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Figure 4-6 RRL Calibration and Verification For Gauge AW426403 

 

Figure 4-7 RRL Calibration of Daily Flows (Small Events) For Gauge AW426403 
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Figure 4-8 RRL Calibration of Daily Flows (Large Events) For Gauge AW426403 

The Murraylands E2/WaterCast subcatchment model was carefully constructed to contain 
subcatchment outlets at gauge stations used for model calibration. Thus parameterisation of the 
calibration catchments was made relatively easily by adopting these calibration parameters. 
Hydrological parameterisation of the remainder of the model involved the adoption of parameter sets 
from nearby calibrated catchments.  

Figure 4-9 shows the spatial application of calibration parameter sets and Table 4-11 shows the 
adopted hydrological parameters for the remaining ungauged catchments represented by the model.  

Table 4-11  Adopted Hydrological Parameters 

  SYMHYD Parameters 
Zone Gauge Ref. bc i ic is itc pf risc rc smsc

1 AW426536 0.007 5.0 210 7.0 0.00 1.0 0.0 0.05 410 
2 A4261028 0.15 5.0 228 5.2 0.00 1.0 5.0 0.53 395 
3 AW426688 0.240 5.0 136 5.0 0.01 1.0 1.1 0.08 240 
4 AW426679 0.142 5.0 136 5.6 0.04 1.0 3.5 0.27 240 
5 AW426503 0.240 5.0 256 6.2 0.01 1.0 5.0 0.44 415 
6 AW426504 0.120 5.0 256 6.2 0.09 1.0 5.0 0.13 500 
7 AW426530 0.130 5.0 256 4.3 0.10 1.0 3.6 0.36 415 
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Figure 4-9 Hydrological Parameterisation of Murraylands E2/WaterCast Model 
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4.9 Accounting for Instream Losses 

The model calibration process highlighted some apparent discrepancies in selected stream flow. The 
Bremer and Angas rivers in the EMLR have a number of gauges located in succession in the upper 
and lower parts of these rivers. These records indicated that a loss of volume was occurring between 
upper and lower gauge sites potentially impacting on the volume of flow to the lake system. This 
section details the identification and development of a conceptual model to describe the loss of flow in 
the lower EMLR streams and the implementation in a ‘link’ in the Murraylands E2/WaterCast Model.   

4.9.1 Identification of Overlapping Gauge Records 

The stream gauge sites that indicate in-stream losses are those on the lower Angas and Bremer. The 
available stream gauge records for these rivers are: 

• Angas River: AW426503, A4261101, A4261074, AW426629, A4261073; 

• Bremer River: AW426533, A4261070, A4261102, A4261072.  

Not all of the above sites have overlapping data or extensive records. Table 4-12 summarises gauge 
data for the above sites. The consistent periods of overlapping data occur between the August 2004-
April 2007. The stream gauge sites corresponding to this overlapping period are shown below (Figure 
4-10). Three stream gauges with overlapping record are available for both the Angas and Bremer 
Rivers.  

Table 4-12  Gauge Records for Angas and Bremer Rivers  

Gauge Start End Comments 
Angas River 

AW426503 Jun-64 Dec-06 
Represents only a portion of  

upstream catchment 

A4261101 Nov-06 Jan-07 73 days, minimal flow data 
A4261074  Aug-04 Apr-07 - 
AW426629 Jun-91 Dec-02 Station ceased since 2002 
A4261073 Aug-04 Apr-07 - 

Bremer River 

AW426533 May-73 Mar-07 
Represents only a portion of  

upstream catchment 
A4261070 Aug-04 Apr-07 - 
A4261102  Nov-06 Jan-07 73 days, no flow data 
A4261072 Aug-04 Apr-07 - 

The upstream gauge sites on the Angas and Bremer Rivers (AW426503 and AW426533) represent 
only a small portion of the total upstream catchment therefore the low-lying gauge sites with 
proportionally small contributing catchments are best to observe any loss of flows without adding the 
complication of significant catchment area changes. Therefore gauges used for the in-stream loss 
comparison are A4261074 and A4261073 on the Angas River and A4261070 and A4261072 on the 
Bremer River. 



DEVELOPMENT OF THE MURRAYLANDS E2/WATERCAST MODEL 4-21 

 
G:\ADMIN\B16618.G.TRW_MURRAYLANDS_E2\R.B16618.001.02.DOC   

 

Figure 4-10 Stream Gauge Sites With Overlapping Record 

4.9.2 Gauged Stream Losses 

Plots of flow rate from 2004-2007 for the two stream gauging sites on the Angas and Bremer Rivers 
are shown in Figure 4-11 and Figure 4-12.  

 

Figure 4-11 Lower Angas Daily Flow Record 
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In the lower Angas, the upstream gauge records considerably more flow than the downstream gauge 
and appears to be consistent across the majority of the available record. The quality of the Angas 
gauge data is prescribed “Provisional/Theoretical” indicating a theoretical rating curve may have been 
used to generate the recorded flows and some systematic bias may be embedded in the data as a 
result of these rating curves. Hydrograph peaks in the downstream record are consistently lower or 
non-existent and Hydrograph recession and baseflows are also reduced.    

 

Figure 4-12 Lower Bremer Daily Flow Record 

In the lower Bremer the two gauge records show large variations, with the lower gauge sometimes 
recording much higher flows than the upper gauge and visa-versa (for example winter 2005 
compared to winter 2006). Like the Angas River gauges, these gauges are also prescribed a quality 
rating “Provisional/Theoretical”, however systematic bias is not evident between the inter-seasonal 
data. Hydrograph peaks at the downstream site appear significantly higher in winter 2005 and the 
hydrograph recession shape appears similar between records.   

