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ABSTRACT

The tsunami problem for the coast of the Caribbean basin is discussed. Briefly the historical
data of tsunami in the Caribbean Sea are presented. Numerical simulation of potential
tsunamis in the Caribbean Sea is performed in the framework of the nonlinear-shallow
theory. The tsunami wave height distribution along the Caribbean Coast is computed. These
results are used to estimate the far-field tsunami potential of various coastal locations in the
Caribbean Sea. In fact, five zones with tsunami low risk are selected basing on prognostic
computations, they are: the bay “Golfo de Batabano™ and the coast of province “Ciego de
Avila” in Cuba, the Nicaraguan Coast (between Bluefields and Puerto Cabezas), the border
between Mexico and Belize, the bay “Golfo de Venezuela” in Venezuela. The analysis of
historical data confirms that there was no tsunami in the selected zones. Also, the wave
attenuation in the Caribbean Sea is investigated; in fact, wave amplitude decreases in an
order if the tsunami source is located on the distance up to 1000 km from the coastal location.
Both factors wave attenuation and wave height distribution should be taken into account in
the planned warning system for the Caribbean Sea.
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1. Introduction

The tsunami catalogue has been recently created for the Caribbean Sea (Lander et al, 2002;
HTDB/ATL, 2002; Loughlin and Lander, 2003) and in particular, for the Lesser Antilles
(Zahibo and Pelinovsky, 2001). In the past 500 years this region has had devastating tsunamis
causing damage in many states of the Caribbean Basin. According to Lander et al (2002),
totally, 91 reported waves might have been tsunamis. Of these, 27 are judged by the authors
to be true, verified tsunamis and the additional nine are considered to be very likely true
tsunamis. The list for the last century contains 33 events, thus one in every three years. Only
for the last 35 years there were 6 true and almost true tsunamis: 1969, December 25
(earthquake with magnitude 7.6 in Lesser Antilles, maximal tsunami amplitude of 46 cm at
Barbados); 1985, March 16 (moderate earthquake with magnitude 6.3 in Guadeloupe, several-
centimeter tsunami was recorded at Basse Terre, Guadeloupe); 1989, November 1 (weak
earthquake with magnitude 4.4 off the north coast of Puerto Rico generating a small wave in
Cabo Rojo); 1991, April 22 (the earthquake with magnitude 7.6 created the tsunami that
affected the coast of Central America from Costa Rica to Panama; wave height is 2 m in
Cahuito Perto Viejo, Costa Rica); 1997, July 9 (the earthquake of magnitude 6.8 occurred off
the coast of Venezuela and induced a weak tsunami on Tobago); 1997, December 26
(volcanic eruption in Montserrat generated the wave with height 3 m at Old Road Bay). The
last tsunami occurred in Guadeloupe (Deshaies) at July 12, 2003 induced by the volcanic
eruption in Montserrat (Zahibo et al, 2003a). Small boats moored in the mouth of the
Deshaies River were carried on more than 60 meters, and some of them were damaged (the

sea rised on 50 cm approximately).

Tsunami phenomenon in the Caribbean Sea has been the subject of special study in recent
years. First of all, we would like to mention the calculation of the tsunami travel time charts
for the Caribbean (Weissert, 1990). The estimated time for a complete crossing of the
Caribbean is 3.2 hrs laterally and 1.5 hrs meridionally. Two historical events in the Caribbean,
the 1918 Puerto Rico tsunami and the 1867 Virgin Island tsunami, induced by the davastating
earthquakes, have been simulated by Mercado & McCann (1998) and Zahibo et al (2003b).
Computed values of the tsunami wave heights are in a satisfactory agreement with the
observed data. The propagation of the trans-atlantic tsunami after the catastrophic Lisbon
earthquake (01/11/1755) has been modelled by Mader (2001a). According to his calculations,

the wave amplitude east of Saba (Lesser Antilles) is 5 m close to the observed value (7 m).
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Heinrich et al (2001) performed the numerical simulation of the 26/12/1997 debris avalanche

in Montserrat (Lesser Antilles) that induced tsunami waves up to 3 m.

