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ABSTRACT   

 

Sousa, M. C., Alvarez, I, Vaz, N. and Dias, J. M, 2011. Physical forcing of the hydrography of the Ria de Vigo 
mouth.   Journal  of  Coastal  Research,  SI  64  (Proceedings  of  the  11th  International  Coastal  Symposium), 
1589 - 1593. Szczecin, Poland, ISSN 0749-0208 

The Ria de Vigo is one of the four embayments located south of Cape Finisterre, along the northwest Atlantic 
coast of the Iberian Peninsula. It is connected to the open sea by means of two entrances separated by the 
presence of the Cies Islands in the outermost part. Around 30 km southwards of the Ria de Vigo is the Minho 
River, which is the most important river flowing into the Western Galician coast. The main objective of this 
study is to investigate the hydrography of the Ria de Vigo mouth in terms of its major forcing mechanisms, 
identifying their influence on the establishment of the observed patterns. For this purpose, correlations between 
wind, air temperature and Minho River discharge over the salinity and temperature were computed. When 
comparing both mouths of the Ria de Vigo, the water temperature is colder at the southern mouth than at the 
northern one. The results showed a negative correlation between bottom salinity and alongshore wind, which 
could be related to upwelling events that pump salt water into the estuary mouth. At the northern mouth, the 
major forcing was the air temperature. The salinity increase from south to north revealing that the observed low 
values may be induced by the Minho freshwater discharge. The temperature is weakly dependent on the Minho 
river discharge and closely related to the air temperature pattern, and the salinity is closely related to wind 
variability and to the Minho River discharge. 
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INTRODUCTION 
In estuaries, circulation and exchange processes are forced by 

waves, tides, freshwater inflow, wind stress and exchanges with 
the atmosphere. These processes determine the patterns found for 
the salinity and water temperature inside estuaries, which are 
perhaps the most important physical factors confronting an 
organism here.  

The hydrographic features of estuaries are a subject that has 
been widely studied worldwide. Guerrero et al. (1997) analyzed 
the water temperature and salinity in the Rio de la Plata Estuary, 
which are controlled by the balance between onshore and offshore 
winds, the river discharge and the Coriolis force. Hydrographic 
observations southwest of the Southern California Bight in the 
period 1937–1999, showed that temperature and salinity changes 
have very different interannual variability (Schneider et al., 2005). 
Vaz and Dias (2008) studied the Espinheiro channel (Ria de 
Aveiro), analyzing a thermohaline variables dataset as a function 
of incoming river flow and tide. They concluded that the salinity 
within the channel is related closely to the tidal forcing and river 
inflow, and that the temperature distribution is related to these 
factors and is also influenced by meteorological forcing. 

The Western Galician coast (NW Iberian Peninsula) is 
characterized by the presence of four coastal embayments located 
south of Cape Finisterre, known as Rias Baixas. The Ria de Vigo 
is the southernmost one and it is connected to the open sea by 

means of two main entrances, due to the existence of islands in the 
outermost part.  

This region is characterized by a large primary productivity 
caused by coastal upwelling, which can support an intense raft 
culture of mussels (Blanton et al., 1984). Upwelling along this 
coast is a frequent phenomenon during the spring-summer months 
characterized by favorable northerly winds blowing along the 
coast. Thus, most of the hydrographic studies carried out in the 
Ria de Vigo were focused on these seasons (Blanton et al., 1984; 
Prego and Fraga, 1992; Nogueira et al., 1997a, 1997b; Doval et 
al., 1998; Alvarez et al., 2005). 

The Minho River is located about 30 km south from the Rio de 
Vigo, which is a significant feature in respect to the hydrography 
of this ria (Alvarez et al., 2006). The outflow from the Minho 
River is particularly important in this coastal zone and its effect  
deserves particular attention. However, in this area (as in most in 
coastal lagoons) the dynamics are complex, due to the interaction 
of several forcing mechanisms, such as wind, local coastal 
currents and the previously mentioned river discharge. 