Given the relative proximity of these gauges such large difference in flows would not be expected, 
however various factors may contribute to the apparent increase and/or decrease in flows from 
upstream to downstream sites including: 

• Additional rainfall and runoff from small lowland catchments; 

• Recording error, and rating curve uncertainty; 

• Changes in channel shape as a result of flows (resulting in rating curve uncertainty); 

• In-stream contributions from other sources (for example groundwater); 

• Water extractions; 

• Infiltration; and 

• Instream storage. 
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The magnitude of flow differences is shown in the cumulative flow curves (Figure 4-13, Figure 4-14). 
The observed difference from upstream to downstream on the Angas River is approximately -50%. 
The total flow at the end of the catchment is similar to that recorded from 1/3 of the total catchment 
area in the upper catchment. 

 

Figure 4-13 Cumulative Flow, Angas River 

 

Figure 4-14 Cumulative Flow, Bremer River 

The observed difference from upstream to downstream on the lower Bremer River is approximately 
+25%, even though no substantial inflows are expected at the bottom portion of the catchment. 
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Despite this anomaly, the recorded flows at the bottom of the catchment are less than that recorded 
from 80% of the total catchment area in the upper catchment.  

The data from the EMLR lowland streams therefore paint a confused picture with the Angas River 
showing consistent in-stream losses, while the Bremer shows relative gains with occasional losses 
and minimal flows from the lower portions of the catchment. Some of the flow discrepancies may be 
attributable to gauge errors, in addition to potential in-stream processes.  

The Murraylands E2/WaterCast model can be amended to account for instream losses to better 
predict flows from the Angas and Bremer Rivers to the Lakes system. This may be particularly critical 
in dry years such as 2006 when flows to the lake from the EMLR may be significantly less than 
predicted by the E2/WaterCast model. The stream gauge data for winter 2006 indicates 
approximately 20% decrease in flow for the Angas River and 40% decrease flow for the Bremer River 
(Figure 4-15 and Figure 4-16) 

 

Figure 4-15 Winter 2006 Angas River Flow 

 

Figure 4-16 Winter 2006 Bremer River Flow
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4.9.3 Conceptual Representation of In-stream Losses  

A conceptual in-stream loss model has been formulated to incorporate into the E2/WaterCast model 
as an ‘E2/WaterCast storage’ and therefore allow for a loss of flow at a link, particularly in the lower 
reaches of the Angas River and potentially in the Bremer and other low land river links.  

The loss model is conceptualised as an in-stream storage of given volume (Smax) (ML), minimum 
(MinL) and maximum (MaxL) loss rate (ML/d) to represent seepage through the bottom and sides of 
the storage, and slow release rate (%) of the storage to the downstream node. The loss rate is 
calculated in relation to the storage level using linear interpolation between MaxL and MinL. Thus, 
when the in-stream storage is full the loss rate through seepage is maximised and when the storage 
is empty the loss rate is minimised. The slow release represents the ‘routing’ of low flows through the 
storage to the next node. All flows in excess of the storage capacity first fill up the storage and then 
overtop it by passing straight through to the next node.  

The above conceptual model is applied in E2/WaterCast via three relational tables describing: 

• Storage level vs. volume; 

• Storage level vs. losses; and 

• Storage level vs. release rate (outflow).  

The storage level vs. volume table was allocated constant area thus area was directly proportional to 
volume. Flows that overtop the storage pass straight through. The remaining two tables were 
constructed using the following formulae: 

( )
maxS

MinLMaxLVolumeLoss tt
−

×=   Equation 1 

( )tt LossVolumeOutflow −×= %    Equation 2 

Smax  = Maximum storage volume 

MaxL = Maximum loss rate 

MinL  = Minimum loss rate 

%  = Release rate 

Losst = Instream loss through seepage at time t 

Volumet = Storage volume at time t 
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4.9.4 Loss Model Implementation 

Individual loss models for the Angas and Bremer Rivers were first implemented in a spreadsheet 
using recorded data for the period 2005 – 2007. The spreadsheet model was implemented to aid 
calibration. Model efficiency (Nash Sutcliff Efficiency) was used in addition to volumetric error to judge 
the performance of the model. Generally, only three seasons of concurrent data were available to test 
the model. The first two seasons were generally used as calibration data sets and the third season 
used as a verification data set.    

The Angas River model under predicts in 2005/6 but over predicts in 2007. The overall difference in 
volume for the entire period is just 0.5%. The overall loss of flow predicted by the model (between the 
upstream gauge and the downstream gauge is approximately 50% or 6200 ML over 3 years.  

 

Figure 4-17 Angas River instream loss model calibration/verification 

The Bremer River model over predicts in 2005/6 and in 2007. The overall difference in volume for the 
entire period is just 3%. The overall loss of flow predicted by the model (between the upstream gauge 
and the downstream gauge is approximately 30% or 5700 ML over 3 years.  
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Figure 4-18 Bremer River instream loss model calibration/verification
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5 RESULTS AND DISCUSSION 

Currently, 2 scenarios have been generated for the Murraylands E2/WaterCast model including an 
existing case and predevelopment case through changes to the land use raster only.  

