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Key Points 
• Native vegetation has an important role for improving long term channel stability of incised streams 
• Stream power reference data can provide increased confidence in assessing stages of incision and conditions where 

vegetation establishment can assist to limit incision 
• When 2 year annual recurrence interval (ARI) stream powers are <100 W/m2, and peak event stream power is < 400 

W/m2, there is increased confidence that vegetation establishment will succeed in limiting further incision.  
• Stream power reference data has been widely applied in the management of incised stream systems in Australia to 

inform management actions. 
 

Abstract 
Over the last 30 years the role of native vegetation in stream rehabilitation programs has expanded to encompass 
ecological benefits, improved channel stability and system resilience. Recent effort has been focused on quantifying 
conditions where vegetation establishment can improve channel stability, and stream power is one tool available for this 
purpose. We collate several reference data sets to examine the relationship between stream power and erosion 
predisposition, and present results from a flood study in north-east Victoria to highlight that vegetation is likely to 
enhance channel stability when 2 year ARI stream powers are <100 W/m2 and peak event stream powers are 150 – 400 
W/m2.  For stream powers < 100 W/m2, no significant benefit of native vegetation over grassed banks is observed. In 
events with greater stream power, native vegetation starts to scour. These results have been calibrated in a range of 
incised stream systems across Australia. Applying stream power analysis, we demonstrate how vegetation establishment 
in the incised Avon River in Gippsland, Victoria, has potential to assist with managing incision and sediment transport. 
We also demonstrate how stream power analysis has been used to prioritise strategic re-vegetation in the actively 
incising Laidley Creek in the productive horticulture zone of the Lockyer valley in south-east Queensland. 
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Introduction 
Since the time of European settlement, extensive clearing of native vegetation has occurred in catchments across the 
eastern seaboard of Australia, to facilitate the development of agriculture and other resource sector industries. In many 
catchments, vegetation clearing has been a contributing factor to the onset of substantial erosion problems (Rutherfurd, 
2000). Clearing of vegetation across hill slopes and floodplains increases catchment runoff to waterways, resulting in 
channel enlargement to accommodate increased flows. Vegetation clearing further results in reduced resistance to 
channel and floodplain erosion, exacerbating channel enlargement and floodplain scour.  

Channel response to increased runoff typically involves deepening and widening in accord with the stages of the channel 
incision cycle (Figure 1). Channels will deepen (Stage 2), and then widen (Stage 3-4), to the point where they have 
sufficient capacity to accommodate the new hydrological regime, then stabilize and redevelop in-channel features (bars, 
benches, inset floodplain) (Stage 4 -5). Understanding the stage of channel incision for a given system provides a 
platform from which appropriate stream rehabilitation works can be developed. 
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Figure 1. Stages of channel incision (after Schumm et al. 1984) 
 
Major programs of stream rehabilitation works have been undertaken across Australia since the early 1980s, through 
organizations such as river improvement trusts, industry bodies, catchment management authorities and other natural 
resource management organizations. Native vegetation establishment has had an increasing role in these programs, to 
provide substantial improvements in channel stability as well as ecological benefits. Vegetation has a major stabilizing 
influence on stream systems by reducing rates of three major erosion processes as defined by Abernethy and Rutherfurd 
(2000) and summarized in Table 1.  

In recent years, significant effort has been focused on quantifying conditions where vegetation establishment will be 
most successful in erosion mitigation. It is generally understood that vegetation establishment in early or latter stages of 
channel incision (Stage 1 – 2 or 4 – 5) will have the greatest likelihood of success in improving channel stability. 
Vegetation establishment in early stages can reduce channel capacity (displacing water to the floodplain) and increase 
resistance to deepening and widening. Vegetation establishment in the latter stages of incision can enhance natural 
recovery processes and limit ongoing erosion of the inset floodplain and outer incised trench. 

