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Abstract—Storm surges are the sea level response to
meteorological conditions, such as wind effects and pressure
gradients. Their evaluation is necessary in order to provide
better estimates of extreme sea level for use in coastal defence
and urban planning management. Inside the Saint-Venant
Hydraulics Laboratory, a surge levels numerical model based
on TELEMAC2D software was built in 2013 [1]. To calibrate
the global signal (tide + surge levels), measurements available
on 18 outputs of the Atlantic coast were used to optimize the
coefficient for wind influence and for bottom friction for 11
events among which Xynthia (2010), particularly lethal in
France. Maritime boundary conditions are provided by the
North East Atlantic Atlas (LEGOS). Winds and pressure fields
are CFSR data.
To calibrate the surge levels numerical model, many sensitive
tests have been led to determine the best parametrisation inside
TELEMAC2D software concerning: the bathymetry; the wind
drag force distribution; the friction distribution; the tide signal
provided at the maritime boundary. It led to the choice of an
optimal parametrisation for the extreme storm events selected.
However, several validation tests hadn’t been realised. That’s
why, in 2014, it was decided to go further in the evaluation of
the Surge Levels Numerical model considering: some statistical

parameters (mean value, standard deviation, storm surge time
shift for the storm surge peak, RMSE etc.) calculated at 18
harbours of the french coastline for 11 events (from 1998 to
2010); the statistical distribution of skew surges for the slice
time [1979-2010] for 31 harbours in France, United Kingdom
and Spain [2]; the event validation of global water levels; the
statistical distribution of skew water levels for the slice time
[1979-2010] for 18 harbours on the French coastline including
mean climatology and the calculation of extreme quantiles.
This surge levels numerical database has already been used in
several research projects (for example, the study of the
evolution of surge levels in Le Havre Harbour and the Seine
Bay and of the surges/tide interactions at the Seine Mouth) [3].
It will also be used to estimate the impact of climate change on
the Atlantic French coastline considering one or several IPCC5
scenarios provided by METEO-FRANCE by the end of the
year (on progress). Once the numerical model evaluated and
validated, it was decided to include the database provided by
the surge levels numerical model into a “hydrodynamic, sea
state and infrastructures platform”, developed in Cerema in
collaboration with Saint-Venant Hydraulics Laboratory.

INTRODUCTION
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Storm surges are the sea level response to meteorological
conditions, such as wind effects and pressure gradients. In a
coastal defence and urban planning management’s context,
their evaluation is needful to provide better estimates of
extreme sea levels and to obtain good estimations of the
probability of occurrence of extreme sea levels in order to
design suitable coastal infrastructures necessary to ensure the
safety of coastal buildings and installations against extreme
meteo-oceanic conditions (waves, sea levels and surges).
Within the project “Surge levels” of Saint-Venant
Hydraulics Laboratory and the Cerema project “Management
and Impact of Climate Change on the Coastline”, a surge
levels numerical model based on TELEMAC2D software
was built in 2013 [1]. The aim of this study is to model surge
levels along the French coastline, and particularly in the Bay
of Biscay, the Channel and North Sea, using Telemac2D
software.
Before using it to feed other local models with higher
mesh density, it was necessary to validate the results, both in
terms of tide, surge levels (instantaneous or skew surge
levels) and water levels (instantaneous or skew water levels),
considering that skew surges is defined as the (algebraic)
difference between the maximum observed sea level around
the time of theoretical (predicted) high tide and the predicted
high tide level [2]. Instantaneous surge levels or water levels
were validated on 11 events which occurred from 1998 to
2010 and evaluated for 6 events from 2011 to 2014, using
some statistical indicators described below.
This article presents the main steps of the studies already
achieved concerning this numerical surge levels model: the
definition of the studied meshed area, the validation and
parametrization of the modelling of tide propagation, surge
levels and water levels. It concludes by the integration of this
surge and water levels database in a hydrodynamic, sea-state
and infrastructures platform developed by Saint-Venant
Hydraulics Laboratory and Cerema.

DESCRIPTION OF THE NUMERICAL MODEL

Equations and parametrization of
Telemac2D
Telemac2D solves bidimensional shallow water equations
(continuity and momentum equations).

