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Executive Summary
The SedNet sediment budget approach was applied to the 7200 km2 Ovens River catchment
to investigate the spatial variability in sediment loads in relation to the distribution of riparian
vegetation. Improved representation of the channel network, use of high spatial resolution
remotely sensed land cover and elevation data and localized calibration of riverbank erosion
has significantly improved the sediment budget when compared with previous results
generated for the National Land and Water Resources Audit (NLWRA). Geochemical and
radionuclide tracing of flood deposits is investigated at strategic locations along the Ovens
and King Rivers and Buffalo Creek to provide validation and testing of the SedNet predicted
loads.
The sediment budget predicts that 78 and 2 kt y-1 (equivalent to 12 and 3 t km-2 yr-1) of
suspended sediment is exported to the Murray River from the Ovens River and Black Dog
Creek catchments. This export of sediment represents 67 % of the input suspended
sediment delivered to the river network from hillslope, gully and river bank erosion
processes. Much of the sediment load is derived from river bank erosion and the model
suggests that the contribution of sediment from gully and river bank erosion increases with
distance down stream and dominates export in the lower reaches. The radionuclide and
geochemical tracing provide additional lines of evidence that support these conclusions.
Key Messages
1. The dominance of bank erosion as a source of sediment and its major contribution to
loads in the mid-lower Ovens River, suggests that more effective riparian
management should be a priority for reducing loads and improving water quality,
particularly where riparian cover is poor.
2. In general, there is good agreement between observed and predicted suspended
loads for catchment areas > 1000 km2. Model uncertainty increases at smaller scales
due to the inability of model equations to represent fine scale sediment delivery and
transport processes.
3. Geochemical and radionuclide tracing mainly support the SedNet model predictions
but suggest there is significant uncertainty in predicted rates of bank erosion. A more
comprehensive sampling strategy should be considered to assess contribution from
channel sources throughout the catchment.
4. There is likely to be considerable spatial uncertainty in mapped gully density,
producing significant uncertainty in modelled loads, particularly for tributary streams.
Similarly loads for some upland, predominantly forested catchments (Fifteen Mile Cr,
Rose R, and Reedy Cr) are under predicted and these areas warrant field
investigation to ascertain likely sediment sources.
5. In general there is little variation in specific suspended load or mean annual
concentrations predicted along the main rivers in the catchment. Impacts on stream
habitat are likely to be historical consequences of basin wide changes in land use
over time rather than reflecting the contemporary spatial patterns of suspended
sediment distribution within the catchment.
6. Significant accumulations of sand deposits are predicted in the lower reaches of the
Ovens River and this may have impacted on stream health by smothering bed
habitat.
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1 Introduction
The Ovens River is one of the last unregulated rivers in Victoria providing an important
habitat for native fish communities and source of water for major towns and agriculture.
Despite the unregulated condition, assessments of river health reveal a depauperate stream
fauna. Increased sediment inputs from changes in land use and poor riparian management
has been implicated as one of the causal factors leading to loss of habitat.
This project seeks to examine the role that sediment movement has on water quality and
biodiversity in the Ovens River. To do this annual average sediment loads and locations of
sand accumulation are predicted throughout the river network using the SedNet sediment
budget model and stable isotope tracing techniques. The loads and derived measures such
as mean annual sediment concentrations can be used in evaluation of ecosystem response.
The main objectives of the project are:
1. Determine the role of sediment in the deleterious changes observed in the Ovens
River.
2. Determine the source of sediment through stable isotope analysis and SedNet
sediment tracing software, and
3. Correlate sediment sources with riparian vegetation to determine whether improved
riparian management is likely to ameliorate sediment inputs
The second section in the report outlines the methods used to derive high resolution riparian
vegetation, woody cover, and land use maps from remotely sensed satellite imagery. These
provide improved spatial information for implementation in the SedNet model, the methods
and results of which are described in the third and fourth sections of the report. In the fifth
section of the report, the SedNet predicted sediment loads are evaluated in relation to
observed loads, concentrations of stable isotopes 137Cs and 210Pbex and geochemical
fingerprinting at two of the major river confluences on the Ovens River.
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2 Riparian Vegetation Mapping
Riparian vegetation mapping was conducted for the Ovens river catchment to generate high
spatial resolution maps of riparian vegetation for input into SedNet (Prosser et al., 2001).
Land use maps were also generated from satellite imagery for the same purpose. The
satellite imagery used was Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER: 15 metre pixel size) and Satellite Pour l’Observation de la Terre
(SPOT: 10 metre and 2 metre pixel sizes). Figures 1 and 2 show the spatial location of the
satellite imagery used in this investigation. Detailed descriptions of these sensors can be
found at http://asterweb.jpl.nasa.gov/ and http://www.spot.com/

Figure 1: Location map of ASTER imagery.
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Figure 2: Location map of SPOT imagery.
Table 1: Wavelengths and ground resolution of satellite imagery
Sensor
ASTER

SPOT

CSIRO Land & Water

Spectral Range
Band 1: 0.52 - 0.60 µm (green)
Band 2: 0.63 - 0.69 µm (red)
Band 3: 0.76 - 0.86 µm (near-IR)
Band 1: 0.50-0.59 µm (green)
Band 2: 0.61-0.68 µm (red)
Band 3: 0.78-0.89 µm (near-IR)
Band 4: 1.58-1.75 µm (mid-IR)
Pan 0.51-0.73 µm (PAN)

Ground Resolution (m)
15
15
15
10
10
10
20
2
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Three map products were generated from the satellite imagery. These map products were
1. A map showing woody vegetation cover
2. A map showing four structural classes of woody vegetation cover: open woodland,
woodland, open forest and closed forest (Specht 1970).
3. A map showing land use
The woody vegetation map was generated using ENVI, while the vegetation structure and
land use maps were generated using a combination of ENVI and eCognition as described
below. The capacity to identify gullies and bare ground from high resolution SPOT imagery
was also assessed in this project. Some larger gullies could be identified visually within the
imagery, however gullies could not be successfully classified direct from the imagery owing
to highly variable spectral characteristics. Manual digitization of the gully network could be
undertaken in the future, but was beyond the present scope of the project.

