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Executive Summary 

This report documents how irrigation diversions are represented in the Source model of the Murray 

and Lower Darling System (SMM). This has included developing and calibrating a model for each of 

the irrigation districts and for reach with private irrigation diversions on the Murray and Lower 

Darling. This report has updated the previously prepared MDBA Technical Report 2016/07 Phase 2 

Crop water model for the Murray and Lower Darling for the following reasons: 

 Fixed data issues so that crop areas could be consistently  reproduced for the modelled 

demand centers 

 Explicitly included nuts as a separate crop type (was previously included with Fruit trees), 

due to the large growth in almonds along the Lower Murray River 

The new calibration also uses an updated version of Source which has fixed software bugs since the 

last report was completed. 

 

Irrigation diversions are modelled explicitly using a crop water demand model called “Irrigator”, 

which is a part of the Source modelling platform. The diversion is calculated by modelling individual 

crop areas and crop water requirements in districts.  The model includes: 

 A planting decision to calculate the area of each crop in the district 

 Climatic impact on crop water use and demand 

 Explicit consideration of permanent trade on the planting decisions 

The calibration was undertaken for the period from July 1993 to June 2012. The model is configured 

so that it can easily be adjusted to reflect different levels of development. Thus by changing one 

common parameter, a level of development can be reflected in all irrigation models. The primary 

purpose of these models is being able to reflect the Basin Plan Baseline Diversion Limit level of 

development (June 2009) which is covered by the calibration period. 

There are many challenges in representing irrigator behavior in the River Murray with the large 

socio-economic changes occurring in the Murray-Darling Basin. The millennium drought, water 

trade, water recovery under the TLM and Basin Plan, extensive efficiency works in irrigation areas, 

policy implementation and changing crop mixes, have fundamentally changed how consumptive 

water is managed in the system. In future it would be ideal to revisit the demand model calibration if 

better crop area and private irrigation diversion data becomes available as a major limitation in the 

calibration was the data describing: 

1) How crop area has changed over time (particularly for annual plantings and private 

diversions) 

2) Private irrigation diversion data at monthly or a shorter time step (only available on an 

annual timestep) 

A summary of the annual calibration statistics for each of the irrigation demands represented in this 

report are contained in Table 1. 
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Table 1 Annual Calibration Statistics (July 1993 to June 2012) 

Irrigation Demand 
Bias (%) R2 NSE 

Standard 
Error 

Recorded 
(GL/year) 

Modelled 
(GL/year) 

NSW 

Lower Darling -0.01% 0.74 0.73 11% 8.1 8.1 

Downstream 
Murrumbidgee 

-0.13% 0.72 0.70 9% 55.4 55.4 

Edward Wakool -0.30% 0.85 0.85 20% 45.9 45.8 

MIL Mulwala Gross 0.67% 0.90 0.89 14% 1115.3 1122.8 

MIL Mulwala Net 0.51% 0.87 0.87 19% 783.8 787.8 

MIL Wakool Gross 2.46% 0.87 0.87 21% 250.9 257.0 

Moira Pumps -0.68% 0.86 0.85 19% 22.9 22.7 

Upstream 
Murrumbidgee 

0.22% 0.85 0.85 18% 123.5 123.8 

West Corurgan -0.07% 0.87 0.87 23% 51.2 51.2 

Western Murray 0.54% 0.89 0.87 9% 30.2 30.3 

SA 

SA All Other Purposes 0.57% 0.82 0.82 6% 374.9 377.0 

LMRIA -0.74% 0.97 0.97 9% 62.8 62.3 

VIC 

Barmah to Nyah 0.22% 0.81 0.81 19% 28.1 28.1 

Murray Valley 0.88% 0.91 0.91 12% 380 383.3 

Nyah Pumps 0.00% 0.77 0.77 11% 6.3 6.3 

Nyah to SA -0.95% 0.78 0.76 13% 190.9 189.1 

Sunraysia 0.32% 0.89 0.89 8% 136.7 137.1 

Upstream of Barmah -0.54% 0.82 0.81 20% 25.1 25.0 

Torrumbarry Net 
Diversions 

0.74% 0.92 0.87 12.5% 613.5 618.0 
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1 Problem Definition 

1.1 Introduction – Problem Statement 
A daily timestep Source IMS model is being developed to represent the water sharing arrangements 

on the Murray and Lower Darling River system. When complete, this model will replace the current 

MSM-Bigmod modelling platform used for the Murray and Lower Darling River system. Developing 

the Source IMS model allows for opportunities to investigate and improve model functionality. One 

key component of the modelling platform being investigated is the modelling of irrigation diversions. 

Historically, diversions on the Murray and Lower Darling River system have been modelled using 

regression models (MDBC, 2006, MDBC, 2003, MDBC, 1996). The regression models are effective at 

representing historical diversion data. However, the regression demand models are limited and do 

not provide socio economic information such as irrigated land use to inform policy decisions. In 

addition, water trade is increasingly becoming a significant driver for water management in the 

Murray and Lower Darling River system. The regression models do not model rain-rejections and 

cannot be used to assess future scenarios where crop mixes may be different as a result of policy, 

economic and social drivers. Representation of water trade on irrigation diversion behaviour is seen 

as requirement to effectively represent the water management rules on the Murray and Lower Darling 

River system. 

A key driver for originally adopting regression models of irrigation diversion for the Murray and Lower 

Darling was the lack of data on irrigated area and irrigator behaviour. A number of studies and 

irrigation company reports have been completed over the last 20 years that provides valuable 

information on irrigated land use and its response to climatic and policy. While there is a lot of new 

data, the different data sources are inconsistent, of varying quality and recorded at different time 

periods.  

Crop demand models based on a soil water balance have been commonly used in Australia to 

represent diversion behaviour (CropMod, PRIDE). Such modelling approaches allow an explicit 

representation of irrigated area and farmer response to climatic and policy changes. Source IMS 

contains a new irrigation demand model Irrigator, which builds on the strengths and experiences from 

the CropMod and Pride demand models (eWater, 2013). In addition, it includes greater flexibility to 

represent farm decision making, socio economic drivers and responses (such as yield) and the 

potential to support the modelling of water trade. A major limitation of these crop demand models is 

the availability of data to calibrate and validate the model. In particular, how crop mix changes and 

planting decisions vary under different levels of water availability and water management rules. 

As part of the implementation of Source IMS the MDBA is undertaking calibration of irrigation 

demands for all of the designated reaches along the river system using Irrigator. The key benefits of 

using this approach for modelling demands include: 

 Modelling the changes in agricultural land use practices as a result of water availability 

and policy drivers, and 

 The ability to assess the impact of salinity in an efficient manner. 
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This report describes the development of Irrigator demand models for South Australia, New South 

Wales and Victoria and evaluates the performance of the model in representing the behaviour of 

actual water use by irrigators using available data.  

1.2 Overview of Irrigation Diversions on the Murray and Lower Darling system 
Mean annual diversions on the Murray and Lower Darling account for 4400 GL/y of water (MDBA 

2013). These diversions include irrigation, environmental, stock and domestic and urban uses. 

Approximately 70 % of these diversions are through irrigation companies, with Murray Irrigation 

Limited and Goulburn Murray Water accounting for 38% and 30% of the total diversions respectively. 

Table 2. Mean observed diversions at different supply points along the Murray and Lower Darling System 
(MDBA 2013) 

 Diversion Point Mean Observed (GL) 

Mulwala Canal Diversions 1197 

Wakool Canal Diversions 414 

NSW Sunraysia  40.2 

NSW Other U/S M’dgee Jnc 326.4 

NSW Other D/S M’dgee Jnc 57.0 

Lower Darling Main Stem 6.5 

Tandou Diversions 96.3 

Kiewa  6.8 

Ovens  22.9 

Net Murray Valley Diversions  483.7 

Net Torrumbarry Diversions 749.2 

Sunraysia Pumped Diversions 157.4 

Sunraysia D/S Nyah  147.7 

Victorian Other U/S Barmah  48.2 

Victorian Other Barmah-Nyah  48.5 

South Australian Country Towns 34.7 

South Australian All other Purposes 353.5 

 

The main irrigated land use is pasture, largely to support the dairy industry (Table 3). There is also a 

major rice industry in the NSW Murray Valley. The Mallee and Lower Murray are predominately 
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horticultural crops, including vines, citrus and fruit/nut trees. Land use and irrigation practices have 

changed considerably in the last 10 years as a result of the drought and a range of market drivers 

such as deregulation of the dairy industry and reduced commodity prices. 

Table 3. Irrigated land use in the year 2000 (source CSIRO, 2008) 

Crop Irrigated Area (ha) 

Cereals 118,400 
Horticulture 13,400 
Orchards 28,900 
Pasture and hay 326,600 
Vine fruits 52,600 

 

1.3 The Irrigator crop demand model 
The following is sourced from the Source IMS Scientific Reference Guide (eWater, 2017) 

“Irrigator is designed to represent the regulated and opportunistic irrigation requirements of a district. The 

irrigation requirements are used by the Water User to generate and place orders and opportunistic requests 

and to subsequently extract water from a water source (supply point or water user storage). The Water 

User will limit orders and extractions subject to water availability and extraction constraints. 

Each instance of the Irrigator model is assumed to represent an irrigation district. Each district can be 
configured to have as many cropping areas as desired. Cropping areas are configurable to represent crop 
specific characteristics and planting decisions which impact on crop water use. Each instance of an Irrigator 
model is automatically configured to contain a fallow crop. The number and size of cropped areas can be 
configured to change over time in response to available resource, configurable planting decisions and 
decision dates. 

Irrigator maintains a daily water balance for each cropping area during its planting season to calculate the 
daily soil water deficit and an irrigation requirement. A water balance of the fallow crop is also maintained 
and used to initialise the soil moisture store when new crops are established. The fallow cropping area does 
not order or receive irrigation water. Fluxes represented in the daily water balance include effective rainfall, 
irrigation, runoff, evapo-transpiration, deep percolation that affect changes in soil water storage. The 
method described in FAO56 (Allen et al, 1998) is implemented in Irrigator to represent the daily crop water 
balance. 

The total requirement for the district is calculated by summing each of the individual cropping area 
requirements. The district requirement is then adjusted to allow for any district delivery supply escapes and 
losses associated with delivering water to the district. 
When water is supplied during the flow phase, district losses/escapes are firstly removed and the remaining 

water is distributed to the crops in proportion to the original demand. Crop losses and soil depletion for 

each crop are updated. Crop losses that can be harvested are summed and added to the harvestable district 

losses/escapes. The total harvested volume is then returned to the water user, where it can either be stored 

in the water user storage, returned to the river system or treated as a loss”. 
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2 Model development 

2.1 Scope of work 
The scope of works includes: 

 Calibrate crop models to estimate irrigation diversions along the Murray and Lower Darling 

rivers (Table 4).  

 The crops models are being calibrated against diversion data reported to the MDBA through 

the CAP process or using other data where made available. 

 Where appropriate, explicit representation of conveyance losses, urban and stock and 

domestic demands 

 Representation of changes in irrigation development and irrigated area of permanent 

plantings. 

 Representation of the impact of water availability on crop areas. 

 Discuss strengths and limitations of the model set up and how the model can be improved in 

the future. 

This report does not discuss: 

 Parameters to be used for setting up model for June 2009 development conditions. 

 Demands for town water supply. A separate approach for representing town water supply 

has been implemented. 

Demand models for the Victorian Ovens and Kiewa have not been developed at this stage. It is planned 

that they would continue to be represented in the short term using the existing regression models. 

No irrigation demands are modelled for the Darling Anabranch.  

The demand models included in the SMM are listed in Table 4 and the area represented by each 

demand model in the SMM is displayed in Figure 1. 
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Table 4 Demand Models 

Jurisdiction Demand Model Name Description 

NSW NSW Private Diverters U/S Murrumbidgee 
Junction on Murray  

Private diverters on Murray from 
Albury to Wakool Junction 

NSW Private Diverters on Edward Wakool 
system 

Edward-Wakool system, 
excluding Wakool Canal 

West Corurgan Irrigation District  

Moira Irrigation District  

Murray Irrigation Limited (MIL), including 
Mulwala and Wakool Canals 

Diversions from Mulwala and 
Wakool Canal, managed by MIL. 
A separate model is developed 
for Mulwala and one for Wakool 

NSW Private Diverters D/S Murrumbidgee 
Junction 

Private diversions from the 
Wakool Junction to Rufus River, 
excluding Coomealla and 
Curlwaa pumped districts 

NSW Sunraysia Coomealla and Curlwaa pumped 
irrigation districts, managed by 
Western Murray Irrigation  

Tandou Tandou farm 

Lower Darling Private diverters from Menindee 
to Wentworth, excluding Tandou 
farm and Darling Anabranch  

VIC Murray Valley Victorian Murray Valley Irrigation 
district, managed by Goulburn 
Murray Water 

Torrumbarry System Torrumbarry Irrigation Area (TIA), 
managed by Goulburn Murray 
Water. 

Victorian Sunraysia Pumped irrigation districts in the 
Victorian Mallee, including FMIT, 
Merbein, Robinvale and Red 
Cliffs 

Victorian private diverters upstream of 
Barmah 

Private diverters between Albury 
and Barmah 

Victorian private diverters Barmah to Nyah Private diverters between 
Barmah and Nyah 

Nyah Irrigation District Nyah pumped irrigation district 

Victorian private diverters D/S Nyah Private diverters from Wakool 
Junction to Wentworth, excluding 
Merbein, Red Cliffs, Robinvale 
and FMIT to Rufus River  

South 
Australia 

SA Riverlands Diverters between SA border and 
Lower Lakes excluding SA 
Murray Swamps 
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Jurisdiction Demand Model Name Description 

 SA Murray Swamps Private diverters between Lock 1 
and Tailem Bend 

 Angas Bremer  

 Lower Lakes Diversions from Lower Lakes 

 

 

Figure 1 Spatial Extent of SMM Demand Models 

 

2.2 Metrics and criteria 
Model performance in estimating irrigation diversions were evaluated using a range of quantitative 

and qualitative performance indicators.  The qualitative indicators included visual comparison of 

model performance in estimating diversions on a monthly and annual basis over the calibration using 

time series plots and scatter plots at various temporal scales. The quantitative statistical indicators 

used included: 

 mean,  

 Percent Bias (Bias), 

 Correlation coefficient of determination (R2), 

 Nash-Sutcliffe Efficiency (NSE), and 

 Standard Error. 
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Explanations of the metrics are contained in Appendix A. These criteria have been adapted from 

previous studies used to evaluate model calibration for the River Murray and Lower Darling using 

MSM-Bigmod (Close, 2013) as well as wider recommendations from the literature (Moriasi, 2007, 

Barma and Varley, 2012, Van Dijk et al., 2008). 

2.3 Model Provenance 
Key details on the provenance of the software and project file (*.rsproj) used to undertake the 

calibration associated with this report are outlined in Table 5. The MDBA download the Source 

software releases from eWater via their toolkit website and compile the plugins required to run the 

SMM against Source. Source and the plugins are then stored by the MDBA in version control software 

(SVN) in the Formal Release repository. Likewise updates to the Demand calibration project file are 

stored in the Demand Model SVN repository. This allows a detailed record of changes to both the 

model and software to be maintained. 

Table 5 Model Provenance 

Component Version SVN Repository 

Software Source 4.5.0.7552a Beta http://coresvn/svn/eWaterSource/FormalR
elease/Trunk 
Revision 889 

Model River Murray 4.6.3.rsproj http://coresvn/svn/eWaterSource/Models
/DemandModel/ Revision 931 

 

3 Data preparation 

The crop water requirement estimation requires a range of data including climatic parameters for 

estimating potential evapotranspiration, crop types grown in the basin, soils data, irrigation efficiency 

and water availability. Irrigation practices and crops grown in the basin have changed over time. 

Information on changes in crop types grown and irrigation practices is also needed.  The key data used 

for model calibration and validation are discussed in the following paragraphs. 

3.1 Diversion data 
To maintain consistency with the accounts, data used in the calibration are those approved through 

the CAP process. This data is received from jurisdictions as monthly volumes (in most instances) as 

either part of the water accounting process or the Water Audit Monitoring (WAM) process.  All such 

data has been as provided by the state (Table 6). In the MDBA system, they are recorded as quality 

code 1 and typically are available on a monthly timestep. It is important to note that all data for private 

diversions are annual data, disaggregated to monthly values using patterns.  

The accounting arrangements for diversions from the Yarrawonga Main Channel, Mulwala Canal and 

National Channel include re-crediting of water to accounts for return flows. The actual volume 

accounted against these three systems is termed the net diversion. For these three sites, we include 

calibration information on the gross (volume extracted at the supply point) and the net diversion 

(volume used for accounting) from the system. These definitions of diversions are the same as used 

in the MSM-Bigmod to represent the diversions by Murray Irrigation Limited from the Mulwala Main 

file://///prod.local/storage/data/Working%20Documents%20and%20Drafts/River%20Murray%20Water/Water%20Resources/Projects/Source%20-%20Daily%20Model%20of%20Murray/Projects/Technical%20Report%20Template%20Water%20Resources%20Group%202013.docx%23_ENREF_2
file://///prod.local/storage/data/Working%20Documents%20and%20Drafts/River%20Murray%20Water/Water%20Resources/Projects/Source%20-%20Daily%20Model%20of%20Murray/Projects/Technical%20Report%20Template%20Water%20Resources%20Group%202013.docx%23_ENREF_3
file://///prod.local/storage/data/Working%20Documents%20and%20Drafts/River%20Murray%20Water/Water%20Resources/Projects/Source%20-%20Daily%20Model%20of%20Murray/Projects/Technical%20Report%20Template%20Water%20Resources%20Group%202013.docx%23_ENREF_1
file://///prod.local/storage/data/Working%20Documents%20and%20Drafts/River%20Murray%20Water/Water%20Resources/Projects/Source%20-%20Daily%20Model%20of%20Murray/Projects/Technical%20Report%20Template%20Water%20Resources%20Group%202013.docx%23_ENREF_4
http://coresvn/svn/eWaterSource/FormalRelease/Trunk
http://coresvn/svn/eWaterSource/FormalRelease/Trunk
http://coresvn/svn/eWaterSource/Models/DemandModel/
http://coresvn/svn/eWaterSource/Models/DemandModel/
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Canal and Wakool Canals and Goulburn Murray Water for the Murray Valley and Torrumbarry 

Irrigation Districts. 

 

Table 6 Status of diversion data and associated Quality Code* 

 Site ID Annual Monthly Daily 

NSW Diversions     

Mulwala Canal Net Diversions muldvfn.70 1 2 3 

Wakool Canal Diversions wakcan.211 1 1  
NSW Sunraysia  wmurirn.70 1 1 3 

NSW Other U/S M’dgee Jnc nswusmb.299 2 2- DA 3 

NSW Other D/S M’dgee Jnc nswdsmb.299 2 2 3 

Lower Darling Main Stem lowdoth.70 1/2 1 3 

Tandou tandou.70 1/2 1 N/A 

Victorian Diversions     

Kiewa  kiewadv.70 1 1 N/A 

Ovens  ovensdv.70 1 1 N/A 

Net Murray Valley Diversions  murrval.70 1 1 3 

Net Torrumbarry Diversions torrnet.70 1 1 3 

Sunraysia Pumped Diversions mursrw.212 1 1 3 

Sunraysia D/S Nyah  mursrw.228 1 1 3 

Victorian Other U/S Barmah  usbarma.233 1 1 3 

Victorian Other Barmah-Nyah  barnyah.233 1 1 3 

South Australian Diversions     

SA all other Users + Murray Swamps sairrsw.70 1 1 N/A 
*Quality Codes 

1=Audited Data via the WAM process 

2 =Hydrographic data provided 

3=Operational Data 

3.2 Climate data 
The crop demand model requires two types of climate data, rainfall and reference crop 

evapotranspiration (ETo). This study uses the definition of ETo adopted by FAO56 (Allen et al, 1998). 

As part of the Source IMS Daily Model project, SILO rainfall and ETo data from key sites along the 

Murray and Darling were reviewed for homogeneity and then uploaded to the MDBA database (MDBA 

2013). Daily climate data from the stations listed in Table 7 were used in the model development. 

 Table 7 Climate data 

Station Name  
 

Rain* 
mm/y 

ETo* 
mm/y 

Loxton SA Model 270 1389 
Mildura Victorian Sunraysia 

Victorian private diversions d/s Wakool Junction 
NSW DS Murrumbidgee Junction 
NSW Sunraysia 

288 1459 

Deniliquin NSW MIL, US Murrumbidgee Junction 377 1348 
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Kerang Torrumbarry System 
Victorian private diversions u/s Wakool Junction 

386 1334 

Menindee  Tandou and Lower Darling 277 1582 
Yarrawonga Victorian Murray Valley 497 276 

Note*:  28 years average from the period of July 1983 to end of June 2012 

 

3.3 Crop type 
There are more than 115 different types of crops grown in the Murray-Darling Basin. However, limited 

data on crop area necessitates that we group similar crops for the purpose of estimating irrigation 

demand. The classification of crops adopted under the Basin Salinity Management Strategy was used 

with the following exceptions. It was necessary to separate summer irrigated and winter irrigated field 

crops, as they have very different seasonal demand behaviour. Additional categories are created for 

perennial pasture and rice, as these are major water uses in the upper reaches of the Murray and 

warrant separate consideration.  A common field crop type is also created to model the reaches in 

South Australia. 

