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1 Introduction

Topographic variation is considered one of the key mechanisms for the generation of extreme waves,
a phenomenon that has attracted considerable research attention in recent years [I, 2, [3, 4]. Topography
concentrates wave energy through geometric constraints, while also amplifying it by resonance when its
dimensions match the characteristic wave scales [0 6], [7]. However, existing research has predominantly
focused on two-dimensional (2D) topography, leaving the role of three-dimensional (3D) topographic fea-
tures in the generation of extreme waves underexplored. To investigate the influence of three-dimensional
topographic effects, a series of experiments were conducted to simulate the evolution of waves with varying
periods and wave steepnesses over a three-dimensional seabed. Cylinder and frustum models were used to
simulate three-dimensional topographies, characterized by abrupt depth variations and slopes, respectively.

2 Experimental Setup

The experimental setup of the submerged three-dimensional topography is shown in Fig. |1} comprising a
cylinder and a frustum. The cylindrical model, with a diameter of D = 4 m and a height of H = 0.46 m, was
used to investigate the condition of abrupt depth changes. Besides, a frustum model of height H = 0.46 m,
top diameter D; = 4 m (same as the cylinder), and bottom diameter Dy = 6.3 m (giving a 1 : 2.5 slope) was
used to simulate the 3D topography with slopes. The measured data was captured using the capacitive-type
gauges deployed around the cylinder model. This experiment investigates how dispersive waves interact with
sudden changes in three-dimensional bathymetry over a series of parametric analysis, and then trigger the
wave-trapping phenomenon to form extreme waves.

3 Results

Figure [2] illustrates the spatial distribution characteristics of the exaggeration factors along the axis of
symmetry of the wave basin for a cylinder model under different cases. The exaggeration factor, which
compares the measured wave height over the topography with the incident wave height without the topogra-
phy, serves as a direct indicator of wave energy enhancement. It is evident that the maximum exaggeration
factors appear at the trailing edge of the cylinder, validating the wave-amplification effect of the 3D circular
sill. Case 2 shows the highest peak value, and the wave period in this case is obtained based on the reso-
nant solution by the long wave theory [5]. The minimal downstream amplification in Case 2 indicates wave
trapping within the trailing edge, supporting the numerical results of Renzi [6]. To further investigate the
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