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Could a 1755-Like Tsunami Reach the French Atlantic Coastline? Constraints from Twentieth
Century Observations and Numerical Modeling

S. ALLGEYER,1’3 C. Dausorp,” H. HEBERT,1 A. LOEVENBRUCK,l F. SCHINDELE,l and R. Mapariaca®

Abstract—The tsunami generated by the 1 November, 1755
earthquake off the coast of Portugal affected mainly the coastlines of
the Iberian Peninsula and Northwest Morocco, but was also observed
in some places along the North Atlantic coasts. To determine whether
the event could have effected the French coastline, we conducted a
study to search for signs of the tsunami in historical records from all
tide gauge stations off the French Atlantic coast during the twentieth
century, specifically for the 28 February, 1969 and the 26 May, 1975
tsunamis that were recorded by the Portuguese tide gauge network.
Because many recordings are available in La Rochelle (located on the
southwest coast of France), we focused our study on this harbor. The
analysis of the tide gauge data shows no evidence for tsunamis in La
Rochelle, neither in 1969 nor in 1975. To confirm this lack of tsunami
signals, we used nonlinear, shallow water equations to compute the
tsunami propagation to the French Atlantic coastline for both 1969 and
1975 events. Results obtained from these simulations confirm other-
wise unnoticeable wave amplitudes at La Rochelle harbor. In a second
step, tsunamis from three different scenarios for the 1755 earthquake
were modeled to estimate the impact of such a tsunami on the French
Atlantic coast, with a focus on La Rochelle harbor. A comparison of
the functions of tide configuration was made in order to analyse the
difference in impact. The results show that, while the harbor is poorly
impacted, several areas (western part of the island of Ré and northern
coast of the island of Oléron) may have experienced a moderate impact
from0.5to 1 m, especially since the tide was high at the time of arrival,
possibly causing local inundations in lowland areas.

Key words: Tsunami hazard, France, Atlantic Ocean,
numerical modeling, observations.

1. Introduction

The northeast Atlantic, compared to other ocean
basins such as the Pacific Ocean, is less affected by
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great tsunamis. However, historically, some large
earthquakes have occurred in this region triggering
massive tsunamis, among them the 1755 Lisbon
earthquake and tsunami that remain the most devas-
tating in the history of the region (BapTisTA and
MiraNDA 2009). In agreement with the large magni-
tude estimated for this event ~M,,8.5, the evaluation
of the associated macroseismic intensities has shown
a maximum of at least X in the southwest of Portugal.
Various studies based on macroseismic intensity
distribution have suggested that the source of the
1755 earthquake is around 200 km off the coast of
southwest Iberia, close to the Gorringe Bank or
Marques de Pombal zones (Baprista et al. 2003;
GRANDIN et al. 2007).

Due to the earthquake, considerable shaking was
felt throughout Europe, causing water level oscilla-
tions in lakes, ponds and harbors (REiD 1914). These
coseismic perturbations must be distinguished from
tsunami waves that reached within the first hour after
the mainshock hit Portugal and Spain, and caused
considerable damage (BapTisTa and MiraNDA 2009).
It was reported that the tsunami effects were felt in
Morocco (BrLanc 2009), the West Indies (ROGER et al.
2011), and also in Great Britain and Ireland (HASLETT
and Bryant 2007; HorsBURGH et al. 2008). Several
locations of impact are reported, such as in the county
of Cork (Ireland), the Bristol Channel, and the region
of Penzance in Cornwall (Re> 1914, 1918) (Fig. 1).

So far, we have not confirmed reported observa-
tions that the tsunami reached other distant coastlines.
Moreover, recent historical reappraisals tend to lower
its estimated impact in Spain or Morocco (BLANC
2008, 2009).

Regarding France, no historical observations of
tsunamis exist for the Atlantic coastlines so far, and
we suspect that the tsunami events triggered in the
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Figure 1
Context of the studied area shown with bathymetry from the General Bathymetric Chart of the Oceans (GEBCO) (I0C-BODC 2003) and focal

mechanisms for the 1969 and 1975 earthquakes (see Table 4 for characteristics). The 1755 epicentral area is plotted with the dashed ellipse.