 

Data on irrigated areas for the different crops types grown on the Murray and Lower Darling has been 

collated from a number of sources. For the Mallee and South Australian reaches, irrigated crop area 

has been mapped to support the MDBA salinity impact assessment over the years. The four snap shots 

of crops grown in various reaches are available for 1996/97, 2002/03, 2008/09 and 2011/12. Irrigated 

area is linearly interpolated between these dates. The crop area prior to 1996/97 was assumed to be 

constant, except where defined under the reports on individual demand models below. Irrigated land 

use data is discussed in the relevant section describing each irrigation demand model. 

 

Table 8. Crop categories adopted for demand modelling 

Crop 
categories 

Crops includes Planting 
Type 

Source of crop Factor Figure 

Grapevine -(different varieties of 
grapes) 

Permanent Government of South 
Australia, 2011 

Figure 2 

Citrus Grapefruit, Lemon, Lime, 
Mandarin, Orange, Tangelo 
 

Permanent Government of South 
Australia, 2011 

Figure 3 

Fruit Tree Avocado, Olive, Pome Fruit, 
Stone Fruit, Fruit Other, 
Nursery, Tree Plantation. 

Permanent Government of South 
Australia, 2011 

Figure 4 

Vegetables Asparagus, Carrot, Cucurbit, 
Onion, Potato, Veg Other 

Annual Government of South 
Australia, 2011 

Figure 5 

Field Crop All broad acre crops in SA  Annual Government of South 
Australia, 2011 

Figure 6 

Rice Rice Annual Humphries et al, 
1994 

Figure 7 

Perennial 
Pasture 

Perennial pasture and 
Lucerne 

Annual Bethune and Wang, 
2003 

Figure 8  
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Crop 
categories 

Crops includes Planting 
Type 

Source of crop Factor Figure 

Summer 
Irrigated 
Crops 

 Cotton, Maize and cereals. 
Excludes perennial 
pasture/Lucerne 
 

Annual Humphreys et al, 
2003 

Figure 9 

Winter 
Irrigated 
Crops 

Cereals and annual pasture Annual Humphreys et al, 
2003 

Figure 10 

Nut Tree Almond, Nut Other Permanent Government of South 
Australia, 2011 

Figure 11 

Cotton Cotton Annual  Figure 12 

 

3.4 Crop and soil parameters 
There is an extensive literature on crop factors, growing seasons and planting dates available that are 

applicable to the Murray and Lower Darling Rivers. Crop factor data representative of the 10 crop 

categories were adopted from the literature (Table 8). The monthly crop factors reported for South 

Australia (Government of South Australia, 2011) assume that a US Class A pan is the reference crop. 

These monthly crop factors were divided by a pan factor of 0.75 to convert them to an equivalent 

monthly crop factor based on the FAO56 standard ETo. The monthly crop factors were then converted 

into equivalent crop factors per crop growth stage (initial, development, mid-Season, late season and 

maturity) for the different crops as show in Figures 2 to 12. A constant crop factor of 1.25 was adopted 

for rice (Humphries et al. 1994). A constant crop factor of 1.0 was adopted for perennial pastures 

(Bethune and Wang, 2003). Summer and winter irrigated crops were derived from Humphries et al 

(2003). The crop factors for all crops are treated as prior information and not changed during the 

calibration process. 

The 1st of October was adopted for the planting decision date for all summer irrigated crops, except 

vegetable which had a planting decision of 1st September and nut trees which had a planting date of 

15th August. March 1st was adopted as the planting decision date for winter irrigated crops including 

winter field crops. Appendix D contains a summary of all the planting decisions for the crops at each 

irrigator node. 

 

Figure 2. Crop factors for Grapevines 
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Figure 3. Crop factors for Citrus 

 

Figure 4. Crops factors for fruit trees 

 

 

Figure 5. Crop factors for vegetables 
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Figure 6. Crop factors for field crops 

 

 

Figure 7. Adopted crop factors for rice 

 

 

Figure 8 Adopted crop factors for perennial Pasture 
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Figure 9 Adopted crop factors summer irrigated crops 

 

 

Figure 10 Adopted crop factors winter crops (including annual pastures and winter field crops) 

 

 

Figure 11 Adopted crop factors Nut 
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Figure 12 Adopted crop factors cotton 

Good information exists on soil moisture parameters in most locations in the MDB. These parameters 

will impact on the timing of irrigation at the start of the season and following rainfall events. For 

simplicity, all crops are assumed to have a 600 mm deep root zone, a soil moisture capacity of 20 % 

and depletion factor of 50 %. This means that the soils are assumed to have 60 mm of readily available 

water. These parameters were treated as prior information and not modified during the calibration 

process. Parameters adopted are listed in Appendix B.  

Unless specified, all crops (except rice) were set to have a target soil depletion of 20 mm. Target levels 

for rice are described in section 5. Any changes to these parameters during calibration are noted under 

the corresponding reaches. 

3.5 Planting type 
The crop categories include a “planting type” attribute, either a permanent or annual planting (Table 

8).  

3.5.1 Permanent plantings 

Permanent plantings represent crops with high capital establishment costs (grapes, citrus, fruit, and 

nut trees). It is assumed that irrigators only change the area of permanent plantings in response to 

long term economic drivers. Consequently, the planted area of permanent crops does not change 

annually in response to water availability. Farms with permanent plantings will respond to low water 

availability by buying additional water (trade) and or/by reducing the irrigation application rate. This 

reflects the behaviour of keeping the crop alive, using less water and consequently producing less 

fruit. 

 

The under irrigation factor in the Irrigator demand model is adjusted during calibration of permanent 

plantings to represent the reduction in irrigation application rates during periods of low water 

availability. A conceptual representation of this behaviour is shown in Figure 13. In this example, the 

crop requires 100% of available water to meet the crop water requirements. If available water exceeds 

100%, then irrigation water will be applied to meet the crop water requirement. Any water in excess 

of 100% could either be reserved for carry over into the next season, or traded. If available water is 

between 75% and 100%, it is assumed that the irrigator will attempt to buy water so that there is 

sufficient water to meet the crop water requirements. The shortfall of water would be bought through 

temporary trade. When available water is between 75 % and 50%, the irrigator would start to under 

irrigate the crop in preference to buying water. An under irrigation factor of 25% would result in the 
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irrigation application rate being reduced by approximately 25% of that required to achieve full 

productivity.  When available water is between 0% and 50%, any further reduction in applied water 

would result in crop death. The irrigator would attempt to trade water in to keep the crop alive. The 

curve in Figure 13 can be defined by the available water and under irrigation factor at two points 

(Table 9): 

 

Table 9. Example representation of the under irrigation factor for permanent plantings. 

 Available water 
(% allocation) 

Under irrigation factor 
(%) 

Full available water 75 0 
Minimum available water 50 25 

 

 

During the calibration of permanent plantings, an attempt is made to fit a curve defining how the 

under irrigation factor changes with available water. The resulting curve is reported for each demand 

model as shown in Table 9. 

 

 

Figure 13 Crop under irrigation factor 

3.5.2 Annual plantings 

Annual plantings (vegetables, field crops, rice, pastures) have lower establishment costs. It is assumed 

that a planting decision is made annually to define the area of these crop types. The area planted each 

year changes in response to water availability, economic drivers and changes to irrigation 

infrastructure. During periods of high water availability, a larger area is planted. In years of low water 
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availability, a smaller area is planted. A maximum irrigated area for each crop type is input to the 

model as a time series. The maximum irrigated area is assumed to be the planted area of the crop 

under conditions of high water availability.  This maximum irrigated area is derived from recorded 

data where possible. This could be a constant or time varying if there is sufficient data to support a 

trend in the maximum irrigated area of a crop type. The planted area is calculated by the model each 

year as a function of water availability. This allows preferences in crops types to be grown at different 

allocation levels. For example, Figure 14 shows a conceptual relationship between the planted area 

and available water of two annual planting crops. In this example, the area of high value crop would 

increase linearly until it reaches a maximum planted area of 100 ha at 50% available water. Once the 

high value crop has reached its maximum irrigated area, additional water is directed to the low value 

crop, which increases linearly up to a maximum irrigated area of 500 ha at 200% water availability.  

 

Figure 14. Planted area relationship 

All annual plantings are defined using Equation 1. Lookup(Allocation, Crop) returns an area from a 

piecewise linear relationship between area and allocation (such as in Figure 14) for a given allocation 

level. This relationship also includes consideration of permanent water trade, as described in Section 

3.6. 

𝐶𝑟𝑜𝑝 𝐴𝑟𝑒𝑎 = 𝐿𝑜𝑜𝑘𝑢𝑝(𝐴𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛, 𝐶𝑟𝑜𝑝) ∗ 𝑇𝑟𝑎𝑑𝑒𝐹𝑎𝑐𝑡𝑜𝑟  Equation 1 

 

3.6 Permanent Water Trade 
The area of irrigated plantings and diverted volume has changed over time in response to a number 

of drivers. Permanent water trade and buy back of water for the environment has changed the amount 

of water available for irrigation and consequently the irrigated area of different crops. For permanent 

plantings, the modelled area is based on observed data as it is assumed that the area of permanent 

plantings does not change seasonally in response to available water. Permanent plantings already 

factored in the amount of permanent trade. Annual crops are planted each year in response to water 
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availability, which will be influenced by the amount of permanent trade.  To account for the impact of 

permanent water trade, a trade scaling factor is implemented in the demand model for all annual 

plantings (Equation 1).  

The TradeFactor (Equation 1) is adopted from the demand scaling factors in MSM, which reflects the 

change in entitlement over time in response to permanent trade. These scaling factors are 

summarised for South Australia (Table 10), NSW (Table 11, Table 12) and Victoria (Table 13, Table 14).  
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Table 10 Change in SA Irrigation Entitlements and demand scaling Factors as a consequence of Trade 

Date Changed All Other 
Purposes 

Entitlement# 
(GL) 

SA Reclaimed 
Swamp 

Entitlement 
(GL) 

SA TLM 
Environmental 

Entitlement 
(GL) 

Temporary 
Net trade 

in 
(GL) 

All Other 
Purposes 
Demand 

trade scaling 
Factor 

1970 476.2 103.5 0.0 0.0 1.00000 

1994* 485.5 94.2 0.0 0.0 1.02500 

1996 485.6 94.1 0.0 0.0 1.02500 

1997 487.7 92.0 0.0 0.0 1.02500 

1998 491.9 90.9 0.0 0.0 1.02500 

1999 497.7 90.3 0.0 -15.9 1.02500 

2000 502.3 90.2 0.0 1.6 1.03419 

2001 503.9 90.1 0.0 6.2 1.03740 

2002 505.2 89.6 0.0 15.3 1.04020 

2003 517.4 77.2 0.0 3.2 1.06729 

2004 533.1 66.2 0.0 30.9 1.10102 

2005 540.7 60.7 0.0 16.3 1.11760 

2006 558.8 56.9 0.0 8.0 1.15458 

2007 561.9 53.8 0.0 30.9 1.16147 

2008 563.5 52.2 0.0 107.2 1.16507 

2009 568.7 47.0 43.196 299.7 1.08430 

2011 569.6 46.1 43.196 337.6 1.08639 
* 9.3 GL Highland component of Reclaimed Swamps entitlement transferred to All Other Purposes and AOP 

factored up by 1.025. Historical swamp and AOP diversions have been adjusted to reflect this change back 

to 1994/5. 

# This AOP entitlement does not include 8.9 GL of Stock and Domestic and 4.5 GL for Industrial entitlements 

which are entered separately. Also not included is a 6.6 GL allowance for Riparian Rights 

Table 11 NSW Murray Entitlements. Change as a result of permanent trade and TLM 

 

Water Year Traded 04/05 05/06 06/07 07/08 08/09 09/10

Date MSM changed Jun-04 Jun-05 Jun-06 Jun-07 Jun-08 Jun-09

MIL High Security 3.300 3.300 3.300 3.300 3.300 2.203

MIL General Security 1190.836 1190.836 1190.836 1190.836 1190.836 1115.594

MIL Conveyance 300.000 300.000 300.000 300.000 300.000 300.000

MIL Supplementary Access 221.704 221.704 221.704 221.704 221.704 121.704

PDs High Security 131.684 132.649 132.950 132.950 132.950 132.660

PDs General Security 479.672 479.672 479.672 479.672 479.672 435.655

PDs Supplementary Access 28.296 28.296 28.296 28.296 28.296 28.296

S & D, Local water Utility 47.854 47.854 47.854 47.854 47.854 47.854

Sunraysia High Security 61.000 61.000 61.000 61.000 61.000 61.000

Adaptive Environmental Water HS 2.027 2.027 2.027 2.027 2.027 2.027

Adaptive Environmental Conveyance 30.000 30.000 30.000 30.000 30.000 30.000

TLM High 0.000 0.000 0.000 0.000 0.000 5.124

TLM General 0.000 0.000 0.000 0.000 0.000 89.886

TLM Supplementary 0.000 0.000 0.000 0.000 0.000 100.000

Snowy High 0.000 0.000 0.000 0.000 0.000 0.000

Snowy  General 0.000 0.000 0.000 0.000 0.000 31.149

Total HS 198.011 198.976 199.277 199.277 199.277 203.014

Total GS 1670.508 1670.508 1670.508 1670.508 1670.508 1672.284

Total Supplementary 250.000 250.000 250.000 250.000 250.000 250.000
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Table 12 Scaling factors applied to NSW Murray demands to allow for Permanent trade and the recovery of 
water for TLM 

 
 

Table 13 Change in Victorian Murray Entitlements as a result of Permanent Trade, Unbundling and TLM 
environmental water recovery 

 
 

Table 14 Scaling factors applied to Victorian Murray demands to allow for Permanent trade and the recovery 
of water for TLM 

 
  

Water Year Traded 00/01 01/02 02/03 03/04 04/05 05/06 06/07 07/08 08/09 09/10

Date MSM changed Jun-00 Jun-01 Jun-02 Jun-03 Jun-04 Jun-05 Jun-06 Jun-07 Jun-08 Jun-09

Mulwala Net 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.94148

Wakool Canal 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.94148

NSW Sunraysia 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000

NSW PDs U/S of Murrumbidgee 0.99972 1.00013 1.00043 1.00240 1.00354 1.00509 1.00558 1.00558 1.00558 0.94053

NSW PDs D/S of Murrumbidgee 0.99972 1.00013 1.00043 1.00240 1.00354 1.00509 1.00558 1.00558 1.00558 0.94053

Water Year Traded 97/98 98/99 99/00 00/01 01/02 02/03 03/04 04/05 05/06 06/07 07/08 08/09 09/10

Date MSM changed Jun-97 Jun-98 Jun-99 Jun-00 Jun-01 Jun-02 Jun-03 Jun-04 Jun-05 Jun-06 Jun-07 Jun-08 Jun-09

High Reliability Water Share

 1. Murray Valley           254.565 253.779 252.869 252.354 251.682 251.059 249.549 247.680 245.990 245.900 245.900 245.900 237.204

 2. Torrumbarry             403.052 398.816 393.913 391.137 387.516 384.157 376.020 365.942 356.834 356.350 356.350 356.350 351.762

 3. Pental Island           6.377 6.291 6.191 6.135 6.061 5.993 5.828 5.623 5.438 5.428 5.428 5.428 5.428

 4. Sunraysia RW            105.700 105.302 104.893 104.813 104.333 104.150 102.614 101.238 99.835 98.512 98.512 98.512 98.512

 5. FMIT                    73.027 72.711 72.386 72.322 71.941 71.796 70.575 69.481 68.366 67.315 67.315 67.315 67.315

 6. Nyah                    12.113 11.979 11.824 11.736 11.622 11.516 11.259 10.940 10.652 10.637 10.637 10.637 10.637

 7. PDs Dartmouth-Barm      36.829 35.572 34.116 33.292 32.218 31.221 28.805 25.814 23.111 22.967 22.967 22.967 21.092

 8. PDs Barmah-Nyah         31.113 32.034 33.099 33.703 34.490 35.219 36.988 39.178 41.158 41.263 41.263 41.263 39.703

 9. Mitta                   15.157 14.889 14.578 14.403 14.173 13.961 13.445 12.807 12.231 12.200 12.200 12.200 12.200

10. Millewa Carwarp         0.820 0.820 0.820 0.820 0.820 0.820 0.820 0.820 0.820 0.820 0.820 0.820 0.820

11. PDs Nyah to SA          181.645 188.616 195.765 197.171 205.569 208.771 235.665 259.751 284.311 307.467 307.467 307.467 299.707

12. Wimmera MalleeW         2.500 2.555 2.611 2.622 2.689 2.714 2.926 3.116 3.309 3.492 3.492 3.492 3.492

13. Lower Murray W - River  19.913 20.417 20.934 21.036 21.643 21.874 23.819 25.561 27.337 29.011 29.011 29.011 29.011

14. Lower Murray W - Channel 2.033 2.029 2.025 2.024 2.019 2.017 2.002 1.988 1.973 1.960 1.960 1.960 1.960

15. Coliban Water  - River  5.055 5.055 5.055 5.055 5.055 5.055 5.055 5.055 5.055 5.055 5.055 5.055 5.055

16. Coliban Water  - Channel 1.230 1.230 1.230 1.230 1.230 1.230 1.230 1.230 1.230 1.230 1.230 1.230 1.230

17. Goulburn Valley- River  2.383 2.494 2.623 2.695 2.790 2.878 3.091 3.356 3.594 3.607 3.607 3.607 3.607

18. Goulburn Valley- Channel 0.128 0.128 0.128 0.128 0.128 0.128 0.128 0.128 0.128 0.128 0.128 0.128 0.128

19. North East W            11.692 11.792 11.908 11.973 12.059 12.138 12.330 12.568 12.783 12.794 12.794 12.794 12.794

20. Flora and Fauna         27.600 27.600 27.600 27.600 27.600 27.600 27.600 27.600 27.600 27.600 27.600 27.600 27.600

21. TLM Environmental Water     0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 22.003

22 Snowy Water 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 37.203

Total HRWS 1192.932 1194.107 1194.569 1192.249 1195.638 1194.297 1209.749 1219.874 1231.755 1253.736 1253.736 1253.736 1288.463

Water Year Traded 97/98 98/99 99/00 00/01 01/02 02/03 03/04 04/05 05/06 06/07 07/08 08/09 09/10

Date MSM changed Jun-97 Jun-98 Jun-99 Jun-00 Jun-01 Jun-02 Jun-03 Jun-04 Jun-05 Jun-06 Jun-07 Jun-08 Jun-09

Low Reliability Water Share

 1. Murray Valley           240.956 240.189 239.301 238.798 238.142 237.534 236.060 234.234 232.584 232.497 139.498 111.599 109.268

 2. Torrumbarry             373.907 369.649 364.719 361.929 358.289 354.912 346.732 336.601 327.445 326.958 196.175 156.940 153.661

 3. Pental Island           6.363 6.276 6.176 6.119 6.044 5.975 5.808 5.602 5.415 5.405 3.243 2.594 2.594

 4. Sunraysia RW            0.350 0.350 0.350 0.350 0.350 0.350 0.350 0.350 0.350 0.350 0.000 0.000 0.000

 5. FMIT                    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

 6. Nyah                    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

 7. PDs Dartmouth-Barm      29.207 28.393 27.452 26.918 26.223 25.578 24.015 22.079 20.330 20.237 6.071 4.857 4.857

 8. PDs Barmah-Nyah         34.248 32.790 31.103 30.148 28.902 27.747 24.946 21.479 18.345 18.178 10.907 8.725 8.725

 9. Mitta                   15.000 15.853 16.840 17.398 18.127 18.803 20.441 22.469 24.303 24.400 7.320 5.856 5.856

10. Millewa Carwarp         0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

11. PDs Nyah to SA          0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.000 0.000 0.000

12. Wimmera MalleeW         0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

13. Lower Murray W - River  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

14. Lower Murray W - Channel 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

15. Coliban Water  - River  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

16. Coliban Water  - Channel 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

17. Goulburn Valley- River  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

18. Goulburn Valley- Channel 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

19. North East W            0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

20. Flora and Fauna         0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

21. TLM Environmental Water     0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 101.850 101.850

22 Snowy Water 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.540

Total LRWS 700.731 694.200 686.640 682.360 676.777 671.599 659.052 643.513 629.471 628.725 363.214 392.421 392.351

Variable Loss allowance

 1. Murray Valley           18.998 18.998 18.998 18.998 18.998 18.998 18.998 18.998 18.998 18.998 18.998 18.998 13.034

 2. Torrumbarry             31.879 31.879 31.879 31.879 31.879 31.879 31.879 31.879 31.879 31.879 28.774 28.774 22.04

Total Variable Loss 50.877 50.877 50.877 50.877 50.877 50.877 50.877 50.877 50.877 50.877 47.772 47.772 35.074

Water Year Traded 00/01 01/02 02/03 03/04 04/05 05/06 06/07 07/08 08/09 09/10

Date MSM changed Jun-00 Jun-01 Jun-02 Jun-03 Jun-04 Jun-05 Jun-06 Jun-07 Jun-08 Jun-09

Net Murray Valley Diversions  0.99975 1.00131 1.00108 1.00729 1.01172 1.01676 1.02495 1.02534 0.99397 0.96043

Torrumbarry Net Diversions    0.99553 0.99143 0.98601 0.97899 0.96687 0.95646 0.96282 0.96316 0.93568 0.91517

Sunraysia Pumped Diversion 0.99927 0.99491 0.99324 0.97927 0.96676 0.95400 0.94196 0.94136 0.94136 0.94136

Other Diversions U/S Barmah      0.99248 0.98389 0.97491 0.95777 0.93499 0.91564 0.92029 0.81889 0.80440 0.77676

Other Diversions Barmah-Nyah           1.00747 1.01809 1.02698 1.05121 1.07853 1.10247 1.10626 1.23648 1.21620 1.17684

Other Sunraysia D/S Nyah  1.00602 1.04366 1.05774 1.17873 1.28671 1.39698 1.50202 1.50102 1.50102 1.46842



 

20 
 

4 Demand modelling for South Australia  

The demand model used to define the diversion for the irrigation component of the South Australian 

“All Other Purposes” (AOP) in the Baseline Diversion Limit (BDL) and Water Resource Plans (WRP) 

scenarios in the SMM is the regression model accredited under Cap and documented in MDBC (2004). 

