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Abstract

Rogue waves, as extreme marine phenomena, represent a critical research focus in oceanography and
nonlinear physics due to their sudden occurrence and immense destructive potential. Despite exten-
sive research, the formation mechanisms of rogue waves remain debated. Traditional reconstruction
methods exhibit limitations in both the accuracy of parameter estimation and comprehensiveness.
This study proposes an innovative rogue wave reconstruction framework based on Bayesian infer-
ence. By analyzing the nonlinear interactions of wave fields and integrating dynamical mechanisms
with statistical patterns, our approach not only generates point estimates of parameters but also
quantifies their associated uncertainties. Key steps include defining parameters with uniform prior
distributions, constructing likelihood functions for observed data, and applying Markov Chain Monte
Carlo (MCMC) for posterior distribution approximation. Experimental results demonstrate that the
proposed method can effectively recover rogue wave characteristics from noisy data, offering a valu-
able tool for ocean disaster early warning, plasma experiment optimization, and optical device design.
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Figure 1. The rogue wave field for w, =1, y=1, g, =1, s5,=0, {,=0, ¢,=0
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Table 1. Model parameters’ prior distributions and proposal initial values
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Figure 2. MCMC parameter trajectories for o =0.1
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Figure 3. Model fit at two positions
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