red lines on Fig. 2) (Lyon-Caen et al., 2006; Authemayou et al., 2011; Guzman-Speziale, 2022; Calais et al., 2023). The North
American plate moves westward relative to the Caribbean plate at an overall velocity of 18-20 mm per year (DeMets et al.,
2000; Symithe et al., 2015).

Figure 2. Map of the general tectonic setting of the Caribbean, showing the North-America — Cocos
-Caribbean triple junction (green rectangle) and the system of transform faults (red lines) accommodating the
deformation associated with the relative motion of the three plates, as indicated by the values of plate velocity
in cm/yr. (Guzman-Speziale, 2022). MAT — Middle America trench; MP — Motagua-Polochic fault zone; CT -
Cayman trough; E-PG - Enriquillo — Plantain Garden fault zone; O — Oriente fault zone; S — Septentrional fault
zone; Sl - Swan Island fault zone; W — Walton fault zone. Orange triangles are volcanoes with historic activity of
the Central America volcanic arc (CAVA) and the Trans Mexican volcanic belt (TMVB).



Figure 3. Map of the seismicity and geodesy of the NW Caribbean, showing the earthquakes with a magnitude
M > 3, the focal mechanisms of earthquakes with M > 6, and the GPS velocities (Calais et al. 2023). The region
of interest for this study is circled in black.

West of the Cayman Islands, the plate boundary appears to be a single strike-slip fault zone (Swan Island fault), whereas
to the East it becomes dual or multi-branched and especially wide, with a seismogenic zone up to 250 km wide at the
longitude of Hispaniola (Mann et al., 1995). Indeed, different microplates appear to partition the deformation at the
boundary between the North America and Caribbean plates, the largest one being the Gonave microplate between Cuba,
Hispaniola and Jamaica (Rosencrantz and Mann, 1991). The exact extent and boundaries of these microplates are not very
well defined, especially between Hispaniola and Puerto Rico (e.g., Benford et al., 2012). The transition from a single to a
dual-branched strike-slip system is characterized by a small extensional pull-apart basin, known as the Cayman Trough.
The basin measures 100 km from the NNW to the SSE and is bounded to the SW by the Swan Island fault, to the SE by the
Walton fault, and to the NE by the Oriente fault (Rosencrantz and Mann, 1991). Gravity and magnetic data (ten Brink et al.
2002) suggest that 2-3-km-thick oceanic crust, formed at the ultraslow spreading Mid-Cayman Spreading Centre (15-17
mm/yr after DeMets et al. 2007), is juxtaposed against the 20-30-km-thick continental crust (Peirce et al., 2019).

Models of GPS velocities show that east of the Cayman Trough, the Oriente northern strike-slip branch, extending from the
Cayman Islands to Hispaniola, accommodates about 10 mm/year of the overall plate motion (Symithe et al,, 2015; Calais et
al., 2023). A similar slip rate is deduced for the southern Walton - Plantain-Garden branch. On the western side of the study
area, most of the relative motion of the tectonic plates is accommodated by the Motagua fault at slip rates that decrease
westwards from 14 mm/year in eastern Guatemala to < 2 mm/year in western Guatemala (Ellis et al., 2019).



From West to East, the main tectonic features of interest for the purpose of this study are:

B the Motagua-Polochic continental faults (MP), crossing Guatemala and ending to the East in the Gulf of Honduras, with an
overall W-E orientation;

B the Swan Island submarine fault zone (SI), connecting the Gulf of Honduras to the Cayman Trough, with a WSW-ENE
orientation;

B the Cayman Trough (CT), oriented NNW-SSE between the Swan Island fault to the West, and the Oriente and Walton faults
to the East;

B the Walton fault zone (W), extending W-E from the southern tip of the Cayman Trough to the North of Jamaica;

B and the Oriente fault zone (O), from the northern tip of the Cayman Trough to the southern coast of Cuba.

Figure 4. Map of major historical earthquakes in the Northwest Caribbean region, showing the earthquake
epicentres (red stars for well-located earthquakes, pink stars for poorly located earthquakes), the surface
ruptures of recent earthquakes (red ellipses), and the main faults (yellow lines).

2.1.2 Historical earthquakes in the NW Caribbean

In the NW Caribbean, 15 earthquakes with M > 6 were recorded since 1978, all with a strike-slip focal mechanism and
a depth < 30 km (Fig. 3). In the NCEI database of significant earthquakes, i.e. large enough to have a destructive impact
on human societies at a local to regional level (https://www.ngdc.noaa.gov/hazel/view/hazards/earthquake/search), 43

earthquakes are listed for the 1539-2025 period in the NW Caribbean, with very limited information on about half of
these events, particularly before 1692. There are no earthquakes with M > 8, but at least 7 events with M > 7. Historical
earthquakes are distributed along the main tectonic features (Fig. 4) such as the strike-slip fault zones of Swan Island (M >
7 earthquakes in 1856, 1910, 2009, 2018, and 2025), and Oriente (M > 7 in 1775, 1992, and 2020). At the junction between
the Walton and Plantain-Garden strike-slip fault zones, Jamaica island is crossed by several major active faults and thus
heavily impacted by earthquakes. The deadliest events in the NW Caribbean were the 1692 M = 7.7 (~3000 fatalities), 1780
(~300) and 1907 M = 6.2 (~1000) earthquakes, all three in Jamaica. The 1957 M = 6.2 was the strongest felt earthquake
since 1907 in Jamaica.

Interestingly, the main seismic ruptures (M > 7) of the Motagua-Swan Island fault zone are regularly spaced, with epicentres
150 to 200 km apart, and a migration from west to east involving the earthquakes of 1976, 2009, 2018, and 2025 (Fig. 4).
This time-space distribution illustrates the strain partitioning along a relatively regular segmentation of the fault zone.
However, it remains difficult to develop any recurrence model because the ruptures are relatively well constrained only

for the instrumental period. The four recent left-lateral strike-slip earthquakes on steeply dipping (>80°) fault planes have
been well-characterized in terms of rupture extent and slip distribution (Graham et al., 2012; Cheng and Wang, 2020; Ye

et al., 2025), providing examples of possible scenarios of rupture for the different segments of the Swan Island fault zone.

il
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As an example, the M, = 7.3 2009 earthquake had a 250 km long rupture zone with patchy slip of 1 to 6 m (Graham et al,,
2012; Ye et al.,, 2025), with rupture along two segments of the Swan Island fault zone, the westernmost of which extends

to the Motagua fault (later we designate this as the Motagua offshore fault, to distinguish it from the further westward
extent of the Swan Island fault). The previous onland Motagua fault ruptured in the 1976 MS = 7.5 earthquake (Fig. 4).

The 2009 event was followed by the 2018 M = 7.5 and 2025 M = 7.6 Swan Island fault earthquakes, located respectively
300 km and 450 km to the east (Fig. 4). The January 10, 2018 event involved slip of up to 10-25 m distributed along an 80
km rupture length north of eastern Honduras, while the February 8, 2025 event had comparable peak slip along a 72 km
rupture length extending to near the Cayman Trough (USGS-NEIC; Ye et al., 2025). These are very large slip values for strike-
slip ruptures of these lengths but slip is not uniform along the fault. Cheng and Wang (2020) calculated that one of the
strike-slip subfaults that ruptured during the 2018 earthquake had a rupture speed slightly faster than the local shear wave
velocity, implying a supershear process. Unlike these recent events, our knowledge of the earthquakes of 1856 and 1910
(both M ~ 7.5) is much more limited.

Large earthquake trends are less clear for the Oriente fault zone compared to the Swan Island fault zone, although there

is also a fairly regular spacing (~100 km) between epicenters of the large ruptures of 2020, 1992, 2024 and 1766 (from

west to east). With a magnitude M, = 7.7, the January 28, 2020 Cayman Islands earthquake is the largest event in the NW
Caribbean since the 1692 earthquake in Jamaica, but its impact was much more limited (300 buildings damaged in Cuba)
because the epicentre was located at least 120 km from any populated land. The rupture propagated westward along a
300 km section of the steeply dipping (~82°) Oriente fault zone with patchy slip of up to 12 m (Ye et al., 2025), possibly with
two successive supershear episodes (Tadapansawut et al., 2021). The May 25, 1992 M,, 6.8 event ruptured on a northward
dipping (~53°) left-lateral Oriente fault (USGS-NEIC; Perrot et al., 1997). The adjacent November 10, 2024 M,, 6.8 event to
the east ruptured bilaterally over a 40 km stretch of the northward dipping (~52°) fault south of western Cuba with peak
slip of up to 1.5 m (Ye et al., 2025). These three recent ruptures do not appear to have any overlap of their slip zones.

Moving eastward along the Oriente fault zone, the focal mechanisms become more complex and the depth of the
earthquakes also increases (Cotilla Rodriguez et al., 2007). On the southern coast of Cuba, there is a cluster of seismicity
south of Santiago de Cuba, with 12 earthquakes M > 6 since 1578 (Calais et al., 1998; Cotilla Rodriguez et al., 2007; NCEI
database). At least two of these earthquakes were deadly: the 1766 M = 7.5 and the 1932 M = 6.8 earthquakes killed 120
and 14 people respectively.

In this seismic “landscape’, there are two seismic gaps east of the Cayman Trough (Fig. 3). The first one is located on the
western part of the Oriente fault zone (Cayman Ridge segment), and the other one is on the western part of the Walton
fault zone, as confirmed by the geographical distribution of earthquakes with M > 3 during the last 50 years (Fig. 3).
The gap of the western Oriente fault zone is consistent with GPS models assuming a full creeping of the Cayman Ridge
segment (Calais et al., 2023).



2.1.3 Historical tsunamis in the NW Caribbean

We have examined the information compiled in the NCEI database of tsunami events and runups (https://www.ngdc.noaa.
gov/hazard/tsu_db.shtml), in which 16 tsunamis are listed for the NW Caribbean, and additional information gathered from

available publications. Relevant information is summarized event by event below.

24 November 1539: an earthquake referred to as the “Cabo de Higueras earthquake” occurred in the Gulf of Honduras and
may have produced a tsunami. Sailors accounts mention a“sea quake’, ground shaking, and landslides.

7 June 1692: the M = 7.7 earthquake destroyed Port-Royal, the capital of Jamaica, built on a small peninsula, connected
to the mainland by a thin sand ridge in the middle of the bay. The site was thus highly vulnerable. A 1.8 m wave crossed
the bay (this is thus not really a runup), ships were overturned, and 90% of the building were destroyed. 45 km? of the
peninsula were inundated by the tsunami. Landslide were observed in the harbour. The earthquake killed ~1000 people,
and the tsunami ~2000. Following the disaster, the capital of Jamaica was moved further north to Kingston.

11 February 1775: a large earthquake south of Santiago de Cuba, also felt in Hispaniola, generated waves that caused
extensive destruction on the southern coast of Cuba.

27 October 1787: an earthquake in NW Jamaica produced sea level agitation in the harbour of St James, Montego Bay.

11 November 1812: On the northern coast of Jamaica, the sea was much agitated following an earthquake. A landslide
may have occurred in the Bay of Annotto, where the anchorage ground sank.

17 July 1852: a questionable earthquake located south of Santiago de Cuba, was associated to a wave that engulfed the
bay, affecting vessels and port structures.

4 August 1856: the M = 7.5 earthquake in the Gulf of Honduras generated a tsunami that impacted all coasts of the gulf
from Belize to Trujillo in Honduras. The waves reached the base of the Fortaleza de San Fernando at Omoa, 550 m inland
(runup of 5 m a.s.l.), on the north-western coast of Honduras (probably very close to the epicentre). The tsunami was well
observed in the rivers as a bore propagating inland, sometimes preceded by a water withdrawal.

23 September 1887:a M 7.9 earthquake in the Windward Passage, eastern part of the Oriente fault zone generated a
tsunami that is reported on the south-eastern coast of Cuba and the western coast of Hispaniola (Haiti), but very limited
information is available.

19 February 1893: an earthquake was felt in Kingston, Jamaica, followed by large ripples crossing the harbour.

14 January 1907: the M = 6.2 earthquake located north of Jamaica generated a tsunami with an initial sea withdrawal of
3 mand runups up to 2.5 m on the northern coast of Jamaica. The tsunami was also observed on the southern coast in
Kingston, which was extensively damaged by the earthquake.

3 February 1932: the M = 6.7 earthquake south of Santiago de Cuba generated a minor tsunami (according to tide gauge
records and reports from a ship).

4 February 1976: this M_= 7.5 earthquake in Guatemala (Plafker, 1976) was particularly disastrous but since its epicentre
was located 70 kminland it produced a very small tsunami in the Gulf of Honduras, recorded by a nearby tide gauge in
Honduras (12 cm).

28 May 2009: the M, = 7.3 earthquake on the western part of the Swan Island fault zone produced a tsunami whose effects
were described at the mouth of the river Motagua in Guatemala. The retreat of the water was followed by a surge carrying
debris that damned the exit of the river. As a result, the river level rose by 2 to 4 m over a distance of 1 km, flooding 500 m
on either side of the bed. The flood lasted 24 hours and was observed up to 25 km inland.

10 January 2018: the M, = 7.5 earthquake on the Swan Island fault generated a small tsunami that was recorded on tide
gauges in Belize and Mexico, with amplitudes from 1 to 8 cm. A runup of 40 cm was observed on Roatan Island, at 330 km
from the epicentre.

28 January 2020: following the M, = 7.7 earthquake on the Oriente fault zone, the Pacific Tsunami Warning Center (PTWC)
issued a tsunami warning message, forecasting that the earthquake could generate a small tsunami with a maximum wave
amplitude of 0.3 to 1 m in Cuba, Jamaica, Cayman Islands, Honduras, Mexico and Belize (Xu et al., 2022). A small tsunami
was indeed recorded by the tide gauge in George Town (Cayman Islands, 290 km from the epicentre), with an amplitude of
12 ¢cm 11 minutes after the earthquake.

8 February 2025: the M = 7.6 earthquake on the eastern part of Swan Island fault zone prompted the PTWC to trigger

an alert indicating possible hazardous waves for all the countries around, later restricted to the Cayman Islands, Cuba,

and Honduras. A very small tsunami (max 4 cm) was recorded by the Isla de Mujeres tide gauge in Mexico. This event
represents an example of a tsunami detected only by current instrumental means, which clearly illustrates the difference
with historical event catalogs.
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Table 1. List of historical tsunamis in the Northwest Caribbean region (compiled from a review of available

publications and the NCEI database: https://www.ngdc.noaa.gov/hazard/tsu_db.shtml).