Red squares indicate the probable impact of the 1755 tsunami on Ireland (/ county of Cork), and United Kingdom (2 Bristol Channel, 3

Penzance Bay). Blue squares indicate places where a relative amplification is obtained in the 1755 tsunami modeling (see text for details) (4

south Finistere, 5 Gulf of Morbihan). This figure also displays the La Rochelle harbor where high resolution tsunami modeling was carried
out. Black dots denote the seismicity from EMSC-CSEM for the period 1998-2011 and magnitudes M > 4 (Gobgy et al. 2006)

Gulf of Cadiz region during the twentieth century
were too small to be noticed. However, in situ
investigations for high-energy deposits in the region
have been debated; for instance, researchers believe
that high-energy incursions of water into wetlands
may have occurred in the southern part of French
Brittany, as evidenced by sand or gravel deposits,
possibly consistent with events similar to the one in
1755. Available radiocarbon datings suggest the
possibility of such an event in the eighteenth century,
having affected at least Pointe de la Torche (HASLETT
and Bryant 2007).

In arecent attempt to investigate archived tide gauge
records, Service Hydrographique et Océanographique

de la Marine (SHOM), the hydrographic service of the
French Navy responsible for coordinating sea level
observation in France and for maintaining the national
tide gauge archive, gathered and scrutinized the histor-
ical observations available. Several possible events
capable of reaching the French coastlines have been
identified, mainly those listed in previous works (Bap-
TisTA and MranDA 2009). Earthquakes such as those
which occurred in 1941, 1969 and 1975 were consid-
ered, in particular, since they were responsible for
tsunami waves observed in Portugal. As will be shown
in this article, these investigations did not reveal any
tsunami record on the French coastlines, at least for one
of the harbors equipped with a tide gauge (LL.a Rochelle),
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where records for both years 1969 and 1975 are avail-
able and do not exhibit any anomalous sea level
variation.

Another objective of this study was to estimate
the possible effects of the 1755 tsunami on the French
coastline. Thus, our work considered the numerical
modeling of the tsunami waveforms associated with
the 1755 earthquake. In order to compute the full
waveform propagation, we built a series of nested
bathymetric grids. In the first part of this paper, we
focus on the 1969 and 1975 events and their possible
effects on La Rochelle harbor. Our model predicts
only a few centimeters of wave amplitude, which is
consistent with the lack of observations. The second
part of this paper is devoted to modeling the wave
propagation associated with the 1755 event. The
waveforms have been deduced from the proposed
source models available in international literature
(Baptista et al. 2003; GuTscHER et al. 2006; JoHN-
STON 1996). A maximum wave amplitude of 20 cm is
predicted on the actual tide gauge of La Rochelle;
however the amplitude could have reached as much
as 50-100 cm at other location in the vicinity of La
Rochelle (i.e. the islands of Ré and Oléron).

2. Observations Along the French Atlantic Coast
in the Twentieth Century

2.1. Studied Events

28 February 1969: off Portugal, Azore The M,
7.8 earthquake off the Portuguese coast was gener-
ated at 2h40 (UTC) on 28 February, 1969, located at
10.57°N, 36.01°W (Fukao 1973; BUFORN et al. 1988).
A small tsunami amplitude (less than 1 m) was
observed on the Portugal, Morocco and Azores tide
gauges. BAPTISTA ef al. (1992) and GIEVIK et al.
(1997) have studied these data and concluded that
Fukao’s (1973) source fits well with the records from
tide gauge stations.

7 September 1972: Oleron Island An earthquake
of magnitude M, 5.2 occurred at 10:26 p.m. (UTC),
on 7 September, 1972, near the island of Oléron. The
epicentral coordinates (45.97°N—1.51°E) are located
in the Atlantic Ocean between Oléron Island and the
Atlantic coast (N1coLas et al. 1990; MAZABRAUD et al.

2005). Local fishermen at the harbor of Oléron island
reported abnormal water waves of approximately 0.6
m, without precision on the arrival time (BRGM
2009).

26 May 1975: Azores This earthquake of magni-
tude M, 7.9 was generated at 9h11 (UTC) on 26 May,
1975, located at 17.5°N, 35.9°W according to the
USGS. Several authors (LynNNeEs and Rurr 1985,
BuFoRN et al. 1988) evaluated the focal mechanism as
a strike-slip event with no significant dip-slip com-
ponent, but it generated a small tsunami. The tsunami
was recorded on tide gauges located in Portugal,
Morocco, and Azores, with a maximum amplitude of
0.6 m at Lagos, Portugual (BaptisTA et al. 2003).