Taking into account the lack of historical data for the evaluation of the tsunami risk in the
Caribbean Sea, the simulation of possible tsunamis can be an effective tool to forecast
tsunami events in the future. The potential hazard on the northern coast of Puerto Rico due to
submarine landslides along the Puerto Rico Trench has been estimated (Mercado et al, 2002).
We would also like to mention the possible tsunami expected from a lateral collapse of the
Cumbre Vieja Volcano on La Palma (Canary Islands); according to Mader (2001b) its height
may be 3 m high on the Caribbean Islands (Saba Island). Ward & Day (2001) and Pararas-
Carayannis (2002) discusses 20-40 m waves during this event in the Caribbean. Heinrich et al
(1998, 1999) studying the danger of the volcanic eruption in the Soufriere Hills Volcano,
Montserrat, showed that the potential debris avalanche can induce the tsunami waves of 1-2 m
in the nearest zone and 50 cm at Guadeloupe and Antigua. Le Friant et al (2002, 2003)
simulated the tsunami waves from the potential eruptions of some volcanos in the Lesser
Antilles (Martinique, Dominica) and showed that the islands in the Lesser Antilles face a non-

negligible risk from generation of tsunamis associated with potential future events.

The present paper has a goal to estimate the far-field tsunami potential for the Caribbean Sea
basing on the numerical simulation of the prognostic events. The historical information of
tsunamis in the Caribbean Sea with intensity exceeded 2 on the Imamura-Soloviev scale is
briefly reproduced in section 2. The numerical simulation of prognostic tsunamis is performed
with the use of the TUNAMI code that is based on the nonlinear shallow-water theory. The
important problem of prognostic tsunami sources is discussed in section 3. Additionally to the
small number of the seismic sources, the hydrodynamic sources are selected almost uniformly
along the coast of the Caribbean Sea. The computed distributions of tsunami heights along the
Caribbean Coast are described in section 4. These distributions are used for preliminary
estimations of the tsunami risk (far-field tsunami potential) in the Caribbean Sea. The five
zones with tsunami low risk are selected based on prognostic computations; they are, “Golfo de
Batabano” and coast of province “Ciego de Avila” in Cuba, Nicaraguan coast (between
Bluefields and Puerto Cabezas), border between Mexico and Belize, “Golfo de Venezuela” in
Venezuela. The analysis of historical data confirms that there was no tsunami in the selected
zones. The computed wave attenuation in the Caribbean Sea is investigated in section 5. If the
tsunami sources are located on the distance above 1000 km from the coastal locations such far-

field tsunamis can be evaluated as the low-risk tsunamis.
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2. Intense historical tsunamis in the Caribbean Sea

Most of tsunamis in the Caribbean Sea have been generated by the underwater earthquakes
that occurred in the Caribbean. The seismicity of the Caribbean basin is high, see Figure 1
taken from HTDB/ATL (2002). A few of tsunamis are the distant tsunami that came from the
Atlantic coast of Europe. Some local tsunamis were caused by the volcano eruptions; most of
volcanos are located on the Lesser Antilles. Several tsunamis described in catalogues are of
an unknown origin; perhaps, they are hurricane storm surges. The geographical distribution of
tsunamis with various intensities on the Imamura-Soloviev scale is shown in Figure 2. The
intensity tsunamis in the Caribbean Sea did not exceed 3.0 (mean height 4-8 m on the coastal
line of 200-400 km). The list of tsunamis with intensity 2.0-3.0 is given in Table 1 extracted
from HTDB/ATL (2002); it includes 27 events. The return period of such intense tsunamis is
about 15-20 years. Taking into account that the last tsunami with intensity 2 was recorded in
1979; we may point out that the probability of the next tsunami in the nearest future in the

Caribbean Sea is high.

