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ABSTRACT 

The city of Bilbao is located in a high-risk flooding area, at the end of a very fast and steep catchment (Nervion-Ibaizabal 
River), under the direct influence of the Cantabrian Sea tidal levels. 

Over the last 50 years there have been several flood events, the most serious occurred in 1983, which resulted in great 
economic and personal losses for the city. Since then, Bilbao has been searching for an effective tool to prevent and be 
aware in advance of this kind of incidents. 

In recent years, technology has reached a development point where it is possible to effectively monitor and simulate the 
hydraulic condition of Bilbao. 

This paper presents the new Flood Early-Warning and Monitoring System that has been developed under the lead of 
Bilbao City Council. It will serve as a powerful Decision Support System and enable a better flood risk management for the 
City Crisis Committee.  

This project has been a 3-year process which involved many parties within public and private sectors, being a great 
example of mutual collaboration and team. 
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 OVERVIEW 

The city of Bilbao is located in a very special site: crossed by a meander, wedged between the mountains of the Nervion 
River. It is as beautiful as especially vulnerable to floods, as it has suffered several important episodes along its history. 

The worst event occurred in August 1983: the Nervion-Ibaizabal, like other rivers of the Cantabrian coast, suffered serious 
floods after heavy storms that summed a total rainfall of more than 500 mm in most part of the basin. On August 26, the 
river overflowed during the local festivity, Semana Grande. The water reached three meters in some points of Basauri and 
up to five in Bilbao. More than a hundred municipalities were declared catastrophic zone in the Basque Country, 
Cantabria, Navarra and Burgos; 39 people lost their lives due to the floods (34 alone in the Basque Country). There were 
5 missing persons, with estimated losses of 1,200 million euros, of which almost 400 million were accounted for in Bilbao. 
Other extensive floods occurred in 1975 and 2008, they were fortunately not as critical as the 1983 event. Figure 1 shows 
some of the devastating effects of 1983 flooding. There have been other extensive floods in 1975, and 2008, but not as 
critical. 

 
Figure 1. Pictures of Bilbao 1983 catastrophic flood consequences. 

The main hydraulic problem of the city is its difficult drainage, since practically the whole of the Nervion-Ibaizabal River 
basin, more than 1600 km2, drains through the city's estuary, whose narrow outlet is also slowed down twice a day by the 
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conditions of the tide. Average annual rainfall in the area is more than 1000 mm per year, this would result on a total 
collected water volume in the basin of more than 16,000 million m3, or a continuous flow through the estuary of 184 m3/s1. 

Tidal range goes from a maximum level of 2.5 m AD to a minimum level of -2.4 m AD. 

On figure 2 there is an aerial view of Bilbao urban area, where the Nervión-Ibaizábal channel is indicated on its way 
across the city towards its coastal outlet. 

 
Figure 2. Aerial view of the urban area: Nervion path along the city towards the Cantabrian Sea. 

Bilbao was therefore in great need of an effective tool that could help the city to: 

● Alert before enough short-term flood events. 
● Help to decide the most appropriate corrective measures in the case of a flood event. 
● Manage city’s flood risk. 
● Better understand the dynamic evolution of city flooding episodes, by identifying which factors had mayor influence. 
● Communicate over the effects of a flood event more effectively among the different municipal departments. 
 
In brief: they wanted an effective Early Warning System and Real Time Flood Monitoring. The adopted solution was 
InfoWorks ICMLive. This is an Innovyze’s live modeling tool that integrates with hydraulic models, SCADA historians, and 
weather forecast databases. It provides a near-real-time view of network performance and alerts responsible team to 
adverse events, protecting lives, preventing CSO spills and reducing flood damage. It is available for commercialization. 
 
The Early Warning System that was to be constructed should unavoidably be able to comprise: 

● The entire hydrological basin of the city of Bilbao. 
● Complete 2D hydraulics of the estuary, streets, housing of the city, as well as adjacent contributing mountains. 
● The entire underground storm water and wastewater drainage network. 
● All existing boundary conditions: tide, precipitation, gauged river flows. 
 

