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3 EXECUTIVE SUMMARY 

 
 

1. In this study we have compiled a large empirical data set on bank erosion rates and distributions from three 
Queensland catchments; the data includes: 

i. Upper Brisbane River  
1. Channel erosion data derived from repeat LiDAR data analysed down to the geomorphic 

unit scale over an 86km reach of the Upper Brisbane River mainstem channel above 
Lake Wivenhoe.  Repeat LiDAR data covers the period 2001-2011. 

2. Associated in-channel and riparian vegetation structural data for the same area 
3. Daily modelled hydraulic data for the period covered by the LiDAR data. 
4.  Intensive geotechnical data at 30 sites , including: 81 Borehole shear tests; 71 pore 

pressure tests; 91 mini jet tests; 106 sediment particle size analyses 
 
ii. O’Connell River  

1. Channel erosion data derived from repeat LiDAR data analysed down to the geomorphic 
unit scale over a 54 km reach of the O’Connell mainstem channel.  Repeat LiDAR data 
covers the period 2010-2012. 

2. Associated vegetation structural data for the same area. Daily modelled hydraulic data 
for the period covered by the LiDAR data. 

3.  Intensive geotechnical data at 15 sites , including: 36 Borehole shear tests; 5 pore 
pressure tests; 22 mini jet tests; 50 sediment particle size analyses 

 
iii. Normanby River  

1. Channel erosion data down to the geomorphic unit scale over 11 stream reaches to a 
total of 43.6km of streams and associated floodplain. Repeat LiDAR data covers the 
period 2009-2011. 

2. Associated in-channel and riparian vegetation structural data for the same area 
3. Intensive geotechnical data at 22 sites , including: 45 Borehole shear tests; 24 pore 

pressure tests; 34 mini jet tests; 115 sediment particle size analyses 
 

2. Rapid Geomorphic Assessments (RGAs) were also carried out at an additional 147 sites in the three catchments 
(30, 54 & 63 for the Brisbane, O’Connell and Normanby Rivers respectively).  This was to test the potential of a 
rapid assessment approach for either replacing the intensive approach or simply to augment the intensive site 
data to aid in the up-scaling of site data to the reach scale. 

i. The RGA procedure involved the collection of the following: 
1. Vegetation community composition and structure  - including the collection of 

hemispherical photographs of the canopy cover using a GoPro camera for comparison 
with other remotely sensed data 

2. A rapid assessment channel stability scoring procedure  
3. Rapid measurements of bank shear strength characteristics using a torvane and a 

penetrometer 
4. Bed material particle counts 
5. Bank material sampling for particle size analysis 

 
3. Collection of the largest river bank vegetation/ root strength dataset yet collected.  We compiled root data at a 

total of 48 sites across the three catchments (14, 8 & 26 for the Brisbane, O’Connell and Normanby Rivers 
respectively), which included 24 single species assessments and 24 community assemblages 

i. Across all sites we measured 116,000 roots and developed root strength/diameter relationships 
across all sites (appendix 5).  This represents several orders of magnitude more roots than have 
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ever been measured in any published study of river bank root-strength relationships within the 
international literature. 

ii. The comprehensive nature of this dataset has provided new Insights into the key attributes of 
riparian roots, highlighting that site conditions and the community assemblage are more 
important than the plant species. 
 

Key conclusions drawn from empirical data: 

1. Channel erosion is a key erosion process in most Queensland Rivers contributing to water quality issues in major 
receiving water bodies.  Typical annual sediment yields from channel erosion equate to between 1.0 m3 m-2 yr-1 for the 
most highly degraded sections of channel (per unit macro-channel area) to less than 0.001 m3 m-2 yr-1 for well 
vegetated channels with minimal disturbance. 
 

2. Dense woody vegetation within the bounds of the channel high banks (macro-channels) is critical for channel stability 
and hence reducing sediment loads to downstream receiving water bodies.  Our data indicates that having > 40% 
woody vegetation within the channel zone can reduce erosion rates by an order of magnitude compared to a similar 
channel with 10% or less woody vegetation cover.  A further order of magnitude reduction could potentially be 
achieved if the woody vegetation cover is > 70%. 
 

3. Most channel erosion does not occur on the high banks (terraces) that bound many Queensland Rivers (i.e. which are 
what most people would consider the river “banks” from casual observation).  Instead the vast bulk of erosion occurs 
within the inset features (bars, benches and inset floodplains) that are found within the macro-channel boundary.  This 
has profound implications for how we model “bank erosion” – given that in most circumstances the erosion that is 
occurring would not be described as classical “bank erosion”, and as such is not represented by current models. 
 

4. As an extension to this observation, it is clear that landscape inheritance has a profound effect on channel dynamics in 
all the rivers investigated (i.e. there are very few examples of true self formed alluvial channels in any of the rivers 
investigated).  Hence theory derived from river systems with self-formed floodplains, particular around channel and 
floodplain dynamics, will often not be applicable in these rivers. 
 

5. The assumption that stream power is the major driver of channel erosion (an inherent assumption in models such as 
SedNet) does not apply in Queensland Rivers.  In many cases there was either no relationship between stream power 
and channel erosion or a weak inverse relationship from the data compiled in this study. 
 

6. There is a strong relationship between in-channel deposition (of bed material load) and erosion in all rivers; however it 
is not clear whether the deposition is driving the bank erosion or vice versa.  The weak inverse relationship between 
stream power and channel erosion potentially indicates that it may be the deposition that is driving the erosion; i.e. as 
bed material accumulates in lower energy reaches it shifts the channel thalweg and drives bank erosion. 
 

7. In contrast to theory derived from self-formed alluvial rivers in other parts of the world – there is no relationship 
between bend radius of curvature and bank erosion in any of the rivers investigated.  Indeed there is some evidence of 
a week inverse relationship between bend radius of curvature and erosion volume (i.e. more erosion occurs on straight 
reaches than on bends). 
 

8. There is also evidence in the Brisbane River that more erosion occurs on inside bends than on outside bends.  This 
reflects the fact the sedimentary units on the insides of bends tend to be younger and less cohesive than many of the 
old floodplain units that impinge on many of the outer bends.  These sites are also the focus of sand and gravel 
extraction.  Channel erosion tends to be manifest as channel expansion into the inset sedimentary units rather than 
lateral migration of the macro-channel. 
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9. There are very few examples of incised channels in any of the rivers investigated, hence the application of methods 
that assume channel incision for assessing channel stability (such as the RGA method sensu Simon and Downs, 1995) 
are inappropriate. 
 

10. Sand and gravel extraction in the upper Brisbane River is having a profound effect on channel erosion rates.  It appears 
that the major effect is due to the persistent disturbance to the in-channel vegetation as part of the mining process.  In 
addition to this, the channel is demonstrated to have been net erosional (more sediment export than input) through 
the 86km study reach.  This will have exacerbated the channel erosion process.  There is a strong correlation between 
the location of extraction sites (which are extracting bedload material), the volume of material extracted over a 25+ 
year period and the degree of bank erosion immediately up- or downstream from the extraction site. 
 

11. From the large empirical bank erosion dataset compiled in this project, where we now have common modelled and 
measured data, it is apparent that the SedNet model has very limited ability to predict the distribution or rate of 
erosion in the rivers.   
 

12. We also demonstrate why SedNet is unable to predict bank/channel erosion, given that stream power is the primary 
theoretical driver of channel erosion within the SedNet bank erosion sub-model.  As outlined above we show that 
there is no relationship between stream power and channel erosion in the three study catchments, and the huge 
variability in the character and erodibility of in-channel boundary alluvium overwhelms other controls.  
 

13. When coupled with the findings of other research that has highlighted problems with other components of the SedNet 
model (e.g. Bartley et al., 2008; Brooks et al. 2013), there is now overwhelming evidence that the SedNet model is not 
up to the task it is currently being used for: predicting sediment loads to the GBR or other Queensland catchments, 
with assumed precision.   
 

14. This study also demonstrates that the BSTEM model does not perform well in these rivers, even at the site scale for 
which it is specifically designed.  The model tends to significantly over estimate the extent of channel erosion in the 
locations it has been trialled (Appendix 9). 
 

15. BSTEM has no capacity to be extrapolated to sites for which detailed stratigraphy has not been collected, due to the 
fact that there is currently no appropriate method for predicting 3D channel boundary sedimentology using remote 
sensing techniques, at a scale which would be appropriate for parameterising the model. 
 

16. The Rapid Geomorphic Assessment procedure (Simon & Downs, 1995) is inappropriate for use in Queensland Rivers, 
unless it can be independently confirmed that the channel is incising on management timeframes (decades - 100 year 
timescales), and that the method can be independently verified to provide meaningful results. (appendix 7, 8). 
 

17. We demonstrate a robust method for deriving Sediment geotechnical characteristics (cohesion, shear strength and 
erodibility) from sediment particle size characteristics.  This negates the need for expensive in-situ measurement of 
these characteristics using bore hole shear testers and jet test devices. 
 

18. We also demonstrate that when measuring the root architecture and strength characteristics of riparian vegetation it 
is appropriate to focus at the community assemblage level rather than trying to characterise every species.  We 
demonstrated that there is more variation between the same species at different sites than there is between different 
species at the same site (i.e. site conditions dictate root characteristics more than the species).  This finding makes the 
process of characterising roots a much more tractable problem - given that in Australia there are hundreds of 
important riparian species that would need to be individually sampled if tree/plant species was a strong determinant 
of root architecture and strength.  This is not to say that there are not some important differences between riparian 
plant species, rather the species making up an assemblage at a particular site tend to have similar root characteristics.  
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4 RECOMMENDATIONS 

 
 

1. While the value of riparian vegetation for channel stability and river health have long been known, this study for 
the first time quantifies the extent of vegetation that is required within the channel zone to significantly reduce 
channel erosion.  The data suggest that once woody vegetation (>5m high) exceeds 40% projected foliage cover 
(PFC) within the channel zone (i.e. between the high banks of the macro-channels that are a common feature of 
most Queensland Rivers) that erosion can be reduced by an order of magnitude compared to a channel with 10% 
woody vegetation PFC or less.  If it is increased to more than 70%, on average a further order of magnitude 
reduction of unit area erosion can be expected.   
  

2. There is now overwhelming evidence that the SedNet model is not up to the task it is currently being used for: 
predicting sediment loads to the GBR or other Queensland catchments, with assumed precision.  It’s use should be 
discontinued for this purpose, and instead there should be a shift towards actual measurements of source inputs 
at a variety of scales through catchments.  Assessment of the success of management strategies in reducing 
sediment yields to major receiving water bodies should move away from modelling and instead focus on 
measurement at distributed sentinel sites.  Modelling should only be used where it can be demonstrated that the 
inputs to the model are based on realistic assumptions that have been field tested.  Overall, there needs to be a 
shift towards and a much greater reliance on measured data for prioritising management activities. 
 

3. Mapping and predicting channel erosion rates and distribution should shift towards an approach that uses 
empirical observations of channel erosion extrapolated using non-parametric spatial statistical approaches (e.g. 
self-organising maps - SOM). 

 
4. The most fundamental component of any river rehabilitation strategy is the cessation of key disturbances that are 

currently contributing to the destabilization of the channel, and hence the ongoing production of elevated 
sediment yields to downstream receiving waters.  In-channel grazing, sand & gravel extraction, alluvial gold and tin 
mining, channel diversions or vegetation clearance within channels are all activities that are fundamentally at odds 
with the objective of developing more resilient channels with a view to reducing disturbance of riparian land and 
reducing sediment yields to downstream receiving water bodies, such as the Great Barrier Reef, Moreton Bay or 
Wivenhoe Dam.   If improving water quality is to be a core objective of government (which currently is the case in 
all jurisdictions), these practices must be significantly reduced or eliminated.  Resources expended on restoration 
efforts are futile if degrading practices continue at the same time in other parts of the stream network.   
 

5. This study has highlighted the immense value of repeat LiDAR data as a basis for understanding channel erosion 
dynamics and for prioritizing river management works.  It is recommended that airborne LiDAR should be acquired 
on a regular basis (at least once every 5 years).  Priority should be given to re-flying areas already acquired, but the 
area of channel network should be expanded beyond that already covered – at least extending into the major 
tributaries as well. 
 

6. The USDA Bank Stability and Toe Erosion Model (BSTEM) should be used with great caution and only at a specific 
site where bank sedimentology and associated geotechnical parameters can be measured in considerable detail.  
BSTEM should not be used in compound macro-channels in its current form and should not be extrapolated from 
one site to another without detailed field parameterisation. 
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Reducing Sediment Pollution in Queensland Rivers:  Towards the Development of a 
method to Quantify and Prioritise Bank Erosion in Queensland Rivers based on field 
evidence from the Upper Brisbane, O’Connell and Normanby Rivers. 

 

5 INTRODUCTION - STATEMENT OF PROBLEM 

 

The period from late 2010 to 2011 saw the onset of a series of strong La Nina driven wet seasons which produced 
widespread flooding across Queensland (BOM, 2012), breaking an extended period of El Nino drought which had seen the 
main water supply dam for the city of Brisbane almost dry up, nearly leaving a city of more the a million people reliant on 
expensive desalination.  Commencing with the floods of January 2011 in the Brisbane River, much of the state experienced 
a series of floods over the ensuing few years, which emphatically endorsed the words of the poet Dorothea Mackellar that 
Australia is indeed the “land of droughts and flooding rains”.   

The floods very quickly focused people’s minds on the profound effect that rivers can have on our day to day lives, not least 
from the impacts of the flooding, but as flood waters subsided it became apparent that large amounts of valuable alluvial 
farmland had been lost to bank erosion.  The sediment released from all of this erosion seriously impacted Brisbane's 
drinking water due to the elevated sediment loads in the flood waters, and it was responsible for causing the degradation 
of critical ecological assets like Moreton Bay and further to the north the Great Barrier Reef.  This is not to say that all 
sediment in the water came from bank erosion, but we do know that it is a major contributor.  During the 2013 floods in 
the Brisbane River, elevated sediment concentrations in the water delivered to the Mt Crosby Water treatment plant 
caused the plant to be shut down for approximately 40 hours as it was unable to treat the highly turbid water. This resulted 
in a real risk to water supply before the network could be brought back online again (Brisbane Times, 2013a).  Had this 
situation persisted the city of Brisbane would have been left without drinking water in the middle of a flood.  So once again, 
the water supply that every urban dweller takes for granted when the turn on the tap, was at risk; albeit now we know the 
risk is due to the excessive river bank erosion in the water supply catchment (Brisbane Times, 2013b). It is estimated that in 
SE Qld alone, bank erosion adds >$8M/yr to the cost of water treatment, while sedimentation in Moreton Bay costs $10 
M/yr in additional dredging costs and the loss of ecosystem services (Seqwater pers. comm.).  