Extension of numerical model, mesh and
bathymetry
The numerical model extents from 9°W to 10°E and from
43°N to 62°N.
The bathymetry “North East Atlantic Europe” (30’’ * 30’’
resolution) provided by the LEGOS was used. The mesh is
unstructured (finite elements) and has been built using
JANET software with which the node density can depend on
the bathymetry. The refinement of the mesh was defined
using the criteria called “relative error on the depth”. The
bathymetry is linearly interpolated at the barycentre of each
element, on one side, and interpolated from the digital
elevation model, on the other side. If the relative error of the
difference between interpolations towards the bathymetry is
higher than a given value, the barycentre of the element is
integrated in the mesh as a node.
The mesh is also particularly refined near the coastline,
with one node per kilometer along the french coastline. Off
the french coast, the highest distance between two nodes is
around 40 km. The final mesh has 32644 nodes and 59159
elements (see Fig. 1). The bathymetry of the mesh has been
interpolated using one of the FASP (Fast Auxiliary Space
Preconditioning) package available in JANET. Fig. 2
represents mesh and bathymetry details in the Channel, in the
Normano-Breton Gulf, on the south side of the English
Channel, in the Atlantic coast from Vendée to Gironde.
For this study, equations have been solved using the
Mercator projection [4]. The mesh is built using spheric
coordinates, but it is converted into the Mercator projection
during TELEMAC2D calculations.

TIDE MODELLING AND VALIDATION
Tide modelling has been realised by taking into account
the astral forces generating tide inside of the studied area and
also specific boundary conditions for water levels and
velocities. The latter are the harmonic constants provided by
the NEA (North East Atlantic atlas) consistant with the
bathymetry also provided by NEA.
Some initial conditions are also imposed using the
harmonic constants provided by the regional solution for the
Oregon State University (similar to TPXO). This choice is
explained because it is easier to use it in TELEMAC2D.
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where h is the water depth, u and v the horizontal
components of the velocity, Fx and Fy the horizontal
components of the external forcings (Coriolis force, bed
friction, wind friction), Zs is the water level and ν e the
diffusion coefficient.
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Fig. 1: Mesh and bathymetry of the numerical model
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Fig. 2: Mesh and bathymetry details in the Atlantic coast from Vendée to
Gironde (from (Levy, 2013))

Fig. 3: comparison between results obtained with the harmonic
constants provided by the “prior” and “optimal” solutions of NEA ([1]).

To perform tide modelling, the influence of several
parameters have been tested: among them, boundary
conditions, bed friction coefficient spatial distribution and
bathymetry. The performance of the numerical model has
been evaluated comparing SHOM predictions in 18 harbours
represented on Fig. 1 by blue empty little rectangles (from
the North to the South: Dunkerque, Calais, Boulogne-surMer, Le Havre, Cherbourg, Saint-Malo, Roscoff, Le
Conquet, Brest, Concarneau, Le Crouesty, Saint-Nazaire, Les
Sables d'Olonne, La Rochelle, Le Verdon, Arcachon,
Bayonne and Saint-Jean-de-Luz). The harmonic constants
calculated at these harbours by TELEMAC2D and predicted
by SHOM for tidal propagation of M2, M4, S2 and N2 are
compared. The calculation of those harmonic constants was
realised with Matlab T_Tide tool [5] using 10 mn time step
time series lasting 1 year (from july 2011 to july 2012).