2.1 Woody Vegetation Map
Figure 3 illustrated the procedure for mapping woody vegetation. The imagery, although not
within the Ovens catchment, is typical of vegetation found in the area. The defining spectral
features of woody vegetation are low red reflectance and high near IR reflectance (with some
caution applied to avoid including crops).The woody vegetation map was generated using a
cross-plot of red (on the X-axis) and near-infra-red (on the Y axis) as shown in Figure 3b.
This approach was taken to identify individual trees that were not discriminated by the image
segmentation procedure used in eCognition.

(b)
(a)

Woody
Vegetation

(c)
(d)

Figure 3: (a) Colour infra red ASTER scene (vegetation appears as red), (b) feature space plot
identifying the spectral signature of woody vegetation, (c) woody vegetation mapped as yellow,
and (d) final classification and map of non-woody and woody areas of vegetation.
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This technique was applied to the two SPOT scenes and four ASTER scenes, and the
results were mosaiced to generate a single map that covered the entire catchment. Visual
assessment of each image ensured that cropping areas were not incorrectly classified, and
to ensure that all woody vegetation was classified correctly. There was some confusion
between vineyards and woody vegetation owing to their similar spectral characteristics.
These areas were manually removed from the woody vegetation maps. Outputs from this
process in the Wangaratta area of the catchment are shown in Figure 4.

Figure 4: Colour infra red scene near Wangaratta (top image) and the resulting classification
of woody vegetation shown in yellow (bottom image).

CSIRO Land & Water

Page 5

2.2 Land Use and Vegetation Structure maps
Two separate maps were generated, one for land use, and one for vegetation structure.
Both maps were generated using the same techniques. The satellite imagery was
segmented using eCognition, and then classified into the land cover classes listed in Table 1.
This classification was chosen to correspond with the classes used in SedNet. However
additional ‘burn’ classes were included to identify areas where bushfire may reduce the
ground cover and increase the likelihood of erosion. Training areas were selected from
images based on interpretation of their features, and classifications were performed
iteratively until a satisfactory result was achieved based on a visual assessment of the
classification. There was some confusion between woodland and vineyards, and these areas
were manually reclassified as ‘Other non-cereal crops’.

Table 2: Vegetation and Land Use Classes.
Class
Urban
Watercourse
Closed Forest
Open Forest
Woodland
Plantation Forests
Cereals other than rice
Improved Pasture
Native Pasture (High cover)*
Native Pasture (Low cover)*
Other non cereal crops
Hot Burn*
Cool Burn*

The process of segmentation and classification is shown in Figure 5. In mountainous areas
within the catchment, adjacency rules were used to classify shaded areas. For example if a
shaded hillslope was surrounded by open forest, it was classified as open forest. In the
event that shaded polygons had more than one adjacent land use/vegetation type the
assigned land cover class was assigned the class of the adjacent polygon having the longest
border.
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Figure 5: Image segmentation and classification

Limited ground truthing of the Land Use map was done in April 2005. Locations were chosen
that showed strong delineation between different cover classes. These sites were visited in
the field where a GPS location and photograph view direction were recorded. Digital
photographs were taken to record the actual vegetation classes. A listing of these field sites
can be seen below in Table 2.
Table 3: Field site locations and descriptions.
Site
1
1
1
2
3
4
5
6
7
7
7
8
8
9
9
10
10
10

Longitude
146.3536
146.3536
146.3536
146.374267
146.404417
146.398283
146.384133
146.419617
146.5262
146.5262
146.5262
146.685567
146.685567
146.695467
146.695467
146.533633
146.533633
146.533633

CSIRO Land & Water

Latitude
-36.4129
-36.4129
-36.4129
-36.442333
-36.51825
-36.517567
-36.516033
-36.682833
-36.894333
-36.894333
-36.894333
-36.671167
-36.671167
-36.581333
-36.581333
-36.435333
-36.435333
-36.435333

Description
looking East: both grass types ….. green pasture and brown stubble
looking South: brown stubble
looking North: green pasture
looking South: improved green pasture and riparian
looking South: brown native pasture with weeds
looking South: similar to photo 5 but more green grasses
looking North West: eucalypt plantation
looking East: pasture … vineyard … eucalypt forest
looking West: eucalypt State Forest
looking East: native pasture …. riparian …. eucalypt forest
looking North: eucalypt to left and pasture to right
looking East: tobacco
looking West: native pasture …. vineyard
looking East: tobacco … then riparian
looking West: improved pasture (green understorey) … then tobacco
looking East: native pasture
looking North West: native pasture …. then vineyard
looking West: slightly improved pasture
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Figures 6 and 7 show photographs taken at two field sites. Field verification of the classified
satellite data is good for native pasture, riparian and woody vegetation. However, perennial
crops and pastures are not discriminated very well. Problems arise due to the fact that the
satellite images were acquired in previous years and at different times of the year and so
cover and species can be different to that derived from imagery. A time-based paddock by
paddock inventory would be needed to rectify this problem.

Figure 6: Field Site 8 looking West; native pasture then vineyard.