InfoWorks ICMLive software was chosen because of: 
● The effective connection between 1D underground calculations and 2D surface hydraulic model. 
● The ability to simulate large extensions of 2D terrain mesh in a very short time. 
● The use of the complete equations of Navier Stokes in 2D calculations and Saint Venant in 1D elements. 
● The convenience and agility to use a ready-to-use solution instead of creating a customized one. 
● Its history of adaptation and success in complex hydraulic models, both in Spain and in the World. 
● Its local support team in Spanish language. 

 SYSTEM IMPLEMENTATION 

The steps in the System implementation were the following: 

 

 
1 If the basin had a 100% runoff over the total rainfall. 

Outlet to the sea 
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1. Identification of the hydraulic boundary conditions of the city, delimitation of the hydrological basin. 
2. Construction of the hydraulic 1D sewer + 2D terrain model in ICM to include the current state of the city and the 

underground sewer network.  
3. Verification and optimization of the ICM model. 
4. Creation and automatic update of a database with registered and forecast data, used as a boundary condition or as a 

system check. Variables were: rainfall, flow, levels in the estuary, inside all the monitores pipes and tide levels. 
ICMLive connects to this database and consumes this data as an imput for every automatic simulation. 

5. Definition of alert levels for which yellow, orange and red level warnings (from less to more importance) were issued. 
6. Start-up of the automatic system. 

 
In the implementation of this System, the following entities and companies worked together: 

● Urban Woks and Services, Rehabilitation and Public Space Area of the Bilbao City Council. 
● Cimubisa: Computer and TIK Department of the Bilbao City Council. 
● Asaser: Private Company dedicated to Civil Works, Public Buildings and Infrastructure maintenance. Main contractor 

of the City Council. 
● Aqua Consult Ingenieros: Private Company dedicated to Engineering and Services for the Integral Water Cycle. 
● Innovyze: Worldwide Leader Software Company with solutions for the Integral Water Cycle. 
● URA: Basque Water Agency. 
● Consorcio de Aguas Bilbao-Bizkaia: Bilbao-Bizkaia Water Consortium. 
● Euskalmet: Meteorology and Emergencies Service of the Basque Government. 
● AEMET: State Meteorological Agency. 

 PROJECT PHASES 

 Delimitation of the boundaries of the Mathematical Model 

The first step taken was the definition of the entire hydrological basin that drains through the city, which is represented in 
the attached image in dark blue, only red areas drain downstream of the city. 

There are three gauging stations available upstream of the city, that could be used as boundaries to the hydrological 
model, one located in Abusu (upper part of the city, Nervion-Ibaizabal river), the other two in Sodupe (where Herrerias and 
Cadagua rivers meet). Therefore, the basins to be included in the mathematical model were greatly reduced (to the urban 
area grated in orange), the lower basin of Cadagua and a small stream called Bolintxu (both in light purple). 

 
Figure 3. Contributing area of Nervion-Ibaizabal River, Bilbao City ICM 2D model extension (orange hatch) and lower Cadagua and 
Bolintxu catchments (in pale pink), which had to be included as there was no boundary condition sensor available for them. 

 Construction of the mathematical model in ICM 
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Once the extension of the System was defined, it was necessary to create a digital terrain model. The data available in the 
GeoEuskadi portal, which included a 1x1 m precision Lidar of the whole city extension, was sufficient for the project. 

Additionally, Nervion-Ibaizabal River bathymetry data and city bridges geometrical definition was acquired from a HEC-
RAS model provided by URA (Basque Water Agency). 

At the same time, exhaustive data collection work was carried out on pipelines, storm tanks, outlets, pumping stations so 
the entire underground sanitation and storm water network of the city was processed and included in the model. 

All necessary boundary conditions were defined, which were the following: 

● Tides at the estuary. 
● Rainfall in the contributing area of the model. 
● Inlet flows of Cadagua, Herrerias and Nervion-Ibaizabal rivers, at pre-defined catchment boundaries. 

Finally, performance tests were carried out for simulations. Those included maximum flows and extreme tides, in order to 
verify that the mathematical model had been purged of instabilities. As an example, figure 4 shows the extents of an 
extreme flood simulation event of the city. 

 
Figure 4. Plan representation of a Bilbao extreme flood simulation event within ICM Live. 