The development of the existing case can now form the basis of any subsequent scenarios and the 
results from this scenario are outlined in detail below.  

5.1 Existing Scenario 

The construction of the Murraylands E2/WaterCast model as outlined in Section 4 provides the base 
model (‘existing’ scenario) from which further scenarios can be generated. This section presents the 
preliminary results from this existing case.  

The ‘existing’ scenario models the entire Murraylands region using: 

• Existing land use data (2003); 

• Rainfall/runoff SYMHYD parameters from several flow calibrated subcatchments; 

• EMC/DWC values associated with existing land use data; 

• 36 years of subcatchment averaged SILO rainfall data (January 1970-June 2007); and 

• Disaggregated gridded monthly PET data. 

The results of this existing scenario are presented in the sections below. 

5.1.1 Spatial Representation 

The results of the Murraylands E2/WaterCast model can be viewed spatially by extracting results and 
post processing in a GIS package. This was achieved by extracting individual subcatchment outputs 
(such as flows and pollutant loads) importing these outputs into a MapInfo table. This data was then 
converted to gridded data with applied colour shading allowing for quick visual inspection and 
interpretation of results. Selected model outputs are provided in Figure 5-1 to Figure 5-5 below and 
include annual rainfall, predicted flows and pollutant loads for TSS, TN and TP.  

5.1.1.1 Annual Rainfall 

Much of the Lower Murraylands region covered by the E2/WaterCast model receives relatively little 
annual rainfall. Figure 5-1 shows the results of spatial analysis of the SILO rainfall data averaged 
across each catchment for the Murraylands E2/WaterCast model. The average annual rainfall for the 
36 years (1970-2006) for the entire 68,000 km2 catchment is approximately 305mm, however the 
rainfall varies across the catchment from 228-876mm/yr. 
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Figure 5-1 Mean Annual Rainfall, 1957-2006 

As Figure 5-1 shows, the areas of highest rainfall are concentrated in the Mt Lofty region, however a 
relatively steep rainfall gradient exists east of the Mt Lofty ranges and to the north of the basin. The 
E2/WaterCast model calculates subcatchment rainfall by averaging the 5km x 5km SILO rainfall grid, 
therefore requiring subcatchments with high rainfall gradients to be split to account avoid losing the 
rainfall variability. As discussed previously, to account for the rainfall gradient observed east of the Mt 
Lofty region, smaller subcatchments have been incorporated into this section of the model to capture 
this variability. The annual rainfall distribution gives a good indication of where the majority of 
catchment flows will originate. 
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5.1.1.2 Flows 

Figure 5-2 shows the mean annual flow per unit area for the Murraylands E2/WaterCast model and 
identifies the high rainfall zones as indicated by Figure 5-1 and includes the adjustments in runoff 
through the application of the individually calibrated SYMHYD models. As expected, on a per unit 
area basis, the Eastern Mt Lofty Range catchments deliver the highest flows. 

 

Figure 5-2 Mean Annual Areal Flows 
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The modelled flows from the Eastern Mount Lofty Catchments of the Marne, Bremer, Angas, Finniss 
rivers in addition to flows from Tookayerta Creek and Currency Creek have also been independently 
modelled by CSIRO (2007) This modelling study also used the SimHyd model calibrated against four 
gauges. Direct comparison between the present study and the CSIRO modelling study shows good 
agreement between both the calibration performance and the total flows modelled from these rivers 
as shown in Table 5-1 and Table 5-2.  

Table 5-1 shows a comparison between calibration performance as measured by the Nash-Sutcliffe 
coefficient of efficiency for common stream gauges for the CSIRO (2007) and the present studies. 
The results show both models performing well with good correlation between measures and 
predicted flows at these gauges.  

Table 5-1  Comparison Between CSIRO and E2/WaterCast Calibration Performance 

 

Nash-Sutcliffe Efficiency 
Monthly flow volume 

(verification performance) 
Gauge WaterCast CSIRO (2007) 

42605330* (Bremer) 
0.86, 0.59, 0.72, 0.82 

(0.77, 0.82, 0.73, 0.74) 0.82 
42605030 (Angas) 0.9 (0.7) 0.78 
42605040 (Finniss) 0.84 (0.83) 0.9 
42605300 (Currency) 0.95 (0.8) 0.9 

*Four upstream gauges were used for calibration for the WaterCast model 

Table 5-2 shows a comparison between modelled average annual end of catchment flows for the 
Marne, Bremer, Angas, Finniss Rivers in addition to flows from Tookayerta Creek and Currency 
Creek.  

Table 5-2 Comparison Between CSIRO and E2/WaterCast Predicted Flows  

 Catchment 
WaterCAST 

Predicted GL/yr 
CSIRO Predicted 

GL/yr* 
Difference (%) 

Marne River 8.9 8.9 0.4% 
Bremer River 18.9 19.8 -4.5% 
Angas River 6.3 15.1 -58.0% 
Finniss River 33.3 42.7 -22.0% 
Tookayerta River 8.0 16.7 -52.1% 
Currency Creek 7.2 7.4 -2.9% 
total 82.7 110.6 -25.3% 

The modelling periods over which these average annual flows differ, however some significant 
differences can be seen in the comparison including the Finniss, Angas, Bremer and Tookayerta 
flows.  The large differences in modelled flows on the Bremer and Angas Rivers are primarily a result 
of instream losses as modelled by WaterCast rather than significant differences due to surface runoff 
calibration. Instream loss modelling presented in Section 4.9 shows potential losses on the Angas 
River of 43% and 22% for the Bremer River.  