Table 1. Vegetation influence on erosion processes  
 
Erosion process Vegetation interaction 
Mass failure Root reinforcement – Riparian trees strengthen bank substrate and tend to resist mass failure. The extent of 

reinforcement is dependent on root strength and the density of the root structure. The effect of the roots is to 
increase the effective cohesion of the sediments.  The longer and more extensive the root network the greater the 
degree of reinforcement. As a result, smaller shrubs and grasses are less effective at limiting mass failure. 
(Abernethy and Rutherfurd 2000) 
Reduced bank moisture – Saturated banks are less stable then unsaturated banks as water increases the weight of 
the bank, encouraging mass failure. All vegetation types decrease the level of bank saturation by intercepting 
precipitation and by transpiration (Abernethy and Rutherfurd 2000). 

Fluvial scour Increased resistance of bank material – Vegetation on the bank increases cohesion and bank strength through 
the root networks.  Smaller shrubs and grasses, which have limited impact on mass failure processes, are more 
effective at limiting the ability of bank sediments to be entrained due to their more extensive coverage of the bank 
surface area (Blackham 2006).  
Reduced near bank velocities – Vegetation increases hydraulic roughness, which reduces near bank velocities. 
The shear force exerted against the bank is thus reduced.  The impact of vegetation on hydraulic roughness is 
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Erosion process Vegetation interaction 
complex and varies with type of vegetation and discharge. At low flow, grasses and shrubs that stand rigid have a 
high wetted surface area and provide hydraulic resistance (Blackham 2006). As discharge increases, the 
herbaceous vegetation often cannot withstand the force and is flattened against the bank. Hydraulic resistance is 
reduced but the vegetation protects the bank substrate from erosion (Abernethy and Rutherfurd 1999). Large trees 
provide minimal resistance during low flow but as discharge increases their large trunks and branches provide the 
majority of the resistance once the herbaceous vegetation has been flattened.  

Sub-aerial 
preparation 

Reduce piping – Seepage of water can lead to leeching and softening of the bank material making the bank more 
susceptible to mass failure. Vegetation can reduce the onset of saturated flow through evapotranspiration. 
However, cavities from decomposed roots can encourage subsurface flow. The risk of this can be reduced with an 
appropriate suite of riparian vegetation.  
Reduce desiccation – Dry and cracking banks are more susceptible to mass failure. Vegetation can reduce 
desiccation by binding the substrate together. (Wynn and Mostaghimi 2006). 

 
In this paper we: (1) Review the definition of the stream power metric and its correlation with erosion predisposition, 
with a focus on the recent development of Australian reference data sets (2) examine the relationship between stream 
power and relative success of established vegetation in limiting erosion, and (3) demonstrate how this understanding 
has recently been applied in the prioritization of rehabilitation works in two incised river systems, the Avon River in 
Victoria, and Laidley Creek in Queensland. 

Stream power and erosion predisposition 

Metric definition 
In its simplest definition, stream power is the rate of energy dissipation against the bed and banks of a river. Mean 
specific stream power is the stream power per unit of wetted surface area of a defined reach, and allows comparisons to 
be made between reaches of different lengths and cross-sectional areas. Mean specific stream power is defined by the 
equation: 

 

where represents the specific weight of water,  is the inchannel discharge,  is the energy gradient and  is the 
wetter perimeter within the channel.  Stream power energy will initially be lost to internal forces (i.e. viscous shear and 
turbulence) of the flowing water and the frictional resistance of the channel (channel roughness). Remaining energy is 
then used to transport available sediment, and then if there is still excess energy (and/or limited sediment supply) the 
channel boundary may begin to erode, and channel change can occur. 

The maximum hydraulic force of a flood event—and consequently the capacity of a flood event to cause channel 
change—can be assessed by estimating the specific stream power associated with the peak flow for that event at a 
particular location, referred to as the peak event stream power. When combined with the duration of the flood event, 
estimates of peak event stream power can be used to quantify the total amount of energy expended during the flood 
event. 

