
Earth Surf. Dynam. Discuss.,
https://doi.org/10.5194/esurf-2019-8-RC1, 2019
© Author(s) 2019. This work is distributed under
the Creative Commons Attribution 4.0 License.

Interactive comment on “Experiments on patterns
of alluvial cover and bedrock erosion in a
meandering channel” by Roberto Fernández et al.

Jens Turowski (Referee)

turowski@gfz-potsdam.de

Received and published: 1 March 2019

Fernandez et al. conducted experiments to investigate the spatial and temporal distri-
bution of bed cover in a bedrock meander bend. The study is timely and highly needed,
given that there are very few published data on this particular topic. That said, the pa-
per left me wanting for a number of reasons. While results are described in meticulous
detail, interpretations, implications, and a placement into the body of current knowledge
are largely lacking. While the authors cite a large number of appropriate references in
the introduction, I do not have the impression that these were read in connection with
the presented analysis. The entire discussion – six pages long – features a lonely five
references and actually reads more like a continuation of the results. This is the more
surprising as some of the references cited in the introduction actually describe models
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and frameworks that are highly relevant for the study. While this is the major issue I
have with the paper, there are a few other important points. For example, there is a
mixture of methods, results and interpretation in the results and discussion sections,
and the method description is thin and unclear in places. As a summary, I think the
paper needs some clarifications and re-structuring, and, in particular, a framing of the
results in the context of existing literature.

The data that the authors have produced lend themselves for applying and testing
recent theoretical work. In this paragraph, I want to highlight some very relevant work.
I apologize in advance that this will carry quite a number of references to my own
papers; I have spent time thinking about the cover effect for my entire career and have
written 8 first-author papers on it (and yes, I tried to stop a few years ago, but it did not
work. . .). Please don’t feel obliged to cite everything mentioned below in your paper.
Have a look and work with what you think is relevant.

1) There is some work upscaling cover from the grain scale using models. This is
highly relevant to your work (and the lack of it is even used in the motivation of the
study). I know of three studies: Turowski (WRR, 2009), Turowski and Bloem (Geodin.
Acta, 2016) and Hodge and Hoey (JGR 2012).

2) Recent work from the group of Hodge and Ferguson at Durham that focusses on
field data may also be of interest (Hodge and Hoey, 2016; Hodge et al., 2011, 2016;
Ferguson et al., 2017).

3) Rebecca Hodge and I (Turowski and Hodge, ESurf 2017) have recently developed
a theoretical framework that seems to be ideal to assess the authors’ data set. This
framework completely separates the issue of cover from sediment transport dynamics.
We also defined benchmark cases and describe physical reasons of why a particular
cover curve may deviate from these. Your results and the interpretations you propose
seem to align with this. And yes, I am obviously biased, but let me know what you think
about it.
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4) There is a great little experimental paper on the interaction of erosion, channel mor-
phology and cover in a meandering channel by Shepherd (Science, 1972; see also the
follow up by Shepherd and Schumm, GSAB 1974). This is often overlooked but highly
relevant.

Before I make a few more detailed comments specific to the manuscript, I would like
to address some common misconceptions about the cover effect that persist in the
literature and also shine through here.

1) There is a need to distinguish the relationship between cover and sediment mass
on the bed from the relationship of cover with the ratio of sediment supply to transport
capacity. Although we claimed in a previous paper (Turowski et al., JGR 2007) that
these are equivalent, this is not true. Turowski and Hodge (ESurf 2017) derived a
formally correct transformation between these two functions. This point affects the
discussion, for example the comparison with the linear cover model (that is typically
formulated as a function of the ratio of sediment supply to transport capacity).

2) The exponential cover relation arises when assuming that sediment is randomly
distributed on the bed, i.e., each part of the bed has the same probability of deposi-
tion. This is true for the relationship between cover and sediment mass, NOT for the
relationship of cover with the ratio of sediment supply to transport capacity. The ex-
ponential function arises whether one considers the static or the dynamic cover effect,
or both combined. There is no relation between the exponential cover relation and the
assumption of a dynamic cover effect.

3) The exponential function was derived under the assumptions that flow, sediment
supply, bed topography (slope, roughness. . .) can be considered constant within the
area of interest. It is clear that spatial variability should change the functional relation-
ship.

4) We put forward the dynamic cover effect using the common framework of a sub-
capacity flow (detachment-limited assumption). In this case, capacity is larger than
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supply. The river has spare energy for transport and uses this to entrain any stationary
sediment. This is the case when assuming that in the control area that is considered,
all relevant parameters (hydraulics, supply. . .) can be considered to be constant (see
point 3). In the strict use of these assumptions, a static cover is not possible. This
can be resolved by working, for example, in an entrainment-deposition framework (see
Turowski, WRR 2009; Shobe et al., GMD 2017; Turowski and Hodge, ESurf 2017).