Differences in the Finniss and Tookayerta flows are likely to be a result of differences in calibration 
and/or a combination of model evaluation period and subcatchment area contributions. The 
Tookayerta catchment has been parameterised with Finniss River parameters. This may not have 
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been the case for the CSIRO (2007) study which may have use Currency Creek parameters for this 
catchment.  

Overall, the difference in average annual modelled flows between CSIRO (2007) and the present 
study for the above streams is approximately -25%. Without instream losses, the difference between 
studies is approximately 16%.  
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5.1.1.3 Total Suspended Solids 

TSS loads (kg/ha/yr) are shown in Figure 5-3 and are generally in agreement with catchment runoff, 
although in the Eastern Mt lofty Ranges, variations exist indicating TSS exports are also influenced by 
the land use characterisation in individual subcatchments.  

 

Figure 5-3 Total Suspended Solids Areal Load Contributions 
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5.1.1.4 Total Nitrogen 

TN loads (kg/ha/yr) are shown in Figure 5-4 and like TSS, are also generally in agreement with 
catchment runoff. Variations from catchment runoff rates do exist in the Eastern Mt Lofty Ranges 
demonstrating the influence of land use differences between subcatchments and requiring further 
investigation.  

 

Figure 5-4 Total Nitrogen Areal Load Contributions 
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5.1.1.5 Total Phosphorus 

TP loads (kg/ha/yr) are shown in Figure 5-5 and show very similar patterns as previously 
demonstrated for TSS and TN areal export rates.  

 

Figure 5-5 Total Phosphorus Areal Load Contributions 

Clearly, the mean annual areal plots provided above show that the key area of interest is the Eastern 
Mt Lofty Ranges catchments. Analysis of these catchments is provided in subsequent sections. 
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5.1.2 Temporal Representation 

Figure 5-6 shows the predicted annual flows from the Murraylands E2/WaterCast catchments from 
1970-2006. The predicted mean annual flow is 270,000 ML/yr. The two years (1974 and 1993) show 
the highest predicted flows due to a single event in each of those years across a number of the larger 
northern and eastern subcatchments, producing the only significant flows from these regions. These 
wet years predict the export of large pollutant loads however these events are relatively rare. 
Limitations in the calculation capacity of the E2/WaterCast modelling framework currently prevent the 
generation and therefore simulation of more than 36 years of climate input data1. 

 

Figure 5-6 Predicted Annual Flows at Model Outlet  

The modelled flows tend to be highly variable from year to year, which may reflect the relatively low 
annual rainfall across most of the Murraylands E2/WaterCast catchments. With so little annual rainfall 
across much of the catchment area, a single medium to large rainfall event in one or two of these 
larger catchments may be sufficient to produce an above average yearly flow.  

The variability in annual runoff is similarly translated to predictions of catchment pollutant exports of 
TSS, TN and TP and shown in Figure 5-7 to Figure 5-9. The model predicts mean annual pollutant 
exports of 17300t/yr of TSS, 330 t/yr of TN and 52t/yr of TP. The higher variability observed in the 
annual pollutant load plots correspond to higher runoff years indicating the higher proportion of event 
based runoff (and associated pollutant load) rather than base flows during these years. 

                                                      
1 The calculation of climate input data for the Murraylands E2 model currently requires significant computing 
time. To create a single rainfall time series for the large subcatchments in the northern and eastern regions of 
the model, all of the 5km x 5km gridded rainfall files that fall within each subcatchment must be averaged. 
Currently, we have found that the model will allow the computation of approximately 36 years of data. Attempts 
to create longer time series typically end in a computer error indicating that for the large scale Murraylands E2 
model, 36 years of time series may currently be the computational upper limit until either the model extents are 
reduced or computing power increases. The recently released Watercast model may enable longer time series 
to be incorporated.  



RESULTS AND DISCUSSION 5-10 

 
G:\ADMIN\B16618.G.TRW_MURRAYLANDS_E2\R.B16618.001.02.DOC   

 

Figure 5-7 Predicted Annual Total Suspended Solids Loads at Model outlet 

 

Figure 5-8 Predicted Annual Total Nitrogen Loads at Model Outlet 
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Figure 5-9 Predicted Mean Annual Total Phosphorus Loads at Model Outlet 

Long term water quality data collected for a number of locations modelled by the Murraylands 
E2/WaterCast model can also be compared in terms of measured versus predicted concentrations. 
Figure 5-10 shows the 3-day average predicted TN concentration (averaged to aid readability of the 
plot) and measured TN for the upper Finniss River at station GS 426504. Modelled data was 
extracted from node 19. 

 

Figure 5-10 Predicted vs Measured TN for the Finniss River GS 426504  

The plot shows relatively good agreement between predicted and measured concentrations, 
including the general cycles that show an increase in TN associated with winter inflows. No routing 
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was included in the Murraylands E2/WaterCast model for this data extraction, therefore following 
rainfall events, all modelled concentrations return to the baseline 0.6mg/L when event based runoff is 
not predicted. Noticeably, some concentration peaks are not well represented suggesting some TN 
EMCs in this catchment may warrant increased values. The ANZECC guideline value applicable for 
TN at this location is 1mg/L and the plot shows that this guideline is typically exceeded during winter 
runoff periods.   