 Optimization process 

After construction and verification of the model, it was mandatory to ensure simulations agility so the Early Warning 
system was able to give predictions as fast as possible. Therefore, a screening and perfecting process was performed, 
removing all superfluous elements that slowed down the simulations, besides keeping equal precision level. 

 2D Mesh Zone Correction 

To correct the mesh, it was decided to use the maximum size of the 2D elements that would allow the same degree of 
results detail. Street flooding was analyzed for the entire cross section, with no differentiation between right or left sides 
and inlets, therefore a mesh size of 15 to 75 m2 was appropriate enough. 

 Removal of smaller pipes 

Smaller pipes with a diameter below or equal to 200 mm were purged, as their results were not considered representative 
of the model, except in special areas with frequent flooding, places of singular relevance, or within narrower stretches 
which were part of larger networks. Ultimately, these small size elements that were removed represented approximately 
27% of the total length of all the pipes in the model, but summing up to just a tiny 4.3% of the storage volume of the 
network. Nevertheless its simplification greatly favored the agility of calculations. 

Deleted storage (from removed smaller pipes) was included again in the sewer network: it was added to 880 downstream 
nodes that were next to pruned pipes. In this way the total storage capacity of the network remained the same, as stated 
in table 1. 
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Table 1. Storage volume balance in the model network after pruning the smaller sewer pipes. 
VOLUME BALANCE 

 INITIAL NETWORK OPTIMIZED NETWORK DIFFERENCE (%) 
NETWORK LENGTH (m) 581751 424083 27 % 
PIPES VOLUME (m3) 666088 625897 6 % 
ADDITIONAL VOLUME (m3) 0 40191  
TOTAL VOLUME (m3) 666088 666088 0 % 

The reallocation of unallocated subcatchments that were attached to purged parts of the network was accomplished via a 
proximity SQL script that was performed thanks to the ArcGIS tools that are embed within ICM. Figure 5 includes two 
pictures that show the difference between the initial, not optimized 2D elements mesh, and the final version. 

 
Figure 5. Original (left) and improved (right) model: bigger 2D element size and correction of internal points in break lines and polygons. 

 Simplification of large-sized contributing watersheds 

There were two rural basins that had to be necessary included in the complete model, as there were no gauging stations 
to quantify the flows that they input to the System. These basins are lower Cadagua River and Bolintxu stream. 

The relative area of the ungauged basins is hatched in red in the attached image. Lower Cadagua River basin has an 
extension of 4836 ha, while Bolintxu Stream covers 816 ha. When compared to the 2D contributing Bilbao city area, which 
occupies an area of 3434 ha, both river basins sum up to an additional 164% extent. Upper Cadagua and Herrerias 
gauged basins are also represented (green hatch). 

 
Figure 6. Cadagua and Bolintxu ungauged catchments area (red hatch), Cadagua gauged catchment and 2D Model Zone top right. 
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The inclusion of these two basins in the 2D elements mesh slowed down model hydraulic calculations so much that 
simulation time was doubled. Therefore it was decided to include them as 1D basins, and they were calibrated with the 
available data. To do so, year 2017 records of rainfall and gauged river stations were revised and December 2017 period 
was chosen, as it corresponded to an intermittent wet period after two rainy months. This represents the most usual 
condition of the catchment (85% of the time), so this callibration is valid for rainfall intensities between 0 and 50 mm/h, and 
for wet or saturated soils. Final data interval went from December 8 to 13, which is represented in figure 7. 

 
Figure 7. Rainfall data used to calibrate the rural Cadagua catchment (8/12/2017 to 13/12/2018) 

For this same time frame, gauged flow data of Cadagua Alto and Herrerias rivers are represented in figure 8. 

 

Figure 8. Gauged flow data of Cadagua and its tributary, Herrerias, same period (8/12/2017 to 13/12/2018). 

Calibration process consisted on determining SCS curve numbers, maximum soil moisture capacity and base flows, while 
area, maximum length, slope and concentration time where known. The process was considered as valid when 1D model 
subcatchments results generated peak flows that differed less than 10% to the gauge stations flows. An example of 
subcatchment simulations results is in figure 9. 

 
Figure 9. Simulation results of the 1D calibrated catchments within ICM. 