Influence of several parameters on tide
modelling: boundary conditions
The North East Atlantic Atlas (NEA) resolution is
between 20 to 25 km in the Atlantic Ocean and reaches 4 km
at the coastline. Two sets of harmonic constants are available.
The first one, called “Prior”, is only based on the
hydrodynamic model T-UGOm. It provides amplitudes and
phases for water levels and the two horizontal velocity
components for 47 tidal waves (2MK6, 2MN6, 2MS6, 2N2,
2Q1, 2SM2, 2SM6, ε2, J1, K1, K2, KJ2, L2, λ2, M1, M2,
M4, M6, Mf, MK3, MK4, MKS2, Mm, MN4, MO3, MP1,
MS4, MSK6, MSN2, MSN6, MSqm, Mtm, μ2, N2, ν2, O1,
P1, Q1, R2, ρ1, S2, S4, σ1, SK4, SN4, T2 and Z0). The
second one, called “optimal” solution, integrates at the same
time the results provided by the hydrodynamic numerical
model and satellite observations. It provides a solution for 15
harmonic components (2N2, K1, K2, L2, M2, M4, MS4, μ2,
N2, ν2, O1, P1, Q1, S2 and T2).
Fig. 3 represents results obtained using one of the two
harmonic constants sets as boundary conditions of the
numerical model. For the “prior” solution, the 15 tidal waves
in common for both sets have been considered. On Fig.3,
each symbol (star or circle) provides the amplitude difference
(on the left) or the phasis difference (on the right) between
SHOM predictions and T2D simulations for M2, M4, S2 and
N2 tidal waves at a given harbour. Few differences can be
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observed between the results obtained with “prior” or
“optimal” solutions.
However, the amplitudes of the main tidal wave M2
calculated at Dunkerque, Calais and Boulogne-sur-Mer are
closer to SHOM predictions with the “prior” solution than
with the “optimal” solution.
That’s why the harmonic constant set provided by the
“prior” solution was chosen to feed the boundary conditions
of the numerical model. Telemac2D permits to impose water
levels and velocities at the liquid boundaries as seen before
(Fig. 1) or to impose water levels and let velocities free. Fig.
4 represents results obtained for each type of boundary
conditions. The tidal wave M2 amplitude calculated at
Dunkerque and Cherbourg are closer to SHOM predictions
when both water levels and velocities are imposed, but they
are then less accurate between Saint-Malo and Brest.
Considering the amplitude relative difference, results are less
accurate between Dunkerque and Cherbourg than between
Saint-Malo and Brest and are therefore those that should be
improved in priority. Moreover, imposing both water levels
and velocities generally permits to model more accurately
phases for the four tidal waves. Consequently, using Prior
both for water levels and velocities has been decided.
Finally, the influence of the number of harmonic constants
used has been tested. Fig. 5 represents results between
simulations with the 47 tidal waves available in NEA “prior”
or only the 15 tidal waves which are in common between
NEA “prior” and NEA “optimal”. Differences are very low
and negligible, except for the M4 tidal wave phases at
Arcachon, which is more accurate as 15 tidal waves only are
used.

Influence of several parameters on tide
modelling: simulations initial
conditions
Water levels and velocities provided by OSU regional
Atlantic Ocean solution are imposed at each node of the
mesh as initial conditions. This solution, which resolution is
about 1/12 °, provides harmonic constants for 11 tidal waves
(M2, S2, N2, K2, K1, O1, P1, Q1, M4, MS4 et MN4). Fig. 6
represents results obtained using this OSU solution for initial
conditions and boundary condition. The main differences
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obtained concern the M2 tidal wave at Dunkerque, Calais,
Saint-Malo and Roscoff, as formerly obtained by the tests
imposing only water levels or both water levels and
velocities for NEA. This could lead to conclude that tidal
propagation modelling is more sensitive to boundary
conditions in the south of Roscoff. The M2, S2 and N2 tidal
wave phases with boundary conditions, NEA or TPXO, are
very closed. For M4 tidal wave, some differences can be
observed which reach about 10° at several locations, with
results obtained with TPXO more accurate than those
obtained with NEA.

Influence of several parameters on tide
modelling: friction coefficient
The bed friction is represented with a Chezy formulae in
the numerical model:

F u=

Fig. 7: Chezy friction coefficient distribution according (Barros, 1996)
(in m1/2/s) (from [1]).

−g
−g
u u 2 + v 2 , F v = 2 v √ u2 +v 2
2 √
hC
hC

where Fu and Fv are the horizontal components of the bed
friction forcings and C the Chezy coefficient.

Fig. 4: comparison between results obtained imposing only water levels
and letting velocities free (“544”) or imposing both water levels and
velocities (“566”) (from [1]).