Specific comments (page.line)

2.21 This is a misunderstanding. The exponential cover term arises under the as-
sumption that deposition is equally likely on each part of the bed. This is independent
of whether there is static or dynamic cover or both.

2.22 Dieter Rickenmann and I presented some field evidence for the dynamic cover
effect in a paper in 2009 (Turowski & Rickenmann, ESPL, 2009).

2.22 The model of Lague is equivalent to the linear / exponential area-based models
when working with the mean sediment thickness.

2.25 ff. This paragraph reads like a random selection of statements. The relevance
and the main flow of argument are unclear.

2.30 . . .presented. . .

3.9 Shepherd, Science 1972, did some great experiments looking at cover and erosion
in a meandering channel. Sadly, his work is often overlooked. There is follow-up paper
by Shepherd and Schumm (GSAB 1974).

3.12 The issue of scale is ok and I agree that this has been insufficiently addressed.
Nevertheless, Hodge and Hoey (JGR 2012) and I (Turowski, WRR 2009; Turowski
and Bloem, Geodin. Acta 2016) used models to look at cover dynamics from a grain
perspective. The assumption in this work is that the appropriate area or length scale to
average cover over is much larger than the grain size. It would be easy to assess how
much larger it needs with the models developed in the mentioned papers.
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3.14 It is my impression that here two separate issues are confounded. The term ‘tran-
sient’ is ambiguous, because it could mean that a particular patch of cover is created
and destroyed over time, or that the sediment in the patch is continuously replaced
by new sediment. The relevant point here is not that cover is transient – most model
deploy a temporal average or a stochastic notion of a steady state – but that cover
patches in a bend may persist in location and thus time-averaged incision varies along
and across the channel. This means that, over the long term, the bed is not lowering
at the same rate everywhere.

3.16 I do not have the impression that this is not acknowledged by the modelers.

3.18 This is a good question, and again, there is some work setting up the basics for
this. The above-mentioned stochastic models of resolve these aspects explicitly and in
a previous paper (Turowski, WRR 2009), I derived probability distributions of cover and
erosion rates. Temporal fluctuations in cover are also modelled by Lague (JGR 2010).
The model of Turowski and Hodge (ESurf, 2017) also predicts the temporal evolution of
cover. In the latter paper, a mass balance framework is also presented that can easily
be extended to look at cover dynamics along and across a channel.

4.3 This notion (transport can happen only on covered portions of the bed) is only
true if a dynamic cover effect is assumed. Even then, I find the formulation highly
misleading. Clearly, sediment can transported over a clean bedrock bed (think about
a single particle driven by water in an otherwise empty flume!), and the notion would
imply that there always needs to be a long-stream connected cover. There are many
observations suggesting that this is not the case.

4.21 I suggest a more careful formulation here. Yes, in channel bends, there can be
stationary deposits. For a given geometry, the location and size of these is depen-
dent on discharge (or the ratio of discharge or capacity to supply). If the term ‘mixed
bedrock-alluvial channels’ indicates a bedrock channel with a partially covered bed,
we would need to integrate over the variable discharge to calculate long-term incision
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rates. During the highest floods, the entire channel may still be stripped of cover.

5.10 Information on methods and set up is incomplete. What was the size of the sedi-
ment (median, distribution)? Was the foam erodible? Why foam? Which type of foam?
How were the foam sections linked (the description suggests that there where sharp
steps every 0.5m)? What was the initial pattern of gravel in the flume (spatial distribu-
tion, thickness)? Why was this pattern chosen (does the initial distribution affect the
results)? Did the concrete completely cover the gravel or did bits stick out, contributing
to roughness? Can you give some more information on the concrete that was used
(e.g., the sand fraction may affect the bed roughness)?

5.12 How were bedforms averaged out? How were bedforms defined?

5.16 What is the ‘maximum of the foam’?

5.23 Please give information on the model and a reference.

5.23 Can you be precise in giving the precision?

5.23 Why and how were these locations chosen? Are these line (cross-sections?) or
areal scans?

5.24 I do not understand the exact protocol here. Why a 4th order polynomial?

5.25 Why do the authors think that this particular protocol gives and adequate measure
of the macro-roughness?

6.18 If you know the weight, why don’t you tell the reader? There is no need to be
secretive.

6.18 I have trouble understanding the rationale of this experiment. Please explain more
clearly what you intended to do. From the writing, it seems that you wanted to measure
the minimum mass of sediment necessary to fully cover the bed, correct? I guess I
was confused by the term ‘sediment supply ratio’; my first impression was that you
wanted to measure sediment supply divided by transport capacity (which would be the
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typical definition of the term ‘sediment supply ratio’). It be would be good to explain
the intention of the experiment clearly, including the physical or theoretical reasoning
behind it (see Turowski and Hodge, ESurf 2017, for a discussion of why the minimum
mass necessary to cover the bed is a useful normalization factor).