The main objective of this study is to investigate the 
hydrography of the Ria de Vigo mouth in terms of its major 
forcing mechanisms, identifying their influence on the 
establishment of the observed patterns. 
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STUDY AREA 
The Ria de Vigo is located near the border between Portugal 

and Spain, between 42º 09’N and 42º 21’N, 8º36’W and 8º54’W 
(Figure 1).  

 The Ria de Vigo is 32.5 km long, presenting an NE-SW 
direction, with 1 km width in its inner part (NE) and 10 km at the 
mouth of the ria (SW). The mean width and depth are 4.8 km and 
21 m, respectively. The connection of the ria with the shelf is 
separated by the Cíes Islands, forming two distinct estuary 
mouths. The northern mouth is 2.5 km wide and has a maximum 
depth of 25 m and the southern mouth is 5 km wide and 50 m 
depth.  

The Ria covers a total surface of 156 km2 and has a total 
volume of 3.12 km3. The freshwater input comes from Verdugo-
Oitabén River (about 79% of the total annual mean freshwater 
flow to the Ria (López-Jurado, 1985)). The tidal forcing is mainly 
semidiurnal with a Form Number significantly lower than 0.25 
(Varela et al., 2005). The tidal range varies between 2 and 4 m, so 
this Ria is a mesotidal estuary (Fraga and Margalef, 1979). The 
Ria de Vigo behaves as partially mixed estuary, with positive 
residual circulation and a two layer circulation pattern, with 
surface water outflow and inflow on the bottom (Fraga and 
Margalef, 1979; Prego and Fraga, 1992).  

MATERIAL AND METHODS 

Data 
The data used in this study are: hydrographic parameters 

surveyed in the two mouths of the Ria de Vigo, wind data, air 
temperature and the Minho River discharge. 

Salinity and temperature were measured weekly from October 
1997 to October 2002 at the southern (42º10.7’N, 8º52.5’W) and 
at the northern mouth (42º14’N, 8º 52.7’W). In both stations the 
parameters were measured at the surface and at a maximum depth 
of 35 m for the southern station and 20 m for the northern one. 
These measurements were made using a conductivity-temperature-
depth (CTD) instrument (Seabird19 and 25). Salinity calibration 
was performed previously by means of an “Autosal” salinometer. 

The wind data consists of surface winds obtained by the 
QuikSCAT (Quick Scatterometer) satellite, which are available 
from July 1999 and retrieved from the Jet Propulsion Laboratory 

web site (http://podaac.jpl.nasa.gov/quikscat/qscat_data.html). The 
dataset consists on global grid values of meridional and zonal 
components of wind, measured twice a day in an approximately 
0.25º × 0.25º global coverage grid. QuikSCAT data are given in 
an ascending and descending pass. Data corresponding to one pass 
present numerous shadow areas; therefore, an average between 
both passes was considered to increase the coverage. Wind speed 
measurements range from 3 to 20 ms-1, with an accuracy of 2 ms-1 
and 20º in direction (JPL, 2001). In addition, it is necessary to take 
into account that the wind data close to the coast (~25 km) are not 
available, due to the existence of a coast mask. The time series 
used in this study result from the extraction of the data for a point 
located at 42º15’N, 10ºW. 

The air temperature was provided by the “Instituto Nacional de 
Meteorología” of Spain, from a meteorological station situated at 
Peinador (42º13´N, 8º38´W). 

 Daily Minho River discharge was supplied by the 
“Confederación Hidrográfica del Norte”. The river discharge 
considered is the result of averaging the river runoff from the 
previous 7 days to the day of hydrographic sampling (Alvarez et 
al., 2003). 

All of these datasets cover the period October 1997 to October 
2002, except the wind data provided by the QuikSCAT satellite, 
which are from July 1999 to October 2002. 