A variable spatial distribution of the friction coefficient has
been chosen, according to [6]. Several variation around this
distribution have been tested, without obtaining any
significant improvement of results towards the Barros
distribution shown on Fig. 7. However, better results were
obtained by taking a constant friction coefficient throughout
the studied area, as Fig. 8 stresses it out for M2 tidal wave.
The results obtained for 3 values of Chezy coefficient are
shown: 65, 70 and 75 m1/2/s. 70 m1/2/s was finally chosen.
Indeed, using this friction parametrization results in
amplitude differences with SHOM predictions for M2 tidal
wave lower than for the spatially variable distribution.
Moreover, the phases are more accurate (up to 5° of
improvement, except for Saint-Malo harbour).

Influence of several parameters on tide
modelling: bathymetry
To be consistent with the boundary conditions, the North
East Atlantic Europe (NEA) provided by LEGOS was chosen
in a first step of the study. A comparison with results that
could be obtained with another bathymetry is presented here.
The EMODNET project grid is here used. It is built on the
basis of several kind of data resulting from various methods
and whose resolution is 15’’*15’’ (towards 30’’*30’’ for NEA
bathymetry). The difference between EMODNET and NEA
bathymetry are represented on Fig. 8. There are some
significant differences, particularly in the bay of Biscay, but
also in the North Sea, where water depths are low and,
therefore, the relative gap high, as Fig. 9 shows it.

Fig. 5: comparison between results obtained taking into account as
boundary conditions the 47 tidal waves harmonic constants
available in NEA “prior” or using only the 15 tidal waves
constants in common with NEA “optimal” (from [1]).

Fig. 10 represents differences resulting on amplitudes and
phases for M2 tidal wave. Both bathymetries lead to results
of comparable quality for amplitudes. By contrast, phases
obtained with EMODNET bathymetry are closer to SHOM
predictions than those obtained with NEA bathymetry. It
means that another study should be realised to choose the
right bathymetry in the future.

Fig. 6: comparison between results obtained using as initial conditions
the harmonic constants provided by the OSU “Atlantic Ocean”
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Atmospheric Administration (NOAA) (CFSR data). After
having interpolated CFSR data for the time period [19792010] and CFSR-2 data for the time period [2011-2014]
using fortran or python programs to obtain a single
SELAFIN file per year containing pressures and wind
velocities data, two simulations are then achieved: the first
one takes into account atmospheric forcing, the second one
doesn’t (tide propagation only). From the TELEMAC2D
result file, time series with a 10 mn time step at each harbour
are extracted. Substracting water levels calculated without
atmospheric forcing to water levels obtained considering
CFSR pressures and winds leads to instantaneous surge
levels that can, then, be compared to those observed by the
SHOM. A calculation of scores, listed in Table 1, is then
realised with a Fortran program provided by Meteo-France
during HOMONIM project.
Fig. 11 shows several example of tidal signals calculated
with this set of parameters at several harbours, compared to
the tidal signal predicted by the SHOM.
Fig. 8 : Difference between EMODNET and NEA bathymetries ([1]).
TABLE 1: DEFINITION OF THE SCORES COMPUTED IN METEO-FRANCE
FORTRAN PROGRAM AND OF THE ADDITIONAL SCORE ERRAPIC7
Score

MVA_B
BIAIS
EQM

Fig. 9: NEA bathymetry in the North Sea (on the left) and difference
between EMODNET and NEA bathymetry (on the right) ([1]).

ECT
ERRMAX
ERRPIC
DEPHAS
ERRPIC_H
DEPHAS_H

Fig. 10: Difference between EMODNET and NEA bathymetries ([1]).

ERRAPIC7

Influence of several parameters on tide
modelling: conclusions
The tests that have been realised have permitted to define
the most suitable parameters to model tide propagation with
TELEMAC2D. These parameters are kept in the following of
the study. The set of harmonic constants NEA “prior” is
chosen for boundary conditions using both water levels and
velocities. Chezy friction coefficient is set at 70 m1/2/s
throughout the numerical model extension.