Figure 7: Field Site 6 looking East; pasture, vineyard then eucalypt forest.
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2.3 Mapping the Burnt Area of the Catchment.
During January 2003 the southeast of Australia was subject to a large number of extensive
bushfires. These fires had a major impact on vegetation cover in the south-east portion of the
Ovens catchment. Intensive hot burns completely removed the canopy and litter layers
thereby increasing sedimentation rates. These areas were mapped for input into the
estimation of hillslope erosion rates.
The method used to map the fire scar was the same method as used to derive the woody
vegetation map but in this case the input data was from the MODIS sensor on the Terra
platform. Two MODIS images were used, one pre fire (October 2002) and the other post fire
(March 2003). The resolution of these images was 250 metres and the resulting burnt area
map is shown in Figure 8.

Figure 8: Burnt area mapping derived from 250 metre MODIS satellite data (burnt areas shown
as white).
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3 SedNet and Tracer Methods
Sediment budgets are widely used in geomorphology as a way of accounting for the sources
and sinks of sediment in river basins. They can be used to spatially link sediment sources to
downstream sediment loads and examine contributing areas. Budgets are typically divided
into those for bedload (sand and coarser grades) and suspended load (silt and clay sized
grades). The spatially distributed sediment budget in the Ovens River catchment was
modelled using the SedNet (Prosser et al 2001) ArcInfoTM Macro Language (AML) scripts
first developed and applied to the National Land and Water Resources Audit (NLWRA) of
Australia and subsequently modified to accommodate higher resolution data sources at
regional scales.
Stable isotope and element geochemistry are becoming routine in assessing the likely
source contribution of sediment within catchments (Wallbrink et al 2003). The geochemical
properties of floodplain and channel deposits, when examined in relation to the geochemical
characteristics of soils developed on the different rock types in the catchment, can be used to
determine the most likely source areas for sediment contributing to river loads. Similarly
fallout radionuclides 137Cs and 210Pb have been widely used to determine the erosion
processes which generate river sediments (Wallbrink et al 1999). Caesium-137 is a product
of atmospheric nuclear weapons testing that occurred during the 1950-70s while 210Pb is
generated from the decay of naturally occurring 222Rn in the atmosphere. Both are typically
concentrated into the top 10 cm of soils and bind strongly with fine grained particles. In
subsoils recently exposed by erosion, 137Cs is virtually absent and both 137Cs and 210Pb
concentrations can be used to determine the contribution from subsoil (gully and bank)
relative to surface erosion processes. These can be compared with SedNet predicted loads.

3.1 SedNet
SedNet divides the river network into river links, bounded by stream junctions (nodes). Each
link has an internal catchment area which drains overland flow and delivers sediment to that
link. For each link an annual mass budget and sediment yield is calculated by taking the
difference between, (1) the supply of sediment from the internal catchment area and tributary
streams (upstream yield), and (2) the loss of sediment by deposition on the floodplain and in
the channel. Sediment supply is the sum of sediment delivered from hillslope, gully and
riverbank erosion processes. The SedNet User Guide Manual (Wilkinson et al 2004)
provides a detailed description of the SedNet model of which a summary is provided below
as relates specifically to the Ovens River Basin.
Hillslope erosion represents sheetwash and rill processes and is modelled using the Revised
Universal Soil Loss Equation adjusted for seasonal distribution of ground cover and rainfall
(Lu et al 2001). Not all sediment eroded from hillsides reaches the stream and a hillslope
sediment delivery ratio (HSDR) of typically between 5 and 10 % is used to account for
deposition of the generally coarser particle size grades on hillslopes. Consequently erosion
from hillslopes is assumed to contribute only suspended load to river links.
Gullies are relatively deep, unstable, eroding channels that form at the head, side, or floor of
valleys where no well-defined channel previously existed. Sediment production from gullies is
determined by multiplying their mapped areal density by a representative cross-sectional
area and dividing by the period since initial formation.
River bank erosion includes processes of lateral erosion (particle detachment) and bank
undercutting and collapse, usually attributed to vegetation removal and the loss of shear
strength afforded by riparian cover. It is presently modelled by relating bend migration rates
(metres per year) to gross stream power at bank-full discharge, riparian extent and floodplain
width, and is scaled to whole of reach lengths by considering the proportion of banks active
at any one time. All sediment eroded from gullies and riverbanks is assumed delivered
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directly to river links without any intervening deposition. Both processes contribute
approximately evenly to the bed and suspended loads budgets and a ratio of 50:50 is
commonly assumed in the absence of data to indicate otherwise.
The principal sinks of sediment include deposition in reservoirs and lakes, deposition of
bedload within channels, and deposition of the fine suspended load on floodplains. Any
remaining sediment not deposited is exported from the catchment. Sites of bedload
deposition occur where the incoming load to a reach is greater than the sediment transport
capacity which is inturn modelled from an equation for unit stream power. Deposition of
suspended load on floodplains is modelled by determining the proportion of annual load that
goes overbank and settles out during a typical (i.e. median) flood event.
The sediment transport equations used in SedNet require a number of hydrological variables
(mean annual flow and flow variability) and these are derived by a process of catchment wide
regionalization of daily rainfall runoff records as described by Wilkinson et al (2005).
Parameters in the prediction of runoff are a = -0.577 and b = 3.470, producing mean annual
flow to within 26 % (RRMSE) of that observed at 26 gauging stations (Appendix 1). The
sigma-daily parameter (used in modelling sediment transport capacity) was correlated
(RDSQ-1) with mean annual rainfall to give a power function coefficient and exponent of
6800 and -1.32 (R2 = 0.61) respectively, resulting in an RRMSE of 36 % for
Qd1.4 in