Methodology 
Salinity and temperature time series were smoothed, in order to 

analyze their seasonal evolution in both mouths of the Ria de 
Vigo. The followed methodology can be summarized in several 
stages: (1) raw data were analyzed in such a way that data out of 
the range of ±3σ (where σ is the standard deviation) were 
removed; (2) data were filtered using a low-pass filter, in such a 
way that frequencies higher than one month were smoothed out; 
and (3) data gaps (less than 5%), generated by bad weather 
conditions and problems in the measuring devices, were in filled 
using a cubic interpolation scheme.  

Upwelling index was calculated at 43ºN, 11ºW by means of the 
geostrophic wind speed obtained from atmospheric fields (Lavin 
et al., 1991, 2000) and was averaged for 4 days before each cruise. 
Negative values of upwelling index indicate downwelling 
conditions, while positive values indicate upwelling conditions.  

Additionally, in order to evaluate the influence of the upwelling 
index, wind, air temperature and Minho River discharge over the 
salinity and temperature patterns in the Ria de Vigo, correlations 
between these variables were determined using the correlation 
coefficient (rx,y), which can be calculated by: 

yx
yx

yx
r

σσ
),cov(

, =      (1) 

where cov (x,y) is the covariance between data and  rx,y ranges 
from -1 to 1. 

RESULTS AND DISCUSSION 

Forcing mechanisms 
In order to study the effect of the major forcing mechanisms in 

the hydrography of the Ria de Vigo, it is necessary to analyze their 
seasonal behavior. Upwelling index, air temperature measured at 
Peinador meteorological station and Minho River discharge are 
monthly averaged from October 1997 to October 2002. These 
means are depicted in Figure 2.  

A positive or negative upwelling index values indicates 
favorable (northerly winds) or unfavorable (southerly winds) 
upwelling conditions, respectively. As it can be observed in Figure 

 

Figure 1. Map of the western coast of the Iberian Peninsula, 
with the location of the northern and southern mouths of the Ria 
de Vigo. 
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2a, the upwelling season occurs from April (114.2 m3s-1km-1) to 
September (33.5 m3s-1km-1). For the rest of the months, winds are 
predominantly from the south and south-west, favoring the 
predominance of downwelling conditions. 

The air temperature (Figure 2b) shows the highest value in 
August (19.8 ºC), while the lowest values corresponds to January 
(9.2 ºC) and December (9.1 ºC), presenting a marked seasonality. 

The monthly Minho River discharge shows a typical pattern 
with high values during winter and low values during summer. 
The maximum value corresponds to October (1457 m3s-1), and the 
minimum values are reached in July and August (144 and 123 
m3s-1). 

Seasonal evolution of hydrographic parameters 
The near surface and near bottom salinity and water temperature 

time series, from October 1997 to October 2002 for the northern 
and southern mouths of the Ria de Vigo are shown in Figures 3 
and 4. In general, salinity and water temperature present similar 
behavior throughout the period under analysis, showing evidence 
of a seasonal variation (at both estuary mouths). In fact, the 
salinity correlation between northern and southern mouths shows 
high values, both on the surface and bottom (0.88 and 0.65). 

 

Figure 3. Near surface and near bottom salinity time series from 
October 1997 to October 2002, for the northern and southern 
mouths of the Ria de Vigo. 

In respect to the water temperature, the correlation between the 
northern and southern mouths ranges from 0.86 (near surface) to 
0.82 (near bottom). 

