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1. Introduction
In recent years several geomorphological changes induced by anthropogenic changes and natural causes
occurred in Ria de Aveiro. Human interventions include dredging operations of the inlet channel and of
the main channels performed to improve the navigation, as well as land reclamations carried out for the
expansion of harbor infrastructures. Simultaneously, it was found a natural trend for the deepening of the
lower lagoon main channels considering that this area is ebb dominated (Dias, 2001), as well as an
increase in the lagoon flooded area due to the destruction of several salt pan walls in consequence of the
abandon of the salt exploitation and of the increasing marginal erosion induced by higher currents found
inside the lagoon.
As consequence, changes in local tides are being reported along the last years by the populations living in
the lagoon margins, indicating higher tidal ranges that flood the marginal farmland during high tides and
hindering the navigation along the shallow channels during low tide. The effects of geomorphologic
changes on the lagoon hydrodynamics were also researched in several studies (e.g. Araújo et al., 2008;
Picado et al., 2010; Dias and Picado, 2011). In the first of these studies analytical and numerical modeling
and in situ data were used and the results revealed an increase of M2 amplitude and a decrease of its phase
from 1987 to 2003 along the lagoon main channels, as well as its dependence on the inlet deepening. The
remaining studies referred used numerical modeling experiments to demonstrate that the increase of the
lagoon flooded area results in slight decrease of M2 amplitude and an increase in its phase lag. Moreover,
an intensification of the tidal currents, tidal prism and tidal asymmetry is revealed. Consequently, it has
been verified that the sea level changes occurring along Ria de Aveiro are strongly dependent on the local
geomorphologic modifications, however the individual effect of each one of the geomorphological
changes is still unproved.
This work proposes to research the individual impacts of each one of the main geomorphological
modifications that occurred in local tidal dynamics of the Ria de Aveiro, using numerical experiments and
in situ data analysis.
2. Methodology
Sea level measurements performed along the lagoon during 1987/88, 2002/03 and 2012/13 were used to
determine and analyze the M2 constituent amplitude and phase changes along the time in several stations
distributed along the entire lagoon. The geomorphological evolution of Ria de Aveiro between 1987 and
2012 was also assessed analyzing the results of several topo-hydrographic surveys carried out over this
period at the inlet area, as well as the results of two general topo-hydrographic surveys carried out in
1987/88 and 2011/12.
Baroclinic finite volume numerical models (MOHID and ELCIRC) were implemented to the Ria de
Aveiro in a 2D mode. Several numerical bathymetries were built using the topo-hydrographic data
available, and the models calibrated and validated using the referred sea level data. Then several
simulations with real and schematic bathymetries were performed, including inlets with different depths
and the enlargement of the lagoon area comprising the flooding of several salt pans. The numerical
predictions were used to determine the amplitude and phase maps of the M2 constituent for the entire
lagoon as well as differences between the results for all the scenarios under study.
In situ data and predictions were compared and analyzed to assess the importance of the lagoon
geomorphodynamics on the tidal properties of the entire lagoon.
3. Results and Discussion
Difference between the results of the topo-hydrographic surveys shows that the lagoon experienced
mostly a deepening of its main channels over the time. Particularly, the inlet channel depth increased
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significantly, showing in some areas a 10 meters deepening. In the lagoon main channels the maximum
deepening ranged between 3 meters in Mira channel and 8 meters at the lower reaches of S.Jacinto and
Espinheiro channels. The results for the M2 harmonic constants show an amplitude increase and a phase
decrease from 1987/88 to the present, with higher differences than those found in the study of Araújo et
al. (2008).
The M2 harmonic constants determined from numerical predictions for the deepest bathymetries are in
accordance with in situ observations, with a significant tidal amplitude amplification and faster tidal
propagation. Smaller differences are found at the lagoon central area while higher differences occur at the
channels heads, far from the inlet. These results demonstrate that significant changes in tidal amplitude
and phase are explained by the bathymetric update, corresponding to a general deepening of the lagoon.
The simulations with the schematic bathymetries show that inlet deepening induces higher tidal
amplitudes and faster tidal propagation, especially for the highest lagoon’s depth, not justifying however
the magnitude of the changes found. Actually, the major changes are mainly induced by the overall
deepening of the lagoon. Consequently, although important modifications are induced by the inlet
deepening, the general lagoon deepening is the main factor controlling the M2 amplitude and phase
changes that are occurring along the lagoon. The lagoon area enlargement was found to play an opposite
effect, inducing a decrease in tidal amplitude and an increase in the phase lag, although with minor
significance and essentially close to the enlarged areas.
4. Conclusions
From 1987/88 to the present significant tidal amplitude amplification and faster tidal propagation was
found, with higher changes than those observed in 2002/03 (Araújo et al., 2008). The tidal properties
close to the inlet are strongly dependent on the oceanic tidal characteristics, and therefore smaller
differences were found at the lagoon central area. Consequently, the highest differences were found far
from the inlet, at the channels heads.
The main geomorphological modifications occurred in Ria de Aveiro were found to induce important
changes in the M2 harmonic constants distribution. The modifications investigated in the lagoon area
contribute to reduce the tidal amplitude and increase the phase lag, especially in the surroundings of the
new areas considered in the simulations, although found of minor significance. Keeping the overall
lagoon depth unchanged, the inlet deepening induces higher amplitudes and a faster propagation,
especially when the lagoon’s depth is higher, but does not justify the magnitude of the changes found
from 1987/88 to the present. Consequently, the major changes found in Ria de Aveiro tidal properties are
mainly induced by the overall deepening of the lagoon channels.
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