The demand models used to define other components of the AOP diversion (Irrigation, Stock and 

Domestic, Recreation and, Industrial) for the BDL and WRP Scenarios are based on monthly patterns 

that assuming full utilisation of the allocated volumes. Similarly, the Lower Murray Swamp diversions 

(represented in the model as the Lower Murray Reclaimed Irrigation Area (LMRIA) is also based on a 

monthly pattern that assumes full utilisation of the allocated volume. 

Significant effort has been spent representing the South Australian irrigation demands using the 

Irrigator functionality in the SMM. These demands models are included in the SMM but are only 

activated under certain scenarios. 

Irrigation diversions occur along the entire length of the River Murray in South Australia to supply 

water to the irrigation areas shown in Figure 15. Diversion data is currently provided that describes 

use by “All Other Purposes” (AOP) and the Lower Murray Reclaimed Irrigation Area (LMRIA). AOP data 

includes use for Irrigation, Stock and Domestic, Recreation and, Industrial. 

The AOP data is disaggregated to a monthly timestep based upon the pattern of diversions from the 

Central Irrigation Trust (CIT) districts, which report diversions at a quarterly timestep, and for the 

Renmark Irrigation Trust (RIT) at a monthly timestep. Diversion data provided for the Lower Murray 

Reclaimed Irrigation Area (LMRIA) is provided as an annual value and is then disaggregated to a 

monthly value based on use in some of the pumped districts in South Australia, The LMRIA was not 

metered prior to 2006. 

Conceptually, the SMM has modelled SA irrigation diversions as four demand models (Table 15). While 

the data available is limited, the model has been set up to represent the four zones on the basis that 

this will help South Australia answer policy questions. The LMRIA is calibrated as a separate demand 

model (see section 4.4) while the AOP demand is represented by three irrigation demand nodes 

Table 15 Data associated with Demand Models 

Model Data Source 

Riverlands AOP (SAIRRIG.70) 

Angas Bremer AOP (SAIRRIG.70) 

Lower Lakes AOP (SAIRRIG.70) 

Lower Murray Reclaimed Irrigation Area LMRIA (SASWAMP.70) 
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Figure 15 Agricultural areas in South Australia (MDBC Technical Report 2004/2) 

4.1 All Other Purposes Demand Modelling 

4.1.1 Calibration 

The following key assumptions are made about non-irrigation diversion included in the AOP recorded 

diversions: 

 Stock and domestic use utilises its full entitlement in the same pattern as country town water 

use 

 Recreation use utilises its full entitlement in the same pattern as country town water use 

 Industrial use utilises its full entitlement at a constant rate during the year. 

Thus calibration was done by comparing AOP diversions with the sum of 

1. Riverlands irrigation diversions 

2. Angus Bremer irrigation diversions 

3. Lower Lakes irrigation diversions 

4. SA recreational use 

5. SA stock and domestic use 

6. SA industrial use 

The following parameters were adjusted during the calibration: 

1. Adjust under irrigation factor and vegetable planting area relationship in Angus Bremer 

model to minimise bias of average annual diversions 
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2. Adjust field crop planting relationship in Lower Lakes model to minimise bias in average 

annual diversions for Lower Lakes 

3. Calibrate subset of Riverlands against observed data for Renmark Irrigation Trust and 

Central Irrigation Trust 

4. Use information gained from RIT and CIT calibration to adjust under irrigation factor for 

permanent plantings, annual planting relationships and efficiency for Riverlands. 

Concerns were raised by DEWNR of the initial calibration of the Riverlands undertaken on the 

Irrigation demands in South Australia (MDBA 2016). The original calibration results (see Appendix C) 

showed that there was a significant underestimation of demand in winter/early spring and a 

subsequent over estimation of summer demand to ensure the bias error in the annual demand was 

minimized. Given the scarcity of data available at monthly timesteps the MDBA had little confidence 

in matching the monthly disaggregated pattern. 

The original calibration of the Riverlands was based upon an annual diversion total disaggregated into 

a monthly pattern based upon the Renmark Irrigation Trust (RIT) monthly diversions. The RIT is the 

only part of the Riverlands area that reports diversions on a monthly timestep, and represents about 

8% of the total irrigated area in the Riverlands (Figure 16). The Central Irrigation Trust (CIT) reports 

diversions quarterly and represents around 26% of the total area (Figure 16). The remaining irrigated 

area in the Riverlands is comprised of private diverters outside the trusts who report diversions 

annually. 

Appendix C outlines the calibration of the RIT and CIT irrigated areas against the available data. The 

major conclusion from this investigation was that there is evidence that irrigators apply water beyond 

the 20 mm soil depletion target during winter/spring. There are a couple of motivations for this 

behavior namely: 

 Flush the accumulation of salt in the crops root zone 

 Suppress the impacts of frosts 
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Figure 16 CIT and RIT areas as part of Riverland area 

 

4.1.2 Model set up Riverlands 

 The planting decision model 

The irrigation mix of the Riverlands is primarily permanent plantings of fruit crops (grapes, citrus, fruit 

trees). There are also some vegetables and field crops. Available recorded crop area data used is 

shown in Table 16 (Sunrise21, 2013). Data on the total horticultural area was also available in 1989, 

1997 and 2003 (Smith and Lesslie, 2005). A continuous time series input of crop area for the 

permanent plantings was produced by linear interpolation between the recorded crop areas. 

Vegetables had a planting date of 1st September, while field crops had a planting of the 1st March. The 

area of annual plantings was a function of allocation (Equation 1). 

Table 16 Crop Area for irrigators in the South Australian Riverland derived from Sunrise21 GIS Data. Data 
with dates marked with a * is from the ‘Irrigation demands on the Murray and Lower Darling Rivers' 

November 2015 report. 

Crop Type 
Crop Area (ha) 

1989-90* 1996-97* 2002-03 2004-05 2008-09 2014-15 

Grapevine 16,971 22,056 23,734 22,365 22,770 21567 
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Crop Type 
Crop Area (ha) 

1989-90* 1996-97* 2002-03 2004-05 2008-09 2014-15 

Citrus 5,301 6,889 7,410 6,430 6,704 6,111 

Fruit Tree 4,221 5,486 2,828 2,213 2,360 2,017 

Nut Tree 3,076 3,076 3,076 4,269 4,609 5,091 

Vegetable 3,932 5,110 5,496  2,889 5,223 

Field Crop 2,041 2,652 3,282  1,710 2,252 

 

 Permanent water trade 

The permanent plantings already include the impact of water trade. No information is available on the 

trade from annual plantings in this model. Consequently, trade is not assumed to impact on the area 

of annual plantings. 

 Distribution of diversions 

No data is available on where diversions occur in the South Australian section of the Murray. On this 

basis, diversions are assumed to be distributed based on crop area. For the Riverlands demand model 

in the SMM, diversions are distributed between reaches as shown in Table 17 based on the crop area 

data in 2014-15. 

Table 17 Distribution of diversions in the South Australian Riverland 

 Citrus FieldCrop FruitTree Grapevine NutTree Other Veg Total % 

R109 2452 89 795 5125 1882 126 16 10485 24.6 

R112 413 68 194 2668 596 114 13 4066 9.5 

R117 544 586 195 6418 1344 58 194 9339 21.9 

R118 1 0 228 906 588 6 1722 3451 8.1 

R119 460 110 85 2488 1 6 127 3277 7.7 

R120 17 1 11 13 9 4 0 55 0.1 

R121 69 83 13 214 338 8 1053 1778 4.2 

R122 0 348 8 66 0 1 337 760 1.8 

R123 147 348 96 62 3 0 360 1016 2.4 

R124 0 493 1 16 0 6 74 590 1.4 

R162 591 5 33 930 255 4 0 1818 4.3 

R163 142 47 41 319 0 8 27 584 1.4 

R164 1250 11 223 1923 76 8 671 4162 9.8 

R165 25 64 94 417 0 2 602 1204 2.8 

TOTAL 6111 2252 2017 21567 5091 350 5223 42611 100 

4.1.3 Model setup - Angus Bremer 

Reference  - http://www.angasbremerwater.org.au/ 

The Angas Bremer district is located near Strathalbyn, beside Lake Alexandrina approximately, 

30km from the Murray Mouth and 60km south east of Adelaide. The 7,100 hectares (ha) of 

irrigated area includes 5,400 ha of wine-grapes, 470 ha of lucerne and 430 ha of potatoes. 
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The Angas Bremer district sources water from both the River Murray, ground sources and the Angus 

and Bremer rivers. A pipeline was installed during the drought to allow water to be extracted from the 

Murray upstream of Lake Alexandrina. The average Murray water use between 1997 and 2013 is 14.9 

GL/y. An additional 2 GL/y of groundwater is also used for irrigation. 

 The planting decision model 

Available crop information for the Angus Bremer district is provided in Table 18. There are also small 

areas of other crops. Approximately, half of the irrigation water is source from groundwater.  For the 

purpose of this study, it is assumed that 80 % of the irrigated crop area (Table 18) is irrigated by water 

from the Murray.  Thus the area of grapevines was set to 80 % of the values in Table 18. A maximum 

area of vegetables was set to 340 Ha, which is 80 % of the 2011-2012 crop vegetable area. The under 

irrigation factor of grapes was adjust during calibration so that the average annual diversions from the 

Angus Bremer was 15 GL/y. 

Table 18 Crop Area for irrigators in the South Australian Angus Bremer 

Crop Type 

Crop Area (ha) 

96-97 02-03 08-09 11-12 

Grapevine 3836 6059 6199 5323 

Vegetables 680 502 89 424 

 

 Permanent water trade 

Permanent water trade is not represented in this model. 

4.1.4 Model setup – Lower Lakes 

A number of irrigators extract water directly from the Lakes Albert and Alexandrina. Limited 

information is available on extractions from these Lakes. Historically, diversions for irrigation averaged 

53 GL/y (SA, 2010), of which 15 GL was extracted for the Angas Bremer district. The area of irrigation 

has reduced significantly since the millennium drought. 

 The planting decision model 

A continuous time series input of crop area for the permanent plantings was produced by linear 

interpolation between the recorded crop areas (Table 19). Field crops was treated as an annual 

planting, the area planted being scaled by available water. In addition, the maximum area of field 

crops was reduced from 4590 prior to 2006, to 1480 post 2006 to reflect the change in irrigation 

enterprises around the lake. 

 

Table 19 Crop Area for irrigators in the South Australian Lower Lakes 

Crop Type 

Crop Area (ha) 

02-03 08-09 11-12 14-15 

Grapevine 751 821 821 846 

Fruit tree 76 66 66 142 

Field crop 4588 834 834 1483 

Vegetables 113 4 4 0 
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Nut Tree 23 4 4 0 

 

 Permanent water trade 

Permanent water trade is not represented in this model. 

4.2 Model Calibration 
The model calibration period is from July 1993 to June 2015. The model was calibrated against the 

AOP diversion data. The AOP diversions include recreational, stock and domestic and industrial uses. 

Thus calibration was done by comparing AOP diversions with the sum of 

1) Riverlands irrigation diversions 

2) Angus Bremer irrigation diversions 

3) Lower Lakes irrigation diversions 

4) SA recreational use 

5) SA stock and domestic use 

6) SA industrial use 

The following parameters were adjusted during the calibration: 

5. Adjust under irrigation factor and vegetable planting area relationship in Angus Bremer 

model to minimise bias is average annual diversions 

6. Adjust field crop planting relationship in Lower Lakes model to minimise bias in average 

annual diversions for Lower Lakes 

7. Calibrate subset of Riverlands against observed data for Renmark Irrigation Trust and 

Central Irrigation Trust 

8. Use information gained from RIT and CIT calibration to adjust under irrigation factor for 

permanent plantings, annual planting relationships and efficiency for Riverlands. 

4.2.1 Renmark Irrigation Trust and Central Irrigation Trust Calibration 

Details of the calibration of RIT and CIT are contained in Appendix C. A variable soil depletion factor 

was adopted from this calibration for the Riverlands that increased the target soil moisture deficit 

from July to October to represent the winter/spring watering evident in the RIT and CIT data. This 

behaviour is linked to salinity management around the crop root zone and frost protection. 

4.2.2 Under irrigation factor-permanent plantings – Angus Bremer 

A constant under irrigation factor of 10 % was adopted for the Angus Bremer irrigation district 

4.2.3 Under irrigation factor-permanent plantings - Riverlands 

For the permanent planting crop types, an “under irrigation” factor is implemented to model the 

reduced water use in periods of low allocation. South Australia only rarely has reduced allocations and 

there is limited data to define the “under irrigation” factor. The “under irrigation” factor was adjusted 

during calibration. The adopted factor was an under irrigation factor of 0.1 when allocation levels fell 

below 30 % (Table 20): 

Table 20. Calibrated under irrigation factor relationship for permanent plantings in the South Australian 
demand model 
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 Available water 
(% allocation) 

Under irrigation factor 
(%) 

Full available water >30 0 
Minimum available water <30 0-35 

 

4.2.4 Available water – area relationship for annual plantings 

The derived relationships for the Riverlands, Angus Bremer and Lower Lakes are showing in Figure 17. 

Note that the maxim area for Lower Lakes is reduced post 2006, however the slope of the relationship 

remains the same. 

 

 

Figure 17 Area- allocation relationships for South Australia 

The derived relationship between the planted area and available water in the South Australian 

demand model is defined by Equation 1. 

4.2.5 Supply escape efficiency  

The supply escape efficiency was adjusted to minimise the bias between the modelled and recorded 

diversion data. This was set to 15% of the volume applied to take into account farm efficiencies, 

seepage losses and other unaccounted losses or uses. 

4.3 Calibration results and discussion 
The modelled diversion of water for irrigation demand was compared with the actual observed water 

volume diverted for South Australia (Table 21, Figure 18 and Figure 19). The yearly diversion is also 

predicted reasonably well. On an annual basis, there is a tendency to under predict annual diversions 

prior to 2002. Annual diversions are over predicted in 2006, which resulted from the allocation being 

reduction part way through the irrigation season. The monthly diversions match reasonably well, 

although the model predicts higher diversions in the peak of summer than recorded. One potential 



 

28 
 

cause for the over predicting of summer diversions may result from the recorded diversion data. 

Monthly recorded diversion data are available for the pumped districts, while a total annual diversion 

is available for other South Australian irrigation diversions. The annual diversions for South Australia 

all other uses is disaggregated to a monthly pattern using the monthly recorded diversions in the 

pumped districts. This introduces some uncertainty in the seasonality of diversions due to different 

crop mixes in the non-pumped districts, with a greater concentration of field crops. The annual 

diversions from the Angus Bremer show that annual diversions were over predicted during the 

drought. Further improvements to these models may be possible if there is better quality diversion 

data available for calibration. 

Table 21 Performance indicators of model results for South Australia All Other Purposes 

 

Bias (%) R2 NSE 

Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly  0.57% 0.90 0.87 23% 31.24 31.42 

Yearly 0.57% 0.82 0.82 6% 374.9 377.0 

 

The average annual water application rates per hectare for each crop are listed in Table 22. 

Table 22. Annual average water application rate for South Australia 

 Grapes Citrus Field Crop Fruit Tree Vegetable 
Water supply (ML/ha/y) 5.0 6.6 9.1 8.76 6.4 
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Figure 18 Comparison of modelled and observed diversion for All Other Purposes diversions in South 
Australia 
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Figure 19 Comparison of modelled and observed diversion for the Angus Bremer Irrigation district (Note: No 
monthly recorded data available) 
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4.4 SA Lower Murray Reclaimed Irrigation Area. 

4.4.1 Model set-up and input 

This demand model represents diversions to supply farms in the Lower Murray Reclaimed Irrigation 

Area (LMRIA). The LMRIA is also known as the Murray Swamps. This area historically had 

approximately 5200 ha of irrigated land on the floodplain of the River Murray in South Australia, 

between Lock 1 and Tailem Bend. The LMRIA was rehabilitated between 2006 and 2008, with new 

water delivery, laser levelling and other changes. Between 2006 and 2010, the LMRIA was impacted 

by drought and a further 1000 ha of land was retired. During the rehabilitation, 1000 ha of land was 

retired. The area is predominately used to irrigate pastures to support the dairy industry.  Diversions 

were not metered prior to 2005, with an assumption made that the full entitlement was used for 

irrigation. 

4.4.2 Planting decision model 

Crop area data for this district is summarised in Table 23. Pasture has been modelled as both a summer 

and winter crop. 

Table 23 Crop Area for Murray Swamps 

Crop Type 
Crop Area (ha) 

1997 2003 2009 2012 2015 

Pasture 0 4687 2379 2379 2654 

Vacant 0 404 2748 2748 2464 

 

 

4.4.3 Permanent water trade 

There has been considerable trade out of the Murray Swamps, with the entitlement reducing from 

94.2 GL (1993) to 46.1 GL (2011) (Table 10). The trade scaling factor (Equation 1) was used to scale the 

planting decision model allow for the impact of permanent water trade. The halving in entitlement in 

this district corresponds to the reduction in irrigated pasture area (Table 23). 

4.5 Model Calibration  
The model calibration period was July 1993 to end of June2015.  Key parameters adjusted during the 

calibration include: 

1) Efficiency 

2) The planting area relationship for summer pasture 

3) The planting area relationship for winter pasture 

4) Entitlement trade scaling factor for pasture 

4.5.1 Available water - planting area decision for summer and winter crops 

Allocation was used as a surrogate for available water. Climatic data from Loxton was used in the 

demand model. The maximum irrigated area of the summer crop was set to 5200 ha.  The maximum 

planted areas were reached at relatively low allocation levels. At allocations above this level, there 

was no increase in water use/planted area. The pasture area is defined by a piecewise linear 
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relationships (Figure 20), with the area calculated using Equation 1. The allocation is a time series 

input to the demand model calibration. 

 

 

Figure 20 Area- allocation relationships for pasture 

 

4.6 Calibration results and discussion 
Efficiency was set to 37 % prior to 2006. Post 2006, efficiency was set to 10 %. The timing of this change 

in efficiency corresponds to the renewal of irrigation infrastructure in the Murray Swamps, including 

the metering diversions. 

The model performance metrics are reported in Table 24. The model provides a good representation 

of recorded diversions data (Figure 21). The model has represented the change in diversions resulting 

from permanent trade of water from the district. The data prior to 2006 is not metered and the 

recorded data actual reflects the assumption that the full entitlement has been used.  

Table 24 Performance of demand model for the Lower Murray Reclaimed Irrigation Area. 

 

Bias (%) R2 NSE 

Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly  -0.74% 0.92 0.92 25% 5.23 5.19 

Yearly -0.74% 0.97 0.97 9% 62.8 62.3 
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Figure 21 Comparison of modelled and observed diversion Lower Murray Reclaimed Irrigation Area 
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5 NSW Murray private diverters - upstream of Murrumbidgee 

5.1 Model set-up and input 
This demand model represents NSW private diverters on the Murray from Albury to the 

Murrumbidgee junction, specifically residual diversions on the Murray upstream of Murrumbidgee. 

Note that West Corurgan, Moira, Private Diverters on the Edward-Wakool, Urban and stock and 

domestic diversions are represented as separate demand models. The area is part of the Water 

Sharing Plan for the NSW Murray and Lower Darling Regulated Rivers Water Source. Recorded 

diversion data from the NSW Water accounting system is used for the calibration.  

There is limited data on cropping areas in this section of the Murray. Data collected by the Basin 

Salinity Management Plan in 1996 indicate that the main crops in this area are pasture, rice, 

horticulture and winter crops.  Climate data from Deniliquin is used for this demand model. 

5.1.1 Planting decision model 

As there is no time varying crop data, we have categorised the crops broadly as either summer or 

winter crops. Summer irrigated crops include rice, pastures, cereals and horticulture. Winter crops 

include cereals and annual pastures. The planting dates for the winter and summer crops are 1st March 

and 1st of October respectively.  Both the summer and winter crops are treated as annual plantings, 

thus the area will change annually in response to water availability. Since no data was available for 

these reaches, an area-available water relationship was derived for both crops during the calibration.   