2.2. Studied Sites/Observations

A systematic search and inventory of tide gauge
records related to the tsunami events listed above was
conducted at the French archive centers. Most of the
maregraphic heritage is archived at SHOM. Other
recordings were found in the Services Historiques de
la Défense (SHD), the Institut Géographique National
(IGN), harbor records, and services related to the
successive civil engineering departments (TP). This
investigation was facilitated by existing inventories
of sea level data (Pouvreau 2008; Gouriou 2011).

Thus, data from four, two and nine tide gauge
stations were examined for the events of 28 February,
1969 (Table 1), 7 September, 1972 (Table 2) and 26
May, 1975, respectively (Table 3). Most of them are
records (original or copy) from float-type analog tide
gauges, and are of good quality. Those from Le
Havre and Dunkerque are hourly sampling data,
corresponding to hourly readings from the original
tide gauge records, and are unsuitable for the present
study. Original records of the data from St. Nazaire
and Dieppe have not been found, and the available
copies are not of sufficient enough quality to be
studied.

Most of the stations are located on the northern
part of the French Atlantic coast (Brest, Le Conquet,
Saint-Nazaire) and on the Channel coast (Dunkerque,
Dieppe, Le Havre). The southernmost stations for
which we have data are Bordeaux, La Rochelle and
fle d’Aix (Fig. 2).
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Table 1

Inventory of existing tide gauge data related to the 28 February, 1969 event

Pure Appl. Geophys.

Harbor Data type Data quality Measurement device Source (producer)
La Rochelle—La Pallice A Good Tide gauge Saint Chamond Granat SHOM (TP)
Brest A Good Tide gauge OTT 3068 SHOM (SHOM)
Le Havre (Sémaphore) T (hourly data) Not adapted Tide gauge Saint Chamond Granat IGN (IGN)
Dunkerque T (hourly data) Not adapted Tide gauge Saint Chamond Granat IGN

SHOM Service Hydrographique et Océanographique de la Marine, TP the French Department(s) of civil engineering, IGN Institut Géo-

graphique National, A analogical tide gauge record, T tabulation

Table 2

Inventory of existing tide gauge data related to the 7 September, 1972 event

Harbor Data type Data quality Measurement device Source (producer)
La Rochelle—La Pallice A Good Tide gauge Saint Chamond Granat SHOM (TP)
Le Havre (Sémaphore) T (hourly data) Not adapted Tide gauge Saint Chamond Granat IGN (IGN)

SHOM, TP, and IGN abbreviations are the same as Table 1

Table 3

Inventory of existing tide gauge data related to the 26 May, 1975 event

Harbor Data type Data quality Measurement device Source (producer)
Bordeaux A Good Tide gauge OTT SHOM

St. Nazaire A (copy) Bad Tide gauge Brillié IGN

La Rochelle—La Pallice A Good Tide gauge Saint Chamond Granat SHOM

Brest A Good Tide gauge OTT SHOM (SHOM)
fle d’Aix A Good Tide gauge OTT SPC LA (TP)

Le Conquet A Good Tide gauge OTT R16 SHOM (SHOM)
Le Havre (dredging) T (hourly data) Not adapted Tide gauge Saint Chamond Granat IGN (SD PAH)
Dieppe A (copy) Bad Tide gauge Brillié IGN

Dunkerque T (hourly data) Not adapted Tide gauge Saint Chamond Granat IGN

SHOM, TP, IGN abbreviations are the same as in Table 1. SPC LA flood forecasting service of the Atlantic coast, SD PAH dredging service of

Le Havre harbor

For the event of 1969 and 1975, only La Rochelle
harbor records show visible sea level oscillation that
could contain long waves related to tsunami.

2.3. Tidal Data Analyses

Tide gauge records were digitized at a 1 minute
sampling rate using Numerisation des Niveaux d’Eau
(NUNIEAU) software developed by ULLMANN et al.
(2005). The methodology used to analyse signal con-
tents is inspired from the one described by RaBINOVICH
et al. (2006). Digitized height series were first com-
pared to tide prediction calculated with the mas software

(ForemaN et al. 2009; Simon 1991, 2007). Comparison
with theoretical tides enabled us to check the time
system, time and height scales and to detect possible
time shifts in the records. Residual height series (surges)
were then filtered through a high-pass Butterworth filter
with a 2.8 x 10~*Hz cutoff frequency (period of 1 h).
This enabled us to remove barometric effects and
residual tide components due to possible time shifts
between predictions and observations. Wavelet trans-
form technique was used for the time—frequency
analysis of the filtered signal, because a simple spectral
analysis (Fourier transform) does not provide time
information on the arrival of these frequency.
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Figure 2
Location of tide observatories where data were found for the 1969,
1972 and 1975 event

