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Abstract. On 11 March 2011, &, ~ 9.0 megathrust earth- 1 Introduction
quake occurred off the coast of Tohoku, triggering a catas-
trophic tsunami reaching heights of 10 m and more in somel.1  Generalities
places and resulting in lots of casualties and destructions.
It is one of a handful of catastrophic tsunamis having oc- The Atlantic Ocean, a low rate expanding ocean (the average
curred during the last decade, following the 2004 Indonesiarspreading rate of the mid-ocean ridge is estimated around
tsunami, and leading to the preparation of tsunami warn-2.5cmyr1), is not bordered by a fire belt like the Pacific
ing systems and evacuation plans all around the world. InOcean, but shows however some particular places to monitor
the Atlantic Ocean, which has been struck by two certi-and able to trigger some catastrophic tsunamis according to
fied transoceanic tsunamis over the past centuries (the 1758vailable tsunami databases (Gusiakov and Mercado, 2002;
“Lisbon” and 1929 Grand Banks events), a warning systemLander et al., 2002; Baptista and Miranda, 2009; Baptista
is also under discussion, especially for what concerns potenet al., 2011; NGDC, 2013) and geological settings. These
tial tsunamigenic sources off Iberian Peninsula. In addition,tsunami generating zones are split in two parts: in one hand,
the Lesser Antilles subduction zone is also potentially ablethe active zones, represented by convergent plate boundaries:
to generate powerful megathrust ruptures as the 8 Eebruthe Antilles subduction zone for the western side of the At-
ary 1843M,, ~ 8.0/8.5 earthquake, that could trigger dev- lantic, which generated several local or regional tsunamis as
astating tsunamis propagating across the Northern Atlantidor example the 1867 Virgin Islands event (Zahibo et al.,
Ocean. The question is in which conditions these tsunami€003; Barkan and ten Brink, 2010), and the Iberian Peninsula
could be able to reach the Oceanic Islands as well as the eadgult system for the eastern side, especially known because of
ern shores of the Atlantic Ocean, and what could be the estithe 1755 “Lisbon” tsunami, which was historically recorded
mated times to react and wave heights to expect? This papéit lots of locations in the Northern Atlantic Ocean includ-
attempts to answer those questions through the use of numeing the Lesser Antilles (Barkan et al., 2009; Roger et al.,
ical modelings and recent research results about the Less@0103, b, c). On the other hand passive zones like the North-
Antilles ability to produce megathrust earthquakes. eastern American margin experienced intraplate earthquakes
and margin destabilizations leading to landslides triggering
tsunamis (Driscoll et al., 2000; Twichell et al., 2009; Tappin,
2010). As an example, the 1929 Grand Barg ~ 7.2
earthquake was followed by a transoceanic tsunami recorded
further at Portuguese coastal tide gages (Fine et al., 2005;
Ruffman and Hann, 2006), related afterward to a subma-
rine landslide triggered by the seismic shaking. In the pas-
sive zones are also included oceanic hot spots highlighted
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by active volcanism (Azores, Canaries Archipelago, Iceland)
and potentially able to collapse and produce catastrophic,. | .
tsunamis as the Cumbre Vieja volcano (Ward and Day, 2001)
or the active slump of Pico Island, Azores (Hildebrand et
al., 2012).

1.2 The Antilles subduction zone

The boundary between the North Atlantic and the Caribbean

tectonic plates is the only active subduction zone of the

Atlantic Ocean extending from the Barbados prism in the .-
South, to Cuba in the North, underlined by active volcan- o : i ——
ism and moderate to high seismicity (with magnitudgg > S o o 0 om0 e ;o 20 s oo