Date Source Tsunami size Tsunami location
yr-mm-dd Type Fault zone Observations Tide gauge countries
1539-11-24 earthquake Swan Island (Gulf of Guatemala, Belize,
Honduras) Honduras
1692-06-07 M =7.7 earthquake | South Jamaica and/ | 1.8 m (wave height) Jamaica, Haiti (7)
or Garden-Plantain
1775-02-11 earthquake Oriente (Cuba) Cuba
1787-10-27 earthquake Walton? (Jamaica) Jamaica
1812-11-11 earthquake Blue Mountains? Jamaica
(Jamaica)
1852-07-17 earthquake Oriente (Cuba) Cuba
1856-08-04 M =7.5 earthquake | Swan Island (Gulf of | 5 m (runup) Guatemala, Belize,
Honduras) Honduras
1887-09-23 M =7.9 earthquake | Oriente (between Cuba, Haiti
Cuba and
Hispaniola)
1893-02-19 earthquake South Jamaica Jamaica
1907-01-14 M = 6.2 earthquake | Blue Mountains 2.5 m (runup) Jamaica
(Jamaica)
1932-02-03 M = 6.7 earthquake | Oriente (Cuba) yes, but not Cuba
quantified
1976-02-04 M. =7.5 earthquake | Motagua 12cm Guatemala,
(Guatemala) (amplitude) Honduras
2009-05-28 M,=73 Swan Island (Gulf of Guatemala,
earthquake Honduras) Honduras
2018-01-10 M, =75 Swan Island 40 cm (runup) 1-8cm Guatemala,
earthquake (@amplitude) Honduras, Belize,
Mexico
2020-01-28 M, =77 Oriente 12cm Cayman Islands
earthquake (amplitude)
2025-02-08 M, =76 Swan Island 4cm Mexico
earthquake (amplitude)
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All tsunami listed in Table 1 were generated by earthquakes. It is interesting to note that some very powerful earthquakes
were apparently not tsunamigenic (e.g., 1766 Cuba, 1780 Jamaica), and many others produced tsunamis of very low
amplitude (e.g., 1976, 2009, 2018, 2020, 2025). Admittedly, catalogues of recent tsunamis are much more complete (thanks
to tide gauge data) than historical catalogues. The strike-slip nature of the plate boundary is generally not conducive to
the generation of large tsunamis (i.e. with waves > 1 m at the shoreline). An additional landslide source was proposed

to explain some local observations (e.g., the 5 m runup in Honduras during the 1856 tsunami). Xu et al. (2022) argued
that the January 28, 2020 tsunami was not generated solely by coseismic seafloor deformation from the M, =7.7 strike-
slip earthquake, but that a submarine landslide was the primary cause. The September 28, 2018 earthquake along the
Palu-Koro strike-slip fault (Sulawesi, Indonesia) was associated with a devastating tsunami in Palu Bay. Many publications
concluded that the local tsunami was generated by multiple landslides in the bay (e.g., Nakata et al., 2020; Williamson et
al., 2020). However, Elbanna et al. (2021) demonstrated that the length and high velocity of the rupture (supershear) in

a narrow and shallow bay could explain the unexpected tsunami in Palu, without requiring co-seismic landslides. They
indicated, the presence of an apex at the tip of the bay represents an aggravating factor, since it results in a strike-normal
horizontal displacement combined with wave focusing, reflection, and refraction. However, other more comprehensive
simulations by Schambach et al. (2021) of dual EQ-landslide sources, using more advanced models, reached the opposite
conclusion that the landslides were major contributors to the observed tsunami runups and inundation. The Gulf of
Honduras presents a somewhat similar, albeit less narrow, context to Palu Bay, in the Bahia de Amatique (Guatemala) and
Bahia de Omoa (Honduras).

Figure 5. Vintage view of the 1856 tsunami in Honduras (De Ballore, F. de M., 1888, Tremblements de Terre et
éruptions volcaniques au Centre Amérique, depuis la conquéte espagnole jusqu’a nos jours. Imprimerie et
Lithographie Eugéne Jobard, Paris).
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2.1.4 Paleotsunamis in the NW Caribbean

Tsunamis can also be described in terms of their morphological impact (erosion marks) and sedimentological impact
(sedimentary deposits), which sometimes enables us to extend the catalog of historical tsunamis. Traces of paleotsunamis
have been described in several places in the Caribbean (Engel et al., 2016, and references therein). Work carried out in the NW
Caribbean has shown the existence of coarse-grained littoral deposits (boulders, pebble ridges, berms of gravel deposits) on
the Yucatan coast of Mexico (Shaw and Benson, 2015), on Grand Cayman (Jones and Hunter, 1992; Robinson et al., 2006), and
in Jamaica (Rowe et al., 2009), but their origin - hurricane versus tsunami - is still debated. To date, there is no unequivocal
evidence of paleotsunami deposits in the NW Caribbean. In-depth studies in coastal marshes could prove very useful in
identifying tsunamigenic events on a Holocene scale.

2.2 Non-Seismic Sources Of Tsunamis in the Caribbean Region

Non-seismic tsunami sources include gravitational, volcanic-gravitational and purely volcanic (i.e. directly linked to
eruptive phenomena). For the purposes of this study, tsunamis linked to meteorite impacts will not be considered.

When distinguishing landslide and volcanic tsunamis, there is always an overlap linked to landslides in a volcanic context.
On volcanic islands, some landslides are directly linked to volcanic activity (e.g. collapse of an active lava dome, landslides
caused by magmatic intrusion), while others are linked to meteorological events or earthquakes. We have chosen to group
together all landslide sources of tsunamis, whatever their geological context (volcanic islands, carbonated shelf, river deltas,
etc.). We have not included remote sources such as a tsunami generated by a massive flank collapse of La Palma in the Canary
Islands, as this scenario and its possible impact on the Antilles have already been widely discussed (e.g., Tehranirad et al., 2015).

2.2.1 Landslide sources of tsunamis

The Caribbean Basin is exposed to tsunamis generated by landslides, which are identified by the scars and submarine mass-
wasting deposits they formed. Landslides were most particularly frequent in the volcanic arc of the Lesser Antilles, with 47
main events during the last 1.2 million years, including 15 during the last 12 thousand years (Boudon et al., 2007). Volcanic
island flank failures typically involve volumes ranging from a few hundred million m? to several tens of km®. As an example,
Lebas et al. (2011) detected seven major mass-wasting events off Martinique, the oldest one being dated at ~2.5 Myrs ago).
Detailed record at the island scale reveals more frequent but less voluminous events in the northern part of the volcanic arc
(Coussens et al.,, 2016). IODP expedition 340 carried out in 2012 led to numerous publications on mass-transport deposits
offshore Montserrat and Martinique islands (Le Friant et al., 2020 and references therein). One of the main advances concerns
the source of material involved in these large landslides. Indeed, the proximal volcanic debris avalanche deposits are usually
restricted to the slopes of the volcanic islands, but their emplacement can trigger voluminous failures of seafloor sediment

in the deep-sea basin (Watt et al., 2012; Le Friant et al., 2015). As an example, Brunet et al. (2016) observed three large-scaled
subaerial flank collapses of Mount Pelée, Martinique, that remobilized seafloor sediment and certainly caused a large local
or even regional tsunami.

Figure 6. Schematic figure of the processes acting during the emplacement of a large volcanic debris
avalanche offshore a volcanic island (Le Friant et al., 2015).



The multi-stage and multi-process nature of volcanic island slope failures complicates the parameterization of numerical
simulations. In terms of tsunami generation, landslides composed of mainly seafloor sediments may generate smaller
tsunamis than equivalent volumes of subaerial block-rich mass flows rapidly entering water (Le Friant et al., 2015). When

a subaerial landslide enters the water it generates an impulsive wave, which receives most of the energy transferred from

the landslide, and then propagates away from the source. The water in front of the landslide is pushed forward, and the

water above is pushed upward. The height of the leading and largest wave is positively correlated to landslide Froude
number, relative thickness, mass flux and volume (Fritz et al., 2004; Yavari-Ramshe and Ataie-Ashtiani, 2016). In the case of a
submarine landslide, the main parameters controlling the tsunamigenic potential are the volume of the sliding mass, its initial
acceleration, and its maximum velocity (e.g., Harbitz et al. 2006, Yavari-Ramshe and Ataie-Ashtiani 2016; Roger et al., 2024).

There is also evidence of non-volcanic large submarine landslides everywhere in the Caribbean Basin, as evidenced by
bathymetric surveys and seismic profiling on island slopes and shelf margins (e.g., Moscardelli et al., 2006; ten Brink et al.,
2006; Chaytor et al., 2016; Leslie and Mann, 2016). As an example, Tarazona et al. (2023) identified 220 submarine landslides
on the slopes of the continental shelf off Colombia, with areas ranging between 0.1 and 209 km? (Fig. 7).

Many studies on submarine landslides are aimed at defining laws of landslide size distribution (e.g., ten Brink et al.,

2006, 2009), and assessing landslide susceptibility (e.g., Grilli et al., 2009; Collico et al., 2020; Tarazona et al., 2023). On the
northern edge of the carbonate shelf north of Puerto Rico, ten Brink et al. (2006) found that the cumulative distribution
of slope failure volumes follows a power-law distribution. Large submarine landslide scars (> 1 km?) are “surprisingly” less
abundant in active margins that experience frequent earthquakes compared to passive margins (Urgeles and Camerlenghi,
2013). The common explanation for this observation is that, in active margins, frequent co-seismic small failures allow
the slopes to be regularly purged. There is also a possible effect of sediment densification induced by repeated seismic
shaking, resulting in a slope stability increase with increasing earthquake frequency and decreasing sedimentation rates
(ten Brink et al., 2016). The influence of high sedimentation rates on landslide susceptibility is well-illustrated by the
numerous submarine slope failures observed on the deltas of the Magdalena River in Colombia (Leslie and Mann, 2016)
and Orinoco River in Venezuela (Moscardelli et al., 2006).

Figure 7. Map of the northwest of Colombia showing different types of submarine landslide deposits
associated with different environments, from canyon walls and channel-levee systems, to tectonically
controlled ridges and continental shelf break (Tarazona et al., 2023).
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In terms of landslide tsunami hazard, even a small landslide on the order of tens of millions m* can produce local tsunamis
that could threaten nearby communities (e.g., landslide tsunami at Stromboli volcano in 2002: Bonaccorso et al., 2003).
During an earthquake, slope failures of all size may be produced, from large slumps > 1 km? (e.g., Papua New Guinea1998:
Tappin et al., 2001) to coastal cliff collapses < 10 million m? which locally augment the height of tsunami waves produced
by the earthquake itself. In the Caribbean, there are discussions about possible co-seismic landslides during the 1692
(Kingston, Jamaica), 1856 (Gulf of Honduras), and 1882 (Panama) earthquakes, and their contribution to local tsunami
runup, as mentioned in the NCEI database. However, there is no direct (and published) evidence of these landslides.
Lépez-Venegas et al. (2008) documented a fresh submarine landslide with an estimated volume of 10 km? in northwestern
Puerto Rico, and they demonstrated that a landslide source better reproduces the wave heights observed on the western
coast of Puerto Rico after the October 11, 1918 M, = 7.5 earthquake in the Mona Passage, rather than the earthquake itself.
Submarine telegraph cables were reported to be cut in this area following the earthquake. The January 12,2010 M_=

7.1 Haiti earthquake ruptured an inland segment of the Enriquillo-Plantain Garden strike-slip fault zone, but it produced
local tsunamis with wave runups up to 3 m on both sides of the Southwestern Peninsula of Haiti (Fritz et al., 2013). The
tsunamis could not be related to the rupture velocity, which was typical at 2.6 km/s (de Lépinay et al., 2011), and they were
convincingly attributed to multiple landslides on the northern and southern coasts of the peninsula (Hornbach et al., 2010;
Poupardin et al., 2020).

Figure 8. Map of submarine landslides triggered by the January 12,2010 M = 7.1 strike-slip earthquake,
southwestern coast of Haiti, and maximum computed tsunami wave heights, which are in agreement with
observed runups inland (Poupardin et al., 2020).

2.2.2 Volcanic sources of tsunamis

In addition to landslides, the activity of volcanoes can generate tsunamis through various processes, such as pyroclastic flows,
eruptive column collapse, underwater explosions, caldera collapse, volcano-tectonic earthquakes, or atmospheric waves
following major explosions (Paris, 2015; Schindelé et al., 2024). All these source mechanisms differ in terms of volume, mass
flux, duration, and interaction with water. The complexity of the physical processes at work during the generation of volcanic
tsunamis makes their numerical modelling a challenge. This is why, first and foremost, it is important to understand the links
between the different types of volcanoes and the different types of eruptions on the one hand, and the different mechanisms
that generate volcanic tsunamis on the other (Schindelé et al., 2024).



Figure 9. Source mechanisms of volcanic tsunamis, including gravitational (subaerial and submarine
landslides, pyroclastic flows, eruptive column collapse), explosive (underwater explosions, atmospheric
forcing), and volcano-tectonic processes (caldera collapse, volcano-tectonic earthquakes). Modified from Paris
etal. (2014).

Two major events have alerted the scientific community to the need to better understand volcanic tsunamis and integrate
them into local and regional warning systems, in connection with volcano observatories: the December 22, 2018 tsunami
in Sunda Strait, Indonesia, triggered by the collapse of Anak Krakatau volcano (e.g., Grilli et al., 2019; Muhari et al., 2019),
and the January 15, 2022 worldwide tsunami produced by atmospheric waves of the Hunga Tonga explosions (e.g., Borrero
etal., 2022; Carvajal et al., 2022; Omira et al., 2022). As a response, the IOC-UNESCO Working group on TOWS (Tsunamis
and Other hazards related to sea level Warning and mitigation Systems) created an Ad Hoc team on Tsunamis generated
by Volcanoes (TGV) under its Task Team on Tsunami Watch Operations (TT-TWO). The TGV team aimed to specifically
document the processes of tsunami generation during volcanic eruptions, the modelling techniques, examples of
monitoring and warning systems designed for volcanic tsunamis, establish a list of priority volcanoes to watch, a list of
contacts in volcano observatories, and to provide guidance to Member States and IOC-UNESCO. For detailed background
information on volcanic tsunamis, we thus refer the reader to the Technical Series report n° 183 (IOC-UNESCO, 2023).

In the Caribbean, 11 volcanic tsunamis occurred during the XX and XXI* centuries (Table 2). All these tsunamis were
generated by volcanoes of the Lesser Antilles and their impact was limited to nearby islands (i.e., typically within tens of
kilometers). The activity of volcanoes in the Lesser Antilles certainly generated tsunamis before 1902, but there is no available
information on this subject, apart from publications on past landslides on the slopes of the islands (see previous section).
Apart from the Lesser Antilles, there are no other active volcanoes in the Caribbean that could pose a tsunami threat.