Correlation to erosion predisposition 
Sections of waterway that have high stream power are more likely to be eroded. There is a developing body of evidence 
on the relationship between specific stream power and the potential for channel change, in particular for the 2 year ARI 
discharge.  

Early investigations included work by Brookes (1987), who found unstable channelized streams were generally found to 
have unit stream power greater than 35 W/m2 (for the 2 year ARI discharge), and Bledsoe et al. (2002) who confirmed 
unit stream power as a particularly good predictor of channel stability, finding most streams attaining stability below 30 
W/m2. 
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Recent investigations using large Australian data sets across Queensland and Victoria have sought to further refine the 
correlation between specific stream power and channel erosion predisposition for the 2 year ARI discharge, as well as 
the 50 year ARI discharge. This process has generated substantial reference data that can be and has been used to assist 
with identifying erosion predisposition in stream rehabilitation programs across Australia. The development of these 
reference data is detailed in the following section. 

Reference data 

Queensland 
The first substantial stream power data set for Australia was developed to assist with the design and rehabilitation of 
constructed diversions in central Queensland (Fisher Stewart 2002, Hardie 2005). Stable incised systems (natural and 
constructed) from this Queensland data set had 2 year ARI stream powers as high as 60 W/m2, substantially higher than 
the upper limit previously identified by Brookes (1987) and Bledsoe (2002) (refer Table 2).  

The stream power data range for these stable incised streams (generally stages 4 and 5 of channel incision) has 
subsequently been adopted more broadly across south-east Australia to guide waterway management designs aimed at 
preventing and managing stream incision. A 2 year ARI specific stream power of 60 W/m2 (together with other criteria 
and values) has been used successfully in central Queensland and across south-east Australia to guide the design of 
waterway management programs aimed at preventing and managing stream incision, and has been included in 
guidelines for constructed stream design in Queensland and in Victoria’s Technical Guidelines for Waterway 
Management (DSE 2007). 

Southern Victoria 
More recently, further investigation on the relationship between stream power and stages of channel incision has been 
undertaken across southern and western Victoria (Alluvium 2011a). The data set includes over 40 stream systems and 
approximately 120 discrete stream reaches, classified into the five stages of channel incision based on field assessments. 

While there is considerable overlap in the results for the different stages of channel incision (Figure 2), correlations were 
found between the stages of channel incision and stream power, similar to previous findings by Bledsoe (2002). The 
highest 2 year ARI specific stream power was associated with streams within Stage 2 (i.e. actively deepening), with a 
general decrease from Stage 2 to Stage 5. The systems with the lowest 2 year ARI specific stream power were found to 
be in Stages 1 and 5 (i.e. not incising).  
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Figure 2. Channel incision stage and 2 yr ARI stream power in Southern and Western Victoria data set (after Alluvium 
2011a) 
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Excluding outliers, stable stream systems in the Victorian data set were found to have 2 year ARI specific stream power 
of up to 90 W/m2, although generally in the order of 60 W/m2 for the 75th percentile (Table 2). Both the 2 year and 50 
year ARI event stream power ranges are similar for the Victorian (Alluvium 2011a) and Queensland (Hardie 2005) data. 

Table 2. Comparison of stream power ranges for stable stream systems – Comparison of results from past and 
recent data sets 

 2 year ARI event 50 year ARI event 
 Alluvium (2011) Hardie 

(2005) 
Brookes 
(1987) 

Bledsoe 
(2002) 

Alluvium 
(2011) 

Hardie 
(2005) 

 Upper 
limit 

25th – 75th 
percentile 

   25th – 75th 
percentile 

 

Stream power (W/m2) range for 
stable incised streams (not eroding) 