The deaths of large numbers of sea turtle and dugong within Queensland's World Heritage listed Great Barrier Reef(GBR) 
that occurred in the wake of 2011 floods, has been partially attributed to excessive sedimentation associated with these 
floods that has smothered and killed the seagrass beds which are the primary food for these iconic and endangered 
animals. Understanding where this sediment is sourced from and how delivery to the GBR can be reduced, is critical for 
minimizing future events of this kind.  Yet current models for predicting channel erosion and targeting rehabilitation of 
eroding river banks are poor, and our empirical knowledge of where sediment is coming from is still extremely scant.  
Hence this project aims to develop improved methods for measuring and predicting river bank erosion, tailored to 
Queensland conditions to efficiently target rehabilitation actions throughout the state. 

5.1 CURRENT SITUATION IN QUEENSLAND 

To date most management decisions regarding the importance or otherwise of stream bank erosion in Queensland (and 
indeed nationally) has been based on models.  Such models are based on assumptions about river dynamics based on 
theory, mostly derived from self-formed alluvial rivers in other parts of the world.  While it is an often stated cliché that 
gravity and physics operates the same way in Australia as they do in other parts of the world and because physics is the 
ultimate arbiter of river processes here, as everywhere, it should follow that theory derived in other parts of the world 
should apply in Australia as it does everywhere.  While physics certainly does function the same way in Australia, 
unfortunately this view of rivers being the same everywhere ignores some long recognised fundamental principles of basic 
geomorphology, whereby the landscape we see today is strongly influenced by the long term landscape evolutionary 
history.  The application of a standardised theoretical framework to all river channels does not recognise this evolutionary 
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history, and most importantly, that many rivers may not be flowing within a self-formed alluvial floodplain that was 
deposited under the current climatic and hydrological regime.  The configuration of rivers bounded by Pleistocene age 
floodplain deposits, where the alluvial material may have very different properties to Holocene alluvium, likely explains 
much of the variability in bank erosion we observe in the landscape.  
 
Over the last decade, sediment budget models such as SedNet/ANNEX (Prosser et al., 2001; Lu, et al., 2003), Source 
Catchments (eWater CRC, 2014) and D-SedNet (Wilkinson et al., 2014b),  have become widely used in Queensland as a 
basis for highlighting end of catchment sediment loads and erosion hotspots, and hence prioritizing catchment and stream 
management activities.  The channel and catchment sub-models embedded within Source Catchments, are essentially the 
same as SedNet. Significant emphasis is being placed on the validity of such models as a basis for prioritizing major 
government investment in activities designed to reduce sediment pollution to the Great Barrier Reef (GBR) and Moreton 
Bay, and indeed for modelling the impact of management activity (DNRM, 2013).  Yet it is readily acknowledged by the 
model developers that the bank erosion parameterisation and algorithms of these models are the weakest component of 
these models, limiting the ability of the models to perform their intended task 

Until a few years ago, due to the output from SedNet modelling, it was widely thought that the dominant sources of 
sediment pollution to major marine assets such as the GBR were primarily associated with hillslope sheet erosion (Prosser 
et al., 2001 and Brodie et al. 2003, McKergow et al., 2005), and that this could be managed through the implementation of 
programs that increase and maintain good quality perennial ground cover as a way of reducing sediment production to the 
river networks that feed into these marine assets. 

In more recent years, however, overwhelming evidence has emerged throughout Queensland; from the Southeast  (Olley 
et al., 2013; Grove et al., 2013), central Queensland (Hughes et al., 2009), North Queensland (Bartley et al., 2007; 2010a; 
Hawdon et al., 2008, Wilkinson et al., 2012; 2013, Hancock et al., 2013) to Cape York and the Gulf Country (Caitcheon et al., 
2012; Olley et al., 2013; Brooks et al., 2013) that sub-surface sediment sources (gully, scald and bank erosion) are the 
dominant  source of sediment being transported in most large river systems in tropical and sub-tropical Australia (table 1). 
Of these sources, significant progress has been made in recent years in quantifying gully erosion sources and rates 
(Shellberg & Brooks, 2013; Shellberg et al., 2013; Brooks et al., 2013), although there is still much to be done on this issue.  
Scald erosion can be differentiated from other hillslope erosion processes using tracing techniques (Hancock et al., 2014), 
but to date very little work has been done on measuring and better understanding bank erosion rates, processes and key 
drivers, with only a handful of studies having measured actual bank erosion rates in the Queensland sub-tropics or tropics 
(Bartley et al., 2008).   

Table 1: Sub tropical and tropical Australian studies that have used radionuclide tracers to estimate relative surface soil contributions to the lower 
catchment  

Catchment Mean Surface Soil Contribution % Tracer Reference 

Upper Fitzroy 20 137Cs and 210Pbex Hughes et al., (2009) 
Herbert 50 137Cs Bartley et al., (2004)* 
Herbert 20 239Pu Tims et al., (2010)* 
Bowen 17 137Cs, 210Pbex, C Wilkinson et al., (2012) 
Mitchell 3 137Cs Caitcheon et al., (2012) 
Cloncurry 0 137Cs Caitcheon et al., (2012) 
PCB rivers 16 ± 2 137Cs and 210Pbex

 Olley et al., (2013a) 
SE Queensland <10 137Cs and 210Pbex

 Wallbrink , 2004 
SE Queensland <10 137Cs and 210Pbex

 Hancock and Caitcheon,2010 
SE Queensland 1 to 33 137Cs Olley et al., (2013b) 
Burdekin 6 137Cs Wilkinson et al., (2014a) 

Table 1 study details: Fallout radionuclides (137Cs and 210Pbex) have been widely used to determine the relative contributions of surface soil and channel 
erosion (gully and stream banks) to stream sediments (Walling and Woodward, 1992; Olley et al., 1993; Wallbrink et al., 1994, 1998; Walling et al., 1999; 
Matisoff et al., 2002). As both fallout radionuclides are concentrated in the surface soil, sediments derived from sheet and rill erosion will have high 
concentrations of both nuclides, while sediment eroded from gullies or channels have little or no fallout nuclides present. By measuring the concentration 
in suspended sediments moving down the river, and comparing them with concentrations in sediments produced by the different erosion processes, the 
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erosion process generating the sediment can be determined. A study by Hughes et al. (2009) of a headwater catchment of the Fitzroy River in the dry 
tropics of central Queensland, surface soil erosion was found to produce less than 20% of the river sediment in non-cultivated parts of the catchment. In 
the wet/dry tropical Herbert River catchment in central Queensland, Bartley et al. (2004) used 137Cs to determine that about 50% of the sediment in the 
lower river originated from surface soils. This estimate was not corroborated by Tims et al. (2010) who did a follow up study in the same catchment using 
239Pu. Like 137Cs, 239Pu is a product of atmospheric testing of nuclear weapons, but it can be measured with greater sensitivity. They sampled the Herbert 
River catchment after a greater than one-in-five years average recurrence interval flood, and their results showed that surface soils were the minor 
contributor to river sediment everywhere except in some sugar cane cultivation and forested areas. Similarly Wilkinson et al. (2012) showed that subsoils 
were also the dominant source of the sediments in the main channels of two major tributaries in Burdekin River basin, the Bowen and Upper Burdekin 
Rivers. In a follow up study Wilkinson et al. (2014a) showed that subsoils were also the dominant source of sediments across the entire Burdekin 
catchment. Caitcheon et al., (2012) showed that subsoil dominate the source of sediment in the Mitchell and Cloncurry Rivers which drain in to the 
Northern Gulf. Olley el al., (2013 a) showed that this was also the case for rivers draining into Princess Charlotte Bay on the Northern Cape. In the SE 
Queensland region Olley el al., (2013 b) found that surface soil concentration we higher (up to 33%) in smaller forested catchment but in the larger 
systems this dropped to <1%; earlier studies in the region also showed a dominance of channel erosion (Wallbrink 2004; Hancock and Caitcheon, 2010) 

 

The reappraisal of sediment sources that has occurred over the last few years brings our understanding of the situation in 
Queensland rivers more into line with what are known to be the key sources of sediment in Southern Australia; namely 
stream bank and gully erosion – albeit with some significant differences in the nature of these processes between the north 
and south.  Hence, if sediment loads from these Queensland catchments are to be reduced, erosion mitigation activities 
must focus on sub-soil sources, and the associated processes leading to the acceleration of sub-surface erosion, primarily 
gully and river bank erosion.  To be able to do this effectively we have to be able to identify the major areas of bank and 
gully erosion and predict how they will respond to different management actions and to external controls such as climate 
change. 

The recent reassessment of the key processes contributing the bulk of sediment to Queensland rivers, is backed up by the 
results of decade-long “best management practice” grazing trials in Weany Creek in the Burdekin catchment that have 
shown that sediment production has not declined during this period due to the fact that the Grazing Land Management 
(GLM) trials that are at the heart of the management strategy are not targeting the primary erosion processes of gully, 
scald and bank erosion (Bartley et al., 2012a, b; 2014).  Given that the initial GBR model estimates of sediment sources did 
not rate river bank or gully erosion very highly, the identification of these processes and their management were not 
initially considered to be a high priority, and consequently little effort was directed towards improving the predictive 
capacity of bank erosion models, or other empirically based methods, nor has priority been placed on the management of 
these erosion processes.  

Of these sub-surface processes significant improvements have been made in recent years in our understanding of gully 
erosion, both in terms of hillslope gullies (Saxton et al., 2012; Rose et al., 2014), and of the ubiquitous alluvial gully erosion 
that is prevalent in many tropical rivers (Brooks et al., 2009; Shellberg et al., 2013a, b, Rose et al., subm).  Methods have 
been developed for incorporating alluvial gullies into sediment budgets and sediment budget models (Brooks et al., 2008; 
Rustomji et al., 2010; Brooks et al., 2013).  Bank erosion, however, is currently poorly represented in catchment scale 
models (Jha et al., 2003, De Rose et al., 2005; Bartley et al., 2009), and this represents a major shortcoming in our ability to 
identify bank erosion hotspots, to prioritise management actions, and indeed to accurately predict catchment sediment 
yields.  This is despite a study by Baindbridge (2004) who undertook airphoto analysis at 71 sites in the upper Burdekin 
catchment and concluded that the SedNet predictions of bank erosion in this catchment closely matched the SedNet 
predictions.  Bartley et al. (2008), however, went so far as to suggest that even with significant improvements to the bank 
erosion sub-model within SedNet that it is unlikely that model predictions will get within 35% of observed values.  

Despite the fairly pessimistic picture painted by Bartley et al., (2008), the fact remains that given it is now known that bank 
erosion makes up a significant proportion of the sediment sources in most major catchments in Queensland, that if any of 
the management scenario predictions are to be believable, it is critical that we develop better methods for measuring and 
predicting bank erosion rates.  
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5.2 APPROACHES TO ASSESSING BANK EROSION RATES 

There is a large body of literature on measuring and predicting bank erosion at the site scale but there is currently a major 
gulf between these site specific models (i.e. at a single section of bank or a short reach) and catchment scale models.  
Sediment budget models such as SedNet use the presence/absence of riparian vegetation as one of the main variables for 
predicting bank erosion as a sediment source at a catchment scale (Prosser et al., 2001), and the approach remains 
unchanged in more recent updates of this modelling approach (Wilkinson et al., 2014b).  Few published data exist with 
which to compare the SedNet predictions of bank erosion rates and observed erosion rates in Queensland, but the few 
studies that have indicate the algorithm within SedNet has poor predictive power (Rustomji et al., 2010).  Given that 
empirical evidence indicates that in some catchments bank erosion is a significant, if not dominant, sediment source 
(Brooks et al., 2013; Olley et al., 2013; Croke et al., 2013) – there is a pressing need to improve our capacity to 
parameterise bank erosion within sediment budget models and to predict bank erosion rates under different flow 
conditions and management scenarios.   

It is apparent that our limited ability to predict bank erosion distribution and rates is in part due to the crude way in which 
riparian vegetation has been characterized, and the overly simplistic assumption that there will be a simple relationship 
between unit stream power and vegetation extent on alluvial banks (sensu Prosser et al., 2001, Wilkinson et al, 2014b), 
irrespective of the bank sediment characteristics.  Other models focusing at the site scale, such as the bank stability and toe 
erosion model (BSTEM  - Simon et al., 2011), rely on exhaustively parameterizing bank geotechnical characteristics, and as 
part of this, measuring root tensile strength and architecture to quantify the reinforcement to riverbanks provided by the 
presence of riparian vegetation.  Such an approach would appear to be only applicable at the site scale where the bank 
materials and vegetation can be adequately measured. Furthermore, being focused at the site scale and developed for 
settings of low diversity of tree species in temperate climes in areas of deep alluvium which have undergone channel 
incision on management timescales, there are currently some significant questions as to whether this model can be 
adequately adapted to a highly diverse tropical and sub-tropical environments with a complex geomorphic evolutionary 
history.  

Bridging the gap between these two existing modelling scales is a major challenge, but one which is fundamental to 
improving our ability to better predict bank erosion at the catchment scale using remotely sensed data.  The primary aim of 
this study is to attempt to bridge this scalar divide, and investigate alternative approaches to upscaling site scale date to 
the reach or catchment scale.   
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6 STUDY APPROACH 

 

One of the primary reasons that there has been undue reliance on modelling to predict bank erosion in Queensland rivers 
to date, is that there are very few empirical datasets in existence to even test the existing models, let alone to use in 
empirical models or as a basis for deriving new theoretical modelling approaches.  Hence, a major focus of this study was 
the collection of an extensive field dataset on both actual erosion rates within a diversity of river channels, as well as data 
on the broad range of variables which are likely to explain the variability of observed channel bank erosion.  To achieve this 
we selected three disparate catchments up the east coast of Queensland which cover a geographic, climatic and 
disturbance gradient (Figure 3).  The three study catchments also drain to high value receiving water bodies, for which the 
management of water quality is a major issue.  The upper Brisbane River (UBR) drains to Lake Wivenhoe, which is the major 
drinking water supply for the city of Brisbane.  The O’Connell River and Normanby Rivers are both important catchments 
contributing runoff to the Great Barrier Reef (GBR) lagoon.  Based on earlier model estimates, the Normanby was thought 
to be the third highest contributor of sediment to the GBR, while the O’Connell River was thought to have the highest 
specific sediment yield of all catchments draining to the GBR (Brodie et al., 2003).   

