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Estuarine and coastal morphodynamics

Coastal waters are permanently in motion in response to
tides, waves and wind forcing. When the bed is com-
posed of mobile sediments, as is usually the case, the
water motion generates sediment fluxes. The spatial
variability of these fluxes modifies the local bathy-
metry, creating areas of erosion and accretion. Finally,
these morphological changes affect the waves and cur-
rents themselves, thereby creating a feedback loop be-
tween the morphology and the hydrodynamics. The
term “morphodynamics” refers to the study of this
interaction between the morphology, the sediments
fluxes and the hydrodynamic processes.

Early studies of coastal morphological evolution were
naturalist, based on observations or on the notion of
equilibrium. Equilibrium models provide coarse predic-
tions of equilibrium states of the system, typically es-
tablished on empirical relationships. Because the focus
was usually on equilibrium, the term “morphodynam-
ics” was rarely used. The field of coastal and estuarine
morphodynamics emerged around 35 years ago, and
became a very active area of research in the past decade
(Figure 1), with many applications in coastal manage-
ment.

Morphodynamic studies rely on different tools (in situ
data, physical and numerical models), which are often
used in conjunction, as illustrated in this issue. A grow-
ing number of in sifu measurement devices are now
available, as is illustrated in Bio et al. (this issue). Re-
mote sensing is also playing an increasingly prominent
role due to its capability to provide data in harsh condi-
tions and to the growing availability of low cost images.
For instance, the evolution of a beach (Silva et al., this

issue) and a sand spit (Lisboa & Fernandes, this issue)
are analyzed using satellite images. Empirical equilib-
rium models continue to be used due to their simplicity
and low cost. This type of approach is illustrated in a
study of beaches in Brazil (Silva et al., this issue).
However, these simple tools are progressively being
replaced by process-based models. A simple approach
consists in combining circulation process-based models
with empirical models of bed evolution, as is shown in
Guerreiro et al. (this issue). More sophisticated models
solve conservation equations for the hydrodynamics,
the bottom evolution and the sediment transport. These
equations can be solved analytically in very simple
cases (Larson & Hanson, this issue), but in general so-
phisticated numerical methods are required. Numerical
process-based models are now routinely used in scien-
tific and engineering studies. For instance, these models
can provide insight into physical mechanisms (Bertin ef
al., this issue), simulate the consequences of human
interventions (Lisboa & Fernandes, this issue) or be
used to design the deposition of dredging spoils (Larson
& Hanson, this issue).

Morphodynamics is a complex field, and many pro-
cesses remain poorly understood. Scientists must there-
fore continue to shed light on the behavior of coastal
systems. Bertin ef al. (this issue) provides an example
of how process-based numerical models can be used to
explain this behavior for the particular case of wave-
dominated inlets. Engineers need to predict the impacts
of human interventions on the environment or to verify
if the observed behavior of a coastal system can be
attributed to such interventions. Lisboa & Fernandes

B4
UNIVALI



Revista de Gestao Costeira Integrada / Journal of Integrated Coastal Zone Management, 15(1):5-7 (2015)

180 -
170 -
160 -
150
140 -

o

13

o

12

=3

11

o

100 4

=3

90 -

=3

80 -

=)

7

o

6

=)

5

o

40 -

o

30 -

o

20 -

—
o o

o

991 .
992 .

993 -
994 -

DD ES 22 2 2 22 a2 2 2 2 2

Figure 1 - Evolution of the research in estuarine and coastal morphodynamics:
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Science Citation Index Expanded until 2014 (search string: Topic=((estuar* or coast* or inlet* or beach) and (morphody-
namic or morphodynamics)), performed on March 10, 2015). The peaks in 2009 and 2011 are partly explained by the large
number of papers published on the subject in the special issues of the Journal of Coastal Research associated with the In-
ternational Coastal Symposiums that occurred in those years. These papers originate mostly from the USA, Europe (Neth-
erlands, England, France, Spain, Italy, Portugal and Germany), Brazil and Australia

(this issue) show how an intervention in a tidal inlet
affected a coastal lagoon, while Larson & Hanson (this
issue) describe a new model that can help design the
deposition of dredging spoils in the coast. Also, coastal
managers need projections on how sea level rise and
extreme events will affect coastal systems. Guerreiro et
al. (this issue) shows how sea level rise and sedimenta-
tion will change tidal propagation and extreme water
levels in a Portuguese estuary. Germani et al. (this is-
sue) assesses the vulnerability of a stretch of Brazilian
coast to sea level rise. Verocai et al. (this issue) ad-
dresses the problem of extreme sea levels in the Uru-
guayan coast. Both sea level rise and extreme sea levels
are putting an enormous stress on the world’s coast-
lines, whose protection has prohibitive costs. Cost-
benefit analyses, such as the one described in Maia et
al. (this issue), can thus help coastal managers make the
best decision.

This thematic issue originated in the meeting ‘“2* Con-
feréncia sobre Morfodinamica Estuarina e Costeira”,
held in Aveiro, Portugal, in 2013. This series of bien-
nial meetings brings together a diverse audience of
scientists, engineers and managers to share their experi-
ence and ideas on coastal morphodynamics. This issue
aims at extending the geographical reach of the confer-
ence to provide an overview of the state-of-the-art in

morphodynamics to a diverse audience of coastal scien-
tists, practitioners and managers.

While the field of morphodynamics has evolved enor-
mously over the past decade, much still needs to be
done. The limits of predictability of the models remain
modest, partly due to large computational costs, and
partly due to model simplifications. These simplifica-
tions are often related to the need to limit computational
costs, but also to insufficient knowledge on the physical
processes. Hence, models need to be improved in terms
of efficiency and accurate representation of the relevant
physical processes. Simultaneously, further research is
required to provide qualitative and quantitative under-
standing on the processes and their interactions. Also,
the lack of data is a common limitation in most mor-
phodynamic studies. Hence, new developments in in
situ and remote sensors, as well as techniques to extract
better information from the measurements, are needed
to provide better data at a lower cost.
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