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Data assimilation methods are used to combine (noisy) measurements with prior information of a dy-
namical system, in order to obtain an updated estimate of the state of the system. Once such method is
the Ensemble Kalman Filter (EnKF), which provides updated uncertainty estimates, in addition to state
estimates. The most mature application of the EnKF is to weather forecasting, where variables such as
temperature, humidity and cloud are forecast on a gridded mesh, with measurements coming from satellites,
aircraft and traditional ground based observations.

Vitens (www.vitens.nl) is a water company that provide drinking water to six million consumers in the
Netherlands. They have recently investigated the application of EnKF techniques to water distribution net-
works [1]. Their goal is to improve estimates of demand and flowrate of potable water throughout a domestic
water distribution network. This application has different properties from numerical weather prediction: the
network structure compared to a traditional grid, very sparse and non-homogeneous measurements. These
modelling aspects motivate exciting mathematical questions including what is the most computationally
efficient way to update my state given the underlying mathematical structure of my problem?

Standard EnKF methods can be extended in order to simultaneously estimate state variables (e.g. de-
mand, flowrate) and parameters within the model that is used to evolve the system with time. In this Master
project, we want to extend the approach described in [1] to allow for joint state-parameter estimation.

• Extend the current three-step EnKF method to include parameter updating. (Theory and algorithm)

• Design computationally efficient implementations using tools from numerical linear algebra.

• Implement and validate the new approach on test problems from Vitens.

This Master project will be conducted in collaboration with Vitens, who will provide computational
support for the project. A travel subsidy is available to fund in-person visits to their office. You will gain
experience working with industry standard model EPANET, and in applying data assimilation methods to
(near) real-world data.

Pre-requisites: Experience with Python, linear algebra.
Mathematical methods: optimization, mathematical modelling, numerical analysis, numerical linear

algebra.
For more information please contact j.m.tabeart@tue.nl.

References

[1] Ibrahim Miflal Fayaz, Mario Castro-Gama, and Leonardo Alfonso. A Multi-step Data Assimilation
Framework to Investigate the Effect of Measurement Uncertainty in the Reduction of Water Distribution
Network Model Errors. Water Resources Management, 38(9):3197–3214, July 2024.

1

www.vitens.nl

