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ABSTRACT   

 

DIAS, J.M., ABRANTES, I. and ROCHA, F., 2007. Suspended Particulate Matter Sources and Residence Time in a 
Mesotidal Lagoon. Journal of Coastal Research, SI 50 (Proceedings of the 9th International Coastal Symposium), 
1034 – 1039. Gold Coast, Australia, ISSN 0749.0208  

In the frame of this work the suspended particulate matter (SPM) concentration was measured in February 2002 
in seven sites of Ria de Aveiro (located in its four main channels) during one tidal cycle of a neap tide event (at 
approximately 2-hour intervals, including high tide and low tide measurements) and its mineralogical 
composition was identified. 
The purposes of this work are to identify the main sources of sediments for these locations (ocean or rivers), as 
well as to determine the sediments residence time for this locations and their paths along the channels. The 
methodology adopted consisted in applying a lagrangian model coupled to a previously calibrated hydrodynamic 
model of Ria de Aveiro to study the dispersion and mixing processes of passive particles during the sampling 
period. Considering the sediments represented as passive particles, lagrangian models allow the simulation of 
sediments transport paths and the computation of residence times. Several simulations were performed in order 
to simulate the surveys conditions and understand the dynamics and origin of measured SPM.  
The model results are supported by textural, mineralogical and concentrations field data, revealing that it may 
constitute an important tool to study the lagoon sediments dynamics and origin. 

ADITIONAL INDEX WORDS: Sediment dynamics, Numerical modeling, Ria de Aveiro  
 

INTRODUCTION 
With the purpose of contributing to the identification of the 

main sources of sediments in Ria de Aveiro (ocean or rivers), it is 
considered important to study and understand how the tidal and 
river flows induce the horizontal transport and dispersal of 
suspended sediments in this lagoon. The methodology adopted in 
this work comprises the exploration of a previously developed 
lagrangean particle tracking model (DIAS et al., 2001; 2003) 
coupled to a calibrated two-dimensional hydrodynamic model of 
Ria de Aveiro (DIAS and LOPES, 2006a,b), in order to understand 
the results of previous field efforts. 

In this study suspended sediments are considered as passive 
particles, assuming the absence of resuspension and deposition. 
Their movement is assumed to be entirely induced by advective 
transport due to the tidal and river currents. The modelling system 
allows for the following of their trajectories.  

Simulations are carried out in order to comprehend the patterns 
found for seven different locations of the lagoon during a neap 
tide event in February 2002. 

STUDY AREA 
  Ria de Aveiro is a well-mixed, shallow water coastal lagoon, 
located in a temperate climate area under the Atlantic influence 
with mild, humid winters and hot, dry summers. It has a maximum 
length (NNE-SSW) and width of 45 km and 10 km, respectively, 
and in spring the tide covers an area of 83 km2 of wetland at high 
water, which is reduced to 66 km2 at low water (DIAS et al., 2000). 
It comprises of a complex pattern of channels characterized by the 
existence of significant intertidal zones, and separated from the 

sea by a sand bar (Figure 1). The only connection to the Atlantic 
Ocean is through a narrow channel 1.3 km in length, 350 m wide 
and more than 20 m deep. The other navigable channels are about 
7 m deep, with the average depth of the lagoon approximately 
1 m, relative to the local datum.  

The lagoon is mesotidal (tidal amplitude at the inlet ranges from 
0.6 m in neap tides to 3.2 m in spring tides - mean 2 m) (DIAS et 
al., 2000) and the tidal limit is at the far end of its channels. The 
major factor influencing the hydrodynamics of the lagoon is the 
semidiurnal tides (DIAS et al., 2000).  

The major fluvial input comes from the Vouga River which, 
with an average flow around 50 m3s-1, contributes around 2/3 of 
the fresh water entering the lagoon (MOREIRA et al., 1993; DIAS et 
al., 1999). The total mean freshwater discharge into the lagoon 
during a tidal cycle is about 1.8×106 m3 (MOREIRA et al.,1993), 
while the tidal prism is 137×106 m3 for maximum spring tide and 
35×106 m3 for minimum neap tide (DIAS et al., 2000).  

