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EXECUTIVE SUMMARY 

This final technical report for NESP Tropical Water Quality Hub Project 2.1.4: Demonstration 

and evaluation of gully remediation on downstream water quality and agricultural production in 

GBR rangelands was to report on: 

(i) the effectiveness (in terms of cover, erosion and water quality) of various gully 

remediation approaches in the Burdekin Catchment; and 

(ii) The cost of various gully remediation approaches implemented. 

 

The effectiveness of the remediation approaches were outlined in detail for the last two wet 

seasons in the following reports which are available on the NESP Tropical Water Quality 

(TWQ) Hub website: 

- Bartley et al., (2017) for the 2016/17 wet season (http://nesptropical.edu.au/wp-

content/uploads/2017/10/NESP-TWQ-2.1.4-TECHNICAL-REPORT-1.pdf) ; 

- Bartley et al., (2018) for the 2016/17 and 2017/18 wet seasons 

(http://nesptropical.edu.au/wp-content/uploads/2018/07/NESP-TWQ-2.1.4-

TECHNICAL-REPORT-2.pdf)  

 

There have been no additional rain events since June 2018, therefore this report only presents 

component (ii) the cost-effectiveness of remediation at the NESP TWQ Hub sites. More 

specifically, this report provides a demonstration of the calculation of cost-effectiveness of gully 

remediation at five monitored sites in the Burdekin catchment, and the influence of different 

data analysis approaches for estimating sediment savings. Effectiveness data from the 

previous reports have been included in this report in a summarised form to support the cost-

effectiveness calculations. 

 

The key findings from this report include: 

• Estimates of cost-effectiveness are sensitive to the gully metrics used to represent the 

baseline fine sediment supply (gully width, depth and length); 

• Estimates of baseline sediment supply can be made by using terrestrial or airborne Lidar 

data to obtain more accurate gully dimensions, however, they need to be placed in the 

context of the longer term gully erosion trajectory (generally using historical air photos);  

• The high variability in estimating sediment supply contributes to high variability in the 

estimates of cost-effectiveness. For this reason, cost-effectiveness is best calculated at the 

project or program scale (across numerous gullies) as this will help balance out the inherent 

spatial and temporal variability associated with gully dynamics at individual sites.  

• Monitoring data collected at a site can greatly improve the estimate of cost-effectiveness 

for the remediation activity. Some of the data sets and their benefits include (i) the measured 

% of clay and silt of the soils at the site which can provide greater accuracy than interpolated 

estimates; (ii) measured changes in water quality leaving the sites that provide actual 

estimates of remediation effectiveness; and (iii) measured changes in the vegetation that 

provide early indicators of improved landscape health. 

• Sites with the following attributes will be more cost-effective to treat (assuming the erosion 

rates and treatment costs are equal) when (i) more efficient sediment delivery to the coast; 

(ii) high proportion of silt and clay (%); (iii) higher nutrient content (although not yet formerly 

included in the calculations). 

 

http://nesptropical.edu.au/wp-content/uploads/2017/10/NESP-TWQ-2.1.4-TECHNICAL-REPORT-1.pdf
http://nesptropical.edu.au/wp-content/uploads/2017/10/NESP-TWQ-2.1.4-TECHNICAL-REPORT-1.pdf
http://nesptropical.edu.au/wp-content/uploads/2018/07/NESP-TWQ-2.1.4-TECHNICAL-REPORT-2.pdf
http://nesptropical.edu.au/wp-content/uploads/2018/07/NESP-TWQ-2.1.4-TECHNICAL-REPORT-2.pdf
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Focus of future work:  

• Future studies should consider integrating cost discounting, production cost losses, 

maintenance costs and the influence of lag effects, however, these will need to be 

considered in the context of the high variability related to calculating the sediment savings 

and potential remediation effectiveness at a site. 

• We need to better understand the spatial and temporal extent of the treatment effect for the 

various remediation techniques, as cost-effectiveness is sensitive to these estimates.  

• This approach can be adapted to include potential savings and cost-effectiveness for 

particulate nutrients as well as for sediments. 

• Continued monitoring of the water quality improvements of a range of gully remediation 

approaches.  
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1.0 INTRODUCTION 

Benefit-cost or cost-effectiveness analysis is considered important for standardising 

approaches to evaluate outcomes in natural resource management (NRM) in many parts of 

the world (Yitbarek et al., 2012; Gooday et al., 2014; Posthumus et al., 2015) as well as in 

Australia (Rolfe and Windle, 2016). Cost-effectiveness is increasingly the tool of choice for 

identifying and prioritising projects for NRM funding (Pannell et al., 2012), however, there is 

still a major challenge in using these approaches to evaluate the success of programs in part 

due to a lack of “scientific research into landscape treatment-response relationships which link 

expenditure to outcomes” (Hajkowicz, 2009). 

