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The manuscript addresses a question that emerged in the past half century from stud-
ies of hydraulic geometry sensu largo (Parker et al. 2007, 2008) and downstream fining
(see Frings 2008 for review). The two main claims are: 1) that gravel-bed river have
sediment mobility near the threshold for motion and sand-bed rivers are in the suspen-
sion regime; 2) that channel geometry is a result of the threshold of bed material in
gravel-bed rivers and of cohesive bank material for sand-bed rivers. These claims are
based on reanalysis of existing hydraulic geometry data and data of rivers along the
gravel-sand transition.

C1

The manuscript is mostly based on review and replotting of existing data. The
manuscript is clearly written and the data is well-presented in the figures. However,
the manuscript is flawed in a number of aspects: a large number of essential refer-
ences are missing in the presented datasets and in the text; the insights presented are
not novel and that based on a downstream fining river is flawed; some of the reasoning
about experiments is based on only a few points while many more are available in the
literature. Below these points are detailed.

It is not exactly clear what precisely the argument of the authors is. It seems to be that
"there are mainly sand-bed, suspension-dominated rivers and gravel-bed, bedload-
dominated rivers because of the scarcity of the intermediate sizes on this planet and
because the typically available floodplain materials are strong enough to withstand the
typical bed shear stress in sand-bed rivers but not in gravel-bed rivers." The argu-
ments revolves around the scarcity of sediments between sand and gravel, discussed
by the authors, and the scarcity of sediments between sand and floodplain fines, not
discussed by the authors. If this is correctly represented then these ideas have already
been published in many papers over the past decades and are therefore not novel. If
not correct then the argument is not clearly enough presented.

An elegant way, in principle, to look at the relation between bed mobility and channel
geometry is the dataset of Singer (2010). This shows a gradual downstream reduction
in bed shear stress but a zone with a bimodal reduction in median particle size and in
excess mobility due to patchiness of bed material (also found in Paola and Seal 1995).
However, the authors here invoke this observation to argue for bimodal behaviour in
the entire dataset and this argument is flawed. Here, and on P3 L14-16, important ref-
erences are missing, such as Yatsu (1955), Paola and Seal (1995) and work by Frings
(review in 2008). The large body of literature on downstream fining bracketed by these
references show three things. First, many fluvial sediments are bimodal because of
the nature of sediment and the manner in which it wears down. The effect is that there
are very few rivers with dominantly fine gravel in their bed. Second, in a bimodal sed-
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iment distribution where the two modes gradually change in height, as in downstream
fining where the finer mode increases in abundance as the coarser mode reduces, the
median grain size flops suddenly from one mode to the other where the mean size
would not. This means that the representation of downstream fining by the median
size is misleading the authors to believe in the bimodal behaviour. Third, many gravel-
sand transitions are rather gradual, except in many relatively small rivers (Frings 2011).
This is partly due to patchiness, bend sorting, and the transition from clast-supported
to matrix-supported sediments. Elsewhere it has also been argued that many rivers
show a third mode of sediment: the silt and clay that form the floodplains. Usually the
material between that mode and the sand mode is scarce too (see Kleinhans 2010 for
review).

The systematic trend of increasing bankfull Shields number with decreasing grain size
is disputed on the basis of two pieces of evidence related to published experiments.
The first is that seepage channels formed in experiments with sand cluster at the
threshold for motion, and the second is that other sand-bed channels in the labora-
tory likewise are at the threshold for motion. But this misses the point of scaling in
experiments entirely. The Shields number is the relevant scale for sediment mobility,
and in experiments that scale down the size of systems in nature by orders of magni-
tude, of course the sand is near the threshold for motion because it simulates gravel
and even at sand size needs steeper slopes than in reality. This is why other experi-
ments with self-formed seepage channels were conducted with low-density sediment
(Marra et al. 2014), and consequently the mobility ranged from 0.044-0.68.

Furthermore, there are a large number of other experiments with self-formed chan-
nels (compiled in Kleinhans et al. 2014 Fig. 9 and Table 1 and some more in 2015)
that show a range of mobilities in the context of a large river dataset that also show
a gradual transition from bedload to suspended load dominated behaviour. This in-
cludes high-mobility experiments with sand and floodplain-forming low-density sedi-
ment (Paola group, Minneapolis) and with materials that strengthen banks (famous ex-
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periments of Hoyal, ExxonMobil) (see Kleinhans et al. 2015 for references). The main
point is that the nature of the bank material determines the channel geometry. This is
essential for bar and river patterns and was incorporated in the hydraulic geometry in
Kleinhans et al. (2015) because correct scaling of the bank material in experiments
leads to desired channel aspect ratios. The qualitative understanding behind this work
goes back at least to Ferguson (1987), and shows that the experimentally inferred rela-
tion of the straight-meandering-gravel transition as a function of slope by Schumm and
Kahn (1972) is wrong and the bank stability is key. Furthermore, the natural and ex-
perimental channels adhere well enough to the hydraulic geometry relations of Parker
et al. (2007) when accounted for the strength of the banks (Kleinhans et al. 2015),
which allowed application of the Parker relation to bar theory. It is already well-known
that the absolute dimensional shear stress in gravel-bed rivers is much larger than that
in sand-bed rivers despite the lower sediment mobility, so that bank material unstable
in the gravel reach can be stable in the sand-bed reach. The hypothesis on P10 L14-
16 has already been voiced in a large body of bank erosion literature underlying the
BSTEM model by Simon et al. (2000 and later references). This argument has not
become more precise by the scatter plot in Fig. 7. Also the authors do not present new
data or new insights; for example P10 L27-32 states that information about bank mate-
rial is usually lacking and this is precisely why Kleinhans and van den Berg (2011) had
to introduce that counterintuitive streampower measure and why Eaton and Church
(2007) developed a rational regime theory that can be used to invert to bank stability
measures from observed channel dimensions. These papers and many others already
make that point; however, these references are lacking here.

