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Executive Summary 
 

This report was commissioned by ABARES with the express purpose of examining water variability 

issues associated with the Basin Plan.  It furthers research already undertaken for the Murray-

Darling Basin Authority described in Mallawaarachchi et al. (2010) by the inclusion of: both social 

and environmental objectives; the ability to allow water trade within the Basin; and by examining 

the implications from introducing stochastic states of nature to highlight the variable nature of 

water supplies. 

The results here provide an illustration of the potential changes to Basin-wide irrigation systems and 

river health both before and after the introduction of sustainable diversion limits (SDLs).  The report 

also examines whether water trading could be used to mitigate first-round economic losses from 

restoring environmental flows.    

Executive Summary Table 1 summarises the key findings, for the average values only, when 2,900 GL 

are transferred to the environment if trade between catchments does not occur.  Please consult the 

results section for a detailed estimation of all scenarios investigated and the impacts under 

alternative water supply states of nature, especially for the discussion on droughts.  Here we see 

that 23% less water will be available for irrigation diversions this will cause the area irrigated to 

contract by 19%.  The reduction in plantings will reduce the gross value of irrigation by about 14% 

and economic returns by 13%.  At the same time the flow to the Coorong is modelled to have 

increased by 42%. 

Executive Summary Table 1: Percentage Change from Current Diversion Limits (Average Results) 

 Current Diversion 
Limits 

Sustainable  
Diversion Limits 

Difference 

Water use (GL) 11,865.1 9,162.1 -23% 

Irrigated Land use (‘000 Ha) 1,861.2 1,508.8 -19% 

Gross Value ($’m) $9,994.9 $8,583.3 -14% 

Profit ($’m) $2,570.3 $2,240.9 -13% 

Flow to Coorong (GL) 4,652.9 6,594.0 42% 

 

Executive Summary Table 2 summarises the key findings, for the average values only, when 2,900 GL 

are transferred to the environment if trade within the identified northern and southern Basin occurs.  

Please consult the results section for a detailed estimation of all scenarios investigated and the 

impacts under alternative water supply states of nature, especially for the discussion on droughts.  

Here we see that 23% less water will be available for irrigation diversions this will cause the area 

irrigated to contract by from between 16 to 22%.  The reduction in plantings will reduce the gross 

value of irrigation by about 11 to 13% and economic returns by 10-14%.  At the same time the flow 

to the Coorong is modelled to have increased by between 30 to 41%. 
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Executive Summary Table 2: Percentage Change from Current Diversion Limits, with Trade
1
 (Average Results) 

 Sustainable  
Diversion Limits 

Stochastic  
Simulation 

Stochastic  
Optimisation 

Water use (GL) -23% -23% -23% 

Irrigated Land use (‘000 Ha) -22% -22% -16% 

Gross Value ($’m) -11% -11% -13% 

Profit ($’m) -10% -10% -14% 

Flow to Coorong (GL)2 41% 33% 30% 
1 NB all estimates assume inter-catchment trade within the identified northern and southern zones 
2 For the stochastic simulated and optimised data this is based on the flow to the Coorong at the 50th percentile for each 
state and then averaged  

 

While the report only deals with the first-round impacts to irrigators of readdressing the imbalance 

of water resources for all users, it still raises a number of key findings and questions that may be 

worth considering when developing the Murray-Darling Basin Plan. 

Firstly, explicitly modelling droughts, floods and normal states of nature illustrates how resources 

may be optimised for the benefit of all water users.  However, unless the stochastic nature of water 

supply in each state of nature and the environmental goals throughout the Murray-Darling Basin are 

clearly stipulated by state of nature, it is still possible that the SDLs do not guarantee that water will 

reach the mouth of the Murray River under extreme droughts. 

Secondly, how the environmental water is managed through temporary trade with irrigators, 

modification of dam release rules and environmental targets, will ultimately determine the amount 

of water that could be diverted for irrigation.  The report notes that development of the Basin Plan is 

the responsibility of the Murray-Darling Basin Authority (MDBA) but the implementation of the Basin 

Plan is not their responsibility.  How the Commonwealth Environment Water Holder (CEHW) 

operates will determine the supply of water in each state of nature and ultimately, the level of 

success of the Basin Plan achieves. 