When applied to La Rochelle data of the 28
February, 1969 event, this methodology shows that an
important energetic oscillation (4 cm high zero-crest)
was observed at Oh30 UT, thus about 2 h before the
earthquake origin time (2h40) (Fig. 3). This may
correspond to a seiche of unknown origin. However,
no significant oscillations were present 3.5 h after the
seismic event (estimated Tsunami Travel Time, labeled
“T” on Fig. 3). Smaller disturbances are pointed out on
the time scale representation at 10h UT and 12h10 UT
with frequencies of 2 and 2.7 mHz, respectively. It is
important to highlight that no time shift was observed
between tide predictions and observations. This is in
agreement with meta data that attest to a good clock
operating of the tide gauge, and it allows us to be rather
confident in our temporal observations.

Concerning the 26 May, 1975 event, the La
Rochelle record (Fig. 4) shows a slight time shift
between observations and predictions, more likely due
to a physical effect (meteorological effect or displace-
ment at the reference site between observed time and
time measurement used for prediction) than to a
disturbance of the tide gauge clock. Some small
oscillations are present 4 h after the mainshock

(estimated Tsunami Travel Time, labeled “T”), but
without relevant amplitudes. The most significant high-
frequency oscillations were recorded on 27 February at
2h50 UT (18 h after the mainshock), with rather small
amplitudes (less than 10 cm crest-to-trough) that
decreased rapidly below noise levels after 2 h. This is
probably a seiche oscillation quite similar to the one
observed in 1969 before the earthquake.

3. Numerical Simulation of Tsunamis Triggered
by Earthquakes Offshore Portugal

3.1. Numerical Modeling

The computation of the tsunami propagation is
based on hydrodynamic equations, under the nonlinear
shallow water approximation. In the most cases, these
equations are divided into a set of two hyperbolic
equations, containing an equation of motion,

i e )

S+ (i V)i +f x i = =gV, (1)
and an equation of continuity,

0 h

WD L =0 @

In these equations, i denotes the velocity field inte-
grated over the water column, symbolized by the mean
sea level height (7) and the sea level disturbance (7).
The Coriolis parameter is denoted by f, and g denotes
the acceleration of gravity. For these simulations, the
contribution of the Coriolis forces and the bottom
friction are not solved. The open boundaries are solved
using a Sommerfield radiation condition,
dn+h)  d(n+h

T Y (3)

where ¢ is the nondispersive wave velocity of the
tsunami wave (1/g - h). Neumann boundary equation,

i-ii =0, (4)

is used for the wet—dry boundary (total reflection).
So, no inundation is computed in this study.

This set of equations is solved with a finite
difference numerical code using a CRANK and NicoLSON
(1947) scheme on a series of nested bathymetric grids to
take account of the different shoaling effects that occur
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Figure 3

Analysis of the tide gauge observations in La Rochelle harbor following the Azores earthquake of February 28, 1969. a Extract of the

centimeter-detailed curve of the original tide gauge record. Zoom on the major oscillations recorded but unrelated to the tsunami. b Plot of the

1 min digitized sea level record and comparison to tide predictions. ¢ Calculation of the detided series (surge signal). d Calculation of the high

pass filtered series (filtered signal). e Frequency-time plot of the high pass filtered series. The dashed vertical line labeled “E” indicates the
time of the mainshock of the earthquake and the label “T” indicates the theoretical tsunami arrival
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Figure 4
Analysis of the tide gauge observation in La Rochelle harbor follow?ng the Azores earthquake of May 26, 1975. a Extract of the centimeter-
detailed curve of the original tide gauge record. Zoom on the major oscillations, occurring 17 h after the earthquake. b Plot of the 1 min
digitized sea level record and comparison to tide predictions. ¢ Calculation of the detided series (surge signal). d Calculation of the high pass
filtered series (filtered signal). e Frequency-time plot of the high pass filtered series. The dashed vertical line labeled “T” indicates the time of
the tsunami arrival computed by simulation
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close to the shores. This model has been tested and
validated in numerous cases (see, for example, HEBERT
et al. 2007; SAHAL et al. 2009). The initial seismolog-
ical deformation is based on the homogeneous elastic
half-space deformation (OxaDA 1985) constrained by
seismological parameters of the rupture that satisfy the
expression of the moment magnitude,

M = pULW, (5)

where u denotes the rigidity of the medium, U the
average slip along the fault of length L and width W.