In addition to covering a wide geographic range; from the sub-tropics in SEQ to the humid tropics of the O’Connell 
catchments and the monsoonal tropics in Cape York, the three catchments also encompass a significant disturbance 
gradient.  The Upper Brisbane River is a highly disturbed intensively farmed and grazed catchment, with a range of other 
disturbances such as dams and extensive in-channel sand and gravel mining.  The O’Connell River also supports extensive 
irrigated agriculture along its floodplain system, as in the upper Brisbane River, but because it is a predominantly sugar 
cane growing area there is less grazing pressure on the channel itself and a reasonable extent of riparian vegetation cover 
along much of its length.  The Normanby catchment on the other hand, is largely uncleared, with the major disturbance in 
riparian areas associated with cattle grazing pressure, which is the dominant land-use in the catchment.  This is not to say 
the river is pristine, as there have been a wide range of more indirect disturbances, such as cattle grazing in riparian areas, 
altered fire regimes and weed invasion, all of which have altered the riparian vegetation community composition and 
structure.  However, compared to most rivers, the riparian processes in the Normanby can be broadly characterised as 
retaining many of the natural riparian processes in a state that is representative of the way they would have been for 
millennia. 

 

6.1.1 THE ROLE OF MACRO-CHANNELS AND DEFINING “BANK EROSION” 
A characteristic of the major channels in the three study catchments is that they are invariably dominated by what have 
become widely known as “macro-channels”.  This is a term used originally by Van Niekirk et al (1999) to describe large 
channels in southern Africa which have a compound complex morphology.  The term has been used in Australia more 
recently (see Hoyle et al., 2008; Shellberg and Brooks, 2007) to describe rivers which have a compound cross section 
bounded by late Pleistocene age high floodplain terraces, with numerous inset floodplain and bench features (Figure 1, 
Figure 2).  In such channels the majority of “modern sediment deposits” (i.e. sediments deposited through the Holocene – 
or last 10,000 years), occur within the bounds of the “high banks”, as most people would view them. 

Others have described such channels as “underfit channels”  (Dury 1965,  Brizga and Finlayson 1996), in which it is assumed 
that the channel was formed under a previous higher flow regime, or alternatively that the formative flows are infrequent 
extreme events, and that such channels tend to be prone to catastrophic channel change (Baker, 1977). It is assumed that 
regions with highly variable flood regimes, as measured by the index of flow variability or the Flash Flood magnitude index 
(sensu Finlayson and MacMahon 1988), are predisposed to macro-channel formation and catastrophic channel change.  As 
demonstrated by Rustomji et al. (2009), the upper Brisbane River in particular, has an extremely high flood variability index, 
and this on its own could be thought to explain the prevalence of the characteristic “macro-channel” morphology shown in 
Figure 2. 
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However, evidence to counter the argument that the macro-channel is a function of the extreme variability of the flood 
regime is found from the fact that very similar channel morphologies can be found in rivers all the way up the east coast of 
Australia, from the Hunter Valley in NSW (Hoyle., et al., 2010), to the Brisbane River (this study) to the O’Connell River in 
central Qld, to the Normanby River in Cape York (the authors unpublished data).  According to Rustomji et al., (2009), the 
Hunter and Brisbane Rivers have highly variable flood regimes, whereas the O’Connell and Normanby Rivers have relatively 
low inter-annual variability.  Based on this evidence, it would appear that the contemporary flood regime cannot explain 
this characteristic channel morphology.   

It is more likely that the characteristic macro-channel morphology that is found in many rivers up the east coast of Australia 
is a function of the persistence of a fundamentally different hydrologic regime through the Holocene than was the case in 
the Pleistocene.  Most importantly, this was likely accompanied by a fundamentally different sediment supply regime that 
was more supply limited than existed during the last glacial maximum (LGM ~ 20Ka) and in the post LGM period.  Hence, 
the current channel planform and complex three dimensional morphology is more a function of this evolutionary legacy 
than the present day hydrological regime.  While these macro-channels have some of the superficial characteristics of 
incised channels (sensu Schumm et al, 1984, Simon and Hupp, 1987) they are NOT incised channels, and analysis of their 
behaviour based on an assumption that they are incised will lead to erroneous conclusions being made. 

Bank erosion models such as SedNet and BSTEM, assume a simple channel cross section and assume that the floodplain 
and bounding sediments are relatively uniform and can be represented by simple floodplain sedimentology and processes.  
As we demonstrate in this study, it is this misrepresentation of the complexity of channel morphology and the over 
simplification of “bank erosion” processes that probably explains why such models have so much difficulty predicting and 
explaining bank erosion rates and distribution in Queensland Rivers.  

Bank erosion models tend to assume that the channel has a typical trapezoid or rectangular cross section shape, in which 
the erosion of the bank toe leads to the failure of the main channel bank.  Yet as will be demonstrated in this study, this is 
not the way erosion typically occurs in most Queensland Rivers.  Defining the actual bank is often difficult, given that there 
may well be multiple levels of “bank” face for each of the inset surfaces within the macro-channel.  Yet none of the models 
can represent such complexity.  Indeed for most cases it is a misnomer to describe much of the erosion that occurs within 
many channels as “bank erosion” as it is classically defined.  The erosion might be occurring on the margins of a bench, a 
mid-channel island, a vegetated bar, an inset floodplain or in some cases the main terrace bank. Due to this complexity, we 
tend to describe the processes of erosion that occur within the macro-channel is simply “channel erosion”, which can be 
sub-divided into the erosion of the different geomorphic units that make up a complex channel cross-section.  Hence 
significant effort is required to differentiate the various geomorphic units that comprise the macro-channel if we are to 
explain how the channel erosion process operates. 

 

Characteristics of typical underfit macro-channel 

• Channel laterally constrained by Pleistocene age terraces that are rarely inundated under contemporary flow regime (>1:50 yr 
flood).  Whilst in cross section these channels may appear to have similar characteristics to incised channels as described by 
Schumm et al (1984), these are not incisional channels under the contemporary (Holocene) regime; they are relict (underfit) 
channels that reflect channel dimensions from prior climatic/flood regime.  

• The active channel (Holocene floodplain) consists of complex sequences of benches, bar complexes, mid-channel islands and 
inset floodplains inset within the older channel boundary 

• Terraces often show evidence of bank gullies, which are probably similar to the floodplain drainage features described by 
McCloskey (2012) 

• Channel erosion tends to be confined to the inset features 
• Given that the Holocene sediments (sedimentary deposits <10Ka) are largely contained within the bounds of the macro-

channel, in large floods most of the flood energy is exerted on these confined sediment deposits, making them highly 
susceptible to erosion.  Under these circumstances, the role of vegetation on these surfaces provides a critical element (via 
hydraulic roughness and root cohesion) in the balance between driving and resisting forces that dictates whether the deposits 
will erode or not.  Anything that disturbs this balance (e.g. vegetation clearance, grazing pressure or sand/gravel extraction), tips 
the system towards eroding rather than resisting erosion, or indeed inducing more deposition. 
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Figure 1  Upper Brisbane River valley near Gregors Creek, looking upstream, August 2005 showing the Macro, meso – and low flow channel (Photo by 
QDNRW)  

 

Figure 2  Schematic model showing a typical section of the upper Brisbane River with associated configuration of geomorphic units within the Macro-
channel. 
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6.1.2 SUMMARY OF APPROACH TAKEN 
The primary objective of this study was to collect a large empirical dataset on channel erosion rates within each of the 
study catchments and to complement this with the collection of data on all key driving an resisting characteristics and 
potential explanatory variables, including: channel morphology, channel hydraulics, riparian vegetation characteristics, bed 
and bank sediment characteristics, bank geotechnical parameters (cohesion, shear strength and erodibility) and where 
possible major additional disturbance factors (e.g. sand and gravel extraction). 

Datasets collected include the following: 

 Upper Brisbane River  
• Channel erosion data derived from repeat LiDAR data analysed down to the geomorphic unit scale 

over an 85km reach of the Upper Brisbane River mainstem channel above Lake Wivenhoe.  Repeat 
LiDAR data covers the period 2001-2011. 

• Associated in-channel and riparian vegetation structural data for the same area 
• Daily modelled hydraulic data for the period covered by the LiDAR data. 
•  Intensive geotechnical data at 30 sites , including: 81 Borehole shear tests; 71 pore pressure tests; 91 

mini jet tests; 106 sediment particle size analyses 
 

 O’Connell River  
• Channel erosion data derived from repeat LiDAR data analysed down to the geomorphic unit scale 

over a 54 km reach of the O’Connell mainstem channel.  Repeat LiDAR data covers the period 2010-
2013. 

• Associated vegetation structural data for the same area. Daily modelled hydraulic data for the period 
covered by the LiDAR data. 

•  Intensive geotechnical data at 15 sites , including: 36 Borehole shear tests; 5 pore pressure tests; 22 
mini jet tests; 50 sediment particle size analyses 
 

 Normanby River  
• Channel erosion data down to the geomorphic unit scale over 11 stream reaches to a total of 43.6km 

of streams and associated floodplain. Repeat LiDAR data covers the period 2009-2011. 
• Associated in-channel and riparian vegetation structural data for the same area 
• Intensive geotechnical data at 22 sites , including: 45 Borehole shear tests; 24 pore pressure tests; 34 

mini jet tests; 115 sediment particle size analyses 
 
o Rapid Geomorphic Assessments (RGAs) were also carried out at an additional 147 sites in the three catchments (30, 

54 & 63 for the Brisbane, O’Connell and Normanby Rivers respectively).  This was to test the potential of a rapid 
assessment approach for either replacing the intensive approach or simply to augment the intensive site data to aid in 
the up-scaling of site data to the reach scale. 

 The RGA procedure involved the collection of the following: 
• Vegetation community composition and structure  - including the collection of hemispherical 

photographs of the canopy cover using a GoPro camera for comparison with other remotely sensed 
data 

• A rapid assessment channel stability scoring procedure  
• Rapid measurements of bank shear strength characteristics using a torvane and penetrometer 
• Bed material particle counts 
• Bank material sampling for particle size analysis 

 
o Collection of the largest river bank Vegetation/ root strength dataset collected.  We collected root data at a total 

of 48 sites across the three catchments (14, 8 & 26 for the Brisbane, O’Connell and Normanby Rivers respectively), 
which included 24 single species assessments and 24 community assemblages 
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 Across all sites we measured 116,000 roots and developed root strength/diameter relationships across all 
sites.  This represents several orders of magnitude more roots than have ever been measured in any 
published study of river bank root-strength relationships within the international literature. 

 The comprehensive nature of this dataset has provided new insights into the key attributes of riparian 
roots, highlighting that site conditions and the community assemblage are more important than the plant 
species. 

 

Having compiled these data, we then set out to firstly describe the extent of channel erosion and its spatial distribution, 
both in terms of its position within the river continuum but also within the macro-channel.  We then undertook a range of 
analyses to attempt to explain the relative importance of variables driving channel erosion.  We also set out to test the 
effectiveness of different modelling approaches; primarily the Bank Erosion and Toe Erosion Model (BSTEM) and the 
SedNet model.  Using the insights gained from these various analyses we then begin to develop a new approach for 
predicting the distribution and extent of bank erosion based on the application of Self Organising Maps as a basis for 
spatially modelling channel erosion. 

 

Figure 3 Map showing the three study catchments and indicating the field sampling locations in the various catchments 
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6.2 STUDY CATCHMENTS 

6.2.1 THE UPPER BRISBANE CATCHMENT   
 

The 4497 km2 UBR catchment ranges from 540 m elevation at the western end of the catchment to 79 m at the maximum 
flood storage of Lake Wivenhoe. The channel has a compound form comprising a large, deep meandering “macro-channel” 
(sensu van Niekerk et al., 1999) that contains a low-flow channel and inset floodplain with pool-riffles, benches, drapes, and 
flood chutes.  The bankfull widths of the macro-channel vary from 125 m to 485 m, and most of the alluvial terrace surfaces 
are located above the 1:50 year flood level. Along much of its length the channel planform is partially controlled by bedrock 
(Brennan and Gardiner, 2004; Brizga and Finlayson, 1996). 

Due to lack of chrono-stratigraphic evidence it is unknown whether the inset features within the macro-channel reflect the 
channels contemporary response to common flood events or are a historical response to increased sediment supply after 
European settlement (Shellberg and Brooks 2007). The river has an armoured gravel bed. The armoured layer becomes 
noticeably sandier downstream of the Maronghi Creek confluence (Figure 4). The floodplains consist predominantly of sand 
and silt, with extensive gravelly units at depth. The terraces contain a higher proportion of silt and clay. The main channel 
of the river has a relatively low gradient (0.0007 to 0.0013; Shellberg and Brooks, 2007).  

The catchment has a sub-tropical climate, receiving most rainfall in the summer months. Average annual rainfall is highest 
near the bottom of the catchment (1007 mm/yr; 1936-2004) and decreases to the west (~600 mm/yr). Rainfall in the 
region is strongly influenced by the El Nino Southern Oscillation and the Interdecadal Pacific Oscillation resulting in distinct 
multi-annual periods of above average or below average rainfall (Kiem et al., 2003; Saxton et al., 2012).  

The hydrological regime is highly variable (Brizga and Finlayson, 1996), with a coefficient of variation for annual flood peaks 
of 1.65 (Shellberg and Brooks, 2007). Annual flood frequency at the Gregors Creek gauge (143009A; Figure 4) using peak 
flow data between 1963 and 2013 and the Log-Pearson Type III distribution estimated the 50 year flood as 11,700 m3s-1 and 
the 100 year flood as at 19,800 m3s-1. Bankfull flows recur about every 50 year in the modern flow regime. Continuous 
instantaneous unit stream power was calculated at the Gregors Creek gauge and found not to exceed 30 Wm-2 for a 1 in 2 
year recurrence interval event, 100 Wm-2 for a 1 in 10 year event, and 200 Wm-2 for a 1 in 25 year event (Shellberg and 
Brooks, 2007).  

Contemporary landuse in the UBR is dominated by grazing (61%) and forest (35%). Intensive agriculture is present along 
some river floodplain and terrace deposits, and riparian grazing is common. Disturbance to the UBR channel has also 
occurred through sand and gravel extraction by local residents, commercial quarry operators and councils (Brizga and 
Finlayson, 1996; Shellberg and Brooks, 2007). Although extraction occurs throughout the Upper Brisbane and its major 
tributaries, the largest extraction points are adjacent to the Gregors Creek gauge (sub-reach 58 Figure 4) and upstream of a 
channel bifurcation in reach 46 (Figure 4).  

The region was settled by Europeans in the late 1800s. Documentary records, paintings, and photographs from the time 
indicate that the floodplain and riparian zone of the Upper Brisbane River once had much greater vegetation cover 
compared to contemporary times (Brizga and Finlayson, 1996). Within a few decades after settlement, this vegetation was 
greatly reduced due to clearing, logging, and then cattle grazing (Figure 5). These land use changes are suggested by Brizga 
and Finlayson (1996) to have exacerbated channel erosion. Today the extent of riparian vegetation remains low with 72% 
of the stream length characterised as having poor to very poor riparian vegetation (Johnson, 2005). 
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Figure 4:  Map of the main stem of the Upper Brisbane River showing the major tributaries, the sub-reach divisions, gauges and geomorphic zones. The 
2011 flood extent is shown in light grey. Inset panels show locations of study reach within the Upper Brisbane River catchment and Queensland. 
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Figure 5 Photographs of the Upper Brisbane River illustrating the extent of clearing of riparian vegetation along the channel following European 
settlement. Left - Upper Brisbane River near Caboonbah Station, ca. 1898 (John Oxley Library, State Library of Queensland); Right - in contrast a typical 
view of the river today. 