5.1.2.1 Pollutant Sources (land use loads) 

An assessment of individual land use loads was undertaken by the development of separate models 
for a number of the major land uses with the rainfall-runoff model applied only to the land use of 
interest.  This allowed loads of each landuse to be compared as shown in Table 5-3 and presented 
graphically in Figure 5-11.  

Table 5-3  Relative Land Use Pollutant Loads 

Mean Annual Loads 
t/yr Land Use 

TSS TN TP 
Grazing (includes natural and
modified pastures) 14956 263.1 40.81 

Cropping 706 19.6 2.53 
Urban 1099 15.8 2.46 
Horticulture 281 6.7 0.99 
STP Bird in Hand 11 7.5 2.30 
STP Mt Barker 2 4.2 0.05 
All other remaining land uses 460 17.2 3.31 
total 17514 334 52 

Due to the extensive areas of the modelled region being covered by grazing lands, it comes as no 
surprise that the majority of total pollutant loads are exported from this land use. The subcatchments 
with higher rainfall and runoff (eastern Mt Lofty catchments) produce the highest areal load rates as 
shown in Section 5.1.1.  
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Figure 5-11 Relative Land Use Loads  

5.1.2.2 Water Quality Objectives 

Default ANZECC guidelines have been used to assess modelled stream condition. The relevant 
guidelines refer to Tables 3.9.8 and 3.9.9 from ANZECC (2000) for South Central Australia low 
rainfall area. Guideline values have been reproduced below in Table 5-4 
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Table 5-4  Ecosystem Protection Guidelines (ANZECC) 

Constituent Guideline value (mg/L) 
Total Nitrogen 1.0 
Oxidised Nitrogen 0.1 
Ammonium 0.1 
Total Phosphorus 0.1 
Filterable Reactive Phosphorus 0.04 
Turbidity 50 ntu 

Box and whisker plots have been prepared for modelled TN and TP concentrations for major streams 
in the Eastern Mt Lofty Ranges as shown in Figure 5-12 and Figure 5-13. 

 

Figure 5-12 Modelled TN Concentration 

 

Figure 5-13 Modelled TP Concentration 

These figures show that the most streams meet guideline values, however event based 
concentrations will likely exceed guideline values for all streams.  
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The high values observed for the Bremer River reflect the STP concentrations from the Bird in Hand 
and Mt Barker STPs. No instream processing was incorporated to simulate the reduction in pollutant 
concentrations downstream of these STP discharges.  

The larger boxes observed for the Finniss River is an artefact of modelling resulting from the routing 
being turned on to develop these plots. The routing method chosen was the simplest (lag flow) which 
simply delays flows and pollutant concentrations by 1 day for each link between nodes. As both the 
Bremer and Finniss Rivers have a number of subcatchments above the monitoring point, higher 
pollutant concentrations associated with events are lagged across more days resulting in higher 
median and upper quartile values for these streams.  

This model artefact demonstrates sensitivity of pollutant concentration results to routing 
methodologies. Further refinements to the routing components of the model will again likely alter 
these plots highlighting the need for further consideration to routing should stream health 
assessments be a focus for model output. 

5.1.3 Instream Losses 

The instream loss model implemented on the lower Angas and Bremer Rivers results in significant 
reductions in mean annual flows. For the Bremer River, the model indicates a reduction of 22% 
across all years and for the Angas River, the modelled flow reduction is much greater at 43%. These 
two rivers without instream losses provide approximately 45000Ml/yr to the lake Alexandrina, 
however with instream losses, this average annual volume reduces to approximately 33000Ml/yr. 
This average annual volume of unaccounted for (lost) water represents approximately 2cm of depth 
across Lake Alexandrina (610km2)  

5.2 Predevelopment Scenario  

The predevelopment scenario has been developed from the existing case model by changing all 
pollutant export characteristics for all land uses to that of ‘nature conservation’ (i.e, the minimum 
pollutant export rates). This scenario is very simplistic and also uncertain due to the lack of data 
available to characterise both the likely differences in hydrological responses such as that due to 
changes in land use and pollutant exports before catchment development. These land use changes 
include the potential impacts of reafforestation and removal of farm dam impacts (Zhang et al 2007) 
However this scenario does provide for a useful comparison against the existing case by providing an 
estimate of pollutant export results prior to European settlement through changes to EMC/DWC 
values only.  

Figure 5-14 - Figure 5-16 show comparative pollutant loads between the existing case and 
predevelopment case. The predevelopment case predicts less 79% reduction in average annual TSS 
load, 50% reduction in average annual TN load and 33% reduction in average annual TP load.  
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Figure 5-14 Existing vs Predevelopment TSS Loads  

 

Figure 5-15 Existing vs Predevelopment TN Loads 
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Figure 5-16 Existing vs Predevelopment TP Loads 

5.2.1 Change Scenarios 

Further scenarios can now be modelled using the Murraylands E2/WaterCast model. These 
scenarios could include use of riparian buffers, alterations to farm dam density, reductions in point 
source inputs and changes to land management techniques (such as fertilizer application) or land use 
or climate change. These potential scenarios and others have not yet been constructed and 
assessed for the Murraylands Region and further consultation is recommended before such 
scenarios are developed and assessed.  

5.3 Discussion 

The Murraylands E2/WaterCast Model was constructed to encompass a large area. Due to the 
limited availability of stream flow data, only gauged streams in the upper Eastern Mt Lofty catchments 
have been used for flow calibration, therefore model results for large portions of the model are 
considered highly uncertain.  