5.1.2 Permanent water trade 

There has been a 15 % reduction in the amount of shares for private diverters on the Murray between 

2004 and 2012. The trade scaling factor (Table 25) was used to scale the planting decision model allow 

for the impact of permanent water trade.  

Table 25. Change in general security shares for private diverters from the Murray upstream of 
Murrumbidgee junction 

  
2004-
2005 

2005-
2006 

2006-
2007 

2007-
2008 

2008-
2009 

2009-
2010 

2010-
2011 

2011-
2012 

2013-
2014 

Shares 270814 271664 274266 268830 253665 236528 229396 229396 220360 

Trade 
scaling 
factor 

1 1 1 0.99 0.94 0.87 0.85 0.85 0.81 

 

5.2 Model Calibration  
The model calibration period was July 1993 to end of June 2012.  Key parameters adjusted during the 

calibration include: 

5) The planting area relationship for winter crops 

6) The planting area relationship for summer crops 

5.2.1 Available water - planting area decision for summer and winter crops 

Allocation was used as a surrogate for available water. Climatic data from Deniliquin was used in the 

demand model. The maximum irrigated area of the summer crop was 16000 ha, while the maximum 

irrigated area for the winter crop was 13,600 ha. Both of these maximum planted areas were reached 
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at relatively low allocation levels. At allocations above this level, there was no increase in water 

use/planted area. 

 

Figure 22 Area- allocation relationships for summer and winter crops 

The Summer Area and Winter Area are entered as piecewise linear relationships (Figure 22), and the 

area is calculating using Equation 1. The allocation is a time series input to the demand model 

calibration. 

5.3 Calibration results and discussion 
The model performance metrics are reported in Table 26. Modelled and observed diversions are 

compared in Figure 23. On an annual basis the model performs well. Comparison of monthly data is 

not very informative as the recorded monthly data is heavily affected by the timing of meter readings 

(typically a few times a year). This means that the available monthly data is not very useful for 

calibration and it is difficult to assess model performance at this time step. To improve this model 

requires: 

1) More frequent measure of diversion data 

2) Information on crop mix and how this has changed over time. 

As the model is using common parameters to the other sites (in terms of planting dates and crop 

types), it is believed that it is providing as a good a representation as we can achieve given the limited 

data availability. 

Table 26 Performance of demand model for private diverters on Murray upstream of Murrumbidgee 
Junction 

  Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly 0.22% 0.55 0.40 67% 10.29 10.31 

Yearly 0.22% 0.85 0.85 18% 123.5 123.8 
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Figure 23 Comparison of modelled and observed diversion for private diverters upstream of Murrumbidgee 
Junction 
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6 NSW Edward Wakool private diverters 

6.1 Model set-up and input 
This demand model represents residual diversions on the Edward Wakool System. Note that urban, 

Murray Irrigation Limited and stock and domestic diversions are represented as separate demand 

models. The area is part of the Water Sharing Plan for the NSW Murray and Lower Darling Regulated 

Rivers Water Source. Recorded diversion data from the NSW Water accounting system is used for the 

calibration.  

There is limited data on cropping areas in this section of the Murray. Data collected by the Basin 

Salinity Management Plan in 1996 indicate that the main crops in this area are pasture, rice, 

horticulture and winter crops.  Climate data from Deniliquin is used for this demand model. 

6.1.1 Planting decision model 

As there is no time varying crop data, we have categorised the crops broadly as either summer or 

winter crops. Summer irrigated crops include rice, pastures, cereals and horticulture. Winter crops 

include cereals and annual pastures. The planting dates for the winter and summer crops are 1st March 

and 1st of October respectively.  Both the summer and winter crops are treated as annual plantings, 

thus the area will change annually in response to water availability. Since no data was available for 

these reaches, an area-available water relationship was derived for both crops during the calibration.   

6.1.2 Permanent water trade 

There has been a 23 % reduction in the amount of general security shares for private diverters on the 

Edward-Wakool system between 2004 and 2012. The trade scaling factor (Table 27) was used to scale 

the planting decision model allow for the impact of permanent water trade.  

Table 27. Change in general security shares and trade factor for private diverters Edward-Wakool system. 

  
2004-
2005 

2005-
2006 

2006-
2007 

2007-
2008 

2008-
2009 

2009-
2010 

2010-
2011 

2011-
2012 

2013-
2014 

Shares 123442 119563 122036 118785 111770 113351 107589 107589 96848 

Factor 1 0.97 0.99 0.96 0.91 0.92 0.87 0.87 0.78 

 

6.2 Model Calibration  
The model calibration period was July 1993 to end of June 2012. Key parameters adjusted during the 

calibration include: 

1) The planting area relationship for winter crops 

2) The planting area relationship for summer crops 

6.2.1 Available water - planting area decision for summer and winter crops 

Allocation was used as a surrogate for available water. Climatic data from Deniliquin was used in the 

demand model. The maximum irrigated area of the summer crop was 5900 ha, while the maximum 

irrigated area for the winter crop was 5,500 ha. Both of these maximum planted areas were reached 

at relatively low allocation level (40 %). At allocations above this level, there was no increase in water 

use/planted area.  
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Figure 24 Area- allocation relationships for summer and winter crops 

 
The Summer Area and Winter Area are entered as piecewise linear relationships, describing the 

relationship in Figure 24. Equation 1 is used to calculate the crop area. The allocation is a time series 

input to the demand model calibration. 

6.3 Calibration results and discussion 
The model performance metrics are reported in Table 28. Modelled and observed diversions are 

compared in Figure 25. On an annual basis, the model performs well and there is little bias in the 

model predictions. Comparison of monthly data is not very informative as the recorded monthly data 

is heavily affected by the timing of meter readings (typically a few times a year). This means that the 

available monthly data is not very useful for calibration and it is difficult to assess model performance 

at this timestep. To improve this model requires: 

1) More frequent measure of diversion data 

2) Information on crop mix and how this has changed over time. 

As the model is using common parameters to the other sites (in terms of planting dates and crop 

types), it is believed that it is providing as a good a representation as we can achieve given the 

limited data availability. 

Table 28 Performance of demand model for private diverters on the Edward-Wakool system 

  Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly -0.30% 0.57 0.48 67% 3.83 3.82 

Yearly -0.30% 0.85 0.85 20% 45.9 45.8 
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Figure 25 Comparison of modelled and observed diversion for private diverters upstream the Edward-
Wakool system 
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7 NSW West Corurgan 

Figure 26 Description of West Corurgan Irrigation district (http://www.corurgan.com.au/corurgan-profile) 

 

7.1 Model set-up and input 
This demand model represents diverters from the West Corurgan Irrigation district. The area is part 

of the Water Sharing Plan for the NSW Murray and Lower Darling Regulated Rivers Water Source. The 

recorded diversion data is called WCORPUMP-212 in the MDBA database. Climate data from 

Deniliquin is used in this model. 

There is limited data on cropping areas in this district. Sheep and beef production, rice, vegetable, 

oilseeds and cereal cropping are the predominant irrigation enterprises, with a combination of winter 

and summer crops (Figure 26).  

“West Corurgan Private Irrigation Stock and Garden Water Supply District serves approximately 

300 properties covering an area of some 212,000 Hectares between the River Murray and the 

Billabong Creek. The area is bounded by the towns of Corowa, Daysdale, Oaklands, Jerilderie, 

Berrigan, Savenake and Rennie. 

The name "CORURGAN" is derived from three of the Districts Shire Councils, namely CORowa, 

URana and BerriGAN. Jerilderie is the fourth Shire in the District's Area. 

The Board of Management has an annual water allocation of 80,828 Megalitres delivered to 

landholders via 565 kilometres of open channel. Daily capacity of 686 ML is extracted from the 

River Murray 10 kilometres downstream of Corowa via 5 electrically driven pumps which lift the 

water 13 metres vertically , the water is then able to gravitate throughout the system . 

Gross Value of agricultural crops produced from the area is approx $90,000,000 annually, with 

that income being derived from Sheep and Beef production, rice, vegetable, oilseeds and cereal 

cropping. The total area irrigated is only 10% of the total landmass area and is seen to be 

environmentally sustainable in the long term. The Land and Water Management Plan currently 

in place will ensure that sustainability as it focuses upon not only biodiversity but all aspects of 

best management practices. 

The Scheme was officially opened on April 12, 1969 and on the 8th September 1976, Statutory 

Authority was granted to the Scheme under the provisions of the Private Irrigation Districts Act 

of NSW. The Private Act has now been incorporated in the Water Management Act, 2000. 

West Corurgan's water distribution operation is funded entirely from its own stakeholders and 

managed by a landholder elected Board of Management. Board positions are Honorary with 

elections being held every three years” 
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7.1.1 Planting decision model 

As there is no time varying crop data, we have categorised the crops broadly as either summer or 

winter crops. Summer irrigated crops include rice, pastures, cereals and horticulture. Winter crops 

include cereals and annual pastures. The planting dates for the winter and summer crops are 1st March 

and 1st of October respectively.  Both the summer and winter crops are treated as annual plantings, 

thus the area will change annually in response to water availability. Since no data was available for 

this district, an area-available water relationship was derived for both crops during the calibration. 

7.1.2 Permanent water trade 

There has been a small amount of permanent trade out of the West Corurgan Irrigation District. The 

planting decision model was scaled using the factors in Table 29 to reflect the impact of permanent 

water trade.  

Table 29. Change in general security shares for West Corurgan irrigation district 

 
2004-
2005 

2005-
2006 

2006-
2007 

2007-
2008 

2008-
2009 

2009-
2010 

2010-
2011 

2011-
2012 

2013-
2014 

Shares 85888 85888 85888 85888 85888 85288 82338 82338 81938 

Factor 1 1 1 1 1 0.99 0.96 0.96 0.95 

 

7.2 Model Calibration  
The model was calibrated for the period from July 1993 to end of June 2012. 

Key parameters adjusted during the calibration include: 

1) The planting area relationship for winter crops 

2) The planting area relationship for summer crops 

7.2.1 Available water - planting area decision for summer and winter crops 

Allocation was used as a surrogate for available water. Climatic data from Deniliquin was used in the 

demand model. 

The maximum irrigated area of the summer crop was 8,000 ha, while the maximum irrigated area for 

the winter crop was 6,000 ha. Both of these maximum planted areas were reached at relatively low 

allocation levels (40% for general security entitlement). At allocations above this level, there was no 

increase in water use/planted area.  
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Figure 27 Area- allocation relationships for summer and winter crops 

The area calculation was performed using Equation 1 and the summer area and winter area 
relationships in Figure 27. 

7.3 Calibration results and discussion 
Metrics describing model performance are reported in Table 30 and modelled and observed diversions 

are compared in Figure 28. Overall the model is considered to provide a reasonable representation of 

diversions in the West Corurgan Irrigation District. The model can be improved by better information 

on the crops types and irrigated area in this region.  

Table 30 Performance of demand model for West Corurgan Irrigation District 

  Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly -0.07% 0.75 0.73 59% 4.27 4.26 

Yearly -0.07% 0.87 0.87 23% 51.2 51.2 
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Figure 28 Comparison of modelled and observed diversion for West Corurgan 
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8 NSW Moira Private Irrigation District 

8.1 Model set-up and input 
The Moira Private Irrigation District (MPID) covers an area of 42,500 hectares near Mathoura. The 

main agriculture enterprise is mixed farming, with some grapes and olives grown. The district is 

supplied by water extracted from the River Murray via Moira Creak just north of Moama. Large pumps 

are used to lift water from Moira Creek into a gravity driven channel system that supplies the MPID. 

The area is part of the Water Sharing Plan for the NSW Murray and Lower Darling Regulated Rivers 

Water Source. The recorded diversion data is called MOIRAPUM_212 in the MDBA database. Climate 

data from Deniliquin is used in this model. 

8.1.1 Planting decision model 

As there is no time varying crop data, we have categorised the crops broadly as either summer or 

winter crops. Summer irrigated crops include rice, pastures, cereals and horticulture. Winter crops 

include cereals and annual pastures. The planting dates for the winter and summer crops are 1st March 

and 1st of October respectively.  Both the summer and winter crops are treated as annual plantings, 

thus the area will change annually in response to water availability. Since no data was available for 

this district, an area-available water relationship was derived for both crops during the calibration.   

8.1.2 Permanent water trade 

There has been limited permanent water trade out of MPID during the calibration period. 

Representation of permanent trade is included in the model of MPID for consistency and to support 

future analysis. However it has no impact on predicted diversions during the calibration period.  

8.2 Model Calibration  
The model was calibrated for the period from July 1993 to end of June 2015.  

Key parameters adjusted during the calibration include: 

1) The planting area relationship for winter crops 

2) The planting area relationship for summer crops 

8.2.1 Available water - planting area decision for summer and winter crops 

Allocation was used as a surrogate for available water. Climatic data from Deniliquin was used in the 

demand model. The maximum irrigated area of the summer crop was 2,500 ha, while the maximum 

irrigated area for the winter crop was 5,000 ha. At 40% allocation for general security both crops 

reached approximately 80% of the maximum panted area. 

 
The area calculation was performed using Equation 1 and the planting relationships in Figure 29. 
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Figure 29 Area- allocation relationships for summer and winter crops 

 

8.3 Calibration results and discussion 
The model performance is reported in Table 31. Modelled and observed diversions are compared in 

Figure 30. On an annual timestep, model performance is good, with the model predicted annual 

changes in diversions in response to climate and water availability. The calibration metrics for the 

monthly diversions are lower than desired. However, the monthly pattern is predicted reasonably well 

(Figure 30) capturing the timing of diversions. Model improvement requires better information on the 

crops types, irrigated area and irrigation practices in this region.  

 

Table 31 Performance of demand model for U/S of Murrumbidgee Junction 

  Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly -0.68% 0.67 0.66 63% 1.91 1.89 

Yearly -0.68% 0.86 0.85 19% 22.9 22.7 
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Figure 30 Comparison of modelled and observed diversion for Moira Private Irrigation District 
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9 NSW private diverters - Upstream of Murrumbidgee 

This section compares the residual diversion upstream of Murrumbidgee (by summing the predictions 

of the individual models) to observed data available for this river reach. This is done to provide 

consistency with previous studies. However, it is not a model in the Murray and Lower Darling Source 

model.  

The residual diversions upstream of Murrumbidgee is calculated by summing the diversions generated 

by following individual models. 

  Stock and domestic users 

 Local Water Utilities 

 West Corurgan Irrigation District 

 Moira Irrigation District 

 Edward Wakool Residual Irrigation Diversions 

 Murray Residual diversion upstream of Murrumbidgee Junction. 

9.1 Results and discussion 
The total modelled private diversions are modelled on an annual timestep with minimal bias (Table 

32). This includes the reduction in diversions during periods of low allocation (Figure 31). 

 

Table 32 Comparison between recorded and modelled total private diversions upstream of Murrumbidgee 
Junction 

  Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly -0.07% 0.97 0.97 15% 22.12 22.11 

Yearly -0.07% 0.99 0.99 5% 265.5 265.3 
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Figure 31 Comparison of modelled and observed diversion for private diverters upstream of Murrumbidgee 
Junction 
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10 Murray Irrigation Ltd. (MIL) 

Murray Irrigation Limited (MIL) is a private irrigation company that is responsible for delivering water 

to the Berriquin, Denimein, Deniboota and Wakool Irrigation Districts near Deniliquin, New South 

Wales (Figure 32). The total area of these districts is over 700,000 ha, of which about 170,000 ha are 

irrigated. The major irrigated land use in the area is for rice production. There is also a dairy industry 

and agriculture that use a significant amount of water. There are two main diversion points that supply 

water to MIL. The Mulwala Main Canal has an offtake from Lake Mulwala on the Murray and can divert 

up to 10,000 ML/d. The second diversion point is the Wakool Canal which can extract up to 3000 ML/d 

from the Colligen Ck upstream of Stevens Weir on the Edward River. 

 

Figure 32. Murray Irrigation supply system (Source: Murray Irrigation Compliance and Environment Report 
2002/03) 

The average annual diversion to the Mulwala Canal (MULDVFN) is 1197 GL/y. Water supply to the 

Deniboota district can also be supplemented by the Perricoota pumps.  The water is pumped from the 

Torrumbarry weir pool on the Murray into the Deniboota Canal. The maximum capacity of these 

pumps is 180 ML/d.  The pumps are used during periods of high demand to supplement the supply 

from the Mulwala Canal (via the Lawson syphons).  The Mulwala Canal decreases in capacity to about 

6,000 ML/d at ‘The Drop’ which is immediately downstream of the Berrigan Canal. The capacity of 

Berrigan Canal is about 4,000 ML/d.  The Edward Escape discharges water from the Mulwala Canal 

into the Edward River. Flows down the Edward Escape results from orders by MIL to deliver water to 

the Wakool System, orders by the MDBA to bypass restrictions imposed by the choke and as a result 

of rain rejections. The Mulwala Canal passes under the Edward River at Lawson Syphons (with a 

capacity of about 2,500 ML/d) and supplies the Deniboota Irrigation District).  This system can also 

‘escape’ water into the Wakool River (at Wakool Escape), Yallakool Creek (at Yallakool Escape) or to 

the Torrumbarry weir pool on the Murray (Perricoota Escape). During the irrigation season, 

Murrumbidgee Irrigation Limited (MIL) sends water along the Mulwala Canal, through the Edward 

Escape, down the Edward River to Stevens Weir and then down Colligen Creek to Wakool Canal.  The 

Location 

Map 
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MDBA also at times uses the spare capacity in Edward Escape during the irrigation season to bypass 

the Barmah Choke and send water down the Edward River for irrigation use along the Murray further 

downstream. 

Wakool Canal offtake is from the Colligen Creek, an effluent of the Edward River. The Wakool Canal 

supplies water to the area north of the Wakool River and south of the Edward River. The average 

annual diversion to the Wakool Canal (WAKCAN) is 414 GL/y (Table 2). 

10.1 Model set-up and input 
The model of MIL diversions includes: 

1) Diversions by the Mulwala Canal (Mulwala.211) 

2) Diversions by the Wakool Canal (WakCan.211) 

3) Escape flows to the 

a. Edward escape 

b. Finley escape 

c. Wakool escape 

d. Yallakool escape 

4) Re-crediting of accounts for escapes 

5) Net diversions from the Mulwala Canal (MULDVFN.70) 

6) Explicit representation of conveyance losses 

7) Stock and domestic demand 

Two demand models are used to represent MIL diversions, one for the Mulwala Canal and one for the 

Wakool Canals. The Mulwala Canal demand is split between three supply points, representing the 

Berriquin, Deniboota and Yallakool districts (Table 33). The distributions of diversions along the 

Mulwala Canal are indicative values only (Table 33). 

The Mulwala Canal holds a significant volume of water and is modelled as a weir. This allows 

representation of diversions to fill the Canal at the start of the irrigation season and draining of the 

canal at the end of the season using target levels in the weir. 

MIL reports that less than 5 % of flows in the escapes occur as a result of rain rejections. An assumption 

is made during the demand calibration that all escape flows are a result of orders on the Mulwala 

Canal by MDBA or MIL to meet downstream flows. For the purpose of demand calibration, flows in 

the Edward escape, Finley escape, Wakool escape and Yallakool escape are driven by a minimum flow 

requirement, with the minimum flow set to equal the observed flow down the escapes. 



 

51 
 

 

Figure 33 Model schematic of MIL in Source 
 

Table 33 Distribution of Mulwala Canal Demands 

Diversion Point % of total demand 

Berriquin (upstream of Edward Escape) 60 

Deniboota Canal 20 

Yallakool Canal 20 

 

There are also distribution losses and unaccounted losses in both the Mulwala and Wakool systems. 

MIL report in their annual compliance report the proportion of diverted water that is considered a loss 

through evaporation, seepage, supply escapes without credit and unattributed losses. The % of water 

lost varies between 9% and 40% of the water diverted, with an average loss of 20% of diversions. The 

loss rate tends to be a higher proportion of total diversions in low allocation years. An initial 

assumption is made that 20 % of diversions are a loss on both Mulwala and Wakool Canals. This part 

of the model can be improved if required and if additional data is available.  
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10.1.1 Stock and domestic demand 

The stock and domestic water use (12.4 GL/y) represents less than 2 % of average water use in MIL. It 

is included as a constant demand during the irrigation season, extracting 45 ML/d. The 45 ML/d is split 

between the Mulwala and Wakool Canals in the same ratio as the irrigation demand. 

10.1.2 The planting decision model 

A key decision variable is the planted area of each of the main crops in the MIL area. The main crop 

types in the MIL area are rice, annual and perennial pasture and winter crops. MIL reports annually 

the amount of water use per land use in its district. Data is available from the 1993/94 irrigation season 

to present. This data reflects farm gate delivery and does not include supply losses.  

For the purpose of this study, the annual pasture and winter crops are combined and modelled as a 

Winter Crop. The Perennial Pasture and Other category are combined and modelled as Perennial 

Pasture (Figure 34).  