3.2. Nested Grids

The wave propagation was calculated from the
epicentral area across the northwest Atlantic Ocean.
We used a set of six nested grids with an increasing
resolution to take into account a better description of
shorter waves when they approached our area of
interest, namely the French Atlantic coast and the La
Rochelle harbors (Fig. 5).

The two coarser grids, corresponding to the north-
west Atlantic Ocean and the entire western French
coastline were generated using the GEBCO World
Bathymetric Grid (JOC-BODC 2003) with a space
increment of 1’ (Grid 0) and 30" (Grid 1). The

Grid0 (1)

55°N |

50°N

45°N

40°N

35°N

1.5°W

Pure Appl. Geophys.

intermediate grids were included for numerical stability
during the nesting, so that the waveforms were evenly
sampled at each grid level, with a resolution of 10” (Grid
2). The Grid 3 with a resolution of 3” was used to
observe the maximum wave height near La Rochelle.
The last two grids, used to compute the synthetic tide
gauge in the La Rochelle harbor, were computed with a
space resolution from 30 to 10 m, again using GEBCO
data, completed with single-beam bathymetric data
from SHOM and with nautical charts. All the grids were
interpolated with the inverse distance weighting
method, and use the mean sea level as a constant term
in the tide coefficient analysis.

3.3. Seismic Sources Used

Table 4 shows the different seismic parameters
used to make the simulation. Three seismic events are
studied. Two (the 1755 and 1969 earthquakes) are
located closer to the Portuguese coasts than the third
(the 1975 event), which is near the Azores.

For the 1969 event, we consider the Fukao (1973)
source, validated by other study (GRANDIN et al.
2007), for which we have modified the strike angle
from 55 to 73 in agreement with other tsunami
analyses (GIEVIK et al. 1997) that better fit the

Grid 3 (3")

L S
1w 0.5°W

Grid 5 (0.3, 9m)

Figure 5
Set of nested grids used for the different tsunami simulations from the large scale to the La Rochelle harbor. The red circle represents the tide
gauge location
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Table 4

List of the different seismic sources used for this study

Source Lat Lon Depth Slip Strike Dip Slip  Length Width Rigidity M,,
) ) (km) (m) ©) ©) ) (km) (km) (GPa)
1969  Fukao (1973) 36.01 —1045 33 3.85 235 52 55 80 50 65 7.9
1975  Lynnes and Rurr (1985) 359 —17.5 33 11 288 72 184 80 20 50 7.8
1755  JounsTON (1996) 36.95 —1145 27 13.1 60 40 90 200 80 60 8.7
BartisTa et al. (2003) 36.1 —8.7 20.5 20 250 45 90 155 55 30 8.5
GUTSCHER et al. (2006) 36.8 —10 20.5 20 21.7 24 90 96 55 65 8.8
35.5 -7.5 15.1 20 346 5 90 180 197 30
35.3 —-8.6 32 20 346 30 90 180 12 30

See also the location in the Fig. 1

observations on Portuguese tide gauges. This source
corresponds to an M,, 7.8 moment magnitude. For the
1975 event, the source proposed by LYNNES and RUFF
(1985) was used: a right lateral strike-slip with a
small vertical component located near the Gloria
transform, 200 km to the south, in this area of diffuse
plate boundary (LynNEs and Rurr 1985). The moment
magnitude is M,, 7.9.

Three different seismic sources were used for the
1755 earthquake. The first model by JounsToN (1996)
(M, 8.7) suggests that the earthquake was generated
in the Gorringe Bank, a topographic feature that
extends from about 10.5 to 12.5 W in a NE-EW
direction, a location also preferred from strong
motion modeling (GraNDIN et al. 2007). Based on
original high-resolution offshore data and tsunami
modeling, the second model of Baprista et al. (2003)
( M,, 8.5) suggests that there is a double segment
source including the Marques de Pombal thrust fault
(MPTF) and a thrust fault oriented along the
Guadalquivir Bank (GB). The last one, GUTSCHER
et al. (2006) (M,, 8.8), suggests that the source fault
is located in a subduction zone that presumably exists
beneath Gibraltar.

