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• Sediment can be stored for many years in channel bars and benches.

• Sediment can be stored on floodplains for thousands of years.

• Not all eroded sediment enters the waterways.

• Not all sediment in the waterway is delivered to the end of the catchment, in 
fact allowing flood water onto floodplains decreases sediment delivery to the 
end of the catchment.

Where does sediment go in floods? 

Contraction zones on the Lockyer Creek are reaches 
where floodwaters are confined to the channel. 
Expansion zones are where floodwaters can flow 
out over floodplains, although how often this occurs 
depends on flood height. 

Flood height and water flow can be reduced by 
increasing the amount of vegetation within the 
channel. By allowing water to flow out onto the 
floodplains, connectivity of the floodplains and the 
sediment storage of the catchment would increase. 

flood water level

Floodplains act as sediment 
sinks as water spills over 
the banks and sediment 
settles on the floodplain.

Natural channels 
can be sediment 
sources or sinks.
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ABSTRACT

The sediment (dis)connectivity concept is the water-mediated transfer of sediment between different compartments of a catchment sediment
cascade involving four possible dimensions or linkages (longitudinal, lateral, vertical and temporal). Quantifying the strength of these link-
ages within and between compartments provides a means to understand the internal sediment flux dynamics of a catchment. The aims of this
paper are to examine (1) the dynamics of longitudinal and lateral (dis)connectivity by quantifying patterns of erosion and deposition that oc-
curred during a catastrophic flood, and (2) how the patterns of connectivity can be changed through management actions that better utilise
floodplain sediment storages. Multi-temporal LiDAR and air photos are used to quantify volumetric change with respect to geomorphic set-
tings and units. The results show that over the length of the trunk stream, the high-magnitude event was net depositional with high longitu-
dinal sediment disconnectivity. At the reach scale, an alternating pattern of high and low longitudinal connectivity associated with contraction
and expansion zones was evident. The efficiency of sediment transfer from the uppermost compartment to the most downstream compartment
decreased exponentially, while the strength of lateral connectivity increased for each expansion reach. Modelling results show that increasing
channel boundary roughness along expansion reaches with riparian revegetation can increase the frequency of lateral connectivity and flood-
plain sediment storage, thereby decreasing reach-to-reach connectivity and reducing end-of-catchment sediment delivery. This contrasts with
the current trend of building levees along the bank tops of expansion reaches, which decrease lateral connectivity and increase reach-to-reach
connectivity. Copyright © 2015 John Wiley & Sons, Ltd.

key words: connectivity; catchment management; sediment cascade; process zones; flood mitigation

Received 19 September 2014; Revised 14 January 2015; Accepted 16 February 2015

INTRODUCTION

In general, catchments can be divided into long-term source,
transfer and accumulation zones, also known as the process
zone concept of Schumm (1977). However, as Ferguson
(1981) noted, river systems act as ‘jerky conveyor belts’,
whereby sediment or individual grains are transported epi-
sodically through a catchment. At any point along the con-
veyor belt, sediment may be removed and placed in
storage, or eroded and added to the conveyor belt, meaning
that the type and spatial sequence of source, transfer and ac-
cumulation zones in any given catchment are unlikely to be
simple. Additionally, temporal switching between process
zone types is dictated by the average recurrence interval
(ARI) of flows that have the potential to activate and/or

change the function of different zones within a catchment
(Fryirs and Brierley, 2001).
In most catchments, sediment spends considerably longer

periods of time in storage than in transport (e.g. Otto et al.,
2009). Therefore, sediment delivery to a basin outlet is at-
tenuated by storage, and sporadic remobilization occurs
over various timescales. However, it is now well known that
only a fraction of the sediment eroded within a catchment
will make its way to the basin outlet and be represented in
sediment yield, and that sediment storage in catchments ex-
plains this discrepancy. This was termed the sediment deliv-
ery problem by Walling (1983). With the advent of high-
resolution aerial imagery and remote sensing, the fate of
sediment eroded from the land surface, and the pathways
and timeframes of sediment transport and storage in catch-
ments can be studied in even greater detail (Lane et al.,
2008; Brown et al., 2009; Otto et al., 2009).
The concept of sediment (dis)connectivity in catchments

has received increasing attention (see Fryirs, 2013 for re-
view). In geomorphic systems, connectivity can be defined

*Correspondence to: C. J. Thompson, University of Queensland, St Lucia,
Queensland, Australia.
E-mail: c.thompson2@uq.edu.au

RIVER RESEARCH AND APPLICATIONS

River Res. Applic. (2015)

Published online in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/rra.2897

Copyright © 2015 John Wiley & Sons, Ltd.