 

 

Figure 34. Water use by enterprise as reported by MIL. 
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For each of the major crop types, a piecewise linear relationship is developed to represent how the 

planted area changes with different amounts of available water. A planting decision date of 1st October 

was adopted for rice and perennial pasture. A planting decision date of the 1st March was adopted for 

winter crops. The piece wise linear relationship was derived as part of the calibration, by matching the 

modelled and recorded water use against each crop type between 1993 and 2012. 

The effective allocation (allocation plus carryover) was used as a surrogate for available water. The 

effective allocation was calculated externally in a spreadsheet to represent current and previous water 

allocations for MIL. A large number of changes in policy and adjustments to water availability to MIL 

(eg Snowy Advances) make it difficult to represent the available water and consequently complicate 

the derivation of the planted area relationships (planted area v available water).  

10.1.3 Permanent water trade 

There has been a small amount of permanent trade out of the Murray Irrigation (Table 12). The 

planting decision model was scaled using the factors to reflect the impact of permanent water trade.  

 

10.1.4 Rice pond target levels 

The regulated target depletion was set to a pond water level of 50 mm (ie regulated target depletion 

= -50 mm) for the period from the 1st October to 1st March. For the rest of March, the regulated target 

depletion was set to 100 mm. The crop is assumed to be harvested at the end of March. This 

represents the behaviour of the drying down of the rice paddy at the end of the season. An 

opportunistic target depletion equivalent to a ponded level of 100 mm was adopted.  This means that 

there is no runoff from a rice field unless the water level in the field exceeds 10 mm depth.  

10.2 Model Calibration  
The MIL model was calibrated between 1993 and 2012. This corresponds with the period MIL reports 

the water use per crop type in the district. The calibration process involved: 

1) Adjusting planting decision relationships to reproduce the reported water use per crop type. 

2) Adjusting the loss relationships to get the overall mass balance correct 

 

10.2.1 Planting decision relationships 

The planting decision (area as a function of available water) was derived for rice, perennial pastures 
and winter crops by matching the modelled and recorded water use for each crop between 1993 and 
2012 (Figure 35). Cotton has also been included as recent years it has become a significant crop in MIL 
but its expansion occurred after the calibration period. Overall, the derived planted area relationships 
provide a good representation of the recorded water use for each crop type over time (Figure 36, 
Figure 37 and Figure 38). Summary statistics comparing the recorded and modelled crop water use 
are provided in Table 34.  

 

Table 34. Summary statistics comparing the recorded and modelled annual water use for different crop 
types in MIL 

Crop type Recorded Modelled Bias r2 
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(GL/y) (GL/y) 

Rice 393.6 406.4 3.27 0.88 
Winter crops 261.7 240.6 -8.07 0.71 
Perennial pasture 132.4 142.0 7.27 0.81 
Cotton 0 0 - - 

 

It seems that there has been a change in irrigator behaviour post the drought, with reduced planted 

area for each of the crop types relative to the amount of available water. This may be a result of more 

conservative planting decisions and a decision to hold some water in reserve for carry over. The dairy 

industry has also progressively changed irrigation practices, with an increasing preference for growing 

winter pastures to summer pastures. In addition, trade of water may not have been fully captured in 

the available water calculations and requires further investigation. Further work is required to identify 

if there has been a real change in planting decision behaviour, or if irrigators are still recovering from 

the drought.  

10.2.2 Adjusting losses to get a mass balance 

To reduce the bias between the modelled and recorded Mulwala and Wakool Canal diversions, the 

loss factor was set to 15 % for the Mulwala Canal and 10 % for the Wakool Canal. These losses do not 

include water that is not extracted due to rain rejections and does not return to the Murray system. 

Factoring in these rain rejections results in a 16.6 % loss for the Mulwala Canal and 13.7 % for the 

Wakool Canal. These losses are comparable to the long term average loss of 20 % derived from MIL 

annual reports. The representation of losses in this model is simplified and could be improved with 

better data to represent the higher losses that occur at lower flows. 

 

Figure 35. Derived planting area relationships for MIL 
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Figure 36 Comparison between recorded and modelled rice water use 

 

 

 

Figure 37 Comparison between recorded and modelled winter crop water use 
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Figure 38 Comparison between recorded and modelled perennial pasture water use 

10.3 Calibration results and discussion 
An overall water balance of MIL is reported in Table 35. Over the model run, on average there is 1120 

GL/y of water diverted from Lake Mulwala. Channel losses account for 140 GL of the diverted volume.  

Farm gate delivery is 538 GL/y. The rest of the volume passes out of MIL through escapes (Table 35). 

Total diversions into the Wakool Canal account for 250 GL/y, of which 35.1 GL/y is defined as losses. 

Table 35 Water balance of MIL demand model  

Item 
Volume (GL/year) 

Mulwala Canal 

Diversion at Mulwala Canal 1122.8 

Losses 177.6 

Edward Escape 282.3 

Wakool-Yallakool Escape 24.6 

Deniboota Escape 5.3 

Finley Escape 22.8 

Stock and Domestic Diversion 8.4 

Net Diversion including losses 787.8 

Farm gate delivery 601.5 

Rain rejections 8.7 

Wakool Canal 

Total Wakool Diversion 257 

Losses 25.7 

Stock and domestic 3.6 

Farm gate delivery 218.3 

Rain rejection 9.4 

 

The comparison of modelled and observed flows are shown in Figure 39-Figure 41 and in Table 36 

and Table 37. The demand model provides a good representation of totals diversions by the 
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Mulwala Canal (Figure 39), net Mulwala Canal diversion (Figure 40) and Wakool Canal diversion 

(Figure 41). The average annual water application rate per crop is provided in Table 38. 

The model performance is very sensitive to the planting decision relationships. The model has been 

able to represent the planting decision impact on annual water use over a wide range of climatic and 

water availability conditions. However, changes in social/economic conditions due to the evolution in 

water management in the River Murray from programs such as; basin plan water recovery, water 

trade and changing crop types will impact on the behaviour of the model into the future require to be 

checked at the next recalibration of the demand model 

Further checking is required to see if the planting decision relationships have changed after the 

drought. 
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Table 36 Performance indicators for monthly simulated results 

Location 

Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Gross Diversion at 
Mulwala Canal 0.67% 0.89 0.89 30% 92.94 93.57 

Net Diversion at 
Mulwala Canal 0.51% 0.84 0.84 41% 65.31 65.65 

Wakool Diversion 2.46% 0.78 0.77 49% 20.90 21.42 

 

Table 37 Performance indicators for yearly simulated results 

Location 
Bias (%) R2 NSE 

Standard 
Error (%) 

Mean 
Observed 

Diversion (GL) 

Mean 
Modelled 

Diversion (GL) 

Gross Diversion at 
Mulwala Canal 0.67% 0.90 0.89 14% 1115.3 1122.8 

Net Diversion at 
Mulwala Canal 0.51% 0.87 0.87 19% 783.8 787.8 

Wakool Diversion 2.46% 0.87 0.87 21% 250.9 257.0 

 

Table 38 Average annual water application rate for MIL 

 Cotton Rice Perennial Crop Winter Crop  
Water application (ML/ha/y)  11.5 9.4 2.9 
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Figure 39  Comparison of gross diversion at Mulwala Canal 
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Figure 40 Comparison of net diversion at Mulwala Canal 
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Figure 41 Comparison of diversion at Wakool Canal 
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11 NSW private diverters: Downstream of Murrumbidgee Junction 

11.1 Model set-up and input 
Private diverters downstream of the Murrumbidgee junction include the irrigation areas of Euston, 

Wentworth and Lake Victoria. The total crop area was derived from the data available in the Sunrise21 

(2008) and Sunrise21 (2013) reports (Table 39). Note that urban and stock and domestic diversion are 

modelled separately are not included in this model. 

Table 39 Crop Area for NSW private diverters downstream of Murrumbidgee Junction 

Crop Type Crop Area (ha) 

1997 2003 2009 2012 2015 

Grapevine 2598 4856 6229 6200 6284 

Citrus 1245 1536 1399 1456 1349 

Fruit tree 89 122 102 152 157 

Field crop 5693 2936 1043 1079 1358 

Vegetable 748 635 741 877 718 

Nut Tree 1 21 86 86 86 

 

11.1.1 Permanent water trade 

This district includes mostly permanent plantings. Thus permanent trade is not a factor in the planting 

decision. 

11.1.2 Planted area – available water relationship for annual plantings 

The crop area for field crops and vegetables was defined as shown in Figure 42. There has been a 

significant reduction in the area of field crops following the drought, with the maximum field crop area 

dropping from 4500 ha to 1000 ha. It is assumed that this change is permanent and water has been 

traded out or these areas.  To allow for this the maximum crop area of field crops was reduced from 

2000 ha (prior to 2006) to 1000 Ha (post 2006). Allocation for field crops was based on NSW Murray 

general security allocation. 

 

A maximum area of vegetables of 930 ha was adopted. For vegetables, the allocation was defined 

using allocation for NSW Murray high reliability water shares. 
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Figure 42. Planting decision relationships for private diverters downstream of Murrumbidgee junction. 

11.2 Model calibration and discussion 
The model calibration was performed by adjusting following: 

1. Planted area – available water relationship for annual plantings.  

2. Escape efficiency. 

 

The calibration was undertaken by comparing modelled and recorded diversion data between 1993 

and 2015. 

11.2.2 Escape efficiency 

The escape efficiency was adjusted to minimise annual bias.  A varying efficiency from 30% to 5% was 

derived for the calibration period.  

11.3 Calibration results and discussion 
Comparison of modelled and observed diversion is shown in Figure 43 with the performance indicators 

in Table 40. Like other private diversions, the monthly data is based on disaggregated annual values.  

Overall the model performance is considered satisfactory. The crop area data for this reach should be 

reprocessed as there is some confusion over what areas are mapped into the Lower Darling and into 

the Murray system. This will not have major impacts on model results. 

Table 40 Model performance of NSW private diverters 

 

Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly  -0.13% 0.82 0.78 34% 4.62 4.61 

Yearly -0.13% 0.72 0.70 9% 55.4 55.4 
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Figure 43 Comparison of Modelled and observed diversions for NSW private diverters downstream of 
Murrumbidgee Junction 
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12 NSW Western Murray Irrigation – Buronga, Coomealla and 

Curlwaa 

12.1 Model set-up and input 
This demand model represents three irrigation districts in the NSW Mallee on the River Murray which 

are managed by Western Murray Irrigation (WMI). The districts include Buronga, Coomealla and 

Curlwaa. WMI supplies high security irrigation water and drainage services, as well as non-potable 

stock and domestic (stock and garden) water supplies to its customers. The irrigation delivery system 

is fully pressurised. 

12.2 The planting decision model 
Recorded crop area data was available for the 1996-97, 2002-03, 2008-09, 2011-12 and 2014-15 

irrigations seasons (Sunrise21, 2013). The majority of irrigation in the NSW Sunraysia is applied to 

permanent plantings of grapes and citrus (Table 41). There are also a small area of field crops and 

vegetables.  

 A continuous time series input of crop area for the permanent plantings was produced by linear 

interpolation between the recorded crop areas. The impact of available water on the small area of 

annual plantings (vegetables and field crops) did not improve model performance and thus they were 

modelled as permanent plantings to simplify the model. This means that there area does not change 

in response to water availability. 

Table 41. Crop area for the NSW Sunraysia (Derived from Sunrise21 GIS data) 

Crop type 
1997 
(ha) 

2003 
(ha) 

2009 
(ha) 

2012 
(ha) 

2015 
(ha) 

Grapevine  2,364   2,633   2,196   2,026   1,869  

Citrus  1,123   929   807   791   711  

Fruit Tree  33   20   38   83   109  

Field Crop  124   52   27   38   46  

Vegetables  60   53   74   151   203  

Total 3,704 3,687 3,142 3,089 2,938 

 

12.2.1 Permanent water trade 

This district includes mostly permanent plantings. Thus permanent trade is not a factor in the planting 

decision. 

12.3 Model Calibration 
The model calibration period is from July 1993 to the end of water year 2011-12 using diversion data 

with MDBA code WMURIRN-70. The calibrated parameters for this site include. 

1) Escape efficiency. 

2) Under-irrigation factor. 

For this model run, no available water- planting area factor was applied.  
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12.3.1 Escape efficiency 

The escape efficiency varies between 46% to 20 %.  

12.3.2 Calibration results and discussion 

The comparison of results is shown in Figure 44 and Table 42. The water use rates per crops are shown 

in Table 43. 

Table 42 Model performance of NSW Sunraysia 

 

Bias (%) R2 NSE 

Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly  0.54% 0.92 0.87 28% 2.51 2.53 

Yearly 0.54% 0.89 0.87 9% 30.2 30.3 

 

Table 43 Water application rate in NSW Mallee 

 Grapes Citrus Fruit Tree Field Crop Vegetable Nut Tree 
Water use (ML/ha/y) 5.5 7.0 9.3 4.2 7.4 10.2 
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Figure 44 Comparison of modelled and observed diversions for Western Murray Irrigation 
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13 Tandou Diversions. 

This model represents irrigation diversions by Tandou Irrigation Ltd. Tandou farm is located on the 

Great Darling Anabranch, just downstream of the Menindee Lakes (Figure 2, Figure 45). The farm is 

located in an old lake bed that is approximately 15,000 Ha in size. Irrigation water is supplied from 

Lake Cawndilla by a gravity fed channel. Water can also be sourced from the Darling by a pump channel 

system. Three smaller lakes (Lake Nettlegoe, Lake Kangaroo and Lake Packers) are used by Tandou 

farm to locally store water. Historically, Tandou has harvested large volumes of off allocation water 

and stored in these Lakes to support irrigation of crops. 

Tandou also actively trades water, holding entitlements on the Murray, Murrumbidgee and Lower 

Darling. Historically, Tandou has also had access to unused allocation in the Lower Darling System. In 

2008, Tandou sold it’s off allocation licence and in 2017, Tandou sold its general security entitlement 

to the Commonwealth as part of the water recovery under the Basin Plan. As such updating of the 

Tandou model is no longer required, however its behaviour is still important in defining baseline 

conditions. 

 

Figure 45. Location of Tandou Farm 

Model set-up and input 
The model of Tandou diversions includes: 
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1) Crop area based demand model 

2) Impact of trade on available water 

3) Regulated supplies from Cawndilla and Darling River 

4) Access to off allocation water prior to 2009 

5) Farm storage 

13.1.1 Available water 

Tandou Farm has undergone a number of changes in management over time, which needs to be 

reflected in the demand model for calibration purposes (Table 44). Most of these changes relate to 

the access and management of stored water. Changes to water available include (MDBA, 2013): 

1) Lower Darling General Security entitlement of Tandou Farm, 

2) By purchase of Lower Darling entitlements, 

3) Until 1989, from access it was granted to the unused component of the 125 GL NSW 

entitlement to the Lower Darling, 

4) Between 1989 and 1991, from access it was granted to the unused component of the 100 GL 

NSW entitlement to the Lower Darling, 

5) From 1992 by inter-valley trade at times when the Menindee Lakes were under MDBA 

control. Initially this IVT was limited to 20 GL/year but this limit has since been removed.  

6) Till July 1994, from access to unlimited off-allocation. 

7) From July 1994 to 2009 from a supplementary access entitlement of 250 GL. This 

entitlement was sold in 2008.Till 1999, from the purchase of unused water allocated to 

Broken Hill Town Water Supply, 

8) Till 2009, from arrangements to drain Lake Cawndilla and store the water in Lakes Kangaroo 

and Packers to reduce evaporation loss, 

9) From allocation temporarily purchased from other Lower Darling entitlement holders, and 

 

Table 44 - Change over Time in Tandou Access to Lower Darling Entitlements (MDBA, 2013) 

Date Changed Tandou General Security Entitlement 
(Either owned by Tandou or available 

through temporary intra-valley trade) (GL) 

Other Lower Darling General 
Security Entitlement 

1970 0 20.966 

1972.04 10 21.355 

1992.06 10.437 20.918 

1993.06 16.550 14.805 

1994.07 19.318 12.036 

1996.06 21.6 9.755 

2004.06 21.6 9.755 

2009.06 21.6 9.755 

 

For the calibration runoff crop demand, a number of assumptions are made to provide an estimate of 

available water.  

1) Available water is defined by 
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a. Observed allocation to general security shares in the Lower Darling and assuming 

Tandou has 21.6 GL General Security entitlement for the full calibration run. 

b. 30 GL of inter-valley trade, only permitted when Menindee is under MDBA control. 

This 30 GL is limited to the allocation in the Murrumbidgee. Thus if Murrumbidgee 

general security allocation is 50 %, only 15 GL of intervalley trade is available. 

2) On farm storages are filled by off allocation events. Observed off allocation index for the 

Lower darling (LOWDARL-73-b) is used to define when there is access to off allocation water. 

This is read in as a time series.  To represent a level of development, the off allocation index 

is calculated by the Source model. The number of off allocation shares for Tandou is set to 0 

after 2008. 

13.1.2 Planting decision model 

 
Data has been collated on the area of different crops planted at Tandou since 1984. Initial data was 

collated by Bewsher (2008). Recent data has been collated from annual reports (Figure 46). Cotton is 

the main summer crop. A range of cereal crops have been grown as the winter crop. There has been 

a change in the mix of summer crops and winter crops between 1983 and 2012.  A relationship 

between available water and the planted area was developed for both the summer crop and winter 

crop (Figure 47). This relationship reflects conditions post 2000. To allow for the changing in crop mix 

(summer –winter crop mix) prior to 2000, the maximum crop area of the summer crop increased 

linearly between 1983 (3990 Ha) and 2000 (6650 Ha). The maximum crop area for winter crops 

reduced linearly between 1983 (7250 Ha) and 2000 (4350 ha) in 2000. The maximum crop area post 

2000 did not change for either the summer or winter crop. 

The planting decision date for the summer crop is the 1st October, while the winter crop has a planting 

decision date of the 1st June. 

The modelled and recorded crop for summer crops (Figure 48) and (Figure 49) 

 

Figure 46. Recorded crop areas for Tandou farm 
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Figure 47. Developed relationship between available water and planted area for summer crop (cotton) and 
winter crop.  

 

 

Figure 48. Comparison between recorded and modelled summer crop area (cotton) 
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Figure 49. Comparison between recorded and modelled winter crop area 

 

13.1.3 Farm storages 

Tandou has three farm storages, Lakes Kangaroo, Packers and Nettlegoe. Kangaroo and Packers can 

be supplied directly from Cawndilla via Tandou Creek.  Lake Nettlegoe is supplied using a 25 km 

channel around Lake Tandou. A combined surface area volume relationship was provided to the MDBA 

to describe Lake Kangaroo and Packers (Table 45). Lake Nettlegoe has a capacity of 69 GL and is 

assumed to have the same storage/surface area relationship as Lakes Kangaroo and Packers. One 

storage is used to represent the combined Lake Kangaroo, Packers and Nettlegoe (Figure 50). 

Additional parameters for the Tandou farm storage are provided in Table 46. 

Table 45. Volume/area for Lakes Kangaroo and Packers (MDBA, 2013) 

Volume (GL) Surface Area (ha) 

0 570 

2.5 570 

5 700 

10 920 

20 1160 

30 1390 

40 1610 

50 1870 

59 2000 

 

Table 46. Addition parameters defining Tandou farm storage 

Parameter  

Evaporation Menindee Morton Lake evaporation 

Rainfall Menindee rainfall 

Pump capacity 2000 ML/d 
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Parameter  

Seepage 1 mm/d 

 

 

Figure 50. Surface area/volume relationship adopted to represent the combined Tandou storages, Packers, 
Kangaroo and Nettlegoe. 

13.2 Model Calibration 
Key parameters adjusted during the calibration include; Irrigation Efficiency, and seepage for farm 

storage. The irrigation efficiency was adjusted to 10 % of supply to achieve a mass balance. The 

seepage rate for the farm storage was set to 1 mm/day. 

13.3 Calibration results and discussion 
Plots of monthly, annual and cumulative diversions for Tandou farm are shown in Figure 51 and 

performance indicators shown in Table 47. The model provides a good representation of diversions at 

an annual scale. Monthly diversions are reasonably predicted. Monthly diversions are difficult to 

predict due to changes in how off allocation water has been made to Tandou over time. Given the 

inconsistency in these releases of off allocation water, the model is considered to provide an 

acceptable representation of diversions. Tandou sold it’s Supplementary access licence in 2008. Thus 

diversion behaviour will change considerably after 2008. The model is represents the pattern of 

diversions post 2008. However, this should be revisited in a few years when more data is available.  

Table 47 Model performance of Tandou farm 

 

Bias (%) R2 NSE RSR 

Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly  -0.3 0.72 0.68 0.56 111 4.0 4.0 

Yearly -0.3 0.95 0.98 0.14 23.7 47.3 47.9 
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Figure 51 Comparison of modelled and observed diversion for Tandou farm 
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14 Lower Darling private diverters 

14.1 Model set-up and input 
This model represents private irrigation diverters on the Lower Darling System between the Menindee 

Lakes and Burtundy (assumed that diverters downstream of Burtundy are extracting waters from the 

Wentworth Weir Pool), exclusive of Tandou Farm.  Diversions downstream of Burtundy are recorded 

as a Murray diversion. Diversion data for this reach is stored in the MDBA database as LowDoth_70.   