Regarding salinity (Figure 3), the surface salinity decreases in 
the beginning of 1998 (about 5) and 2001 (about 7), synchronized 
with a high Minho River discharge, which reaches 900 m3s-1 
(Alvarez et al., 2006). The low surface salinities can be induced 
also by the southerly winds (downwelling favorable), which are 
predominant in the winter months (Figure 2a); these  drive the 
water to enter the Ria through the surface layer. On the bottom, 
the northern mouth presents the same pattern, which may be 
related to its shallowness. However, the bottom salinity does not 
exhibit seasonality, because the shelf water intrusion is controlled 
by the bathymetry (Guerrero et al., 1997). However, the salinity 
difference between surface and bottom is higher during winter, 
than summer (see Figure 5), following the Minho River discharge 
pattern (Figure 2c). A maximum salinity difference was observed 
in January and December, in both mouths, with the stratification 
reaching 2.5. Stratification decreases in summer, due to the strong 
upwelling events and low rainfall occurring in this area (Alvarez 
et al., 2005).  

As can be observed in Figures 3 and 5, near surface water in the 
southern mouth is saltier than in the northern mouth, which is 
consistent with northward surface freshwater deflection induced 
by the Coriolis force (Ruiz-Vilarreal et al., 2002). 

The water temperature is similar at the surface and near the 
bottom, in both mouths (Figure 4). 

 

Figure 5. Monthly mean near surface and near bottom salinity 
for the northern and southern mouths of the Ria de Vigo, for the 
period from October 1997 to October 2002. 

 

Figure 2. The monthly mean (October 1997 - October 2002) 
upwelling index (a), air temperature (b) and Minho River 
discharge (c). 

 

Figure 4.  Near surface and near bottom water temperature time 
series from October 1997 to October 2002, for the northern and 
southern mouths of the Ria de Vigo. 
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Water temperature values range from 12ºC (17ºC) at the surface 
to 13ºC (15ºC) near to the bottom in the winter (summer) months.  
This pattern is related to the air temperature variability and 
freshwater input. In winter, the air is colder than the water, 
inducing the surface water cooling, and the freshwater input is 
much colder than the seawater. In summer, the opposite pattern is 
found. 

The monthly mean near surface and near bottom water 
temperature for the northern and southern mouths is depicted in 
Figure 6. Once again, when comparing both mouths, it can be 
observed that they have a similar behavior. However, the highest 
surface-to-bottom water temperature difference is observed in the 
summer months, reaching 2ºC, following the air temperature 
pattern (Figure 2b). 

The bottom water temperature decreases from April to August 
(Figure 6), due to the presence of a colder water mass (ENACW) 
and the prevalence of northerly winds (Figure 2a), which pump 
ENACW from the shelf, and increases from September to 
November (Rios et al., 1992; Prego et al., 1999). Moreover, a 
maximum value in October, associated with the presence of a 
warmer water mass on the adjacent shelf is also found, in 
accordance with the previous results of Prego et al. (2001). The 
same pattern is observed also at the southern mouth. When 
comparing both mouths, the water temperature is colder at the 
southern mouth than at the northern one. This situation can be 
explained by the depth difference between both mouths (the 
southern mouth is considerably deeper).  

Influence of external forcing on hydrographic 
variables 

The correlations of temperature and salinity with upwelling 
index, alongshore wind, Minho River discharge and air 
temperature were computed. Upwelling index values and 
alongshore wind were used in order to verify the possible 
upwelling response to the wind variability. The Minho River 
discharge and air temperature were used in order to evaluate their 
relationship on the establishment of the circulation patterns. The 
results are summarized in Table 1. 

With respect to the correlation of upwelling index with bottom 
salinity and temperature, the first is high, ranging from 0.532 and 
0.480 (northern and southern mouths, respectively) and the second 
is negative (-0.352 and -0.459 northern and southern mouths, 
respectively) (Table 1). In both cases, correlations have 
significance levels greater than 95%. These results show the 
possibility of occurrence of upwelling events, i. e., when the winds 
blow predominantly from the North and Northwest (positive 
upwelling index); it is verified that the colder and saltier water 
enters the Ria de Vigo. At the surface, the upwelling index 
correlation with salinity was low (0.226 and 0.229 northern and 
southern mouths respectively). Although the significance level is 
greater than 95%, the relationship between temperature and 

upwelling index was not statistically significant (Table 1), 
showing that upwelling events affect only the bottom layers. 

