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Extended abstract 
Currently, all wave modelling is based on the Hasselmann equation, which describes energy exchange between wave 
motions of different scales and directions, energy input from wind and dissipation through wave breaking and other 
mechanisms. The part concerned with the redistribution of energy between spectral components, aka nonlinear 
interaction term, was considered to be established since it had been derived from first principles under very plausible 
assumptions used in other branches of physics, while the input and dissipation remained an issue of debates. In 
operational wave forecasting practice, in order to achieve agreement with observations the input and dissipation terms 
are tuned assuming the nonlinear interaction term to be correct. There was no possibility to verify to what extent this 
assumption is good. There were no alternatives to the Hasselmann equation or its generalisations/computational 
simplifications. 

Until now direct numerical simulation (DNS) was possible only for short-term evolution of water wave spectra (about 
𝑂(10ଶ) characteristic wave periods). The DNS algorithm for random waves based on the Zakharov equation 
(Annenkov & Shrira 2013, 2018) has radically changed the situation. This algorithm does not invoke any statistical 
hypotheses, the statistical description being obtained by averaging over an ensemble of realisations. At present, this is 
the only DNS algorithm for simulating the evolution of random water wave fields (with or without wind forcing) that 
allows long-term simulations (up to tens of thousands characteristic wave periods). 

Annenkov & Shrira (2018) demonstrated that for idealised situations with no wind and no wave breaking the 
Hasselmann equation does capture well the evolution of the bulk characteristics of a wave field (total energy, wave 
steepness, position of the spectral peak), but fails quite dramatically in other respects. In particular, it fails to capture the 
shape of the resulting spectra, the DNS spectra being considerably broader. Another major discrepancy was in the rate 
of angular broadening of spectra with initially narrow directional distribution, which is considerably overestimated by 
the Hasselmann equation.  

Our preliminary DNS simulations of a "real" wind wave evolution over several hundred kilometres, compared with 
observations by Romero & Melville (2010) in the Gulf of Tehuantepec (which has produced the best data set so far), 
shows that indeed the DNS and observed spectra are very close, and differ significantly from those simulated on the 
basis of the Hasselmann equation. In the current wave modelling practice, the input/dissipation terms are chosen to 
complement the nonlinear interaction term, based on the Hasselmann equation, which is considered to faithfully 
represent the reality. The discrepancies found with the new DNS results and with observations suggest the necessity of 
radical revision of the whole edifice of modern wave modelling. The target of the project is to perform long term DNS 
simulations and to compare them with high quality observations. As shown by Annenkov & Shrira (2014), higher-order 
moments of a random wave field, and hence the probability of freak waves, are dependent on spectral shape, not just the 
on integral characteristics of a wave field. Preliminary estimates show that the found discrepancies in spectral shape can 
strongly affect higher-order moments, in particular kurtosis, and the difference is expect to be substantial (of the order 
of 100%). This has huge potential implications for the prediction of extreme wave events. 

The DNS code is fully tested, highly parallelised and optimised for the supercomputing environment. 

Specific objectives include: 

1. To explore the discrepancy between the shape of the DNS (verified by observations) and the Hasselmann equation 
predictions. Examine implications for probability of freak waves, mixing via the vortex force and other processes 
sensitive to the shape of spectra. 

2. To get new insights into the input and dissipation functions. 

3. Explore the causes of the failure of the established approach. 
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