∑

comparison to that measured at the gauging stations. For the Ovens Catchment significant
improvements were made to the SedNet model structure to accommodate higher resolution
regional data sets and these are outlined below.
1.
The topographic river network (Vicmap Hydro25) was manually digitised into the 20 m
Digital Elevation Model (DEM, VicMap Elevation) to enforce accurate representation of the
river network. This ensured streamlines were lower than adjacent river banks.
2.
In regional application SedNet typically uses a 20 – 25 km2 minimum upstream area
to define streams from the DEM. However comparisons with the extent of named streams on
Vicmap Hydro25 suggested that many upland streams begin at smaller upstream areas and
a 5 km2 area was instead used to define the channel head of streams.
3.
Two anabranches were edited into the river network at: (1) Yellow Creek flood
anabranch on the Ovens River, and (2) Fifteen Mile/One Mile/Middle Creek Anabranch. A
flow and sediment partitioning ratio of 42:58 and 50:25:25 was applied at each anabranch,
respectively based on analysis of stream gauging data for the Ovens River and information
from the AEAM model (DNRE 1996).
4.
The average percentage riparian cover was calculated within a 40 m buffer on either
side of the river from a 10 m pixel resolution woody cover map derived from SPOT and
ASTER multispectral imagery classified to yield vegetation cover.
5.
Rates of bank erosion were calibrated (scaling coefficient = 0.00008) to two surveys:
80 km along the mid reaches of the Ovens River and 60 km along the King River. Migration
rates average ~ 0.1 m yr-1 for both reaches.
6.
Gully density was derived from the map of Gully Erosion Density in Victoria (Sargeant
1982). Densities were grouped into 4 categories: insignificant, < 0.2, 0.2 – 0.5, > 0.5 km km-2.
To reflect recent declines in gully activities a contemporary production rate of 50 % of the
long term average was applied to the delivery of suspended sediment.
7.
The relative contribution of suspended and bedload materials to the sediment budget
from gully and bank erosion processes was assumed to be in the ratio 40:60.
8.
USLE estimates of hillslope erosion (Lu et al 2001) were recalculated using the
combined high resolution vegetation cover map from #4 above, the BRS 25 m land cover
data and slope derived from the 20 m DEM. MODIS Terra data were used to map fire
affected areas where ground and canopy cover were removed (southeast uplands region of
catchment). Erosion rate were assumed to average 3 times USLE rates in fire affected areas.
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9.
The hillslope sediment delivery ratio (HSDR) was set at 10 % to reflect the smaller
drainage threshold and steeper upland environment.
10.
Floodplains were mapped from intermediate steps 3, 4 and 5 generated by the multiresolution valley bottom flatness index (MrVBF, Gallant & Dowling 2003), calibrated against
FLOODWAY25 in lowland regions.
11.
A minimum threshold slope of 0.0003 was applied in upland regions (area < 860 km2),
while slope was modelled along lower reaches of the Ovens and King Rivers using local area
regression of surveyed flood heights.
12.
Channel width and depth point measurements within the Ovens catchment
(Drummond & Associates 1985) were linearly regressed against catchment area (R2 = 0.35,
R2 = 0.5) to provide region wide predictive models of mean width and depth.
13.
Unregulated conditions were assumed throughout the river basin due to the small
level of flow extractions (~1 %) and the small size of reservoirs in this catchment.
14.
The 1-year return period flood discharge (Q1) on the partial series provided an
estimate of bank-full discharge and median overbank flood discharge (Qmob). Both were
highly correlated with mean annual flow (Qa) with R2 = 96 - 99 % (RRMS errors of 31 and 39
%, respectively).
15.

A transient bed load model is used to calculate sites of sand accumulation.

3.2 Radionuclide and Geochemical Tracing Methods
The major rock types and their distribution are shown in Figure 9. The main rock types
include: granites in the region of Mt Buffalo, Mt Jack and hills to the northwest of Beechworth
in the mid-upper reaches of Reedy Creek; extensive areas of undifferentiated coarse
sediments in the mid-upper reaches of the Buffalo and Ovens Rivers and mid reaches of the
King River; acid pyroclastics and lavas in the headwaters of the King River and Fifteen mile
Creek; granodiorites in the region of Mt Stanley and fine grained sediment in the upper
reaches of the King River; and extensive tracts of floodplain and river terrace sediments in
lowlands of the Ovens and King Rivers. Soils developed on these different rocks types can
usually be distinguished geochemically.
A total of 33 locations (Figure 9) were established along the main trunks of the Ovens and
King Rivers and Buffalo Creek with the aim of determining the relative contribution of
sediment from tributaries at the two major river confluences. At each location, samples were
taken of comparatively recent flood deposits that are likely to have accumulated within the
last 50 years, being either mud drapes on the banks and bars of the river channel or the top
0 ~ 25 cm of alluvium, typically on low level benches within 1 ~ 2 m of low flow, or higher
level floodplains. The sediment samples were subsequently analysed for a range of major
and trace elements and in the <10µm particle size fraction (clay and fine silt). A subset
comprising two samples on the lower Ovens River, two samples on the King River, two
samples on the middle Ovens, and one sample on Buffalo Creek (Table 7) were analysed for
137
Cs and 210Pbex.
The <10 µm sediment fraction was dried for 24 hours in a laboratory oven at 110oC in acidwashed polyethylene containers. The <10 µm fraction samples were then pulverized and
homogenized in a WC ring mill prior to analysis by X-ray fluorescence (XRF) for major
elements (expressed as weight percent oxides): SiO2, Al2O3, Fe2O3, MnO, MgO, CaO,
Na2O, K2O, TiO2, P2O5, and trace elements (expressed as µg/g): As, Ba, Ce, Cl, Cr, Co,
Cu, Ga, La, Ni, Pb, Rb, S, Sn, Sr, Th, U, V, Y, Zn and Zr. Approximately 1g of the oven dried
(105°C) sample was accurately weighed with 4g of 12-22 lithium borate flux. The mixture
was heated to 1050°C in a Pt/Au crucible for 12 minutes then poured into a 32mm Pt/Au
mould heated to a similar temperature. The melt was cooled quickly over a compressed air
stream and the resulting glass disk was analysed on a Philips PW1480 wavelength
CSIRO Land & Water
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dispersive XRF system using a dual anode Sc/Mo tube and algorithms developed in the
CSIRO Land and Water, Adelaide laboratory based on the methods of Norrish and Chappell,
(1977).
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Figure 9: Geology of the Ovens Basin showing OR05 sampling locations.