Two volcanic eruptions were particularly tsunamigenic: the 1902 eruption of Mount Pelée in Martinique (France), and the
1997-2010 eruption of Soufriére Hills in. The majority of the tsunamis observed during these two eruptions were related to
pyroclastic flows entering the sea, except for the May 5, 1902 tsunami in St Pierre (Martinique), which was caused by a huge
debris flow (Lacroix, 1904). On the night of the Boxing Day December 26, 1997, eruption at Montserrat, waves inundated
the Old Road Bay, western coast, 4 km from the impact site of the pyroclastic flow with the water. The initial sea retreat
was followed by inundation up to 80 m inland and a local runup of 3 m a.s.l. (Pelinovsky et al., 2004). There was no clear
evidence of waves elsewhere. A major collapse of the volcanic dome on July 12, 2003, produced massive pyroclastic flows
that reached the sea and caused a tsunami on the eastern coast, with a maximum runup of 4 m a.s.l. in Farm Bay, 4 km
from the impact, and a noticeable runup (< 1 m) on the northwestern coast of Guadeloupe Island, 60 km from the volcano
(Pelinovsky et al., 2004). We should also mention that shorth-length waves were observed on the coasts of Grenada, the
southern grenadines and Barbados during the 1939 eruption of Kick'em Jenny submarine volcano, north of Grenada, but
their exact height is highly uncertain (Smith and Shepherd, 1993, 1995; O’Loughlin and Lander, 2003; Lindsay et al., 2005).
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Table 2. List of volcanic tsunamis observed in the Caribbean since 1902 (updated from IOC-UNESCO, 2020, and
Lacroix, 1904). The worldwide tsunami due to atmospheric waves of the Hunga — Tonga volcanic explosions

on January 15, 2022 was of course observed in the Caribbean (Sostre-Cortés et al., 2025), but it is not included
in this list since it was not generated by a volcano in the Caribbean. Note that the 1965 tsunami in Grenada is
ranked as “doubtful”in the NCEI database.

yr-mm-dd Lat Long Country Volcano Tsunami source Runup
1902-05-05 14.82 -61.17 Martinique, France Mount Pelée Debris flow 5m
1902-07-05  [1333 | -61.18 étrzinr;cd‘airr‘fez“d the Soufriere Pyroclastic flow ? 1m
1902-05-08 14.82 -61.17 Martinique, France Mount Pelée Pyroclastic flow >2m
1902-05-20 14.82 -61.17 Martinique, France Mount Pelée Pyroclastic flow >35m
1902-08-30 14.82 -61.17 Martinique, France Mount Pelée Pyroclastic flow m
1939-07-24 1230 -61.63 Grenada Kickem Jenny Submarine explosion? | 2m
1965-10-24 12.30 -61.63 Grenada Kick'em Jenny Submarine explosion?
1997-12-26 16.72 -62.18 Montserrat Soufriere Hills Pyroclastic flow 3m
1999-01-20 16.72 -62.18 Montserrat Soufriere Hills Pyroclastic flow 2m
2003-07-12 16.72 -62.18 Montserrat Soufriere Hills Pyroclastic flow 4m
2006-05-20 16.72 -62.18 Montserrat Soufriere Hills Pyroclastic flow m

20



3. Workshop Outcomes

3.1 Definition of the Earthquake Sources

The experts examined all available publications on the tectonic setting, historical seismicity and geodesy, and tsunami
catalogues, to build a list of 21 new scenarios of tsunamis produced by seismic ruptures in the NW Caribbean region
(Fig. 10 and Table 3). It is not the aim of this report to detail how each of the scenarios was defined, but Table 3 provides
the main earthquake parameters required for numerical simulations: extent (length and width) and geometry of the
rupture (strike, dip, rake), vertical slip, seismic moment (M ), and moment magnitude (M ).

Figure 10. Fault segments selected as seismic sources of tsunamis in the NW Caribbean region. Numbers refer
to the seismic rupture ID as defined in Table 3. Seismicity catalogues : 1904-1964 M5+ events from ISC-GEM
(Storchak et al. 2013) and 1964-2017 M3.6+ events from ISC-EHB (Di Giacomo and Storchak, 2016). Epicenters
colors are function of depth : red for z from 0 to 29 km, orange 29-74, yellow 74-151 km.

Table 3. Seismic source parameters of tsunami in the NW Caribbean. Scenario 22 is a combination of scenarios
3,4 and 5, thus corresponding to a combined rupture of the three Jamaica segments. Same for scenario

23 (South Deformation Belt scenarios 13 and 14 combined). Each scenario has its own ID for numerical
simulations. Scenarios 2, 11 and 12 are presented in section 4.1. (Hess Escarpment and San Andres Rift).
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The selection of the earthquake scenarios was largely guided by the documented earthquake history, which fills

in extensive portions of the plate boundary system in the northwest Caribbean. For example, the 2009 Honduras
earthquake helped to define the Motagua offshore (7, 24) scenario; the 2018 Swan Island earthquake the Swan Island
North (17) scenario along with viable rupture of the Swan Island South (18) scenario; the 2025 earthquake the Swan
Island East (16) scenario; the 2020 Cayman earthquake the Oriente (8) scenario; the 1992 and 2024 Cuba events the
South Def Belt West (15) scenario; historic events off southern Cuba the South Def Belt Central (13,23) and South

Def Belt East (14, 23) scenarios. While oceanic crust is very thin in most of these areas, juxtaposition against thicker
continental crust along Honduras and Cuba suggests a possible fault depth extent of up to 20 to 30 km, although
available slip models indicate slip may be concentrated at less than 10 km depths in some recent events (e.g., 2018
Swan Islands). The depth extent couples with the assumed uniform slip to control the scenario event size, with larger,
but patchy slip of 10 to 24 m estimated for some recent events on the Swan Island and Oriente fault, so earthquake
moments are comparable to those for observed events. An average crustal rigidity of 30 GPa is assumed, but this has
uncertainty and likely varies laterally and with depth but details are not known. Scenarios around Jamaica (1-4, 19-22)
are based on fault maps and reports of historic events lacking specific quantification. The Mid Cayman (6) scenario is
a highly speculative normal faulting ridge extension model for completeness. The Roatan (9, 10) scenarios are based
on uplift rates observed on the offshore island and are quite poorly constrained. The degree of segmentation of the
major faults and lack of historic great earthquakes lead us not to consider ‘worst-case’ scenarios where the entire plate
boundary system ruptures in a mega event, as this is such a low probability scenario that it does not provide useful
guidance on tsunami mitigation.

3.2 Definition Of The Non-Seismic Sources

3.2.1 Review of available scenarios

Discussions focused first on a review of available publications with simulated scenarios of non-seismic tsunamis in the
Caribbean (Table 4). We found more than 20 published landslide scenarios ranging from subaerial debris flows and small
submarine landslide (several million m?) to island flank collapse (several km?). Most of these scenarios concern landslides
of volcanic edifices, including an exhaustive study on Mount Pelée in Martinique (Poulain et al., 2023), but there are

also simulations of tsunamis generated by river delta collapse (Magdalena River, Colombia: Leslie and Mann, 2016)

and carbonated shelf collapse (North Puerto Rico: ten Brink et al., 2006), as well as simulations aiming at reproducing
co-seismic landslides during the 2010 Haiti (Hornbach et al., 2010: Poupardin et al., 2020) and 1918 Mona Passage
earthquakes (Lépez-Venegas et al., 2008). Among all scenarios, only one was recently added to the CATSAM database

as a case-study of non-seismic tsunami: a 0.6 km> submarine landslide of the western flank of Kick’em Jenny volcano,
simulated by Harbitz et al. (2012).

There are also published simulations of tsunamis generated by eruptive phenomena such as a pyroclastic flow entering
the sea at Soufriére Hills volcano, Montserrat (Heinrich et al., 1998; Poisson and Pedreros, 2010), a dome collapse at Mount
Pelée volcano, Martinique (Poulain et al., 2023), and a large submarine explosion of Kick'em Jenny volcano (Smith and
Shepherd, 1993, 1995).
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Table 4. List of non-seismic scenarios of tsunamis in the Caribbean, for which a numerical simulation is published.
For gravitational sources (landslides, pyroclastic flows) we indicate the volume (V) and for explosions the energy (E).

Location

Lat

Long

Cause

Parameter

Reference

Volcanic landslides

Rico

Soufriere Hills volcano | Montserrat 16.711 | -62.175 | subaerial landslide |V =0.17 km? Harbitz et al. (2012)
Mount Pelée volcano | Martinique - 14.809 | -61.166 | debris flow V=5x10°m? Poisson & Pedreros (2010)
France

Mount Pelée volcano f;ﬂ:rr;tclzlque i 14.809 | -61.166 | submarine landslide |V =0.01 km? Poulain et al. (2023)

Mount Pelée volcano m::clzlque ) 14.809 | -61.166 | submarine landslide |V =0.05 km? Poulain et al. (2023)

Mount Pelée volcano f;ﬂ:rr]tclzlque ) 14.809 | -61.166 | submarine landslide |V =0.6 km? Poulain et al. (2023)

. Martinique - massive flank 3 .

Mount Pelée volcano France 14.809 | -61.166 collapse V=12km Poulain et al. (2023)

Mount Pelée volcano f;/lr:rr]tclr:que i 14.809 | -61.166 (r:;z;\lzsrl)\;iﬂank V=18km? Poulain et al. (2023)

Mount Pelée volcano ';f::c";'q“e "~ 114809 | -61.166 2,?|ZSF',\;Zﬂank V=128km® Poulain et al. (2023)

Mount Pelée volcano f;ﬂ:rr]tclzlque ) 14.809 | -61.166 Z)Tlsasrl)\gzﬂank V=162km? Poulain et al. (2023)

Mount Pelée volcano m::c";'q“e "~ 14809 | -61.166 gﬁ:g::ge fank | 6+ 0.6+ 0.6 km? | Poulain et al. (2023)

Mount Pelée volcano ';Ar::c";'q“e 14809 | -61.166 2“:5:296 flank | 69+ 50437 km? | Poulain et al. (2023)

Mount Pelée volcano m::clzlque i 14.809 | -61.166 | dome collapse V=98x10°m’ Poulain et al. (2023)

Mount Pelée volcano f;c:r:tézlque i 14.809 | -61.166 | dome collapse V=57x10°m? Poulain et al. (2023)

QOualibou volcano St Lucia 13.828 | -61.049 | subaerial landslide |V =0.25 km? Harbitz et al. (2012)

Oualibou volcano St Lucia 13.828 | -61.049 | subaerial landslide |V =0.1 km® Le Roy etal. (2017)

Kick'em Jenny volcano | Grenada 12.300 | -61.640 | submarine landslide | V= 0.6 km? Harbitz et al. (2012)

Kick'em Jenny volcano | Grenada 12.300 | -61.640 Q)les;\;:ﬂank V=45km? Dondin et al. (2012)

La Soufriére StVincent 13.300 | -61.250 Z)Tlisrl)\;zﬂank V=9km? Le Friant et al. (2009)

Eruptive processes

Kickem Jenny volcano | Grenada 12.300 | -61.640 under\{vater E=10" Smith &Shepherd (1993,
explosion 1995)

Kickem Jenny volcano | Grenada 12300 | -61.640 underwater E=10") Il Skt
explosion 1995)

Soufriere Hills volcano | Montserrat 16.711 | -62.175 | pyroclastic flow V=16x10°m?3 Poisson & Pedreros (2010)

Non-volcanic landslides

Yucatan Shelf Mexico 23.170 | -90.220 | submarine landslide | V=17 km? Chaytor et al. (2016)

Magdalena River Fan | Colombia 11.400 | -75.600 | submarine landslide |V =680 km? Leslie & Mann (2016)

Mona Canyon Puerto Rico 18.560 | -67.440 | submarine landslide |V =10km? I(_zoorz)esz)-Venegas etal.

:3::: i:;_fte RITEUE) Haiti 17.900 | -72.550 | submarine landslide | V =2km? Poupardin et al. (2020)

igl:tt: (z(r)r;:cenlnsula, Haiti 18.507 | -72.809 | submarine landslide Hornbach et al. (2010)

et Slel Fsdo Puerto Rico 18.783 | -66.740 | submarine landslide | V =22 km? ten Brink et al. (2006)

23




Figure 11. Non-seismic sources of tsunamis in the Caribbean.

3.2.2 New scenarios of non-volcanic landslide tsunamis

Submarine landslides are likely to occur throughout the Caribbean basin. In the absence of a probabilistic approach, at least
for the time being, we have reasoned in terms of spatial distribution of existing scenarios (Table 4). Different locations of
submarine landslides were discussed during the 2019 expert meeting in Martinique (IOC-UNESCO, 2020) and three of them
perfectly fill the gaps identified: Muertos Trough in the northern part of the Caribbean Sea, Cariaco Basin in the southern
part of the Caribbean Sea, and Désirade Graben on the eastern side of the Lesser Antilles. Each landslide location is broken
down into three scenarios of different volumes (1, 5, and 10 km?), summing up a total of 9 new scenarios (Table 5). The range
of volumes was selected on the basis of landslide deposits described in the literature, especially those that were caused by
historical earthquakes such as the 1918 Mona Passage and 2010 Haiti earthquakes (L6pez-Venegas et al., 2008; Hornbach et
al., 2010; Poupardin et al., 2020).

The first case of submarine landslide is located on the northern slopes of the Muertos Trough, south of Puerto Rico and the
Dominican Republic (Figs. 11 & 12). The Muertos Trough is a West-East elongated and asymmetrical basin formed at the foot
of the thrust belt between the Caribbean Sea plateau to the south and the island arc to the north (Granja Bruiia et al., 2009).
The Muertos Trough is characterized by steep slopes to the north and gentle slopes to the south. Over the instrumental
period, seismicity is moderate compared to the main faults bordering the Caribbean plate, but some recent earthquakes had
magnitudes M > 6 (M_= 6.7 in 1984 south of the Dominican Republic, M, = 6.4 in 2020 south of Puerto Rico), i.e,, magnitudes
high enough to trigger submarine landslides on the submarine slopes of the trough. Although there is no proven example
of landslide tsunami in this area, this set of scenarios aims at illustrating an example of underestimated tsunami hazard due
to moderate earthquake magnitudes (M ~ 6), but possibly locally amplified due to a submarine landslide. Granja-Bruia et al.
(2022) provided a list of tsunami sources related to new estimations of the Muertos Trough seismic potential with worst case
scenarios up to M8 and identified a ~30 km?slump failure in the Muertos Mega-splay at longitude 69.5°W.
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Figure 12. Potential tsunami sources along the Muertos Trough (Granja Bruia et al., 2022). MFT: Muertos
Frontal Thrust. MMS: Muertos Mega-splay. MRT: Muertos Rear Thrust. CS: Complutense slump. MTFZ: Muertos
Trough Fault Zone. BRFZ: Beata Ridge Fault Zone. (a) Map of the tsunami sources, showing the most populated
cities (BARH: Barahona; BHAI: Bajos de Haina ; SDOM: Santo Domingo; SPMAC: San Pedro de Macoris; LROM: La
Romana; BYUM: Boca de Yuma; PCAN: Punta Cana). (b) Conceptual cross-section of the Muertos margin).

Three volumes of landslide are proposed for the numerical simulations (1, 5, and 10 km?), all three initiated from the same
location (Table 5) and moving southward from the Muertos Trough. The selected source area (Fig. 12) is characterized by steep
slopes on anticline ridges of the compressional front of the thrust belt (Granja Bruiia et al., 2009) and it falls in the middle of
the four scenarios of seismic rupture discussed during the expert meeting in Dominican Republic (IOC-UNESCO, 2016) and
listed in the CATSAM database (https://www.ncei.noaa.gov/maps/CATSAM/) along the western part of the Muertos Trough.

Figure 13. Main tectonic features and earthquake focal mechanisms in and around the Cariaco Basin, North
Venezuela. The yellow circle indicates the submarine landslide location proposed in this report. Modified from
Escalona et al. (2011).
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The scenarios of submarine landslide in the Cariaco Basin follows the same idea, but in a different tectonic setting.
The Cariaco Basin is an east-west trending 180 km long, 40 km large and 1400 m deep depression composed of two
sub-basins on the continental shelf off the northern coast of Venezuela (Figs. 11 & 13). It is a pull-apart basin formed
along the El Pilar - San Sebastian right-lateral strike-slip fault system, located in the obliquely-convergent Caribbean
and South American plate boundary (Audemard et al., 2005; Escalona et al., 2011). Like its northern counterpart, this
plate boundary is frequently the site of earthquakes of magnitude M > 6.5 up to 7.7 (e.g. October 29, 1900 Macuto
earthquake, west the Cariaco Basin). The July 15, 1853 M = 6.7 and January 17, 1929 M_= 6.9 earthquakes caused great
damage, including a tsunami, in the Cumana area, at the eastern end of the Cariaco Basin. There is limited information
on the tsunami that followed the October 29, 1900 M = 7.7 Mancuto earthquake, one of the largest historical
earthquakes along this system of faults, with an epicenter close to the northwestern corner of the Cariaco Basin.