 

6.2.1.1 THE 2011 FLOOD  
In the summer of 2010-2011, a strong La Nina event and elevated sea surface temperatures led to a series of massive storm 
cells across South East Queensland. This weather pattern culminated in the second-highest recorded flood in the last 100 
years being recorded on the 13th of January 2011 at the Port Office gauge in central Brisbane, and the largest recorded 
flood since the construction of the Wivenhoe dam (Babister and Retallick 2011, BoM 2012). In the Upper Brisbane River the 
2011 flood reached the highest maximum daily discharge over the gauge record (Figure 6). Flood peaks on Cooyar, Emu and 
Maronghi Creeks resulted in a maximum daily discharge of 7803 m3s-1 being reached on the main stem of the Upper 
Brisbane River at the Gregors Creek gauge (143009A) on the 9th of January although reassessment of the rating curve at 
Gregors Ck, has resulted in the peak discharge being downgraded to 6725 m3s-1 (making it slightly smaller than the 1999 
event) (Figure 7), and equivalent to a 1:25 year event. 

 

 

Figure 6 Maximum Daily Discharge at the Gregors Creek Gauge 1961 – 2013 from the DNRM website 



23 

 

 

Figure 7 Annual peak discharge derived from the data downloaded from the Gregors gauge (note the discrepancy between the DNRM derived plot and 
the Annual peak data derived from the data downloaded from the DNRM site).  The plot in Figure 6 suggests that the 2011 event was the gauged flood 
of record, whereas the data in this plot suggests that the 1999 flood was larger. 

 

6.2.2 O’CONNELL 
The O’Connell catchment is a short steep catchment, rising from sea level to around 900m over its’ north-south catchment 
length of around 60km.  It has a catchment area of around 856 km2 at the river outlet, with a major stream network length 
of ~730km (as defined by the Australian Hydrolgical Geo-Fabric (AHGF) 1:250K stream network, Figure 8).  The climate is 
tropical/sub-tropical with a distinct summer monsoon (Figure 9) and a mean annual rainfall near the bottom of the 
catchment of 1474mm.  However there is likely to be a significant east-west and north-south rainfall gradient given the 
significant topographic gradient, and as such average rainfall in the upper catchment would be expected to be much 
greater than that in the lower catchments.  The majority of the upper catchment is covered by tropical rainforest, as would 
the floodplains have been prior to European settlement.  Virtually all alluvial surfaces have now been cleared and today are 
predominantly under intensive sugar cane agriculture.  Only a narrow discontinuous corridor of riparian vegetation remains 
along the O’Connell mainstem channel. 
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Figure 8 O’Connell River study area showing the field sampling site locations across the catchment and the area covered by repeat LiDAR to the right. 
Also shown on the RHS are the 54 sub-reaches. Note that the normal and upper tidal limit are also indicated (The LiDAR coverage is focused on the 
O’Connell and therefore the O'Connell River mainstem channel is the primary focus in the bank erosion analysis. 

 

The O’Connell catchment is dominated by two major tributaries; the O’Connell mainstem channel, which flows primarily in 
a north-south direction ; and the Andromache River which rises to the west and flows in an easterly direction, to its 
confluence with the O’Connell River at the tidal limit, around 12 km from the river outlet at the coast.  Due to the 
availability of some earlier LiDAR data acquired in 2010, we have focused this analysis on the O’Connell mainstem channel, 
which has higher intensity land-use than does the Andromache, and appears to be slightly more dynamic. 

The period covered by the repeat LiDAR survey (late dry season 2010 – late dry season 2013) was characterised by average 
to below average wet season flows (Figure 11), and as such the extent of channel erosion observed within this period 
should be considered to be at the lower range of the degree of channel erosion that might be expected in large floods.  
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Figure 9 Monthly rainfall statistics for Proserpine airport, just to the north of the O’Connell catchment. 

 

Figure 10: Combined monthly flow statistics for the Capping Sidings (124001A) and Staffords Crossing (12400B) gauge. Note log scale vertical axis. 

 

Figure 11: Mean daily flow for the Staffords Crossing and Caping Siding gauges combined, with the period covered by the repeat LiDAR surveys 
indicated by the green lines. 

 

 

6.2.3 NORMANBY CATCHMENT 
The Normanby River, approximately 200km long, originates in the mountains in the east and south of the Catchment area 
(16◦S; 145◦E) and flow north to Princess Charlotte Bay (14◦24′ S; 144◦8′ E).  Major tributaries include the East Normanby, 
West Normanby, Laura and Jack River to the southeast and east, and the Mosman, George and Kennedy Rivers in the south 
and southwest. During the wet, the Normanby connects to the adjacent North Kennedy River (to the west). The North 
Kennedy river system includes the Hann River, Moorehead River, Saltwater Creek, and Annie River. Together these 
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connected river systems form the larger Normanby Basin Catchment Area.  In this study we have confined our research to 
the southeastern tributaries of the East and West Normanby Rivers, as well as the Laura and Deighton River tributaries 
(Figure 12). The catchment area of the sub-catchment to which the study is confined is 8092km2. 

Topography in the upland areas ranges from undulating rises to steep mountain ranges, with deeply dissected sandstone 
plateaus and intervening plains (Howley, 2010).  The lower part of the catchment comprises a low plain covered by residual 
sands and a floodplain consisting of Quaternary sediments up to 60 km wide (Bryce et al., 1998). The river is tidal to around 
50 km from the mouth and the tidal reach meanders across an extensive, generally low-lying Chenier plain and mid 
Holocene deltaic plain (Bunt and Stieglitz, 1999). 

The Catchment is located in the dry tropics where climate is characterised by extreme wet (summer) and dry (winter) 
seasons with 95% of its annual rainfall occurring between the months of November and April (Howley, 2010). Rainfall in the 
Normanby catchment has been estimated at 1085 mm/year (NLWRA, 2001). Long term annual median rainfall at Laura Post 
Office (stn 28000) is 928mm, however, there is pronounced inter annual variability with distinct wet and dry periods (Figure 
14).  Annual rainfall during the study period at Laura Post Office (which is located in the drier south western portion of the 
catchment) for water year 2009/10, 2010/11, 2011/12 were 709mm and 1543 mm, and 1211mm respectively.  Hence the 
study period encompassed a significant range of conditions, with the 2009/10 wet season being around the 25 percentile; 
the 2010/11 season above the 95 percentile and the 2011/12 season being around the 75 percentile of long term annual 
rainfall.   

Significant portions of the Normanby and its tributaries are ephemeral; late in the dry season surface water is largely stored 
in a series of waterholes connected via sub-surface flow through river sands. Wet season flood waters feed extensive 
wetland systems in the alluvial and marine plains of the lower catchment area and connect otherwise isolated wetlands 
and adjacent river systems. Vegetation in the Normanby catchment is dominated by Eucalypt woodland and open forest 
with a groundcover of native and exotic pasture grasses and forbs (Furnas, 2003). Well-developed riparian vegetation 
grows along rivers.  

6.2.3.1 HYDROLOGY 
In monsoonal catchments of Cape York Peninsula most runoff to the GBR occurs in a single wet-season flood (Furnas, 
2003), although multiple smaller flood peaks during the wet season are common. Flood events are short and energetic, 
with flood-pulse periods of less than one month and water residence times in the river of approximately one week (Brodie 
and Mitchell, 2005).  

Mean annual discharge calculated from flow data from the Battlecamp gauging station (105101A)  with a 1.82 area 
correction factor is 1234 GL (Joo et al., 2012). Annual discharge calculated from the Kalpowar Crossing gauging station 
ranged from 1762 GL to 3646 GL between 2006 and 2009, years which had low to moderate rainfall (Joo et al., 2012). Mean 
annual discharge was calculated at 1234 GL by Kroon et al.,(2010). Furnas (2003) calculated total annual discharge from the 
Normanby as 4,950 GL/year or approximately 5 km3. Mean annual run-off between 1986 – 2009 is estimated to be 4,600 
GL/year (± 3400 GL – 1 stdev) (Brooks et al., 2013).   
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Figure 12:  Location of blocks for which we have repeat LiDAR (2009 – 2011) from which detailed analysis was undertaken in streams at a 
range of scales  

 

6.2.3.2 FLOW GAUGING STATIONS 
There are currently five DERM gauging stations along the Normanby River and its tributaries, one in the adjacent Stewart 
River (Table 1) and five discontinued gauges.  

Table 1 Normanby River Water Flow Gauging Stations 

Gauging 
Station River/ Location 

Catchment  
Area (km2) 

Annual Flow Volume (ML/y) Mean Peak 
Annual discharge- 
Cumecs (m3/sec) Mean Min Max 

105001B 
Hann River/ 
Sandy Creek 984 151505 14729 670870  

105101A 
Normanby River/ 
Battlecamp Rd 2302 673415 18907 2091675 1585 

105102A 
Laura River/ 
Coalseam Creek 1316 331608 25642 1208537 864 

105105A 
East Normanby/ 
Development Rd 297 123859 2378 382863 314 

105107A 
Normanby River/ 
Kalpowar Crossing 12934 2871987 1742750 5964885 -- 

Source: http://watermonitoring.derm.qld.gov.au/host.htm 

http://watermonitoring.derm.qld.gov.au/host.htm
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Figure 13  Average Monthly Flows Normanby River (Battlecamp Crossing) and Laura River (Coalseam Creek) 

Daily flow data for the five active gauges in the Normanby catchment Figure 14 shows that the bank erosion sampling 
period, while relatively short – comprising only two wet seasons – was around average to slightly above average, 
depending on the individual gauge/tributary (Figure 14). 

 

 

A 
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Figure 14 Daily flow data for the 5 operating gauges (A-E) in the Normanby catchment indicating the wet seasons over which the channel erosion data 
was collected (i.e. the interval between the LiDAR data collections) was average to slightly above average  

  

E 
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7 KEY FINDINGS: 

 

7.1 THE SPATIAL DISTRIBITION OF CHANNEL EROSION IN THE STUDY CATCHMENTS 

5.1.1 UPPER BRISBANE RIVER 

In total approximately 4,296,870 ± 378,080 m3 of erosion occurred between May 2001 and June 2011 along the 86 km 
reach of the Upper Brisbane River (Table 2). This was derived primarily from the inset features with erosion of the terrace 
and colluvial slopes contributing < 5% of the total.  Erosion of the bed material, mid-channel bars, benches and islands was 
evident in every sub-reach (Figure 5). Deposition occurred primarily on the bed units (78.8 ± 11.6%). All of the defined 
geomorphic units experience net erosion (erosion-deposition) with the vegetated bars and in channel bench experiencing 
the highest 0.42 ± 0.03 and 0.36 ± 0.03 m3/m2repectively, followed by the inset floodplains at 0.22 ± 0.01 m3/m2 (Table 2). 
The net erosion of 3,156,780 ± 406,000 m3 along the 86 km of channel is equivalent to ~2% increase in channel volume. 

 

Table 2  Erosion and deposition (m3) and the associated uncertainties by geomorphic units along the 86 km reach of the Upper Brisbane 
River between May 2001 and June 2011, geomorphic unit areas (m2) and erosion per unit area (m3/m2) . 

 

Bed 
Vegetated 

bars Bench 
Inset Flood 

Plain Terrace 
Colluvial 

Slope Total 

Erosion (m3) 1,180,030 
±174,100 

516,150 
±35,140 

1,642,350 
±113,900 

761,580 
±21,870 

175,640 
±24,080 

21,120 
±9,000 

4,296,870 
±378,080 

Erosion % total 27.5±4.0% 12.0±0.8% 38.2±2.6% 17.7±0.5% 4.1±0.6% 0.5±0.2%  
                
Deposition (m3) 897,950 

±132,480 
78,725 
±5,360 

113,610 
±7,880 

41,850 
±1,200 

7,900 
±1,080 

50 
±20 

1,140,080 
±148,025 

Deposit. % total 78.8 ±11.6% 6.9±0.5% 10.0±0.7% 3.7±0.1% 0.7±0.1% 0.0±0.0%  
Area (m2) 7,921,140 1,030,574 4,211,010 3,212,082 2,261,865 624,707 19,261,378 
         
Erosion (m3/m2) 

 
0.15±0.02 

 
0.50±0.03 

 
0.39±0.03 

 
0.24±0.01 

 
0.08±0.01 

 
0.03±0.01  

Deposition (m3/m2) 0.11±0.02 0.08±0.01 0.03±0.01 0.01±0.01 0.00±0.01 0.00±0.01  Net erosion (m3/m2) 0.04±0.03 0.42±0.03 0.36±0.03 0.22±0.01 0.07±0.01 0.03±0.01  

 

While all reaches experience erosion the spatial distribution was not uniform (Figure 15). Approximately 80% (~3,414,000 
m3) of the total eroded volume came from the highest thirty eroding sub-reaches. The top 10 sediment producing reaches 
produce around 50% of all erosion. Although these sub-reaches are spread across the Upper Brisbane River, some sections 
stand out as having particularly severe erosion. The section from sub-reach 54 to 65, excluding sub-reach 60 and 61, 
accounted for 43% (1, 883, 650 m3) of the total volume alone, including the highest erosion volume of ~323, 000 m3 in sub-
reach 58. Sub-reaches 72-79 were also a highly eroding section of river, contributing 18% (794, 850 m3) to the total volume.  
Terrace and colluvial slopes were generally stable along the length of the river, except in sub-reach 73. 

The relationship between “bend radius to width ratio” and volume of erosion and deposition on the inside and outside of 
mender bends along the 86 km of the Upper Brisbane River is shown Figure 16. Bend curvature has been shown to 
significantly control bend migration rate, hence outer bank erosion and inner bank deposition (Bagnold, 1960; Nanson and 
Hickin, 1986). In free meandering rivers maximum migration rates, hence outer bank erosion rates tend to occur with 
bends having a bend radius to width ratio of between 2 and 3 (Hickin and Nanson, 1975; Nanson and Hickin, 1986; Hudson 
and Kesel, 2000; Hooke, 2007). Counter to the classical model of erosion around meanders average total volume of erosion 
per unit area was similar for both the inside (0.20 ± 0.03 m3/m2) and outside of bends (0.17 ± 0.03 m3/m2), and interestingly 
for the straight reaches (0.20 ± 0.03 m3/m2). Deposition was highest in inside bends (0.09 ± 0.03 m3/m2), then on the 
straight reaches (0.06 ± 0.01 m3/m2), and lowest on the outside of bends (0.04 ± 0.01 m3/m2). 
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Figure 15 Graphs showing the spatial distribution of erosion by sub-reach in the upper Brisbane River 86km study reach broken down by geomorphic 
unit. The upper most graph shows the spatial distribution of deposition on the river bed. The error bars indicate the uncertainties associated with the 
estimates. 
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Figure 16 Relationship between bend radius to curvature and a) erosion and b) deposition per unit area for the inside and outside of mender bends 
along the 86 km of the Upper Brisbane River. 