SURGE LEVELS MODELLING AND VALIDATION
The atmospheric forcing taken into account in the
calculation of surge levels includes mean level atmospheric
pressure at the sea level and the horizontal components of
winds (at 10 m) provided by the National Ocean and
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Definition

Average of the biases absolute value (each variable
is computed for one site and then averaged on all
sites)
Errors average
Mean square error (and then quadratic mean on all
sites)
Mean standard deviation
Maximum error
Error at the storm surge peak
Time shift at the storm surge peak
Skew storm surge error
Time shift at the water level storm peak
Average of absolute errors of storm surges peaks in
7 harbours

Noticeable effects which have to be
taken into account for the numerical
modelling of surge levels: the opposite
barometric effect and drag coefficient
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scores are computed all over the target period for each
harbour.
TABLE 2: DEFINITION OF THE SCORES COMPUTED IN METEO-FRANCE
FORTRAN PROGRAM
BIA
IS

BIA
BS
(cm)

(cm
)

Fig. 11: tide signal calculated with TELEMAC2D (in black) and predicted
by the SHOM (in red) (from [1]).

In the calculation of surge levels using TELEMAC2D, the
inverse barometric effect on water levels imposed at the
numerical model boundaries has been taken into account. It
means that water levels provided by NEA are modulated by
the increase or the decrease of the sea level due to the
pressure, calculated with:

H b= H −

P − Po
,
ρe g

where H is the water level provided by NEA, H b the
water level modulated with the inverse barometric effect
(imposed as a boundary condition in the TELEMAC2D
simulation), P the atmospheric pressure at the node
considered, P0 the mean atmospheric pressure (101325 Pa), g
the gravity acceleration and ρe water density.
Simulations with and without taking into account the
inverse barometric effect were realised and permitted to
conclude that it is necessary to consider it in order to model
surge levels properly.
Another important point to notice is the formulation of the
drag coefficient that appears in the shearing force generated
by wind at the sea surface. In a first step, a constant
coefficient equal to 2.142.10-3 was chosen, but finally after
some parametrization tests, a Flather distribution was
implemented in Telemac2D.

Event validation for several storms
In this section, the scores obtained for the modelling of
storm surges for one storm, Johanna among the 17 storms
studied for the time period [1979, 2014], obtained at each of
the harbours for which observations were available are
presented in Table 2
The target period for Johanna event begins the 10 th of
March 2008 and ends the 11 th of March 2008. Le Havre,
Saint-Malo, Roscoff, le Conquet, Brest, Concarneau, La
Rochelle and Saint-Jean-de-Luz harbours are concerned. The
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EQ
M

EC
T

ERRM
AX

ERR
PIC

DEPH
AS

ERRPI
C_H

DEPHA
S_H

(cm
)

(c
m)

(cm)

(cm)

(mn)

(cm)

(mn)

Le
Havre

9

18

27

25

82

45

30

-1

-10

SaintMalo

10

21

27

25

82

-10

30

22

0

Roscoff

2

8

10

10

23

14

-30

-1

-10

Le
Conque
t

3

8

9

8

21

12

-10

4

-10

Brest

-2

8

10

10

28

25

-40

-5

-20

Concar
neau

-4

7

9

8

23

2

-90

-13

-10

La
Rochell
e

0

13

16

16

33

-8

70

16

10

SaintJean de
Luz

-5

19

21

20

34

-34

-40

-5

-10

From Table 2, it is noticeable that computed surge levels
and water levels present acceptable time shifts except at
Concarneau and La Rochelle. The bias is also acceptable,
except at Saint-Jean de Luz and Saint-Malo. Concerning the
evaluation of the storm surge peak, the difference with
observations are acceptable and lower than 15 cm for all
concerned harbours except Le Havre, Brest and Saint-Jean de
Luz, but they are compensated in terms of skew water levels,
except at La Rochelle and Saint-Malo.
Fig. 12 shows observed instantaneous storm surges and
computed with TELEMAC2D instantaneous storm surges at
Le Havre and La Rochelle during Johanna. The global shape
of the storm surge signal is well represented, but storm surges
peaks are underestimated at La Rochelle and overestimated
at Le Havre.

Mean climatology validation for skew
surges
A preliminary validation of the numerical surge database,
before performing both local and regional statistical analysis
of extremes, was achieved and described in [2]. The
validation of the model is carried out to evaluate the accuracy
of the simulations in order to represent observed extreme
events.
Thus a comparison between simulated and observed skew
surges has been carried out, using the tide gauges at 31
harbours located on the North and West French coastline, on
the North of the Spanish coastline and on the South of the
English coastline as shown on Fig. 13. For each site, only
observed and simulated skew surges happening more or less
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at the same time (more or less 2 hours) are compared. This
procedure is supposed to enable the comparison between
observed and simulated skew surges that occurred during the
same high tide. Fig. 14 represents an example of a time skew
storm surges series observed at Le Havre (in black) and the
TELEMAC2D time skew surges series (in red).