For the Cariaco Basin, we propose three scenarios of submarine landslide (1, 5, and 10 km?) on the southern slope
of the eastern sub-basin (Fig. 13), all three initiated from the same location (Table 5) and slid northward. In the
CATSAM database, there is one scenario of rupture centered in the Cariaco Basin, with a magnitude M = 8.17, thus
corresponding to a worst-case scenario. It could be interesting to combine this scenario with one of the landslide
scenarios proposed here for a future Caribe Wave exercise.

Figure 14. Bathymetric map of the forearc between Guadeloupe and Barbuda (Seibert et al., 2020),
with a close-up view on a landslide headscarp and fan deposit south of the Barracuda ridge.

The third location proposed for a submarine landslide is located 100 km east of Antigua, between the Désirade Valley and

the Barracuda Ridge (Fig. 14), i.e. on the eastern slopes of the Lesser Antilles islands arc. The advantage of this location is that

it is opposite to the numerous volcanic landslides that occurred on the western slopes of the islands (and for which several
simulations were already published, as listed in Table 4). We selected this area because there is published evidence of landslide
headscarps and fan deposits, especially on the southern side of the Barracuda Ridge (Seibert et al., 2020). Furthermore,
sediment cores studies revealed the existence of turbidites formed by large megathrust earthquakes during the Quaternary
(Seibert et al., 2024). As for the other landslide scenarios, three different volumes are proposed (1, 5, and 10 km?).
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Table 5. List of new scenarios of non-volcanic submarine landslide sources of tsunamis in the Caribbean.

Location Country Direction  Cause Volume
Muertos Trough Dominican Republic 17.547 | -69.298 | southward | submarine landslide 1 km?
Muertos Trough Dominican Republic 17.547 | -69.298 | southward | submarine landslide 5km?
Muertos Trough Dominican Republic 17.547 -69.298 | southward | submarine landslide 10 km?
Cariaco Basin Venezuela 10.463 -64.776 | northward | submarine landslide 1 km?
Cariaco Basin Venezuela 10.463 -64.776 | northward | submarine landslide 5 km®
Cariaco Basin Venezuela 10463 | -64.776 | northward | submarine landslide 10 km?
Désirade -Barracuda Guadeloupe (France) 17.253 -60.752 | southward | submarine landslide 1 km?
Désirade -Barracuda Guadeloupe (France) 17.253 -60.752 | southward | submarine landslide 5 km?
Désirade -Barracuda Guadeloupe (France) 17.253 -60.752 | southward | submarine landslide 10 km?

3.2.2 New scenarios of volcanic tsunamis

The selection of new scenarios of volcanic tsunamis aims at completing and improving the list of available (and
published) scenarios of volcanic tsunamis listed in Table 4. The meeting was attended by representatives of the main
institutions responsible for monitoring active volcanoes in the Lesser Antilles, i.e., the SCR-UWI (Seismic Research Center,
University of the West Indies) and IPGP (Institut de Physique du Globe de Paris, France). We here propose five new
scenarios of volcanic tsunamis, including both landslide and eruptive sources, as listed in Table 6.

Table 6. List of new scenarios of volcanic sources of tsunamis in the Caribbean. For volcanic landslide sources,
we indicate the volume (V), for pyroclastic flows the mass flux (Q), and for underwater explosions the explosion
energy (E).

Volcano Country Lat Long Cause Parameter

Kick'em Jenny | Grenada 12300 | -61.640 | underwater explosion in summit crater E=28x10")

Kick'em Jenny | Grenada 12300 | -61.640 | submarine landslide on north-western flank |V =0.1 km?

Soufriere St Vincent 13334 | -61.182 | pyroclastic flow on western flank Q=10°-10*m?/s

Soufriere Hills | Montserrat 16.711 -62.175 | dome collapse on eastern flank V=0.1km?

Soufriére Guadeloupe | 16.042 -61.663 | dome collapse on western flank V=0.1km?
(France)

Kick’em Jenny submarine volcano, located north of Grenada, has been recognized as a potential source of tsunamis for
several decades, thanks to the work of Smith and Shepherd (1993, 1995) and Dondin et al. (2012). Kick'em Jenny is the
most active volcano in the Caribbean, with at least 14 eruptions between 1939 and 2017. A tsunami was observed during
the 1939 eruption, and possibly in 1965. The horse-shoe shaped morphology of the volcano provides evidence of past
flank instability, which motivated previous works on flank collapses and resulting tsunamis. Dondin et al. (2012) simulated
a 4.5 km? flank collapse, which represents a worst-case scenario, whereas Harbitz et al. (2012) used a volume of 0.6 km?>.
The simulation of Harbitz et al. (2012) is so far the only volcanic tsunami scenario implemented in CATSAM. In the case

of volcanic unrest, magmatic intrusions may destabilize the flanks of the volcano, thus causing small landslides typically
on the order of a few million m?, as occurred at Stromboli in 2002 (Bonaccorso et al., 2003). We thus recommend also
considering a volume of 0.1 km? in order to see how much it impacts the islands around (Grenada, Carriacou, Grenadines).
Considering that the summit of Kick'em jenny volcano is now at a water depth of 160-180 m, we cannot rule out the
possibility of a tsunami generated by a submarine explosion. Based on previous work by Smith and Shepherd (1993, 1995),
we estimate that an explosion with an energy of 2.8 x 10'¢ J (equivalent to 4.37 x 106 tons TNT) would represent a worst-
case scenario. A first order approach to simulate tsunamis generated by underwater explosions was applied to volcanoes
such as Kolumbo submarine volcano in Greece, Karymskoye Lake in Russia (Torsvik et al., 2010), and Lake Taal in the
Philippines (Paris and Ulvrova, 2019). This method could easily be applied to Kick'em Jenny volcano.
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In Montserrat, the summit dome of Soufriére Hills volcano shows signs of instability, as explained by Erouscilla Joseph,
Head of the SRC-UWI, during the meeting. During the 1995-2013 eruption, dome collapses produced pyroclastic flows
that reached the sea (Herd et al., 2005) and generated tsunamis, the 2003 event being observed in Guadeloupe (Pelinovsky
et al.,, 2004). In September 2023, the Montserrat volcano observatory (MVO, operated by SRC-UWI) reported increased
seismicity, gas emissions, and rockfalls. These signs raise concern about a possible collapse of the summit dome, especially
in the case of an earthquake. At the end of the 1995-2013 eruption, the lava dome had a volume of ~120 x 106 m? (Arnold
et al., 2016), which represents about half the volume of the 2003 dome collapse that produced a tsunami (Herd et al., 2005).
It would therefore be interesting to plan new simulations of dome collapse, testing several volumes, to see if the flows
reach the sea.

Figure 15. Map of the pyroclastic flow deposits from 1902 eruption of Soufriere, St Vincent, and simulation
of pyroclastic flows on the western flank of the volcano (Gueugneau et al., 2024).

During the 2020-2021 eruption of Soufriere volcano at St Vincent, pyroclastic flows confined in the deep valleys of the
western flank of the volcano reached the sea, thus giving rise to some concerns about possible tsunamis. The ICG/CARIBE-
EWS recommended installing a new sea level station during the eruption, in agreement with SRC-UWI, to detect any sea level
disturbance related to the entrance of pyroclastic flows into the sea on the western flank of the volcano. The new station

was finally installed in Chateau Bel-Air in February 2022 and is now connected to the IOC network. Fortunately, no tsunamis
were recorded during the 2020-2021 eruption, but a tsunami with a maximum runup of 1 m at Saint Lucia and Barbados was
observed during the 1902 eruption (NCEI database: https://www.ngdc.noaa.gov/hazel/view/hazards/tsunami/runup-search/).
Numerical simulations by Gueugneau et al. (2024) show that pyroclastic flows produced by collapsing volume of 10 x 106
m?/s, i.e. similar to the inferred volume of the 1902 eruption, reach the sea with a mass flux of 105 m*/s and a front thickness
of ~10 m (for the dense part of the flow) in the Larikai and Roseau valleys (Fig. 15). These two valleys on the western flank of
the volcano are those for which the distance from the eruptive center to the sea is the shortest. We thus recommend using the
input parameters provided by Gueugneau et al. (2024) to run future simulations of tsunami generated by pyroclastic flows at

Soufriere St Vincent volcano.

Although there is no published evidence of past tsunami related to the eruptions of Soufriére volcano in Guadeloupe,
the experts suggested testing the tsunamigenic potential of a major dome collapse. Over the last 9150 years, at least

9 dome and flank collapses occurred, mostly on the south-western flank of the volcano. The last magmatic eruption,

in 1530 CE, started with a partial flank-collapse of 80 + 40 x 106 m3 (Boudon et al., 2008; Komorowski et al., 2008).
Peruzzetto et al. (2019) simulated debris avalanches produced by dome collapse with volumes ranging from 1 to 100

x 106 m3. With runouts of 15 km, the largest dome collapses are able to disturb the sea but we did not simulated the
resulting tsunami. As suggested by Anne Le Friant, Head of monitoring activities at IPGP, the experts agreed to use the
100 x 106 m3 dome collapse scenario of Peruzzetto et al. (2019) as an input for a future tsunami simulation.
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3.3 Tsunami Simulations

3.3.1 Seismic sources

To produce the new simulations included in the report, we used COMCOT (Cornell Multi-grid Coupled Tsunami) simulation
model to model the generation of tsunami from various sources, tsunami propagation and coastal runup. This model was
initially developed during the mid-90s at Cornell University (Liu et al. 1995;1998), and since then has been progressively
developed at Cornell University (Wang and Liu, 2006; Wang 2008) and subsequently at GNS Science, New Zealand (Wang and
Power 2011). It has been carefully tested and widely applied to numerous tsunami studies (e.g. Liu et al. 1995; Wang & Power,
2011; Roger et al. 2023). The model computes tsunami generation, propagation, and coastal interaction by solving both linear
and non-linear shallow water equations using a modified explicit leap-frog finite difference scheme and considering the weak
dispersion effect (Wang, 2008; Wang and Liu, 2011). For earthquake sources, the initial sea surface deformation is calculated
using Okada (1985)'s formulae with the fault plane geometry and either a uniform or non-uniform slip distribution. Water
surface elevation and horizontal velocities are calculated at the center and at the edge centers of each grid cell within the
computational domain, respectively. Absorbing boundary schemes are used at the boundaries of the computational domain
to dampen the incoming waves, avoiding reflection from the domain boundaries (Wang and Power 2011).

GEBCO (2024) was used to create a single numerical grid covering the whole region of interest between 270° and 301°E
and 7° and 24°N. It has a spatial resolution of one arcmin. Friction between the tsunami and the terrain surface it moves
over is modelled through a bottom friction model with n as the Manning’s coefficient of roughness (Wang and Power
2011). The bottom friction is calculated as a function of gravitational acceleration, Manning’s n, current velocity and water
depth (Wang and Power 2011). The higher the roughness coefficient, the higher the friction; the deeper the water, the
smaller the friction. Various Manning'’s roughness coefficients have been proposed for different types of land cover types
and water areas (Wang et al. 2017). In this study Manning’s n = 0.013 is used for water areas which is within the range of
roughness values commonly used for relatively smooth water channel and flood plains, but toward the smaller end of the
range for those environments (Arcement and Schneider,1989; Wang et al. 2017).

An array of virtual sea-level sensors has been designed for this project, notably to check the stability of the numerical
model and the simulation results. The outputs of the simulations are maximum wave amplitude maps, tsunami travel time
maps (TTT) and time series at virtual sensors’location calculated over a propagation time of 24 hours at Mean Sea Level
(MSL; GEBCO bathymetry data is referenced to MSL, meaning that the depths are measured to an average sea level as MSL
value is different from one region to another one [GEBCO, 2024]).

Table 7. Impact of the scenario of tsunamis generated by seismic ruptures in the NW Caribbean, inferred from
numerical simulations (see Annex | for complete results).

ID Name Impact Areas H_ . (m)
1 | Enriquillo Plantain regional East Jamaica, West Haiti, South Cuba 2.34
3 | Jamaica Central local SE Jamaica (Kingston Bay) 1.29
4 | Jamaica North local NE Jamaica 243
5 | Jamaica South local SE Jamaica (Albion) 0.78
6 | Mid Cayman local West Jamaica, North Honduras 2.22
7 | Motagua offshore regional gjgfcwvzl;,gcr:;?cgonduras, East Belize, SE Mexico, NW 816
8 | Oriente very limited H, .. < 0.5 m everywhere 0.26
9 | Roatan offshore regional Guatemala, North Honduras, East Belize, SE Mexico, NW Cuba 3.07
10 | Roatan onshore local North Honduras 3.04
13 | South Def Belt Central regional South Cuba, NE Jamaica, SW Haiti 1.43
14 | South Def Belt East egiensl ’S\lowuvegzlzjé:/;/est Haiti, Jamaica, South Inagua (Bahamas), 4.90
15 | South Def Belt West local SW Cuba (Cape Cruz) 0.66
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16 | Swan Island East very limited H, . <0.5 m everywhere 0.23

a;

17 | Swan Island North very limited H, .. <0.5 m everywhere 0.29
18 | Swan Island South very limited H, . <0.5 meverywhere 0.20
19 | Walton North very limited H. .. < 0.5 m everywhere 0.24
20 | Walton onshore very limited H, . <0.5 m everywhere 0.24
21 | Walton South very limited H. .. < 0.5 m everywhere 0.32
22 | Jamaica (3+4+5) local East Jamaica 2.65

South Cuba, West Haiti, Jamaica, South Inagua (Bahamas),
NW Venezuela

24 | Motagua offshore (bis) local NW Honduras 0.83

23 | South Def Belt (13+14) regional 4.64

Maximum wave amplitude (H__) and tsunami travel times (TTT) for all simulations are compiled in Annex | and Annex 1.
Table 7 summarizes the impact that each scenario of tsunami might have on the coasts of the Caribbean. Seven scenarios
have a very limited impact, with wave heights less than 0.5 m (measured on the close 1 arcmin pixel to the shoreline)
everywhere in the Caribbean, including in near-field locations. Other scenarios show essentially a localized impact,
focusing on a particular stretch of coastline. As an example, scenario 4 (Jamaica North) shows a significant impact on all
coasts of NE Jamaica, with a maximum wave amplitude of 2.43 m close to the seismic rupture zone, but elsewhere wave
maximum amplitude are lower than 0.5 m. Scenarios described as “regional” produce waves of over 0.5 m along the
coasts of several countries.

As illustrated on figure 16, the most impacting scenarios are :

B Atsunamigenerated by aM = 7.7 earthquake on the Enriquillo - Plantain Garden strike-slip fault system between Jamaica
and Haiti (scenario #1 in tables 3 and 7), producing wave amplitudes above 0.5 m along the coasts of Jamaica (East coast)
and Haiti (West coast).

B AM, =7.6normal faulting event on the Mid-Cayman spreading center (scenario #6 in tables 3 and 7), which generates
a tsunami wave amplitudes above 1 m on the western coast of Jamaica, and locally above 0.5 m along the northern
coast of Honduras.