7.0). Thls SOUthweStward'dl_ppmg subduction of the North Figure 1. (a) Travel times of a tsunami (TTT) triggered by an earth-
A_tlantlc plate under the Caribbean plate shows a COMPIeSq ake occuring at the Lesser Antilles subduction interface and trav-
sion rate of about 18-20 mmyt (DeMets et al., 2000).  gljing across the Northern Atlantic Ocean. Shadded bathymetry has
This subduction zone is divided in two distinct parts sepa-peen added to underline the role played by submarine features over
rated by the Anegada Passage: the Greater Antilles subdugsunami propagation. The geographical boundaries of the calcula-
tion zone, lying north of the Passage, including Hispaniola,tion grids are locatedb) General tectonic setings of the Lesser An-
Puerto Rico and the Virgin Islands, and the Lesser Antillestilles Arc: the solid black line with triangles locates the accretion-
subduction zone, from the Virgin Islands to the north coast ofnary prism frontal thrust (Feuillet et al., 2011a). Both megathrust
South America (offshore Trinidad) through the Barbados ac-¢arthquake estimated epicenters from 8 February 1843+ 8.0—
cretionary prism (Fig. 1). The Greater Antilles and the north-8-5) and 11 January 18394(, ~ 7.5-8.0) are symbolized by red
ern part of the Lesser Antilles subduction zone is particu-Stars' The compression rate and direction indicated by a black ar-
. . - L -~ row is from DeMets et al. (2000).
larly interesting as it is more active in terms of seismicity
rate than the southern part of the Lesser Antilles zone (the
southern part, south of Martinique Island, represents the in-
strumentally aseismic Barbados prism), probably because dfiave been recently named megathrust events by Feuillet et
the interaction between the aseismic ridges and the subdu@l., 2011a) exhibited go back to 11 January 1889, (~ 7.3)
tion interface (McCann and Sykes, 1984). For information,and 8 February 1843\, ~ 8.0/8.5) and these events are
the Greater Antilles subduction zone appears to be historinot historically known to have been followed by destruc-
cally more prone to big earthquakes triggering catastrophidive tsunamis (Feuillet et al., 2011a; Roger et al., 2013).
tsunamis as the 1918 Puerto Rico event with reported runNotice that this subduction zone is also the theater of non-
up heights of 6 m and more (Mercado and McCann, 1998)thrust events like the 197#s = 7.6 (McCann et al., 1982)
Being part of tsunami hazard assessment for US territoriespr more recently the 18 February 2024, ~ 6.5 normal-
Grilli et al. (2010) propose some tsunami simulations con-fault earthquakes. Sometimes these earthquakes are able to
cerning particularly avy, = 9.1 megathrust earthquake and trigger directly or indirectly some local or regional tsunamis
its possible impact on nearby Puerto Rico and on the US Easis the 2004 Les Saintdd,, = 6.3 earthquake (Le Friant et
Coast. al., 2008; Feuillet et al., 2011b). In addition, the recent and
Furthermore, the Lesser Antilles subduction is interestingcatastrophic 2011 Tohoku event in Japan also leads to ask
in two points: firstly, as indicated by Miller and Landgrebe in what conditions this subduction zone is able to generate
(2012), it represents a good candidate to strong seismic cowa huge tsunami and if so, what could be the impact locally,
pling and so, to great earthquake supercycles. The authors ekut also more generally along the whole Northern Atlantic
plain in details the role of subducting fracture zone ridges incoastlines?
that process as previously discussed by Kodaira et al. (2003) The second point is that the Lesser Antilles subduction
indicating a kind of locking of these ridges leading to a strain trench faces the Atlantic Ocean, and more particularly West-
accumulation able to trigger megathrust earthquakes. But, asrn Europe and its overseas satellites (Azores, Madeira and
the seismic knowledge of the Caribbean region is relativelyCanarias Archipelagos) which have been severely impacted
new in comparison to other active zones of the world like theby the 1755 “Lisbon” tsunami. Thus, tsunami generation sce-
Japanese trench or the Mediterranean Sea for example, th@rios in this region should be considered for tsunami haz-
lack of big earthquakes reported during the last 500 years isrd assessment plans for Atlantic coastal communities as
probably the main reason leading to hasty conclusions aboutrance, Portugal, Morocco, Mauritania, Senegal, etc. even
the non-capacity of the Antilles subduction zone to produceif their coastlines seem to be geographically and/or histor-
megathrust earthquakes df,, = 7.0 and more (see Murty ically not inclined to tsunami waves. As an example, re-
et al., 2005, for example). In fact the last earthquakes (thatent studies of the 1755 earthquake off Portugal and of its
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associated tsunami, highlighted the fact that, despite its apthe Mediterranean or the Atlantic Ocean especially for his-
parently well protected location in relation to the tsunami torical tsunamis (see for example Roger et al., 2010a, 2011,
source, the French western coastline, and especially the suAllgeyer et al., 2012).