14.1.1 Planting decision model 

 
Crop area data has been collated through Sunrise 21. Preliminary processing of this data is summarised 

in Table 48. This data should be reviewed when better spatial representation of the area represented 

by this reach is available. A combined crop area is adopted, as the sum of the areas for grapevines, 

citrus, fruit trees and vegetables (Table 48). As the crop adopted for this reach is a permanent crop, 

time series input of crop area for the permanent plantings was produced by linear interpolation 

between the recorded crop areas. As the crops are treated as permanent plantings, the area does not 

change in response to water available. There has been a large change in the area of field crops in this 

reach which requires further investigation. Field crop areas are difficult to map using the techniques 

adopted by Sunrise 21. The water use for this reach does not support such a large area of field crops 

as recorded in 2003. From the available information it seems that there has been a reduction in the 

area of field crops planted due to land retirement. It is assumed that the field crop area in 2003 reflects 

the maximum field crop area prior to 2003. It is assumed that the maximum area of field crop reduces 

linear between 2003 and 2012 to 50 hectares. The actual area of field crops planted each year is 

defined by Equation 1.A planting date for the field crops of 1st April is adopted and it is assumed that 

the field crop is a winter crop. 

Table 48. Crop area data for Lower Darling (be 

Crop type 
1997 
(ha) 

2003 
(ha) 

2009 
(ha) 

2012 
(ha) 

2015 
(ha) 

Grapevine  415 402 341 189 

Citrus  83 102 101 106 

Fruit Tree  71 93 84 87 

Vegetable  40 6 6 7 

Field Crop  432 175 242 365 

Total  1,041 778 774 754 

 

14.1.2 Permanent trade 

Permanent trade has not been included in this model. This should be updated. Entitlement data needs 

to be reprocessed to support this. 

14.2 Model Calibration 
Key parameters adjusted during the calibration include: 

 Under irrigation factor for permanent plantings 
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 Escape Efficiency 

14.2.1 Under irrigation factor – perennial plantings 

The derived under irrigation factor for permanent plantings is defined by the parameters in Table 49. 

This indicates that there is no reduction in irrigation application rates to permanent plantings until the 

allocation falls below 60 %. An under irrigation factor of 10 % is applied when allocation falls below 

60 %.  

Table 49. Calibrated under irrigation factor relationship for permanent plantings in Victorian private 
diverters: downstream of Nyah 

 Available water 
(% allocation) 

Under irrigation factor 
(%) 

Full available water >60 0 
Minimum available water <60 10 

 

14.2.2 Escape Efficiency 

The escape efficiency was adjusted to minimise the bias. A constant value of 30 was set for the model 

run. 

14.3 Calibration results and discussion 
Summary statistics for the calibration of the Lower Darling Other Diversions are included in Table 50 

and comparisons between observed and recorded diversion data are provided in Figure 52. The 

calibration for the Lower Darling Other Diversions is reasonable on an annual basis. The standard 

statistics are lower than targeted, however given the relatively small variation in annual diversions, 

this could be expected.  Higher diversions occurred in 1995/96 that are not described by the model. 

The reason for the difference in 1995/96 is not known. A reduction in diversions have occurred in the 

2010/11 and 2011/2012 water years which is also not described by the model. It is likely that in the 

later years, trade is occurring from Lower Darling Other Diversions to Tandou. Tandou requires 

additional trade after they sold their supplementary licence in 2008. The impact of this trade on 

available water and thus planting decisions is not captured in the current model of the Lower Darling 

Other Irrigators. This may be able to be improved once more data is available. 

Table 50 Model performance of Other Lower Darling Diversions 

 

Bias (%) R2 NSE 

Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly  -0.01% 0.48 0.46 57% 0.67 0.67 

Yearly -0.01% 0.74 0.73 11% 8.1 8.1 
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Figure 52. Comparison of modelled and observed diversion for Other Lower Darling Diversions. 
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15 Victorian private diverters: Up-stream of Barmah 

15.1 Model set-up and input 
This model represents Victorian private irrigation diverters upstream of Barmah, including diversions 

on the Mitta Mitta River. Urban water supplies are not included in this model as they are modelled 

separately, thus the representation is a little different to MSM-Bigmod. There is limited information 

on crop areas for private diverters in this section of the Murray.  

The climate data is sourced from the Yarrawonga weather station. The recorded diversion data 

recorded in the MDBA database as usbarma-233. 

15.1.1 Planting decision model 

 
Data collected by the Basin Salinity Management Plan in 1996 indicate that the main crops include 

annual pastures, perennial pastures and horticulture. As there is no time varying crop data, we have 

categorised the crops broadly as either summer or winter crops. Summer irrigated crops include 

pastures, cereals and horticulture. Winter crops include cereals and annual pastures. We have 

adopted default parameters for these crops (Appendix B), including the planting dates for the winter 

crop (1st March) and summer crops (1st of October). Both the summer and winter crops are treated as 

annual plantings, thus the area will change annually in response to water availability. Since no data 

was available for these reaches, a planted area versus available water relationship was derived for 

both crops during calibration. As both crops are treated as annual plantings, no under irrigation factor 

is implemented.  

15.1.2 Permanent water trade 

There has been a reduction in both high reliability and low reliability shares in this reach between 

2004 and 2012 (Table 13). The trade scaling factor (Table 14) was used to scale the planting decision 

model allow for the impact of permanent water trade. 

15.2 Model Calibration 
The model calibration period was from July 1993 to the end of June 2012. The calibration involved 

adjusting the planted area versus allocation relationships for both winter and summer crops to match 

the recorded and modelled diversions.  

Key parameters adjusted during the calibration include: 

1) The planting area relationship for winter crops 

2)  The planting area relationship for summer crops 

15.2.1 Available water – planted area relationship 

The announced Victorian allocation was used as a surrogate for available water.  The derived area-

allocation relationships for both crops are shown in Figure 53.  
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Figure 53 Area allocation relationships for winter and summer crops 

15.3 Calibration results and discussion 
The model calibration metrics are provided in Table 51. Figure 54 shows the comparison of modelled 

and observed diversion. The model predicted recorded diversions to an acceptable level on an annual 

basis. Comparison at a monthly timestep is not very useful as there is no monthly recorded diversions 

for this site. The separation between summer and winter crops requires information on either crop 

area or monthly use data. As this site has neither, the derived crop mix is a best estimate. Information 

on crop areas and monthly diversion data is required to improve model confidence. This site should 

be revisited when improved data is available. 

 

Table 51 Model performance for Victoria private irrigation diverters upstream of Barmah  

  Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly -0.54% 0.66 0.66 57% 2.09 2.08 

Yearly -0.54% 0.82 0.81 20% 25.1 25.0 
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Figure 54 Comparison of modelled and observed diversion for Victorian private irrigation diversions 
upstream of Barmah  
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16 Victorian private diverters: Barmah to Nyah 

16.1 Model set-up and input 
This model represents Victorian private irrigation diverters between Barmah and Nyah. Urban water 

supplies are not included in this demand as they are modelled separately, thus the representation is 

a different to what existed in MSM-Bigmod. There is limited information on crop areas for private 

diverters in this section of the Murray. The climate data is sourced from the Kerang weather station. 

Annual recorded diversion data is available in the MDBA database, stored as barnyah-233. Monthly 

values are derived by applying patterns to the annual values as part of the WAMM process. Thus there 

are no monthly recorded diversion data for this site available for the calibration. 

16.1.1 Planting decision model 

Data collected by the Basin Salinity Management Plan in 1996 indicate that the main crops include 

annual pastures, perennial pastures and horticulture. As there is no time varying crop data, we have 

categorised the crops broadly as either summer or winter crops. Summer irrigated crops include 

pastures, cereals and horticulture. Winter crops include cereals and annual pastures. We have 

adopted default parameters for these crops (Appendix B), including the planting dates for the winter 

crop (15th February) and summer crops (1st of October). Both the summer and winter crops are 

treated as annual plantings, thus the area will change annually in response to water availability. Since 

no data was available for these reaches, a planted area versus available water relationship was derived 

for both crops during calibration.  As both crops are treated as annual plantings, no under irrigation 

factor is implemented.   

16.1.2 Permanent water trade 

There has been a reduction in both high reliability and low reliability shares in this reach between 

2004 and 2010 (Table 13). Trade scaling factors have been used to scale the planting decision (area 

planted) to allow for the impact of permanent water trade. Scaling factors used up to 2009 are 

presented in (Table 14).  

16.2 Model Calibration 
For the calibration of the demand model a period from July 1993 to end of June 2012 was used. The 

calibration involved adjusting the planted area versus allocation relationships for both winter and 

summer crops to match the recorded and modelled diversions.  

Key parameters adjusted during the calibration include: 

1) The planting area relationship for winter crops  

2) The planting area relationship for summer crops 

16.2.1 Available water – planted area relationship 

The announced Victorian allocation was used as a surrogate for available water. The derived area-
allocation relationships for both crops are shown in Figure 55. 
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Figure 55 Area allocation relationships for winter and summer crops 

 

16.3 Calibration results and discussion 
Calibration metrics are reported in Table 52. Figure 56 shows the comparison of modelled and 

observed diversion. The model represents the diversions well, including the reduction in diversions 

during low allocation years. The summer diversions from 2002 to 2006 are under predicted. In the last 

two years, the model over predicts water use. This is common with other sites and may be a result of 

water trading. Changes in the dairy industry have resulted in less summer irrigated pastures and more 

winter irrigated pastures. This may also contribute to the over predictions in the last few years. 

Information on crop areas is required to improve model confidence. In addition, there may be value 

in separating town water supply from irrigation diversions. Another source of uncertainty is the 

recorded diversion data. The values provided through the WAMM process are annual totals, which 

are disaggregated to monthly values using a pattern supplied by Goulburn Murray Water. This pattern 

would change annually as a result of rain and crop mixes. Greater clarity around the accuracy of the 

monthly recorded diversion data is required. 

Table 52 Model performance for Victoria upstream private diverters (1993-2015) 

  Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly 0.22% 0.62 0.62 56% 2.34 2.35 

Yearly 0.22% 0.81 0.81 19% 28.1 28.1 
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Figure 56 Comparison of modelled and observed diversion for Victorian private diverters between Barmah 
and Nyah (1993-2015) 
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17 Victorian Nyah Irrigation district 

17.1 Model set-up and input 
This model represents the Nyah irrigation district. The climate data is sourced from the Mildura 

weather station. The recorded diversion data is available on a monthly timestep (Nyahpump.212) from 

1983 to 2012. Crop area data is derived from land use data reported by Sunrise21 (2008 and 2013) as 

shown in Table 53. 

Table 53 Crop area data for Nyah Irrigation District 

Crop Type Area (ha) 
1997 2003 2006 2009 2012 2015 

Grapevine 575 823 790 664 649 620 

Field Crop 271 150 311 13 65 59 

Fruit Tree 90 72 104 54 59 64 

Nut Tree 4 20 9 27 27 27 

Vegetable 151 194 457 121 153 165 

 

17.1.1 Planting decision model 

The area of permanent plantings are derived by interpolating between the observed crop areas listed 

in Table 53. The planting area vs announced allocation relationship for vegetables and field crops were 

used to model annual plantings. The announced Victorian allocation was used as a surrogate for 

available water.  The derived area-allocation relationships for both crops are shown in Figure 57. 

 

Figure 57 - Allocation vs Planted Area for Vegetables and Field Crops 

17.2 Model Calibration 
The model calibration period was from July 1993 to the end of June 2012. The following parameters 

were adjusted during the calibration: 
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1. Under irrigation factor for permanent plantings.  

2. Supply escape efficiency.  

17.2.1 Under Irrigation Factor for permanent plantings 

The derived under irrigation factor for permanent plantings is defined by the parameters in Table 54. 

This indicates that there is no reduction in irrigation application rates to permanent plantings until the 

allocation falls below 30%. An under-irrigation factor of 10 % applies to allocation below 30 %. 

 

Table 54 Calibrated under irrigation factor relationship for Nyah Irrigation District 

 Available water 
(% allocation) 

Under irrigation factor 
(%) 

Full available water >30 0 
Minimum available water <30 10 

17.2.2 Supply escape efficiency 

Supply escape efficiency reduced from 25 % to 5 % across the calibration period to reduce the bias 

between recorded and modelled diversions. This reduction is representative of improved efficiency of 

water use in the district. 

17.3 Calibration results and discussion 
The model calibration metrics are reported in Table 55. Figure 58 shows the comparison of modelled 

and observed diversion. The model provides good prediction of diversions at both a monthly and 

annual time scale. 

 

Table 55 Model performance for Nyah Irrigation District  

  Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly 0.00% 0.87 0.86 33% 0.52 0.52 

Yearly 0.00% 0.77 0.77 11% 6.3 6.3 
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Figure 58 Comparison of modelled and observed diversion Nyah Irrigation District  
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18 Victoria private diverters Nyah - SA 

18.1.1 Model Set up and input  

The model includes private irrigation diverters of the River Murray in the Victorian Mallee region. This 

includes the areas of Boundary Bend, Wemen, Colignan, the Mildura river reach and Lindsay. Crop 

area data is derived from land use data reported by Sunrise21 (2008 and 2013) as shown in Table 56. 

Urban diversions are modelled separately and not included in this model. There has been a large 

expansion in this irrigated area, particularly in the Colignan river reach. A lot of the new irrigated area 

has been planted to almonds. 

Table 56 Crop area data for private diverters Nyah - SA 

Crop Type Area (ha) 
1997 2003 2006 2009 2012 2015 

Grapevine 5,607 8,749 10,050 9,092 8,817 8,442 
Citrus 3,466 3,419 3,633 3,441 3,539 3,494 
Fruit Tree 576 1,299 1,888 4,579 4,535 4,510 
Nut Tree 1,967 4,167 9,002 19,022 19,214 19,442 
Vegetable 3,281 5,573 5,038 3,894 4,638 4,561 
Field Crop 6,570 4,429 3,168 501 3,038 3,856 
Other 353 359 380 332 316 317 
Vacant 113 2,164 - 8,716 7,130 7,001 

 

18.1.2 Planting decision model 

The area of permanent plantings (grapes, citrus, fruit trees and nut trees) are derived by interpolating 

between the observed crop areas listed in Table 56Error! Reference source not found.. A common 

under-irrigation factor is derived for all permanent planting crops during calibration. 

The field crop has been modelled as a winter crop, planted on the 1st March. Default crop and soil 

parameters for a winter crop are adopted to represent this field crop. The available water – planted 

area relationship was derived for both vegetables and field crops. 

18.1.3 Permanent water trade 

This district includes mostly permanent plantings. Thus permanent trade is not a factor in the planting 

decision. 

18.2 Model calibration  
The calibration period is from July 1993 to end of June 2012. The following parameters were adjusted 

during calibration. 

1. Under irrigation factor for permanent plantings 

2. Available water and planted area for annual plantings 

3. Escape Efficiency 

Due to the rapid expansion in almonds between 2003 and 2012 (see Table 56) and the 7 year period 

for almond trees to reach their full water requirements, linear interpolation was not appropriate to 

model the growth in water use. A function was created that calculated the effective nut area over the 
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calibration period which represented the effective area of almonds at full maturity. The effective area 

was calculated using the crop adjustment factors shown in Table 57. 

Table 57 Proportional Adjustment of Crop Factors for Almonds (Government of South Australlia, 2011.) 

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 
0.4 0.49 0.57 0.66 0.74 0.83 0.91 1.0 

 

18.2.1 Under irrigation factor – perennial plantings 

The derived under irrigation factor for permanent plantings is defined by the parameters in Table 58. 

This indicates that there is no reduction in irrigation application rates to permanent plantings until the 

allocation falls below 30 %. The under irrigation factor increases linearly to 10 % at an allocation of 

0 %. 

Table 58. Calibrated under irrigation factor relationship for permanent plantings in Victorian private 
diverters: downstream of Nyah 

 Available water 
(% allocation) 

Under irrigation factor 
(%) 

Full available water >30 0 
Minimum available water <30 10 

 

18.2.2 Planted area – available water relationship for annual plantings 

Area allocation relationships for vegetables and field crops were calculated annually based on the 

announced Victorian allocation was used as a surrogate for available water (Figure 59).  

 

Figure 59 Area Allocation relationship for Vegetables and Field Crops 
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18.2.3 Escape efficiency 

The crop area data reported by Sunrise21 defines the types of irrigation system used across the 

irrigated area and is summarised in Table 59. Efficiency has increased in this area due to a large 

change in areas irrigated by drip and a corresponding reduction in the areas irrigated by furrow 

systems. This information was used to inform the adopted efficiency for the modelled area. 

Table 59 Irrigation methods used under crop areas for private diverters between Nyah and SA border 

Irrigation Method 1997 2003 2006 2009 Efficiency 

Drip 3,915 10,830 18,595 33,320 5% 

Low Level 3,345 5,205 4,925 4,540 5% 

Overhead 7,565 7,115 6,535 3,445 10% 

Other Pressurised 1,635 3,240 3,350 2,550 10% 

Furrow 6,950 4,615 3,550 770 30% 

Vacant 395 2,190 4,015 9,580 0% 

Total 23,805 33,195 40,970 54,205  

Efficiency (%) 14.1% 9.7% 7.9% 5.0%  

18.3 Calibration results and discussion 
The model performance is shown in Table 60, with the comparison of modelled and observed 

diversions shown in Figure 60. This district has shown significant growth in diversions which is 

explained by the growth in crop areas. The monthly recorded diversion data is actually annual data 

disaggregated as part of the WAMM process, using patterns. Thus little weight should be placed on 

the comparison of the monthly data. However, it is considered the biggest limitation with the 

current representation of private irrigation diversions in this reach is the quality of the recorded 

data, particularly at a monthly timestep. 

Table 60 Model performance of Victoria private diverters Nyah to SA 

 

Bias (%) R2 NSE 

Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly  -0.95% 0.77 0.69 42% 15.91 15.76 

Yearly -0.95% 0.78 0.76 13% 190.9 189.1 

 

 

Table 61 Average annual water application rate for Victoria private diverters Nyah to SA 

 Grapes Citrus Fruit Tree Field Crop Vegetable Nut Trees 
Water use (ML/ha/y) 5.5 7.0 9.4 3.5 6.6 9.8 
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Figure 60 Comparison of modelled and observed diversion for Victoria private diverters downstream of 
Nyah  



 

91 
 

19 Victoria pumped irrigation districts: Sunraysia 

19.1 Model Set up and input  
The Victorian pumped irrigation districts are located in the Mallee and include FMIT, Redcliff, Merbein 

and Robinvale districts. Crop area data for the Victorian pumped districts are shown in Table 62. The 

major crop, grapevines, has shown a large drop in irrigated area since 1996. This is a result of water 

trading out of the pumped districts to private diverters along the Murray.  

Table 62 Crop Area data for Victoria’s pumped irrigation districts (Derived from Sunrise21 GIS data)  

Crop Type 
Crop Area (ha) 

1997 2003 2006 2009 2012 2015 

Grapevine  14,752   15,176   14,289   11,447   10,701   10,625  

Citrus  534   406   359   276   264   230  

Fruit Tree  243   226   221   220   282   375  

Nut Tree  135   154   165   677   802   801  

Vegetable  327   384   396   296   642   619  

Field Crop  549   428   398   234   502   659  

Other  362   286   276   209   134   124  

Vacant  91   657  -  4,670   4,970   4,858  

 

19.1.1 Planting decision model 

The majority of irrigation in the Victorian pumped districts is applied to permanent plantings of 

grapevines (Table 62). There are also a small area of, citrus fruit trees, nut trees field crops and 

vegetables.  

A continuous time series input of crop area for the permanent plantings was produced by linear 

interpolation between the recorded crop areas. A maximum area of 600 ha was adopted for both field 

crops and vegetables. The actual planted area was scaled by the allocation using Equation 1, and the 

relationships are shown in Figure 61. 
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Figure 61 Area Allocation relationship for Vegetables and Field Crops 

 

19.1.2 Permanent water trade 

This district is mostly permanent planting. The impact of permanent trade on the planting decisions 

was not modelled.  

19.2 Model Calibration  
The calibration period is from July 1993 to end of June 2012. For these irrigation districts the diversion 

data MURSRW-212 has been used for model calibration. The following parameters were adjusted 

during the calibration: 

1. Under irrigation factor for permanent plantings.  

2. Relationship between available water and planted area for annual plantings.  

3. Supply escape efficiency.  

19.2.1 Under Irrigation Factor for permanent plantings 

The derived under irrigation factor for permanent plantings is defined by the parameters in Table 63. 

This indicates that there is no reduction in irrigation application rates to permanent plantings until the 

allocation falls below 30%.  

 

Table 63 Calibrated under irrigation factor relationship for permanent plantings in Victorian private 
diverters: downstream of Nyah 

 Available water 
(% allocation) 

Under irrigation factor 
(%) 

Full available water >30 0 
Minimum available water <30 10 
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19.2.2 Available water – area relationships for annual plantings 

Including available water into the planting decision did not improve the model. Consequently, the area 

of annual plantings for field crops and vegetables was specified as a timeseries, with areas between 

the reported crops areas in Table 62 being derived by interpolation.  

19.2.3 Supply escape efficiency 

This was varied from 42 % to 24 % to reduce the bias between recorded and modelled diversions. 