6.22 How was macro-roughness measured?

6.25 Why did you think that a single repetition was sufficient to mitigate for human
errors?

8.10 and following. I suggest to use ‘persistent’ instead of ‘permanent’ throughout the
paper. The cover was not permanent, because it was established throughout the run
and removed after it. The dictionary gives a definition of permanent as “lasting or
intended to last or remain unchanged indefinitely”.

8.18 Are these percentages applied to spatial or temporal variance?

8.18 This information should go into the method section.

8.22 The legend of the figure should go into the caption. Here, better describe the main
features that you want to highlight for the reader.

9.12 Section 3.5 does not give results. The way of calculating erosion potential should
be moved to the method section.

9.13 Again, the legend of the figure should be placed in the caption. In the main text,
describe the results that you want the reader to see on the figure (e.g., ‘A correlates
with B’, or ‘A shows a maximum at a value of B = XX’).

9.24 dot missing after ‘al’

10.6 The logistic curve is defined over the space from minus to plus infinity, while the
cover is defined between 0 and infinity. Further, we know that (in Fig. 5b), the curve
should go through the point 0,0. In a recent paper, Rebecca Hodge and I developed
a mathematical framework to deal with such cases (see Turowski and Hodge, ESurf,
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2017).

11.24 and following. Yes, and this is not really surprising. What are the implications,
for example for meander development and channel width?

References

Ferguson, R. I., Sharma, B. P., Hodge, R. A., Hardy, R. J., and Warburton, J.: Bed
load tracer mobility in a mixed bedrock/alluvial channel, J. Geophys. Res.-Earth, 122,
807–822, https://doi.org/10.1002/2016JF003946, 2017.

Hodge, R. A. and Hoey, T. B.: Upscaling from grain-scale processes to alluviation in
bedrock channels using a cellular automaton model, J. Geophys. Res., 117, F01017,
https://doi.org/10.1029/2011JF002145, 2012.

Hodge, R. A. and Hoey, T. B.: A Froude scale model of a bedrock-alluvial
channel reach: 2. Sediment cover, J. Geophys. Res., 121, 1597–1618,
https://doi.org/10.1002/2015JF003709, 2016.

Hodge, R. A., Hoey, T. B., and Sklar, L. S.: Bed load transport in bedrock rivers: The
role of sediment cover in grain entrainment, translation, and deposition, J. Geophys.
Res.-Earth, 116, F04028, https://doi.org/10.1029/2011JF002032, 2011.

Hodge, R. A., Hoey, T. B., Maniatis, G., and Leprêtre, E.: Formation and erosion of
sediment cover in an experimental bedrock-alluvial channel, Earth Surf. Proc. Land.,
41, 1409–1420, https://doi.org/10.1002/esp.3924, 2016.

Shepherd, R. G.: Incised river meanders: Evolution in simulated bedrock, Science,
178, 409–411, https://doi.org/10.1126/science.178.4059.409, 1972.

Shepherd, R. G., Schumm, S. A.: Experimental study of river incision, Geol. Soc. Am.
Bull., 85, 257-268, 1974.

Shobe, C. M., Tucker, G. E., and Barnhart, K. R.: The SPACE 1.0 model: a Landlab
component for 2-D calculation of sediment transport, bedrock erosion, and landscape

C8



evolution, Geosci. Model Dev., 10, 4577–4604, https://doi.org/10.5194/gmd-10-4577-
2017, 2017.

Turowski, J. M.: Stochastic modeling of the cover effect and bedrock erosion, Water
Resour. Res., 45, W03422, https://doi.org/10.1029/2008WR007262, 2009.

Turowski, J. M. and Bloem, J.-P.: The influence of sediment thickness on en-
ergy delivery to the bed by bedload impacts, Geodin. Acta, 28, 199–208,
https://doi.org/10.1080/09853111.2015.1047195, 2016.

Turowski, J. M. and Hodge, R.: A probabilistic framework for the cover effect in bedrock
erosion, Earth Surf. Dynam., 5, 311–330, https://doi.org/10.5194/esurf-5-311-2017,
2017.

Turowski, J. M., Lague, D., and Hovius, N.: Cover effect in bedrock abrasion: A new
derivation and its implication for the modeling of bedrock channel morphology, J. Geo-
phys. Res.-Earth, 112, F04006, https://doi.org/10.1029/2006JF000697, 2007.

Interactive comment on Earth Surf. Dynam. Discuss., https://doi.org/10.5194/esurf-2019-8,
2019.

C9


