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Introduction 
Most devices for harnessing wave energy are located close to the shore in shallow water, 
but when it comes to forecasting the amount of energy they might receive, the techniques 
used are for the deep ocean. Without a method to accurately forecast nearshore 
exploitable power, effective management of the power network becomes difficult – how 
can we be sure that there will be enough energy to meet demand?  

Wave climate data 
No two shorelines are alike: to ensure results were 
generally applicable and not site specific, the wave 
climate data used was simulated rather than sampled. 
After assessment, the nonlinear shallow-water wave 
propagation model COULWAVE[1] was selected as 
suitable for this, and the accuracy of simulations 
verified using tank data from experimental tests 
conducted at HR Wallingford’s Coastal Research 
Facility. Incorporating tank bathymetry and the surface 
elevation data from one point, COULWAVE’s ability to 
simulate the wavefield at distance from the source was 
assessed. The S-transform[2], which shows how the 
frequency content of a signal evolves over time, was 
applied to show correlation between the observed and 
simulated time-series.  Figure 1 compares the S-
transform of the observed and simulated surface 
elevation (shown in the top plot), to identify the 
evolution of high energy packets or wave groups. 

Project Synopsis 
This research studies the dynamics of the wavefield as it moves towards the shore, from 
deep into shallow water. Rather than attempt to forecast a complete view of the complex 
and irrational sea surface to examine power fluctuation, time-domain techniques are used 
to predict the behaviour of wavefield characteristics, such as wave height and period, 
which are directly related to power. The hypothesis here is that given wave climate data 
some distance from a wave farm (for example from a sentry buoy), can we predict the 
wavefield evolution over that distance to calculate the power that is going to be received? 

Time-domain forecasting 
A bank of COULWAVE simulations of sea-states typical to UK 
shores, shoaling over varying bathymetry were produced to test the 
ability of time-domain methods in predicting incident wave energy. 
Among the techniques showing promise are time-varying 
parameter and time-adaptive quantile regression. The results 
aren’t in yet, but watch this space! 
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Figure 1. Top: A comparison of simulated and observed surface elevation 
from the COULWAVE assessment. Middle: The s-transform of the observed 
time-series, capturing the evolution of the high energy wave groups. 
Bottom: The S-transform of the simulated series, demonstrating good 
agreement. 
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