A Bayesian statistical approach (Douglas et al., 2003) is used to ‘unmix’ the sediment
contribution at each of the two confluence points on the Ovens River. Samples taken below
the confluence with the Ovens and Kings Rivers were compared with those taken along the
respective rivers above the confluence. Similarly, samples taken below the confluence with
the Ovens River and Buffalo Creek were compared with those taken above the confluence.
Radionuclide sample preparation and analysis is as follows. Following the particle size
separation, c.30g of each sample was ashed in a muffle furnace at 400 °C for 48 hours to
determine the Loss on Ignition (LOI). The powder was then cast in a polyester resin matrix in
either a ‘disk’ (c.30 g) or ‘stick’ (c.10 g), geometry depending on the sample size.
Radionuclide activities were determined by routine high resolution gamma spectrometry
techniques at the CSIRO Land and Water laboratories in Canberra according to the methods
of Murray et al., (1987). Typical count times on gamma detectors were in the order of c.84
CSIRO Land & Water
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Ksecs. Independent checks on detector calibrations were undertaken by participating in
International Atomic Energy Association (IAEA) inter-comparisons.

4

Sediment Budget Results

Table 4 summarises the sediment budget for the Ovens Catchment. The processes of
hillslope, gully and river bank erosion are predicted to account for 6, 29 and 65 % of the total
sediment supply to the river network. Riverbank erosion thus dominates supply of sediment.
In terms of the suspended sediment budget the three process account for 17, 17 and 66 % of
the total supply of suspended sediment to the river. Thus although hillslope erosion makes
up a greater contribution to the suspended load, bank erosion continues to dominate supply.
Of the sediment entering the river network 13 % is predicted to be deposited on floodplains,
39 % accumulates as sand slugs, 3 % is trapped by the two reservoirs, and 26 and 19 % is
exported to the River Murray as suspended and bed load, respectively. In all, 67 % of
suspended load and 32 % of bed load supplied to the river network is exported. The export of
bedload sediment is considered high relative to suspended sediment as a ratio of around 1:5
would normally be expected between the two. This suggests that the supply term for delivery
of bed materials from gullies and riverbanks (set at 60 % of the bulk soil erosion rate) is too
high and there is need to undertake field surveys of bank and gully textures to better
calibrate this term.
Table 4: Summary Sediment Budget

Supply (kt y-1)
Hillslope
Gully suspended
Gully bedload
Bank suspended
Bank bedload
Total

Deposition and Export
(kt y-1)
20
20
70
80
120
310

Floodplain
Channel Bed
Reservoir
Suspended export
Bedload export
Total

40
120
10
80
60
310

Table 5 compares the present catchment sediment budget using the vegetation maps from
remote sensing data derived in Section 2 with results from two previous national scale
models used for the National Land and Water Resources Audit - NLWRA (Prosser et al
2001) and Murray-Darling Basin – MDB (De Rose et al 2003). While results are qualitatively
similar in that bank erosion dominates supply there are some important quantitative
differences. Supply of sediment from hillslopes is about half that estimated previously despite
the higher predicted rates from fire affected areas. This result is consistent with previous
SedNet regional applications (De Rose et al 2002) where the use of land cover at higher
spatial resolution reduces potential miss-classification between forested and non forest land
uses.
Table 5: Comparison of regional budget results with national scale surveys.
Supply Term
(kt yr-1)
Hillslope supply
Gully supply
Bank supply
Suspended export

Regional model
(this report)
20
90
200
80

MDB model
(De Rose et al 2003)
40
29
323
116

NLWRA model
(Prosser et al 2001)
37
109
201
127

Predicted supply of sediment from gullies is spatially variable and this is partly a
consequence of gully density. The MDB model utilized a basin wide predictive model of gully
density while both this study and NLWRA models used the map of Gully Erosion Density in
Victoria compiled by Sargeant (1982).
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Estimated riverbank supply for the present application of SedNet was similar to values
estimated for the NLWRA but significantly less than the MDB model reflecting the improved
calibration of bank erosion rates against two recent surveys along the Ovens and King Rivers
together with more accurate spatial representation of riparian vegetative cover from remote
sensing.

