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• Sediment bed is convex, 
confining particles in its center.

3.3. River cross section 85

Figure 3.8 – Bed elevation and sediment-flux profile for different runs. The sediment input
increases downwards (0, 0.15 and 0.77 g/min). In the same order, these profiles correspond
to runs 1, 4 and 5. Dashed lines: measurement uncertainty calculated with equation (2.8).

3

FIG. 2. Bed elevation and sediment-flux profile for runs 1, 4 and 5 (from left to right). The sediment input increases from left
to right. Dashed black line: cosine shape (equation (2)) predicted by the threshold theory for L = 0.06 ds and S = 0.0046.

track independently blue, red and orange grains. For
each run, we record one hour of bedload movie. Table
I indicates the corresponding number of frames and tra-
jectories. From the trajectories, we deduce the sediment
flux, which we normalize with the input sediment dis-
charge Qs.

We observe that the sediment-flux profile adjusts to
topography, as it does in flume experiments (Fig. 2 a(ii)
and b(ii)). The area below a sediment-flux profile cor-
responds to the total sediment discharge, and naturally
increases with it. We observe that the entire shape of the
sediment-flux profile also varies with Qs. Its maximum,
always in the center of the channel, increases, meaning
that bedload transport intensifies there. This remains
constant where the river is flat, suggesting an organiza-
tion between the topogaphy and the sediment flux.

We can now test equation (1) against our experimen-
tal data by plotting the bed elevation as a function of
the sediment discharge (Fig. 3). We observe that, what-
ever the sediment input, each laboratory river follow a
straight line in a semi-log axis, the coe�cient of which
is comparable to the one measured by [19] in a confined
sediment bed, with the same grains and the same liquid
(Fig. 3, black dashed line).

This result suggests that laboratory rivers reach the
same Boltzmann equilibrium than confined sediment bed,
but they di↵er by setting their width. We interpret this
equilibrium as following. As previously introduced by
[20], gravity make grains fall into the center and thus
widens the river. However, di↵usion push grains towards
the banks and prevent the river from widening forever.
Therefore, the balance between gravity and di↵usion sets
the width and the entire shape of a river at equilibrium.

IV. NATURAL RIVERS

In all of these experiments, the flow is laminar. Natural
rivers, however, are turbulent. Still, we expect that bed-
load grains collide with the rough bed and di↵use across
the flow in turbulent flows as well. Turbulence could af-
fect the intensity of this di↵usion, and thus the di↵usion
length, but the basic mechanism should hold. Therefore,
we expect that the equilibrium between gravity and dif-
fusion, and thus the Boltzmann distribution, should hold
in natural rivers.
To test this scenario against field data, we need both

the sediment flux and the bed elevation across a river. In

FIG. 3. Experimental Boltzmann distribution in laboratory
rivers. Each color corresponds to an experimental run of table
I. The black line corresponds to the law measured in a flume
experiment (�B = 0.12 ds).
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1. Introduction

Alluvial rivers dig their bed in the sediment they carry: the flow entrains 
sediment grains and deposit them downstream, thus deforming the 
channel that confines it [Leopold & Maddock,1953]. This fluid-structure 
coupling selects the shape an alluvial channel: gravity pulls the 
traveling grains toward the center of the stream. To maintain its banks, 
a river thus needs to balance this transverse flux of sediment [Parker, 
1978]. 


We investigate this process in simplified laboratory experiments. 

Kaidu river, Tian-Shan, China   © google Earth
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A viscous mixture of water and 
glycerol entrains a bed of plastic 
sediment (size = 830 𝞵m).


Viscous fluid → laminar flow  
(Re < 250).


After a few hours, the sediment 
bed reaches an equilibrium 
shape. 

Measurements:

•particle trajectories,

• local sediment flux,

• laser deviation →  bed elevation.

Camera's field of view with superimposed 
grains trajectories (red lines).

Sediment flux measured by grain tracking.

Deviations induced by bed 
roughness turn the trajectories 
into a random walk across the 
stream [Samson et al., 1998].

Random walk induces diffusion in the cross-stream direction:

qd = �`d
@qs
@y
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streamwise sediment flux

cross-stream coordinate

diffusion length

cross-stream 

diffusive flux

At equilibrium, two cross-stream fluxes balance each-other:

Local sediment flux vs local 
shear stress obeys the transport 
law :

5. Transport law

qs = q0 (✓ � ✓t)
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diffusive flux: 
pushes the traveling grains 
away from the flume's center.

gravity-induced flux:  
pulls the travelling grains 
towards the flume's center. 

(1)

Equilibrium condition (1)   → qs(y) = q0 exp


�h(y)

�B

�
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(2)

Sediment flux vs bed elevation.

• Experimental data accord to 
equation (2).


• Equation (2) is analog to the 
Boltzmann distribution in 
statical physics [Abramian et 
al., Sub.].


• Cross-stream deviations of 
grains' trajectories play the 
role of thermal fluctuations.

7. Boltzmann distribution

flo
w

• Bedload particles wander randomly across the bed's surface, 
inducing a cross-stream diffusive flux [Seizilles et al., 2014].


• The sediment bed adjust its shape so that the diffusive flux, which 
pushes the traveling grains away from the flume's center, balances 
the gravity-induced flux, which pulls them towards the lowest point 
of the bed's surface.


• The balance of diffusion and gravity results in a peculiar Boltzmann 
distribution, in which the bed's roughness plays the role of thermal 
fluctuations, while its surface forms the potential well that confines 
the sediment flux [Abramian et al., Sub.].
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• A laboratory river not only 
selects its shape, but also its 
size.


• Sediment flux and  bed elevation 
follow the same Boltzmann 
distribution as in the flume.

Cross-stream variance increases 
linearly with the travel distance. 


  → random walk 

      [Seizilles et al., 2014].

• Viscous stress is maximum at the 
center of the channel. It vanishes 
where the bed's surface joins the 
walls.

• Sediment transport concentrates 
around the center of the flume.

Blue colormap: downstream flow 
velocity calculated with finite elements.

Flow-induced shear stress on the bed.

Shields stressstreamwise 

sediment flux

`d = (0.024± 0.002) ds
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�B = (0.12± 0.02) ds
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