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1-Introduction



Neumann et al. (2015)

Shanghai commercial harbour(China) Lagos (Nigeria)

General context 

1-Coastal zones are more and more attractive



2-Sea levelis rising

(IPCC AR5, 2013)

RCP 2.6

RCP 8.5

General context 



3-Storminess is increasingin someregionof the world

Katia
Irma

Jose

@NOAA

General context 

Winter-meanHs trend 1992-2017 
(Timmermans et al., GRL2020)



Source: NASA EarthObservatory (IPCC AR5, 2013)

RCP 2.6

RCP 8.5

Typhon Haiyan(7/11/2013, NASA)

1-Increasing coastalpopulation

+
2-Sea-level rise

+
3-Possible increasein storminess

=
Increasein coastalrisks

General context 



How improving the understanding and prediction of coastal hazards?

ü Through the combination of field
observation and numerical
modelling.

ü Logisticassociatedwith rareevent
ü Highriskof loosing/damagingsensores
ü Qualityof the measurements

ü Numericalstability
ü Validityof the parameterisations
ü Limitof linearwavetheory



The challenge of spatio-temporal scales

@ M. Martens @ X. Bertin @ C. Howland

turbulence
???



IG waves: what are we talking about?

üDefinition (consensual):
Infra-Gravity (IG) waves are ocean waves with periods from 25 to more than 300 
seconds associated with the presence of groups in gravity waves.

Infragravity
waves

20 - 250 s

IG waves are relevant for many reasons:

-Safety

-Erosion during storms

-Dynamics of tidal inlets

-Developement of seiches in harbors

-The « hum » of the Earth



üHow does it look like (when reaching the shore)?

Lagoa de Santo André (Portugal) during storm Hercules (2014/01/08)

IG waves: what are we talking about?



üHow does it look like (when reaching the shore)?

IG waves: what are we talking about?



1-The bound wave

The analyticalmodel of Longuet-Higgins and Stewart (1962)

IG waves : generation mechanisms



2-The breakpoint forcing

IG waves : generation mechanisms



Which modelling approache to investigate coastal hydrodynamics? 

1-Phase resolvingwavemodels

+
-intra-wavedynamics(e.g. runup)
-IG wavessimulated« naturally»

-
-High computational cost (# km² max)
-still require parameterizations
-less possibility for numerical experiments



2-Phase-averaged models

Spectral wave
model

Circulation model
(Saint Venant or
primitive equations)

Turbulence closuremodel

???

Which modelling approache to investigate coastal hydrodynamics? 

+
-Low computationalcost
-Testingscenarios

-
-Intra-wave dynamics absent/parameterized
-Difficulty to represent IG waves



3-Surfbeat models

Spectral wave
model

(2DH) circulation
model

Which modelling approache to investigate coastal hydrodynamics? 

+
-Medium computationalcost
-Testingscenarios

-
-Monochromatic wave model
-Intra-wave dynamics parameterized
-IG and short waves treated separately



2-Cross-shore dynamics 
of a dissipative beach 
under storm waves



Introduction 

El Sayed et al., JWPCOE 2022
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1 km

SW of Oléron Island

üWhat is the sediment dynamics under
suchconditions?

Turbidity front

Surfzone> 3 km

üWhat is the cross-shore distribution of
depth inducedcurrentsunderstorm waves?

Introduction 



The studiedbeach

ü Semi-diurnal tides ranging from 1.5 to 5.5 m.

ü Energetic wave regime, mean Hs ~1.7 m, 

Tp=8-12s, Dir=260-290°

üWinter storms can drive offshore Hs > 10 m 

and Tp> 20 s

ü Dissipative, 2D-uniform beach

Bliard, 2016
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©Marc Pezerat

The field campaignof winter 2021
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The numericalmodellingsystem SCHISM

Waves
(WWMII, Roland 

et al., 2012)

3D Circulation
(SCHISM, Zhang et al., 

2016)

Åὔ●ȟὸȟ„ȟ—
●ȟȟȟ

‬ὔ

‬ὸ
​●●ɇὔ

‬„ὔ

‬„

‬—ὔ

‬—
Ὓ Ὓ Ὓ Ὓ Ὓ

Ὣ Ὢὺ ’ Ὢ ὺ ύ Ὂ ȟ Ὂ ȟ

Å Ӷ–
Åόȟὺȟύ όȟὺȟύ - όȟὺȟύ

Vertical 
mixing

Vortex 
force

Mean
pressure

Dissipation 
terms

Spatial 
advection

Spectral
advection

Source terms: wind, non-linear
transfers, bottom friction, breaking



AWAC

600 kHz

1 km

4 km
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Incident waveconditions



AWAC

600 kHz

4 km

1 km

û [m/s]

Vertical distribution of currents



Cross-shore distribution of depth-inducedcurrents

12km !!

36
ü Sediment can be transported > 12 km offshore!



Forcing mechanisms
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Zone I : Ὑ πȢρ

Zone II : πȢρ 2 πȢω

Zone III : 2 πȢω



Dissipative VS conservative forcing

Baseline

No dissipation



Suspended transport
dominated by mean
currents(tides+ undertow)

Contributionof gravityband
dominant over IG band for
oscillatorycomponent

AWAC
600 kHz
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Sedimenttransport
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legi.grenoble-inp.fr

Sedimenttransport

G. band
IG band



G. band
IG band

Sedimenttransport

ü Implications for future studieson sediment
dynamicsin the shoreface:

-2DH VS 3D models?
-Parameterizationsfor phase lag?
-IG waves?

üWhatare the implications for the long term erosionof this coastline?



3-Dynamics of IG waves 
at a dissipative beach



The studiedbeach

ü Development of exceptional IG waves?



The field campaignof February2017



The field campaignof February2017

ü This field campaign was complemented by numerical modelling with Xbeach

(Roelvink et al., 2010), implemented with a curvilinear grid of ȹx = 1-10 m.


