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Figure 3. Representation of thelargement of the lagoon flooded
area.
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Possible changes in the lagoon tidal propagation, due to these
bathymetric modifications, are evaluated through the analysis of
the results obtained for each simulation.
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Tidal constituent analysis
The harmonic analysis results show that &hd K are the
main semi-diurnal and diurnal tidal constituents in the entire Ria
Ye Aveiro, in agreement with previous studies (Riagl 2000).
Model results suggest that oveetlast years the amplitude of the
main tidal constituent in Ria de Aveiro,,Mhas increased and its
present (with the inlet channe¢epening) (Figure 2b) and a third phase has decreased for all the stations analyzed (Figure 5). An
bathymetry representing a future scenario in which thiacrease of about 2% in amplitude and a decrease of
enlargement of the lagoon flooded area is assumed. Thpproximately 2 minutes are observed in the lagoon mouth
enlargement of the flooded areasagerformed in the central area(station 1). These changes are amplified towards each channel
of the lagoon (Figure 3), where a high degradation of the wallead, showing the importance of the deepening of the inlet
that involves the existing salt pans is observed. This area wesannel. These results are corroborated by the ones achieved by
determined in accordance with the analysis presented Araujo et al. (2008), that reported an average increase of 0.245 m
INTERREG Il B (2008) and with Google Earth images. The totah M, amplitude and an average 17.4° decrease,iphdse, over
area and volume of the lagoon has increased about 5.61% a@d years, which were found to depend mainly on the inlet
3.49% respectively, with the enlargement performed. deepening. The highest changes ip &mplitude and phase are
The numerical model is used to investigate changes in tidalhserved in Mira channel, where the increase of thamplitude
amplitude and phase and its sensitivity to the three bathymettias reached to about 50% in stations 12 and 19. Thphsise
settings referred previously. In this study we concentrate on thjenerally decreased from the past to the present configuration,
main semi-diurnal, i and diurnal, i constituents of the ocean revealing that the tide arrives early at each place. Therefore the
tide. The amplitude and phase lags of thg &hd K tidal tide travels faster at the present time due to the inlet channel
constituents were computed from the sea surface elevation resdégpening. Concerning to, Keonstituent its amplitude had also
of each simulation, for twenty nine stations distributed along thiacreased along the time, being the highest variation verified at
main channels of the lagoon (Figure 1), using the t_tide matlali@ra channel at stations 5 (with an increase of about 10%) and
package of Pawlowicet al (2002). station 12 (with an increase of about 18%). The phase of the
To further investigate these tidehanges, the tidal prism was diurnal constituent has decrease in almost all stations, except for
also computed for five cross-sections defining the inlet channsbme located in the lagoon central area. The highest variations in
and the four main channels of the lagoon (Figure 4). the K, phase were also verified in Mira channel. For instance, a
Once the tidal prism depends on the location of the crosshase decrease of approximately 68 minutes was observed at
sections and on the tidal range, it was computed for a maximum
spring tide (~3 m of tidal range at the lagoon mouth) in order " e —
forecast extreme conditions. Simulations were performed for the
three bathymetric configuratiomsd the tidal prism was compared
for each one.

Figure 2. Numerical bathymetry of the Ria de Aveiro inlet, with
the depth in meters: a) past bathymetry, b) present bathymetr
and c) difference between past and present bathymetries.

RESULTS
Model results for the simulations performed for the three
bathymetric configurations were compared, which represent the
system under different conditions: past and present bathymetries
and another bathymetry representing future conditions with the
enlargement of the lagoon flooded area.

Figure 4. Cross-sections whehe tidal prism were computed.
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Figure 5. Amplitude and phase of M, (above) and K, (below) tidal constituents for the three configurations. Black: past configuration,

gray: present configuration and white: flooded configuration.

station 12 from the past to the present configuration.

According to the model results an enlargement of the lagoon
area leads to slight decrease of the semidiurnal constituent
amplitude as well as an increase of the phase lag along the lagoon.
These results are in agreement with the sensibility analysis
performed by Aradjo et al. (2008) through the development of an
analytical model for Ria de Aveiro, which show that an augment
in the lagoon area will decrease the tidal amplitude and increase
the phase lag. The highest differences are observed at stations 9
and 16 (close to the flooded area), with an amplitude decrease of
approximately 4% and 1% respectively, and an increase in the
phase lag of approximately 8 minutes.

Regarding the diurnal constituent the amplitude decreases at
stations located in the central area of the lagoon. The highest
variation was also observed at station 9, with a decrease of
approximately 4%. For the stations located in northern channels
no variations were observed. Model results also show an increase
in the phase lag at all stations, being the highest variation of
approximately 20 minutes at station 9.

Tidal prism

The tidal prism is defined as the volumetric flux passing
through a cross-section in a flooding cycle, so it depends on the
location of the cross-sections as well as on the tidal range. Thus, in
this work the tidal prism was computed for the five cross sections
represented in Figure 4 and for a maximum spring tide (~3 m of
tidal range), for the three bathymetric settings previously referred.

According to the model results (Figure 6), from the past
configuration to the present one, the tidal prism values increase for
all the cross-sections. In fact, the bathymetric differences are
mainly in the inlet depth and, as previously referred the tidal prism
depends on the cross-section. Once the tidal prism in the inlet
changes (increase more than 6%), it will change for the other
cross-sections. As the Mira channel has the smaller volumetric

flux, it has the highest relative increase on tidal prism with
approximately 18%.

The enlargement of the lagoon flooded area further increases
the tidal prism values (Figure 6). For instance, for the inlet cross-
section the tidal prism increases approximately 5%, relatively to
the present configuration. The highest increase occurs for the
cross-section located near the flooded area ({lhavo), with an
increase of approximately 25%.

The results achieved herein agree with previous studies for
other coastal systems. For instance, Malhadas et al. (2009) reveal
that the dredging operation and the relocation of the Obidos
lagoon inlet will enlarge the tidal prism. Dias et al. (2009)
achieved the same conclusion for the relocation of Ancio inlet in
Ria Formosa. The tidal prism in Ancdo inlet increase
approximately 20% with it relocation, enlargement and deepening.

The tidal prism is a good indicator of water renewal capacity of
an estuary. The results suggest that the deepening of the lagoon
inlet and the enlargement of the flooded area reduces the residence
times, leading to better water renewal and mitigating the water
pollution effects.

S. Jacinto Espinheiro
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Figure 6. Tidal prism for the three bathymetric configurations
and for the five cross-sections.
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CONCLUSIONS

The main goal of this study was to contribute to the
understanding of tidal dynamic changes in estuarine systems
induced by morphologic changes, analyzing the consequences of
the inlet deepening and the enlargement of the lagoon area.

The outcome of this study indicates that morphologic
anthropogenic and natural changes in the channels depth and
geometry impact the tidal dynamics of Ria de Aveiro. The inlet
channels deepening (and the lagoon area enlargement) increase (or
decrease) the tidal amplitude, decrease (or increase) the tidal phase
and raise the tidal prism in the main lagoon channels cross-
sections.

In summary, the Ria de Aveiro tidal characteristics has
undergone substantial changes during the last years, which are
expected to continue due to both continued human interference in
certain areas of the lagoon and neglect in maintenance and
conservation of other areas.

The flooding risk in coastal systems, as a result of degradation,
land reclamation, sea level rise, dredging and/or erosion is a
persistent global problem. Thus, the conclusions achieved for the
Ria de Aveiro could be generalized to other similar systems at risk
of flooding.
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