Extensive sand and gravel extraction has occurred throughout the upper Brisbane River, particularly in the mid-reaches 
around Harlin and in the vicinity of the Gregors Creek gauge. Figure 17 shows the relationship between distance from an 
extraction site (either upstream or downstream) and the volume of erosion.  The size of the circle indicates the extent of 
woody vegetation cover within a particular sub-reach.  Note that the process of sand and gravel extraction tends to reduce 
the extent of woody vegetation in addition to extracting bed material.  Of the top 10 sediment producing reaches, 7 include 
known in-stream quarry sites, including the largest in-stream quarry in the region in sub-reach 58.  Two other sub-reaches 
in the top 10 (sub-reaches 54 and 55) are immediately upstream of the largest quarry site in sub-reach 58. In general the 
sites farthest from the sites of extraction tend to have lower erosion (m3/m2).  

  

 

 

 

 

 
 
 
 
 
 
 

Figure 17 Shows the relationship between distance from an extraction site (either upstream or downstream) and the volume of erosion.  Circle size 
indicates the extent of vegetation within the sub-reach with the largest circle indicating ~30% cover and the smallest <5%. 

 
 

7.1.1 O’CONNELL RIVER  
The total volume of erosion calculated across the O’Connell study reach was 593,124 m3 (+/- 781,154 m3) over three years 
or an average annual total of 197,708 m3 (+/- 260,385 m3)  (NB most of the uncertainty is likely to be on the +ve rather the 
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negative side – given that these are based on measurements of likely additional erosion/deposition excluded in the 
conservative filtering process, or due to changes in the location of water bodies where the start or end condition is 
uncertain).  Of this 104,700 m3 (+/- 223,075m3) is bed erosion and 486,985m3 (+/- 558,090 m3) is bank erosion 

Estimates of net bed erosion/deposition vary significantly depending on whether the uncertainty estimates are added to 
the data or not.  If only the “certain” data is used, the net bed material budget over the study period is 183,584 m3 (Figure 
20).  If the additional erosion/deposition is added to these calculations the net bed material budget is -1,374,278 m3 
(Figure 21).  The pool elevation data in Figure 22 tends to suggest that there is a significant length of the river that has been 
subject to systematic bed lowering, suggesting the second estimate which indicates a net bed material deficit may be more 
appropriate. 

The vast majority of channel erosion occurs within geomorphic units that lie within the bounds of the “macro-channel” 
banks (73.9%), with a further 15.6% occurring on inset floodplains bounded by the broader floodplain (Table 3).  The 
relatively small contribution that terraces have to the total erosion volume, belies the apparent contribution they appear to 
be making to total erosion based on a visual assessment of “bare failing banks” (Figure 23).   

The overall trend in the O’Connell River is for increasing bank erosion downstream as slope and stream power decline.  On 
the face of it this would appear to be contrary to accepted theory which predicts that stream power is a major driver of 
bank erosion, all other things being equal.  In this case it would seem that other local scale factors dominate over stream 
power. 

As can be seen from the location of steps in the downstream cumulative erosion plot shown in Figure 22, there appears to 
be an association between erosion sites and the location of tributary inputs.  However, the association is not consistent for 
all tributaries.  For some tributaries, the channel erosion occurs upstream of the tributary (un-named trib 1, Boundary Ck; 
Andromache River), while at others the erosion occurs at or immediately downstream of the tributary (un-named trib 2; 
Oakey Ck).  Other tributaries (Horse and Cedar Cks) appear to have very little influence at all.   The major step up in channel 
erosion in the vicinity of the Andromache River tributary is confounded by the fact that the confluence coincides with the 
approximate location of the upper tidal limit (i.e. base level).  Hence, it is difficult to unravel the relative influence of the 
tributary dynamics (e.g. backwater effects depending on which river peaks first during flood) and the base level control per 
se. 
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Figure 18: The longitudinal distribution of channel erosion by sub-reach (US-DS – left to right). 

 

Figure 19 The longitudinal distribution of in-channel deposition by sub-reach (US-DS – left to right). 
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Figure 20: Net bed erosion/deposition using only certain deposition and erosion values- with combined uncertainty  

 

 

Figure 21: Net Bed erosion (deposition + uncertain deposition) – (erosion + uncertain deposition) 
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Table 3: Summary of the contribution from various geomorphic units to the total channel erosion in the O’Connell River study reach.   

GeoUnit Erosion Volume (m3) 
% of total erosion 

volume 
Water 5971 1.0% 
Bed Load 98729 16.6% 
Bench 107334 18.1% 
Vegetated Bar or Island 224663 37.9% 

Sub-total inset units 
 

(73.9%) 
Inset Floodplain 92622 15.6% 
Terrace 60241 10.2% 
Colluvial Slope 3565 0.6% 
      
Totals 593124 100% 
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Figure 22: Cumulative downstream erosion within the non-tidal reaches of the O’Connell River showing the corresponding change in pool elevation from 2010 – 2013.   Reach trends in pool elevation are shown by the dashed lines, 
which suggest there is some systematic channel incision in the middle reaches of the river over this time frame. 
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Figure 23: Section of the O’Connell River showing extensive bare vertical banks at sites where the Pleistocene terraces are impinging directly on the 
channel margins.  Based on their visual appearance these banks might be assumed to represent major bank erosion sediment sources to the untrained 
observer, yet the LiDAR analysis indicates they are relatively stable. 

The majority of channel erosion comes from a very small number of discrete failure sites (mapped as erosion polygons).  In 
total 508 discrete erosion polygons were detected following the filtering process, and of these 50 % of the total erosion 
volume was supplied from just 14 of these polygons.  The discrete nature of key erosion locations strongly indicates that 
local scale controls are likely to be the dominant controls driving the erosion. 

 

 

Figure 24: The cumulative contribution of individual erosion sites (or patches) to total bank erosion.  14 sites (of 508) contribute 50% of all erosion 
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7.1.2 NORMANBY CATCHMENT 
The approach taken to quantifying channel erosion in the Normanby catchment differed from the other two catchments 
which involved the detailed analysis of a single large continuous river reach. In this case, we focused on a number of 
smaller stream reaches from LiDAR  blocks in different parts of the catchment.  Given that previous field investigation had 
identified small tributary channels as playing a much more significant role as sediment sources in these tropical savannah 
landscapes, a decision was made to focus analysis on a wider range of channel scales. 

Eleven separate stream reaches were analysed from within four LiDAR blocks within the Normanby catchment (Figure 12).  
A total of 43.6 km of stream were analysed, with reach length ranging from 0.9-8.7km.   The channels sampled covered a 
range of channel scales, from the smallest tributary which had a catchment area of 0.6km2, to the mainstem channel of the 
Normanby River, with a catchment area of 2160 km2.   The summary statistics for the eleven study reaches are shown in 
Table 4.    

In contrast to the empirical datasets derived for the Upper Brisbane and O’Connell Rivers, which have both been subject to 
varying degrees of riparian vegetation clearance and landuse intensity, the Normanby catchment presents a system that 
while certainly not pristine, has riparian vegetation communities that remain uncleared and whose extent remains largely 
intact, if not their community structure.  Undoubtedly community structure and species composition has changed as a 
result of altered fire regimes, grazing pressure and weed invasion.  Nevertheless, the dominant tree and shrub species that 
are in place today are likely to be as they were 200 years ago.  Hence, there was a particular opportunity in this catchment 
to understand vegetation community dynamics within a functionally intact riparian vegetation community.  This is a stark 
contrast to the situation in the O’Connell and Upper Brisbane Rivers, which demonstrate significant gradients in riparian 
vegetation community extent, and hence in the relative control that riparian vegetation is having on rates of bank erosion.  
In the Normanby catchment, the fact that all riparian areas are relatively intact means that the signature for riparian 
vegetation control on erosion rates is more subtle and nuanced in this setting.  This is reflected in the fact that only one of 
the reaches in the Normanby has a woody vegetation (>5m) percent foliage cover (PFC) that is less than 40%.  Data from 
both the Upper Brisbane and O’Connell Rivers indicates that channel erosion is significantly reduced once average macro-
channel woody vegetation PFC exceeds 40%.   

7.1.2.1 SUMMARY OF STREAM REACHES ANALYSED 
 

Of the 43.6 km of channel analysed in the Normanby, which incorporate 180 ha of channel and 648 ha of floodplain, there 
was a total of 11,482 m3 of channel erosion per year (18,370 t @ BD 1.6 g cm-3).  As with the other two catchments we see 
a similar pattern with the majority of sediment being sourced from inset geomorphic units within the macro-channel, or 
from the channel bed.  As shown in Figure 25 a total of 73% of the erosion is sourced from the bed or inset features with 
27% from the high floodplain/terrace (i.e. major floodplain surface).  The terrace contribution is slightly higher in this 
catchment than the O’Connell and Upper Brisbane, as a proportion of the total, but the unit loads are typically an order of 
magnitude lower than the O’Connell, which in turn are an order of magnitude lower than the unit loads from the Upper 
Brisbane.   
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Figure 25 Breakdown of the contribution to total channel erosion by geomorphic unit in the 11 Normanby catchment streams for which detailed data 
have been compiled. 

 

Analysis of a range of variables that are most likely to explain the distribution and volume of erosion in the 11 study 
reaches was undertaken, and the results are presented in Table 5.  The table shows the values of correlation, r2 and p 
values for a range of potential predicting variables of erosion for each segment/reach. For total erosion volume: range of 
bank height, maximum vegetation height, deposition volume, bare ground area in m2, low vegetation cover in m2, 
upstream area, bank full width and radius of curvature. 

When using erosion per unit area most of the variables have a low p-value. The variables with best predicting power are in 
bold, while variables with no significant (p value higher than 0.05) predicting power are shown in red. In summary, the 
variables correlate better with total volume of erosion.   
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Table 4  Summary statistics of the reach characteristics of the eleven study reaches within the Normanby catchment 

stream name 

c'ment 
area 
(km2) 

stream 
length 

km 

total 
FP  

area 
(ha) 

total BF 
channel 

area 
(ha) 

av BF 
width 

(m) 
average 

slope 

mean 
ch 

depth 
(m) 

reach 
sinuosity 

rch 
av 

PFC 

P95 
vege ht 

(m) 

mean 
vege ht 

(m) 

total 
erosion 

m3 

total 
depstn 

m3 

tot 
eros/BF 
ch area 

m3/m2/yr 

S x 
BFxsa(strm 
pwr proxy) 

N07  stream 1  Un-named 
0.7 2.18 5.8 2.59 12.2 0.0065 1.85 2.10 77% 28.7  14.2  1157.7 143.4 0.02232 0.14727 

N07  stream 2  Dead Dog Creek 
21.5 1.86 1.2 3.20 16.7 0.0068 1.71 1.38 79% 36.2  14.0  255.7 0.0 0.00400 0.19305 

N07  stream 3  Granite Normanby 
347.1 8.72 19.4 50.29 56.9 0.0021 5.44 1.40 70% 36.8  15.7  2941.2 279.6 0.00292 0.63914 

N13  stream 1  Un-named  
16.3 4.9 68.2 6.8 13.9 0.0013 1.6 1.52 51% 30.8  11.3  1504.5 25.7 0.01102 0.02935 

N13  stream 2  Puckleys Creek  
70.8 3.4 16.1 8.5 25.3 0.0023 3.5 1.58 94% 38.0  15.1  305.9 16.9 0.00179 0.19868 

N13  stream 3  Normanby River 
2160.8 4.5 84.8 25.4 56.7 0.0006 9.3 1.39 82% 42.7  17.0  5297.1 0.0 0.01044 0.31095 

N16  stream 1   Un-named 
0.6 0.89 4.1 0.78 8.4 0.0077 1.45 1.59 35% 19.7  9.3  110.0 8.5 0.00705 0.09374 

N16  stream 2  Earls Creek 
25.9 2.46 9.2 2.76 11.1 0.0034 2.66 1.59 59% 25.3  11.4  4782.8 140.6 0.08656 0.09913 

N16  stream 3  Laura River 
786.4 6.72 0.0 33.73 49.4 0.0017 0.00 1.19 28% 31.8  9.7  5654.0 2007.9 0.00838 0.00000 

N17  stream 1  Un-named 
1.5 2.33 11.0 2.11 9.3 0.0072 1.29 1.72 37% 21.2  9.7  402.1 13.9 0.00952 0.08698 

N17  stream 2  Un-named 
10.7 5.30 0.0 8.47 15.5 0.0006 1.69 1.92 34% 23.7  9.5  1431.7 120.2 0.00845 0.01676 

    43.6 828.0 180.0               22,965 2,618     
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Table 5:  Non parametric correlation values for the ~ 400 stream segments delineated in the 11 study streams in the Normanby from SOM 
analysis 

  
Erosion volume at segment scale   

  
Erosion per unit segment area  

  Correlation r2 p value     Correlation r2 p value 
Barepct     0.25 0.06 0.00   Barepct     -0.06 0.00 0.29 
lBarem2     0.48 0.23 0.00   lBarem2     0.00 0.00 0.99 
LVegepct    0.17 0.03 0.01   LVegepct    0.03 0.00 0.58 
lLowVegem2  0.43 0.18 0.00   lLowVegem2  0.02 0.00 0.70 
BankHTMEAN  0.45 0.20 0.00   BankHTMEAN  0.22 0.05 0.00 
BankHTRANGE  0.61 0.37 0.00   BankHTRANGE  0.38 0.15 0.00 
BankHTMAX   0.57 0.32 0.00   BankHTMAX   0.38 0.15 0.00 
lBankHTMIN  -0.14 0.02 0.02   lBankHTMIN  0.07 0.01 0.26 
Sinuosity   -0.21 0.05 0.00   Sinuosity   -0.22 0.05 0.00 
lusAREAsum  0.26 0.07 0.00   lusAREAsum  -0.05 0.00 0.40 
lSlopeMEAN  -0.33 0.11 0.00   lSlopeMEAN  0.08 0.01 0.16 
lBTWIDTH    0.42 0.17 0.00   lBTWIDTH    -0.01 0.00 0.88 
lSegLENGTH  0.53 0.28 0.00   lSegLENGTH  0.09 0.01 0.14 
lBTWarea    0.49 0.24 0.00   lBTWarea    0.05 0.00 0.39 
VegePctCov  0.13 0.02 0.03   VegePctCov  0.19 0.04 0.00 
VegeHtMEAN  0.22 0.05 0.00   VegeHtMEAN  0.23 0.05 0.00 
VegeHtMAX   0.25 0.07 0.00   VegeHtMAX   0.09 0.01 0.13 
lVegeAREA   0.37 0.14 0.00   lVegeAREA   -0.04 0.00 0.50 
lStrmPOWER  0.39 0.15 0.00   lStrmPOWER  0.27 0.07 0.00 
lRadius     0.42 0.18 0.00   lRadius     -0.01 0.00 0.92 
lFeatArea   0.36 0.13 0.00   lFeatArea   -0.16 0.03 0.01 
lErosunitarea  0.58 0.33 0.00   lErosunitarea  1 1 1 
lRadiusWidth  0.35 0.12 0.00   lRadiusWidth  -0.02 0.00 0.71 
lDeposSUM   0.73 0.54 0.00   lDeposSUM   0.45 0.20 0.00 
ErosSUM     1 1 1   ErosSUM     1 0 0 