19.3 Calibration results and discussion 
Table 64 and Table 65 show the model performance statistics and water application rate, respectively. 

Comparisons of modelled and recorded diversions are shown in Figure 62.  

 

Table 64 Performance indicators for Victorian pumped irrigation districts  

 

Bias (%) R2 NSE 
Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly  0.32% 0.84 0.77 40% 11.39 11.43 

Yearly 0.32% 0.89 0.89 8% 136.7 137.1 

 

 

Table 65 Average annual water application rate for Victorian pumped irrigation districts 

 Grapes Citrus Fruit Tree Field Crop Vegetables Nut Trees 
Water use (ML/ha/y) 5.5 6.8 9.5 4.2 6.6 9.7 
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Figure 62 Comparison of modelled and observed diversion for Victorian pumped districts  



 

95 
 

20 Victorian Murray Valley Irrigation district 

The Victorian Murray Valley Irrigation District is shown in (Figure 63). The Murray Valley has 110,000 

ha of irrigation farms (DSE, 2008). The prime land use in the Victorian Murray Valley is growing 

perennial and annual pastures to support an extensive dairy industry (Table 66). The irrigated area 

changes annually as a result of a number of drivers, including water availability, commodity prices, 

trade etc.  Groundwater is also used as a supplementary water source in the Murray Valley. 

 

Figure 63 Location map of Murray Valley Irrigation districts (Source: Goulbourn-Murray Water)  

 

Table 66 Land use data for the Murray Valley (ha) 

Land use 1996/97 2003/04 

Dairy Production 38050 32870 

Grazing 20145 1518 

Horticulture 543 490 

Mixed Farming 32165 11860 

 

Water supply to the Murray Valley Irrigation District is managed by Goulburn Murray Water. The 

District has a defined irrigation season, commencing on 15th August and closing on the 15th of May. 

The majority of water is diverted into the district from Yarrawonga Weir via the Yarrawonga Main 

Canal. A small amount of water is also extracted by pumps at Cobram to deliver water when the 

Yarrawonga Main Canal is at capacity. Escape flows from the Yarrawonga Main Canal return to the 

Murray downstream of the Yarrawonga Weir and are re-credited to Victoria. These flows are primarily 
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a result of rain rejections. Escape flows resulting from rain rejections can also return to the Broken 

Creek.  

Groundwater is pumped as an additional irrigation water source in the Murray Valley. Over the period 

from 1999 to 2013, the average annual volume of groundwater pumped for irrigation was 27 GL, which 

is equivalent to about 10 % of the surface water diverted from Yarrawonga Weir over the same period. 

Groundwater represents a higher percentage of irrigation water supply when there is limited surface 

water availability. Groundwater use peaked at 25% of irrigation water supply in the Murray Valley in 

the 2008/09 irrigation season (Figure 64). 

 

Figure 64. Comparison of groundwater and surface water diversions in the Victorian Murray Valley. 

Victoria has embarked on a major irrigation renewal project in the Murray Valley, replacing 

infrastructure and improving supply efficiency. Explicit modelling of losses in irrigation districts is a 

requirement for representing Victorian demands. 

There has also been a change in irrigated land use from perennial to annual pastures since 2002. 

Significant investments in farm irrigation efficiency and runoff management have occurred as part of 

salinity and nutrient management strategies. The likely impact is a 10-15% improvement in farm water 

use efficiency. 

20.1 Model Set up and input  
The Irrigation demand of the Victorian Murray valley includes: 

1) A supply point to represent diversions by the Yarrawonga Main Canal 

2) An area based crop water demand model. 

3) Assumed losses as a function of water supplied 

4) Return flows through the Yarrawonga Channel Escape 

5) Return flows through the Broken Creek. 

Extraction from the supply points are driven by the demand model. It is assumed that a 10% of the 

demand is sourced from the groundwater supply point, the remaining 90% is sourced from the 

Yarrawonga Main Canal. To represent this the planted areas have been scaled by 90%. This represents 
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the average for the period where groundwater data was available. However, it does not allow for the 

drought years where groundwater provided up to 25% of the farm gate demand. In addition, it is likely 

to overestimate groundwater extractions in years with high allocations.  

Rain rejections are split between returning to the Murray at the Yarrawonga Escape and being a loss 

to the Broken Creek. The split of flows between the Yarrawonga Escape and Broken Creek was 

adjusted during calibration.  

Rainfall and evapotranspiration data for Yarrawonga are used to drive the demand model. 

20.1.1 Permanent water trade 

There has been a reduction in both high reliability and low reliability shares in the Murray Valley 

Irrigation district between 2004 and 2012 (Table 13). Trade scaling factors have been used to scale the 

planting decision (area planted) to allow for the impact of permanent water trade. Scaling factors used 

up to 2009 are presented in (Table 14).  

20.1.2 Modelling of losses 

The losses in the Murray Valley were adopted from the work undertaken by DSE (DSE 2011). This work 

parameterised the individual loss components following the method outlined in the Water Savings 

Protocol Technical Manual (DSE, 2010). The losses in the district are modelled a supply efficiency. This 

was done to assist in the accounting of water use in the district. The combined impact of these losses 

is that 30% of the water extracted is a loss. Note this loss includes rain rejections and metering errors.  

20.1.3 The planting decision model 

Summer irrigated crops (perennial pasture, cereals and grains) have been lumped into one category 

and are modelled as a perennial pasture. Winter active crops were also combined, including annual 

pasture and cereal crops. Horticulture is represented as a separate crop. Irrigated area data for these 

crops categories is available from 1988 until present (Figure 65). Data collected prior to 2003 was 

collected by a farm census (Douglass et al, 1998). Post 2003, irrigated land use is collected by remote 

sensing (Vic DPI, pers. Comm.). There is some discontinuity as a result of the different collection 

methods. However, this is ignored in this study. 

Prior to 2000, the irrigated area of perennial pasture progressively increased up to a maximum value 

of 43500 ha. The period prior to 2000 was defined as a period of high water availability, where farmers 

received full allocation. Post 2001/02, there has been a reduction in irrigated area of summer crops 

as a result of lower water allocation levels and also due to industry drivers such as restructuring of the 

dairy industry and trade. Post 2000, water allocation has been half of its pre-2000 levels, with no low 

reliability water shares being allocated after the 2001/02 water year.  

Winter active crops increased between 1988 and 1992, with a maximum area of 37600 ha. The area 

of winter active crops remained relatively constant in 1996 and 2000. The area of winter active crops 

then fell dramatically as a result of low water allocation. 

The area of irrigated horticulture has remained relatively constant over the period 1988 to 2012. The 

area of irrigated horticulture does not show large changes in irrigated area as a result of water 

availability. The area of horticulture was assumed to remain constant over the model run. As it is a 

relatively small user of water, no attempt was made to fit an under irrigation factor to this crop. 
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Figure 65 Allocation and area changes over time in Murray Valley 

 

20.2 Model calibration  
The model was calibrated over a period from July 1993 to the end of 2011/12 water year. The following 

parameters were adjusted during calibration 

 Available water – planted area for summer crops, including a review date 

 Available water – planted area for winter crops 

 Yarrawonga Main Canal Escape return flows 

The announced allocation by Goulburn Murray Water was used as a surrogate for available water for 

both winter and summer crops.  

20.2.1 Available water – planted area for summer crops and winter crops 

A linear relationships were adopted between the available water and irrigated crop area for summer 

crops (Figure 66). Thus, the area of perennial pasture planted any year is a linear function of the 

announced allocation on the planting decision date (1st of October). For the summer crops, a planting 

decision revision date was included on the 1st of September to reduce the planted area if allocation 

levels were very low. If allocation on the 1st of September was less than 30 %, then the summer crop 

area was reduce to zero. For winter crops, the planning decision is made on the 1st of March (Figure 

66). 
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Figure 66. Planting decision relationship for the Victorian Murray Valley irrigation district 

 

20.2.2 Yarrawonga Main Canal Escape return flows 

Rain rejections that pass the Yarrawonga Main Canal supply point are split between returning to the 

Murray by the Yarrawonga Main Canal Escape and returning to the Broken Creek by the Broken 

escape. The split of rain rejections was set to 50:50 between the Yarrawonga Main Canal Escape and 

Broken escape. A maximum flow through the Yarrawonga Main Canal escape of 500 ML/d was 

configured. This part of the model requires additional data. What is termed as returns to the Broken 

escape are nominal and may actually end up as a loss, rather that returning to the Broken Creek. 

Additional data is required to improve our understanding of this process. Some changes to how rain 

rejections are split may also be required to ensure consistency between recorded and modelled flows 

into the Yarrawonga Main Canal escape. 

20.3 Calibration results and discussion 
Calibration metrics for the Net Murray Valley diversions are provided in Table 67. Overall, both the 

monthly and annual models have performed at a satisfactory or good level (Figure 67).  

Table 67 Performance indicators for Net Murray Valley Diversions 

 

Bias (%) R2 NSE 

Standard 
Error (%) 

Mean 
Observed 
Diversion 

(GL) 

Mean 
Modelled 
Diversion 

(GL) 

Monthly  0.88% 0.92 0.91 26% 31.67 31.94 

Yearly 0.88% 0.91 0.91 12% 380 383.3 
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Figure 67 Comparison of modelled and observed diversion for Net Murray Valley Diversions 
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21 Torrumbarry Irrigation Area 

Source: Torrumbarry Irrigation System Operating Procedures 

 

 

Historically, the Torrumbarry Irrigation Area (TIA) was modelled in MSM using three regression 

models, including 

1) Net Torrumbarry diversions 

2) Torrumbarry returns 

3) Torrumbarry tributaries inflows. 

The daily Source model of the Murray has included an explicit representation of the TIA to allow 

improved modelling of the mid river storages, including linking of Torrumbarry Weir, Kow Swamp and 

the Kerang Lakes. A schematic representation of the Torrumbarry Irrigation Area is shown in Figure 

68. The adopted representation is based on the daily REALM model of the Kerang Lakes (SKM, 2011). 

This daily REALM model was developed over time to represent a number of policy issues. It has 

recently been used to support a modernisation project in the TIA. This has involved a recalibration of 

the model, explicit representation of losses and updates to the representation of irrigation demand s 

in the district. The Source representation of the TIA has adopted that developed in REALM (SKM, 2011 

– Task C Report). A full description of the representation of the TIA and Kerang Lakes is provided 

separately. Details on the configuration of the irrigation demand models is provided below. 

 

The Torrumbarry Irrigation Area extends along the River Murray from 
Gunbower in the east, to Nyah in the west, and in the south is bordered by the 
Box/Pyramid Creek and the Macorna Main channel. Within the boundaries of 
the irrigation area are some 167,000 hectares of which 150,000 hectares are 
irrigable.   

A unique feature of the area is the multiple uses made of the natural water 
bodies that are prevalent throughout the Torrumbarry Irrigation Area.   These 
natural water bodies are an integral component of the irrigation distribution 
system, but also play important roles in flood mitigation and environmental 
habitat.  There are a large number of environmental features included in the 
irrigation infrastructure that G-MW manages, such as wetlands that are 
subject to international environmental agreements such as Ramsar and 
JAMBA (Japanese – Australia Migratory Bird Agreement) and/or CAMBA 
(Chinese-Australia Migratory Bird Agreement). 
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Figure 68. Torrumbarry Irrigation Area (NCCMA, 2015) 

 

The accounting rules defining diversions for the TIA change depending on whether the Fish Point Weir 

is open on the Little Murray River. If the Fish Point Weir is open, losses on the Little Murray River are 

not considered part of the TIA diversions, when the Fish Point Weir is closed all losses in the Little 

Murray are considered part of the Torrumbarry Diversions. In addition, the TIA includes multiple 

extraction points (National Channel, Ashwin’s Pumps, Pental Island Pumps, Swan Hill Pumps, Channel 

9 and private diverters from the Little Murray River). Returns flows from the TID occur from Gunbower 

Creek, Loddon River and either: 

 flows downstream of the Little Murray Weir when the Fish Point Weir is closed or 

 outflows from Lake Boga and the 6/7 channel when the Fish Point Weir is open. 

Key modelled variables used to represent diversions from the TID include 

 Torrumbarry Gross Diversions 

 Torrumbarry Gross Returns 

 Torrumbarry Net Diversions 

 Torrumbarry Net Returns 
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Torrumbarry Gross Diversions 

Torrumbarry Gross Diversions = National Channel Diversions 

+ Ashwins Pumps 

+ Pental Island Pumps 

+ Swan Hill Pumps 

+ Channel 9 diversions (when Fish Point Weir open) 

+ Pental Island diverters (when Fish Point Weir open) 

+ Lake Boga Inflow (when Fish Point Weir open) 

Torrumbarry Gross Returns 

Torrumbarry Gross Returns = Gunbower Greek at Koondrook Spillway 

+ Loddon River at Kerang Weir 

- Loddon River diversions d/s of Kerang Weir (Torumbarry I.A. customers) 

+ Barr Creek d/s of Pumps (refer note 1 below) 

+ Lake Charm return 

+ Sheepwash Creek Spill 

+ Little Murray d/s Weir (when Fishpoint Weir closed) 

+ 6/7 Channel to Little Murray (when Fishpoint Weir open) 

+ Lake Boga Outflow (when Fishpoint Weir open) 

+ Gunbower Forest watering from unregulated (surplus) flows 

+ Gunbower Forest watering from other than Flora & Fauna account 

Tributary Inflows 

Tributary Inflow = Max (Gross Returns – Gross Diversions, Inflows) 

Inflows = Loddon River at Appin South 

+ Mt Hope Creek @ Mitiamo 

+ Avoca to Little Murray 

+ Lake Boga Outflow (when Fish Point Weir open) 

+ Deemed Barr Creek d/s of Pumps 

Torrumbarry Net Returns 
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Torrumbarry Net Returns = Torrumbarry Gross Returns – Tributary Inflows 

Net Torrumbarry Diversions 

Net Torrumbarry Diversions = Torrumbarry Gross Diversions – Torrumbarry Net Returns 

21.1 Model Set up and input  
The implemented representation on the TIA is based on that reported for the Kerang Lakes Realm 

model (Task C), with a few simplifications listed below. 

21.1.1 Differences to Kerang Lakes Realm model (Task C) 

 Demand districts 

A number of demand districts are lumped in the Source model to simplify the representation, 

including: 

o Mystic Park, Tresco and Fish point, 

o Channel 2, Channel 7/2 and Channel 17/2, 

o Lake Kangaroo and Lake Charm, and 

o Pyramid Creek No 6 and Pyramid Creek pumpers . 

The maximum crop areas for the lumped districts are calculated by summing the maximum areas 

of the individual districts. 

 Explicit modelling of losses 

The Kerang Lakes model includes explicit representation of losses. This includes parameterising the 

individual loss components following the method outlined in the Water Savings Protocol Technical 

Manual (DSE, 2010). This model has not been adopted at this stage for simplicity. A constant efficiency 

terms is adopted for the irrigation districts, which was adjusted during calibration. 

 Representation of permanent water trade 

The Source model includes representation of permanent trade on the planting decision. This allows 

the crop area to change over time as water has been traded out of the district.  

21.1.2 The planting decision model 

The maximum crop area for different crops in each of the districts is summarised in Table 68 

(SKM,2011). Annual pasture and winter crops were combined and represented as a winter crop.  

A linear relationship between announced allocation and irrigated crop area was utilised in the Kerang 

Lakes Realm model for both summer crops and winter crops. Thus, the area of perennial pasture 

planted any year is a linear function of the announced allocation on the planting decision date (1st of 

October).  The planting decisions utilised in in the REALM model were used as a starting date, but were 

adjusted during calibration. 

The planted area for both perennial pasture and winter crops is defined using Equation 1. 
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Table 68. Maximum crop areas for the TIA (SKM,2011) 

 Perennial Annual Orchard Vines Winter Total 

Channel No.1 11 10.5 0 0 0 21.5 

Channel No.3 7 14 0 0 0 21 

Channel No.4 + Channel No.5 6.5 13.5 0 0 0 20 

Lagoons 1.2 3 0 0 0 4.2 

Channel 2 12.1 34.2 0 0 0 46.3 

Channel No.1/7  0.9 2.1 0 0 0 3 

Mystic Park, Tresco and Fishpoint 1.2 4.2 0.5 0.1 0 6 

Channel No.9 2.9 0 0.4 0 0.8 4.1 
Lake Charm and Kangaroo Lake 
diverters  0.23 0.92 0 0 0 1.15 

Pyramid Diverters 1.1 3.5 0 0 0 4.6 

 

21.1.3 Permanent water trade 

There has been a reduction in both high reliability and low reliability shares in the Torrumbarry 

Irrigation Area between 2004 and 2012 (Table 13). The trade scaling factor (Table 14) was used to 

scale the planting decision model allow for the impact of permanent water trade. 

21.2 Model calibration  
The demand model calibration was undertaken as part of converting the REALM Kerang Lakes model 

into Source, and linking this into the full Murray. For consistency, key demand model parameters 

calibrated are discussed below. The model calibration period is from July 1993 to the end of 2011/12 

water year. The following parameters were adjusted during demand model calibration 

 Maximum Allocation for summer crops – this is the allocation at which the maximum area is 

planted 

 Maximum Allocation for winter crops – this is the allocation at which the maximum area is 

planted for winter crops 

 Demand model losses 

The announced allocation by Goulburn Murray Water was used as a surrogate for available water for 

both winter and summer crops. 

The same maximum allocation for summer crops and winter crops was used for all demand models in 

the TIA. The same loss was also used for all demand models. 

Source model performance is compared to the following variables.  

1) National Channel diversions 

2) Torrumbarry gross diversions 

3) Torrumbarry gross returns 
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Available water – planted area for summer crops and winter crops 

A linear relationship was adopted between the available water and irrigated crop area for summer 

crops. Thus, the area of perennial pasture planted any year is a linear function of the announced 

allocation on the planting decision date (1st of October). For winter crops, the planning decision is 

made on the 15th of February.  

21.2.1 Torrumbarry return flows 

21.3 Calibration results and discussion 
Calibration metrics are provided for National Channel diversions (Table 69), Torrumbarry gross 

diversions (Table 70), Torrumbarry net diversions (Table 71) and Torrumbarry gross returns (Table 72). 

Comparisons of modelled and observed diversions can be seen in Figure 69-Figure 72. The 

representation of diversions and returns are well represented at both a monthly and annual timestep.  

The demand models provide a good representation of gross diversions, net diversions and gross 

returns from the TIA. The model is considered to be fit for purpose for estimating these district scale 

parameters. The water balance within the TIA is not assessed as part of this report. 

Table 69 Performance indicators for Torrumbarry diversions (flow at National Channel) 

  Bias (%) R2 NSE RSR 
Standard 
Error (%) 

Mean 
Observed 
Diversion 
(GL) 

Mean 
Modelled 
Diversion 
(GL) 

Monthly -0.63 0.88 0.87 0.36 25.7 56.4 56.8 

Yearly -0.63 0.92 0.91 0.30 10.9 677.1 681.4 

 

Table 70 Performance indicators for Torrumbarry gross diversions (torrgrs_70) 

  Bias (%) R2 NSE RSR 
Standard 
Error (%) 

Mean 
Observed 
Diversion 
(GL) 

Mean 
Modelled 
Diversion 
(GL) 

Monthly 0.62 0.89 0.88 0.35 24.5 60.4 60.0 

Yearly 0.62 0.91 0.90 0.32 11.0 725.0 720.5 

 

Table 71 Performance indicators for Torrumbarry net diversions (torrnet_70) 

  Bias (%) R2 NSE RSR 
Standard 
Error (%) 

Mean 
Observed 
Diversion 
(GL) 

Mean 
Modelled 
Diversion 
(GL) 

Monthly -0.74 0.87 0.87 0.36 29.4 51.1 51.5 

Yearly -0.74 0.92 0.87 0.36 12.5 613.5 618.0 
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Table 72 Performance indicators for Torrumbarry gross returns (torrgrs_204) 

  Bias (%) R2 NSE RSR 
Standard 
Error (%) 

Mean 
Observed 
Diversion 
(GL) 

Mean 
Modelled 
Diversion 
(GL) 

Monthly 2.07 0.93 0.93 0.27 43.5 18.5 18.1 

Yearly 2.03 0.96 0.95 0.22 20.8 221.4 216.9 
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Figure 69. Comparison of modelled and observed diversion at National Channel  
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Figure 70. Comparison of modelled and observed gross diversions for TIA (torrgrs_70) 
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Figure 71. Comparison of modelled and observed net diversion for TIA (torrnet_70) 
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 Figure 72 Comparison of modelled and observed gross returns for TIA (torrgrs_204) 
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22 Limitations and future improvements 

 The method for representing permanent trade is able to represent the changes in water user 

over time. However, the trade scaling factors are those used in MSM and should be revisited 

once the water purchases and efficiency projects under the Basin Plan are complete and 

better understood. 

 Drivers for temporary trade and representation of carryover are implicitly built into the 

planting decision models. However, a more explicitly representation of both of these factors 

is likely to improve confidence and performance of the model. 