B Following aM = 7.8 strike-slip earthquake on the offshore extension of the Motagua fault (scenario #7 in tables 3
and 7), a tsunami propagates in all of the Gulf of Honduras, producing wave amplitudes above 2 m along the coasts
of Guatemala and Honduras (even reaching ~8 m in Roatan), more than 1 m along the coasts of Belize and Mexico
(east coast of Yucatan), and more than 0.5 m in some areas of Jamaica (northwestern coast) and Cuba (northwestern
coast). This is the most impactful scenario simulated herein. The results of the simulation are concordant with
observations of the 1856 M = 7.5 earthquake in the Gulf of Honduras. Figure 17 illustrates the duration of the
tsunami trapped in the gulf for more than 20 hours.

B AM, =738 strike-slip earthquake near Roatan Island, on the western segment of the Swan Island fault (scenario #9 in tables
3 and 7), causing a tsunami with wave amplitudes above 0.5 m on the coasts Guatemala, Honduras, Belize, Mexico, and
some areas in NW Cuba, with a maximum wave amplitude of ~3 m on the northern coast of Honduras.

B Rupture models on the central and eastern segments of the Southern Deformation Belt (scenario #13 and #14 in
tables 3 and 7) both generate regional tsunamis impacting the southern coast of Cuba, Jamaica, and Haiti, the eastern
segment scenario being more tsunamigenic (up to 4.9 m in NW Haiti), with a significant impact on Inagua (Bahamas)
and even the northern coast of Venezuela. Scenario #23 combining ruptures of both the eastern and central segments
is a localized worst-case scenario.
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Figure 16. Most impactful scenarios of tsunamis generated by seismic ruptures in the NW Caribbean, based
on numerical simulations. Each scenario has an ID listed in the title, identical to that shown in tables 3, 7 and 9.
The color scale represents the maximum water surface elevation recorded during the simulation. The purple
value corresponds to the highest wave amplitude recorded locally. Red dots indicate virtual tide gauges where
surface elevation profiles were computed.
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Figure 17. Water surface elevation profile recorded on the eastern coast of Belize followinga M =7.8
earthquake on Motagua fault (scenario #7 in tables 3 and 7).

Maps of Tsunami Travel Times (TTT) are essential documents for implementing procedures of early warning and evacuation.
The impact of tsunamis described here as “local”is limited to nearby areas which are affected in a matter of minutes after the
earthquake. Regional tsunamis initiated from Cuba and Jamaica propagate in all the Caribbean basin in 3-4 hours (Fig. 18:
scenarios #1 and #23), while those initiated in the Gulf of Honduras (Fig. 18: scenarios #7 and #9) reach the Lesser Antilles in
7-9 hours. However, for all regional tsunamis, the main areas affected (i.e. wave amplitudes over 0.5 m) are struck in less than 1
hour, except for the northern coast of Venezuela that is struck in 2 hours in the case of ruptures along the Enriquillo - Plantain
Garden Fault (scenario #1) or the Southern Deformation Belt (scenario #23).

Figure 18. Example of Tsunami Travel Time (TTT) maps following seismic ruptures in the NW Caribbean
(same scenarios as on Fig. 16). Each scenario has an ID listed in the title, identical to that shown in tables
3,7 and 9. The color scale represents the tsunami travel times recorded by the simulation with a detection
threshold of 1 cm (i.e., if the simulated amplitude is less than 1 cm, the TTT is not shown on the figure).
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3.3.2 Non-seismic sources

For the three case-studies of non-volcanic submarine landslides (Table 5), the numerical simulations were produced with
Landslide-HySEA code (Macias et al., 2015; Gonzalez-Vida et al., 2019), a non-dispersive code implementing a strong coupling
between the granular material and the water layer. We also provide a comparison with two other models, the Multilayer-
HySEA code (Macias et al, 2021a, b) and a non-hydrostatic weakly coupled version of Landslide-HySEA. A comparative study
of these models for a rigid slide laboratory experiment was realized by Macias et al. (2021a). For the three case-studies,
namely Cariaco Basin, Muertos Trough and Desirade-Barracuda, three different volumes of submarine landslide are simulated
(1,5 and 10 km?) as recommended in the previous section. The aim here is not to reproduce mapped landslides, so there is
limited information available for the simulations. The location, rough extent and volume being the only input parameters
together with the bathymetry, we used the calibrated submarine landslide (CSL) method to model the initial conditions

of the simulations (see Annex | for detailed information of the CSL method). The results obtained using the CSL method

for a landslide volume of 10 km? are illustrated as topographic profiles on Figure S3. The different parameters used for the
simulations are summarized in Table 8. Figure S2 shows an example of initial and final distribution of thickness of the sliding
mass in 2D and 3D (Muertos Trough submarine landslide, volume V = 10 km?®). The results of the 9 simulations (3 locations,

3 volumes) are illustrated as maps of maximum wave amplitudes (Fig. 20) and tsunami arrival times (Fig. 22) at the scale of the
Caribbean Sea, but also by zooming in on the nearest populated areas (Fig. 21).

Table 8. Parameters of numerical simulations of non-volcanic submarine landslides using Landslide-HySEA code.

Bathymetry Data ® Source: GEBCO (2024)
® Resolution: 450 m

Mesh Information ® Grid Size: 2,619 x 2,066 = 5,410,854 volumes
e Extentin X:[233,033, 1,399,010 m
e ExtentinY:[1,109,980, 2,068,710l m

(e TE LT SO @ [nitialization: From file
e CFL Condition: 0.5
e Ratio of densities between water and granular material: 0.45
e Pouliquen angles (degrees): 1,3, 1.5°
e Friction Coefficient on water-Bottom: 0.01 (Manning coefficient)

ANVAEINGBIEE o Maximum Allowed Velocity:
» Water: 25 m/s
» Granular Material: 150 m/s
® Epsilon h:0.005 m (Minimum water depth)

Simulation Time e Total Time: 10800.1 seconds (3 hours)
e Total Runtime (1GPU): 4.436782e+02 sec (~8 min)

We also performed a comparison between three different numerical models for the Muertos Trough landslide scenario
(volumeV = 10 km?®): (1) Landslide-HySEA, which is used for all the submarine landslide simulations presented in this report,
(2) the non-hydrostatic version of Landslide-HySEA, with a weak coupling between the water and the slide, and (3) the
multilayer version of HySEA code (Macias et al., 2021a, 2021b). The Multilayer-HySEA model implements a two-phase model
intended to reproduce the interactions between the landslide and the water. The motion of the landslide is represented

by the lower phase, consisting of a Savage-Hutter model. The upper phase describes the hydrodynamic component using

a stratified vertical structure that includes non-hydrostatic terms in order to account for dispersive effects in the propagation
of the waves. The multilayer version is thus dispersive and provides a richer vertical structure. As first approach, the non-
dispersive Landslide-HySea model gives reliable results, even if the height of the leading wave is slightly overestimated

(Fig. 19). If any of these scenarios were to be implemented in the CATSAM database, we recommend running new simulations
using the multilayer version of HySEA or another validated (Kirby et al., 2022) landslide tsunami model such as the multilayer
non-hydrostatic NHWAVE model, that features strong coupling between granular slide motion and stresses with the overlying
water (Zhang et al., 2021a,b).
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Figure 19. A comparison between Landslide-HySEA model (left), the multilayer-HySEA dispersive model
(middle), and a non-hydrostatic version of Landslide-HySEA (right) for the Muertos Trough submarine landslide
scenario (volume V = 10 km?).

The results presented here with the non-dispersive HySEA model provide a first-order estimate of the areas that could be
impacted by significant tsunami waves, i.e. waves higher than 0.5 m at the shoreline (which is sufficient to carry people
away). The first conclusion is that the smallest landslide (V = 1 km®) scenarios produce very low waves (< 0.1 m high), with
a very limited impact on the nearest coasts, except for the Cariaco Basin scenario that locally generates waves up to 0.5 m
high on the western coast of Isla de Margarita (Fig. 21). Increasing the volume of the landslide enlarges the extent of the
area impacted by the tsunami. The 5 km? Desirade-Barracuda landslide generates waves higher than 0.5 m on the eastern
coasts of Antigua and Guadeloupe, with local maxima up to 1 m, but it has no impact on the other islands. Although it is
directed to the South, the 5 km® Muertos Trough landslide produces waves up to 0.5 high on the southern coast of the
Dominican Republic, with very localized maxima exceeding 1 m. The tsunami hits the Dominican Republic in 20 minutes,
and Puerto Rico in 30 minutes. The tsunami then traverses the deep part of the Caribbean Sea to reach the southern Dutch
Antilles (Aruba, Curacao and Bonaire) in 50 minutes with wave amplitudes between 0.5 and 2 m. Note that these far-field
values are probably slightly overestimated by the non-dispersive model. The 5 km? Cariaco Basin scenario has a significant
impact (waves > 0.5 m) over 550 km of the southern coast of Venezuela, which is characterized by shallow waters. Some
populated areas such as the western coast of Isla de Margarita and Araya are severely impacted (waves 3-5 m) 10-15
minutes after the landslide. These wave amplitudes are doubled in the case of a 10 km® landslide that is also clearly
recorded (waves ~0.5 m) on the southern coast of Saint Lucia, and western coasts of Dominica, Guadeloupe, Montserrat,
Nevis, and Saint Kitts. Note that the densely populated area of Barcelona and Puerto La Cruz in Venezuela receives waves
2-3 m high, even if the energy of the tsunami is reduced by the islands of Chimana Grande and La Boracha (Fig. 21).

The 10 km? Cariaco Basin scenario has no consequences on the northern and western part of the Caribbean. On the
contrary, the tsunami generated by the 10 km?® Muertos Trough landslide propagates easily in the deep waters of the
Caribbean Sea and produces waves 1-2 m high on the southern Dutch Antilles. This scenario has a major impact in the
near-field, with waves more than 1 m high on all the southern coast of Hispaniola (Dominican Republic and Haiti), and
more than 2 m up to 3 m between Santo Domingo and La Romana (Fig. 21). The 10 km? Desirade-Barracuda scenario

has no far-field impact in the Caribbean Sea because it is generated on the eastern side of the Lesser Antilles arc, but all
the islands nearby record significant waves (> 0.5 m) 10-20 minutes after the landslide, especially the eastern coasts of
Guadeloupe and Antigua (with local maxima exceeding 2 m).
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Figure 20. Maximum wave amplitude (in meters) computed for the three cases of submarine landslides:
Muertos Trough, Cariaco Basin, and Desirade-Barracuda (see parameters in Table 5), considering three different
volumes (1, 5, and 10 km?). The scale of wave amplitude is saturated to 0.5 m, but larger wave amplitudes are
locally observed (see Fig. 20 for close-up views).
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Figure 21. Maximum wave amplitude (in meters) computed for the three cases of submarine landslides:
Muertos Trough, Cariaco Basin, and Desirade-Barracuda (see parameters in Table 5), considering a landslide
volume V = 10 km?. The scale of wave amplitude is saturated to 2.5 m.
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Figure 22. Tsunami arrival times computed for the three cases of submarine landslides: Muertos Trough (top),
Cariaco Basin (middle), and Desirade-Barracuda (down), with a volume V = 10 km®.
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4. Other Topics Discussed

During the meeting several other topics were discussed, and these are summarised in this section. These were mainly related
to (1) seismic sources of tsunamis on the south-eastern slope of the Nicaragua Rise (San Andres Rift and Hess escarpment),
and (2) the design of a probabilistic tsunami hazard assessment (PTHA) for landslide and volcanic tsunamis in the Caribbean.

4.1 San Andres Rift And Hess Escarpment

More than 183 earthquakes with magnitudes >3.95 were recorded since 1972 in the area of the San Andres Rift and Hess
Escarpment (Fig. 23). Their crustal depth ranges between 5 and 27 km (Carvajal and Mann, 2018). Focal mechanisms of major
events indicate left-lateral strike-slip motion of the Pedro Bank fault zone along with localized normal faulting in the San
Andres rift. This is consistent with a pull-apart origin of the basin, which is located between two left-lateral strike-slip fault
systems, the Pedro Bank to the north, and the Hess Escarpment to the south. The Hess Escarpment left-lateral strike-slip fault
zone becomes less seismically active toward the east and more seismically active toward the west where focal mechanisms
also record compression (Fernandez et al., 2007; Symithe et al., 2015).

Figure 23. Earthquake locations (since 1974) and examples of focal mechanisms for events with magnitude
~5 in the area of the San Andres Rift showing major tectonic features, GPS vectors, and other features such
as gas and oil wells and seeps, and volcanism (Carvajal and Mann, 2018). Areas (A) and (B) represent the most
seismically active areas.
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Three original scenarios of seismic rupture, whose main parameters are summarized in Table 2, were discussed during
the meeting (Fig. 24): one along the Hess Escarpment, and two on each side of the San Andres Rift. The M, = 7.6 rupture
scenario along the Hess Escarpment (scenario #2 in table 2) has a very limited impact, except at one location in Panama,
where a maximum wave amplitude of 0.88 m is recorded (see Annex I). The two other scenarios in the San Andres Rift
have almost no impact on the coasts of Central and South America, but waves may reach an amplitude of 1 m on the
coast of the San Andres, Providencia, and Mais islands, which are located very close to the source.

Figure 24. Fault segments selected as potential seismic sources of tsunamis for the San Andres Rift and Hess
Escarpment. Numbers refer to the seismic rupture ID as defined in Table 9. Seismicity catalogues : 1904-1964
M5+ events from ISC-GEM (Storchak et al. 2013) and 1964-2017 M3.6+ events from ISC-EHB (Di Giacomo
and Storchak, 2016). Epicenters colors are function of depth : red for z from 0 to 29 km, orange 29-74, yellow
74-151 km.

Table 9. Seismic source parameters of tsunamis for the San Andres Rift and Hess Escarpment.
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4.2 Probabilistic non-seismic tsunami hazard assessment

Probabilistic tsunami hazard assessment (PTHA) improves our knowledge of tsunami hazard by estimating the probability
of exceeding specific levels of tsunami intensity, expressed through metrics such as the wave height at the shoreline,
within a certain period of time and at given areas of interest (e.g., harbours, touristic areas) (Grezio et al., 2017 and
references therein). The pioneering work of Parsons and Geist (2009) on tsunami probability in the Caribbean region
considered only seismic sources of tsunamis. However, designing a PTHA for landslide or volcanic sources of tsunamis is
not a matter of extending an existing PTHA based on seismic sources. There are indeed methodological difficulties linked
to the lack of data on landslide and volcanic tsunamis: limited number of events in the historical catalogues, lack of well-
documented examples (i.e,, including instrumental data), frequent uncertainty about the source of the tsunami itself (e.g.,
submarine eruptions, co-seismic landslides).

The assessment of landslide tsunami hazard in the Caribbean has so far been developed on deterministic bases, i.e. aiming
to reproduce historical tsunamis or proposing future scenarios on empirical grounds (e.g., Harbitz et al., 2012). During

the meeting, the experts discussed the feasibility of a probabilistic framework for tsunamis generated by submarine
landslide in the Caribbean. As an example, Stephan Grilli (University of Rhode Island) presented a pilot study on landslide
tsunami hazard on the east Coast of the United States (Grilli et al., 2009). A Monte Carlo approach is employed, in which
distributions of different parameters (recorded seismicity, sediment properties, characteristics of mapped landslide
deposits, water depth, etc.) are used to perform large numbers of stochastic stability analyses of submarine slopes. It
would be interesting to apply this method to the Caribbean basin, but the experts stressed the need for a homogeneous
dataset in terms of bathymetry (slope map), landslide deposit mapping, seismic profiles, sediment mechanical properties,
and seismic excitation such as peak ground acceleration (that can be obtained from analyses on sediment cores). As
things stand, we are a long way from meeting these conditions for the entire Caribbean basin. An external funding effort
gathering multiple partners and human resources is required to address this challenging task. Such a project would also
come up against obstacles to data availability (e.g., military data on coastal bathymetry, oil company data). Considering
these difficulties, the initiative of developing a PTHA specifically for or including submarine landslides could be handled
at a national level, but in the framework of a regional warning system such as CARIBE-EWS, a regional PTHA would be far
more relevant.