4. Results

4.1. The 1969 and 1975 Tsunamis

Figure 6 shows the maximum wave height
obtained for each computed source, (a) for the 1969
earthquake, (b) and the 1975 earthquake. Results on a
large scale show that for both events, the coasts of

northern Europe were not affected by the maximum
radiated energy, which was oriented to the north
(1975) or northwest (1969). Maximum amplitudes
close to the source reached about 1 m very locally,
while at distances, the maximum amplitude did not
exceed a few centimeters. Maximum amplitudes of
about 0.4 m were obtained for the 1969 tsunami, for
south Portuguese coastlines and the Gulf of Cadiz in
Spain. The impact of the 1975 tsunami, was distrib-
uted more evenly all along the Portuguese coastline,
and less in the Gulf of Cadiz.

A striking relative amplification occurred on the
continental margin off the British Isles and French
Brittany, where submarine bathymetric gradients
(canyons and ridges) refocused the tsunami ampli-
tudes southern Ireland and Cornwall,
especially, with maximum amplitudes of a few
centimeters as well. To a lesser extent, a similar
focusing occurred towards French Brittany, espe-
cially towards north Finistére, south Finistére and
Gulf of Morbihan, placing the corresponding coast-
lines at a relatively higher level of exposure to this
kind of tsunami arrival. These results also coincide
rather well with the sites investigated by HASLETT and
Bryant (2007). Overall for the French coast, maxi-
mum wave amplitudes varied from approximately
46°N (French Brittany) to 48°N (estuary of the
Gironde), while the southern coastal portion towards
the Spanish border seems to have been less impacted.
This is due to the protection provided by the Iberian
peninsula against direct tsunami impact.

Looking closer to our site of interest in La
Rochelle, Fig. 7 shows the maximum wave height on
the grid of finer resolution; as inferred from the large

towards
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Maximum wave heights modeled for each events: a 1969, b 1975, black lines indicate the isochrons of the Tsunami Travel Time
(plotted each hour)
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Figure 7
Maximum wave heights for each simulated event in the area of La Rochelle: a 1969, b 1975

scale view, the La Rochelle site was located in
weakly affected areas for both 1969 and 1975
tsunamis (Fig. 6). The overall impact of the 1969
event does not exceed a few centimeters, especially in
La Rochelle, with values of 0.2 m in the western and
southern parts of the island of Ré. Similar values
were recorded on the northern part of the island of
Oléron. By contrast, the straits between the island of
Ré and La Rochelle seems to have been more

protected, with maximum amplitudes of a few
centimeters only. For the 1975 event, the numerical
simulation showed no expectation of tsunami waves
in this region.

4.2. Constraints on the 1755 Tsunami

Considering three different sources for the 1755
event, we computed the maximum water heights
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Maximum wave heights for each modeled events: a JoHNSTON (1996), b Baptista et al. (2003), ¢ GUTSCHER et al. (2006), black lines represent
the isochrons of the Tsunami Travel Time (plotted each hour)

obtained in the northeast Atlantic (Fig. 8). For all Depending on the source azimuth, the maximum
sources, the maximum wave amplitude at the center radiation patterns were oriented towards the western
of the source reached more than 10 m locally, (source of BAPTISTA et al. 2003; source of GUTSCHER

especially the Baprista et al. (2003) source. et al. 2006) or northern (source of JoHNSTON 1996)
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Atlantic Ocean, due to the theoretical radiation
patterns of tsunami energy (OxaL 1988). Then,
submarine features also trapped the energy (SATAKE
1988), especially off the northwest Iberian peninsula.
Maximum water heights reached almost 1 m in many
places, especially with the JounsTon (1996) source
for the geographical frame considered in our study.
These values are not surprising for such a strong
magnitude event.

As for the 1969 and 1975 tsunamis, the maximum
amplitudes were also recorded in southern Portugal and
the Gulf of Cadiz with values exceeding 1 m at some
coastal points; these measurements preceded the final
amplification not accounted for at this level of model-
ing, but were consistent with destructive amplitudes of
several meters frequently reported (BLanc 2008, 2009)

Figure 8 also reveals that both sources led to
reamplification towards the British Isles and, less
significantly, towards part of the French Atlantic
coastline. For the JounsTon (1996) source, amplitudes
from 0.5 to 1 m were obtained off the western and
southern coasts of Ireland, as well as offshore
Cornwall. Sources from BaptisTa et al. (2003) and
GuUTSCHER et al. (2006) yielded lower impact for these
areas. Two areas of French Brittany, already pointed
out for the 1969 and 1975 tsunamis, were also
impacted by amplitudes of 0.6 to 0.8 m. For the
Bartista ef al. (2003) and GuUTSCHER et al. (2006)
sources, the same coastal zones were highlighted, but
with amplitudes about half as big as for the Johnston
source, thus not exceeding 0.5 m.

