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Abstract 

 
I seek a first-principle understanding of the stationary and invariant form of ocean wave spectrum based 

on wave turbulence theory, which describes the statistical property of an ensemble of waves in weakly 

nonlinear interactions. The starting point of the research is on capillary waves, which dominate the small-

scale dynamics of ocean surface, playing important roles in ocean energy dissipation and air-sea 

interactions. Allowing triad resonant interactions, capillary waves represent a most fundamental system 

which yields a stationary wave turbulence spectrum. In theory, I reformulate the theoretical stationary 

solution of the capillary wave spectrum, with a new interpretation and correction on the value of the 

Kolmogorov constant, quantifying the proportionality between wave steepness and modal energy flux. In 

computation, I develop a numerical method to simulate the primitive Euler equations of the capillary 

waves. The simulations confirm the theoretical development, and additionally uncover the mechanism of 

nonlinear wave interactions at different nonlinearity levels. Inspired by the numerical results, a new model 

named “quasi-resonant kinetic equation” is developed, which incorporates the effect of nonlinearity level 

on wave turbulence spectrum.  

The framework established in current research on capillary wave turbulence is expected to be extendable 

to different types of ocean waves. I present my vision in this direction, on the fundamental understanding 

and prediction of ocean waves. 
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