Thirdly, economic loss from the transition from the current diversion limits (CDL) to the sustainable 

diversion limits (SDL) could be partially offset, at a national scale, by the continued removal of 

impediments in the water trade market (see the results section for details.  The second round 

impacts of sectoral change are not examined. 

Fourthly, the reduction of water diversions to the SDL will increase the value of water entitlements.  

This will increase farm equity for those irrigators who do not sell their entitlements. How individuals 

use their increased equity or money obtained under the Buy-Back is not examined in this study. 

Fifthly, there is expected to be an improvement in Adelaide’s water quality. 

Issues such as increased water for other water users (including dryland producers and water for 

recreational activities) and the benefits from improved ecosystems services are not examined in this 

study.  
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Introduction 
This report aims to examine the first round economic impacts of reduced water allocations under 

the Basin Plan scenarios and discuss the implications of water resource variability.  By explicitly 

modelling a range of diversion limits: normal, low (drought conditions) and high (above normal) it is 

possible to examine how irrigators may allocate their resources (water, land, capital, labour, 

financial resources) between alternative production systems.  Once this is achieved, we can then 

examine changes to economic return at a catchment scale as water use transitions from the current 

diversion limits (CDL) to the new sustainable diversion limits (SDL) proposed under the Basin Plan.  

As we can stipulate concurrently both the need for the river to deliver potable water for Adelaide 

and that the Basin Plan proposal for meeting environmental benefits we can then estimate the 

trade-offs associated with delivering environmental targets under different states of availability.  The 

report then provides a discussion concerning the residual river flows after diversions are made for 

each state of nature to discuss the security of supply for irrigators, the environment and potable 

water supplies. 

If we had perfect knowledge, we would not have to model the impact of a change in policy. Models 

provide a framework to test changes in policy.  They are based on available information and our 

knowledge at a given point in time.  Thus the power of modelling is to test and examine what we 

don’t know with the best information we have.  Therefore, the results presented here cannot be 

considered compete because, like any model, its reliability is limited by its method, its design, its 

application, the underlying data used, and the assumptions used are incomplete and binding.  Thus, 

the results presented here need to be used to construct a narrative and provide suggestions on what 

may occur under a range of alternative scenarios while acknowledging its limitations. 

This report aims to provide input to the Basin Plan by providing greater information on the potential 

impact of water supply variability for society (potable supplies, irrigators and the environment).  It is 

widely acknowledged that the use of averages to describe water resources in the Murray Darling 

Basin (hereafter the Basin) can be misleading.  The environment within the Basin has adapted to 

both seasonal patterns of water supply and the droughts and floods that break these seasonal 

patterns.  What is important to understand is the extent of costs in these adaptive responses and 

whether it is possible, within reasonable costs, to address associated risks.  By modelling the 

interaction between water supply and the possible response from irrigators, we can gain insight on 

how the reallocation of water resources could occur and the trade-offs associated with restoring 

environmental flows under alternative assumptions on volumetric inflows of water.  In this report 

the term “states of nature” will describe three distinct river flow regimes:  

 Normal: the long term average inflows into the Basin; 

 Drought: a period when Basin wide inflows are 60% of the normal inflows; and 

 Wet: a period when Basin wide inflows are 120% of the normal inflows. 

The approach in this analysis assumes that all catchments represented in the model are allocating 

resources into one of ‘normal’, ‘drought’ or ‘wet’ states of nature at a given time.  This, of course, 

rarely occurs uniformly across the Basin.  What we get from this first step in the analysis is an 

understanding of what the trade-offs of reallocating water for the environment would be and how 

irrigation dependent production systems might evolve to maximise their resource use.  To achieve 
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this, the model computes the weighted average returns across different states on nature based on 

historical probabilities for each state.  In addition, for the first part of the analysis it also assumes 

that a drought and wet (flood) are uniform in scale and scope. In the latter part of the analysis the 

model is adapted to use stochastic descriptions of these three states to examine the sensitivity of 

diversion limits. 

