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This manuscript focuses on the statistical description of sediment transport, which is of
great importance to numerous applications. Specifically, the authors have proposed a new
formulation, combining the Langevin equation of the bedload particles in motion with a
dichotomous noise for motion-rest alternation. Then they analyze the sediment transport
rate based on an approximation of this new model, which can be analytically treated by
the Laplace transform and Fourier transform methods. As an overall evaluation, I
recognize the contribution of this work in terms of devising some formal theoretical
description for the particle transport consisting of both motions and rests, and can
recommend eventual publication of this paper. However, I also have some concerns which
need to be properly addressed during the revision, mainly focusing on how the authors
can improve this work by clearly summarizing their contributions, demonstrating the
limitations of their approach, and discussing existing results on this same topic.

1. The authors aim to propose a stochastic formulation based on grain-scale mechanics,
the idea of which is not new regarding the motion period of the transport alone; hence,
the novelty of this paper lies in the consideration of the resting period under the same
framework. Keep this in mind, the starting point of this work, Eq. (5), can only be
considered as a “formal description”, because the entrainment and deposition of the grain
are not formulated mechanically. That is, the start and end of the motions of a particle are
not determined by the forces acting on it; thus no new information on the travel and
resting times can be obtained based on incorporating this dichotomous Markov noise.
From this perspective, the present formulation is intrincically the same as that used
previously, for example, by Fan et al. (2014), who considered the motions mechanically,
while simulated the transport process by switching the motions of the particle on and off
(Fan et al., 2016). The authors may need to discuss this point explicitly. However, I must
emphasize that through this “formal description” the authors can indeed obtain some new
theoretical results based on Eq. (5), e.g. the master equation Eq. (11) with its solution Eq.
(19), and corresponding transport characterisitics Eq. (20), flux rate Eq. (21), serving as
key contributions of this work. 



2. My second concern is on some fundamental assumption and approximation. During
deducing the master equation Eq. (11), the authors assume Gaussian velocities for
moving particles, and use the “overdamped" approximation.

It seems that analytical solutions are only available for Gaussian velocities according to
the authors; while for bedload transport at low transport rate, the exponential velocity
distribution has also been observed in experiments, which can be even more popular
than the Gaussian distribution (Fathel et al., 2015; Lajeunesse et al., 2010; Liu et al.,
2019; Roseberry et al., 2012; Wu et al., 2020). Wu et al. (2020) provided an
explanation for the existence of the two different distributions, by pointing out that the
long trajectories contribute to the Gaussian velocities, and the mixture of both long and
short trajectories results in the exponential distribution; the long and short trajectories
are distinguished by the shift of the hop distance-time scaling. Resorting to this result I
think is important for clarifying some key issues in this work, as will also be
demonstrated in the following point. The authors are also suggested to discuss the
effects of the velocity distributions on their deduced results.
For the “overdamped" approximation, explained by the authors as “moving particles
attain their steady-state velocities relatively quickly after entrainment”, which is only
valid for the description of the long trajectories of particle motions. This is because only
the long trajectories have a well defined mean velocity (e.g. the “steady-state
velocity”); and the mean velocity for the short trajectories can on the average increase
with their travel times (Wu et al., 2020). Since the short trajectories can cover over
80% of the total trajectories in experiments (Wu et al., 2021), applying this
“overdamped” approximation may not be appropriate.

3. There are recent studies using different methods to theretically address the motion
period of the bedload particle transport, for example, as discussed above (Wu et al.,
2020; Wu et al., 2021), the results of which are compared with measured data. In other
words, how the particle velocity changes with time was proposed and further determined
based on experimental measurements (i.e. other means of specifying the external forces
acting on the particle, F(u) in this work). The authors can compare the part of their
formulation on the particle motions with different results.

Some minor point:

In section 3, the formulation of the sediment flux is based on N individual particles and
then N is extended to infinity. The derivation is indeed complicated as indicator functions
and delta functions are used. Could the derivation be started directly from the probability
distribution function based on the continuum master equation (5)?
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