Meanwhile, to evaluate the tsunami risk for coastal locations in the Caribbean Sea basing on
the historical data only is a very difficult task due to the lack of quantitative information. The
modeling of the several historical events in the Caribbean Sea that occurred in 1755, 1867,
1918 and 1997 (Mader, 2001a; Zahibo et al, 2003b; Mercado & McCann, 1998; Heinrich et
al, 2001) and the satisfactory agreement with observations demonstrate the applicability of
existing mathematical theories to describe the tsunami characteristics. Taking into account the
historical data and numerical simulations the variability of wave heights along the coastal line
is very large due to the local features of the coastal topography and the directivity of tsunami
sources. By using possible locations of tsunami sources (seismic zones, volcano locations and
so on) the synthetic catalogue of possible tsunamis at the fixed coastal locations can be
created; this will allow to compare the tsunami risk for different areas. This approach is now
very popular for estimations of far-field tsunami potential when the tsunami sources are
located in the open sea (Go et al, 1988; Nagano et al, 1991; Mofjeld et al, 2001; Choi et al,
2001, 2002a; Yalciner et al, 2002; Koike et al, 2003; Sato et al, 2003), and here it will be
applied for the Caribbean Sea.
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Figure 2. Historical tsunami distribution in the Caribbean Sea (numbers — tsunami intensity)
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Table 1. List of tsunamis with intensity 2-3 in the Caribbean Sea

(Ms 1is the surface magnitude, / is the tsunami intensity and H,,,, is the maximum wave height)

Date Lat Lon |Ms|I Hiax (M) Source

01.09.1530 | 10.7 | -64.1 |7 7,3 Peninsula de Paria, Cuba

01.09.1543 | 10.6 | -64.1 |7 Cumana, Venezuela

01.03.1688 | 17.6 | -76.7 Port Royal, Jamaica

16.04.1690 | 17.5 | -61.5 | 8 Charlotte Amalie, US Virgin Is.
07.06.1692 | 17.8 | -76.7 | 7 10 Port Royal, Liganee, Jamaica
18.10.1751 | 18.5 | -70.7 | 7 Azua de Compostela, Haiti
21.11.1751 | 185 | -73.5 |7 7 St Martin, Antigua, Martinique
11.06.1766 | 20 =755 |17 Jamaica

03.10.1780 | 18.1 | -78.1 | 7 3,2 Savanna la Mar, Jamaica
28.03.1787 | 19 -66 |8 S5 14 S. Mexico

05.05.1802 | 10 -60 Rio Orinoko, Cumana, Venezuela

26.03.1812 | 10.3 | -64.1 La Guaira, Venezuela

11.11.1812 | 18 -76.5 Annotto Bay, Jamaica

30.11.1823 | 14.2 | -61.1 St Pierre, Martinique

30.11.1824 | 14.5 | -61 St Pierre, Martinique

07.05.1842 | 18.5 | -72.5|7.7 8,3 Hispaniola, Haiti

17.07.1852 | 19.5 | -75.5 Santiago de Cuba, Cuba

09.08.1856 | 15.8 | -84.3 5 Rio Patuca, Honduras
18.11.1867 | 184 | -64.3 | 7.5 10 St Thomas, Virgin Is.
29.10.1900 | 10.3 | -65.9 10 Puerto Tay, Venezuela
14.01.1907 | 18.2 | -76.7 |7 9,1 Annotto Bay, Jamaica
11.10.1918 | 18.5 |-67.5 75|25 |6 Aguadilla, Puerto Rico

04.08.1946 | 19.25 | -69 8 4,7 Hispaniola, Dominican Republic

02.12.1951 | 13.5 | -60 Puerto Rico and Barbados

17.08.1952 | 184 | -68.4 Puerto Rico, Dominican Rep,

18.01.1955 | 11.3 | -694 | 5.5 La Vela, Venezuela

N DN D N DN DN N W W N DN W N DN N N D N N D N N W N N NN

03.09.1979 | 11.5 | -69.3 Puerto Cumaredo, Venezuela
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3. Numerical Model and Potential Tsunami Sources

To describe the tsunami wave propagation in the Caribbean Sea, the nonlinear shallow water
theory in the Cartesian coordinates is used. Due to the lowest latitude of the Caribbean, the

Coriolis effect is neglected. These equations are,

2
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where 77 is sea level displacement, 7 is time, x and y are horizontal coordinates in zonal and
meridional directions, M and N are discharge fluxes in horizontal plane along x and y
coordinates, D = h(x,y) + n is the total water depth, A4(x,y) is unperturbed basin depth, g is the

gravity acceleration and & = 0.0025 is the typical value for the bottom friction coefficient.

