
Master project: Unstructured graph based AI model for storm surge
forecasting

Location: external master project at Deltares (Delft) [1].
Supervisors:
(1) Prof. dr. ir. Martin Verlaan, TU Delft (Mathematical Physics Group) and
Deltares.
(2) Dr. Jing Zhao, TU Delft (Numerical Analysis Group) and Deltares.
Contact: If you are interested in this project, or if you would like to learn more
details, please contact us via M.Verlaan@tudelft.nl and Jing.Zhao@deltares.nl.

§1 Project background

The field of machine learning is developing rapidly and has an increasing number of applica-
tions. One of these fields is sometimes called surrogate modeling, where deep learning networks
are trained on model output to mimic the output of an existing numerical model with the
aim of making the runtime (much) smaller. Until very recently Convolutional neural networks
(CNNs) were considered to be the most efficient network type for this type of application, but
very recent deep learning developments are more and more based on Graph Neural Networks
(GNNs), where the connection structure of the network is based on a graph.

2023 was a good year for several new artificial intelligence (AI) empowered weather models
that are based on GNNs, such as Google’s GraphCast [2] and Huawei’s PanguWeather [3].
The European Centre for Medium-Range Weather Forecasts (ECMWF) is now running an
experiment with several AI models, including these two [4]. These models have shown that
models based on GNNs can be computationally competitive to CNNs even on evenly spaced
nodes.

At the same time, the hardware for deep learning models is being rapidly developed. The
quick uptake of the large language models such as ChatGPT is driving NVIDIA to further
improve the performance of the Graphics processing units (GPUs). In 2024, Deltares will get
access to the latest NVIDIA Hopper generation GPUs [5] that promise even better performance
for GNNs.

In this thesis project, the main purpose is the development of a fast surrogate for a storm
surge model. Currently, Deltares’ Global Storm Surge Forecasting and Information System
(GLOSSIS) [6] uses the Delft3D Flexible Mesh (Delft3D FM) [7] software, which employs tra-
ditional numerical methods, e.g. solving shallow water equations by a finite volume method on
an unstructured grid. An example of the unstructured grid is shown in Figure 1. To speed up
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Figure 1: Using the Delft3D FM, the unstructured grid which covers the Northern Europe of
the Global tide and storm surge model, which is the basis of the GLOSSIS. [10]

the computation, we would like to develop a GNNs based AI model for the forecasting of storm
surges.

Some research has been done on storm surge forecast using an AI method, e.g. in [8] where
a convolutional recurrent neural network method was developed. In this master project, we are
especially interested in GNNs methods. The unstructured grids of Delft3D FM can be mapped
to a graph structure with little effort, and it should be possible to train these networks to
forecast storm-surges and tides, given the similarities between the equations for weather and
storm-surges. In fact, it has been showed that flooding can be simulated with these types of
networks (e.g. [9]). Still, there are many challenges with this method ranging from boundary
conditions to generalization for uneven spacing.

For this project we want to make use of the Julia programming language, since it allows to
include arbitrary computations as part of the network to be used a full speed both on CPU and
GPU. Deep learning and GNNs are supported in Julia with the Flux [11] and GeometricFlux [12]
packages.

§2 Project target and contents

In this project, we aim to develop a prototype approximation to an existing storm-surge
model (Delft3D FM model), and investigate the generalization of the model to other areas and
other forcing.

This target could be achieved by the following steps:

• We would like to adapt the GNNs model, which was developed in [9], to forecast the
storm surge.

• We will provide the student with the data for training the GNNs model. So the student
does not need to generate the data. (The data will be obtained by running existing
numerical models with different forcings and boundary conditions, using Delft3D FM.
These models are available in Deltares.)
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• The development of the GNNs model will be based on the excellent Julia libraries: Flux.jl
[11], and GeometricFlux.jl [12].

• The available GPUs include DelftBlue (TU Delft), Snellius (SURF) and Deltares new
GPUs.

• The first experiment will be on a square domain with structured grid, then we will do
further experiment on more complicated domains and with unstructured grid.

§3 Useful documents for this project

Below is a list of useful documents, including online courses for this project. It might be
enriched during the project.

• For instruction of installing Julia, we refer to [13].

• For a book about SciML, including writing fast program in Julia, we refer to [14].

• For a quick introduction of the deep learning, we refer to the first 3 videos of the ETH
course [15].

§4 More about this project

Below gives more information about this master project:

• This project could be started as soon as possible.

• The duration of this project will be around 9 months, depending on the concrete situation.

• This project is sponsored by Deltares. The student will get monthly allowance depending
on the concrete situation, e.g. the study credits, etc. Moreover, the student will work at
Deltares. It is also possible to work part-time from home or the university over VPN.
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