90 14 - 60 20 – 60 Up to 35 Up to 30 35 - 140 50 - 150 

Stream power and native vegetation establishment 
The reference data sets for stream power provide a general understanding of conditions where the channel will likely be 
stable (not incised), or in recovery from incision. Reaches that have in-channel stream powers consistently outside the 
reference data range are likely to require management intervention. Management interventions typically include re-
vegetation to increase in-channel roughness and resistance to scour, and often supporting structural works are required 
to assist vegetation establishment (pile fields, large wood, rock). It is often difficult to determine how successful 
vegetation establishment alone (no structural works) in a reach is likely to be, and in many cases vegetation works have 
been lost due to further erosion in subsequent flood events. In recent research efforts, there has been a focus on 
refining our understanding of the stream power conditions where re-vegetation is likely to be successful in limiting 
erosion associated with channel incision.  

North-east Victoria flood study 
An analysis of over 500 km of streams in north-east Victoria was undertaken after major flooding in 2010/2011 
(including 16 reaches, 11 river systems, with a range of cobble, gravel, sand and clay substrates) (Alluvium 2011b). 
Widespread damage to property, bridges and farmland occurred during the 2010 flooding, with more than 700 reports 
of flood-related damage were reported to the North East Catchment Management Authority by the community. The 
intent of the investigation was to identify and quantify the range of factors that influenced channel change experienced 
during the flood. A key finding of this investigation was the development of relationships between flood event stream 
power, vegetation condition and channel change. Methodology for the investigation is documented in Alluvium (2011b), 
and the most relevant results are outlined below.  

No channel change was observed at all sites where the 2 year ARI specific stream power was < 60 W/m2, providing the 
peak event stream power was < 100 W/m2 (Table 3, Figure 2). At sites with less than remnant quality vegetation 
(including young re-vegetation, grass, bare), substantial channel change (erosion at multiple locations in a reach) began 
to occur when the 2 year ARI specific stream power was > 60 W/m2 and peak event stream power >150 W/m2. For sites 
with remnant quality vegetation, substantial channel change began to occur with 2 year ARI stream powers >100 W/m2, 
however, when peak event stream powers were less than 400 W/m2, reaches with remnant quality vegetation were 
unlikely to have experienced flood related channel change. 

The conceptual synthesis of results from the north-east flood study, as shown in Figure 2 and summarized in Table 3, 
indicates that establishment of remnant quality native vegetation is likely to be successful in enhancing channel stability 
for reaches where peak event specific stream powers are in the range of 150 – 400 W/m2, and the 2 year ARI stream 
powers are < 100 W/m2. Where peak event stream power is < 150 W/m2, no significant benefit of remnant quality native 
vegetation over young vegetation or grassed banks was observed. In events with peak event stream power > 400 W/m2 
and 2 year ARI stream power > 100 W/m2, even remnant quality native vegetation starts to scour. 

The summarized outcomes from the north-east flood study (Table 3) can be used to provide increased confidence on the 
likely success of native vegetation establishment in the management of incised stream systems.  Strategic establishment 
of native vegetation is likely to assist with mitigating erosion where peak event stream powers are < 400 W/m2, and the 
2 year ARI stream powers are < 100 W/m2, providing the vegetation can reach the equivalent of remnant quality before 
subsequent flooding. Some interim works may be necessary to protect the establishing vegetation. For reaches with 
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consistently higher stream powers, appropriate set backs from the channel may be required to accommodate the 
predicted channel enlargement, or structural interventions where necessary to manage erosion risk. 

This refined understanding of the relationship between stream power, predisposition to erosion, and the likely 
influence/success of native vegetation establishment for managing channel incision has been recently applied to a range 
of stream restoration projects across Queensland and Victoria, including the Avon River (Victoria) and Laidley Creek 
(Queensland).  