Table 2 shows the final SCS curve numbers obtained for each catchment after the calibration process. 

Table 2. Physical parameters and callibration values obtained for the rural catchments. 

SUBCATCHMENT ÁREA 
(ha) 

LENGTH 
(m) 

SLOPE 
(m/m) 

TC 
(min) 

SCS CURVE 
NUMBER 

BASE FLOW 
(m3/s) 

MAX. WETNESS 
CAPACITY (mm) 

KADAGUA BAJO 1D 4836.299 3923.6 0.059 233.89 38 1 70 
KADAGUA ALTO 1D 27441.646 9346.1 0.026 564.91 43 5 70 

HERRERIAS 1D 25335.017 8980.2 0.034 481.48 38.5 2 70 
KADAGUA COMPLETA 57612.959 13542.1 0.056 781.5 40.6 8 70 

CUENCA BOLINTXU 815.777 1611.4 0.155 77.67 38 0 70 
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Table 3 includes 24 h simulation times of the first and final version (with 1D catchments and pruned sewer network) of the 
model, and a final test with a more powerful GPU card, that reduced even more the time to run a 24 h period event. The 
conversion of the 2D subcatchments into simplified 1D ones accounts for approximately half of the simulation time 
reduction.  

Table 3. Reduction of simulation time achieved by optimization of the ICM model. 
MODEL SIMULATION TIME (S) 24 H SIMULATION TIME (H) 24 H SIMULATION TIME REDUCTION 

Initial Model (1060 GTX) 11753 s 3 h 16 min - 
Optimized Model (1060 GTX) 4326 s 1 h 12 min 60 % 

Final Model (1080 GTX) 2411 s 40 min 80 % 

 Creation and automatic update of an input SCADA database 

Simulations had to be feed with initial conditions that were taken from previous simulation states, as well as rainfall and 
flow registered data. An external SQL Server database was created and automatically set to be updated before every 
forecast simulation with all the recorded data. Its connection to ICMLive was configured as showed in figure 10. 

 
Figure 10. Connection to the registered data in an external SQL Server DB within ICM 

ICM Live is able to be linked up to many different records: such as precipitation, flow, levels in estuary and pipes, tide 
levels. All can either be used as boundary conditions or as a system check. 

There were two kinds of external connections: one for Time Series Databases and another one for Spatial Time Series 
Databases. The last one was used for radar rainfall data, as in this system to include forecast rainfall. 

 Definition of alert levels 

Before the last step, which is the deployment of the automatic simulations, any Early Warning System needs a set of alert 
triggers to be defined. This means that there must be a selection of locations where the system will be checking whether 
simulation results are within a secure range or not. 

This configuration is the part of the System that will typically change most, as every forecast simulation will give more and 
more information about the critical points to be monitored and which levels are more important to follow. 

 
Figure 11. Sample of Alert Levels within ICMLive 

 Start-up of the Automatic System 

After defining the above elements, the System was ready to start. Its performance is summarized in figure 12. 
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Figure 12. Bilbao city ICMLive flood early-warning and monitoring system summary. 

 Objectives of the Early Warning and Flood Decision Support System 

Once the System is deployed and after a few correction and adaptation cycles, it will constitute a fine tool that will be able 
to provide a much better service and communication among the different City Council departments and towards citizen, as 
depicted in figure 13. 

 
Figure 13. Final Complete Functions of the Bilbao Flood Decision Support System. 

 CONCLUSIONS 

The Bilbao Early Warning and Flood Decision Support System has been deployed under ICMLive and performs the 
following actions: 

● Automatically retrieves registered SCADA and forecast data (rainfall, tide, inflows and outflows) and uses them as 
model boundary or comparison conditions. 

● Performs automatic simulations on a calibrated model of the Bilbao catchment and river, checking for any alarm level, 
sending the appropriate alerts to the relevant groups, along with the representation of the future situation in a plan 
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view that includes a list of the compromised sites, helping other city departments to better understand forthcoming 
risks. 

● Enables new response simulations with what if scenarios in order to decide the best protection protocol. 

It also proves to be very useful to supply factual assessment on flood impacts, helping on the design of corrective 
elements, on the elaboration of action protocols and improving communication and coordination between different City 
administrations. 
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