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Abstract  
Flooding in towns and cities is commonplace in Ireland due to both coastal and river flooding. 

It is anticipated that in the future such flooding will become more frequent due to the effects 

of climate change. Flooding of coastal hinterlands can be caused by a number of influences: 

high river flows, high tides, storm surges or a combination of thereof. This paper presents 

details of a complete modelling solution developed to simulate urban flooding resulting from 

joint occurrences of river flow, high tide and storm surges. Cork City was chosen as a case 

study due to it’s susceptibility to flooding and the availability of flood data. The model has 

been extensively validated for the extreme flooding event of November 2009.  

The Cork City urban flood model was developed by dynamically linking a storm surge model 

of the northeast Atlantic with a nested tidal flow model of Cork Harbour. The storm surge 

model was developed using ECOMSED, a three-dimensional hydrodynamic, wave and 

sediment model while the tidal flow model is a two-dimensional, depth-averaged nested 

model developed at NUI Galway. The nested model facilitates the refinement of spatial 

resolution in Cork Harbour from 90m in the outer reaches of the harbour down to 2m in the 

streets of Cork city. The nested model includes a robust flooding and drying routine for 

accurate flooding and drying of intertidal areas. This was important as Lough Mahon contains 

substantial inter-tidal flats that are exposed at low tide. The flood model output includes both 

water levels and current velocities which are displayed using Google Earth for optimum 

visual impact.  

To create the bathymetric model, digital terrain data for Cork City were combined with 

seabed data so as to allow flood waters to seamlessly flow over the river/estuary channels, 

across the flood plain and through the city streets. The bathymetric model was developed 

using high resolution LiDAR data provided by the OPW. A resolution of 2m was provided in 

both DSM (digital surface model) which included buildings and DTM (digital terrain model) 

which represented ground surface only (excluding buildings, etc). These data were combined 

and interpolated onto 6m and 2m regular Cartesian grids for the area of interest to produce the 

‘floodplain’ topography shown in Figure 1. The channel of the River Lee was included in the 

model using cross sectional survey data also provided by the OPW from an extensive survey 

of the rivers in the River Lee catchment in 2008. Admiralty Chart data were used to develop 

the remainder of the bathymetric model of Cork Harbour.  

The model operates as follows. At each model timestep, water levels including tide and surge 

are provided by the coarse resolution northeast Atlantic model for the 90m Cork Harbour 

nest, and each coarser nest subsequently provides boundary conditions for the embedded finer 

nests. River Lee flow data, from gauge station 19011, are also specified at the western 

boundary of the 6m nested domain shown in Figure 1. Areas of the 'floodplain' are classified 

based on land type, vegetation, roads, upper river reaches and lower tidal reaches, and are 

characterised by roughness coefficients to be used in the calibration process. The LiDAR data 

were edited to combine the DSM and the DTM such that buildings and structures that would 

greatly impede the flow of water were included while trees and vegetation that would not 

greatly impede the flow were removed. The flow effects of the trees and vegetation were 

instead captured using a roughness drag. The urban flood model was also developed to 

account for the inclusion of bridge piers in the river channel by including a quadratic friction 

term in the momentum equation to represent the energy loss resulting from the piers.  
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Figure 1: The 2m and 6m nested grids interpolated from LiDAR data. 

 
The nested urban flood model was calibrated for the November 2009 flooding event. 

Boundary conditions were extracted from river gauge station 19011 and the tide gauge at 

Tivoli which were both operating on the day of the flooding. The roughness coefficients of 

the channel bed and floodplains were used as the calibrating parameters. Roughness varies 

across the model domain from the upstream section of the floodplain which is mostly fields, 

to the city downstream containing the urban environment. Flood levels computed by the 

model were compared with surveyed flood levels recorded by the OPW at the time of the 

flooding. The best fitting model results are presented in Figure 2 which shows a profile of the 

channel within 2m grid with survey points marked. When all data points were included, a 

model root-mean-square-error (RMSE) of 0.133m and a mean error (ME) of 0.081m were 

computed. When the number of comparison points was reduced to only those locations along 

the channel, the RMSE and ME were reduced to 0.067m and 0.019m, respectively. The 

calibration results confirm that the urban flood model is capable of accurately reproducing the 

flood event of 2009. 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: Map of water level comparison locations (left) and comparison model versus surveyed water 

levels along the River Lee channel (right).  

 

Full article to follow later, and will be available to download from the Hydrology 

Ireland Website www.opw.ie/hydrol 

 
 