An earlier hydrological characterization of Ria de Aveiro (DIAS 
et al., 1999) revealed that the lagoon can be considered vertically 
homogeneous, in accordance to the characteristic values referred 
to previously.  

The highest values of sediment concentration are found in the 
northern channels due to erosion induced by high current speeds in 
shallow areas (LOPES et al., 2001).  

The bottom sediments are a combination of medium to fine 
sands with a variable content of fine-grained particles (silt and 
clay), which increases with distance from the lagoon mouth. 
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METHODS 
 

Suspended Sediments 
Suspended particulate matter was sampled in seven sites located 

in the four main channels (1 – mouth of lagoon; 2 and 3 – S. 
Jacinto Channel; 4 – Mira Channel; 5 and 7 – Espinheiro Channel 
and 6 – Ílhavo Channel) (Figure 1 ).  

Sampling was performed during one winter neap tidal cycle 
(20-21 February 2002), in approximately 2-hour intervals, 
including high tide and low tide measurements. Water was 
collected from the surface, middle-depth (when depth is higher 
than 3 m) and 1 m above the bottom at each site with a Van Dorn 
bottle.  

The concentration of SPM was determined after filtration of 1 to 
3 L aliquots, through 0.45 Millipore µm (47 mm diameter) pre-
weighted filters, using the classic vacuum system. The filters were 
dried at 40 ºC for 24 h and the SPM concentrations were 
calculated as the increase in weight (Figure 2). The mineralogical 
compositions of the SPM samples were also determined. Figure 3 
shows the calcite relative abundance for the samples collected at 
each station. 

Numerical Model 
A two-dimensional vertically integrated hydrodynamic model 

developed from the SIMSYS2D model (LEENDERTSE and 
GRITTON, 1971; LEENDERTSE, 1987) and previously calibrated and 
validated for Ria the Aveiro (DIAS and LOPES, 2006a, b) was 
applied in this study. The model solves the shallow-water 
equations, suitable to describe the tidal propagation in a system 
such as Ria de Aveiro: 

 0)()(
=

∂
∂

+
∂

∂
+

∂
∂

y
HV

x
HU

t
ς   (1) 

 

UA
H

nVUgU
x

gfV
y
UV

x
UU

t
U

h
2

3/4

22/122 )(
∇+

+
−

∂
∂

−=
∂
∂

+
∂
∂

+
∂
∂ ς  (2) 

 

 VA
H

nVUgV
y

gfU
y
VV

x
VU

t
V

h
2

3/4

22/122 )(
∇+

+
−

∂
∂

−−=
∂
∂

+
∂
∂

+
∂
∂ ς     (3) 

 
where U and V are the depth integrated velocity components in the 
x (eastward) and y (northward) directions, respectively, ζ is the 
surface water elevation, H is the water height (H=h+ζ; h=water 
depth), t is the time, f is the Coriolis parameter, g is the 
acceleration of gravity, ρ is the water density, Ah is the 
kinematical turbulent horizontal viscosity and n is the Manning 
roughness coefficient (CHOW, 1959). 

The system of equations (1)-(3) was discretized using a finite 
difference method and the difference equations solved by the ADI 
method (alternating direction implicit), using a space-staggered 
grid (LEENDERTSE and GRITTON, 1971). 

The numerical bathymetry developed for this lagoon has the 
dimensions Δx=Δy=100 m, resulting in 160 cells in the x direction 
and 393 cells in the y direction. The values adopted for the time 
step and Ah, were 40 s and 20 m2s-1, respectively.  