The final remark of the discussion is somewhat simplistic: "Some of the scatter in hy-

draulic geometry scaling plots may be due to stochastic fluctuations around the mean

behavior." Here, stochastic is a rather dirty term for a number of well-known sources

of variability. Apart from the fact that vegetation creates its own patterns with its own

scales on the banks, leading to variations in channel dimensions, the balance be-

tween bank erosion and floodplain formation is not always in equilibrium because of
C4



the specific length and time scales of bank failure and floodplain / levee formation.
The assumption of the authors is that measured channel dimensions in their compiled
dataset are due to such variations, but it is quite likely that the original authors of the
datasets underlying this compilation already averaged out such variation. In fact, this
is certainly the case for the Kleinhans and van den Berg (2011) dataset and in the
experimental datasets from our laboratory, that were also taken up in the compilation
of Metivier, and are therefore possibly part of the present compilation.

Finally, the authors present their data online, which is commendable, but entirely unref-
erenced, which is unacceptable, not only because it does not pay proper credit to the
original owners. These data originate from many sources and likely the workers used
somewhat different methods which may strongly affect the scatter and trends. Further-
more, the seepage and experimental datasets are sorely lacking numbers, which are
available in the recent literature.

References

Eaton, B. C., and M. Church (2007), Predicting downstream hydraulic geometry: A test
of rational regime theory, J. Geophys. Res., 112, F03025, doi:10.1029/2006JF000734.

Ferguson, R., 1987. Hydraulic and sedimentary controls of channel pattern. In:
Richards, K. (Ed.), River Channels: Environment and Process. Blackwell, Oxford, UK,
pp. 129-158.

Frings, R.M. (2008), Downstream fining in large sand-bed rivers, Earth-Science Re-
views 87, 39-60, doi:10.1016/j.earscirev.2007.10.001.

Frings, R.M. (2011), Sedimentary characteristics of the gravel-sand transition in the
River Rhine, J. of Sedimentary Research 81, 52-63.

Kleinhans, M.G. (2010), Sorting out river channel patterns, Progress in Physical Geog-
raphy 34(3), 287-326, doi:10.1177/0309133310365300

Kleinhans, M.G. and J.H. van den Berg (2011), River channel and bar patterns ex-
C5

plained and predicted by an empirical and a physics-based method, Earth Surf. Pro-
cess. Landforms 36, 721-738, doi:10.1002/esp.2090.

Kleinhans, M.G., W.M. van Dijk, W.l. van de Lageweg, D.C.J.D. Hoyal, H. Markies,
M. van Maarseveen, C. Roosendaal, W. van Weesep, D. van Breemen, R. Hoender-
voogt and N. Cheshier (2014), Quantifiable effectiveness of experimental scaling of
river- and delta morphodynamics and stratigraphy, Earth-Science Reviews 133, 43-61,
doi:10.1016/j.earscirev.2014.03.001

Kleinhans, M.G., C. Braudrick, W.M. van Dijk, W.l. van de Lageweg, R. Teske and M.
van Oorschot (2015). Swiftness of biomorphodynamics in Lilliput- to Giant-sized rivers
and deltas, Geomorphology 244, 56-73, doi:10.1016/j.geomorph.2015.04.022

Marra, W.A., L. Braat, AW. Baar and M.G. Kleinhans (2014). Valley forma-
tion by groundwater seepage, pressurized groundwater outbursts and crater-lake
overflow in flume experiments with implications for Mars. Icarus 232, 97-117,
doi:10.1016/j.icarus.2013.12.026.

Marra, W.A., S.J. McLelland, D.R. Parsons, B.J. Murphy, E. Hauber and M.G. Klein-
hans (2015). Groundwater seepage landscapes from distant and local sources in
experiments and on Mars. Earth Surface Dynamics 3, 389-408, doi:10.5194/esurf-
3-389-2015

Paola, C. and R. Seal (1995), Grain size patchiness as a cause of selective deposition
and downstream fining, Water Resources Research 31(5), 1395-1407.

Parker, G., P. R. Wilcock, C. Paola, W. E. Dietrich, and J. Pitlick (2007), Physical basis
for quasi-universal relations describing bankfull hydraulic geometry of single-thread
gravel bed rivers, J. Geophys. Res., 112, F04005, doi:10.1029/2006JF000549.

Parker, G., T. Muto, Y. Akamatsu, W.E. Dietrich and J.W. Lauer (2008), Unravelling the
conundrum of river response to rising sea-level from laboratory to field. Part Il. The
Fly-Strickland River system, Papua New Guinea, Sedimentology 55, 1657-1686, doi:

C6



10.1111/1.1365-3091.2008.00962.x.

Schumm, S., Khan, H. (1972), Experimental study of channel patterns. Geol. Soc.
Am. Bull. 83, 1755-1770.

Simon, A., Curini, A., Darby, S., Langendoen, E., 2000. Bank and near-bank processes
in an incised channel. Geomorphology 35, 183-217.

Yatsu, E., (1955), On the longitudinal profile of the graded river: American Geophysical
Union, Transactions, v. 36, 655-663.

Interactive comment on Earth Surf. Dynam. Discuss., https://doi.org/10.5194/esurf-2017-66,
2017.

c7