 A major limitation to crop demand modelling is the availability of irrigated land use data. We 

have collated what data is available as a basis for the calibration. The available land use data 

represents discrete points in time. For some reaches such as Victoria’s Private diverters 

upstream of Nyah and NSW Private diverters upstream of Murrumbidgee Junction, we only 

have land use data for 1 or 2 points in time over the last 20 years. This has meant that we have 

had to interpolate the land use data to make it more suitable for calibration and needed to 

derive the relationship of area and water availability. Ideally, we would calibrate the area 

based demand model with a more comprehensive set of area and production data by crop 

type (and at the sub-irrigation district level where possible, such as in NSW Murray) against 

the drivers of water use, trade and carryover decisions. That analysis could reflect the role of 

groundwater availability in different climate year. 

 Modelling the land use change in response to water availability is a key part of the demand 

model. Where land use data is limited, judgement has had to be applied to represent how 

land use had changed over time in response to water availability and other drivers. More 

detailed analysis is required to understand how water prices, commodity prices, water 

allocation announcement, and water trade and carryover rules are impacting on area of 

planting decisions, as well as the timing of those decisions for each type of crop. Further 

analysis of water use decisions might also include decisions around the use of water with 

permanent crops (viticulture and horticulture) in different climate years. Changes in water 

availability might also be considered with respect to the recovery of high and low security 

water entitlements for the environment. 

 Some reaches have limited diversion data available. Some of the reaches (Victorian private 

diverters and potentially NSW private diverters) only have annual diversion data, 

disaggregated to a monthly pattern using average diversion patterns. Improvements to how 

this data is collected and reported would allow improved representation of diversions. 

 There has been significant improvements in irrigation efficiency as a result of change from 

surface irrigated to pressurised irrigation systems, laser grading, farm reuse systems. These 

improvements could have resulted in up to a 5 -15 % reduction in irrigation water use per 

hectare. The water savings would typically be used to expand the irrigated area. Data on how 

irrigation efficiency has changed would allow better definition of the area planted – water 

availability relationships in the early years. In this study, we have not generally allowed for 

time varying changes in irrigation efficiency. Thus irrigated areas modelled would likely 

overestimate in the early years when irrigation efficiency was lower. The impact on overall 

diversions is not likely to be great. 
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 South Australian diversion data is poor. There is limited data that defines where the diversions 

occur on the Lower Murray. In addition, most of the data that is available on an annual time 

step. Ideally, this data could be improved by monitoring/collecting this data at scale finer than 

annual values.  This would assist in improving the South Australia diversion models. 

23 Conclusions 

This report presents the development of an area based crop water demand modelling in Source for all 

of the irrigation districts on the Murray and Lower Darling.  The key input of this modelling is crop area 

data, which have been collated from a range of sources. However, for most of the demand models, 

this data is only available for four discrete years. Consequently, area data has had to be extended by 

interpolation and by applying sound judgement.  A consistent methodology was adopted for all 

reaches.  

The crops were categorised as either permanent or annual crops. Permanent planting crops do not 

change the planted area each year in response to water availability. Changes in planted area of 

permanent crops reflect long term socio, economic and policy drivers. Permanent crops could have 

lower irrigation application rates than the optimal crop water requirement in dry years in response to 

low water availability.  

The planted area of annual crops changes each year in response to water availability. The planted area 

is defined as a function of available water on the planting decision date for the crop and the maximum 

area for this crop. The maximum irrigated area for annual crops is specified as a timeseries or constant. 

This allows for the area of land developed for irrigation to change in response to long term economic, 

social and policy drivers over the calibration period.  

Permanent trade, represented by the change in entitlements in different districts, has been used to 

scale the planting decision. This means that the impact of permanent trade on diversions is explicitly 

represented in the demand model. The following conclusions are made.  

 Despite the fact that the area data is limited and in many cases inconsistent, the crop area 

based demand model has been calibrated to a satisfactory level to represent irrigation 

demands at most sites on a monthly and annual timestep.  

 The demand model calculates the irrigated area of the different crops each year, which is an 

important input to social economic analysis.  

 The crop based demand model provides capability to model land use and crop mix or irrigation 

practice changes in the future. Greater confidence in model predictions is possible if partner 

governments/MDBA can improve data collation/collection/reporting of crop areas planted, 

irrigation practices and farmer decision making in the context of varying water availability.   

 A number of opportunities exist to improve the demand models, including: 

o Consideration of temporary trade and carryover in the available water calculation and 

subsequent planting decision. 

o Improved irrigation area, especially for the private diverters upstream of the 

Murrumbidgee junction. 

o Improved diversions data, especially for the private diverters.   
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Appendix A Calibration Metrics 

Quantitative statistical comparisons of observed and modelled time series are an important 

component in evaluating the appropriateness of parameters used to calibrate hydrological models. 

For the calibration of the Hattah Lakes system model built in Source IMS the following statistical 

metrics have been used: 

1) Percent Bias (Bias) measures the average tendency of the modelled data to be either larger or 

smaller than the observed data. The optimal outcome is to achieve a Bias result equal to 0. 

Positive values of Bias indicate underestimation bias in the modelled data and negative values 

indicate overestimation bias in the modelled data. Bias has been chosen for streamflow 

calibration as it provides a measure of how the mass balance of the modelled data compares to 

the observed data. 

𝐵𝑖𝑎𝑠 =  
∑ (𝑌𝑖

𝑠𝑖𝑚 − 𝑌𝑖
𝑜𝑏𝑠) × 100𝑛

𝑖=1

∑ (𝑌𝑖
𝑜𝑏𝑠)𝑛

𝑖=1

 

2) Correlation coefficient of determination (R2) measures the variance in the observed data 

explained by the model behaviour. Values range between 0 and 1 with higher values indicating 

less error variance. This statistic is sensitive to very high values (outliers) and does not consider 

the volume of difference between modelled and observed data. 

𝑅2 = 1 − [
∑ (𝑌𝑖

𝑜𝑏𝑠 − 𝑓𝑖)
2𝑛

𝑖=1

∑ (𝑌𝑖
𝑜𝑏𝑠 − 𝑌𝑚𝑒𝑎𝑛)2𝑛

𝑖=1

] 

3) Nash-Sutcliffe Efficiency (NSE) measures the relative magnitude of the modelled variance 

compared to the observed variance, indicating how well the modelled versus observed data fits 

the 1:1 line. NSE values range from -∞ to 1 with a value of NSE = 1 being the optimal value. NSE 

has been used extensively as a statistical index in hydrological calibration. 

𝑁𝑆𝐸 = 1 −  [
∑ (𝑌𝑖

𝑜𝑏𝑠 − 𝑌𝑖
𝑠𝑖𝑚)

2𝑛
𝑖=1

∑ (𝑌𝑖
𝑜𝑏𝑠 − 𝑌𝑚𝑒𝑎𝑛)2𝑛

𝑖=1

] 

It is useful practice to compare R2 and NSE to determine whether there is a systematic difference 

between the modelled and observed data. If R2 is considerably greater than NSE it suggests that there 

may be a bias in either the observed or modelled data, and that model performance could be 

improved. 

4) RMSE- observations standard deviation ratio (RSR) – Root Mean Square Error (RMSE) has been 

used extensively as a model parameter where the lower the RMSE then the better the model 

performance. RSR has been adopted as it as it standardises the measure of RMSE by dividing the 

RMSE by the observed standard deviation, allowing comparative performance of different sites 

in the river network. 

𝑅𝑆𝑅 =  
𝑅𝑀𝑆𝐸

𝑆𝑇𝐷𝐸𝑉𝑜𝑏𝑠

=  

[√∑ (𝑌𝑖
𝑜𝑏𝑠 − 𝑌𝑖

𝑠𝑖𝑚)
2𝑛

𝑖=1 ]

[√∑ (𝑌𝑖
𝑜𝑏𝑠 − 𝑌𝑚𝑒𝑎𝑛)2𝑛

𝑖=1 ]

 

 

5) Standard error is measured as percentage of Relative RMSE (RRMSE) which is estimated as RMSE 

divided by observed mean as below. 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐸𝑟𝑟𝑜𝑟 (%) =
√∑ (𝑌𝑖

𝑜𝑏𝑠 − 𝑌𝑖
𝑠𝑖𝑚)2𝑛

𝑖=1

𝑛

𝑌𝑚𝑒𝑎𝑛
∗ 100 
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Appendix B Crop and soil parameters used in the irrigation demand model 

 

General      

Crop Fallow Grapevine Citrus Fruit Tree Vegetable Summer Irrigated 
Field Crop 

Winter Irrigated 
Field Crop 

Perennial 
Pasture 

Rice 

Crop Type Annual Perennial Perennial Perennial Annual Annual Annual Perennial Annual 

Planting Window NA 1 1 1 1 14 1 1 15 

Planting Margin NA 1 1 1 1 1 1 1 1 

Soil Configuration   

Depth of root zone 600 600 600 600 600 600 600 600 600 

Depletion Factor 50 50 50 50 50 50 50 50 50 

Initial Depletion 0 0 0 0 0 0 0 0 0 

Fallow Factor 0.1 NA NA NA NA NA NA NA NA 

Planting Decision 

Plant Date NA 1st Oct 1st Oct 1st Oct 1st Sep 1 Oct 15 Feb 1 Oct 1 Oct 

Area relationship NA RS RS RS RS RS RS RS RS 

Target Depletion  

Regulated Target (mm) NA 20 20 20 20 20 20 20 -100 (ponded 
crop) 

Opportunistic Target 
(mm) 

NA NA NA NA NA NA NA NA -150 

Economics 

Yield NA NA NA NA NA NA NA NA NA 

Expected Usage NA NA NA NA NA NA NA NA NA 

Productivity NA NA NA NA NA NA NA NA NA 

Efficiencies 

Runoff – Escape 
Efficiency 

NA NA NA NA NA NA NA NA NA 
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General      

Crop Fallow Grapevine Citrus Fruit Tree Vegetable Summer Irrigated 
Field Crop 

Winter Irrigated 
Field Crop 

Perennial 
Pasture 

Rice 

Runoff – Return 
Efficiency 

NA NA NA NA NA NA NA NA NA 

Deep Percolation – 
Escape Efficiency 

NA NA NA NA NA NA NA NA 10 % 

Notes: 

NA – not applicable. This parameter is not used in the model. 

RS – The area relationships are region specific and are defined for each reach. 
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Appendix C Calibration of Renmark Irrigation Trust and Central 

Irrigation Trust crop demand models in Source 

Introduction 

This section documents attempts to improve the representation of South Australian demands in the 

Riverlands region through the calibration of the Renmark and Central Irrigation Trusts (RIT and CIT) 

against the metered diversions. It then looks at the impact upon the total Riverlands diversion. 

A Source model was created to represent the RIT and CIT (Figure 73). The irrigation trusts were 

represented as water users and irrigators with crop demand models used to model demand generated 

by various crops. 

 

Figure 73: Source schematic of the Renmark and Central Irrigation Trusts 

Crop Areas 

Changes in areas of various crop types over time were represented using piecewise relationships, 

shown in Table 73 and Table 74. These areas were derived from GIS data provided by Sunrise21 and 

Irrigation Trust boundaries provided by South Australia.  

Table 73: RIT crop areas (ha) derived from Sunrise21 GIS data. 

Crop Type 2003 2009 2012 2015 

Citrus 895 776 749 719 

Fruit Trees 588 538 514 479 

Grapes 2399 2250 2132 2073 

Nut Trees 247 282 287 309 

Field Crops 78 37 28 52 

Vegetables 8 0 0 11 

Other 111 98 97 61 

Vacant 421 750 918 877 
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Table 74: CIT crop areas derived from Sunrise21 GIS data.  

Crop Type 2003 2009 2012 2015 

Citrus 1999 1503 1436 1139 

Fruit Trees 920 770 749 668 

Grapes 10560 10020 9829 9242 

Nut Trees 306 348 348 346 

Field Crops 769 465 463 489 

Vegetables 256 274 265 205 

Other 124 115 115 153 

Vacant 517 2155 2463 3581 

 

Model Period 

Gauged pumped data for the CIT was available from 2001/02 to 2016/17 as a quarterly time series, 

this data set was aggregated on an annual basis for comparison against the modelled results. Gauged 

pumped data for the RIT was available from 1993/94 to 2016/17 as a monthly time series. 

Model Parameters 

Crop factors and model parameters outlined in Section 3.4 were initially adopted for this study 

Calibration 

Three parameters were used to calibrate the Irrigator model to the gauged diversion data: 

 supply escape / spill from system  

 under-irrigation  

 target soil depletion 

Supply Escape/Spill From System 

Crop demand models in Source include a ‘Spill From System’ parameter. This allows the representation 

of system inefficiencies, such as infiltration along supply channels. A constant value of 5% was applied 

to the CIT crop demand model, while a piecewise relationship was used to represent on-farm 

efficiencies gained between 2006 and 2012 in the RIT crop demand model (Table 73Table 75Table 75: 

Spill from system values applied to the RIT crop demand model.). 

Table 75: Spill from system values applied to the RIT crop demand model. 

Year Spill From System (%) 

1890 20 

2005 20 

2006 20 

2012 10 

2100 10 
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Under-irrigation 

A modified version of SA’s proposed under-irrigation function was adopted to represent the way 

permanent planting irrigators might respond when allocations are less than 100%. This function was 

applied to both the CIT and RIT. 

The model was initially run with the SA function: 

if($Common.ts_SAAllocation >=80 %, 0, 0.35- $Common.ts_SAAllocation/(80 % / 0.35)) 

The function represents the amount that irrigators might be willing to underwater crops in the event 

of a drought. SA’s function begins to under-water crops when allocations are at or below 80%. It’s likely 

80% was used because it leads to a reasonable calibration for the 2006/07 season. However the 

demand for this period seems to be an anomaly, possibly caused by SA reducing allocations mid-year. 

Using this function led to the model underestimating demands during periods of low allocation so it 

was altered to begin under-watering when allocations were 60% or less: 

if($Now.Month>=6 AND $Now.Month<=9,0, 

if($Common.ts_SAAllocation >=60, 0, 0.35- $Common.ts_SAAllocation/(60/0.35))) 

Initiating under-irrigation when allocations are at or below 60% resulted in modelled demands that 

better represented gauged demands in low-allocation years.  

Target Soil Depletion 

In the SMM a universal soil depletion target of 20 mm had been used across the river system. Target 

soil depletion is the depth below surface level that an irrigator will try to maintain the water level. A 

target of 20 mm was initially applied for the whole year, however modelled results under-predicted 

demand during the winter months. To compensate for this the soil depletion target was adjusted to 

0 mm from June until October. If a soil depletion target of 0 mm was used over summer than the 

summer water use was over predicted. This process is represented by the function: 

If($Now.Month>=6 AND $Now.Month <= 10,0,20) 

This behaviour is attributed to two factors: 

 salinity management in the Riverlands may involve applying additional water to crops over 

winte/springr to flush the accumulation of salt around the plants root system. 

 Over watering tp protect plants from the impact of frosts 

Results 

The crop demand models represent RIT and CIT gauged pumped data reasonably well (Figure 74 to 

Figure 78). Statistical metrics for the annually aggregated demands are provided in Table 76 for 

comparison. 

In the 2006/07 water year modelled demands in both the CIT and RIT deviate significantly from gauged 

data. It’s likely this difference is caused by a reduction in SA allocations during the water year. A 
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reduction in allocations is an exceptional occurrence, which had never occurred, and has not occurred 

since. The year was an anomaly, and the demand model has not been designed to represent this 

behaviour. 

Table 76: Calibration statistics for annually aggregated demands in the Renmark and Central Irrigation Trust 
regions. 

Statistic RIT CIT 

Pearson’s Correlation (r) 0.92 0.87 

Volume Bias (%) 1.7 4.1 

Volume Bias – Excluding 2006 water year (%) 1.1 2.3 

NSE Monthly 0.84 0.65 

 

The under-irrigation and target soil depletion functions used in the CIT and RIT model were adopted 

in the Riverlands crop demand model. Using these functions improved the representation of monthly 

demands, increasing winter demands to more closely follow gauged pump data (see Appendix). The 

pearson’s correlation with gauged pump remained the same, while the NSE monthly was improved 

(Table 77). 

Table 77: Calibration statistics for annually aggregated demands in the Renmark and Central Irrigation Trust 
regions. 

 

The functions used to describe the underirrigation factor and spill form system were also adjusted to 

represent the overall irrigator behavior. Applying an underirrigation factor when SA allocations are at 

30% or below led to modelled demands better representing gauged pumped data when SA allocations 

were low. The following is used to set the underirrigation factor in the Riverlands crop demand model: 

if($Now.Month>=6 AND $Now.Month<=9,0, 

if($DemandModel.SA.TS_SAALLOCATION >=30, 0, 0.35- $DemandModel.SA.TS_SAALLOCATION/(30/0

.35))) 

To improve the calibration of the Riverlands crop demand model the following function was used to 

describe the efficiency loss: 

if($DemandModel.Common.f_ScenarioYear<2006 or $Now.Month < 7 and$DemandModel.Common.

f_ScenarioYear<2007 ,8,6) 

Results 

Statistic Original parameters Updated parameters 

Pearson’s Correlation (r) 0.93 0.93 

Volume Bias (%) -.59 0.71 

NSE Monthly 0.7 0.82 
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Results from the recalibration exercise are shown on the following pages. As a result of modelling the 

RIT and CIT irrigation areas as separate demand nodes it has demonstrated that during winter and 

early spring, irrigators seem to water crops beyond the previously assumed 20 mm soil depletion 

target. Changing the soil depletion target to 0 mm during this period greatly improved the 

representation of the diversions during winter and early spring. This in turn enabled a reduced 

estimate of supply efficiency within the systems which subsequently reduced the summer peak 

demands and resulted in an overall better fit to the monthly and quarterly diversion data, and reduced 

variability in annual demands. Reasons for this behavior can be linked to salinity management around 

the crop root zone and frost protection. 

Irrigator behavior during low water allocation years is more problematic. From the observed data there 

seems to be no consistent behavior in underwatering the crop and other factors such as allocation 

trade etc will have an impact in any individual year on irrigator behavior and diversions. The 

underwatering factor used in the modelling of RIT and CIT was not found to be appropriate when scaled 

up to the entire Riverlands model which suggests that there is some variation in the behavior across 

SA. 
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Figure 74: Monthly gauged and modelled water supplied to the Renmark Irrigation Trust. 

 

Figure 75: Quarterly aggregated gauged and modelled water supplied to the Renmark Irrigation Trust. 
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Figure 76: Quarterly aggregated gauged and modelled water supplied to the Central Irrigation Trust. 

 

Figure 77: Annually aggregated gauged and modelled water supplied to the Renmark Irrigation Trust. 
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Figure 78: Annually aggregated gauged and modelled water supplied to the Central Irrigation Trust. 

 

Figure 79: SA Riverlands annual modelled vs gauged demands. 
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Figure 80: By including a variable soil depletion target of 0mm between June and October, Riverlands modelled demand more closely represents monthly gauged 
pumping derived from RIT 

 

.
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Appendix D Crop Planting Dates 

 

Irrigator Demand 
Model Veg 

Field 
Crop Citrus 

Fruit 
Tree Grape Nut 

Summer 
Crop 

Winter 
Crop Rice Peren Cotton Hort 

NSW 

NSW LD IRRI Other 
Demands 

Sep-01 Mar-01 Oct-01 Oct-01 Oct-01        

NSW MR IRRI DSMB Sep-01 Mar-01 Oct-01 Oct-01 Oct-01 Aug-15       

NSW MR IRRI 
EdwardWakool 

      Oct-01 Mar-01     

NSW MR IRRI MIL 
Mulwala 

       Mar-01 Oct-01 Oct-01 Nov-01  

NSW MR IRRI MIL 
Wakool 

       Mar-01 Oct-01 Oct-01 Nov-01  

NSW MR IRRI Moira 
Pump 

      Oct-01 Mar-01     

NSW MR IRRI USMB       Oct-01 Mar-01     

NSW MR IRRI West 
Corurgan 

      Oct-01 Mar-01     

NSW MR IRRI 
Western Murray 

Sep-01 Mar-01 Oct-01 Oct-01 Oct-01 Aug-15       

Vic 

Vic IRRI Barmah-
Nyah 

      Oct-01 Mar-01     

Vic IRRI 
MurrayValley 

      Oct-01 Mar-01    Oct-01 

Vic IRRI Nyah Pumps Sep-01 Mar-01  Oct-01 Oct-01 Aug-15       

Vic IRRI Nyah-SA Sep-01 Mar-01 Oct-01 Oct-01 Oct-01 Aug-15       
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Irrigator Demand 
Model Veg 

Field 
Crop Citrus 

Fruit 
Tree Grape Nut 

Summer 
Crop 

Winter 
Crop Rice Peren Cotton Hort 

Vic IRRI Sunraysia 
Pumps 

Sep-01 Mar-01 Oct-01 Oct-01 Oct-01 Aug-15       

Vic IRRI usBarmah       Oct-01 Mar-01     

SA 

SA IRRI Angas 
Bremar 

Oct-01    Oct-01  Oct-01      

SA IRRI LMRIA       Oct-01 Mar-01     

SA IRRI LowerLakes Oct-01 Mar-01  Oct-01 Oct-01 Aug-15       

SA IRRI Riverlands Sep-01 Mar-01 Oct-01 Oct-01 Oct-01 Aug-15       

 