The methodology used to carry out the validation of the
model is achieved through several statistical tests both on the
overall skew surges time series compared and extreme skew
surge events. The comparison is divided into two parts: a
“global” comparison and a special focus on extreme skew
storm surges events (storms).
The former “global” comparison has been achieved both
for the single values of skew surges (Intensity of storm
surges) and for the temporal structure of skew surges through
the investigation of both time shifts between observed and
simulated series and differences in terms of temporal
correlation.
Concerning the validation of the numerical storm surge
model for the intensities of skew storm surges, some
statistical indicators were computed: bias, root-mean-square
error (RMSE), correlation, scatterplot and QQ-plot. The
results of the three former numerical criteria are displayed in
Table 3 just below for each of 31 considered sites. Bias and
RMSE (resp. correlation coefficient) below 15 cm (resp.
0,75) show good results. “Bad” values are in bold.

Fig. 12: storm surge signal calculated with TELEMAC2D (in red) and
observed by the SHOM (in blue) at Le Havre (on the left) and La Rochelle
(on the right) during Johanna storm.

It is quite interesting to notice, that the bias values are
negative nearly overall, which means that skew storm surges
are underestimated by the numerical storm surge model.
Globally, except at Dieppe, Dunkerque, Sables d’Olonne and
Port-Tudy and Santander, La Coruna, Saint-Malo and Le
Verdon where the correlation coefficient is below 0.75, biases
and RMSE are below 15 cm, which shows a mean
climatology for simulated skew storm surges quite in good
agreement with observed skew storm surges.
Scatterplots, which shows in a cartesian graph both
intensities of simulated skew storm surges series and
observed skew storm surges series that happened at the same
time, were displayed at each site. This analysis is useful to
visualize if the extreme values are well computed or not. For
example, the model seems to globally agree with
observations at Dover and Le Havre, whereas it seems to
underestimate skew surges at Sables d’Olonne and to
overestimate low skew surges at Santander, as Fig. 15 shows
it.
QQ-plot, displayed for each harbour, compares the
simulated skew surges distribution and the observed skew
surge distribution through the plot of empirical quantiles for
both distributions. Both simulated and observed skew storm
surges are similar if the points follow a straight line also
represented. It is noticeable that globally the central part of
the skew surges distribution is underestimated by the
numerical model for each site, except at Calais and
Santander. Concerning extreme values, it is difficult to carry
out an overall assessment. Indeed, for example, as Fig. 16
stresses it out, the model at Le Havre seems to be good for
high values, although a light underestimation of maximum
extremes can be observed, whereas the model at La Rochelle
is good for the high values except for the upper outlier which
corresponds to Xynthia storm which occurred during 2010.

Fig. 13: Harbours used for the validation of skew surge levels (from [2])

Two tests have been used to validate the temporal
dynamics of the model: Auto-correlation and Crosscorrelation functions. Auto-correlation function (ACF) can
tell if the temporal structure of Observed and Simulated
series is the same and Cross-correlation function (CCF) can

Fig. 14: skew storm surges time series at Le Havre - simulated skew storm
surges (in red) and observed skew storm surges (in black) (from [2])
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show the existence of a time shift between the two
considered samples.

Fig. 17: autocorrelation plots at Le Havre (on the left) and La Rochelle (on
the right) (Frau, 2014)

Considering cross-correlation diagrams, the model can be
considered to have no time shift. Indeed, the maximum value
of CCF at each site is reached for Lag=0.
A zoom on extreme events was also carried out by a
comparison between model and observations for each storm
in terms of storm surge peak intensity and duration,
calculated for every storm occurred at each site, considering
exceedances of the 99.5% quantile of observed skew surges
series. Moreover, a single storm is defined as a set of
observed skew surges that exceeded the harbour’s threshold
within 2 days.
Fig. 15: scatterplots at Dover (top left), Sables d’Olonne (top right), Le
Havre (bottom left) and Santander (bottom right) (from [2])