 

The Australian Government Reef Trust Phase II and IV Gully and Streambank erosion control 

Programs are using an approach which (i) identifies priority catchments for remediation, (ii) 

develops technical guidance for choosing sites and approaches for remediation and (iii) uses 

cost-effectiveness estimates at site scale as the key metric for prioritising and evaluating on-

ground activities (Wilkinson et al., 2018a), based on methods described in the Gully and 

Stream Bank Toolbox (Wilkinson et al., 2016). The approach currently uses past changes in 

gully volume (width, depth and length) to estimate a baseline erosion rate. An assumed 

reduction in erosion rate is then used to estimate “effectiveness” following remediation. 

Knowledge of the clay and silt content in gully soil at the site (using soil data bases when 

measured data is not available), and the ratio of fine sediment delivered from the site through 

the river network to the coast, estimated by Paddock to Reef (P2R) catchment modelling, is 

then used to provide a potential sediment savings to the coast.  

 

The aim of this report is to test the sensitivity of cost-effectiveness estimates to variations in 

input data. These methods are tested on the NESP field monitoring sites (Section 2). In 

particular, long and short term erosion rate estimates are tested (Section 3), and a number of 

recommendations are made based on this work so far (Section 4).  

 

It is acknowledged that there is an active dialogue regarding the various methods for estimating 

cost effectiveness in the Great Barrier Reef (GBR) catchments (e.g. Mt Wickham cost-

effectiveness report by Dale and Silverwood (2018), the Landholders Driving Change (LDC) 

meetings chaired by North Queensland Dry Tropics (NQDT), various projects being led by 

Central Queensland University (CQU) and Griffith University (GU), Queensland Department of 

Agriculture and Fisheries (QDAF) etc). This report provides some insights into the 

‘effectiveness’ component of the cost-effectiveness calculations and will only touch on the 

‘cost’ component of cost-effectiveness. It is also important to highlight that this report does not 

provide a rigorous review of the suite of cost-effectiveness approaches available (see Rolfe 

and Windle, 2016; Rust and Star, 2018). Rather, we aim to document some of the practical 

challenges of estimating cost-effectiveness in a diverse range of gully types, and identify the 

best data sets to use with this approach for the purpose of informing other projects and 

programs.  
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2.0 MONITORING SITES UNDERGOING GULLY 

REMEDIATION 

Five properties in the Burdekin catchment were selected to undertake field investigations into 

the effectiveness of gully remediation on improving water quality. Two in the Upper Burdekin 

(Virginia Park and Meadowvale), one in the Bogie (Strathbogie), one in the Don catchment 

(Minnievale), and one in the Bowen (Mt Wickham) (Figure 1 and Table 1). The first four 

properties are NESP funded sites, and the Mt Wickham site is formerly a project under the 

NQDT LDC project. CSIRO has supported the water quality monitoring at all of these sites, 

and so the data are treated collectively as part of this project. The June 2018 technical report 

for this project (Bartley, et al., 2018) presented the ground cover, terrain and water quality data 

related to how the control and treatment sites are responding in terms of improved water quality 

on the five instrumented properties. These preliminary data were used to test the cost-

effectiveness calculations in this report. 

 

All sites are commercial grazing properties. The five sites represent a range of property sizes 

(3,000 to 39,000 ha), however, geologies, rainfall and dominant pasture species are relatively 

similar (Table 1). The soil types do vary, with Strathbogie residing on a mixture of granite and 

basalt lithologies (Figure 1B). Virginia Park and Meadowvale (Figure 1A) are dominated by 

Red Chromosols and Yellow to Brown Sodosols with dispersive B horizons (Rogers et al., 

1999; Roth, 2004). Minnievale has been classified as a Red Dermosol.  

 

Granite-derived soils such as granodiorites, and basalt-derived soils such as Vertosols, are 

known to contribute fine sediment at high rates to rivers in the Burdekin basin, based on 

sediment source tracing using geochemistry and clay mineralogy (Bainbridge et al., 2016; 

Furuichi et al., 2016). All properties lie within the 500-900 mm rainfall gradient (see Bartley et 

al., 2018 for maps of rainfall, vegetation and geology) and have similar vegetation cover. The 

gully types and erosional features do vary between the properties (Table 1).  
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Figure 1: Underlying soil type at each of the properties (Source: Atlas of Australian Soils) 
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Table 1: Description of the five study sites (Virginia Park, Meadowvale, Strathbogie, Minnievale and Mt 
Wickham).  