Numerical simulations used the tsunami propagation model Tunami-N2 that was developed in
Tohoku University (Japan) and provided through the Tsunami Inundation Modeling Exchange
(Time) program, see Goto el al., (1997). It has been applied to several case studies in the
Caribbean Sea (Mercado & McCann, 1998; Zahibo et al, 2003). The model solves the
governing equations by the finite difference technique with the leap-frog scheme (Goto et al.,
1997). The bathymetry of the Caribbean Sea was obtained from the Smith and Sandwell
global seafloor topography (Etopo2) with a 3 km grid size. The time step is selected as 6 sec
to satisfy the stability condition. The total number of grid points in the study area is 568568
(1001x568). Along the depth of 20 m contour line the vertical wall boundary condition is

assumed. Free outward passage of the wave is permitted at the open sea boundaries.

Our goal is to estimate the far-field tsunami potential for the Caribbean Sea by creating the
synthetic catalogue of possible tsunami generating in the open sea. Such sources are of
seismic origin, and they will be analyzed for tsunami prediction. First of all, the synthetic

catalogue should include the sources of the historical large tsunamis (with intensity exceeded
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1 as minimum). We use only events with the knowen characteristics of their origin
(coordinate, magnitude, maximum wave height), these 19 events are summarized in Table 2
taken from HTDB/ATL (2002); their epicenters are shown in Figure 3. The fault line (axis of
the initial tsunami displacement) is assumed to be parallel to the isobath. Since there is no
sufficient information available about the source parameters of the earthquake they are chosen
as followed: length of the fault is 120 km, width is 30 km; dip and slip angles of the fault are
selected as 70° and 90° respectively. The displacement has been selected as 8 m. The focal
depth has been taken from the catalogue or 3000 m if there is no such information. These
parameters have been used to simulate the 1867 Virgin tsunami, one of the most destructive

tsunamis in the Caribbean basin (Zahibo et al., 2003b).

The initial wave (“of seismic origin”) is computed according to Okada (1985), its
characteristic form is shown in Figure 4a. The depression of the water surface is on the
deepest part of the sea. The elevation of the sea level in the source is about 4 m, and the

depression is 2 m in average.

Additionally, the “hydrodynamic” sources presented by pyramidal displacements with the
height of 5 m and the diameter of 50 km (Figure 4b) and distributed almost uniformly in the
basin of the Caribbean Sea (Figure 5) are included in the synthetic catalogue. The total
number of the “hydrodynamic” sources is 102 and they may demonstrate the influence of the
topography features on the wave propagation in the “pure form” because the hydrodynamic

source has the almost isotropic directivity.

Wave propagation from each “seismic” and “hydrodynamic” source is computed and the
wave characteristics are collected for each coastal location at the Caribbean Sea. This model
was used particularly to model the 1867 Virgin tsunami (Zahibo et al., 2003b). The computed
directivity diagram is presented in Figure 6. It is clearly seen that the wave height is non-
uniform along the coast of the Caribbean Sea: tsunami is significant in the epicentral area
(Virgin Islands, Puerto Rica), and also on the northern and southern Lesser Antilles, but not in
the central part of the Lesser Antilles. This non-uniformity of tsunami distribution is
confirmed by the observed data (Zahibo et al., 2003b). Figure 6 shows also the existence of
the “gaps” in wave characteristics, in particular, wave amplitude is negligibly weak on Cuba,
Panama and Nicaragua. The same computing is done for total 121 prognostic events. The
analysis of these data allows to estimate the far-field tsunami potential of various areas in the

Caribbean Basin.
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Table 2. Chosen parameters of tsunamigeneric historical earthquakes

Date Lat Lon Magnitude Intensity Hinax, m
01.09.1530 10.70 -64.10 7.0 2.0 7.3
07.06.1692 17.80 -76.70 7.0 3.0 10.0
21.11.1751 18.50 -73.50 7.0 2.0 7.0
03.10.1780 18.10 -78.10 7.0 2.0 32
28.03.1787 19.00 -66.00 8.0 2.5 4.0
07.05.1842 18.50 -72.50 7.7 3.0 8.3
08.02.1843 16.50 -62.20 8.3 1.0 1.2
09.08.1856 15.80 -83.30 - 2.0 5.0
18.11.1867 18.00 -65.00 7.5 3.0 10.0
17.03.1868 18.40 -64.90 7.0 1.0 0.6
07.09.1882 9.50 -78.70 7.9 1.5 3.0
29.10.1900 10.30 -65.90 - 3.0 10.0
14.01.1907 18.20 -76.70 7.0 2.0 9.1
26.04.1916 9.20 -83.10 7.5 1.0 1.2
11.10.1918 18.50 -67.50 7.5 2.5 6.0
24.10.1918 18.50 -67.50 - 1.5 2.6
04.08.1946 19.25 -69.00 8.0 2.0 4.7
22.04.1991 9.60 -83.20 7.6 1.5 3.0
26.12.1997 16.70 -62.20 - 1.0 3.0

