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A Channel Evolution Model (CEM) provides process-based understanding of channel 
adjustment used to guide river restoration and rehabilitation

A macrochannel evolution model

A macrochannel evolution model (mCEM) illustrates the processes operating within hydraulically variable SEQ 
trunk channel systems which are laterally stable and non-incising.

The mCEM demonstrates a self regulating cyclical process.

Stage I - contracting channel 
with banks primed for mass 
failure

Stage II - rainfall and flood 
conditions trigger bank mass 
failure on primed banks until all 
primed banks reset

Stage III - sediment deposition 
in the new accommodation 
space 

Stage IV - sediment deposition 
on banks and benches with 
increasing riparian vegetation 
enhancing sediment trapping 
and shear strength

Distribution of mCEM stages 
along Lockyer Creek following 
the 2013 flood

Stages 3 & 4 can be enhanced 
with bench and macrochannel 
bank vegetation management
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A channel evolution model (CEM) represents stages of channel development in response to specific types of dis-
turbance. In recent years, classic incised/disturbed CEMs have provided process-based understanding of channel
adjustment and formed the cornerstone for river restoration and rehabilitation.While broadly applicable to allu-
vial systems in temperate and semi-arid regions, these models cannot be assumed to be universally applicable.
Lockyer Creek in South East Queensland, Australia, has notable macrochannel morphology and is subject to
high hydrological variability typical of many subtropical climates. The aim of this paper is to present a case
study of channel adjustment and evolution in lower Lockyer Creek, to determine if existing CEMs adequately de-
scribe processes of channel adjustment and the associated trajectories of change typical of river systems in sub-
tropical settings. Lockyer Creek has recently been subjected to a spate of flooding resulting in significant channel
erosion. This offers an ideal opportunity to investigate the nature and rate of channel adjustment processes and
place them in context of longer-term geomorphic adjustments in these systems. Specifically we address two
questions. Firstly, do the classic incised/disturbedCEMs adequately represent the observedmacrochannel adjust-
ment? Secondly, if current CEMs are inadequate,what is the channel evolutionmodel for these systems, ofwhich
lower Lockyer Creek is an example? Results show that these are non-incising systemswherewet-flowbankmass
failures (WBMFs) are the dominant process of channel adjustment. They occur within the channel bank top
boundary resulting in no change to overall bank-top width. Furthermore, subsequent floods deposit sediment
in the failure scars and failure headwalls generally do not retreat beyond channel bank-top. Channel adjustment
has not followed the evolutionary stages for incised/disturbed channels and a new four stagemacrochannel CEM
is outlined for these subtropical systems. The proposed CEM illustrates a cyclical pattern of erosion by channel
bankWBMF followed by re-aggradation, through deposition and oblique processes, contributing to bank rebuild-
ing. This CEM provides sufficient information to determine the stage of macrochannel adjustment, enabling de-
cisions to be made over whether intervention is required or will be successful.
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1. Introduction

Natural rivers exhibit various channel forms based on their dis-
charge and sediment loads which integrate the effects of climate, vege-
tation, soils, geology and basin physiography (Knighton, 1998). Change
in any of these variablesmay, but notwithout exception, be expected to
result in channel adjustment over time. As well as response to such al-
logenic factors, autogenic channel adjustment can occur due to internal
adjustments such as meander migration leading to neck cut-offs, or
levee aggradation leading to avulsion (Schumm et al., 1996). Evidence
of past channels and their geometry are generally archived in adjacent
floodplains and serve as reminders of such channel adjustment. Knowl-
edge of these past adjustments or trajectories of change are important
for predicting likely future trends and for setting realistic targets for

river management that accommodate adjustments (Brierley and
Fryirs, in press, 2005; Brierley et al., 2008), and move beyond applica-
tion of steady-state equilibrium models derived from elsewhere that
aim to produce ‘stable channels’.

Phillips (2011) proposes that collectively the principles of gradient
selection and threshold-mediated modulation can provide a thesis of
why rivers have particular forms, or emergent properties, which may
mimic steady states. Gradient selection implies that mass and energy
fluxes in geomorphic systems occur along the steepest gradients and
persist and grow. Here, the downslope flow of water is an example
where concentrated pathways once initiated are preferred if external
factors are maintained. Threshold-mediated modulation in geomorphic
systems implies that there are upper and lower limits to system devel-
opment governed by a process threshold. Exceeding a threshold limits
the process and may switch it in the opposite (or different) direction
(Phillips, 2011). For example, levee and floodplain aggradation may
eventually limit the frequency of overbank deposition. The resulting
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