Property Virginia Park Meadowvale Strathbogie Minnievale Mt Wickham 

Management Unit      

(sub-catchment) 
Upper Burdekin 

Upper Burdekin 

(and Haughton) 
Bogie Don Bowen 

Local stream 

name and size 

Treatment and 

Control both on 

Weany Creek 

(1400 ha) 

Treatment in 

headwaters of 

Haughton river 

(1400 ha), Control 

on Wheel Creek 

(1000 ha) 

Treatment and 

Control both on 

side arm (1300 

ha) of Capsize 

Creek  

Treatment site on 

Mary Creek (1500 

ha) Control site on 

side arm of Four 

Mile Creek (1400 

ha)  

Treatment 

(3.03 ha) and 

Control 14.14 

ha) sites both 

drain into 

Sandalwood 

Creek which 

connects with 

the Bowen river 

Size of property 

(ha) 
~7000 ha  ~3000 ha ~39,000  ha  ~3750 ha  ~7790 ha 

Soils Red Chromosol  Red Chromosol  Black Vertosol 
Sodic Hypocalcic 

Red Dermosol 

Hypernatric 

Brown 

Sodosol 

Geology 
Granite and 

Granodiorite 
Granodiorite Granite, Basalt Granodiorite 

Granite and 

Granodiorite 

Terrain                               

(% slope 

property) 

2-3% 2-3% 

6-7%                                      

(due to high relief 

in south) 

3-4% 10% 

Average annual 

Rainfall (mm) 
~ 660 mm ~ 680 mm ~ 750 mm ~ 880 mm ~ 600 mm 

Vegetation over-

story  

Widely spaced 

Narrow-leafed 

Ironbark and 

Bloodwood 

Widely spaced 

Narrow-leafed 

Ironbark and 

Bloodwood 

Widely spaced 

Narrow-leafed 

Ironbark and 

Bloodwood 

Widely spaced 

Narrow-leafed 

Ironbark and 

Bloodwood 

Widely spaced 

Narrow-leafed 

Ironbark and 

Bloodwood + 

Poplar gum 

Vegetation 

groundcover 

Dominated by 

Indian Couch 

Dominated by 

Indian Couch 

Dominated by 

Indian Couch 

Dominated by 

Indian Couch 

Dominated by 

Indian Couch 

Gully type 
Linear hillslope 

gullies and scalds 

Linear hillslope 

gullies and scalds 

Linear hillslope 

gullies 

Linear hillslope 

gullies and scalds 

Linear hillslope 

gullies, scalds 

and major 

alluvial gullies 

(incl. tunnel 

erosion) 

Lat Long 

Treatment Gully 

-19.891629, 

146.512731 

-19.838936, 

146.591086 

-20.221489, 

147.556607 

-20.193492, 

148.072038 

-20.462457, 

147.401984 

Lat Long Control 

Gully 

-19.902937, 

146.51609 

-19.828862, 

146.588209 

-20.20425, 

147.558102 

-20.194344, 

148.077696 

-20.465095, 

147.407101 
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3.0 CALCULATING COST-EFFECTIVENESS AT FIELD SITES 

 

3.1 Calculation of costs related to gully remediation 

This report does not focus on the “cost” component of cost-effectiveness, however, there are 

some important baseline items to note.  

• The cost calculations used in this document relate to the direct cost involved in designing 

and installing gully remediation; 

• This includes the staff time required to undertake the works. However, staff time 

associated with planning, coordination and extension is not included; 

 

The items (i) generally included, (ii) sometimes included and (iii) generally excluded in the cost 

component of the gully remediation works are summarised in Table 2. It is broadly 

acknowledged that, “there is high uncertainty in the cost estimate when cost-effectiveness is 

used for conservation or remediation planning, and they are most variable in the intermediate 

cost range” (Carwardine et al., 2010).  

 

It is also important to highlight that this approach does not include: 

• Discounting of future costs and effectiveness;  

• Production costs to landholders, however, it is assumed that the land being remediated 

had little production benefit prior to remediation; 

• Lag times for remediation to be effective – as the projects haven’t been running for long 

enough for such estimates to be made; 

• Maintenance costs – as the focus so far has been on the selection, design and 

implementation of sites, however, the issue of site maintenance will be an important 

consideration into the future. 

 

Rust and Star et al., (2018) estimate some of the indirect costs associated with gully 

remediation including an annual maintenance component and the opportunity costs of stock 

exclusion. Estimates of the annual maintenance cost are ~7 per cent per annum over a 10 

year period and the stock exclusion costs were estimated to be ~3 half years assuming stock 

are excluded for 18 months after the remediation work was complete. The Rust and Star et al., 

(2018) approach currently assumes that: 

• All sediment will reach the end of system, when in fact it is generally only the clay and silt 

component (~30%) of the sediment which is of interest, and of that only a proportion is 

delivered to the coast; 

• Remediation is assumed to reduce gully sediment supply to zero (100% effectiveness), 

which is generally an over-estimate; and 

• Average modelled estimates of sediment loss from gullies from P2R outputs represent the 

site specific erosion rates. 

 

The focus of this report is to assess the variability in the sediment savings and effectiveness 

terms, so improvements in the cost modelling are not considered. These components could 

be included in the future. 
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Table 2: The general cost components included, generally included and excluded for gully remediation 

Costs included Costs generally included Costs generally excluded 

Materials (e.g. rocks, coir logs, 

geotextile etc) 

Technical advice regarding 

design 

Program management costs 

(overheads) 

Machinery hire Travel costs for staff to and 

from the site 

Extension and property 

planning 

Fencing   HSE requirements/costs 

including first aid training, 

safety gear etc (which may get 

charged to overheads?) 