 
 
 
 

7.2 CHANNEL EROSION A DOMINANT SEDIMENT SOURCE  

 
As outlined section 5.1 it is now known that sub-surface erosion sources dominate all riverine suspended 
sediment loads, but the proportion of this sub-surface derived sediment that is “channel erosion” remains 
hard to quantify.  Channel erosion is the most uncertain of the sediment source terms in the catchment 
sediment budget modelling.  It is known that degradation of riparian vegetation and other impacts on our 
rivers have resulted in greatly increased rates of erosion, to the extent that this form of erosion cannot be 
ignored as a sediment source in regional assessments. There are, however, very few data on the rates of bank 
erosion and the environmental factors controlling those rates.  Rutherfurd (2000), following a review of 
global literature, proposed the following rule for bank erosion:  

60.0
58.1016.0 QBE =         Equation 1 
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where BE is the bank erosion rate in metres of recession per year, and Q1.58 is the discharge (m3/s) of the 
1.58y recurrence interval flood event, assumed to represent bank-full discharge.  This rule essentially scales 
the rate of bank erosion to the size of the river as both size and discharge increase with catchment area. 
Other factors, such as the extent of riparian vegetation (Brooks, 1999; Abernethy and Rutherfurd, 2000; 
Prosser et al. 2001), stream power, and the proportion of erodible material (bedrock vs. alluvium) also 
influence bank erosion, but the empirical relationship proposed by Rutherfurd (2000) is blind to these sorts of 
controls. 
 
The approach developed for SedNet (Prosser et al., 2001, Wilkinson et al., 2009; 2014b), and which is 
currently used to identify and prioritise streambank erosion at the catchment scale in Queensland, as well as 
to predict sediment output from catchments to the Great Barrier Reef and Moreton Bay, adds some of these 
additional components to the standard stream power relationship.  Nevertheless, this is still a very simple 
theoretical relationship between stream power and bank erosion rate, in the form (Hughes & Prosser et al., 
2003):  

     Equation 2 

 
Where BEx is the erosion rate (m/yr); ρ = the density of water; g is acceleration due to gravity; QBF is bank full 
discharge, and Sx is the energy slope (approximated by mean reach channel slope), PR x is the proportion of 
the reach length with “intact” native vegetation and Fx is the floodplain width.  The algorithm augments the 
basic stream power relationship with the addition of terms for channel boundary erodibility (i.e. whether it is 
bedrock or not) and the floodplain extent term.  Note that the coefficient of 0.00002 that is used in this 
instance has no physical meaning and is essentially guessed for each catchment where the model is applied 
to bring the modelled volumes into line with observed sediment loads in each catchment where the model is 
applied.  Values typically range from 0.00001- 0.0001. 

 

7.2.1 CURRENT BANK EROSION MODEL PERFORMANCE (SEDNET) 
Despite previous research that has demonstrated the extremely poor capacity of the SedNet model to predict 
bank erosion rates or distribution (Bartley et al., 2008), this model continues to be used as a tool, for 
example, in monitoring the effectiveness of management activities towards reducing sediment loads to the 
Great Barrier Reef.  
 
Given the prevalence of this modelling approach in Queensland, and its simplicity, for the first time we are 
now in a position to compare observed bank erosion rates and locations with SedNet predictions (within the 
common datasets) to assess how well it performs. 

7.2.2 OBSERVED VS SEDNET PREDICTED BANK EROSION 
 
Comparisons between observed (LiDAR derived) mean annual bank erosion rates and SedNet predicted rates 
showed the model had very poor predictive power in both the Upper Brisbane River (Figure 26) and the 
O’Connell River, irrespective of the reach scale used for comparison (Figure 27).  These data alone suggest 
that SedNet predictions of bank erosion are of little value for management applications. 
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Figure 26 Comparison between SedNet predicted bank erosion rates (Prosser et al., 2003) and observed rates (2001-2011) along an 85 km reach 
of the Upper Brisbane River.  Each point on the graph represents a ~ 1km section of the upper Brisbane River with the bank erosion rate derived 
from repeat LiDAR analysis (this study) plotted against the corresponding bank erosion rate predicted by the SedNet model for the same reach.   

 

 

Figure 27 Relationship between observed bank erosion along a 54km reach of the O’Connell and rates predicted by SedNet.  Plot A shows the 
data arranged according to the 1km long sub-reaches used in this study, while plot B is arranged according to the SedNet segments. 

 

 

7.2.3 KEY ASSUMPTIONS UNDERPINNING THE SEDNET BANK EROSION ALGORITHM 
Given the weak overall relationship between observed erosion rates and SedNet predicted rates, we then 
look more closely at the three underlying assumptions of this model using the datasets assembled in this 
project, namely: 

i. Stream power as the dominant driver of bank erosion (i.e. higher stream power =  more 
erosion) 

ii. The relationship between in-channel and bank/riparian vegetation as a control on bank 
erosion 

iii. The assumption that the primary division of channel boundary conditions that determines 
whether a channel bank erodes or not is whether it is “bedrock” or “alluvium” (i.e. that all 
alluvium is created equal).   
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7.2.3.1 STREAM POWER AND BANK EROSION  
Evidence from the Upper Brisbane River shows that there is a very weak relationship between stream power and bank 
erosion volume (Figure 28).  Also evident from this figure is that there is a strong influence associated with the extent 
of in-channel/riparian woody vegetation.  This tends to support the second assumption inherent within the SedNet 
bank erosion algorithm; i.e. that there is an important vegetative control on channel erosion.  Channel sub-reaches 
which have high total unit stream power and are well vegetated typically erode significantly less than the equivalent 
sub-reach that has lower vegetation cover. 
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Figure 28 Relationship between erosion per unit area and total unit stream power in the upper Brisbane River.  The circle size in indicates the 
extent of woody vegetation cover 

 

The relationship between stream power and erosion in the O’Connell River is even weaker than in the upper Brisbane 
River, where the data shows there is even a tendency towards a weak inverse relationship between stream power and 
erosion (Figure 29). The relationship is similar depending on whether peak instantaneous unit stream power or 
cumulative unit stream power is used. 

 

Figure 29: Regression showing the relationship between sub-reach peak instantaneous unit stream power and area normalised bank erosion 
volume per sub-reach 
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While we do not have modelled channel hydraulic data for all eleven study reaches analysed in the Normanby, and 
hence cannot compare erosion directly with stream power in all these sites, we use a proxy measure for stream power 
– the area/slope product, in this catchment.  Figure 30 shows that when area normalised reach average channel 
erosion rates are compared with the channel cross sectional area/slope product as a proxy for stream power, we see a 
weak inverse relationship with erosion, akin to the erosion stream power trend we see in the O’Connell.    

At best the data from the three catchments indicates that stream power has a very weak influence on bank erosion 
rates, indicating that there are a range of other factors that are actually the dominant drivers of contemporary 
channel bank erosion in the study catchments (explored below).  These data alone, highlight that the theoretical basis 
for the bank erosion sub-model in SedNet is flawed, and that the model, therefor, cannot continued to be used to 
predict sediment loads from bank erosion, or to predict the distribution of bank erosion within catchments.  These 
findings reiterate those of Bartley et al., (2008). 

  

Figure 30 Reach average relationship between the channel cross sectional area/slope product for the 11 study reaches in the Normanby 
catchment (left) and the 413 segments )right), indicating no relationship between erosion rates and the stream power proxy measure, 

irrespective of reach scale 
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7.2.3.2 RELATIONSHIP BETWEEN VEGETATION AND EROSION 
 
Erosion of the channel is a major contributor to sediment loads in a variety of climatic regions across the globe 
(Caitcheon et al., 2012; Fryirs and Brierley, 1999; Olley et al., 2013a; Olley et al., 2013b; Poesen and Hooke, 1997; 
Trimble, 1997; Walling et al., 1999; Wasson et al., 1998; Wilkin and Hebel, 1982). Woody vegetation is an important 
factor in the stability of channel, and a large body of literature documents its positive effects (Rutherfurd et al., 2000; 
Simon and Collison, 2002; Pollen and Simon, 2005; Hubble et al., 2010). Roots of riparian vegetation dramatically 
increase the geomechanical stability of stream banks (Simon and Collison, 2002; Pollen and Simon, 2005). Dense 
riparian corridors and associated wood debris can also increase the trapping and storage of sediment (Brooks et al. 
2004; Brooks et al. 2006b; Gurnell and Petts 2006). The removal of riparian vegetation has the opposite effect of 
increasing channel erosion, sediment transport rates, and sediment export (Millar and Quick 1998; Abernethy and 
Rutherfurd, 2001; Brooks et al. 2003; Rutherfurd, 2007). 

While the general mechanism by which vegetation increase bank stability and erosion resistance are known (Gurnell, 
2014), we have been unable to find any examples where the resistance of an entire channel to erosion as a function of 
vegetation cover has been quantified. Early work by Smith (1976) provides one of the few examples where the change 
in erosional resistance as a function of vegetation cover has been quantified. He estimated a 20,000 times relative 
increase in erosion resistance of silty bank material when roots mats made up ~20% of the soil volume compared to 
bare soil.  

Quantifying Resistance to erosion 

Resistance to erosion (J, J/kg) can be defined as the amount of energy required to entrain a unit mass of sediment 
against the strength related resistance offered by the substrate (Hairsine and Rose, 1992). It is the effective work (We, 
J) required to erode a unit mass of sediment (m, kg): 

V
W

m
WJ

s

ee

ρ
==   J/kg        Equation 3  

Where sρ  is the density of the eroding material (1600 kg/m3) and V is the volume (m3) eroded.  

Stream power (Ω, W/m2) depends on both slope and discharge, and determines a rivers capacity to transport 
sediment and perform geomorphic work (Bizzi and Lerner, 2013). It is the rate of energy expenditure per unit length of 
channel, calculated as the product of discharge (Q, m3/s), energy slope (S, m/m), acceleration due to gravity (g, 9.8 
m/s/s) and the ρ the density of water (1000 kg/m3). 

 )()()( ttt SQgρ=Ω     W/m2      Equation 4 

 Unit stream power (stream power divided by the width over which it is applied (w, m)) is most strongly related to 
sediment transport and erosion rates (Bagnold, 1966; 1977; Parker et al., 2011): 

)(

)()(
)(

t

tt
t w

SQgρ
w =    W/m2      Equation 5 

It should be noted that both width w(t) and energy slope S(t) vary with discharge. Where Q(t) is the mean daily discharge 
(m3/s) this equation provides an estimate of the mean daily stream power, with both width w(t) and energy slope S(t) 
estimated in this case from the mean daily discharge.  
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Rose et al., (1983) assumed a stream power threshold below which no sediment entrainment occurs.   However, here 
we are following Rose et al., (2014) and are assuming that this threshold value is small compared to the high values 
involved in channel erosion. Further, not all of the stream power is effective in entraining sediment. Hairsine and Rose 
(1992) defined the effective fraction as F, such that effective unit stream power (we) is given by:  

)(

)()(
)(

t

ttw
te w

SQg
F

ρ
w =                                      W/m2      Equation 6 

(4) 

with F having a value ~0.02 for alluvial gully outlets (Rose, Shellberg and Brooks, in press). Note that Bagnold (1966, 
1968) gives values of F a little lower than 0.02 for sediment transport in rivers, and for shallow flows in bare soil 
erosion Proffitt et al. (1993) found F≈0.1. 

To calculate the effective work done per day Q(t) is replaced with the total daily flow volume Qv(t), such that per unit 
width of work over a period of time (t=0 to t=t) is given by: 

 ∑ =

=
=
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)()(ρ                              J      Equation 7 

And resistance to erosion J by: 

T

tt

t
t

ttv
w

V
w

SQ
Fg

J
ρ

ρ ∑ =

=

=
0

)(

)()(

                                J/kg      Equation 8 

Where VT is the total volume of erosion per unit area for the period t=0 to t=t. 

Along the Upper Brisbane we have estimated for each of the geomorphic units in all 87 river reaches both the 
resistance to erosion and the proportion of the units covered by woody vegetation >5 m in height (Figure 31). The 
‘bed material’ is affected by the significant amount of deposition which occurred in this unit, and as such does not 
represent erosion alone, and will not be discussed further. The large symbols in each figure indicate reaches directly 
disturbed by sand and gravel extraction. The lines represent regression curves fitted through lowest (least resistant) 
none extracted geomorphic units. For this analysis data from the vegetated bars and benches were combined, as were 
the inset floodplains and terraces (Figure 32). In each case these regression lines represent the relationship between 
the most erodible units in each geomorphic unit class and the proportion of the unit covered by >5m woody 
vegetation. In each case woody vegetation increases the resistance to erosion significantly.  

Extremely strong evidence is found from the upper Brisbane River of the relationship between woody vegetation and 
channel erosion, broken down by geomorphic unit. At 0% cover the bench and vegetated bars have a resistance to 
erosion (estimated from the intercept) of 260 ± 110 J/kg and the inset flood plains and terrace 900 ± 94 J/kg, at 30% 
cover this rise to ~2,200 J/kg and ~6,800 J/kg, and at 70% cover ~10,500 J/kg and ~30600 J/kg.      
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Figure 31 Proportion of vegetation >5m and channel resistance to erosion (sensu Hairsine and Rose, 1992) 

 

Figure 32 Relationship between vegetation PFC (>5m) and resistance (demonstrating the strong role that vegetation plays in the overall control 
of channel resistance to erosion as outlined in Error! Reference source not found. 
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Further evidence to that presented in Figure 31 as to the strong relationship that vegetation exerts on reducing bank 
erosion can be seen in Figure 33, where the data from the O’Connell River indicates a significant reduction in area 
normalised erosion rates with increased woody vegetation Percent Foliage Cover (pfc) within the bounds of the 
channel and immediate riparian area (i.e. macro-channel  - see 6.1.1; Appendix 12) 

 

Figure 33 Plot showing the relationship between area normalised bank erosion as a function of cumulative unit stream power plotted against the 
percent cover of woody vegetation (>5m) in the O’Connell River , indicating an upper envelope of erosion with increasing in-channel woody 
vegetation cover. 