The correlation between the alongshore wind and the bottom 
salinity in the northern and southern mouths shows negative 
values, -0.561 and -0.513, respectively. This can be related to 
upwelling events, which pump salty water into the Ria de Vigo 
mouths (Alvarez et al., 2005). A similar pattern can be observed 
when comparing bottom temperature, although the correlation is 
positive in this case (0.379 and 0.462 at the northern and southern 
mouths, respectively), since upwelling events pump cold water 
into the estuary (Table 1). As can be observed, the correlation 
between water temperature and alongshore wind is lower in the 
northern mouth, which can be related to its low depth. At the 
surface, the correlation results are similar for salinity and close to 
zero for temperature, with significance levels lower than 95%.  

The correlations between air temperature and the surface 
temperature are higher, ranging from 0.659 and 0.554 in the 
northern and southern mouths, respectively (Table 1). Thus, in the 
northern mouth, the major forcing seems to be the air temperature 
(as a consequence of the shallowness of the region), revealing the 
high influence of the atmosphere.  

The Minho River discharge is correlated negatively with the 
surface salinity (-0.795 and -0.848 for northern and southern 
mouths, respectively) (Table 1). The negative correlation means 
that, when the freshwater inflow increases, the salinity decreases 
in the mouths. Thereby, the increase in salinity from south to the 
north reveals that the observed values may be induced by the 
Minho River discharge (Mouriño and Fraga, 1982).  

As can be observed in Table 1, the water temperature 
distribution is found to be weakly dependent on the river discharge 
and related closely to the air temperature. However, the salinity 
distribution is related closely to the wind variability and to the 
Minho River discharge. This result is in accordance with the 

Table 1: Correlations coefficients between the forcing variables and hydrographic parameters ( a significance level >95%;  b significance 
level of 95%;  c significance level < 95%). 

 Northern Mouth Southern Mouth 

 Surface Bottom Surface Bottom 

 Salinity Temperature Salinity Temperature Salinity Temperature Salinity Temperature 

Upwelling index 0.226a 0.009a 0.532a -0.352a 0.229a 
-0.049c 0.480a -0.459a 

Wind -0.3382a -0.047c -0.561a 0.379a -0.324a -0.007c 
-0.513a 0.462a 

Discharge -0.795a -0.317a -0.591a 0.083b -0.848a 
-0.283b -0.300a 0.247a 

Air Temperature 0.271a 0.659a 0.200a -0.071c 0.269a 
0.554a 0.108c -0.284a 

 

Figure 6. Monthly mean near surface and near bottom water 
temperature for the northern and southern mouths of the Ria de 
Vigo, for the period from October 1997 to October 2002. 
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results obtained for Espinheiro channel (Vaz and Dias, 2008), 
where the water temperature distribution is related closely to the 
freshwater temperature, tide and is influenced also by air 
temperature pattern, due to the small depth of the channel. The 
salinity distribution is related closely with the tide and with the 
river discharge. 

CONCLUSIONS 
The main objective of this work was to investigate the 

hydrography of the Ria de Vigo mouth in terms of its major 
forcing mechanisms, identifying their influence on the 
establishment of the observed patterns. 

The results showed that during winter the surface salinity 
decreases, synchronized with the high Minho river discharge. In 
the summer, the surface-to-bottom salinity difference increases. 
This surface-to-bottom difference may be related to the upwelling 
events. No seasonality in salinity was observed at the bottom. The 
water temperature was similar on the surface and near the bottom, 
in both mouths.  

In general, at the southern mouth, the influence of the upwelling 
events and of the Minho River discharge is more frequent. At the 
northern mouth, the air temperature is the major forcing.   

In summary, it was found that temperature is weakly dependent 
on the river discharge and related closely to the air temperature 
pattern. Salinity is related closely to wind variability and to the 
Minho River discharge. 
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