For volcanic tsunamis, the rationale is a little bit different since the sources, i.e. the volcanoes, are clearly identified. Even if
a landslide may occur on the flanks of a volcano that is inactive, due to heavy rains for instance, most volcanic tsunamis are
triggered during an eruption or a volcanic unrest. It means that the volcano usually sends us signs that can be translated
into pre-warnings. Then it is difficult to determine if the eruption will be tsunamigenic, at which stage of the eruption

and which phenomena will be likely to generate a tsunami. Considering these uncertainties, we recommend using a
probabilistic approach specifically designed for volcanic tsunamis. Paris et al. (2019) proposed a Bayesian event-tree
approach applied to tsunamis generated by submarine explosions in the Campi Flegrei caldera, Italy. The 51 simulations
(17 different explosion sites with 3 different explosion energies) are implemented in a Bayesian event tree to produce
conditional hazard maps. This approach could be further improved by adding all possible source mechanisms of tsunamis
for a given volcano, but it requires a good knowledge of (a) the geology and eruptive history of the volcano, and (b) the
conditions that led to the generation of tsunami during past eruptions at a global level.
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5. Conclusions And Recommendations

The most significant outcome of the expert meeting was the production of a list of potential tsunami source scenarios,
including the numerical simulations of 21 tsunami scenarios generated by seismic ruptures in the NW Caribbean, 9 non-
volcanic landslide tsunamis (from 3 different sites), and 3 additional scenarios related to seismic ruptures in the Hess
escarpment and San Andres Rift. Numerical simulations of all these new scenarios are now available, thanks to the work of
Jean Roger and Jorge Macias following the expert meeting.

The experts also endorsed a number of recommendations:

B It will be necessary to update the seismic scenarios included in CATSAM for the NW Caribbean region, based on the 21 new
scenarios listed in Table 3 of this report.

B The experts proposed to implement a scenario of landslide offshore Mount Pelée volcano (Martinique, Poulain et al., 2023)
in the CATSAM database, together with a landslide in the Mona Passage (Lopez-Venegas et al., 2008).

B Both seismic and non-seismic experts agreed to propose a hybrid scenario combining earthquake and landslide. The
Muertos Trough could make a good case study, by combine an existing seismic rupture scenario of CATSAM with one of
the new landslide tsunami scenarios proposed in this report (Table 5).

B The experts proposed a list of volcanic tsunamis to be simulated in the near future (Table 6). Some of these simulations are
currently being carried out.

B Afull probabilistic tsunami hazard study is needed for the Caribbean, as summarized in section 4.2 of the report. This will
require finding funding for a collaborative project spanning several years.

B Thereis a need for more paleotsunami investigations in the NW Caribbean, in order to cover a longer time period (typically
the Holocene) based on tsunami deposits preserved in coastal sedimentary sequences.

B One of the two scenarios that were selected for the CaribeWave26 exercise is a tsunami produced by a debris avalanche
of Kick'Em jenny volcano. This will be the opportunity to test the tsunami warning procedures in the case of a non-seismic
tsunami, as exemplified by the VONUT - volcano notice for tsunami threat - proposed by Clouard et al. (2024).
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Annex | - Numerical Simulations Of
Tsunamis Generated By Earthquakes -
Max Wave Heigths

This annex contains the results of 24 new seismic rupture scenarios, including 21 scenarios in the NW Caribbean and 3
scenarios near the Hess escarpment (SW Caribbean). Each scenario has an ID listed in the title, identical to that shown

in tables 3, 7 and 9. The color scale represents the maximum water surface elevation recorded during the 24 hours of
simulated propagation. The purple value corresponds to the highest wave height recorded locally. Red dots indicate virtual
tsunami gauges where surface elevation profiles were computed.
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Annex Il - Numerical Simulations Of
Tsunamis Generated By Earthquakes -
Tsunami Travel Times

This annex contains the results of 24 new seismic rupture scenarios, including 21 scenarios in the NW Caribbean and 3
scenarios near the Hess escarpment (SW Caribbean). Each scenario has an ID listed in the title, identical to that shown in
tables 3, 7 and 9. The color scale represents the computed tsunami travel times with a detection threshold of 1 cm (i.e., if
the wave amplitude shows less than 1 cm, there is no TTT shown on the map).
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Annex Ill - Calibrated Submarine
Landslide Method

The Calibrated Submarine Landslide (CSL) method is designed to model the initial conditions of submarine landslides for
tsunami simulations. This methodology integrates (a) the slope and gradient analysis to determine optimal orientation,

(b) a Gaussian height distribution calibrated to match desired volumes, and (c) elliptical or arbitrary shapes to approximate
landslide geometry.

CSL method steps overview
1. Slope and Gradient Calculation:

e Extract local topography from bathymetric data.
e Compute slopes and gradients to identify high-slope areas.

2. Optimal Ellipse Orientation:

® Rotate ellipse to align with high-slope areas.
® Maximize points of interest inside the ellipse.

3. Height Distribution:

® Use a Gaussian profile to distribute heights inside the shape.
® Ensure total volume matches desired landslide volume.

Ellipse construction
1. Input Parameters:

e Coordinates of the center of the ellipse (lon, lat).
¢ Length of semi-axes (L, W).
e Orientation (angle).

2. Optimization Criteria:

* Maximize overlap with steep slopes.
¢ Align with gradient directions.

3. Objective:

® Rotate the ellipse to maximize the number of high-slope pixels inside it.

Gaussian Distribution of the slide volume

M Landslide mass follows a semi-elliptical Gaussian distribution.
Volume calibration ensures consistency with field observations.
This iterative approach ensures that the prescribed volume is distributed homogeneously within the ellipse.

The total volume V of the sliding mass is then calculated by integrating h(x, y) over the area of the ellipse.

This volume is compared to the target volume specified in the model. To achieve exact calibration, H is iteratively adjusted
until the computed volume matches the target volume within a predefined tolerance.
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Figure S1. Equations used to calibrate the submarine landslide geometry and illustrations of the number of
iterations required to reach the targeted landslide volume.

Figure S2. Comparison of the initial (left) and final (right) distribution of the thickness of the sliding mass.
The initial state shows the predefined configuration of the slide, while the final state reflects its distribution
after the simulation.
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Figure S3. Topographic profiles of submarine landslides (volume V = 10 km®) obtained using the CSL method).

A - Muertos Trough

B- Cariaco Basin

C- Desirade-Barracuda
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Annex 1V - List of Acronyms

CATSAM Caribbean and Adjacent Regions Tsunamis Sources and Models (NOAA)

ICG/CARIBE-EWS Intergovernmental Coordination Group for Tsunami and Other Coastal Hazards Warning
System for the Caribbean and Adjacent Regions (I0C)

ICG/NEAMTWS Intergovernmental Coordination Group for the Tsunami Early Warning and Mitigation System
in the North-Eastern Atlantic (I0C)

IPGP Institut de Physique du Globe de Paris (France)

10C Intergovernmental Oceanographic Commission (UNESCO)

10DP Integrated Ocean Drilling Program

ML Local magnitude of an earthquake based on Richter scale

M, Magnitude of an earthquake calculated from surface waves

M, Moment magnitude of an earthquake

MVO Montserrat volcano observatory

NOAA National Oceanic and Atmospheric Administration (USA)

NCEI National Center for Environmental Information (USA)

OVSICORI Observatorio Vulcanolégico y Sismoldgico de Costa Rica

PTHA Probabilistic Tsunami Hazard Assessment

PTWC Pacific Tsunami Warning Center

SCR-UWI Seismic Research Center, University of the West Indies

SINAMOT Sistema Nacional de Monitoreo de Tsunamis, Costa Rica

TGV Tsunamis generated by Volcanoes

TOWS Tsunamis and Other hazards related to sea level Warning and mitigation Systems

TT-TWO (UNESCO) Task Team on Tsunami Watch Operations (UNESCO)

UNESCO United Nations Educational, Scientific and Cultural Organization
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Annex VI - Meeting Agenda

Time

08:30-10:30

11:00-12:30

12:30-13:30

13:30- 15:30

16:00-17:30

Tuesday 03/12/2024

Joint session

Welcoming remarks (Ocal Necmiogluy, Silvia Chacon Barrantes)

Purpose of the meeting and overview of past expert meetings (Frédéric Dondin, Raphaél Paris)

Introduction of participants

Presentation of CATSAM (Nicolas Arcos, online)

Introduction to TRR program (Silvia Chacon Barrantes)

10:30-11:00 Coffee Break

Presentation of the Global Tsunami Model (Finn Lovholt, online)
Tsunami hazard assessment opportunities for the Caribbean (Natalia Zamora, online)

The example of the NEAM PTHA (Stefano Lorito and Hong Kie Thio, on line)

Lunch Break

Parallel sessions

NW Caribbean earthquake sources

Non-seismic sources

Overview of seismic sources of tsunamis in the
NW Caribbean Region: tectonic setting and
historical events

(Emile Okal)

15:30 -16:00 Coffee Break

All participants are then invited to present slides
of their choice to illustrate the discussion

Overview of non-seismic sources in the
Caribbean Region: a state of the art from the
last Expert meeting in Martinique (2019)
(Raphaél Paris)

All participants are then invited to present slides
of their choice to illustrate the discussion
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Time

08:30-10:30

11:00-12:30

12:30-13:30

13:30-15:30

15:30- 16:00

16:00-17:30

Wednesday 04/12/2024

Parallel sessions

NW Caribbean earthquake sources

Discussion on the sources of tsunamis and
credible scenarios (all participants)

Definition of the parameters of new or updated
scenarios to be modelled (all participants)

Lunch Break

Parallel sessions

Implementation of the input parameters for
numerical models and grid parameterization
(all participants)

Coffee Break

Numerical modelling session (Jean Roger and all
participants)

NB - it would be good to start preliminary simulations
at this stage so that the models can run at night.

Non-seismic sources

Results of preliminary simulations of landslide
tsunamis (Jorge Macias)

10:30- 11:00 Coffee Break

Discussion on the new sources of landslide
and volcanic tsunamis to be simulated
(all participants)

Designing a probabilistic submarine landslide
tsunami hazard assessment for the Caribbean
(all participants)

Designing a probabilistic volcanic tsunami
hazard assessment for the Caribbean
(all participants)

64




Time
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08:30-10:30

10:30-11:00

11:00-12:30

12:30-13:30

13:30-15:30

15:30- 16:00

16:00-17:30

Joint sessions

Summary Presentations from Parallel Sessions

Discussion on the preliminary results of numerical modelling and further improvements
(all Discussion on the selection of new volcanic tsunami scenarios (all participants)

NB - volcanic tsunami models are already available in the literature and could be used as reference scenarios

Coffee Break

Joint session

Discussion on hybrid scenarios combining earthquake and landslide sources (all participants)

Lunch Break

Joint session

Summary Report of the session on seismic sources

Summary Report of the session on non-seismic sources

Coffee Break

Final joint session

Joint review and discussion on the outcomes of the parallel sessions
Deadlines for the preparation of the report

Conclusions
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Ocean Region; Brussels, Belgium,
23-25 November 1993. .
I0C-UNEP-WMO-SAREC Planning
Workshop on
an Integrated Approach
to Coastal Erosion, Sea Level
Chan_%es and their Impacts;
Zanzibar, United Republic of
Tanzania, 17-21 January 1994.
I0C-UNEP-WMO-SAREC
Planning Workshop on an
Integrated Approach to Coastal
Erosion, Sea Level
Changes and their Impacts;
Submitted Papers .
1. Coastal Erosion; Zanzibar,
United Republic of Tanzania 17-21
January 1994.
I0C-UNEP-WMO-SAREC
Planning Workshop on an
Integrated Approach to Coastal
Erosion, Sea Level Changes and
their Impacts;
Submitted Papers
2. Sea Level; Zanzibar,
United Republic of Tanzania
17-21 January 1994.
10C Workshop on Small Island
Oceanography in Relation to
Sustainable Economic
Development and Coastal Area
Management of Small Island
Development States; Fort-de-
France, Martinique,
8-10 November, 1993.
CoMSBIlack '92A Physical .
and Chemical Intercalibration
Workshop; Erdemli, Turkey,
15-29 Januar¥_199 . .
I0C-SAREC Field Study Exercise
on Nutrients in Tropical Marine
Waters; Mombasa, Kenya,
5-15 April 1994. .
10C-SOA-NOAA Regional
Workshop for Member States of
the Western Pacific - GODAR-II
Global Oceanogkraphlc Data
rcheology and Rescue Project);
T|an4|n, ina,
8-11 March 1994. .
10C Regional Science Planning
Worksho&on Harmful Algal
Blooms; Montevideo, Uruguay,
15-17 June 1994.
First IOC Workshop on Coastal
Ocean Advanced Science_and
Technology StungéCOASTS);
Liege, Belgium, 5-9 May 1994.

Languages

S only .
summary in
E, F,S) i
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122
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124
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Title

10C Workshop on GIS Applications
in the Coastal Zone Management
of Small Island Devel_oplné; States;
Barbados, 20-22 April 1994.
Workshop on Integrated Coastal
Management; Dartmouth, Canada,
19-20 September 1994.
BORDOMER 95: Conference on
Coastal Change; Bordeaux,
France, 6-10 February 1995.
Conference on Coastal Change:
Proceedings;

Bordeaux, France

6-10 February 1995
IOC/WESTPAC Workshop

on the Paleographic Map; Bali,
Indonesia, 20-21 October 1994.
I0C-ICSU-NIO-NOAA Regional
Workshop for Member States of
the Indian Ocean - GODAR-III;
Dona Paula, Goa, India,

6-9 December 1994.
UNESCO-IHP-IOC-IAEA
Workshop on Sea-Level Rise and
the Multidisciplinary Studies of
Environmental Processes in the
Caspian Sea Region;

Paris, France,

9-12 May 1995.
UNESCO-IHP-IOC-IAEA
Workshop on Sea-Level Rise and
the Multidisciplinary Studies of
Environmental Processes in the
Caspian Sea Region; Submitted
Papers; Paris, France, 9-12 May

First IOC-UNEP CEPPOL
Symposium; San José,
Costa Rica, 14-15 April 1993.
|0C-ICSU-CEC regional Workshop
for Member States of the
Mediterranean - GODAR-IV
Global Oceanographic Data
rcheology and Rescue Project)
Foundation for International
Studies, Unlversng/ of Malta,
Valletta, Malta, 25-28 April 1995.
Chapman Conference on the
Circulation of the Intra-Americas
Sea; La Parguera, Puerto Rico,
22-26 Januaﬁ/ 1995.
I0C-IAEA-UNEP Group of Experts
on Standards and Reference
Materials (GESREM) Workshop;
11\/53%“, U.S.A., 7-8 December
10C Regional Workshop on Marine
Debris and Waste Management in
the Gulf of Guinea; Lagos, Nigeria,
14-16 December 1994,
International Workshop on
Integrated Coastal Zone .
Management (ICZM) Karachi,
Pakistan;
10-14 October 1994.
I0C/GLOSS-IAPSO Workshop on
Sea Level Val'llablhg and Southern
Ocean Dgnamms; ordeaux,
France, 31 January 1995
IOC/WESTPAC International
Scientific Symposium on
Sustainability of Marine
Environment: Review of the
WESTPAC Programme, with .
Particular Reference to ICAM, Bali,
Indonesia,
22-26 November 1994.
Joint IOC-CIDA-Sida (SAREC)
Workshop on the Benefits of
Improved Relationships between
International Development
Agencies, the I0C and other
ultilateral Inter-governmental
Organizations in the Delivery of
Ocean, Marine Affairs and
Fisheries Programmes;
Sidney B.C., Canada
26-28 September 1995.
I0C-UNEP-NOAA-Sea Grant
Fourth Caribbean Marine Debris
Workshop; La Romana, Santo
Domingo, 21-24 August 1995.
10C Workshop on Ocean Colour
Data Requirements and Utilization;
S¥dne§ .C., Canada,
21-22 September 1995.
International Training Workshop on
Integrated Coastal Management;
1’8315pa, Florida, U.S.A., 15-17 July

Atelier régional IOC-CERESCOR
sur la gestion intégrée des zones
littorales (ICAM), Conakry, Guinée,
18-22 décembre 1995
10C-EU-BSH-NOAA-(WDC-A)
International Workshop on
Oceanographic Biological and
Chemical Data Management
Hamburg, Germany, 20-23 May

1996

Second I0C Regional Science
Planning Workshop on Harmful
Algal Blooms in South America;
Mar del Plata, Argentina,

30 October—1 November 1995.
GLOBEC-IOC-SAHFOS-MBA
Workshop on the Analysis of Time
Series with Particular Reference to
the Continuous Plankton Recorder
1Sgs%ey; Plymouth, U.K.,4-7 May

Atelier sous-régional de la COI sur
les ressources marines vivantes du
Golfe de Guinée ; Cotonou, Bénin,
1-4 juillet 1996.