Using a refined bathymetric grid (Fig. 9) allowed
us to highlight the same geographical places as the
1969 and 1975 models. The western and southern
part of the island of Ré exhibited maximum ampli-
tudes of 0.5 m (sources from BapTISTA ef al. 2003;
sources from GUTSCHER et al. 2006) to 1 m, similar to
the northern coast of the island of Oléron. The straits
between the island of Ré and La Rochelle is impacted
by maximum amplitudes of 0.3 to 0.5 m, depending
on the source.

5. Discussion

In this study, we tried to explore the possible
impact of the 1755 tsunami on the French Atlantic
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coastlines, with the help of actual records of the
twentieth century, for a tide gauge in the harbor of La
Rochelle. However, the records gathered by SHOM
do not display any tsunami signal, for neither the
1969 nor the 1975 tsunami. By contrast, the modeled
impact of the 1755 tsunami seems to be more sig-
nificant, yet moderate.

5.1. Validity of the Tsunami Models for the Twentieth
Century Events and Implications for 1755

For La Rochelle, Fig. 10 shows the results of a
synthetic gauge located in the harbor for all the
simulated events. Given the small crest-to-trough
amplitudes obtained for the 1969, the amplitude of
high frequency numerical noise is important. Thus,
the resulting computed synthetic tide gauges were
filtered to keep only the periods greater than 2
minutes (Fig. 10a).

The analysis of these results shows that the
models for the 1969 tsunamis did not produce any
significant water heights in La Rochelle harbor (with
a maximum crest-to-trough amplitude of 2 cm for
both events), and no tsunami waves were expected
for the 1975 event. This is in agreement with the lack
of reliable signal that we revealed in section 2. The
1755 synthetic result (Fig. 10b) showed a small sea
perturbation in the harbor, of 0.3 to 0.6 m crest-to-
trough, depending on the source used, the largest one
being associated with the source of JoHNsSTON (1996).
Depending on the source, the variability of the result
was large, and the largest magnitude (source of
GUTSCHER et al. 2006, M,, 8.8) did not produce the
largest amplitudes.

The 1969 model produced typical periods of about
20 min. For the 1755 tsunami, while the sources of
BaptisTa et al. (2003) and of JonnsTON (1996)
produced periods of about 30 min, the source of
GUTSCHER et al. (2006) exhibited a surprisingly long
period not yet explained; however, it is certainly
related to the longest dimensions of the source area
and also to the small dip angle (about 5°) used in this
source model. Even the 30 min period seems to be
very large compared to the estimated eigen period of
the basin, estimated to be about 16 min. The quite
constant water height in the different grid resolution
near La Rochelle harbor led us to conclude that no
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amplification was observed due to a resonance
phenomenon.

5.2. Effect of Tide

It is well known that tsunami and tidal wave
interaction cannot be neglected (KowaLk et al.
2006), especially in the case of small tsunami
amplitudes. In this case, the combination of the
tsunami wave field with high tide can make an

(2006)

important difference in the inundation, which we did
not compute in this study. Here, we tested the effect
of the tide in two cases: for high tide and low tide
during strong peak-to-peak tide amplitude. We used
the tide computation of the spring tide of September
2011 where the peak-to-peak amplitude reaches 5 m
in La Rochelle harbor. Unlike other authors (BAPTISTA
et al. 2011; Dao and TkaLicH 2007), who shifted the
bathymetry on a constant independent of space, we
used a dynamical tide model to define the tide
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deviation from sea level at any point. For the tsunami
simulation, we used a static bathymetry with the tide
being equal to the high and low tide in La Rochelle
harbors.

Figure 11 shows the maximum wave amplitudes
obtained in the case of the low tide and high tide
configuration. The analysis of Fig. 11 shows different
impacts as a function of the tide configuration.
During low tide (Fig. 11a), the maximum amplitude

of the northern part of the island of Ré reached 1 m
whereas during high tide configuration (Fig. 11b), the
impact of the maximum spread over a more extended
region. In any case, the impact in the area of La
Rochelle harbor remained close to 0.2 m.