Labour for construction   Maintenance 

Seed/seedlings   

Watering   

 

 

3.2  Calculation of sediment being delivered prior to intervention  

The Reef Trust gully erosion control program cost-effectiveness calculator requires an 

estimate of the amount of sediment currently being delivered from a gully (in tonnes per year, 

t/y), which then allows an estimate of the potential sediment savings to be made at the site. 

However, there are several different methods available for measuring or estimating the amount 

of sediment generated from a gully. In this report we have used four different approaches for 

estimating the sediment loss at each of the monitoring sites that have Lidar, and three 

approaches for sites without Lidar. A summary of the methods is described in Table 3 and the 

calculations for these approaches are given in the Appendix A and available in spreadsheet 

form if needed. The cost ($) remained the same for all scenarios. This comparison helps 

demonstrate the sensitivity of the approach but also helps compare the relative or likely 

differences or uncertainty associated with using the default calculations in the Toolbox. 

 

Caveats for these approaches: 

• In Method 3 (in Table 3), the terrestrial laser scanning (TLS) measured data was applied 

to the headcut proportion of the gully surveyed using the TLS. The remaining gully length 

was assumed to represent side wall erosion, where the rates were assumed to be ~20% 

of the headcut erosion rates (mm/yr) based on NESP terrestrial laser scanning (TLS) 

data and other gully erosion studies that have used erosion pins (Bartley et al., 2007; 

Wilkinson et al., 2018b). 

• The effectiveness values were generally derived from the statistical difference in total 

suspended sediment (TSS) values measured at the monitoring sites (Table 4). At 

Meadowvale, there is not yet a statistically significant difference between treatment and 

control TSS data, so an effectiveness value of 0.1 was assigned. Where we don’t yet 

have data for the Strathbogie and Mt Wickham sites, an effectiveness value of 0.7 was 

assumed. 

• Where the treatments have been in place for two years or more (e.g. Virginia Park, 

Meadowvale and Minnie Vale), the control site TLS data was used to estimate the pre-

treatment erosion rate because the erosion rates of the treated gullies are expected to 
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have been influenced by the treatments. At the sites that have not yet been treated (e.g. 

Strathbogie) the actual TLS values were used.  

• Virginia Park and Meadowvale are physically based in the Upper Burdekin sub-

catchment, which is not currently a priority area for Reef Trust. These sites were included 

as part of the NESP program due to the benefits derived from the long legacy of research 

data collected at these sites. For the purpose of evaluating the effectiveness of the 

treatments on $/t, it was assumed that these sites had a delivery ratio of 0.96, which is 

the equivalent of being located in the Don catchment (i.e. downstream of Burdekin Falls 

Dam). 

• In this report, the length of the gully is estimated as the distance from the top of the gully 

until a change in hydrological contribution which is generally at the junction with another 

gully. 

• Estimates of historical erosion rates for Mt Wickham were undertaken by Verterra 

Ecological Engineering (Dale and Silverwood, 2018). 

• The methods and data describing the aerial photo analysis were presented in Bartley et 

al., (2017) and the methods and results for the two years of TLS data were presented in 

Bartley et al., (2018). They will not be repeated here. 

 
Table 3: The methods used to estimate the baseline rate of sediment yield, being that which would occur 

in the absence of treatment.  

 Brief description Method/Approach 

1 Gully dimensions 

based on rapid field 

measurements  

The long-term average rate since gully initiation based on gully length, 

width and depth derived from Google Earth or field inspection, adjusted 

to represent current rates by a decay factor of 50% (the default value 

given in the Gully Toolbox) 

2 Gully dimensions 

obtained from Lidar 

(width, depth, length 

and area) 

The long-term average rate since gully initiation based on gully metrics 

estimated by airborne Lidar, adjusted to represent current rates by a 

decay factor of 50% (where available, Virginia Park and Mt Wickham 

only). 

3 Current rate based 

on repeat TLS 

measurements 

(scaled to whole 

gully) 

The current rate was estimated based on the volume difference 

between repeated TLS scans of the gully headcut section (~20-90 m), 

scaled to the whole gully based on Lidar gully length. The TLS data is 

not available for Mt Wickham. 

4 Current rate based 

on repeat air photos 

The current rate was estimated based on changes in gully length 

between recent air photos (~1961 – 2006 where available) plus the 

Lidar derived terrain metrics for width and depth. 