roundings of La Rochelle, could have been subject to tsunami The tsunami propagation velocity changes with the depth
wave arrivals, as evidenced from several numerical model+#, following the lawc = +/gh. When getting close to the
ings: according to these modelings, the nearby islands otoast, and thus to shallower water depths, the tsunami wave
Ré and Oléron could have exhibited maximum wave heightdrain slows down. Since the finite difference method uses a
(MWH) of 50-100 cm on their western shores for most of constant spatial increment over the whole grid, several nested
the 1755 tested scenarios (Allgeyer et al., 2012). In thegrids are needed with an increased resolution to simulate
frame of the establishment of tsunami warning systems inproperly the coastal shoaling effect.

the Caribbean and the Northeast Atlantic and Mediterranean
regions, the assessment of tsunami hazard for the exposeti2
coastlines is the most important task. The case of scenarios
triggered in one region with effects in another region is alsoThe grids for the northern Atlantic Ocean and the French
of particular interest in order to improve communication pro- Coastline (grids 0, 1, 2, 3, 4, and 5; Figs. 1 and 2) were gen-
cedures between operational systems. erated using the GEBCO World Bathymetric Grid (I0OC-
BODC 1997). The main grid (0) has been resampled’to 5
which is enough to model correctly the far-field propaga-

) ) ) _ tion of such tsunamis triggered by large earthquakes (telet-
This paper aims to discuss about the potential of tSunamknamis). The subgrids have been defined for numerical sta-

generation of _the Lesser Antilles subt_juction zone and Whability and depending on the coastal targets, for the Azores
would be the impact of a transoceanic event across the Atiegion, for the northeastern margin of South America, for the

lantic ocean. A special focus on the French coast related 0 @yestern African margin and the French western coastline:
1843-like scenario is also presented and discussed.

Input data

1.3 Obijectives of this paper

— subgrids for the northeastern margin of South America
(grid 1), the Azores (grid 2), the Cape Verde archipelago
(grid 3) and Western Africa, including the Canaries Is-
lands (grid 4), have been prepared from the GEBCO
dataset sampled at ¢~ 3700 m) (Fig. 2);

2 Numerical modeling
2.1 Methodology

The numerical code used for tsunami modeling has been de-

veloped by the French Commissariat a 'Energie Atomique — in order to model correctly the tsunami arrival on the
(CEA) (Guibourg et al., 1997). It is used to model the ini- French western coastline, subgrids are sampled at a res-
tiation of the tsunami wave, and then, to compute its prop- olution of respectively “1(grid 5) and 15 (grid 6) to
agation over bathymetric grids solving the non linear shal- approach the margin (Fig. 2a). A subgrid with 4 3
low water long-wave equations, derived from Navier—Stokes (~90m, grid 7), resolution shows the region near the
equations. The initial deformation is computed through an town of la Rochelle, focusing on the islands of Ré and
elastic dislocation model based on the formulas established  Oléron. Further subgrids shown on Fig. 2b focus on
by Okada (1985). This deformation is considered to be trans-  the town of la Rochelle with respective resolutions of
mitted without losses to the entire water column above. 30m (grid 8) and 10 m (grid 9) representing the trade
Tsunami propagation is obtained solving the hydrodynamic port (Allgeyer et al., 2012). These 4 grids are inte-

equations of continuity (1) and momentum (2) in spheri-
cal coordinates using a Crank—Nicholson finite difference
method, centered in time, with an upwind scheme in space,

a(na—jh)+V[v(n+h)]=O, Q)
0
% +@V)v=—gVn+)_f, (2)

whereh is the water depth; the water elevation above mean
sea level,v the horizontal velocity vector averaged along
the depth and g the gravity acceleration constant. For this

grated in grid 0 and were also prepared using GEBCO
data, supplemented with single-beam bathymetric data
from the French SHOM (French Hydrographic Ser-
vice). The grids were interpolated using the inverse dis-
tance weighting method, and considering the mean sea
level as a reference of wave height. The grids and the
associated modeling results do not take into account the
important coastline changes that have taken place be-
tween the 18th and 19th centuries, especially in France,
as we used present elevation data.