3.57
3.00
213
1.06
0.27
0.07
0.00

0.1
-1.25
-2.25

-3.50

| | | !
-80.00 -85.00 -80.00 -75.00 -70.00 -65.00 -60.00

-4.00

Figure 3. Epicenters of historical tsunamis used in numerical simulation
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Figure 4. Initial wave shapes: a) “seismic” source, b) “hydrodynamic” source

90.00 85.00 -80.00 -75.00 -70.00 65.00 60.00

Figure 5. Locations of the “hydrodynamic” sources in the Caribbean Sea
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Figure 6. The distribution of maximum crest amplitude in the Caribbean Sea (1867 event)

4. Computed wave height distribution along the coast of the Caribbean Sea

For the analysis of the tsunami characteristics for various coastal areas, the Caribbean Sea is
conditionally divided into several “geographic” zones (Figure 7). They are: the Great Antilles
excepting Jamaica (zone A), Jamaica (zone B), the Lesser Antilles (zone C), and the
Caribbean coast of the Central and South America (zone D). Time series of the sea
displacement are calculated for 3467 points near the coast (last sea points in numerical grid),
their numeration is also shown in Figure 7. The distance between such points is the mesh size,
3 km. It is important to mention that we use the “vertical wall” boundary condition at the
depth 20 m, so the wave runup on the beach of the real configuration is not included. The
results of our calculations of the wave height near the “vertical wall” (at depths 20-150 m) can
be used in the future for the detailed investigation of the tsunami runup height within coastal

locations.

First of all, the distribution functions of the wave heights for each event are computed. As it is
expected, the distribution function of the wave heights along the coast is described well by the

log-normal curve (Choi et al, 2002b)
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where a = <log H> is the average value of the wave height logarithm, and © is the standard
deviation of the height logarithm. The results of the computing of the distribution function for
modeled destructive tsunami 18.11.1867 that occurred after the strong earthquake on the

Virgin Islands are demonstrated on Figure 8.

| [ | |
-75 -70 X5 -60
Figure 7. Selected zones in the Caribbean Sea (numbers — computed “tide-gauges” located in the last
sea grid points)

The computed maximum values of positive (crest) and negative (trough) wave amplitudes in
each zones calculated for the “seismic” events are summarized in Table 3. This Table
illustrates the “trans-sea” character of tsunami propagation, and large tsunamis should be felt
on many coastal locations of the Caribbean Sea. Historical data of the 1867 Virgin Island
tsunami confirm this conclusion; this tsunami has been felt on many islands of the Caribbean:
Puerto Rico, Virgin Islands, St Kitts, Antigua, Guadeloupe, Grenadines, Grenada, Isle de
Margarita (Venezuela). The results of the numerical simulation of the 1867 tsunami are in
reasonable agreement with the observation data (Zahibo et al, 2003). Due to the lack of
historical data and tsunami source for other events we will not discuss here the computed

results for the “seismic” event.
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Figure 8. Computed distribution function (points) and its log-normal approximation (solid line) for the

1867 Virgin Island tsunami

Table 3. Computed maximum values of positive and negative amplitudes for “seismic” sources