However, for the Eastern My Lofty catchments, flow calibration was relatively successful, indicating 
that the results derived from this portion of the model can be interpreted with higher confidence. This 
region of the model also experiences the highest annual rainfall and is a significant contributor to the 
overall pollutant load to the Murray River and lower lakes in an average year. Pollutant areal loading 
rates are highest for this part of the model. 

Maximum areal pollutant generation rates for the Murraylands E2/WaterCast model were 150kg/ha/yr 
TSS, 2.2 kg/ha/yr TN and 0.4 kg/ha/yr TP. These pollutant generation rates can be compared to 
literature values to determine if further model adjustment of constituent parameters is warranted.  

Marston et al (1995) summarised nutrient generation rates for a number of Australian catchments. 
Table 5-5 shows these and other nutrient generation rates for rural and natural landscapes compared 
to those generated for the Murraylands E2/WaterCast model.  
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Table 5-5  Constituent Generation Rates 

Constituent TN (kg/ha/yr) TP (Kg/ha/yr) 
Marston et al (1995) (Australia) 0.6-26 0.1-6.4 
Wood (1986) (Mt Lofty Ranges) 1.5-5.5 0.1-0.39 
Murraylands E2/WaterCast maximum value 2.2 0.4 

Similarly, Drewry et al (2006) summarises more recent Australian nutrient generation data which is 
reproduced below in Figure 5-17.  

 

Figure 5-17 Nutrient Generation Rates (Extracted From Drewry et al 2006)  
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Both the data in Table 5-5 and Figure 5-17 show that the nutrient generation rates modelled by the 
Murraylands E2/WaterCast model are comparable to literature values, particularly those associated 
with sheep and cattle grazing.  

However there may be sound reason to increase the model TN EMC values based upon locally 
specific data (for example Wood 1986) where the TN generation rates for similar catchments were 
approximately double those derived from the Murraylands E2/WaterCast model. This evidence is 
supported by the comparison of in stream TN concentration data with modelled data, which showed 
good agreement with seasonal variation in TN concentrations, but did not manage to replicate the 
higher TN concentrations often observed as a result of winter runoff.  

It is however likely that the difference in TN export rates between literature values and the 
Murraylands E2/WaterCast model will be a result of a combination of predicted hydrological (runoff) 
differences and pollutant concentration data. Nutrient generation is sensitive to the under prediction 
of catchment flows, therefore, further subcatchment specific investigation of flows may be warranted 
where more detailed water quality calibrations can be made, perhaps even using smaller 
subcatchments and actual rain gauge data rather than gridded data. These further investigations are 
outside of the current study scope.  

Incorporation of hydrological and water quality processes associated with farm dams has been a 
significant challenge within the current Murraylands E2/WaterCast model framework. Although 
hydrological calibration was relatively successful for a number of subcatchments, these calibrations 
only superficially incorporate the filling and emptying of on-farm storages. These storages are 
numerous in the upper My Lofty catchments, often with a number of storages in series as shown in 
Figure 5-18. 

 

Figure 5-18 Farm Dams in Series, Mt Lofty Ranges, August 2007.  
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More detailed analysis, building upon the experiences gained through the development of the 
Murraylands E2/WaterCast model should be focused upon the lower Murraylands and eastern Mt 
Lofty Ranges to better understand and quantify the effects of these farm dams. Also the losses 
occurring in the lower reaches of some of the rivers (e.g. Angas and Bremer) warrant further 
investigation. 

Pollutant loads contributions from different land uses reflect the land use map with the order of 
pollutant contribution being grazing>urban>cropping>horticulture>other. This classification may 
change, should just the lower Murraylands become a focus of future model scenarios. Comparison of 
the generated pollutant loading rates with literature values indicates that the model estimates 
catchment loads with the expected range.  

The influence of STP inflows on pollutant exports from catchments has been estimated by the 
Murraylands model. Data was available for the Bird in Hand AND Mt Barker STPs and showed that 
the nutrient load from this STP is roughly equivalent to all urban land uses (for TN and TP). The 
influence of these STP flows on stream hydrology and subsequent model calibration was not 
investigated in detail by accounting for these recoded flows in the hydrological calibrations. More 
detailed model scenarios focussed upon the lower Murraylands region should take greater 
consideration for these and other potential inflows and the impact that they may have on rainfall-
runoff model calibration.  

The model results show that guideline values for nutrients are generally achieved, with the majority of 
flow concentrations for TN and TP falling below guideline values. Event based loads however 
generally exceed guideline values.  

Murraylands E2/WaterCast scenarios are currently existing and predevelopment. The 
predevelopment scenario indicated catchment loads have been increased 5 fold for TSS, 2 fold for 
TN and 50% for TP. Further model scenarios can now be developed based on further stakeholder 
engagement targeted to answer specific catchment management questions.  

5.4 Summary 

The Murraylands E2/WaterCast catchment model was developed that extends form the South 
Australian - Victoria border to the outlet of the Murray River and encompasses approximately 68,000 
km2. The landscape covered by the model ranges from arid lands in the north to low rainfall irrigation 
lands along the Murray River and   moderate rainfall grazing and cropping lands in the Eastern Mount 
Lofty Ranges. The dominant land use in the model is grazing lands, which in turn dominated the total 
pollutant loads.  

The model boundary and subcatchments were generated using both automated pit filled DEM data 
and hand drawn subcatchments. A total of 122 subcatchments ranging in size from 0.02-13,175km2 
were delineated to represent the Murraylands catchment and were connected via a node link network 
and routed to the catchment outlet.  