4.1 Spatial Patterns
Figure 10 illustrates the spatial pattern of variation in specific suspended sediment load. The
reaches most impacted by higher specific loads (> 0.15 t ha-1 yr-1) are predicted along the
middle of the Ovens River together with a number of minor creeks in lowland areas.
Sediment loads throughout the Ovens River are predicted to exceed 0.1 t ha-1 yr-1, while for
the smaller tributaries loads are mostly below 0.1 t ha-1 yr-1. In general, there is less than 1
order of magnitude variation in specific suspended sediment loads predicted within the river
network.
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Figure 10: Predicted specific suspended sediment load in relation to river gauging stations.
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In Figure 11 the suspended sediment load is converted to a mean annual concentration (mg
L-1) by dividing by mean annual flow. The average concentrations are weighted towards
sediment loads at high flows and will be greater than those at times of low flow. For most of
the basin there is a trend of increasing mean annual SS concentration with increasing
catchment area from about 5 – 10 mg L-1 in upland tributary streams to around 30 – 50 mg L1
along lowland reaches of the Ovens and King Rivers. A number of lowland tributary
streams and creeks (e.g. Reedy Cr) are predicted to have high (> 50 mg L-1) mean SS
concentrations, suggesting higher turbidity than throughout the majority of the river network.
Since these tend to occur in areas of high estimated gully density, then some care is needed
in interpretation of these results since gully density and activity have significant uncertainty in
the present SedNet model application.
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Figure 11: Predicted mean annual suspended sediment concentration.
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Figure 12 shows variation in the proportion of riparian woody cover which is the main factor
controlling predicted riverbank erosion rates as a function of reach length. The lowest extents
of riparian cover (< 40 %) were observed in the middle reaches of the Ovens, King and
Buffalo Rivers, together with the lower reaches of minor tributaries in these areas. These
reaches together comprise 44 % of the mapped river network but contribute 53 % to the
sediment load from riverbank erosion (Table 4).
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Figure 12: Extent of riparian vegetation cover.

CSIRO Land & Water

Page 17

Accumulation of deep deposits of sand along channel beds has a deleterious effect on bed
habitat. The predicted extent of coarse sediment deposition is shown in Figure 13. While
many of the lowland channels have some deposition, only reaches with estimated depths
exceeding 0.3 m are likely to have large impacts on pool habitat. This level of impact is
predicted mostly along the lower reaches of the Ovens River. This result contrasts with the
NLWRA study in which little or no sand accumulation was predicted for the Ovens River
catchment.
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Figure 13: Predicted extent of coarse sediment (sand) deposition.

Figure 14 illustrates change in the proportion of predicted suspended load derived from bank
and gully processes relative to hillslope erosion. There is a trend of increasing contribution
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from bank and gully erosion processes with distance downstream. In upland tributaries
typically > 60 % of the load is predicted to be derived from hillslope erosion while along the
lower Ovens River > 80 % is derived from bank and gully sources. These levels of
contribution can be compared against the results from analysis of fallout radionuclides.
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Figure 14: Map of sheet and rill erosion predicted from RUSLE using high resolution digital
elevation and land use cover, in relation to the percentage of suspended load derived from
gully and riverbank erosion.
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5 Sediment Budget Evaluation
5.1 Comparison to Observed Loads
There are 10 water quality monitoring sites in the Ovens Catchment and a turbidity derived
load estimate by Post et al (1995) at Peechelba on the lower Ovens River which provide
comparison with the SedNet predicted loads. Suspended sediment concentrations and daily
discharge were downloaded from the Victorian Water Resources Data Warehouse.
Observed sediment loads were derived by fitting a rating curve ( SS = a + bQ c ) to the
suspended sediment (SS) and daily discharge (Q) measurements.
The total supply of sediment in the present regional application of SedNet is less than in
previous national scale surveys (Table 5) and this has resulted in lower predicted export of
suspended sediment from the basin area, more consistent with the observed loads. For
example, the predicted load of 78 kt yr-1 at the long term turbidity monitoring site at
Peechelba is closer to the turbidity derived load of 56 kt yr-1 (Post et al 1995). Any difference
probably relates to uncertainty in both predicted and observed loads. Alternately, bank and/or
gully supply terms may be over predicted by the model.
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Figure 15: Comparison of modelled and measured suspended loads (a) and specific
suspended loads (b) at 10 water quality monitoring sites (Appendix 1) in the Ovens River
Basin. Red points are for sites with catchment areas > 1000 km2. The 1:1 line is shown dashed.

In general, there is good correlation between observed and predicted suspended sediment
loads for the ten water quality monitoring sites (Figure 15a). This is partly a consequence of
autocorrelation in which sediment load is largely a function of catchment area. A comparison
of specific loads (i.e. load normalised by catchment area) provides a better measure of
model uncertainty (Figure 15b), and suggests that although loads are reasonably well
predicted for sites with catchment areas > 1000 km2 (RRMS error = 42 %), in smaller
tributary basins the suspended load is less well predicted (RRMS error = 99 %). This points
to an increase in model uncertainty at smaller application scales due to inability of model
equations to resolve fine scale processes. Therefore care is needed in the interpretation of
predicted loads in tributary basins with catchment areas of less than 1000 km2.
For tributary basins with areas > 1000 km2 the predicted loads are on average ~ 35 % greater
than observed loads. This is expected given inclusion of recent fire impacts into USLE
estimates of hillslope erosion. In addition, water quality sampling used to derive load
estimates typically under represent the high sediment load flood events.
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Of the tributary basins, the three with observed loads greater than predicted by SedNet
(gauges 403213, 403217, 403221, Figure 15b, Appendix 1); all lie in upland areas of the
basin and are mostly forested. The dominant sources of sediment in these basins, which are
predicted to be river bank and hillslope erosion, would appear to be under-represented. It is
plausible that the delivery of sediment from hillslopes to streams is greater in these wetter
and steeper areas of the basin than the assumed basin wide average of 10 %. A spatially
variable HSDR for these streams has been calculated to range from 20 ~ 30 % (Lu et al
2003). Increasing HSDR to this value, however, would not account for the level of under
prediction in loads and it is therefore most likely that fine scale channel processes are being
under represented.
The other two tributary sites with water quality observations (403205, 403244) have higher
predicted loads than observed and these also fall within predominantly forested upland
reaches of the Ovens River Basin. However these regions of the Ovens River were heavily
impacted by recent fires and the higher predicted loads are partly a consequence of
implementing higher USLE estimates (Figure 14) in fire affected areas, while observed loads
are the average for the past 15 – 20 years.
Figure 16 compares the error in predicted suspended sediment load to error in predicted
bank-full discharge at gauging stations. It demonstrates that about 50 % of the uncertainty in
predicted loads is caused by error introduced in the modelling (regionalization) of bank-full
discharge. Since bank-full discharge is one of the main variables used in calculation of rates
of bank erosion ( BEαQbf S ) then any error in regionalization of bank-full discharge translates
to an equal error in bank erosion. Although the RRMS error of 31 % for predicted bank-full
discharge is a relatively good result, it needs to be greatly improved to reduce error in
estimation of the rates of bank erosion and this is an area of work requiring further
investigation.
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Figure 16: Comparison of error in predicted suspended sediment loads with error in predicted
bank-full discharge at gauging stations.