Zone A Zone B Zone C Zone D
Date Hmax Hmin Hmax Hmin Hmax Hmin Hmax Hmin
01.09.1530 | 4.11 -3.26 0.60 | -0.6 | 341 -3.07 4.12 -7
07.06.1692 1.39 -1.33 5.96 -5.1 0.94 -1 2.79 -1.96
21.11.1751 1.84 -2.59 024 | -0.2 | 2.89 | -4.06 0.64 -0.57
03.10.1780 2.19 -1.45 3.92 -2.9 0.41 -0.45 0.88 -0.79
28.03.1787 1.91 -1.93 0.88 -0.6 0.16 | -0.17 2.29 -2.56
07.05.1842 4.67 -6.14 294 | 3.1 0.26 | -0.25 0.82 -0.70
08.02.1843 1.34 -1.33 0.53 -0.4 1.86 | -1.17 0.79 -1.06
09.08.1856 1.21 -0.7 0.55 -3.1 0.11 -0.25 2.95 -6.14
18.11.1867 5.34 -3.68 0.50 -0.5 2.66 | -4.40 1.02 -1.12
17.03.1868 0.48 -0.27 0.11 -0.1 0.61 -0.62 0.13 -0.1
07.09.1882 1.67 -1.60 1.57 | -1.6 | 0.54 | -0.62 2.73 -2.84
29.10.1900 1.83 -1.81 0.68 -0.8 1.21 -1.20 5.05 -6.78
14.01.1907 7.75 -8.02 3.77 | -5.3 0.45 | -0.37 1.14 -1.16
26.04.1916 0.31 -0.23 0.86 -0.4 0.21 -0.12 0.92 -0.54
11.10.1918 6.12 -6.50 0.54 | -0.6 1.07 | -1.02 0.83 -0.78
24.10.1918 2.21 -2.21 0.77 -0.7 1.15 -1.11 0.75 -0.68
04.08.1946 3.36 -3.46 0.23 -0.2 | 035 | -0.33 0.25 -0.28
22.04.1991 1.01 -0.99 1.13 -0.8 | 0.29 | -0.34 2.96 -2.15
26.12.1997 1.65 -0.84 0.34 -0.3 2.71 -2.88 0.66 -0.68
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Taking into account that the number of the «seismic» events is not too much, the detailed
analysis of the wave height distributions is done for the 102 «hydrodynamic» sources. Our
goal is to study the far-field tsunami potential; so we investigate wave characteristics in the
fixed zone (for instance, A) using the sources in other zones (in this example, in zones B, C,
and D). Each distribution of the crest amplitude along the coast is normalized on its
maximum value to eliminate the difference in the intensity due to the different distance of the
«hydrodynamic» sources to the coast. These distributions (normalized crest amplitude) are
presented in Figure 9. Numbers on the horizontal axis correspond to the numbers of computed
«tide-gauges» on Figure 7. It is clearly seen, that wave distributions have gaps with weak
relative amplitudes (less than 0.1) which do not depend on the location of the tsunami source
(vertical arrows show the locations of such gaps). The existence of arecas with low wave
amplitudes is related to the local features of the bottom and coastal topography. Therefore, we
may call these areas as zones with the low tsunami risk. All far-field tsunamis in such areas
will be weak and will not induce the significant impact on the coast. The prediction of zones

with low risk by using the hydro-modelling only is the main result of the given study.

Geographical distribution of the selected zones with low tsunami risk (stars) with respect to
the far-field tsunamis originating in the Caribbean Sea is shown in Figure 10. In such zones
the relative wave height does not exceed 0.1 from all far sources. First of all, two zones can
be selected on Cuba: Bay “Golfo de Batabano” protected from far-field tsunamis by the
islands “Isla de la Juventud” and the Caribbean coast of the province “Ciego de Avila”
protected by “Archipielago de los Jardinas de la Reina”. These zones are protected from
tsunamis originating in Central and South America and the Lesser Antilles. Two other zones
are located on the Caribbean coast of Central America: near the border between Mexico and
Belize, and the Nicaraguan coast (between Bluefields and Puerto Cabezas). The last, fifth
zone is located on the Venezuelan coast (Bay “Golfo de Venezuela”); this bay is protected by
the Aruba (the Netherlands Antilles). Zones with low tsunami risk located in Central and
South America are protected from tsunamis originating in the Great and Lesser Antilles. The
analysis of historical tsunamis that occurred in the Caribbean Sea (Figure 2) confirms that

there was no tsunami in the computed zones of low tsunami risk.
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Figure 9. Normalized crest amplitude distribution for various zones

in zone D, ¢) zone C, sources in zone D,

b) zone B, sources
sources in zones A and B, e) zone C,

b

a) zone A, sources in zone D

b

sources in zones A and B

b

d) zone D
f) zone A, sources in zone C, g) zone B, sources

in zone C

and h) zone D, sources

b

in zone C

Science of Tsunami Hazards, Volume 21, Number 4, page 216 (2003)



g h)