At the ocean open boundary, the water elevation over the 
reference level was imposed. This was determined using tidal 
harmonics constituents computed from sea level records measured 
at the Barra tide gauge (in the south margin close to station 1 – 
Figure 1). Constant current velocity characteristics, during the 
studied period, were imposed at the Vouga River boundary. The 
initial conditions were horizontal level and null velocity in all the 

 
Figure 1. Ria de Aveiro map and position of the SPM 
sampling stations ( ) 
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Figure 2. Suspended particulate matter average concentrations in 
the sampling stations. 
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Figure 3. Calcite relative abundance in suspended particulate 
matter in the study area. 
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grid points. Along the solid boundaries a null normal velocity was 
imposed and a free slip condition was assumed.  

In recovering Lagrangean information from an Eulerian current 
data set, as determined by the hydrodynamic model described, 
Lagrangean particle trajectories were obtained. 

Therefore, the two-dimensional trajectories of the simulated 
particles are computed at each time step using a Lagrangean 
approach, solving the equation 
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where ( ) 1

00, +n
i yxX is the position at the instant n+1 of the particle 

released at the point ( )000, yxXi  (DIAS et al., 2003). In this study 
the time integral was computed using a fourth-order Runge-Kutta 
scheme (HOFMANN et al., 1991; DIAS et al., 2003). 

The implementation of this model is undemanding, provided 
that a velocity field such as the one simulated by the 
hydrodynamic model is available. In reality, particles may move 
in response to additional processes such as diffusion, dissolution 
or aggregation and deposition or re-suspension, which are 
important in some areas of the lagoon. The implicit assumption 
made in this work was that the particle distribution was dictated 
primarily by passive advection within the 2-D flow field (DIAS et 
al., 2003).  

The accuracy of this model was tested by advecting a particle in 
a well-known velocity field typical of Ria de Aveiro (DIAS et al., 
2001).  

 

The computed particle trajectory was compared with the 
trajectory determined by solving the analytical equations. The 
model results showed good accuracy, clearly reproducing the 
expected particle trajectory (DIAS et al., 2001). 

In this study, particle trajectories will be used to simulate the 
paths of SPM in Ria de Aveiro. They are regarded as passive 
particles as their distribution is mainly due to the transport induced 
by currents.  

The time step and the grid used for the lagrangean simulations 
were the same considered for the hydrodynamic model, but the 
lagrangean module computations only start three days after the 
hydrodynamic simulations (spin up period). 

RESULTS 
Several simulations are carried out in order to reproduce the 

neap tide event of February 20 and 21, 2002, which was 
characterized by low river inflows. Passive particles were emitted 
at the lagoon mouth at each time step of the simulations and their 
trajectories followed along the lagoon, in order to identify the 
zones under ocean influence. The areas occupied by the particles 
after 1, 2 and 3 tidal cycles are represented in Figure 4 (a, b and c, 
respectively).  

A similar procedure was performed to determine the zones 
under river influence, emitting particles at the Vouga River mouth 
(Figure 5).  

One particle was also emitted at each one of the sampling 
stations location, at a single time concurrent with the sampling 
period, and followed during one tidal cycle. The particles 
trajectory is represented in Figure 6, and allows the identification 
of the areas of SPM influence around each station.  

The residence time for the entire lagoon (Figure 7) was also 

 
Figure 4.  Areas occupied by particles from oceanic origin after 1, 2 and 3 tidal cycles (a, b and c, respectively) 
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determined emitting particles at each cell of the numerical 
bathymetry, and determining the time they take to exit the lagoon 
(DIAS et al., 2001; 2003). 

DISCUSSION 
During the first tidal cycle the passive particles emitted in the 

lagoon mouth are transported mainly to the S. Jacinto Channel 
(stations 1 and 3) and to the Espinheiro (station 4) and Mira 
(station 5) channels (Figure 4a). After three tidal cycles the 
particles reach the inner parts of the main lagoon channels and can 
be found near station 6 (Figure 4c). Nevertheless, the far end of 
the channels remains out of oceanic influence. 

