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Abstract

Continuous-time random walk is a natural extension of the Brownian random walk, allowing for the
combination of waiting time distribution and general jump distribution functions. We know that to
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further study continuous-time random walks, one can investigate the properties of the jump step
length probability density function and the waiting time probability density function. Extending
continuous-time random walks to fluid flow fields is also a major research topic. This extension can
lead to the macroscopic equations of the continuous-time random walk model in moving fluid. Here,
we consider continuous-time random walks with exponentially truncated Lévy jump distributions.
In this case, the fluid limit leads to a transport equation with an exponentially truncated fractional
derivative, which describes the interaction between memory, jumps, and truncation effects in the
intermediate asymptotic state. This model has important applications in environmental fluid me-
chanics, such as describing the transport of pollutants in turbulent boundary layers: high-speed
flow fields dominate advection transport, turbulent pulsations cause exponentially truncated Lévy
jumps, and particles’ residence in vortex structures form power-law waiting times. By adjusting pa-
rameters, the competition mechanism between the early rapid expansion and the later constraint
by ocean currents in the diffusion of marine oil spills can be quantitatively evaluated, providing a
theoretical basis for predicting the pollution range.
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