 

 

3.3  Calculation of effectiveness of the treatment 

Where available, we have used the statistical difference (as a %) in TSS values measured at 

the NESP sites to represent the ‘effectiveness’ of that intervention (Table 4) (see Bartley et al., 

2018 for a detailed description of how these data were calculcated). We only have measured 

water quality (TSS control vs treatment) data on remediation effectiveness for three sites 

(Virginia Park, Meadowvale and MinnieVale). Remediation works for Mt Wickham have been 

undertaken, and the Strathbogie works have been designed and are planned for December 

2018. Preliminary effectiveness data should be available for these sites in June 2019. 
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The NESP TWQ Hub project is working towards having a broader range of effectiveness 

metrics that include sediment loads, which are a product of sediment concentration and runoff 

at each site. However, obtaining reliable discharge estimates has so far been challenging, so 

the difference between sediment concentrations will continue to be used until reliable sediment 

load data are available.  
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Table 4: Treatments and effectiveness values based on expert opinion (red) or measured estimates (blue)  

Remediation 

approach 

Treatment 

Effectiveness 

estimate from 

Toolbox  

Treatment 

Effectiveness estimate 

based on NESP 

measurements (2 wet 

seasons) 

Site Number of 

years of 

monitoring post 

treatment  

Notes 

 

Fencing only  

 

0.2 0.1 Meadowvale 

 

2 years The fencing only data is showing some potential (e.g. 

increased grass cover in the bed of the channel allowing 

trapping), however, it is likely that this treatment will take longer 

to be effective compared with other treatments. 

Fencing and 5 

PCD’s 

0.5 0.7 Virginia Park ~7 years The treatment was part of the P2R program and has been in 

place for ~7 years. As the PCD’s are now filled with sediment, 

they have likely reached their maximum effectiveness. 

Tunnelling has started to occur under some PCD’s. Note that 

this is higher than the value 0.5 generally attributed to these 

treatments, because of the complete livestock exclusion and 

total treatment of the gully length, and also because of the 

monitoring data. 

Fencing and 

~159 PCD’s 

0.5 0.5 Minnie Vale 2 years This site appears to have had a relatively rapid and positive 

response in just two wet seasons. We anticipate that the 

effectiveness may improve to ~0.7 in coming years.  

 

Within gully PCD’s are intended to trap eroded sediment, 

however, they do not necessarily reduce or prevent headcut 

erosion. 

Ripping and 

stock raking, 

geofabric, 

fencing, grass 

seed 

0.6 No measured treatment 

data yet, however, 

estimated to be 0.7 

Strathbogie First data will be 

available in 2019 

Should have preliminary data after this coming wet season. 

Earthworks, 

soil treatment, 

rock chutes, 

seed. 

0.6 No measured treatment 

data yet, however, 

estimated to be 0.7 

Mt Wickham First data will be 

available in 2019 

Should have preliminary data after this coming wet season. 
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3.4  Preliminary results 

The type of remediation activity, cost, effectiveness value, % of fine sediment and delivery ratio 

used for each of the sites is given in Table 5. The estimated fine sediment savings using each 

of the approaches is presented in Table 6, and the cost-effectiveness in $ per t/y is in Table 7. 

The long and short term measured erosion rates, and the ratio of these two metrics, are shown 

in Table 8, and the rainfall (mm) during each of the measurement periods in presented in Table 

9.  

 

It is acknowledged that it is not possible to have research grade data collected at all sites, 

however, the ratio of the current erosion rate (m/y) measured at each gully using a TLS and 

the long term erosion rate measured from historical air photos (m/y) can be useful to help 

identify gullies that are potentially younger, more active and likely to contribute more sediment 

into the future. The rainfall (mm) over the measurement period needs to be considered using 

this approach, and the rainfall data presented in Table 9 suggests that during the two wet 

seasons of data collection, the rainfall has been consistently under the long term average at 

all of the NESP sites, even with Cyclone Debbie moving across MinnieVale and Strathbogie in 

April 2017. So caution is required using this approach, however, the approach is still 

considered useful in a relative sense, and can potentially highlight relatively young and active 

gullies.  

 
Table 5: Type of remediation, cost of project, effectiveness value, % fines and assigned delivery ratio for 

each site. Note that the Virginia Park treatment has been in place for 7 years and the Meadowvale and 
MinnieVale treatments for 2 years  

Treatment 

site 

Remediation activity Estimated 

cost of 

project 

Effectiveness 

value 

% fines Delivery 

ratio 

Virginia Park 

Fencing off headcut (~100 

m) and 5 PCD’s in gully 

(as well as cultivation and 

seeding of the catchment 

along contours) 

$3,440 0.7 0.33 0.96 

Meadowvale Fencing off only (~200 m) $3,759 0.1 0.32 0.96 

Strathbogie* 

Ripping and stock raking, 

geofabric, fencing, grass 

seed 

$21,500 0.7 0.74 0.87 

MinnieVale 

Stock management in 

gullied paddock and 159 

PCD’s installed around 

headcut and in gully 

channel 

$27,387 0.5 

 

0.42 0.96 

Mt Wickham 

Earthworks, soil 

treatment, rock chutes, 

seed. 