5.2 Geochemical Tracing
Table 6 shows the proportion of sediment contributed from the King River and Buffalo Creek,
based on the chemical composition of floodplain sediment deposits and these are compared
to the relative suspended sediment contributions predicted by SedNet.
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The average relative contribution of 34 % from Buffalo Creek to the Ovens River, based on
the geochemical composition of sediment deposited along the mid Ovens River, is almost
identical to that predicted by SedNet. The sites OR050/17 & 19, which are on higher
floodplain deposits and equivalent to large floods, suggest that there is a higher relative
contribution (~ 54 %) from Buffalo Creek during high flows. Conversely, the upper Ovens
River would appear to contribute the majority of the sediment load at lower flows or during
more recent flood events. This could be a consequence of the effect of recent fires delivering
more sediment from the upper Ovens River. Variable trapping efficiency of Lake Buffalo
would also alter the relative contribution made from Buffalo Creek during differing sized
flows. A significant proportion (about 30 %) of sediment moving down Buffalo Creek is
trapped in Lake Buffalo and much of this is likely to occur at lower flows when the trapping
efficiency of the Lake will be highest. At higher flows a greater proportion of the transported
sediment will pass through the Lake, hence making a greater relative contribution to the
Ovens River.
The average relative contribution of 39 – 52 % from the King River to the Ovens River, based
on the geochemical composition of sediment deposited along the lower Ovens River (Table
6), suggests that there is about twice as much sediment coming from the King River relative
to the upper Ovens River, than is predicted by SedNet. This means that the SedNet
predicted loads are either under predicted in the King River or over predicted in the upper
Ovens River. Since the measured load on the King River (8.3 kt y-1 @ station 403223) is
similar to the predicted SedNet load of 9.6 kt y-1 and the measured load on the Ovens River
above the confluence with the King River (24 kt y-1 @ station 403230) is about half the
predicted SedNet load of 41 kt y-1, then the difference (Table 6) can be attributed to
overestimation in sediment load from the upper Ovens River. This is almost certainly related
to over prediction in the rates of bank erosion (Figure 16) since bank-full discharge for the 3
gauging sites on the Ovens River between Harrietville and Rocky Point is over predicted by
42 %.
The sites OR050/03 & 04 on the lower Ovens River, which are representative of very recent
sediment deposited within the channel, suggest that the King River is making a greater
relative contribution to (and tending to dominate) loads in the lower Ovens River at low flows,
or at least on the receding limb of the flood hydrograph when sediment is deposited within
channel. In contrast, however, the average contribution to higher level floodplain deposits
(which would be more consistent with longer term averages) suggests that the upper Ovens
tributary tends to deliver the majority of sediment at peak flood flows, more consistent with
the SedNet predictions (Table 6).
Table 6: Relative contribution of sediment to confluence points along the Ovens River based
on ‘unmixing’ chemical tracers of flood deposits below each confluence. Averages are shown
with ± 95 % confidence limits.
Ovens R below King R confluence
Sample location
OR050/01
OR050/02
OR050/03
OR050/04
OR050/31
OR050/32
OR050/33
Average
High floodplain
SedNet

CSIRO Land & Water

Fraction from King R
0.41
0.4
0.65
1
0.38
0.47
0.31
0.52 ± 0.18
0.39 ± 0.05
0.19

Ovens between King R and Buffalo Cr
confluence
Sample location
OR050/17
OR050/18
OR050/19
OR050/20
OR050/21
OR050/22
OR050/23
Average
Floodplain
SedNet