As mentioned, the model aims to maximise resource use by optimising the allocation of all resources 

subject to a range of constraints (see the model description section).  As the model aims to maximise 

resource use, it will aim to gain the maximum economic return from the resources available. The 

scale and the scope of the adjustment within the model are limited by design to allow more 

tractable analysis.  The model comprises 21 catchments. 19 of which contain irrigation systems and 

the remaining two represent the domestic water supply for Adelaide and the environmental 

requirements for the Coorong.  The model is based on catchment based gross margin budgets that 

have been used to construct 23 different production systems for each state of nature , giving a Basin 

wide production matrix of (21 X 23 X 3) farming systems. The model does not include a complete list 

of the commodities each irrigator could choose:  it does not comprise a complete database of how 

they could choose to manage the selected commodity; nor does it include individual farm specific 

data for inputs and outputs.  Therefore, this representative data set is limited in its ability to 

incorporate the true costs and returns for each individual irrigator within the Basin.  So when the 

model is optimised, resources are put towards a combination of production systems to provide the 

greatest returns for the binding constraints.  This representative farm modelling approach is widely 

adopted under similar circumstances and sensitivity analysis around the means offers more 

flexibility to understand implications. 

The model can be optimised as though there were either one individual in charge of the Basin (i.e. 

theoretical maximum possible benefit where resources are optimally allocated); or optimised as 

though there were an individual in charge of each catchment (i.e. aim to maximise resources as they 

move through each catchment).  It suggests how irrigators could allocate their resources, subject to 

the constraints imposed by each scenario.  The model then attempts to determine the theoretical 

maximum possible Basin wide benefit.   

 The model allows us to compare results from alternative scenario runs so that Basin 

wide implications from both before and after policy shifts can be examined.  The 

outcome of each scenario describes the way in which resources, including capital, are 

invested to maximise the overall returns subject to the specified constraints.   

 

 The model does not describe the annual transition of capital resources.  It will provide 

insight into how producers in a region or an industry may respond but not at an 

individual level as they face variability in water supplies.  As this report is designed to 

examine the implications that water resource variability may have on Basin Plan, six 

scenarios have been developed to examine the implications from moving from the 

current diversion limits (CDL) to the new sustainable diversion limits (SDL), see the 

scenario and data section.  That section details the scenarios used, how they can be 

compared, the assumptions used, and the data used to support both the assumptions 

and scenarios.   
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 It should be noted that this model does not incorporate all the options available and the 

actual returns for individual irrigators. The model should not reflect what is grown in all 

regions and some commodities are overrepresented at the expense of others. 

Consequently the model will over emphasise patterns of adoption and adaptation to 

alternative scenario runs.  Since the model is set to maximise economic return resources 

rapidly and seamlessly shift from one production system to another or one region to 

another, it is unrealistic.    

 

 This version of the model does not stipulate the alternative classification of water 

entitlements that irrigators may be willing to sell in order to achieve the SDL. 

Consequently it also does not include the flow of capital to irrigators from the sale of 

those water entitlements.  At the same time the trade of entitlements and their 

transaction costs between irrigators is also ignored. 

Despite the limitations in approach mentioned this report generates a number of issues that policy 

makers will have to consider when understanding the trade-offs associated with meeting both 

irrigator, environmental and social water supply needs under water supply variability.   To 

investigate the complexity of this challenge, this report has been divided into the following sections: 

first the nature of the Basins water resources is examined in light of how changes in supply influence 

diversion limits and ultimately irrigation productions choices; secondly a description of the model is 

presented specifying how it works and where more information concerning its development and 

other reports and papers of interest can be found; thirdly the scenarios used in this report are 

detailed and the data and assumptions used to run the model are presented; and finally, the 

scenario results are provided and discussed before concluding comments are made. 
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The Variable Nature of Water Resources in the Basin 

Introduction 
The Murray-Darling Basin (Basin) is of national significance due to its economic, environmental and 

political scale.  The Basin comprises over one million squared kilometres (km2) in eastern and 

southern Australia (MacDonald & Young 2001).  This equates to over 14 per cent of Australia’s land 

mass, in which over 10 per cent of Australia’s population resides (Australian Bureau of Statistics 

2008b). A further five per cent of Australia’s population living in the City of Adelaide are dependent 

on the Basin for augmenting its supplies of potable water (Australian Bureau of Statistics 2010).  