In order to compare correctly the observations and the
model during extreme events, the peak intensities are
calculated for every storm that impacted each site. Thus peak
intensity is here defined as the difference between the
maximum simulated skew surges and the maximum observed
skew surge that happened during the same storm. It can be
noticed that the mean peak intensity during storms is
underestimated at each site, except at Calais (slight
overestimation of 2.4 cm), as Table 3 stresses it out. Globally,
except for Arcachon, Bayonne, Dieppe, La Coruna, Sables
d’Olonne, Port-Bloc, Roscoff, Saint-Jean de Luz, SaintNazaire and Le Verdon, for which the simulated mean peak
intensities are more than -15 cm below the observed mean
peak intensities, other harbours show good results.

Fig. 16: QQ-plots at Le Havre (on the left) and La Rochelle (on the right)
(Frau, 2014)

Concerning ACF, results obtained are very heterogeneous
and don’t permit to carry out an overall assessment. For
example, the model shows better performances (in terms of
ACF) at Arcachon than at Santander. However, the
autocorrelation at Le Havre shows that the values of
autocorrelation between observed skew surges and simulated
skew surges are different mainly for the first time lags
(except for Lag=0 where ACF value must be 1 in every
sample) while the values of autocorrelation at La Rochelle
between observed skew surges and simulated skew surges are
different for every time lag (obviously except for Lag=0), as
Fig. 17 stresses it out.

Fig. 18: water levels calculated with TELEMAC2D (in red) and observed
by the SHOM (in blue) at Le Havre (on the left) and La Rochelle (on the
right) during Johanna storm.

Table 3, in which “bad results” are in bold, permits more
easily to do general assessments about the numerical model
performance region by region and also site by site. It is
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important to notice that the model trends to underestimate
extremes and misses some temporal dynamics. The model
provides better results in the English Channel than in Bay of
Biscay and performances are globally very good in Great
Britain (almost perfect in Devonport, Dover and Weymouth),
in Bretagne and Basse Normandie regions. On the contrary,
the model shows relatively bad performances in Pays de la
Loire, Aquitaine and Spain.
TABLE 3: RESULTS OF BIAS [M], RMSE [M], CORRELATION AND MEAN
PEAK INTENSITY CRITERIA FOR THE 31 SITES FOR SKEW STORM SURGES

Region/Coun
try
Nord-Pas-deCalais

Sites

Boulogne
Calais
Dunkerqu
e

HauteNormandie

Dieppe

Le Havre
BasseNormandie

Cherbour
g

Bretagne
(South coast)

Brest
Concarne
au
Le
Conquet
Le
Crouesty
PortTudy

Bretagne
(North coast)

Roscoff
SaintMalo

Pays de la
Loire

Olonne

Bia
s
[m]
0.0
9
0.0
6
0.1
2
0.1
6
0.0
9
0.0
6
0.0
6
0.1
1
0.0
5
0.0
7
0.1
0
0.0
9
0.0
1
0.1
4

RMS
E
[m]

Correlati
on

Peak
intensi
ty [m]

0.14

0.78

-0.09

Region/Coun
try

Sites
SaintNazaire

PoitouCharentes

La
Rochelle

Aquitaine

Arcachon
Bayonne

Port Bloc
0.14

0.77

0.02

0.16

0.85

-0.13

0.19

0.75

-0.20

SaintJean-deLuz
Verdon
Spain

La
Coruna

0.12

0.88

-0.07

0.08

0.87

-0.05

0.09

0.88

-0.10

Dover

0.12

0.91

-0.14

Newhave
n

0.08

0.88

-0.09

Newlyn

0.10

0.87

-0.10

Portsmou
th

0.12

0.88

-0.13

St. Helier

0.11

0.88

-0.15

St.
Mary’s

0.10

0.73

-0.11

Weymout
h

0.16

0.84

-0.21

Santander
Great Britain
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Devonpor
t

Bia
s
[m]
0.1
2
0.0
4
0.0
2
0.0
7
0.0
7
0.0
9
0.0
8
0.0
4
0.1
1
0.0
3
0.0
2
0.0
2
0.0
6
0.0
4
0.0
2
0.0
4
0.0
2

RMS
E
[m]

Correlati
on

Peak
intensi
ty [m]