Languages
E
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IOC-UNEP-PERSGA-ACOPS-
IUCN Workshop on Oceanographic
Input to Integrated Coastal Zone
Management in the Red Sea and
Gulf of Aden. Jeddah, Saudi
Arabia, 8 October 1995.
10C Regional Workshop for
Member States of the Caribbean
and South America GODAR-V
&\Global Oceano%aphlc Data
rcheology and Rescue Project);
Cartagena de Indias, Colombia,
8-11 October 1996.
Atelier IOC-Banque Mondiale-.
Sida/SAREC-ONE sur la Gestion
Intégrée des Zones Cobtiéres ; Nosy
Bé, Madagascar,
14-18 octobre 1996.
Gas and Fluids in Marine
Sediments, Amsterdam, the
Netherlands; 27-29 January 1997.
Atelier régional de la COI sur
I'océanographie cotiére et la .
estion de la zone cétiere ;Moroni,
FI des Comores, 16-19 décembre

1996.
GOOS Coastal Module Planning
Workshop; Miami, USA, 24-28
February 1997

Third IOC-FANSA Workshop;
Punta-Arenas, Chile, 28-30 July

1997
Joint IOC-CIESM Training
Workshop on Sea-level
Observations and Analysis for the
Countries of the Mediterranean and
Black Seas; Birkenhead, U.K., 16-
27 June 1997.
I0C/WESTPAC-CCOP Workshop
on Paleogeographic Mapping
Holocene Optlmum&; Shanghai,
hina, 27-29 May 1997.
Regional Workshop on Integrated
Coastal Zone Management;
Chabahar, Iran; February 1996.
10C Regional Workshop for
Member States of Western Africa
&\GO_DAR-VI); Accra, Ghana, 22-25
pril 1997.
GOOS Planning Workshop for
Living Marine Resources,
Dartmouth, USA; 1-5 March 1996.
Gestion de Sistemas
Oceanogréficos del Pacifico
Oriental; Concepcion, Chile, 9-16
de abril de 1996.
Sistemas Oceanograficos del
Atlantico Sudoccidental, Taller,
TEMA;Furg, Rio Grande, Brasil, 3-
11 de noviembre de 1997 .
10C Workshop on GOOS Capacity
Building for the Mediterranean
Region; Valletta, Malta, 26-29
November 1997.
IOC/WESTPAC Workshop on Co-
gﬁe_rative Study in the Gulf of
ailand: A Science Plan;
?Sg?kok, Thailand, 25-28 February

Pelagic Biogeo%raphy ICoPB II.
Proceedings of the 2nd .
International Conference. Final
Report of SCOR/IOC Workin
Group 93; Noordwijkerhout, The
Netherlands, 9-14 July 1995.

Geosphere-bioskﬂhere coupling:
Carbonate Mud Mounds and Cold
Water Reefs; Gent, Belgium, 7-11
Februa%w 8.

10C-SOPAC Workshop Report on
Pacific Regional Global Ocean
Observing Systems; Suva, Fiji, 13-
17 February 1998.

10C-Black Sea Regional
Committee WorkshoE: ‘Black Sea
Fluxes’ Istanbul, Turkey, 10-12
June 1997.

Taller Internacional sobre
Formacion de Capacidades para el
Manejo de las Costas y los Oéanos
en le Gran Caribe, La Habana, —
Cuba, 7-10 de Julio de 1998 /
International Workshop on
Management Capacity-Building for
Coasts and Oceans in the Wider
Caribbean, Havana, Cuba, 7-10

Julg 1998 . o
I0C-SOA International Training
Workshop on the Intregration of
Marine Sciences into the Process
of Integrated Coastal Management,
Dalian, China, 19-24 May 1997.
IOC/WESTPAC International
Scientific Symposium — Role of
Ocean Sciences for Sustainable
Development Okinawa, Japan, 2-7
February 1998. .
Workshops on Marine Debris &
Waste Management in the Gulf of
Guinea, 1995-97.

Primera Sesion del Grupo de
Traba&? COl sobre Algas Nocivas
en el Caribe y Regiones
Adyacentes (IOCARIBE-
ANCA)/First Meeting of the IOC
Working Group on Harmful Algae
in the Caribbean and Adjacen
Region %IOCARIBE-AN A), 29
June — 1 July 1998, Havana,
Cuba. S

Taller Pluridisciplinario TEMA
sobre Redes del Gran.Caribe en
Gestion Integrada de Areas
Costeras Cartagena de Indias,
Colombia, 7-12 de septiembre de

Languages No.
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(electronic
copy only)
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1998.
Workshop on Data for Sustainable
Int%grated Coastal Management

SICOM) Maputo, Mozambique,

8-22 Julyl_1 98
IOC/WESTPAC-Sida (SAREC)
Workshop on Atmospheric Inputs
of Pollutants to the Marine
Environment Qingdao, China, 24-
26 June 1998
I0C-Sida-Flanders-SFRI Workshop
on Ocean Data Management in the
IOCINCWIO Region (ODINEA
gro ect) Capetown, South Africa,

0 November-11 December 1998.
Science of the Mediterranean Sea
and its ap?lications UNESCO,
Paris 29-31 Jul§1997
10C-LUC-KMFRI Workshop on
RECOSCIX-WIO in the Year 2000
and Be_?/ond, Mombasa, Kenya, 12-
16 April 1999 .

’98 10C-KMI International
Workshop on Integrated Coastal
Management (ICM), Seoul,
Republic of Korea 16-18 April 1998
The IOCARIBE Users and the
Global Ocean Observing System
(GOOS) Capacity Building ™
Workshop, San José, Costa Rica,
22-24 April 1999

Oceanic Fronts and Related
Phenomena (Konstantin Fedorov
Memorial Symposium) =
Proceedings, Pushkin, Russian
Federation, 18-22 May 1998
Under preparation

Under preparation

Workshop report on the Transports
and Linkages of the Intra-americas
Sea (IAS), Cozumel, Mexico, 1-5
November 1997

Under preparation .
I0C-Sida-Flanders-MCM Third
Workshop on Ocean Data
Management in the IOCINCWIO
Region (ODINEA Project), Cape
Town, South Africa, 29 November
— 11 December 1999

An African Conference on
Sustainable Integrated
Management; Proceedings of the
Workshops. An Integrated
Approach, (PACSICOM), Maputo,

ozambique, 18 —25 JL\J/I\}/ 1998
I0C-SOA International Workshop
on Coastal Megacities: Challenges
of Growing Urbanization of the
World's Coastal Areas; Hangzhou,
I:QISQChma, 27 —-30 September

10C-Flanders First ODINAFRICA-II
Planning Workshop, Dakar,
Senegal, 2-4 May 2000

Geological Processes on European
Continental Margins; International
Conference and Eight Post-cruise
Meeting of the Trammg-Throug -
Research Programme, Granada,
Sgaln, 31 January — 3 February
2000

International Conference on the
International Oceanographic Data
& Information Exchange in the
Western Pacific (ODE-WESTPAC)
1999, ICIWP '99, Langkawu
Malaysia, 1-4 November 1999
IOCARIBE-GODAR-|

g&;‘gzgenas, Colombia, February

Ocean Circulation Science derived
from the Atlantic, Indian and Arctic
Sea Level Networks,
Toulouse, France, 10-11 May 1999
Under preparation) ]
he Benefits of the Implementation
of the GOOS in the Mediterranean
Region, Rabat, Morocco, 1-3
November 1999

I0C-SOPAC Regional Workshop
on Coastal Global Ocean
Observing System (GOOS) for the
Pacific Regz|on, Apia, Samoa, 16-
17 August 2000
Geolo%lcal Processes on Deep-
water European Margins, Moscow-
Mozhenka, 28 Jan.-Z2 Feb. 2001
MedGLOSS Workshop and
Coordination Meeting for the Pilot
Monitoring Network System of
Systematic Sea Level
easurements in the
Mediterranean and Black Seas,
Haifa, Israel, 15-17 May 2000
(Under preparation)

(Under preparation)
(Under preparation)

Abstracts of Presentations at
Workshogs during the 7" session
of the |OC Group of Experts on the
Global Sea Level Observing
Sgstem (GLOSS), Honolulu, USA,
23-27 April 2001

(Under preparation)

Under preparation)
eothere/Blosphere(H drosphere
Coupling Process, Fluid Escape
Structures and Tectonics at
Continental Margins and Ocean
Ridges, International Conference &
Tenth Post-cruise Meeting of the
Training-through-Researcl

Languages

E

E
(electronic
copy only)
under
preparation
E
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Programme, Aveiro, Portugal,
30 January-2 February 2002
(Under preparation)
(Under preparation)
(Under preparation)
(Under preparat/o_nf .
Geological and Biological
Processes at deep-sea European
Margins and Oceanic Basins,
Bologna, ltaly, 2—6 February 2003
Proceedings of ‘The Ocean Colour
Data’ Symposium, Brussels,
Belgium, 25-27 November 2002
Workshop for the Formulation of a
Draft Project on Integrated Coastal
Management ﬂCM) in Latin
America and the Caribbean éLAC),
Cartagena, Colombia, 23-2
October 2003 .
Taller de Formulacion de un
Anteproyecto de Manejo Costero
Integrado (MCI) en América Latina
el Caribe (AL g Cartagena,
2(())(I)%mb|a, 23-25 de Octubre de
First ODINCARSA Plannin
Workshop for Caribbean Islands,
Christchurch, Barbados, 15-18
December 2003
North Atlantic and Labrador Sea
Margin Architecture and
Sedimentary Processes —
International Conference and
Twelfth Post-cruise Meeting of the
Training-through-research
Programme, Copenhagen,
Denmark, 29-31 January 2004
Regional Workshop on Coral Reefs
Momtonng and Management in the
ROPME Sea Area, Iran |.R., 14-17
December 2003 .
Workshop on New Technical
Developments in Sea and Land
Level Observing Systems, Paris,
France, 14—16 October 2003
IOC/ROPME P|annmrq Meeting for
the Ocean Data and Information
Network for the Central Indian
Ocean Region
Workshop on Indicators of Stress
in the Marine Benthos,
Torregrande-Oristano, Italy, 8—-9
October 2004 o .
International Coordination Meeting
for the Development of a Tsunami
Warning and Mitigation System for
the Indian Ocean within a Global
Framework, Paris, France, 3-8
March 2005 .
Geosphere-Bms;I)_here Coupling
Processes: The TTR
Interdisciplinary Approach Towards
Studies of the European and North
African Margins; International
Conference and Post-cruise
Meeting of the Training-Through-
Research Programme, Morocco, 2-
5 February 2005
Second International Coordination
Meeting for the Development of a
Tsunami Warning and Mitigation
System for the Indian Ocean .
Grand Baie, Mauritius, 14—16 April

2005

International Conference for the
Establishment of a Tsunami and
Coastal Hazards Warning System
for the Caribbean and Adjacent
Regions, Mexico, 1-3 June 2005
Lagoons and Coastal Wetlands in
the Global Change Context:
Impacts and Management Issues
— Proceedings of the International
Conference, Venice, 26-28 April
2004 (ICAM Dossier N° 3)
Geolo%lcal processes on deep-
water European margins -
International Conference and 15th
Anniversary Post-cruise Meeting of
the Training-Through-Research
Programme, Moscow/Zvenigorod,
Russian Federation, 29 January—4
Februaay 20

Proceedings of ‘Ocean Biodiversity
Informatics': an international |
conference on marine biodiversity
data management Hamburg,
Germany, 29 November—1
December 2004

10C-Flanders Planning Workshop
for the formulation of a regional
Pilot Project on Integrated Coastal
Area Management in Latin
America, Cartagena de Indias,
Colombia, 16—18 January 2007
Geo-marine Research along
European Continental Margins
International Conference and Post-
cruise Meeting of the Training-
through-research Programme,
Bremen, Germany, 29 January—1
Februaéy 200

IODE/ICAM Workshop on the
development of the Caribbean
marine atlas (CMA), United Nations
House, Bridgetown, Barbados, 8—
10 October 2007

IODE/JCOMM Forum on
Oceanographic Data Management
and Exchange Standards, Ostend,
Belgium, 21-25 January 2008
SCOR/IODE Workshop on Data
Publ|sh|n§ Ostend, Belgium, 17—
18 June 2008

Languages
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(electronic
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E
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E
(electronic
copy only)
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(electronic
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(electronic
copy only)
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JCOMM Technical Workshop on
Wave Measurements from Buoys,
New York, USA, 2—3 October 2008
gOC—WMQ publication)
ollaboration between IOC and
OBIS towards the Long-term
Management Archival and
Accessibility of Ocean
Biogeographic Data, Ostend,
Belgium, 24—26 November 2008
Ocean Carbon Observations from
Shlé)s of Opportunity and Repeat
Hydrographic Sections (IOCCP
Reporis, 1), Paris, France, 13—15
January 2003
Ocean Surface pCO> Data
Integration and Database
Development (IOCCP Reports, 2),
Tsukuba, Japan, 14-17 January

200
International Ocean Carbon
Stakeholders' Meeting, Paris,
France, 6—7 December 2004
International Repeat Hydrograﬁ)hy
and Carbon Workshop (I0CC
Reports, 4), Shonan Vil a%e,
Japan, 14—16 November 2005
Initial Atlantic Ocean Carbon
Synthesis Meeting (IOCCP
Reports, 5), Laugavatn, Iceland,
28-30 June 2006 =~
Surface Ocean Variability and
Vulnerability Workshop (I0CCP
Reports, 7), Paris, France, 11-14
April 2007 .
Surface Ocean CO2 Atlas Project
SOCAT) 2nd Technical Meeting
eport (IOCCP Reports, 9), Paris,
France, 16-17 June 2008
Changing Times: An International
Ocean Biogeochemical Time-
Series Workshop (IOCCP Reports,
11), La Jolla, California, USA, 5-7
November 2008
Second Joint GOSUD/SAMOS
Workshop, Seattle, Washington,
USA, 10-12 June .
International Conference on Marine
Data management and Information
Systems (I DIS_%, Athens, Greece,
31 March—-2 April 2008
Geo-marine Research on the
Mediterranean and European-
Atlantic Margins._International
Conference and TTR-17 Post-
cruise Meeting of the Training-
through-research Programme,
%ggada, Spain, 2-5 February

Surface Ocean CO. Atlas Project
Pacific Regional Workshop,
Tsukuba, Japan, 18-20 March,
2009 (IOCCP Report Number 12)
Surface Ocean CO; Atlas Project
Atlantic and Southern Oceans
Regional Meetmg, Norwich, UK,
2526 June, 2009’ (IOCCP Report
Number 13

Advisory Workshop on enhancing
forecasfing cagabl ities for North
Indian Ocean Storm Surges, Indian
Institute of Technology ( Tz), New
Delhi, India, 14-17 July 2009
2009 International Nutrients Scale
System (INSS) Workshop Report,
Paris, France, 10-12 February

Reunion subregional de
planificacion de ODINCARSA (Red
de Datos e Informacion .
Oceanogréficos para las Regiones
del Cari eé/ America del Sur)/
ODINCARSA (Ocean Data and
Information Network for the
Caribbean and South America
region) Latin America sub-regional
Planning Meeting, Universidad
Auténoma de Baja California
%JABC , Ensenada (IMexmo), 7-10
ecember 2009. 2010
OBIS (Ocean Biogeographic
Information System) Strategy and
Work plan Meeting, 10C Project
Office for IODE, Oostende,
Belgium, 18—20 November 2009
ODINAFRICA-IV Project Steering
Committee, First Session, Ostend,
Belgium, 20-22 January 2010.