Fraction from Buffalo Cr
0.55
0.37
0.53
0
0.33
0.29
0.31
0.34 ± 0.14
0.54 ± 0.04
0.35
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5.3 Fallout Radionuclides
Table 7 compares the results of 137Cs and 210Pb analysis with the relative contributions made
by subsoil dominant processes (i.e. gully and bank) to sediment loads predicted by SedNet.
The average 137Cs and 210Pb concentrations from sediment samples, when compared with
averages for forested and pasture soils (Figure 17), taken both within the Ovens and
neighbouring Gippsland catchments (Hancock pers comm.), can be used to derive an
estimate of the relative contribution from hillslope to subsoil derived sources of sediment.
Low levels of 137Cs and 210Pb imply little contribution from hillslope sources and visa versa.
The sites along the lower Ovens and King Rivers have very low concentrations of both 137Cs
and 210Pb relative to pasture or forest soils and this suggests that the suspended load
transported to these locations is derived largely from subsoil erosion processes of gully and
riverbank erosion. The low 137Cs levels at both sites suggest that only between 5 and 11 % of
the sediment load is derived from hillslope erosion whereas the remainder is derived from
subsoil processes. Similarly the levels of 210Pbex indicate that between 10 and 22 % of the
sediment load is potentially derived from hillslope processes. The higher 210Pbex
concentrations relative to 137Cs in river sediments is a consequence of the continual input of
210
Pb (137Cs input ceased in the 1970’s). The results of the radionuclide tracers are in close
agreement with the SedNet results at these sampling locations, which suggests that about 15
– 19 % of sediment is derived from hillslope and 81 – 85 % from gully and bank erosion
processes (Figure 14).
Table 7: 137Cs and 210Pb concentrations compared with the relative bank and gully source
contributions predicted by SedNet at various sample locations along the Ovens and King
Rivers and Buffalo Creek.
Location
Lower Ovens
King R
Buffalo Cr
Mid Ovens

Sample
location
OR050/03
OR050/04
OR050/06
OR050/08
OR050/14
OR050/18
OR050/21

137

Cs (Bq m-3)
2.19
0.71
1.06
1.19
15.49
10.72
7.64

210

Pbex (Bq m-3)
32.03
1.30
34.3
20.2
58.5
107.2
98.9

SedNet
Bank + Gully (%)
85
85
82
81
71
82
78

In contrast to the lower Ovens, sites along the mid Ovens River and Buffalo Creek have
higher 137Cs and 210Pbex concentrations suggesting that there is greater relative contribution
from hillslope processes. The average concentrations (Table 7) suggest that between 42 and
89 % of the sediment load at these locations is derived from hillslope erosion. Although there
is a slightly smaller contribution predicted by SedNet for bank and gully sources at these
sample locations compared with the lower Ovens and King Rivers, the SedNet results
(Figure 14) suggest that subsoil processes rather than hillslope erosion still dominates
contribution to river sediment loads. However, it is important to note that this represents a
reconnaissance survey, and a greater number of locations would need to be investigated to
confirm whether these results apply beyond the 3 sampling locations examined here.
The contrast between the radionuclide and SedNet results along the mid Ovens River further
supports the evidence from measured loads and geochemical tracers that the rates of
riverbank erosion are over predicted along the major reaches of the upper Ovens River.
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Figure 17: Average 137Cs and 210Pb concentrations for sediment samples in the Ovens and
King Rivers compared with surface average concentrations from forest and pasture soils taken
within the Ovens and neighbouring Gippsland catchments.

6 Conclusions
The use of high spatial resolution satellite imagery has enabled detailed mapping of the
spatial distribution of riparian vegetation, and the identification of different structural classes
of vegetation. The vegetations maps have permitted significantly improved USLE estimates
of hillslope erosion and allowed us to identify locations where riparian vegetation was acting
to reduce bank erosion, thereby increasing the reliability of the bank erosion component of
the sediment budget. Results of this analysis showed that almost ½ the river network,
primarily along the mid reaches of the Ovens River and mid to lower reaches of tributary
streams, has relatively poor (< 40 %) riparian woody cover and these areas will be producing
the majority of sediment delivered to lower reaches of the river.
In general, there is good agreement between observed and predicted suspended loads for
catchment areas > 1000 km2. Model uncertainty increases at smaller scales due to the
inability of input data and model algorithms to represent fine scale variations in sediment
delivery and transport processes. By comparing SedNet model results at various locations
within the river network to measured loads and the results of geochemical and fallout
radionuclide tracers, we have been able to show that error in the estimation of bank-full
discharge and the rates of river bank erosion produces about ½ the spatial uncertainty in
predicted suspended sediment loads.
Further work on improving the spatial accuracy of the sediment budget should therefore
focus on: (1) obtaining more accurate measures of river bank erosion rates, (2) field survey
of bank textures to correctly ascertain the relative bedload and suspended load contribution
from banks, (3) methods for improving regionalizing of bank-full discharge, and (4) a more
comprehensive survey of fallout radionuclides at a greater number of sites. There is also
potential to implement a spatially variable hillslope sediment delivery ratio. Furthermore, a
more precise map of gully densities would significantly enhance the sediment budget for
regions in which they occur.
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Appendix 1:
Location names of gauging stations and associated water quality monitoring sites.
Gauging Station
403200
403205
403209
403210
403213
403214
403216
403217
403218
403220
403221
403222
403223
403224
403226
403227
403228
403229
403230
403232
403233
403236
403240
403241
403242
403244
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River Location
Ovens River @ Wangaratta
Ovens River @ Bright
Reedy Creek @Wangaratta
Ovens River @ Myrtleford
Fifteen Mile Creek @ Greta South
Happy Valley Creek @ Rosewhite
Buffalo Creek @ Myrtleford
Rose River @ Matong North
Dandanong River @ Matong North
Buffalo River @ Lake Buffalo
Reedy Creek @Woolshed
Buffalo River @ Abbeyard
King River @ Docker Road
Hurdle Creek @ Bobinawarrah
Boggy Creek @ Angleside
King River @ Cheshunt
King River @ Lake William Hovel
Black Range Creek @ Edi Upper
Ovens River @ Rocky Point
Morses Creek @ Wandiligong
Buckland River @ Harris lane
Barwidgee Creek @ Myrtleford
King River @ Edi
Ovens River @ Peechelba
Ovens River @ Wangaratta (combined)
Ovens River @ Harrietville
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