Over 80 per cent of the Basin is dedicated to agriculture, of which two per cent is irrigated.  

Depending on the season, the Basin produces anywhere from 35 to 40 per cent of Australia’s total 

gross value of agricultural production, of which one third is derived from irrigation activities 

(Australian Bureau of Statistics 2008a, 2009).  The Basin has over 440,000 km of river system which 

supplies water to over 30,000 wetlands scattered over 25,000 km2 (MDBA 2010).  Water resources 

then have to meet the demands of agriculture (both irrigated and dryland), the environment and 

society (including other economic activities, potable drinking supplies, recreation and other social 

activities and values).   

 

The River System 
For this modelling work the Basin has been characterised into 21 sub-catchments, based upon the 

Catchment Management Regions (CMR) framework (see Figure 1).  The NSW Murray CMR has been 

divided into three catchments for modelling purposes to describe the river system.   

Figure 1 The Murray Darling Basin 
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All data is reported by these CMRs and these classifications differ to other models.  CMRs have been 

used as they align with political boundaries but do not represent biophysical boundaries.  

The system is dominated by two major river systems: the Darling River running north to south; and 

the Murray River and its major tributary the Murrumbidgee River (the southern connected system) 

running east to west.  The headwaters of these rivers are derived from the runoff from the Great 

Dividing Range.   The Basin runoff flows through Queensland, New South Wales, the Australian 

Capital Territory, Victoria and South Australia before terminating in the sea.   

The flow regime within the southern connected Basin system has been highly modified by a 

combination of dams, locks, barrages, inter-basin transfers and management strategies in an 

attempt to provide peak irrigation demands in the spring and summer. Current flow management 

mitigates the natural winter peak pulse flows and attempts to negate flow variability (see Figure 2).  

The capital investment required to modify flow has not occurred at the same rate in the Basin’s 

northern reaches.  Land forming in the Basin has directed flows into on-farm dams preventing runoff 

reaching the river system.  

Figure 2 Southern Flow Modification
1
 

 

Consequently, twenty out of twenty-three sub catchments2 were described as having poor or very 

poor ecological health due to a critical lack of water resources and river flow modification (MDBA 

2010).  The recent drought highlighted that the river system and its management were unable to 

meet critical environmental, agricultural and urban needs.  For example, in 2005-06 high security 

licences in the Goulburn region fell to only 30 per cent of their face value (Chavas, Chambers & Pope 

2010).  By 2009, essential water supplies were provided to keep key environmental assets alive in 

the Basin.  Arguably for the first time, the environment took priority over irrigators (Murray-Darling 

                                                           
1 Source MDBC (1995) 
2 Note these catchment boundaries are different to those used in the model 
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Basin Authority 2011).  It is therefore necessary to examine the nature of water resources, their 

inherent variability in the Basin and to explore the implications for river flow and Basin wide 

diversions. 

 

Water Resources 
The Basin’s conjunctive water supply is derived from three sources: surface water, ground water and 

inter-basin transfers from the Snowy River. The data for water resources detailed in this report are 

derived from documented sources and data provided by ABARES during this study.  It is important to 

note that despite these numbers being the best currently available, they are still subject to reporting 

errors.  Errors occur due to the scale of the Basin and the nature of the monitoring equipment, 

human error, the spatial geophysical characteristics of the river and flood plains, the complexity at 

estimating flows and information asymmetry that these numbers provide only an estimation of the 

total annual resources. 

