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Abstract: This article quantifies the variation of the discharge capacity of an urban river of the 
Galicia region due to the tidal level at the river discharge. During high tides, the water level on the 
river outlet produces a backwater effects that reduces the maximum discharge. This results in a 
decrease of the maximum capacity to one third of the maximum discharge during low tide. 

Keywords: Urban hydraulics; Computer fluid dynamics; Urban flood 
 

1. Introduction 

Floods are the most frequent natural disaster. Over the last two decades they have affected 
more than 2.500 million people and caused economic damages worth 625 billion dollars. Urban 
environments are becoming more sensitive to flood events due to the increase of the catchments 
imperviousness and the anthropic pressure on waterways.  

This fact becomes significant for the urban waterways of the Galicia region. This region, located 
at the Northwest of Spain, has a very dense river network characterized by short rivers, many of 
them with important localities situated at the river discharge. Urban floods in Galicia are 
conditioned by both the amount of rainfall conveyed by the river and the tidal level at the discharge. 
During high tides, the sea level at the river outlet causes a backwater effect which reduces the 
waterway capacity. In this article, a study to quantify the effect of tidal level on the river discharges 
of two urban river reaches is presented. 

2. Study Case 

The studied rivers correspond to the Mendo and the Mandeo rivers, which comprise draining 
areas of 353 and 84 km2 respectively. The lengths of the rivers are 50 km (Mandeo) and 30 km 
(Mendo) and both of them run along predominantly forest and agricultural lands. Due to its location 
at the Atlantic coast, the studied catchments are located on the path of low pressure fronts, resulting 
in frequent adverse storm events characterized by a large spatial and temporal variability of rainfall. 
The locality of Betanzos (around 30.000 inhabitants) is located at the junction of the Mendo and 
Mandeo rivers and suffers frequent floods. 

3. Methodology 

The effect of the tidal level on the maximum discharge capacity of the Mendo and the Mandeo 
rivers was analyzed using the Iber model [1]. This bidimensional flow model was used to simulate 
the hydrodynamic of the rivers on their pass through the locality of Betanzos. The model extended 
from approximately 1 km upstream the locality to the discharge of the Mandeo river at the Betanzos 
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estuary. The domain was discretized in an unstructured mesh with elements size ranging between 
60 m (at the estuary) to 1.5 m (at the river reaches along the locality of Betanzos). The elevation of 
each element was interpolated from the Digital Elevation Model provided by the Instituto 
Geográfico Nacional (IGN) with a spatial resolution of 5 m. 

An inflow was imposed at each boundary condition of the Mendo and Mandeo rivers, 
increasing from 0 to 400 m3/s during 36 h for the Mandeo river, and from 0 to 34 m3/s during the 
same 36 h for the Mendo river. At the outlet boundary, a constant water level was imposed. Multiple 
simulations were performed with different levels in order to reproduce the tidal levels reported by 
the National Port Authorities of Spain for the Betanzos estuary. The maximum discharge was 
considered as the one that caused the river to overflow the natural waterway, as illustrated in Figure 1.  

  
(a) (b) 

Figure 1. (a) Example of water depth fields before flow exceeds the waterway (b) Maximum 
discharges obtained for the simulated tidal levels. 

4. Results 

Results show a significant decrease of the maximum discharge with the increase of tidal level 
(Figure 1). During the peak of spring tides, maximum discharge is nearly one third of the one 
corresponding to low tide in both rivers. Therefore, flood studies should be performed taking into 
account the impact of tidal level on the flood extent and the maximum discharge conveyed by the 
rivers. 
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