computation, both the bottom friction and Coriolis forces The time step used to solve the hydrodynamic Eqgs. (1)
are neglectedX_ f). In both Egs. (1) and (2), the non-linear and (2) decreases when the grid spatial step decreases, and
terms are taken into account in each point of the model. Thigespects for each grid level the CFL criterion to ensure nu-
method has been proved successful in previous studies imerical stability (Courant et al., 1928).
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rigidity variations with depth in subduction zones. Only three
of the tested scenarios are detailed in Table 1 and the related
modeling results shown in this paper; in line with the objec-
tives of this study they are sufficient to understand what could
happen if a tsunami was generated in the Lesser Antilles
and travelled across the Atlantic Ocean. However they rep-
resent worst case scenarios, especially with respect to recent
reappraisals of the 1843 earthquake (Beauducel and Feuillet,
2012), which may be associated to a deep rupture, i.e. at the
subduction interface, but for which no tsunami observation
has been clearly reported unlike for the oldest 1755 tsunami.

3 Results

3.1 Northern Atlantic impact

There are two types of modeling results. The main impor-
tant information related to tsunami modeling and useful for
tsunami warning plans are the tsunami travel times (TTT)
calculated from the source area to specific coastal places. In
this case of a Lesser Antilles tsunami propagating across the
Northern Atlantic Ocean, TTT calculations show on Fig. 1
indicate that in each tested case, the first wave should strike
firstly the northeastern coast of South America within ap-
proximately 2 h, impacting the Cape Verde Archipelago 3 h
after (after~ 5h of tsunami propagation), closely followed
several minutes later by the Azores Archipelago, then by the

- "; - ] : ; :;z_ Easte_rn African margin from Senegal to M_orocce(ih)
~5000 4000 -3000 -2000 -1000 0 1000 2000 3000 4000 5000 and f|na”y by Portugal,(_, 7 h)' Southern Spaln and France
Depth(m) after 8h of propagation. The second important information

concerns the predicted wave heights reached in coastal ar-
eas: the maximum wave height (MWH) maps of the 3 sce-
narios detailed in Table 1, calculated over thedsolution

grid (grid 0) covering the Northern Atlantic Ocean and cor-

) . ) responding to 12 h of tsunami propagation show that in each
2.3 Tsunami generation scenarios presented case (Fig. 3), the bathymetric features (mid-ocean

_ _ ridge, transform faults, oceanic basins, etc.) plays a predom-
For the purpose of this study, numerical tests have been pefxant role on wave propagation and amplification behavior

formed corresponding to severa_l cases of tsunami generati%cusing the tsunami energy and/or defocusing it onto spe-
by M\ ~ 8.4 earthquakes occurring along the Lesser Antilles i argets like the Western African margin or the Azores
subduction interface. This magnitude value, set within theArchipeIago as previously shown by lots of authors like
range of the estimated maximum 008< Mwmax < 8.5,and  g5take (1988) for historical tsunamis in other oceans and the-
the corresponding fault plane parameters have been Chos%?etically well-explained by Berry (2007). The role of the

following the recent studies of Feuillet et al. (2011a), Roger ¢ rce’s strike is also clearly demonstrated on Fig. 3, the

et al. (2013), and Hayes et al. (2013) about the 8 Februy,,in energy lobe being perpendicular to the fault direction

ary 1843 Lesser Antilles earthquake, and in agreement Wmlnote that the slip angle (rake) plays also a predominant role

used dataset and empirical relations obtained by Strasser g, the Iobe direction but stays unchanged in that study).
al. (2010), Blaser et al. (2010), and Murotani et al. (2013).