Of the three sources of water, rainfall provides the greatest supply.  Rainfall in the Basin is summer-

dominant in the north and winter-dominant in the south. Using the Australian Bureau of Statistics 

(2008b) long term average estimates, most of the Basin’s rainfall occurs in the south-eastern parts 

where 900–1,200 millimetres (mm) falls, then eastern areas where 400–900mm falls and rainfall 

declines towards the western and north western boundaries where 100–400mm is expected, see 

Figure 3. 

Figure 3
3
 Long term average rainfall 

 

                                                           
3 Source The Australian Bureau of Statistics (ABS) (2008b) 
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From the same ABS estimates, this equates to over 530,618 gigalitres (hereafter GL) of rainfall. 

However, only 4 per cent of total rainfall enters the river system as runoff.  Over 94 per cent of all 

rainfall is lost via evaporation and transpiration and the remaining two per cent enters the soil and 

groundwater.  Table 1 estimates the average water resources in the Basin by catchment.  It is 

estimated that, on average, approximately 23,000 GL enters the Basin river system as runoff and 

approximately 1,100 GL of water is transferred into the Basin from the Snowy River.  This runoff and 

inter-basin transfers are shared between all water users in the Basin.  There is also approximately 

1,400 GL of water that is available for irrigation in the Basin derived from underground aquifers.  

This provides approximately 25,500 GL of total water resources. 

Table 1 Water Resources within the Basin 

Catchment Average Water Resources (GL)  

Runoff1 Ground 
Water2 

Inter-Basin 
Transfers3 

TOTAL 

Condamine  854 108 0 962 
Border Rivers QLD 634 11 0 645 
Warrego Paroo 874 0 0 874 
Namoi 990 232 0 1,222 
Central West 1,536 110 0 1,646 
Maranoa Balonne 482 72 0 554 
Border Rivers Gwydir 1,442 42 0 1,484 
Western 205 1 0 206 
Lachlan 1,114 95 0 1,209 
Murrumbidgee 4,304 324 550 5,178 
North East 4,051 15 284 4,349 
Murray 1 1,626 4 284 1,913 
Goulburn Broken 3,368 172 0 3,540 
Murray 2 465 62 0 526 
North Central 501 11 0 512 
Murray 3 232 55 0 288 
Mallee 100 1 0 101 
Lower Murray Darling 100 5 0 105 
SA MDB 49 106 0 155 
Adelaide 0 0 0 0 
Coorong     
TOTAL 22,925 1,424 1,118 25,467 
1 Data obtained from (Mallawaarachchi et al.2010) 
2 Data obtained from ABARES during this work 
3 Data from (MDBC 2006) 

 

It has been estimated that, pre-development, the average discharge to the sea was 13,000 GL per 

annum. Since development it is estimated that annual flows to the sea have reduced to 5,000 GL per 

annum (MDBC 2006).  Current diversion limits within the Basin are estimated to be ‘capped’ at 

12,300 GL, of which 1,400 GL are derived from underground aquifers, see Table 2.   

Despite management and capital infrastructure the use of averages to describe water resources in 

the Basin is misleading due to spatial and temporal variability (Khan 2008).  Since only four per cent 
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of the total rainfall becomes runoff in the Basin (Australian Bureau of Statistics 2008b), any changes 

to the rainfall can have significant implications.  Rainfall deficits rapidly decrease runoff and in times 

of good rainfall significant, flooding occurs due to the size of the Basin.  If we examine the variability 

of the Murray River between 1982 and 2010(see Chart 1: the mean inflows are 11,000 GL; the 

median 9,000 GL; the standard deviation is 7,800 GL; the maximum recorded inflow was 49,000 GL 

in 1957; and the minimum annual inflow was only 1,000GL in 2007.   

Chart 1 Inflows into The Murray
4
 

 

A statistical analysis of modelled inflows along the Darling River arriving to the Menindee Lakes (see 

Chart 2) suggests that the: mean inflow is 2,000 GL; the median inflow is 850 GL; with a standard 

deviation over 3,000 GL; the maximum recorded inflow exceeded 18,500 GL in 1957; and the 

minimum recorded inflow was just 35 GL in 1920,.  A critical aspect of this data is that it reflects a 

natural system based on a measuring system that has its own flaws.  Therefore, the data sets of this 

nature are a representation of what has occurred.  They provide guidance on what may occur but 

new minimums, maximums and trends will inevitably occur. 

