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Thank you very much for your thoughtful comments. Our replies to your comments are
as follows. We will revise the manuscript to incorporate all of these discussions.
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Comment 1: Bed amalgamation and disturbance

Thank you for pointing out a very interesting issue. Our inverse model produced robust
results when the artificial data was subjected to quite large noise. Therefore, even
if localized and small-scale scouring and sedimentation occur due to some processes
such as bottom currents after the deposition of a turbidite, results of inverse analysis will
not be seriously affected. However, if deposits of multiple events are amalgamated to
form a single thick massive sandstone, the hydraulic conditions reconstructed from the
bed will be considerably different from the actual conditions. To avoid this situation, it is
important to identify the erosional surface inside the bed carefully at the actual outcrop.
In addition, it is safer not to analyze massive sandstones that are more than several
meters thick, because they are likely to be amalgamated deposits. These precautions
will be described in the Discussion section of the revised manuscript.

Comment 2: Self-acceleration

Thank you for your interesting comment. Actually, it is in the case of self-acceleration
that the inverse analysis of the initial conditions becomes easier. The relationship be-
tween turbidity currents and characteristics of turbidites is nonlinear. Especially when
the flow is self-accelerating, a small difference in the initial conditions can result in very
different sedimentary characteristics. This means that it is easy to find the initial condi-
tions of the flow by inverse analysis, because even if the characteristics of the deposits
are very different, the initial conditions of the flow should converge to narrow range.
Thus, the inverse results in this case are expected to be robust even if there are some
measurement errors in characteristics of deposits. In other words, there is a tradeoff
between the robustness of the forward and inverse modeling.

This property of the inversion can be understood when we consider the opposite case.
If the initial conditions of the flow are different but the characteristics of the turbidites are
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exactly the same, it is impossible to estimate the flow conditions from the turbidites. The
inverse analysis of hydraulic conditions is possible because the depositional character-
istics are sensitive to conditions of turbidity currents. The self-acceleration of turbidity
flow is an extreme example of the sensitivity of turbidites to the flow initial conditions. I
will explain about this issue in section 5.1 of the revised paper.

Comment 3: Applicability to field scale problem

The applicability of the method to actual turbidites is a main topic of this paper. First, it
is unlikely that our model will have the same results as Parkinson et al. (2017) because
their model has an essential difference from ours, and this is the unequivocal reason
why their inversion results were not realistic. Their model does not consider resuspen-
sion (entrainment) process of sediment, while suspended sand in turbidity currents is
maintained by balancing the effects of particle settling and diffusion from the bottom
(i.e. entrainment). Their model only considers advection and settling of particles, so
that the suspended sediment quickly settles and be lost over short distances at realistic
flow thicknesses and concentrations. The only way to transport large amounts of sus-
pended sediment for long distance and to deposit thick turbidites without resuspension
is to make the flow extremely thick or to suppose unusually high velocity or concen-
tration. This is the reason for that the extremely thick flow depth (more than 3000 m)
was obtained in their results. Their inversion method requires iterations that cannot
be parallelized, so that the forward model needs to be simplified for this purpose. Our
inverse model, on the other hand, can completely parallelize the forward model cal-
culations, and we do not need to obtain an analytical solution for the gradient of the
objective function unlike their method. Therefore, we were able to adopt “full model”
that incorporate the entrainment process of suspended sand into our model without any
problems. As a result, our inversion did not produce any anomalous reconstructions
even though most of our test data exhibit thickness and grain size distributions similar
to realistic turbidites. This strongly suggests the robustness of our inverse model and
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its applicability to real turbidites.

Of course, the analysis of ancient turbidites is an important issue in the future. How-
ever, even if ancient turbidites are analyzed, it is not possible to verify that the results
obtained are correct, because the hydraulic conditions for ancient turbidity currents are
unknown. Another way to verify the validity of the method is to reconstruct the hydraulic
conditions of experimental turbidity currents from the turbidites deposited in the flume,
and compare them with the measured values. The turbidity currents measured in the
modern submarine canyons and their deposits would be another candidate to be used
for the model verification. However, before proceeding to these steps, we suggest that
it is important to thoroughly examine the validity of the method using artificial data.

We have already described some of these points described above in the discussion
section, and will describe them in more detail in the revised manuscript.

Comment 4: Novelty in methodology

This paper has a methodological novelty in that it achieves inversion of unsteady and
nonuniform flows. Our research group was the first to develop a neural network based
inversion method for event deposits, and the first application of this framework was
the inversion of tsunami deposits by Rimali et al. (2020). This is described in the
introduction section. However, the forward model used in their study was based on
the assumption of quasi-steady flow, and thus our work is the first time to perform the
inverse analysis using a neural network with completely unsteady flow. In addition,
there are various differences in the properties of tsunamis and turbidity currents. In the
case of turbidity currents, the amount of suspended sediment is linked to the driving
force of the flow, while in the case of tsunamis, the two are independent of each other.
Therefore, an increase in the concentration of suspended sand does not affect the
flow dynamics of tsunamis. Because of these differences, there was no guarantee
that the inverse analysis of turbidites would give good results, even if a similar inverse
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analysis framework was used for tsunami deposits. The success of the inverse analysis
for turbidity currents, which exhibit quite different properties from those of tsunamis,
indicates the wide applicability of our inversion framework for event deposits.

Line-by-line comments

Line 7

We agree to unify the terminology to "layer averaged model".

Line 11

We used the number 3500 to mean a relatively small number. However, for the sake
of clarity, we will remove this sentence in the revised paper. Instead, we will revise the
sentence in line 8 as follows:

A reasonable number (3,500) of repetition of numerical simulation using one-
dimensional shallow water equations under various input parameters generates a
dataset of the characteristic features of turbidites.

Line 279–280

We do not fully understand why the results are not stable for sampling windows shorter
than 5 km, but it probably indicates that the training results fall into a local optimum
solution depending on the initial values of the weight coefficients of the neural network
(given by random numbers) due to incomplete information. In any case, the loss func-
tion is very good (less than 0.01), so that even turbidites that can be tracked for less
than 5 km are likely to give good results if the outcrop spacing is sufficiently narrow and
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detailed observation of beds is possible.

Interactive comment on Earth Surf. Dynam. Discuss., https://doi.org/10.5194/esurf-2020-93,
2020.
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