Combining the data from the three catchments (Figure 34), where sub-reach scale area normalised annual 
erosion rates are plotted against PFC, it can be seen that there is a distinct trend towards lower unit erosion 
rates with increased woody vegetation cover, within each catchment, albeit with a distinct offset between 
the Upper Brisbane and the O’Connell River data.  This is explained by two factors: first, the upper Brisbane 
River is controlled by an additional factor that dominates all other controls – in-channel sand and gravel 
extraction; second, the inclusion of more inset floodplains within the macro-channel of the O’Connell, many 
of which are cleared for sugar cane farming, has diluted the PFC values from within the broadly defined 
“macro-channel”. If a tighter macro-channel was defined it would have the effect of shifting the O’Connell 
data to the right.  Nevertheless, it is clear that there is a strong influence of woody vegetation on unit erosion 
rates across the three catchments.  It would appear that beyond a threshold of around 40% PFC, unit erosion 
rates are at least an order of magnitude lower than channels with 10% or less woody vegetation cover.  The 
two points with higher pfc and erosion values in the Normanby are located in the most highly erodible part of 
that catchment, dominated by highly dispersible soils and numerous alluvial gullies.  Even these sites have 
erosion rates that are at least an order of magnitude lower than sites in the O’Connell or Brisbane Rivers with 
low woody vegetation PFC. 
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Figure 34: Annualised unit area normalised erosion rates at the sub-reach scale (~ km+ scale reaches) for the three catchments plotted against 
reach average macro-channel percent foliage cover for woody vegetation > 5m. Dotted line represents the upper envelope for unit channel 

erosion as a function of in-channel woody vegetation cover. 

 

7.2.4 QUANTIFYING ROOT REINFORCEMENT 

Soil erosion, channel erosion and slope mass movement models use the presence of vegetation as a key parameter 
that limits the volume of erosion in each setting. Quantifying the extent of root reinforcement has been the subject of 
extensive research focusing on mass movements on slopes (Wu et al. 1979, Ziemer, 1981, Riestenberg, 1994; 
Chiatante, 2002; Tosi, 2007, Hubble et al., 2013) and riverbank erosion (Abernethy and Rutherford, 2000; Pollen and 
Simon, 2005;Parker et al, 2008; Vergani, 2012; Adhikari et al., 2014) where the key objective is to quantify the spatial 
distribution of roots within a soil profile, their density, size and strength characteristics and ultimately the additional 
cohesion that they collectively impart on a bank or slope.   

The combined description of a plants root density, size and distribution within the soil profile is generally referred to 
as “root architecture”, which is typically synthesised into a parameter called the root area ratio (RAR); the two 
dimensional combined cross sectional area of roots per unit cross sectional area of river bank, or soil profile (Gray and 
Leiser, 1982, Abernethy and Rutherfurd, 2000). When combined with the strength of the roots as a function of their 
diameter, the total effect of root reinforcement on the bank or slope is estimated and included in predictive models of 
landslide susceptibility, soil erosion or bank stability.  Root architecture is typically determined for a single species, 
derived from single specimens of each tree or plant.  The cumulative effect of multiple trees and/or multiple species is 
then aggregated from a database of the characteristics of single plants or trees based on a survey of the floristic 
composition of the study area (Simon et al., 2006, Pollen-Bankhead and Simon, 2009). 

Recent studies characterizing root architecture and their respective distribution along the profiles on riverbanks and 
slopes tend to focus on key species typical of a particular ecosystem (Pollen-Bankhead and Simon, 2009; Hales, et al., 
2009; Comino et al, 2010; Hubble et al., 2010; Vergani et al., 2012; Adhikari, 2013), and assume that the 
characteristics of a given species are an inherent trait of the species, which can then extrapolated across the 
landscape based on an understanding of community species composition.  Variables such as maximum depth and 
average strength of the roots by diameter are related to the age of the individuals for a given species, which is 
typically determined by dendrochronology (Chiatante et al., 2002). This approach, however, has limitations in tropical 
forests and environments where such growth rings are absent, and a common alternative is to use related measures 
such as diameter at breast height to roughly estimate their age. 
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In environments such as those found along the tropical east coast of Australia, where the species diversity is 
extremely high, the idea that it is possible to characterise key riparian species and then extrapolate these across the 
landscape is extremely fraught.  The floristic census of the state of Queensland conducted by the Queensland 
Herbarium, identified more than 8100 native species of angiosperms and 64 native species of gymnosperms (Bostock 
and Holland, 2013).   While it is not known precisely what proportion of these species are found in riparian areas along 
rivers, it is likely to be in the thousands of species, and hence an approach that characterizes riparian bank 
reinforcement focused at the species level is somewhat impractical.  Additionally, for a proper characterization of a 
riparian zone it would be necessary to investigate the root distribution of several individuals of the same species to 
account for environmental variability and a number of replicates for specimens of the same species and different age, 
or classes of different stem diameter. Therefore, while this approach might be appropriate in temperate climates with 
relatively low species diversity it is not feasible in tropical environments with high species diversity and abundance. 
Further, in modelling erosion at catchment scale there is a need to be able to predict the degree of root reinforcement 
along a channel network. To do this requires site based data on root reinforcement to be correlated with regional 
scale information on vegetation cover, such as percent foliage cover, canopy height, vegetation assemblage class, and 
so forth.  

Given these challenges we have developed a new method to characterize root reinforcement of riparian vegetation in 
forest structures with high diversity of tree species, moving away from a species specific approach, and then related 
these site based estimates to regional scale information on vegetation cover.  Twenty four sites were selected across 
the three catchment covering community structural classification (Specht, 1970) of woodland (3 sites), gallery 
rainforest (7 sites), riparian forest (9 sites) and grass/weeds (5 sites) (Figure 37, Table 6).  

 

Figure 35: Typical bank profile used for quantifying root architecture and tensile strength.  

At each site a trench was excavated from the top of the river bank to the low water level. To better represent the root 
architecture in well vegetated banks, which comprise the vast majority of the mainstem channels in the less disturbed 
catchments a technique was developed to hydraulically excavate trenches down the bank face using a high pressure 
water jet.  An air spade or air lance was also trialed, but its use rejected as it caused too much damage to fine roots.  



54 

 

Using the hydraulic method, root architecture within the upper 0.5m- 1.0m of the soil surface was sampled, all the 
way to the bank toe.  We would argue that this better reflects the extent of roots within the bank that are actually 
influencing the bank stability across the whole bank face (Figure 35). The roots within the bank face in well vegetated 
sites, where the vegetation is largely growing on the bank face, often create a dense root matrix.  The roots in this 
situation are oriented in all directions within the bank face, and as such the assumption regarding consistent 
orientation normal to the bank face is inappropriate.  Furthermore, the assumptions that density declines 
exponentially with depth is unlikely to be the case in these highly seasonal channels, where the riparian vegetation 
often forms a distinct community on the bank face itself.  Under these scenarios, density increases with depth, given 
that the plants tend to focus their resources lower on the bank because this is where the moisture and nutrients are 
available during the crucial dry season months. 

At each site roots density and size distribution were determined at the top of the bank, on the bank face and at the 
bank toe using 0.5m x 0.5m sectors. At several sites fairly uniform root mats were encountered that were so dense it 
was not possible to count all roots within the 0.5m square grid.  At these sites 0.1 x 0.1m sub-samples were counted 
and the root densities normalized. To aid the process of accurately measuring the diameter of thousands of roots in 
the dense mats encountered on these vegetated bank sites we used a digital calliper linked via Bluetooth to a mobile 
phone app which records the root diameter in CSV (comma separated value) format.  All roots down to a minimum 
diameter of 0.1mm were counted and ultimately represented as a total root volume per unit volume of bank material.   

Root strength and spatial distribution of selected riparian species/assemblages were measured using a device called 
the Root-Puller, an adapted version of a design by Abernethy and Rutherfurd (2001) (Figure 38). This is comprised of a 
clamp attached to a load cell and displacement transducer and an in-field data logger Campbell CR510.  The pulling 
test applies a tensile strength to the root (measured as a load, in Newton) that increases until tensile failure of the 
root occurs.  The diameter of each root is recorded along with the logged history of tensile strength and shear 
displacement.  The maximum load applied to each root before breaking and root diameter are used to calculate the 
maximum tensile strength of each root. 

 

Figure 36: Photographs of root-pulling test to measure root tensile strength and displacement 

The measured root breaking loads increased with root diameter at all of the sites (Figure 37). In each case the 
relationship between breaking load and root diameter was best approximated by a polynomial function (Table 6) with 
the fits explain between 46 and 96% of the variance with an average of 74%.   
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Figure 37: Root breaking strain (kg) against root diameter for all 24 vegetation assemblage sites. The lines represent best fit regression thought 
the data. The regression equations are given in Error! Reference source not found.. 
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Table 6: Root tensile strength equations for the 24 assemblage sites and the coefficient of determination 

site vegetation class equation r2 
RS011 Grass/weeds y = 1.9767 * x^1.2363 0.61 
RS017 Grass/weeds y = 5.8438 * x^1.3746 0.74 
RS018 Grass/weeds y = 0.7625 * x^0.9648 0.69 
RS019 Grass/weeds y = 1.5584 * x^1.0102 0.62 
RS020 Grass/weeds y = 1.1351 * x^1.3834 0.74 
RS002 woodland y = 3.5605 * x^1.6156 0.93 
RGA006b woodland y = 3.4752 * x^1.3872 0.96 
RS008 woodland y = 1.8157 * x^1.2039 0.85 
RS003 Rainforest y = 2.3509 * x^1.5085 0.86 
RS004 Rainforest y = 2.5077 * x^1.3163 0.56 
RS005 Rainforest y = 1.6469 * x^1.6099 0.88 
RS006 Rainforest y = 5.1848 * x^1.0388 0.85 
RS007 Rainforest y = 5.5119 * x^0.7696 0.61 
RS015 Rainforest y = 0.5147 * x^1.6067 0.66 
RS021 Rainforest y = 1.0205 * x^1.4356 0.78 
RS001a Riparian forest y = 3.258 * x^1.248 0.84 
RS001c Riparian forest y = 4.7111 * x^1.5139 0.86 
RS009 Riparian forest y = 1.628 * x^1.4254 0.79 
RS010 Riparian forest y = 4.9301 * x^1.4596 0.74 
RS012 Riparian forest y = 1.0628 * x^1.3908 0.63 
RS013 Riparian forest y = 1.4514 * x^1.1408 0.73 
RS014 Riparian forest y = 1.0075 * x^1.174 0.64 
RS016 Riparian forest y = 0.6359 * x^1.749 0.46 
RS022 Riparian forest y = 0.7006 * x^0.9909 0.83 

 

Root size distribution data for each of the four vegetation classes for the surface of the floodplain (bank-top), bank 
face and bank toe are presented as cumulative frequency plots which show the proportion of roots less than a 
particular size for each of the groups (Figure 38). For the grass/weeds, Riparian forest, and Gallery Rainforest sites 
most of the roots measured (>80%) are less than 1 mm in diameter.  Most previous studies have not measured/ 
ignored roots smaller than 1mm (see for example Simon et al., 2006, Pollen-Bankhead and Simon, 2009). These fine 
roots clearly make up a significant proportion of the root biomass and contribute significantly to the root 
reinforcement. 



57 

 

 

Figure 38: Cumulative frequency plots showing the proportion of roots less than a particular size for each of the vegetation groups on the 
Floodplain surface, the bank face and bank toe  

The distribution and root strength data were used in a fibre bundle model (FMB) to estimate the amount of root 
reinforcement at each of the sites. Fibre-bundle models (FBMs) have been widely used in the materials industry to aid 
in the understanding of composite materials (starting with the work of Daniels, 1945). FBMs work by apportioning the 
total load applied to a bundle of N parallel fibres and then monitoring whether the load applied to the nth fibre 
exceeds its strength. Once the load has increased sufficiently for a fibre to break, the load that was carried by the 
broken fibre is redistributed to the remaining (N−1) intact fibres, each of which then bears a larger load, and is hence 
more likely to break. If this redistribution causes further fibres to break, additional redistribution of load occurs until 
no more breakages occur (in this type of model this is known as an avalanche effect). Another increment of load is 
then added to the system, and the process is repeated until either all of the fibres have broken, or the maximum 
driving force acting on the matrix is supported (Thomas and Pollen Bankhead, 2010). Table 7 presents the root 
reinforcement statistics (KPa) for each of the vegetation classes by location on the channel banks.  
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Table 7: Root reinforcement statistics (KPa) for each of the vegetation classes by location on the channel banks. n= the number of sectors 
analysed in each case 

 

   Bank toe Bank face Bank top 
Grass/weeds 
min 2.6 0.7 4.5 
max 79.0 28.4 111.4 
average 31.2 8.8 32.6 
median 11.9 2.9 18.9 
n 3 9 6 
Woodland 
min 8.0 5.4 0.9 
max 57.7 77.3 36.6 
average 26.5 40.1 21.0 
median 24.4 50.1 23.3 
n 6 7 4 
Rainforest 
min 12.1 5.9 4.0 
max 172.1 354.3 47.2 
average 71.5 40.6 22.3 
median 67.6 14.5 20.6 
n 10 21 11 
Riparian Forest 
min 3.5 0.6 1.7 
max 233.9 153.3 277.4 
average 61.0 29.2 63.0 
median 49.6 15.8 30.8 
n 18 42 20 
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7.3 How does variation in the character of alluvial sediments influence bank erosion?  

If the assumption underpinning the bank erosion model in SedNet is correct, that all alluvial sediments should erode 
equally for a given extent of riparian vegetation per unit stream power, the sedimentary characteristics of different 
alluvial deposits should have little influence on distribution of erosion.  As outlined in Section 7.1, the mapped 
distribution of erosion in each catchment is predominantly sourced from in-channel sedimentary units, which may or 
may not be “bank like” features.  These analyses show that the majority of channel erosion is occurring within inset 
features that occur within the bounds of the macro-channel. In the Upper Brisbane River 69% of all erosion occurs 
within alluvial features that have accumulated within the bounds of the macro-channel banks (bed, bars, benches, 
islands), and if inset floodplains are included (which are also inset within the main alluvial surface) this figure becomes 
99% of all erosion.  Only 1% of erosion is into the main floodplain/terrace units.  In the O’Connell River it is a similar 
story, with 73.9% or erosion occurring on the bed, bars, benches and islands, with a further 15.6% occurring on inset 
floodplains bounded by the broader floodplain (Table 3).  In this case around 10% is derived from terrace deposits.  In 
the Normanby catchment 73% of all erosion is derived from inset features which are not the primary “bank” of the 
macro-channel.   