First IODE Workshop on Quality
Control of Chemical .
Oceanographic Data Collections,
Ostend, Belgium, 8-11 February
2010. 2010

Surface Ocean CO2 Atlas Project
Equatorial Pacific, North Pacific,
and Indian Ocean Regional
Workshop, Tokyo, Japan, 8-11
February 2010. 2010 (IOCCP
Report Number 18 .
SCOR/IODE/MBLWHOI Library
Workshop on Data Publication,
Paris, France, 2 April 2010

First ODINAFRICA Coastal and
Marine Atlases Planning Meeting,
%s(t)%nd, Belgium, 12—-14 October

Eleventh International Workshop
on Wave Hindcasting and
Forecasting and Second Coastal
Hazard S¥mp05|um, Halifax
Canada, 18-23 October 2009

Languages

(Under
preparation)
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2010 Meeting of the Joint IODE-
JCOMM Steering Group on
the Global Temperature-Salinity
Profile Programme
Ostend, Belgium, 5-7 May 2010
Southern and Indian Surface
Ocean CO: Atlas (SOCAT)
Workshop, CSIRO Marine”
Laboratories, Hobart, Tasmania
16-18 June 2010
The Caribbean Marine Atlas (CMA)
Review and Planning Workshop
and Saint Lucia National Coastal
Atlas Stakeholder Event, Bay
Gardens Inn, Rodnea/ Bay, Saint
Lucia, 2—6 August 2010 .
First Session of the IODE Steering
Group for the IODE
OceanDataPortal (SG-ODP-I),
20-22 September 2010, Ostend,
Belgium .
Ad hoc meeting of the IODE
Steering Group for OBIS, Ostend,
Bels?lum 18-19 November 2010
Implementing Adaptation to
Climate Change in Western and
Eastern Africa, Nairobi, Kenya, 3-5
November 2010
2nd Advisory Workshop on
enhancing forecasting capabllltles
for North Tndian Ocean Storm
Surges, 11-15 February 2011, New
Delhi, India
Ocean Biogeographic Information
ﬁ/ste_m ((®) I%qln rastructure
eeting, INCOIS, Hyderabad,
India, 2—4 March 2011.
Best Practice on Tsunami and
Coastal Hazards Community
Preparedness and Readiness in
Central America and the
Caribbean, 11-13 August 2008,
Panama City, Panama
Integrated Coastal Area
Management gICAM) Training
Workshop for the En6qllsh Speaking
Caribbean States, 16—18 March
2011, Bridgetown, Barbados
Implementing Adaptation to
Climate Change in Western and
Eastern Africa: Targeting the
Adaptation Fund. Nairobi, Kenya,
3-5 November 2010 .
SCOR/IODE/MBLWHOI Library
Workshop on Data Publication, 41"
Session, British Oceanogra hic
Data Centre, Liverpool, United
Kingdom, 3-4 November 2011
Surface Ocean CO2 Data-to-Flux
Workshop, UNESCO, Paris, 12-14
September 2011
NEAMTIC/ICAM Workshop on
Coastal Manag{ement Approaches
for Sea-Level Related Hazards,
2P(:;11ri1s, UNESCO, 5-7 December

Technical Workshop on the IODE
OceanDataPortal, I0C Project
Office for IODE, Ostend, Belgium,
27-29 February 2012
Inter-sessional workin? group for
updating the 10C Stra E%IC lan for

ceanographic Data an
Information Exchan ehsl2012-2015),
Ostend, Belgium, 1-2 March 2012
Operational Oceanography of IOC
gor Group Il Member Statés), 20—

2 March 2012 Paris, UNESCO
%dylsory Workshop)

dvisory Workshop on The Future
of I0C towards next ten years and
its Implications for Member States,
Varna, Bulgaria, 19 March 2012
Second Technical Meeting of
Ocean Biogeographic Information
S¥stem (Ol IS(}q, Ostend, Belgium,
21-22 June 2012 .
SCOR/IODE/MBLWHOI Library
Workshop on Data Publication, 5"
Session, Woods Hole
Oceanographic Institution, Woods
Hole, USA, 9-10 October 2012
Second IODE Workshop on Qualit
Control of Chemical and Biological
Oceanographic Data Collections,
22-24 October 2012, I0C Project
Office for IODE, Ostend, Belgium
Consultation on Scientific and
Technical Aspects of Sustained
Qcean Observations and Services,
5" March, 2013, Rio de Janeiro,
Brazil
Earthquake and tsunami hazard in
Northern Haiti: Historical events
and potential sources (Meeting of
experts
Sexto Taller Regional de
Planificacion Cientifica sobre
Floraciones de Algas Nocivas en
Sudameérica, Guazsaqun, Ecuador,
22-24 Octubre 2003
(Under preparation)
&Under preparation)

oveno Taller Regional-COl
de Planificacion Cientifica sobre
Florecimientos de Algas Nocivas
en Sudamérica, 11-13 enero 2011,
Puerto Varas, Chile
Caribbean Marine Atlas Review
and Planning Meeting, Miami,
USA, 10-13 December 2013
Indo-Pacific Ocean Forum on
“Charting the Future of Sustained
Ocean Observations and
Services”, Bangkok, Thailand, 25-
28 Nov. 2013
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Title

First Planning Workshop For The
Ocean Data And Information
Network For The Westpac Region
(ODINWESTPAC), Tianjin, China,
4-7 March 2014

International Coastal Atlas Network
Workshop 6: Exgandln
Participation in Coastal Web Atlas
Development and Use, 16-17 June
2013, University of Victoria, British
Columbia, Canada .
9th WESTPAC International
Scientific Symposium, Research
Directors’ Forum: A Healthy and
Safe Ocean for .Prosper|t¥ in the
Indo-Pacific region, Nha Trang,
Viet Nam, 22 April 2014 .
Electoral Group 1 Consultation on
the Future of the 10C, Utrecht, The
Netherlands, 26—27 May 2014
I0C-UNESCO-ISESCO workshop
on Improving Tsunami Warnln%
and Emergency Response in the
North-Eastern Atlantic,
Mediterranean and connected seas
Rabat, 23-24 September 2014
Proceedings of the First .
IOCAFRICA Ocean Forecasting
workshop for the Western Indian
Ocean region, Nairobi, Kenya, 11—
15 August 2014 .
Proceedings of the African
Summer School on Application
of Ocean Data and Modelling.
Products, Ghana, Kenya, April—
September 2014
Forum on Sustained Ocean
Observations and Services in IOC
Group V (Africa and Arab
countries) )
Second China-Africa_Forum on
Marine Science and Technology, 9-
10 April 2015, Nairobi, Kenya
WESTPAC Workshop on Research
and Monitoring of the Ecological
Impacts of Ocean Acidification on
Coral Reef Ecosystems. Phuket,
Thailand, 19-21 January 2015
Second IOCAFRICA Planning
Meeting for the Second
International Indian Ocean
Expedition (IIOE-2), 6-8 October
2015, Catembe, Mozambique
Initiative de LOANGO : Atelier de la
sous-région sur 'érosion cétiére en
Afrique Centrale, Loango,
République du Congo, 6-10
octobre 2008 .
First Session of the Advisory Group
for the Ocean Data and Information
Network for the WESTPAC Region
ODINWESTPAQC), Tianjin, China,
7-28 January 2016
Scientific meeting of experts for
coordinated scenario analysis of
future tsunami events and hazard
mitigation schemes for the South
China Sea region, Xiamen, China,
16—-18 November 2015
Sources of Tsunamis in the
Caribbean with Possibility to
Impact the Southern Coast of the
Dominican Republic, Santo
Domm(n);o Dominican Republic, 6-7
May 2016

VI VOC Regional Science Planning
Workshop on Harmful Algae in the
Caribbean and Adjacent Regions,
Santo Domingo, Dominican
Republic, 26-30 October 2015 /

COlI — VI Taller Regional de
Planificacion Cientifica sobre Algas
Nocivas en el Caribe y Regiones
Adyacentes, Santo Domingo
Republica Dominicana, 26-3!
Octubre 2015

Tsunami Hazard in Central
America: Historical Events and
Potential Sources.

Meetmﬂlof Experts, San José,
Costa Rica, 23-24 June 2016

2nd International Conference on
Marine/Maritime Spatial Planning,
15-17 March 2017, UNESCO,
Paris

Information Meeting on North-
Eastern Atlantic, the Mediterranean
and Connected Seas Tsunami
Early Warning and Mitigation

SES em (NEAMTWS) and .
NEAMWave 17 Tsunami Exercise:
Summary Recommendations,
'2|-(L)J[I‘II7S Tunisia, 13-14 September

Workshop on Sea-Level
Measurements in Hostile
Conditions, Moscow, Russian
Federation, 13—15 March 2018
IODE/OBIS-Event-Data workshop
on animal tagging and trackln%,
Ostend, Belgium, 23—26 April 2018
Sixth International XBT Science
Workshop, Ostend, Belgium,
18-20 April 2018
Sargassum and Oil Spills
Monitoring Pilot Project for the
Caribbean and Adjacent Regions
Workshop, Mexico DF, Mexico, 2—
4 May 2018

Drafting Workshop for the
development of a training and
Repository Portal for the Caribbean
Large Marine Ecosystem
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Title

Preparing for the Next Tsunami:
Reducing Losses and Damages in
the Coastal Western
Mediterranean Areas: Summary
Recommendations, Rabat,
Morocco, 15-16 November 2018
Workshop on Sea level Data
Archaeology, UNESCO, Paris, 10—
12 March 2020

Workshop on data sharing between
UN agencies as a contribution to
the UN decade of ocean science
for sustainable development,
Online meeting, 20 April 2020,
14:00-16:30

Expert meeting on Tsunami
sources, hazards, risk and
uncertainties associated with the
Tonga-Kermadec Subduction
Zone. Wellington, New Zealand. 29
October — 3 November 2018.
International data sharing
workshop for non-UN 1GOs, Global
and Regional organizations and
projects, NGOs and private sector,
Online meeting, 12 October 2020.
Experts Meeting on Sources of
Tsunamis in the Lesser Antilles.
Fort-de-France, Martinique
(France), 18-20 March 2019
Italian Digital Mobilization Event for
the United Nations Decade of
Ocean Science for Sustainable
Development: “Towards the
Generation Ocean”, 22 October
2020, Milan, ltaly

Expert Meeting on Tsunami
Sources, Hazards, Risk and
Uncertainties Associated with the
Colombia-Ecuador Subduction
Zone. Guayaquil, Ecuador, 27-29
January 2020

Engaging blue fishing ports in
marine spatial planning: key
findings of regional workshops
Best Practices in Aquaculture,
EATIP-OBPS Workshop, Tuesday,
5 April 2022, (Online) —
Proceedings

Blue Curriculum: a training session
— Final results and report, 15 July
2022, Lisbon

Best Practices Workshop VI, 5-19
October 2023 (online)

International Forum for
Marine/Maritime Spatial Planning
(MSPForum), Kick-off event, 24—-25
May 2018, Brussels

Marine Spatial Planning Forum
(MSPForum), 26—-29 March 2019,
La Réunion, France

Third Marine Spatial Planning
Forum (MSPForum), 12-15 May
2019, Vigo, Spain

Fourth Marine Spatial Planning
Forum (MSPForum), 19-21
November 2019; Riga, Latvia
Regional MSPforum for Africa (1%
edition), 8—9 December 2022
(online)

Regional MSPforum for Latin
America and The Caribbean (1%
edition), 12—13 December 2022
(online)

Regional MSPforum for Western
Pacific and its Adjacent Areas (1%
edition), 16 December 2022
(online)

Fifth international Forum on
Marine/Maritime Spatial Planning
(MSPforum), 21 November 2022,
Barcelona, Spain

Third International Conference on
Marine/Maritime Spatial Planning,
22-23 November 2022, Barcelona,
Spain + Supplement: Abstracts
MSPglobal 2.0 Online Kick-off
Conference, 6 September 2023
Feuille de route d’'un Plan d’Espace
Marin aux Comores : Initialiser le
processus (Atelier du 22 au 25
novembre 2021, Moroni)

First IODE/GOOS Data Workshop
Ostend, Belgium, 30 September —
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Title

2 October 2024

OceanPractices: Ocean Best
Practices Workshop VII & Focus
Sessions, 9-20 October 2023.
Proceedings

Second MSPforum for Africa; 5th —
6th November 2023, Dar-es-
Salaam, Tanzania

Sixth international Forum on
Marine/Maritime Spatial Planning
(MSPforum), 8-11 October 2024,
Bali, Republic of Indonesia

Expert Meeting on Tsunami
Sources, Hazards, Risk and
Uncertainties Associated with the
Vanuatu, Solomon and New Britain
Subduction Zones, 14-17 May
2024

Stimulating Ocean Best Practices:
Dialogues across Science and
Technology for Innovative
Solutions and Effective
Governance. Ocean Best Practices
Workshop VIII, 14—-18 October
2024 [online]. Proceedings
MSPglobal Online Conference: 2.0
Closing & 3.0 Kick-off,

4 September 2025

Expert meeting on seismic sources
of tsunamis in the NW Caribbean
and non-seismic sources in the
Caribbean Region, Heredia, Costa
Rica, 3-5 December 2024

Languages
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sources of tsunamis in the NW
Caribbean and non-seismic
sources in the Caribbean Region
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