$400,000 0.7 0.41 0.87 
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Table 6: Estimated fine sediment saving at the coast (t/y) using the different methods. Calculations can be found in Appendix 1 

 Method Virginia Park Meadowvale Strathbogie MinnieVale Mt Wickham 

1 Gully dimensions based on rapid 

field measurements of gully 

dimensions 

2.38 0.62 12.21 12.75 471 

2 Gully dimensions obtained from 

Lidar gully metrics (width, depth, 

length and area) 

1.98    116 

3 Current rate based on repeat TLS 

measurements (scaled to whole 

gully) 

1.24 0.64 76.88 6.83  

4 Current rate based on repeat air 

photos 

5.37 1.74 14.85 4.49 1297 

 

 
Table 7: $ per t/y at coast estimates of cost effectiveness using the 4 different approaches. Calculations can be found in Appendix 1 

 Method Virginia Park Meadowvale Strathbogie MinnieVale Mt Wickham 

1 Gully dimensions based on rapid 

field measurements of gully 

dimensions 

1448 6035 1761 2147 850 

2 Gully dimensions obtained from 

Lidar gully metrics (width, depth, 

length and area) 

1786    3444 

3 Current rate based on repeat TLS 

measurements (scaled to whole 

gully) 

2765 5866 280 4007  

4 Current rate based on repeat air 

photos 

641 2160 1448 5335 308 
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Table 8: Comparison of long term erosion rates based on aerial photos and shorter term rates base on TLS. Methods and data describing the aerial photo analysis 
were presented in Bartley et al., 2017. Strathbogie is the only site where the current erosion rate is greater than the long term average, resulting in a ratio >1. Na = 

not available, due to instrument failure or no data yet collected. anote that Mt Wickham gully growth was measured in area (ha) and not linear increase. 

Field site Gully type Annual average rate of 

gully extension (m/y) ± SE      

(~1961-2016) 

Gully headcut 

retreat using TLS 

(2016/17), m 

Gully headcut 

retreat using TLS  

(2017/18), m 

Average erosion rate (m/y) 

using the TLS (for 2 wet 

seasons (2016/17 and 

2017/18) 

Ratio of 

current to 

long term 

erosion 

Virginia Park Treatment 1.70 ± 4.14 0.46 0.34 0.40 0.24 

 Control 0.38 ± 0.56 0.35 0.36 0.36 0.95 

Meadowvale Treatment 1.30 ± 1.36  Na Na - 

 Control 1.64 ± 2.12  0.71 0.71 0.43 

Strathbogie Treatment 2.85 ± 4.37 18.10 7.80 12.95 3.55 

 Control 3.65 ± 6.49 0.75 1.76 1.12 0.39 

MinnieVale Treatment 1.39 ± 2.54 0.50 0.10 0.30 0.21 

 Control 1.59 ± 1.68 0.84 0.48 0.66 0.42 

Mt Wickham  Treatment 0.06 (ha)a   Na - 

 Control    Na - 
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Table 9: Comparison of rainfall (mm) for the long term available record and the rainfall recorded at the sites for the measurement period 

Field site Gully type Long term 

mean 

annual 

rainfall 

(mm) 

BOM Station 

and station 

number 

Distance of 

BOM rain 

gauge from 

site (km) 

Average 

Rainfall (mm) 

for aerial 

photo period 

Rainfall (mm)  

at the site in 

2016/17 

Rainfall (mm) 

at the site in 

2017/18 

Average 

rainfall (mm) 

for 2 year 

monitoring 

period 

Virginia Park 

 

Treatment 

 

650 

Mingela Post 

office (33051) 

 

~13 km 

 

647 345 543 444 

Control 650 “ “ 647 320 587 454 

Meadowvale 
Treatment 650 “ ~8 km 647 402 722 562 

Control 650 “ “ 647 342 763 553 

Strathbogie* 

Treatment 725 Strathmore 

(33082) 

 

~32 km  

 

669 577 474 526 

Control 725 “ “ 669 608 493 551 

MinnieVale 

Treatment 841 Mt Dangar 

(33096) 

~6 km  848 

797 670 734 

Control 841 “ “ 848 730 669 700 

Mt Wickham 

Treatment 626 Myuna (33292) ~20 km 626 Na Full wet season 

not 

instrumented 

 

Control 626 “ “ 626 Na “  
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3.5  What did we learn from this analysis?  

3.5.1 General findings 

• The baseline erosion rate estimates using methods 1 and 2 are proportional to the 

length of the gully used.  

• Current erosion rate estimates can be sensitive to the time period used to estimate 

erosion (Table 8 and Table 9). This is partly due to variations in erosion rate associated 

with rainfall variability, but also due to subtle variations in soil type and topography. 

Erosion rates can also vary depending on where the gully is in its growth lifecycle (see 

Figure 2). Several studies have shown that channel extension is initially rapid and then 

declines over time (Schumm et al., 1987). Graf (1977) proposed that gully growth was 

analogous to the exponential decay of radioactive material and a gully recedes at a 

rate proportional to the length of the valley material remaining up slope, with most of 

the erosion and growth occurring early in the phase of gully development. The erosion 

then declines proportional to the catchment area upslope of the gully (Rutherfurd et al., 

1997).  