For information, aM,, ~ 8.4 earthquake corresponds ap- 3.2 Azores

proximately to a moment magnitudéz¢) of 6 x 101N m

according to the relation,, = %Log (Mp) —6.0 (Hanks and  Figure 3 highlights the fact that the Azores Archipelago, lo-

Kanamori, 1979) leading to a maximum rupture area ofcated at the triple point between the Atlantic mid-ocean ridge
~ 4 x 10* km? and a maximum rupture slip of 5m conform- and the Gloria transform fault, acts like a shield, diffract-

ing to these relations. The rigidity coefficient has been cho-ing the incoming waves, providing an apparent protection
sen according to the study of Bilek and Lay (1999) about theto France from waves coming from the Caribbean, resulting

Figure 2. Geographical location and extension of subgrids 5-9:
(a) in the Bay of Biscay angb) focus on la Rochelle Trade Port.
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Table 1. Parameters corresponding to the three scenaridfpf- 8.4 earthquakes located along the Lesser Antilles subduction zone.

Source Lon Lat Depthofthefault slip strike dip rake length width rigidity

©) (°)  plane center m 9 ) ) &m  (km) (Nm?)

(km)
1 -60.4 151 35 5 165 26 90 400 100  3Q0°
2 -61.3 16.8 35 5 145 26 90 400 100  300°
3 -623 178 35 5 120 26 90 400 100  3A0°

Scenario 2

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

Figure 3. Maximum wave height maps over the Atlantic Ocean, after 12 h of tsunami propagation, for 3 different locations and strikes of
a rupture scenario of magnitudéy ~ 8.4. (a), (b), and(c) correspond respectively to scenarios 1, 2, and 3 in Table 1.

for the 1843-like scenario (no. 2), in a reduction of offshore
MWH from 70 cm before the promontory, to 30—40 cm after

it (Fig. 4) and to coastal wave heights of less than 50 cm in
France (Figs. 5 and 7). In comparison, these maps show that
other coastlines, as those of Portugal or Africa are not as well
protected (MWH of more than 50 cm).

38°

3.3 Cape Verde and Northwestern Africa

Figure 3 is also interesting for the western coast of Africa

since it clearly reveals that the most restrictive scenario for

Africa (i.e. no. 1) does not have the worst consequences ons

the coastline except for the Cape Verde Archipelago, in com- m T [ e MWH (m)

parison with scenario 2 especially off the coast of South Mo-** °' ©* 708 00 e M2 e s

rocco where the margin exhibits lots of submarine canyonsgigyre 4. Maximum wave heights map over the bathymetric grid of

often responsible of wave amplifications. the Azores archipelago (grid 2) after 12 h of tsunami propagation
Focuses on Cape Verde Archipelago (Fig. 5a) and alongorresponding to the 1843-like scenario (no. 2).

Northwestern Africa, from Morocco to Liberia (Fig. 5b), cor-

responding to scenario 2 highlight these coastal amplifica-

tions that could occur after a 1843-like event. In comparison,from the north. Notice that there are noticeable tsunami wave

scenario 3 MWH map (Fig. 3) shows little impact on Western heights despite the fact that both previous places are not lo-

Africa with a rupture’s strike of 120 cated within the main energy lobe, i.e. perpendicular to the

fault strike, as described by Okal (1988).

3.4 Northeastern margin of South America

3.5 Northwestern Atlantic coast
Figure 6 shows MWH along the northeastern coast of South
America for the second scenario, highlighting the fact thatThis study reveals that a Caribbean tsunami, despite its lo-
some specific places as the Maroni river mouth, betweercation, would not spared the northwestern coasts of the At-
Surinam and French Guyana, or the region offshore the Deltdantic Ocean. In fact, Fig. 3 highlights that the south coasts
Amacuro, seems to react particularly well to wave arriving of New Scotland and Newfoundland (Canada) and even the
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3.6.1 Scenariol

Concerning scenario 1 (the southernmost source with energy
lobe directed towards Africa, shown on Fig. 5), the results re-
veals that the French coastline has a different response from
south to north (Fig. 7a): at the latitude of the Aquitaine re-
gion, the tsunami amplification is more pronounced than at
the latitude of the Vendée (from 30 to 10 cm); this is proba-
bly linked to the width of the continental shelf, larger in the
north and cut by a giant submarine canyon in the south (Cap-
breton canyon; described in Mazieres et al., 2014), as noticed

Mauritania in Fig. 5a. In this region, local amplifications are above all
) observed near Arcachon’s Bay (Fig. 8a).
>, Senegal The islands of Ré and Oléron (Fig. 9a) are exposed to a
Guinea-Bissau : significant amplification on their ocean-ward shores, leading
. : , (,\'x\"‘e N to MWH of about 60 cm at some places. By contrast, the har-
@M" . 5 . bour of La Rochelle and the Passage of Antioche are rather

more protected (MWH of about 10 cm) (Figs. 9a and 10a).