While there are clearly various reasons why different geomorphic units erode more readily than others (e.g. 
vegetation characteristics, inundation frequency, position in macro-channel) sedimentology differs markedly between 
all these units.  These data show very clearly that the characteristics of the different alluvial deposits, makes a large 
difference to their susceptibility to erosion, in concert with a range of other local scale factors, and yet SedNet is blind 
to such variability.  Hence the assumption within SedNet that all alluvium is equivalent as long as it is not bedrock, 
cannot be sustained.  In many channels, the primary determinant of which units erode is a function of the macro-
channel structure (Figure 2), and as such the idea that all channels can be treated as simple rectangular or trapezoidal 
channels (as SedNet does) can no longer be sustained.  Understanding the characteristic arrangements of geomorphic 
unit within the macro-channel is fundamental to understanding where channels are likely to erode, and hence how 
they should be managed. 

 

7.4 OTHER CONTROLS ON CHANNEL EROSION 

7.4.1 THE ROLE OF SAND AND GRAVEL EXTRACTION AS A CONTROL ON CHANNEL EROSION 
As outlined in section 7.1 sand and gravel extraction represents a significant additional disturbance factor over and 
above the typical disturbances to which most rivers are routinely subjected.  As demonstrated in Figure 17 there is a 
strong relationship between the proximity of in-channel extraction sites and the volume of channel erosion.  This 
relationship is further demonstrated in Figure 39 where the plots of cumulative erosion by sequential sub-reach (ie. 
upstream to downstream) reflect the same steps that are evident in the extraction data (an independent dataset of 
the minimum volume extracted from each sub-reach over a 24 year period).  Reaches indicating a major step in the 
proportion of extraction represent extraction reaches.  Note that there is a similar pattern of steps evident in the 
erosion data, with some damping and translation in the upstream and/or downstream direction from the major 
extraction sites.  The overall trend in the cumulative extraction plot is remarkably similar to the cumulative erosion 
plot, which will have integrated the cumulative disturbance due to extraction largely in the response to the 2011 
flood. 
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Figure 39: Plot showing the cumulative proportion of total erosion contributed by each sub-reach, when they are arranged sequentially from the 
top to the bottom of the 86km study reach (A).  Also plotted (B) is the cumulative proportion of total extraction from the study reach between 
1983 and 2008 (total volume of reported extraction reported = 1.314 Mm3)  

 

7.4.2 BED-LOAD DEPOSITION VS EROSION 
A strong relationship was found between bed-load deposition and channel erosion in all streams analysed.  The data 
we have doesn’t enable us to determine whether this is a causal relationship (I.e. does bed-material deposition drive 
the erosion or does the bed material deposit because of the increased accommodation space after the bank has 
locally eroded and the channel widened).  This relationship needs to be further investigated to better understand 
whether bed-load dynamics need to be better quantified.  The data from the O’Connell River, where there is an 
apparent inverse relationship between stream power and erosion, and a positive correlation between bed material 
deposition and erosion, tends to suggest that deposition may well be an important driver of bank erosion.  It would 
appear that where stream power is at a minimum, they stream loses competence and bed material is deposited which 
diverts flow into the toe of the bank, and hence driving bank erosion.  This relationships needs to be further tested. 
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Figure 40: relationship between total erosion and total deposition in the O’Connell River. 

 

Figure 41: Relationship between total erosion and total deposition in the upper Brisbane River 

 

Figure 42: Relationship between total erosion and deposition at the segment scale within the 11 Normanby sampled streams 
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7.5 OTHER KEY FINDINGS 

7.5.1 EVALUATION OF THE BSTEM MODEL 
Alternative approaches to reach and catchment scale quantification of bank erosion using the Bank Stability 
and Toe Erosion Model (BSTEM), up-scaled using Rapid Geomorphic Assessments and aerial videography 
using the percent reach fail method (PRF)– are evaluated in this study and have been found to be highly 
flawed for the following reasons: 

i. The BSTEM model is a deterministic model designed for use at individual sites that requires 
extensive parameterization of 3D bank sedimentology and geomechanics.  Even under idealized 
conditions it is subject to large errors due to spatial variability in sedimentology (Parker et al., 
2008).  As such it is not possible to extrapolate the model from one site to another based on 
remotely sensed data, without introducing unacceptable error.  

ii. The % Reach Failing approach - which is the method used for site to reach scale extrapolation 
(Simon et al., 2011) has extremely poor predictive power in the macro-channel dominated rivers 
we have tested.  This is best demonstrated with the O’Connell data, where the relatively small 
contribution that terraces make to the total erosion volume, belies the apparent contribution 
they appear to be making to total erosion based on a visual assessment of “bare failing banks” 
(Figure 23).  For this reason, the approach applied by some researchers for extrapolating site 
specific bank erosion data to entire reaches based on the proportion of the river that has a 
“visual appearance of experiencing bank erosion” (otherwise known as the percent reaching 
failing method (Simon et al., 2003, 2011) (Figure 43), is unreliable and introduces unacceptable 
error into the analysis (Figure 44). 

 

Figure 43: Analysis of bank erosion according to the “percent reach fail” methodology (Simon et al 2003, 2011) in the O’Connell River 
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Figure 44: Comparison between observed bank erosion length on the O'Connell R and % reach fail analysis (as per the method applied in 
Simon et al. 2003, 2011).   

 
iii. Evaluation of the Hec-RAS BSTEM model in the upper Brisbane at sites where we have collected 

detailed sedimentologic data and have good channel hydraulic data, indicated that the model 
significantly over-estimates bank erosion for the calibration dataset  

iv. The RGA method that is used for scaling up site data to the reach scale is completely 
inappropriate for Queensland Rivers given that it is based on an inappropriate conceptual model 
of channel evolution (Schumm et al., 1984 incised channel model), and it is overly sensitive to 
the most recent flood event - i.e. no historical context (see Appendix 8).  We found no 
statistically significant relationships between any of the RGA metrics and the detailed measured 
data (Appendix 7), and can thus only conclude that it is a completely unreliable approach in its 
current form. 

v. The model is only appropriate for banks with horizontal floodplain stratigraphy and no more 
than 5 sedimentary units within the floodplains. Many channels in Qld Rivers are compound 
channels where the sedimentology of each inset geomorphic unit is independent of the 
adjacent unit and often comprised of oblique accretion deposits and/or complex non horizontal 
stratigraphy.  This means that the model is unable to represent this form of channel. (Figure 2) 

vi. It assumes that all vegetation grows on the floodplain surface with the root density and hence 
additional cohesion declining exponentially with depth, whereas many of the vegetation species 
growing on the banks of Qld Rivers - extend all the way down the bank face to the water line. 
(see Appendix 5) 

vii. The Rip Root model doesn’t adequately represent distribution of roots within the banks of 
Australian Rivers – nor does the fibre bundle model represent the failure of many fibrous root 
mats 

 
Despite the major limitations in the application of the BSTEM modelling to Queensland rivers, if it is used in 
the manner that it is typically applied in the USA (e.g. Bankhead et al., 2013) at a single site, aspects of the 
approach can be adapted for Qld conditions.  However, given the complexity of most channel geomorphology 
and sedimentology there is no reliable basis for extrapolating the model to unmeasured sites.  This being the 
case, a new approach is required for predicting channel erosion at the catchment scale. 
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7.5.2 TOWARDS A NEW APPROACH TO QUANTIFYING BANK EROSION: 
 
In this study we have concluded that neither the SedNet model nor BSTEM are of any use for reliably 
predicting the extent and distribution of channel erosion across Queensland catchments.  As outlined above, 
BSTEM may be of use at a single site provided the site characteristics can be adequately parameterised 
(sedimentology, vegetation PFC and community assemblage structure; channel hydraulics and bedload 
transport dynamics), however in most circumstances the channels are too complex for the current model to 
handle. 
 
Building on the extensive database of geotechnical data, bank material particle size data, and riparian 
vegetation data compiled in this study, combined with a range of empirical and remote sensing methods 
(repeat aerial LiDAR and ASTER data), we outline an approach that will provide the basis for a far more robust 
approach to assessing and monitoring bank erosion in Queensland Rivers (Appendix 4,5,6).   The approach 
builds on data at multiple scales and uses a machine learning or Self Organising Map approach to integrate 
data across scales.   
 
Based on the database of geotechnical parameters collected across all catchments, we demonstrate that 
there is a very strong relationship between the particle size distribution of bank sediments and each of the 
key geotechnical parameters required for undertaking a site scale bank stability analysis (Appendix 4, Figure 
45, Figure 46 and Table 8 - assuming that the model can adequately represent the complexity of the bank 
stratigraphy).  In situ collection of the standard data required for model parameterisation is the most 
expensive aspect of the whole BSTEM approach - given that the current method takes 2 people a full day in 
the field to collect the in situ data -this method is prohibitively expensive.  Based on this new approach, all 
that is now required in the field is the collection of detailed stratigraphy and sediment samples for each 
stratigraphic unit.  The rest is completed in the lab.  Given that a major limitation of the current method is 
with how the stratigraphy is characterized – this development now means that most field effort can be 
directed towards characterising channel geometry and associated stratigraphy rather than in-situ 
measurement of geotechnical parameters. 
 

Table 8:  Correlation values between BST (friction angle and effective cohesion) and JET tests parameters (critical shear and erodibility) and PSD 
data 

 

Friction 
Angle 

Effective 
Cohesion 

Bulk 
Density 

Critical 
stress (Pa)

Erodibility 
(cm3/N.s)

Very fine clay 0.5µm to 0.24µm -0.118 0.144 0.217 0.5µm to 0.24µm -0.1 0.086
Fine clay 1µm to 05µm  -0.148 0.171 0.204 1µm to 0.5µm -0.034 0.061
Medium clay 2µm to 1µm   -0.273 0.367 0.456 2µm to 1µm   -0.161 0.22
Coarse clay 4µm to 2µm   -0.181 0.308 0.461 4µm to 2µm   -0.162 0.223
Very fine silt 8µm to 4µm   -0.079 0.229 0.446 8µm to 4µm   -0.243 0.318
Fine silt 16µm to 8µm  0.033 0.124 0.416 16µm to 8µm  -0.417 0.407
Medium silt 31µm to 16µm 0.167 -0.03 0.342 31µm to 16µm -0.539 0.384
Coarse silt 62µm to 31µm 0.287 -0.2 0.243 62µm to 31µm -0.549 0.258
Very fine sand 125µm to 62µm 0.244 -0.238 0.014 125µm to 62µm -0.239 -0.047
Fine sand 250µm to 125µm 0.034 -0.151 -0.404 250µm to 125µm 0.359 -0.287
Medium sand 500µm to 250µm -0.149 -0.02 -0.516 500µm to 250µm 0.591 -0.368
Coarse sand 1000µm to 500µm -0.201 0.053 -0.316 1000µm to 500µm 0.592 -0.527
Very coarse sand 2000µm to 1000µm -0.128 0.13 0.208 2000µm to 1000µm 0.212 -0.224

Clay       -0.226 0.338 0.47 Clay       -0.154 0.209
Silt       0.103 0.048 0.413 Silt       -0.556 0.423
Sand       -0.024 -0.126 -0.451 Sand       0.459 -0.4
BulkDensity 0.362 -0.286 1 Critical stress (Pa) 1 -0.624
EffectiveCohesion -0.957 1 -0.286 Erodibility (cm3/N.s) -0.624 1
FrictionAngle 1 -0.957 0.362
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Figure 45:  Model evaluation using the first method consists of a single prediction comparing with the measured values of the validation set of 
effective cohesion, friction angle, critical stress and erodibility.  

 

Figure 46:  Cross validation of soil geotechnical properties. The SOM produced unbiased estimation with excellent predicting power. 

 
Riparian plant root strength characteristics, which were previously thought to be an inherent  characteristic of the 
plant species, have been shown in this study to be more a function of the site than the species (i.e. there was typically 
more variation in the same species between sites as there was between different species at the same site).  This 
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means that more effort can be put in simply characterizing the root assemblage at a given site rather than worrying 
what species they belong to. 

 

Table 9: Examples of root tensile strength functions and their respective R2 fitted from field tests of root pulling (Iwashita et al., 2014). 

 

The statistical model used to develop these relationships was evaluated through cross-validation, where observed 
values versus predicted values showed an x = y relation both for species oriented sites and for assemblage oriented 
sites (Figure 47b). Additionally, the analysis of the residuals of the validation did not detect inset trends, i.e., the 
model show some robustness as it can cope with different sampling schemes while not presenting biased 
predications. 

  

(a)       (b) 

Figure 47. (a) Example of root diameter histogram generated by Monte Carlo simulation characterizing an assemblage on Granite Normanby 
River. (b) Model cross-validation: Observed values of root reinforcement versus predicted values.  

This approach provides a means to upscale riparian vegetation root characteristics from a site scale to a reach and 
catchment scale, which is an essential step for improving bank erosion prediction in sediment budget models. Cross-
validation indicates that the proposed stochastic approach is unbiased and provides a way to measure the magnitude 
of prediction uncertainty, which is essential for preventing error propagation in sediment budget models. Finally, by 
focusing at the community assemblage level instead of species level, this approach provides a practical method for 
characterizing the geotechnical characteristics of riparian vegetation with high species diversity, which is a 
characteristic of many tropical and sub-tropical Queensland that rivers. 

CATCHMENT SCALE MODELLING FRAMEWORK 
Through the integration of a broad range of empirical data, and a number of advances in modelling geotechnical and 
vegetation characteristics, we can now integrate much of this thinking into an approach for analysing channel erosion 
at the reach and catchment scale. While there is still further work to be done refining and testing this approach, we 
believe that the foundations have been laid for a new approach that will engender greater confidence in the results 
that the current models.  The approach is outline in more detail in Appendix 6, but is summarised in Figure 48 - Figure 

Species/Site Function R2

Castanospermum australe y = 0.4436x2 + 1.1001x 0.87
Ficus opposita y = 1.6187x1.6551 0.92
Casuarina cunninghamiana y = 0.1973x2 + 2.3373x 0.90
Corymbia clarksoniana (2) y = 0.4077x2 + 1.9195x 0.79
NM rainforest y = 0.4459x2 + 2.0426x 0.91
Andromache regrowth y = 0.7379x2 + 0.2703x 0.82

Grass assemblage y = 0.8176x 0.71

UB trib Riparian Comm y = 1.15x2 + 0.1856x 0.95



67 

 

50.  As remote sensing data improves and as we accumulate a larger archive of repeat liDAR data this approach will 
continue to become even more robust. 

 

Figure 48  Schematic model of the approach used for upscaling site specific data to a catchment scale understanding of channel erosion. 

 

 

Figure 49 Example of a Map of predicted volumes of annual channel erosion in the Normanby catchment using the proposed method using self-
organizing maps.  This proof of concept requires further validation and development 
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Figure 50 - Cross-validation of the erosion model based on a reach scale training framework. 
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