Relative role of bed roughness, bed erosion and channel storage on peak
discharge increase in hyperconcentrated floods
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1. Introduction
Normal river floods are featured by a downstream
flattening discharge peak while a downstream increasing
discharge peak tends to occur at a rate exceeding the
tributary contribution during highly silt-laden floods
(hyperconcentrated floods) in China’s Yellow River. It
entails a great challenge in the downstream flood
defence and the underlying mechanisms need to be
unravelled. Previous study on this issue only focuses on
one possible mechanism (Jiang et al., 2006; Qi et al.,
2010; Cao et al., 2012), while the present work aims to
combine the relative role of bed roughness, bed erosion
and their relations to channel storage in the
hyperconcentrated flood. First, a relation between the
discharge evolution with distance and the time variation
of channel storage is introduced based on the mass
conservation law. Second, a typical hyperconcentrated
flood (with very high concentration occurred in the
Middle Yellow River in August 1977) is numerically
investigated by a high-resolution fully coupled
morphodynamic model of non-capacity sediment
transport under the framework of a structured finite
volume method. At last, the relative role of bed
roughness change, bed erosion and channel storage
change will be discussed based on the theoretical
analysis and modelling results.

2. Results
2.1 Channel storage analysis
Spatially integrating the mass conservation equation (Eq.
(1)) leads to Eq. (2):
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where ζ is water level, h is water depth, u is velocity,
x is horizontal coordinate, t is time, q1，2 are discharge
at the up (down) boundaries of a reach,

Vstr is channel

storage (underneath the water surface) along the reach.
It shows that the simultaneous downstream discharge is
higher than the upstream discharge when the channel
storage decreases in time. Therefore considerable
reduction of channel storage should occur during a flood
peak increase event between the occurrence of the
upstream and downstream flood peaks.
2.2 Modelling results
The modelling results show that the downstream peak
discharge increase can be satisfactorily reproduced when

the effects of sediment concentration and flow regime
on bed roughness are considered. Only under
(unrealistically) extreme bed erosion, this phenomenon
can be also reproduced with a constant bed roughness
but at less pronounced than the effect of bed roughness.
In cases of both bed roughness reduction and extreme
bed erosion, the downstream peak discharge increase
occurs accompanied by a considerable channel storage
reduction during the period between the upstream and
downstream flood peaks, which is in line with Eq. (2).
For the former condition, the channel storage reduction
is due to flow acceleration by bed roughness reduction.
For the latter, it results from a dramatic drop of water
surface by strong bed erosion.

3. Conclusions
The
effect
of
bed
roughness
change
in
hyperconcentration is demonstrated to play a dominant
role in the downstream peak discharge increase for a
hyperconcentrated flood of very high concentration and
strong bed erosion. The contribution of bed erosion only
becomes significant in case of extreme bed erosion
which rarely occurs.
Though having distinct mechanisms, both extreme bed
erosion and bed roughness reduction result in
considerable channel storage reduction and thus
intensify the flow propagating downstream during the
peak period of the hyperconcentrated flood. As a result,
a downstream increasing discharge peak possibly occurs
in these two conditions with considerable channel
storage decrease.
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