• By using a combination of approaches to estimate gully growth rate, we will get a better 

understanding of where a gully is in its lifecycle and this will potentially influence the 

choice of gully for remediation and its relative cost-effectiveness. For example, 

Strathbogie has very high current erosion rates (measured using TLS) compared to 

historical rates (measured from historical air photos) (Table 8). This may, in part, be 

due to the contribution of Cyclone Debbie in 2016/2017 wet season. However, in 

2017/18 the current erosion rates at the Strathbogie treatment site were still double the 

long term rates, and this was a below average rainfall year with no cyclones (Table 9). 

So it is likely that this gully is in its active ‘growth’ phase (e.g. Figure 2).  

• This analysis emphasises that erosion rates, or potential sediment savings, are going 

to vary considerably from year to year for individual gullies and therefore it is important 

to have some estimate of the long term average gully growth over a longer (e.g. 20 

year) time period to even-out the inter-annual variability.  

• The length or area of the hillslope upslope of the gully, relative to the length of the 

current gully, should also be considered carefully when choosing the remediation 

approach. In some cases, shorter gullies that have considerable potential for extension 

into the future (e.g. Figure 4), are likely to benefit from control of headcut erosion even 

though the cost-effectiveness metrics may not be favourable. This would then need to 

be linked to the amount of sediment prevented into the future, and intervening at an 

early part of the growth phase. 

• For the older more mature gullies (e.g. Figure 3), the headcut retreat rate may have 

declined, but they can continue to have higher wall erosion rates than the surrounding 

landscape (Wilkinson et al., 2018b). When extended over long distances, this can 

continue to be a considerable contribution of sediment. In these cases, reduced 

livestock access is a priority for treatment.  

• PCDs trap sediment in the channel and do not reduce erosion of the headcut or walls. 

They are effectively reducing the delivery of sediment from the gully, but they are not 

targeting the actual sediment source. Other options should be considered for gullies 

with rapidly eroding headcuts. 

• The time scale for remediation approaches to become effective is currently not 

considered. Different techniques will take different amounts of time to become effective. 
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For example, fencing may be cheaper, however, it is likely to take several years or 

maybe even decades to be effective. This should/could be considered in any further 

adaptations of this approach, and specifically the influence of the effectiveness lag time 

on the economic discounting term. 

 

 
 

Figure 2: An example of the typical pattern of gully growth showing the early rapid growth phase 
compared to the slower more mature growth phase (after Rutherfurd et al., 1997). 

 

3.5.2 Field site specific findings 

 

Virginia Park 

For most of the methods used in this analysis, the cost-effective values range between $1448 

- $2765 per tonne (Table 7). Only when the long term erosion rates are used does the cost-

effectiveness become <$1000/t. The current TLS derived erosion rates are much lower (0.4 

m/y) than the long term average (1.7 m/y) for the Virginia Park treatment site (Table 8). 

Interestingly, at the control site, the long term and current erosion rates are comparable within 

error (0.38 m/y vs 0.36 m/y; Table 8). This suggests that the erosion rate and potential 

sediment savings calculated based on the current TLS surveys for the treatment site are an 

underestimation (and thus an over-estimation of cost-effectiveness). 

 

It is also possible that these gullies are at different points in their growth phase. Given the 

rainfall for the TLS measurement period is ~30% lower than the long term average for this site 

(Table 9), and that gully erosion is moderately correlated with rainfall (r2 ~ 0.3; Wilkinson et al., 

2018b), these two gullies may be in different phases of their growth trajectory, with the 

treatment site being more mature and the control site more active. However, additional data 

from above average rainfall years will be required to test this assumption. 
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Meadowvale 

After two wet seasons with a “fencing only” treatment there is no (statistically significant) 

measurable effect of this treatment on TSS concentrations. This means that the overall cost-

effectiveness for this site is above $2000/t to date. Interestingly, using the historical erosion 

rates, the effectiveness of the fencing-only treatment would only need to increase to 0.3 to give 

this site a cost-effectiveness of <$1000/t. The current TLS derived erosion rates (for the control 

site) are much lower in the recent two years (0.71 m/y) than they were in the past (1.64 m/r), 

noting that the average rainfall for the two year TLS measurement period is ~13% lower than 

the long term rainfall at this site. However, there is still several hundred metres before this gully 

will reach the ridge top, and therefore a low cost treatment option may be a suitable (and cost-

effective) for this site in the long term.  

 

Strathbogie 

Using Methods 1 and 4, Strathbogie has cost-effectiveness estimates in the order of $1450 to 

$1760 per t. However, when the current erosion rates measured using the TLS over the last 

two wet seasons are used, the $/t cost-effectiveness reduces to ~$280/t. The rainfall over the 

last two wet seasons is ~20% below the long term average for this site, however, despite the 

reduced rainfall, the current erosion rates are ~2 to 6 times the long term average, suggesting 

that this site is in a rapid growth phase. This site has a very high proportion of silt and clay 

(~74%) and when this is combined with a high contemporary erosion rates, it makes this a 

suitable investment site in terms of cost-effectiveness. 

