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1. Introduction

In 2018 the senior members of the Genoa group of Morphodynamics (Blondeaux et al., 2018)
published an introductory Monograph to the subject of Morphodynamics of Sedimentary Patterns.
The idea was that a series of such Monographs focusing on specific topics in the wide area of
fluvial, tidal, coastal and submarine Morphodynamics would follow in the next years. The present
one and the companion Monograph (Seminara et al., 2023) are indeed the first two on fluvial
subjects, while two Monographs on coastal subjects (Blondeaux and Vittori, 2023; Blondeaux
et al., 2023) are forthcoming.

1.1. Rationale behind the present Monograph

In Blondeaux et al. (2018) it has been clarified that river planforms can be classified into two
main classes: meandering and braiding, a straight river alignment being a rather exceptional case.
This notwithstanding, the present Monograph restricts its attention to the Morphodynamics of
straight channels. Why?

The mechanistic approach to fluvial morphodynamics, developed in the last few decades, has
clarified that the formation of meandering as well as braiding patterns in alluvial channels are the
consequences of a simple fact: the uniform flow of water and the equilibrium configuration of bed
topography in an ideal perfectly straight channel with cohesionless granular bed is unstable to
various classes of perturbations of the bottom pattern and/or channel alignment. Hence, in order
to investigate meandering and braiding rivers, one must explore the nature of such instabilities. It
turns out that a class of perturbations plays a major role in the formation of large scale fluvial
sedimentary patterns: they are called bars.

Indeed, the ubiquitous nature of the ’bar’ unit has been known since the cornerstone field
observations of Leopold and Wolman (1957), which may be seen as the starting point of the
modern fluvial morphodynamics. Soon, bars were recognized as the fundamental building block
of both meandering and braiding patterns. A bar unit consists of a sequence of a riffle and a
pool, separated by an oblique sharp front (Figure 1). Except for the case of very narrow channels,
bars are invariably present in both sandy and gravel rivers. A major feature of the bar unit
is that it gives rise to an oscillatory topographic forcing. By simple continuity requirements,
this forcing generates a topographically driven secondary flow whose ultimate expression is the
winding of the thread of high velocity (Figure 1). Note, that the tendency of the stream to follow
a meandering path is an ubiquitous feature of fluvial patterns in nature, but it also occurs in
artificially straightened channels, i.e. channels confined by artificial straight banks. However,
the way these sinuous courses are organized depends on a further major feature of bars, namely
that they form rows and the number of rows accommodated in a channel depends on the channel
width. In fairly narrow channels, a single row of bars (called alternate bars) forms and the river
alignment is either (nearly) straight (e.g. the artificial course of the Rhine River constrained
within in-erodible banks depicted in Figure 2a) or meandering. In wide channels, multiple row
bars develop and the river is defined as ’braiding’ (Figure 2b).

Leopold and Wolman (1957) also found that the wavelength of the pool-riffle unit is a function
of channel width. Figure 3 reproduces the celebrated original plot presented in that paper,
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