Due to computational limitations, only 36 years of daily climate data has been incorporated into the 
model. Each subcatchment has individual rainfall and PET data. This data is applicable for all land 
uses within each subcatchment. Smaller subcatchments were built into the model to account for high 
rainfall gradient zones.  
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Up to 10 subcatchments, predominantly in the south eastern Mt Lofty Ranges, have been calibrated 
using daily flow records and gridded SILO rainfall data. The length of calibration/verification record 
varies for each subcatchment and the calibration was generally performed using the Nash-Sutcliffe 
criterion on monthly flows followed by manual calibration of the daily hydrograph. Nash-Sutcliffe 
values ranged from 0.5-0.95 demonstrating good, but variable model calibration. The calibration of 
several subcatchments provided rainfall-runoff parameter sets that were then adopted for all other un-
calibrated areas of the model.  

An existing case and predevelopment case model were developed and the results analysed. These 
models showed that the highest pollutant generation rates are associated with the Eastern Mt Lofty 
catchments (high rainfall zones) and that these pollutant generation rates are within the accepted 
range in the literature. Furthermore the model demonstrated seasonality in pollutant concentrations 
as seen by monitored data (Finniss River) although pollutant concentration peaks for TN may yet be 
under predicted.  

This project thus demonstrates that the Murraylands E2/WaterCast model has the potential to be 
used as a predictive tool to test further management scenarios. There remain limitations to the model 
in terms of describing impacts of farm dams and variations in pollutant EMCs, however it appears to 
provide robust predictions over long time frames and compares well to past catchment pollutant 
export studies. 

Further refinements of subcatchment flow and water quality calibrations are recommended for 
selected streams in the Eastern Mt Lofty ranges and associated lowlands, particularly with respect to 
event loads, surface water-groundwater interactions and in stream losses. In addition to this, it is 
recommended that further scenario development be undertaken in response to specific catchment 
management approaches and appropriate stakeholder engagement.  
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APPENDIX A: DATA SUPPLIED  
Folder 
Name 

Data File Name(s) Type of 
Data 

Year Producer Description & How collected Accuracy 

Catchment
_Boundary 

SAMDB_Catchment_Bound
ary 

GIS Unknown DEH South Australian Murray Darling Basin (SAMDB) Catchment boundary – study extent Spatially correct 

  Sub_Catchments GIS  2005 DWLBC Based on 1:50,000 topographic map –major tributary sub-catchments (mainly in lower reaches) Unknown 
Climate STILL TO BE SUPPLIED Excel     SILO rainfall data   
Contours Contour10kMDB GIS   5m contour lines - incomplete in upper NE corner of catchment  
 Contour50kMDB GIS   10m contour lines - incomplete in upper NE corner of catchment  
  Contour250kMDB GIS     50m contour lines – complete catchment coverage   
DEMs DEM_15m GIS/raster 2007 PIRSA 15m Digital Elevation Model from local modelled data – incomplete in upper NE corner of catchment Accurate to 15m  
 DEM_25m GIS/raster 2007 PIRSA 30m Digital Elevation Model from local modelled data – incomplete in upper NE corner of catchment Accurate to 25m 
  DEM_90m GIS/raster 2007 USGS 90m GeoTiff data from Shuttle Radar Topography Mission (SRTM) converted to DEM - complete Accurate to 90m 
EPA_activiti
es 

EPA_licences GIS   EPA database Accurate as at 23/5/07 

  EPA_activities GIS     EPA database Accurate as at 23/5/07 
Farm_Dam
s 

Pool _dam_less_than_15m GIS Apr-03 DWLBC Aerial videography, desktop coding point feature Accurate within 10 -100m 
(average <50m) 

 Pool_dam_greater_than_15
m 

GIS Apr-03 DWLBC Aerial videography, desktop coding line feature Accurate within 10 -100m 
(average <50m) 

Estimation of intensity of water use based on water capture.   Farm_dam_intensity GIS 2004 DWLBC 
Desk top aerial photography assessment of farm dam location (1999 data). 

Indicative of intensity of water 
capture  

 Irrigation_bore_intensity GIS 2004 DWLBC Combined data from irrigation / bore usage and farm dam development (1999 data). Indicative of intensity of water 
use only 

Aerial 
Imagery 

(SEE SEPARATE CD) GIS/raster 2003-
2005 

DEH Various aerial images – mostly concentrated along River Murray & Lakes Spatially correct 

Flow_gaugi
ng 

Watercourse Gauging 
Stations 

GIS Various DWLBC Field assessed Accurate to the GPS location 

  Stream_flow_data.xls Excel 2007 DWLBC Data extracted from DWLBC database Obtained May 2007 
Land_Use MDB2003_Landuse GIS 2003 DWLBC Murray Darling Basin Land Use 2003 – ALUMv4 classified – see metadata pdf in folder 2003 
  STATE03_ALUMv6_GEO_

GDA94 
GIS 1999-

2003 
DWLBC Clip from Statewide Land Use Dataset 2003 – ALUMv6 classified – see metadata pdf in folder 2003 

  PIRSA_Land_Use GIS 2006 PIRSA Murray Darling Basin Land Use – from PIRSA – simplified landuse layer Obtained 2006 
Parcels Parcels GIS Feb-07 DEH/DAIS Land Parcels/Cadastre in SAMDB catchment Spatially correct 
Point_Sour
ce_Pollutio
n 