Figure 9. Normalized crest amplitude distribution for various zones (continued)
b) zone A, sources in zone D, b) zone B, sources in zone D, ¢) zone C, sources in zone D,
d) zone D, sources in zones A and B, ¢) zone C, sources in zones A and B,
f) zone A, sources in zone C, g) zone B, sources in zone C, and h) zone D, sources in zone C

Figure 10. Geographical distribution of the zones with low tsunami risk (stars) in the Caribbean Sea
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Some coastal locations are protected from part of far-field tsunamis only (they are indicated
by rhombi on wave distribution in Figure 9). For instance, the eastern coast of Dominican
Republic is protected from tsunamis originating in the Central and South America. The
western coast of Jamaica and the western part of Cuba are protected from tsunamis
originating from the Lesser Antilles. In fact, the whole coast of Central America (from Costa
Rica to Mexico) is protected from tsunamis generating in the Lesser Antilles. Non-uniformity
in the tsunami wave height distribution from far-field tsunamis should be used for the planned

tsunami warning system for the Caribbean Sea.

5. Wave attenuation in the Caribbean Sea

Geographic distribution of the wave height allows to compare the protection of the various
coastal locations from tsunamis with the sources arbitrary distributed in the Caribbean Sea.
Another important factor influencing the tsunami risk is the distance to the possible tsunami-
genetic zones. Figure 11 shows the computed wave height at Deshaies (the northern point of
Guadeloupe, where the wave height during the 1867 Virgin tsunami reached 10 m) and at St
George’s (Grenada) as the functions of the distance to all 102 hydrodynamic sources. Taking
into account that the water displacement in the hydrodynamic source has the same parameters
(height, H, = 5 m, and diameter, D = 50 km), these functions characterise the influence of the
bottom topography on the wave attenuation. On the distance up to 1000 km these functions

can be approximated by the polynomial curve

H(r) rY”

— =2 = 5
2] 6)

where 7 is the distance from the source to Deshaies and o is the attenuation ratio. Factor 2 is
inserted in the formula (5), because the wave height at Deshaies is computed with the
boundary condition «vertical wall» at the last sea point; in this case the wave height at the
wall is twice more than the height of the incident wave. Two approximations with o = 2/3 and
o = 1 are presented in Figure 11 by the dash and solid lines consequently. We should also
point out that the slope of approximated curves exceeds o = '4 characterising the linear long
waves in the basin of constant depth. The strongest attenuation typical of the dispersive
tsunamis is related to the bottom irregularities only (not to bottom depth as in Boussinesq and

Korteweg — de Vries equations). Such dispersion is manifestated, for instance, for along-
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coastal propagation of the waves as the edge waves. The wave height is attenuated in an order
on distances about 1000 km and, therefore, tsunami risk becomes low if the possible tsunami
source is too far from the coastal locations. This important conclusion should be taken into

account for the planning warning system for the Caribbean Sea.
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i — — a=2/3
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Figure 11. Computed tsunami height at Deshaies (Guadeloupe) and St. George’s (Grenada) versus the
distance to the source

6. Conclusion

The problem of evaluation of the far-field tsunami potential for the Caribbean Sea is
discussed. Numerical simulation of the tsunami propagation from various hydrodynamics
sources almost uniformly distributed along the coast of the Caribbean Sea and some seismic
sources is performed in the framework of the nonlinear shallow-water equations by using the
numerical code TUNAMI. The five zones with low tsunami risk with respect to the far-field
tsunamis are selected in the Caribbean Sea. They are : Cuba (bay “Golfo de Batabano” and
the coast of the province “Ciego de Avila”), Central America (near the border between

Mexico and Belize, and the Nicaraguan coast between Bluefields and Puerto Cabezas) and the
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Venezuelan coast (Bay “Golfo de Venezuela”). The analysis of historical tsunamis that
occurred in the Caribbean Sea confirms that there was no tsunami in the computed zones of
low tsunami risk. Also, the computing shows that the wave height is attenuated in an order if
the tsunami source is located on distance about 1000 km from the coastal location, and such
far-field tsunamis can be evaluated as low-risk tsunamis. The existence of zones with low
tsunami risk with respect to the far-field tsunamis should be used for the planned tsunami

warning system for the Caribbean Sea.
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