 

Figure 2. Conceptual diagram of stream power ranges and associated channel change in the 2010 north-east Victoria 
flooding (after Alluvium 2011b) – red dashed lines indicate where vegetation establishment is most likely to assist 
with improving channel stability (peak event stream power 150 – 400 W/m2, 2 year ARI stream power < 100 W/m2) 

 

Table 3. Synthesis of north-east flood study outcomes on stream power and expected channel change 

  
 Peak event stream 

power 
2 year ARI stream 
power 

No channel change expected 
Non-remnant veg 
Remnant veg 

 

100 W/m2 

N/A 

 
< 60 W/m2 

< 100 W/m2 

Channel change unlikely, occasional instances < 150 W/m2 < 100 W/m2 

Channel change expected for sites with less than remnant quality native vegetation, but 
not for remnant quality vegetation (including mature re-vegetation of remnant quality) 

150 – 400 W/m2 < 100 W/m2 

Channel change expected for sites with both remnant and non remnant quality native 
vegetation 

> 400 W/m2 > 100 W/m2 
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The Avon River  
The Avon River has a remarkable history of channel incision, one of the most notable in Victoria. Broad scale incision has 
now largely ceased (Brizga and Finlayson 2000, Alluvium 2008), however some areas are still prone to further deepening 
/ widening (Alluvium 2008, 2009) and a substantial bedload of gravel and sand is aggrading in the lower reaches 
(Alluvium 2013a). 

In a recent geomorphic review of the Avon River catchment (Alluvium 2013a), stream power analysis was undertaken to 
assist with determining appropriate management strategies for various reaches sin the system. Stream powers were 
calculated using a 1D hydraulic model of the complete length of the Avon River developed from 2010 LiDAR data. 
Combined with an understanding on channel form, active processes, and sediment transport capacity, results from the 
stream power assessment provided increased confidence in the role of strategic native vegetation establishment for long 
term management of the system, as detailed in Figure 3. In particular, stream power analysis assisted with: 

• Identifying reaches where re-vegetation works can assist with the natural recovery process from incision, 
including reducing the incidence of bank erosion associated with widening and meander migration. 

• Identifying reaches where set-backs or additional works will be required to manage erosion risk associated with 
channel deepening and widening. 

• Confirming the effectiveness of strategic re-vegetation on large gravel bars in the lower catchment, to increase 
longer term channel stability and reduce sediment transport downstream (and in turn reduce avulsion risk in the 
downstream reach). 

Laidley Creek  
Laidley Creek is a major tributary to Lockyer Creek, and is part of the nationally important Lockyer Valley horticultural 
production area.  Laidley Creek is an actively incising gravel bed river with ongoing channel adjustment along the alluvial 
valley floor, including channel deepening, widening, and meander migration (Alluvium 2013b). Channel erosion and 
floodplain scour in Laidley Creek has potential to significantly impact on horticultural productivity, critical infrastructure 
(roads, bridges), Brisbane’s water supply and treatment process, and port facilities. 

Major channel erosion and floodplain scour occurred during flooding in 2011 and 2013, and in particular along a 10 km 
reach extending downstream from Thornton (Figure 4). In a recent geomorphic review for this reach of Laidley Creek 
(Alluvium 2013b), stream power analysis was applied to assist with determining the potential for further channel 
incision, and priority management actions.  

Stream powers were generated from a 2D hydraulic model for the 10 km reach based on 2013 LiDAR data (post flood). 
Combined with an understanding of channel form and active processes, stream power analysis assisted to identify (as 
shown in Figure 4): 

1. There is potential for channel deepening and ongoing channel widening in the subject reach of Laidley Creek. 
This channel adjustment will likely occur episodically, associated with large flood events.  

2. In the lower half of the subject reach (Reach A) downstream of the weir, stream powers are within the range 
where potential deepening and predicted widening (in the order of 2m deepening and 40 m total widening) can 
confidently be managed with strategic native vegetation establishment (to remnant quality) and appropriately designed 
grade control.  