These trajectories were consistent with the results of SPM 
obtained during the study period, namely (1) the presence of 
calcareous nannoplankton (oceanic dwelling phytoplankton group 
that can be used as a tracer of marine circulation inside coastal 
systems) and (2) the decrease of calcite minerals abundance 
(proxy to the ocean biogenic contribution) with the increase of 
distance from the mouth (ABRANTES et al., 2005) (Figure 3). 

After one tidal cycle, some of the particles released in the 
Vouga River mouth are transported along Espinheiro Channel 
(Figure 5a), flushing out of the lagoon in the second cycle (Figure 
5b). Other particles, advected through the northeastern lagoon 
branches, remain near Laranjo Bay. After three tidal cycles the 
trajectories of the particles become more complex (Figure 5c) and 
Vouga River particles can be found even in the S. Jacinto 
Channel. 

The SPM mineralogical data support these particles tracks. In 
fact, along the studied tidal cycle the mineralogical composition of 
SPM is similar at any sampling stations. These locals, being the 

Figure 6.  Trajectories of particles released at stations 1, 3, 5 and 6 
(a) and at stations 2, 4 and 7 (  - start of trajectory;  - end of 
trajectory) during one tidal cycle 

 
Figure 5.  Areas occupied by particles from fluvial origin after 1, 2 and 3 tidal cycles (a, b and c, respectively) 
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most influenced by the sea waters influx-reflux and characterized 
by higher hydrodynamism, show the vanishing of the 
mineralogical signatures of the detrital inputs coming from north, 
east (from the Vouga watershed soils) and south (ABRANTES et al., 
2005).  

The trajectories of the particles emitted in the sampling stations 
allow the identifications of the areas from where the SPM 
measured in the field work may arise (influence area). The particle 
emitted from station 1 is transported toward S. Jacinto Channel 
almost attaining station 3, and then transported back to the lagoon 
inlet. The particles released from station 2 and 3 are advected 
more northward through this channel (Figure 6a, b), suggesting 
that the particles are trapped in these areas. Only the particle from 
Mira Channel station is exported to the ocean during one tidal 
cycle. The particle 5 is entrained to the northern area of the lagoon 
through Espinheiro Channel. While the particle emitted from 
station 7 is carried to the northeast area in the vicinity of Vouga 
mouth and back to the Espinheiro Channel, respectively during the 
flood and the ebb tide. The particle released at station 6 has a 
small influence area in the Ílhavo Channel. These results show 
that the concentrations measured at each station may have fluvial 
or oceanic origin. The simulated trajectories point out to retention 
of particles inside the lagoon. In general, field SPM concentration 
data show the higher values during the flood (Figure 2), denoting 
that Ria de Aveiro lagoon acts as a trap of the fine-grained 
sediments during the neap tides.  

The particles residence time values determined for the lagoon 
reveal an increase toward the end of the channels. Values lower 
than 3 days were found in the beginning of Mira and Ílhavo 
channels and half of S. Jacinto and Espinheiro channels (including 
all the sampling station locations). The highest values (14 days) 

were observed in the upper end of Mira channel where the tidal 
currents have low velocity. The pattern found for the residence 
time is concordant with textural variability of lagoon bottom 
sediments which show an increase in fine particle (silt and clay) 
contents with an increase of distance from the lagoon mouth. In 
general, the deposition of fine sediments is enhanced by higher 
residence time. 

CONCLUSIONS 
The model results are supported by textural, mineralogical and 

concentration field data, revealing that it may constitute an 
important tool to evaluate and understand the lagoon sediments 
dynamics and origin. 

The sedimentary dynamics of the Aveiro lagoon is essentially 
dominated by tidal forcing, but the suspended sediments may have 
fluvial or oceanic origin. Therefore the mineralogical composition 
of the suspended sediments is a function of the fluvial input and of 
oceanic contribution. However, in short time scales the oceanic 
influence looks to be dominant and during dry seasons, sediments 
of oceanic origin would be expected. 

The results reveal that during the study period, exchanges of 
sediments may take place between the lagoon and the coastal 
ocean, specially affecting the results in the stations close to the 
inlet. 
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