Chart 2 Inflows into Menindee Lakes
1
 

 

                                                           
4 Source peers comm. Jim Foreman, MDBA (2011)  
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The actual runoff from either river system in the Basin is unlikely to be either the average value or 

uniform during a calendar year.  It is this combination of annual water supply and storage 

management that helps determine the volume of water available for irrigation within a year. Chart 3 

provides the volume of water that has been diverted from the Basin.  What is evident from the chart 

is that since 2001-02, the drought has radically altered the volume of water available within the 

Basin.  It is important to realise that diversions do not equate with on farm use.  However, in this 

model they have been assumed as the same for simplicity.  Since this report deals with the 

sustainable level of diversions we are examining the total share for agriculture.  

How surface diversions are transformed into irrigation entitlements is not part of this brief.  The 

percentage of diversions to irrigation is dependent upon a combination of individual action, bulk 

water manager decisions and the infrastructure used to transport water.  Individuals have the ability 

to: enter and leave the irrigation industry; determine which production option they supply water to; 

and choose their irrigation technology infrastructure (furrow versus drip, etc.).  Individual’s actions 

then determine the demand for water.  Bulk water handlers have to manage the delivery of water to 

the farm gate over natural and capital systems with degrees of transmission loss. These decisions are 

made at an individual, local or regional scale and their efficiency at transforming diversions into 

allocation will depend on the ability of the localised steps in the decision-making process.   

Chart 3 Variability of Surface Water Diversions Only
5
 

 

Diversions within the Basin are also dependent upon management strategies, storages available 

along the system and the type of water entitlements that individuals in a region own. As illustrated 

in Chart 4, the total surface water diversions to South Australia are estimated to average 584 GL and 

diversions failed to reach the average value in three years out of ten.  The surface CDL for South 

Australia is estimated at 665 GL (total of SAMDB and Adelaide, see Table 2) so on average 87 per 

cent of their CDL is delivered. How SA allocates the water to irrigators is another matter.   

For the Condamine/Balonne region actual average diversions are estimated at 364 GL and diversions 

failed to reach this value in six years out of ten, see Chart 4.  The surface CDL in Condamine/Balonne 

region is 706 GL (total of Condamine and Maranoa Balonne, see Table 2) so on average only 51 per 

                                                           
5 Data obtained from MDBC & MDBA Water Audit Monitoring Reports series, multiple years 
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cent of their CDL is delivered.   The spatial difference in surface runoff reliability and capital 

infrastructure determine how diversions are allocated within the Basin.  If water is available in the 

northern zones it is allocated.  This tuned northern production systems towards annual cropping.  In 

southern areas, due to the greater reliability in water supply, production systems are geared 

towards perennials.  

Chart 4 Surface Diversions in South Australia versus Condamine/Balonne 

 

The estimated current diversions by catchment are outlined in Table 2. By comparing Table 2 with 

Chart 3 we can quickly see that despite surface diversions estimated at 10,850 GL, actual diversions 

since 2000-01 have either exceeded this value or fallen below it. 

Table 2 Estimated Current Diversions by Catchment (GL)
6
 

Catchment Surface Water Ground Water  TOTAL 

Condamine  423.6 107.6 531.2 

Border Rivers QLD 255.0 11.3 266.3 

Warrego Paroo 45.0 0.4 45.4 

Namoi 343.0 231.8 574.8 

Central West 425.0 110.3 535.3 

Maranoa Balonne 282.4 71.7 354.1 

Border Rivers Gwydir 536.0 42.1 578.1 

Western 197.0 0.6 197.6 

Lachlan 302.0 94.8 396.8 

Murrumbidgee 2,100.0 323.8 2,423.8 

NSW Murray  1,686.6 120.5 1,807.1 

North East 240.3 14.9 255.2 

Goulburn Broken 1,772.6 171.8 1,944.4 

North Central 1,286.4 10.8 1,297.2 

Mallee 198.7 1.2 199.9 

Lower Murray Darling 89.4 4.7 94.1 

SA MDB 459.0 105.9 564.9 

Adelaide 206.0  206.0 

TOTAL 10,847.9 1,424.1 12,272.1 

                                                           
6 Data obtained from ABARES for this consultancy 
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The variability of water supply has been an inherent feature of Australian farming and as Ash et al. 