3. In the upstream half of the subject reach, excess stream power indicates that major channel widening (in the 
order of 80 m total) is likely to occur even with native vegetation establishment. Adequate set backs are recommended 
to accommodate future widening. Deepening in this reach (in the order of 1 – 2 m) is also likely, and any future designs 
for grade control works will need to account for predicted widening to reduce the risk of structures being outflanked. 
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Subsequent management actions included prioritizing investment into strategic native vegetation establishment and 
grade control works in Reach A, where there is greater confidence that vegetation establishment will limit future 
incision. 
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Avon River - Reach 3 

- Bedrock controlled gravel/cobble bed 
- Active widening 
- 2 year ARI stream powers < 100 W/m2 
- Peak event stream powers < 400 W/m2 
- Vegetation establishment to remnant quality likely to be 

effective in limiting widening, however may required additional 
works to assist establishment. 

 

Avon River – Reach 4a 

- Alluvial gravel bed  
- Incision stage 3 - 4 
- Some deepening likely still at top of reach, active widening along reach 
- 2 year ARI stream power range exceeds 100 W/m2 in some locations 
- Peak event stream power range exceeds 400 W/m2 in some locations 
- Set-backs recommended to accommodate predicted widening 
- Additional stabilisation works required to supplement vegetation strategy. 

 

Avon River – Reach 4b 

- Alluvial gravel bed 
- Incision stage 4 - 5 
- Subject to channel widening by meander migration of the 

low flow channel  
- 2 year ARI stream power range largely within 100 W/m2 
- Widening can be limited with native vegetation 

establishment to remnant quality. 

Avon River - Reach 5 

- Alluvial gravel/sand bed 
- Incision stage 5 
- 2 year ARI stream power range < 60 W/m2 
- Peak event stream power range <100 W/m2 
- Sediment transport capacity currently twice 

that of Reach 6a 
- Transport capacity can be reduced to the 

same (or lesser) rate as that in Reach 6 by 
strategic establishment of native vegetation 
on gravel bars in the channel bed. 

Avon River - Reach 6a 

- Sand bed 
- Aggrading 
- Increasing risk of an 

avulsion developing 
(Nuntin Creek) 

Lake 
Wellington 

STRATFORD 

Freestone 
Creek 

Valencia 
Creek 

AVON 
RIVER 

Figure 3. Outcomes from the 2013 Avon River geomorphic review (after Alluvium 2013a) 
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Peter’s Bridge 

Weir 

Reach A 

• Alluvial gravel bed 
• Incision stage 2 – 3 
• Active deepening and 

widening  
• 2 year ARI stream 

power range within 
100 W/m2  

• Peak event stream 
power range within 
400 W/m2  

• Deepening and 
widening can be 
limited with a 
program of strategic 
native vegetation 
establishment (to 
remnant quality with 
some bank battering) 
and grade control 

 

Reach B 

• Alluvial gravel bed 
• Incision stage 2 – 3 
• Active deepening and 

widening  
• 2 year ARI stream 

power range exceeds 
100 W/m2  

• Peak event stream 
power range exceeds 
400 W/m2  

• Set-backs 
recommended to 
accommodate 
predicted widening 

• Design of grade control 
would need to account 
for predicted widening 

• Additional stabilisation 
works would be 
required to 
supplement native 
vegetation 
establishment 

Figure 4. Outcomes from the 2013 Laidley Creek geomorphic review (after Alluvium 2013b) 
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Conclusions 
Strategic vegetation establishment directed by an understanding of channel evolution processes and stream power 
provides a means to:  

1. Accelerate channel recovery after disturbance 
2. Reduce active erosion 
3. Improve long term channel stability 
4. Provide ecological and river health benefits 
5. Reduce risk to public and private infrastructure from river processes.  
 
The stream power ranges identified in this paper provide increased confidence in the assessment of incision processes, 
and in the role and likely success of strategic native vegetation establishment in the management of incised stream 
systems. 
 
Future research should be focused on combing the existing data sets (to date only analyzed separately) and applying 
recent stream power reference data to a broader range of incised stream systems, including varying catchment areas, 
geology, substrate and other variables.  
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