3.6.2 Scenario 2

00 01 02 03 04 05 05 07 03 05 10 W 12 13 14 18 Due to the source azimuth, the second scenario is expected
Figure 5. Maximum wave height maps after 12 h of tsunami propa- to have the hlghes_t impact on continental France._As fpr
gation across the Atlantic Ocean for the 1843-like scenario (no. 2)SCenario 1, modelling results on the French <_:oastllne dis-
It highlights coastal amplifications along the French and Portugues®lay a different response off the coast of Aquitaine (MWH
margins(a), in the Cape Verde archipelagio) and along the west- 60cm) than off the coast of Vendée (MW+10-30cm)
ern African margin linked mainly to submarine canyon locations. (Figs. 7b and 8b). Similarly local coastal amplifications are

still noticeable near Archachon’s Bay
7 70 6" or s s —sor For this second scenario, the islands of Ré and Oléron
; A e R e are even more exposed to amplification on their ocean-ward
shores, with MWH~ 60 cm on the majority of the shore
- and up to 150 cm in Oléron (Fig. 9b), compared to the same
Venez;;?la peira P places observed for the previous scenario (Fig. 9a).
Amacuro <, b The harbour of La Rochelle and the Passage of Anti-
. ’ oche are more protected than the east coasts of the islands,
with only significant wave heights circa 30cm. (Figs. 10b
and 11b).

3.6.3 Scenario 3

_ ] ) _ Despite scenario 3 mainly directs its energy towards the
F'g_“ref' Mﬁx'i?;g ;/_\I/(ave height mapszaftcre]r 12hof ts“”"’l‘m' pflc_’fPa' North-East direction (Fig. 3), continental France shoreline is
gation for the 1843-like scenario (no. 2) showing coastal amplifica- ) o jynacted than with scenarios 1 and 2. In this case, an
tions in the south of the Lesser Antilles arc and along the northeast- .

. . off coast amplification can be seen through the whole con-
ern margin of South America. . - . R
tinental slope (Fig. 7c). This amplification seems to have a

periodic pattern that could be generated by the scars in the
East coast of the USA could also potentially be affected bycontinental rise.

a tsunami coming from the Lesser Antilles subduction zone, e note that the contrast between Aquitaine and Vendée
regardless of rupture direction strike. is no more observed in this case (Figs. 7c and 8c). As in the

two precedent scenarios, the islands of Ré and Oléron are still
3.6 France exposed to significant wave heights up to 60-80 cm offshore,

but this time the island of Ré is struck more severely and on a
The results of the tsunami simulations for the Atlantic coastlonger section of the shoreline (Fig. 9¢). In that case, the Pas-
of continental France are displayed in Figs. 7-11 for thesage of Antioche is also more impacted, and the nearby bays
3 scenarios. are exposed to significant wave heights, reaching0cm

Adv. Geosci., 38, 4353, 2014 www.adv-geosci.net/38/43/2014/
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F"'F"'F"'!""F"'FHE T T T T T T T \‘EEF"! hA\A/F* (n1)
0.0 0.1 0.2 03 04 0506 0.7 0809 1.0 1.1 1.2 1.3 1.4 1.5
Figure 7. Maximum wave height maps obtained after 12 h of propagation showing coastal amplifications close to the French, Portuguese

and Spanish coastline (grid 5) for the 3 scenarios. From left to right, scengda@<2ib), and 3(c). The yellow rectangle shows the position
of the grid 6.

