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Overview

ÅGeneral introduction

ïCoastal morphological modelling

ÅLongterm modelling

ïPrinciple in fitting a profile

ÅExamples of profile optimisation ïDevelopment of bar - rip system

ïMechanism behind bar - rip development

ïAdditional forcing

ïDevelopment of various beach states

ÅConclusion
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Coastal morphology

ÅIncident waves refract, shoal and break thus creating gradients in the 
radiation stresses

ÅRadiation stresses drive the hydrodynamics; set -up in water level and 
current

ÅWaves and current cause sediment transport

ÅGradients in sediment transport causes morphological evolution of the 
bed

ÅMorphological evolution of the bed affects the dynamics of the waves and 
the current
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2D morphological modelling

ÅMIKE21 FM, by DHI

ï2D spectral wave model

ï2D non - linear shallow water 
equations

ï1DV sediment transport based 
on local hydrodynamic 
properties

Bathymetry

Wave field, Hs Surface elevation
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Morphologic evolution

ÅMorphologic evolution is driven by 
gradients in sediment transport

Å2D continuity equation
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Coastal morphological modelling

ÅTime consuming

ÅErrors in sediment transport accumulate in morphological models

ïCross -shore transport is particular difficult to calculate accurately

ÅMorphological models are often used for medium term simulations (1 -4 
months)

From: Grunnet et. al. 2009, Coastal Dynamics

15 days later
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Longterm morphological modelling

ÅReduce the degree of freedom in the morphological model

ïDefine a parametric coastal profile

ïFormulate morphological evolution in terms of parameters

ÅAdd behaviour oriented forcing to the coastal parameters

ÅEffect

ïRemoves accumulated noise in the coastal profile

ïReduces the need for an accurate cross -shore transport formulation

ïAllows the model to use larger time steps
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A parametric profile

ÅDefine the local coordinate system (r,s)

ÅChoose a parametric profile which is 
defined by the coastal parameter, ȑ

Åȑ may be a vector of various parameters:

ÅThe bed level may be calculated as function 
of the coastal parameter and the cross -
shore coordinate

ÅWhere the coastal parameter is a function 
of time and the alongshore coordinate
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Evolution using longshore transport

ÅEvolution equation in 1D 
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Evolution using 2D Rate of bed level change

ÅOptimisation is performed for each 
cross -shore profile

ÅVolume conservation:

ï 1 element in ȑ is determined 
by solving 1D continuity eqn.

ÅFocus of the presentation will be 
on this method
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Application: Development of bar - rip system

From: Wright & Short 1984, Marine Geology
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Mechanism: Development of rip channels

ÅWave breaking on bar creates a 
setup in water level

ÅPerturbations in bar crest level 
generates non -uniform setup along 
shore

ÅPressure gradient drives a 
circulation current

ÅSediment is redistributed and may 
cause perturbations to grow

ÅInstability mechanism: Circulation 
current

ÅComplex 3D sediment transport 
processes are not well resolved by 
MIKE21

ÅStabilisation: Behaviour oriented 
model

From: Drønen & Deigaard, 2007 Coastal Engineering
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Application: Development of bar - rip system

ÅParametric profile:

ïDean equilibrium profile

ïBar is superposed onto Deans 
profile

ïProfile parameters:

ÅBehaviour oriented model

ïBreakpoint hypothesis

ïResponse function

[ ]TWsVs zy 10=
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Breakpoint hypothesis

ÅPosition of bar will coincide with 
breaking point of waves

ÅForcing of bar towards equilibrium 
position using a response function

ÅThe forcing towards equilibrium 
position increases with deviation 
from s eq

ÅThe timescale, T, determines the 
intensity of the cross -shore forcing

Åseq is the position of the depth 
induced breakpoint
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Adding behaviour oriented model to the 
system

ÅThe cross -shore forcing is added 
as a contribution to the rate of bed 
level change

ÅThe change in bar position may be 
related to a change in bed level by
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Weak cross - shore forcing
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Strong cross - shore forcing