0.15

0.83

-0.25

0.09

0.83

-0.11

0.10

0.77

-0.23

0.12

0.75

-0.34

0.11

0.81

-0.18

0.11

0.79

-0.22

0.14

0.73

-0.26

0.10

0.70

-0.20

0.14

0.68

-0.06

0.06

0.91

-0.03

0.09

0.90

-0.03

0.08

0.88

-0.04

0.08

0.91

-0.08

0.08

0.89

-0.06

0.08

0.83

-0.02

0.07

0.89

-0.07

0.06

0.88

-0.06
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WATER LEVELS MODELLING AND VALIDATION

Mean Climatology and extreme quantiles
validation

Event validation for several storms

The study of mean climatology and extreme should be
achieved at the end of august 2015.

The event validation has been achieved for the same
events as for storm surges (11 events during [1979; 2010]
and 7 events during [2011; 2014]).

CONCLUSIONS AND PERSPECTIVES

Table 4 contains for Johanna storm (2008) the minimal
error at high tides, the maximal error on water levels at high
tides, the mean error at high tides, the standard deviation of
the error at high tides and the error for the highest water level
during the storm considered.

A numerical storm surges model based on Telemac2D has
been built in Saint-Venant Hydraulics laboratory and has
been validated considering the ability of the model to
represent properly tide propagation, skew surge levels and
instantaneous storm surges, but also water levels at harbours
mainly in France but also in Spain and Great-Britain where
observations were available. The target precision of this
model is 10 to 15 cm for water levels and surge levels.

TABLE 4: RESULTS OF MINIMAL, MAXIMAL, MEAN AND STANDARD
DEVIATION OF THE DIFFERENCE AT HIGH TIDES BETWEEN TELEMAC2D AND
OBSERVED WATER LEVELS AND ERROR AT HIGHEST WATER LEVEL DURING
JOHANNA STORM
Region/Countr
y

Nord-Pas-deCalais

HauteNormandie
BasseNormandie
Bretagne
(South coast)

Bretagne
(North coast)
Pays de la
Loire

Sites

Min
[cm]

Max
[cm]

Mea
n
[cm]

Standard
deviation
[cm]

Error
at the
water
level
peak
[cm]

Boulogne

7

47

17

14

7

Calais

-11

-1

-8

3

-11

Dunkerque

-35

-20

-26

5

-30

Le Havre

8

20

12

4

8

Cherbourg

-17

-5

-11

4

-17

Brest

18

32

25

5

18

Concarneau

4

16

10

4

4

Le Conquet

17

30

22

4

17

Le
Crouesty

7

18

12

5

7

Roscoff

12

19

15

2

12

Saint-Malo

38

53

46

5

38

Olonne

-5

10

3

6

-5

0

15

7

5

0

7

27

17

8

7

PoitouCharentes

SaintNazaire
La
Rochelle

Aquitaine

Arcachon

-3

9

3

4

-3

Bayonne

21

32

26

4

21

Saint-Jeande-Luz

8

20

15

4

8

Verdon

34

42

37

2

34

This numerical model has already been used for several
studies and purposes inside of several research projects (for
example, the study of the evolution of surge levels in Le
Havre Harvour and the Seine Bay and of the surge levels /
tide interaction at the Seine Mouth) [3]. It will also be used to
estimate the impact of climate change on the Atlantic French
coastline considering one or several IPCC5 scenarios
provided by METEO-FRANCE by the end of the year (on
progress).
Once the global validation achieved, this database built
for the time slice [1979; 2014] will be integrated into a
hydrodynamic, sea-state and infrastructures platform, whose
development is on progress and which should be available in
a beta-version at the end of the year. Concerning
instantaneous and skew water levels or surge levels, it should
provide to the user, public institutions or engineering
consultants, free data useful for urban planning or the test of
the impact of future infrastructures: time series, but also
mean seasonal climatology: annual and seasonal histograms,
correlograms etc.
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Except for harbours in red in Table 4 among which it
will be necessary to check the mean water level taken into
account, water levels at its highest level during Johanna are
quite well evaluated by the numerical model.
Fig. 18 shows the water levels signal computed and
observed at Le Havre and La Rochelle during Johanna storm.
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