4 Discussion and conclusion

Modeling results have shown that considering this specific
Atlantic Ocean case, with a seismic source located along the
Lesser Antilles subduction interface, the strike value, directly
linked to the orientation of the main energy lobe, plays a
predominant role on the potential impact of a trans-oceanic
tsunami travelling across this ocean at first glance. But, af-
ter looking carefully at the results and analyzing into details
the three modeled scenarios MWH along the Atlantic coast-
lines, and focusing on the French coastline and the harbor of
la Rochelle as a high-resolution example, it seems that lo-
cal amplification patterns depend more on the bathymetric
conditions close to the impacted coastlines than on the rup-
MWH (m) ture strike. Maximum wave heights map highlights also the
fact that oceanic submarine features are able to focus the in-
Figure 8. Maximum wave height maps obtained after 12 h of prop- coming front towards well-identified places: on Fig. 3, the
agation showing coastal amplifications close to the French Atlanticmain tsunami energy lobe obviously propagates mainly or
coastline (grid 6) for the 3 scenarios. From left to right, scenar-partially towards the Azores archipelago despite the initial
ios 1(a), 2 (b), and 3(c). The yellow rectangle shows the position strike varies from 120 to 165 following simply the mid-
of the grid 7. Atlantic ridge, which acts like a waveguide. The same way,
the Kane transform and fracture zone, extending from the
Bermudas to the half-way between Cape Verde and the Ca-
locally. MWH of 60 cm are obtained off the southeastern vil- naries (Sharkov, 2012), also allows to focus tsunami waves
lage of Ré Island (Sainte-Marie-de-Ré), in la Rochelle’s Mi- onto the Mauritania and Senegal coasts and their neighbor-
nimes Yacht Harbor, in the trade port and in Godechaud Bayhood (Figs. 3 and 5b).

Vendee

south of la Rochelle (Figs. 10c and 11c). A further detailed frequency analysis of the observed am-
plifications in Azores or Cape Verde would help to link them
3.7 Portugal and Spain to local resonance phenomenon between islands like those

studied by Munger and Cheung (2008) after the 2006 Kuril
Whatever the orientation of the main tsunami energy lobe tsunami reacted with Hawaii Archipelago or by Allgeyer et
the whole Portugal coast, Galicia (Northwestern Spain) andal. (2013) for the resonance in the Marquesas Islands. Again,
Western Andalousia (Southwestern Spain) are particularlysea-bottom shape showing numerous submarine canyons lo-
impacted by tsunami wave heights of1m (Fig. 7a, b, cated along the margins are also able to focus waves energy
and c). toward specific locations aside the canyons’ extremity as pro-

www.adv-geosci.net/38/43/2014/ Adv. Geosci., 38, $3-2014
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Figure 9. Maximum wave height maps obtained after 12 h of propagation showing coastal amplifications close to the coastal town of la
Rochelle (grid 7) for the 3 scenarios. From left to right, scenari@a)12 (b), and 3(c). The yellow rectangle shows the position of the
following grid 8.

—1 18 -1°15' =1°12' =1°09' —1 18" =1°15' =1°12' =1°09' —1 18" 115" =1°12" =1°09'

46°10'
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Figure 10.Maximum wave height maps obtained after 12 h of propagation showing coastal amplifications in the passage of Antioche (grid 8)
for the 3 scenarios. From left to right, scenarig@}l 2 (b) and 3(c). The yellow rectangle shows the position of the following grid 9. SMR:
Sainte-Marie-de-Ré, TP: trade port, YH: yacht harbor, GB: Godechaud Bay.
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Figure 11. Maximum wave height maps for the trade port of la Rochelle (grid 9) obtained after 12 h of propagation for the 3 scenarios. From
left to right, scenarios fa), 2 (b), and 3(c).

posed by Roger and Hébert (2008) or loualalen et al. (2010Relative protection of France by the Azores

for the Balearic and Atacames promontories respectively and

more specifically by Divyalakshmi et al. (2011) for the south- The wave trapping by the bathymetry and the presence of

east coast of India and Iglesias et al. (2013) onto syntheti¢he Azores Archipelago have a huge influence on modeling

models. results along the coast of France. While the first scenario
shows little MWH off France, the second and third scenarios
present similar impact on those coasts, scenario 3 being fi-
nally the most restrictive. In this scenario, the maximum lobe
of energy, which direction is partially due to the waveguiding
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