 

MinnieVale 

MinnieVale is the only site where the cost-effectiveness calculation is lowest using Method 1 

(~$2150/t/y). The long and short term gully erosion rates from the control (untreated) gully 

were used in this analysis (to avoid any direct influence of the treatments over the last 2 years), 

and again the current erosion rate is much lower (0.66 m/yr) than the long term average (1.59 

m/yr). The rainfall for the last two years is ~17% lower than the long term average, however, 

at this site, many of the gullies are approaching the natural ridgeline, and it is likely that their 

erosion rate will decline in the future (if it hasn’t already). 

 

Mt Wickham 

This is the only ‘alluvial’ style gully in this assessment and it has provided a useful test for 

these approaches. The cost-effectiveness of this site is ~$308/t when the historical erosion 

rate data is used with the average depth data derived from the site Lidar. Interestingly, the 

cost-effectiveness is $3444/t when the Lidar gully length and average width data are used with 

the default historical estimate of erosion rate. This suggests that for rapidly eroding sites, the 

default gully growth rate estimate may result in an overestimate of cost-effectiveness. 
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Figure 3: An example of mature gullies that have reached the ridgetop and are unlikely to extend further  

 

 
Figure 4: An example of a young gully with considerable potential to erode in the future. 

 

 

A young gully with 

considerable potential to 

erode into the future 

(yellow line).  

Mature gullies that have 

reached the ridgetop and 

with minimal potential for 

further headcut retreat 
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4.0 INSIGHTS AND RECOMMENDATIONS 

General comments: 

• This report has highlighted that estimating the potential sediment savings at a gully 

remediation site has uncertainty attached, derived from the methods used to estimate 

the baseline erosion rate (e.g. Lidar data, TLS derived erosion rates etc).  

• As a result, the difference between the highest and lowest $/t/y cost-effectiveness 

estimates can vary from 2.8 and 11.2 fold for a given site depending on the metrics 

used. This is based on using a fixed cost for the remediation and assuming a fixed 

effectiveness. This highlights the value of using multiple measures to improve the 

estimate where feasible, and of devoting resources to undertake more comprehensive 

estimation methods.  

• This study demonstrates that there can be high variability in the erosion rate and thus 

potential sediment savings and cost-effectiveness at a single site. Using the DEM’s of 

difference of successive terrestrial and airborne Lidar captures will offer improved 

insights into the contemporary erosion rates, particularly when measured over time 

periods that represent the long term rainfall (>5-10 years). Accurate measurements 

over shorter periods are highly variable due to climate variations and longer-term 

measurements of baseline erosion rates based on historical air photos remain useful. 

• At this stage of the NESP project (based on the results from two wet seasons) it is 

difficult to recommend a preferred approach to help reduce the variability in sediment 

savings and cost-effectiveness. Additional measured effectiveness data (to be 

collected in 2018/19 and 2019/20), as well as continued improvement of the terrain 

analysis techniques using Lidar, will hopefully yield a revised approach or 

recommendations in 2020. 

 

Costing of projects 

• Future studies could consider integrating cost discounting, production cost losses, 

maintenance costs and the influence of lag effects, however, these will need to be 

considered in the context of the high variability related to calculating the sediment 

savings and potential remediation effectiveness at individual sites. 

• It may also be appropriate for costs to be calculated for a site (using only the costs 

associated with the direct remediation) as well as for an entire program (which would 

include the cost of extension and administration) which would allow the full cost of these 

programs to be evaluated.  

 

Further work going forward 

• We need to better understand the length of the treatment effect for the various 

techniques, as the cost-effectiveness method is highly sensitive to the length of the 

gully treated.  

• We can partition the TLS derived erosion rates for the ‘headcut’ section vs the gully 

walls in the main trunk. This will provide a better estimate of the relative contribution of 

headcuts vs gully walls. This will then make it easier to estimate the relative sediment 

savings for each component of the gully. This could then be linked to the various gully 

units defined by the Lidar delineation. 

• We can consider adapting this approach to include potential savings and cost-

effectiveness for particulate nutrients as well as for sediments; 
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• Importantly, these activities need to be supported by continued monitoring of the 

water quality improvements from a range of gully remediation techniques in a field 

setting.  
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APPENDIX 1: COMPARISON OF COST-EFFECTIVENESS CALCULATIONS 

Table 10: Comparison of cost-effectiveness calculations for Virginia Park 
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Table 11: Comparison of cost-effectiveness calculations for Meadowvale 

 
 

 

 

 

 

 

 

 

 



Bartley et al. 

26 

Table 12: Comparison of cost-effectiveness calculations for Strathbogie 
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Table 13: Comparison of cost-effectiveness calculations for MinnieVale 
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Table 14: Comparison of cost-effectiveness calculations for Mt Wickham 
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