Point_Source_Pollution GIS 2007 EPA Point source pollution from township wastewater treatment plants (EPA licensed) EPA data 31/5/07 

  Point_Source_Pollution_W
Q_Data.xls 

Excel 2007 EPA Point source pollution from township wastewater treatment plants (EPA licensed) EPA data 31/5/07 

River_Murr
ay 

River_Murray_Lakes GIS Unknown DEH River Murray & Lower Lakes boundaries (polygon layer) – Boundary for receiving water model Spatially correct 

  MurrayFlood1956 GIS 1956 DEH River Murray & Lower Lakes 1956 Flood Boundary – delineates floodplain under major flood Spatially correct 
Roads Roads GIS Feb-07 DEH Roads in SAMDB catchment   
Soils (SEE SEPARATE CD) GIS  DWLNC See DWLBC Land & Soil Spatial Data for Southern Australia CD – includes water holding capacity Data Current at Dec. 2005 
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Streams Streams_1st_2nd_order GIS Apr-03 DWLBC Aerial videography, desktop coding line feature extracted for 1st & 2nd order streams – should be used for 
burn-in of DEM? 

Accurate within 10 -100m 
(average <50m) 

 Streams_3rd_order  GIS Apr-03 DWLBC Aerial videography, desktop coding line feature extracted for ³ 3rd order streams - should be used for burn-in 
of DEM? 

Accurate within 10 -100m 
(average <50m) 

 Streams GIS Feb-07 DWLBC Some gaps in line data but better coverage for northern region of catchment Accurate within 10 -100m 
(average <50m) 

 Baseflow GIS Apr-03 DWLBC Aerial videography, desktop coding line feature Accurate within 10 -100m 
(average <50m) 

  Streamworks GIS Apr-03 DWLBC Aerial videography, desktop coding point feature Accurate within 10 -100m 
(average <50m) 

Towns Towns GIS Unknown DWLBC Towns in SAMDB catchment Spatially correct 
Water 
Quality 

MDB_Stream_WQ_Monitori
ng_Sites 

GIS May-07 EPA EPA water quality monitoring sites spatial layer (for excel datafile in same folder) From EDMS database 
30/5/07 

  Murray_Darling_Basin_Stre
ams.xls 

Excel May-07 EPA EPA Water quality monitoring data for sites in GIS layer – note: some sites have limited data From EDMS database 
30/5/07  



UNGROUPED LAND USE CLASSES B-1 

 
G:\ADMIN\B16618.G.TRW_MURRAYLANDS_E2\R.B16618.001.02.DOC   

APPENDIX B: UNGROUPED LAND USE CLASSES 

 

Number of Classes - 102 
1 Grazing Natural Vegetation 35 Rehabilitation 69 Irrigated legume/grass mixtures 

2 Shrubland 36 Irrigated modified pastures 70 Irrigated hardwood production 

3 Grazing modified pastures 37 Perennial horticulture 71 Hay and silage 

4 Navigation and communication 38 Oleaginous fruits 72 Intensive animal production 

5 Other minimal use 39 Residual native cover 73 Cattle 

6 Woodland 40 Marsh/wetland – production 74 Pasture legumes 

7 Urban residential 41 Effluent pond 75 Irrigated flowers and bulbs 

8 Commercial services 42 River – intensive use 76 Irrigated plantation nurseries 

9 Native/exotic pasture mosaic 43 Irrigated tree fruits 77 Vine fruits 

10 Railways 44 Irrigated vine fruits 78 Irrigates shrub nuts fruits and 

berries 

11 Public Services 45 Irrigated perennial horticulture 79 Tree fruits 

12 Mallee 46 Irrigated seasonal horticulture 80 Hardwood production 

13 Quarries 47 Irrigated oleaginous fruits 81 Marsh/wetland – intensive use 

14 Cereals 48 Irrigated cropping 82 Glasshouses 

15 Reservoir/dam 49 Irrigated vegetables and herbs 83 Sewage  

16 Roads 50 Woody fodder plants 84 Tree nuts 

17 Grassland 51 Ports and water transport 85 Mining  

18 Legumes 52 Irrigated hay and silage 86 Dairy 

19 Strict nature reserves 53 Waste treatment and disp9osal 87 Defence 

20 Rural residential 54 Irrigated tree nuts 88 Irrigated oil seeds 

21 Manufacturing and industrial 55 Irrigated pasture legumes 89 Intensive horticulture 

22 Natural feature protection 56 Electricity 

generation/transmission 

90 Pasture legume/grass mixtures 

23 Solid garbage 57 Irrigated cereals 91 Lake – production 

24 Irrigated sown grasses 58 Poultry 92 Irrigated legumes 

25 Oil seeds 59 Irrigated plantation forestry 93 Traditional indigenous uses 

26 Softwood production 60 Lake 94 Aquaculture 

27 Other conserved area 61 Marsh/wetland – conservation 95 Sown grasses 

28 Recreation and culture 62 Plantation forestry 96 Cropping 

29 Airports/aerodromes 63 Habitat/species – management 

area 

97 Research facilities 

30 Services 64 Evaporation basin 98 Lake – saline 

31 Marsh/wetland 65 Lake – conservation 99 Reservoir 

32 Water storage – intensive 

use/farm dams 

66 Shadehouses 100 National park 

33 Pigs 67 Drainage channels/aqueduct 101 Landfill 

34 Utilities 68 Irrigated woody fodder plants 102 Channel/aqueduct 
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