As evidenced by theoretical tide models, the 1755
tsunami arrival in the studied area occurred close to
the high tide, thus similar to the configuration shown
on Fig. 11b. The most impacted areas were probably
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the western and southwestern coastlines of the island
of Ré, where local inundations may have occurred on
lowlands. This could be further explored through
future historical or in situ investigations, as well as
detailed inundation modeling, provided high resolu-
tion topographic data are available.

5.3. Exposure to Earthquake-Related Tsunami
Hazard for the Western French Coastline

These first models also underline a relatively
higher exposure of French Brittany with respect to the
region of La Rochelle, whose harbor is probably well
protected (no further amplification is gained from the
previous grid to the harbor grid). This is the case for
the 1969 and 1975 tsunamis. Looking in detail at
Fig. 6 reveals that the computed amplitudes on the
coarse grid may locally exceed 5 cm off the coast of
Brittany. As the Brest tide gauge record kept in
SHOM does not display any anomalous signal for
either event, as in La Rochelle, we have to stress that
the Brest harbor is extremely well protected at the
bottom of a bay, whose entrance is very narrow, and
may not record properly such small amplitudes.

Considering the results for 1755, for which the
simulations indicate Brittany was impacted by ampli-
tudes of a few tenths of centimeters on the coarse
grid, this may indicate that no further amplification is
expected to occur towards places such as Brest.
However, other low-lying shores that are more open
to the ocean, such as the island of Ré, deserve specific
investigations, either through detailed modeling or
through in situ surveys in places where anthropic
influence is poor. The difficulty is that these places
are also among the most impacted during frequent
severe storms from the Atlantic Ocean, and as such,
the discrimination between such records is rather
tricky.

6. Conclusion

We analysed the impact of tsunamis on the French
Atlantic coast due to earthquakes off Portugal. After a
long survey consisting of the collection of tide gauge
records which could have tsunami signatures, we
studied two events (1969 and 1975) in La Rochelle,

where records of sea level variation are available for
both years. An important step in the analysis of tide
gauge data was the comparison with the theoretical
tide. It allowed us to check the correct time and
height information and unit system. With the help of
the estimated tsunami arrival and the correct time
system of our tide record, we conclude that the long
period oscillations that are observed are seiche
oscillations not related to tsunamis triggered by these
earthquakes.

A more precise and systematic study of the entire
French coast was conducted using numerical simu-
lation of events located off the coast of Portugal.
Results confirmed that the 1969 and 1975 events
could not have been observed in La Rochelle harbor,
but that a 1755-like tsunami could be recorded on the
modern tide gauge presently operated in the harbor,
with crest-to-trough amplitudes of about 20 to 40 cm,
thus possibly creating very limited disturbances in the
harbor. By contrast, the western and southwestern
coasts of the nearby island of Ré may have experi-
enced greater impact from the 1755 tsunami, with
maximum amplitudes of about 1 m.

This study also led us to identify some areas on
the northern part of the Atlantic (French Brittany)
which seem to systematically amplify tsunami waves,
probably due to canyons located on the margin of the
Bay of Biscay. Considered together with places such
as the island of Ré, historical and in situ investiga-
tions of these areas could help to provide a more
accurate account of this event. Even though the
impact is expected to be smaller than for severe
storms, this may also contribute to studies on the
discrimination between storm and tsunami deposits,
provided poorly anthropized places can be investi-
gated. In addition, the possibility that landslide-
related tsunamis occurred due to destabilizations on
the margin of the Bay of Biscay should not be dis-
carded, for very long times. Deposits related to such
very rare events could also be discovered through
such investigations.

Finally, we also observed a large variability of the
results depending on the source mechanisms for the
1755-like tsunami. The early determination of focal
mechanism should be stressed in the design of future
warning systems under construction in the region, as
a key issue to be addressed in the minutes following
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an earthquake. The plate boundary is still under dis-
cussion for several aspects; it is difficult to foresee
the appropriate azimuth of the faults involved in large
earthquakes. Further geophysical investigations for
an improved tectonic knowledge about the area
should be encouraged. Even though the impact of a
1755-like tsunami is not expected to be extreme for
French coastlines, it may however be catastrophic for
Portugal and Spain, and to a less extent for the Irish
and British coastlines which were severely impacted
in 1755.
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