
The central research direction of the group is the mathematical modeling of

physical phenomena using (partial) differential equations. The research is

application driven and includes the modeling phase, analysis of the model and

the numerical implementation of the model. The focus is now more and more

on the research themes:

INVERSE MODELING AND DATA ASSIMILATION

Data assimilation methods are used to combine the results of a large scale

numerical model with the measurement information available in order to obtain

an optimal reconstruction of the dynamic behavior of the model state. Many

data assimilation schemes are based on solving the Euler-Lagrange equations.

A recursive algorithm to solve this two-point boundary value problem can be

derived and results in the well-known Kalman filtering algorithm. Variational

data assimilation is also a powerfull method, but requires the implementation of

the adjoint (of the tangent linear approximation) of the numerical model. In a

serie of externally funded PhD projects the mathematical algorithms have been

developed and applied in a number of real life applications:

- Tidal flow models (funding: Rijkswaterstaat)

- Atmospheric-chemistry modeling (funding: NWO, TNO, RIVM).

- Oil reservoir modeling (Funding: Shell, TNO).

PERTURBATION METHODS FOR PARTIAL DIFFERENTIAL EQUATIONS

The main focus within this theme is to develop perturbation methods to

analyse initial value problems and initial-boundary value problems for partial

differential equations. The applications are in a variety of fields, such as: the

wind flow (or rain-wind) induced oscillations of bridges, high-rise buildings, or of

overhead power transmission lines; the vibrations of conveyor belts; and the

morphodynamics in tidal embayments.

HIGH PERFORMANCE COMPUTING AND PARALLEL ALGORITHMS

This research theme aims to design efficient and scalable parallel

algorithms and apply high performance computing technology to applications,

such as the storm surge forecasting and pollutant transport in North Sea or

rivers. Domain decomposition and grid partitioning is an effective approach for

parallel simulation of models described by partial differential equations. Sparse

matrices typically occur in numerical simulation of problems described by partial

differential equations. One of our research focus is on designing parallel

algorithms for solving sparse matrix systems. Lagrangian models, often also

called particle models, for transport problems in coastal waters, can deal with

steep gradients of concentration. Because the movements of the particles are

largely independent from each other, so particle models are very suited for

parallel and distributed computing. We have developed parallel models for

transport problems of the Dutch coastal water (e.g., Wadden sea). Currently, a

particle model with adaptive time steps is being developed, besides the

derivation of the numerical scheme the additional challenge is to maintain a

good load balance in an adaptive scheme. Grid computing is the next step of

development in high performance computing.
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