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informed decisions in case of emergencies and 
in daily dike quality assessment. The system 
includes sensor data analysis tools, simulation 
modules and visualization                                       
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Introduction
UrbanFlood FP7 project develops an Early Warning 
System (EWS) for reducing flood risk. The EWS 
detects alarming conditions, predicts the onset of 
dike damage and provides real-time information to 
a Decision Support System (DSS) during a 
catastrophic event. Modelling, simulation and 
visualization plays a crucial role in the DSS. We 
present a cascade of models developed for 
scenario-based predictions of dike failure, 
inundation and risk assessment. Simulation and 
visualization components are integrated into an 
interactive graphical environment that helps 
making informed decisions in case of emergency 
and in routine dike quality assessment. 
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Dike Reliability Analysis
Calculates the failure probability of a dike, based 
on the real-time sensor data. The tool implements 
a set of possible failure models developed by the 
experts.

Flood Simulation
For the predicted dike breach discharge, Flood 
Simulator calculates water level dynamics and flow 
velocities in inundated areas. The results are 
visualized on a multi-touch user interface. 
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Structure Name EX8 

Name Distribution Annual Reliability 1 
CrestH F (Fixed) 7.5 Annual Probability of Failure 0 
DissCoeff F (Fixed) 1 4 Converged YES 
GrassRevQ N (Normal) 1.05 0.07 Convergence Factor 0 
Grav F (Fixed) 9.81 4 Samples 2200 
InsSlopeAng F (Fixed) 17.49 4 Time Taken (seconds) 0 
KdKf N (Normal) 0.4 0.03 
Mannings F (Fixed) 1 
MBA1_1R F (Fixed) 1 4
MBA1_1S F (Fixed) 1 4 Min Samples 2000 
OverPercen F (Fixed) 1 4 Max Samples 100000 
StormD N (Normal) 3 0.65 Interval 200 
WaterL V (Variable) 7.5 0.01 8 Convergence Factor 0.001 

Successive Intervals 1 

Events Per year 1 
Optimise YES 
Log each Sample NO 
Log each LSE call NO 
Failure Mode Summary Yes 
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Dike Breaching Simulation
Given predicted water levels, the 
Breaching Simulation model 
calculates water discharge through a 
breach into the inundated area.

Time dependence 
of breach width.

Time dependence 
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Time dependence 
of water discharge 
through the 
breach.

Time dependence 
of water discharge 
through the 
breach.

Virtual Dike
Advanced simulation for experts 
and model developers, used for 
validation and calibration of 
simplified models, for experiment 
planning and for training the AI 
model on dike stability and failure. 
Sensor data and real-life 
experiments (like IJkDijk) are used 
to test the models. 

Implementation 
The Early Warning System (EWS) components have been 
wrapped as plug-ins and integrated in the UrbanFlood
Common Information Space (CIS). CIS is a generic 
framework for creating and hosting EWS systems. The EWS 
components are deployed on Virtual Machines that can be 
easily copied or moved to other servers or Cloud 
computing services. 
Compute-intensive 
models are using 
high-performance 
Clouds of SARA 
supercomputing 
center.  
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Modelling Workflow
UrbanFlood Early Warning System consists of a number of 
components. A Sensor Monitoring component receives sensor 
data from the dike. Raw sensor data is filtered by an AI 
Anomaly Detection model that detects abnormalities or sensor 
failures. A Reliability Analysis module calculates the probability 
of dike failure. If there is a high risk of failure, a Breaching 
Simulator calculates the dynamics of a possible breach. After 
that the Flood simulator and Evacuation Simulator are invoked 
to predict the inundation dynamics, study evacuation 
scenarios and asses the risks. Simulation results are visualized
on a Decision Support System that supports decision-makers in 
an effort to minimize damage in the case of emergencies. For 
advanced simulations and experienced users the Virtual Dike
finite element model is available to simulate dike stability 
under hydraulic load.

City Evacuation Model
Evacuation Simulator models the interaction 
between people and rising floodwaters, and 
estimates potential loss of life. Upon awareness of 
the danger, people may escape on foot or by 
vehicle along a road or trail network. The model 
relates the road network, vehicles, pedestrians, 
and buildings with temporal and spatial 
hydrodynamic water depths and velocities. 
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components, all 
integrated into an 
interactive 
graphical 
environment with 
multi-touch 
functionality.
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