(2007); Hayman et al. (2007); and Mallawaarachchi & Foster (2009) discuss producers maximise their 

returns under climatic variability based on their experience, management skills and ability to use 

alternative information sources, to help guide their final decisions, with varying degrees of success. 

This is illustrated by Egan and Hammer (1996) who state that returns from dryland production 

systems are attuned to exploit conditions and the “best three years in ten generate up to 70-80% of 

income while the poorest three years result in a net loss”.  It is logical to assume that irrigators have 

the capacity to do the same. Table 3 illustrates that, dependent on the supply of water, irrigators 

have adjusted the area of land irrigated. The data suggests that as diversions dropped by over 7,500 

GL between 2000-01 to 2008-09 (see Table 7), the area irrigated over the same time period was 

effectively halved.  

Table 3 Basin Wide Irrigated Area ('000 Ha) 

Commodity group  2000-
01 

2001-
02 

2002-
03 

2003-
04 

2004-
05 

2005-
06 

2006-
07 

2007-
08 

2008-
09 

Pasture for dairy and 
other livestock  

760  707  551  669  703  717  761  365  272  

Rice  178  145  44  65  51  102  20  2  7  

Cereals (excl. rice)  260  354  416  340  324  329  266  291  245  

Cotton  405  394  218  174  258  247  126  53  104  

Grapes  84  86  89  87  92  106  112  106  101  

Fruit (excl. grapes)  59  62  74  59  63  75  78  71  67  

Vegetables  37  35  31  40  35  32  26  28  22  

Other agriculture  41  34  43  67  62  46  52  42  111  

Total Agriculture#  1,824  1,817  1,466  1,501  1,588  1,654  1,101  958  929  
Source: ABS (multiple years) Water Use on Australian Farms 

# Totals may not equal the sum due to multiple cropping practices and errors in estimates. 

 

Logically, now that water is again available, broadacre producers have the ability to rapidly increase 

the area dedicated to irrigation.  This is illustrated in Chart 5, where the total area of cotton planted 

in Australia is presented.  This data includes dryland cotton and areas outside the Basin.  It is worth 

noting that in Table 3, for 2008-09 approximately 104,000 Ha of cotton was irrigated, which is a 

considerable proportion of the total cotton area harvested in 2008, illustrated in Chart 5.  It is 

plausible that the area planted to cotton in 2010 and 2011 in the Basin has responded rapidly since 

increased flows have occurred in the northern Basin. 

Chart 5 Area of Cotton Harvested (‘000 Ha)
7
 

 

                                                           
7 ABARES (2011), Australian commodities: March quarter 2011, ABARES, Canberra. 
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The relative security in water supply in the southern Basin encouraged the establishment of 

perennial horticulture and dairy systems.  Both systems are capital-intensive and have less flexibility 

in management strategies compared to broadacre industries.  In order to preserve the root stock 

investment, perennials require water in every state of nature.  In droughts, without irrigation 

supplies, dairy producers need to purchase feed to keep the capital (livestock) productive.  These 

systems then have inherent fragility in their design as without water and/or access to feed the loss 

of capital (death of crops or selling animals at drought prices) can occur. 

The fragility was exposed in 2007-08, when water prices rapidly increased in NSW due to a lack of 

water, see Singh et al. (2008).  This trend was experienced throughout the Basin.  However, these 

price spikes did not continue in subsequent years (National Water Commission (2009) and (2010)).  

Producers either responded by purchasing temporary water, managing crops differently or reducing 

the area dedicated to perennial horticulture, see Table 3 and (Mallawaarachchi & Foster 2009).  This 

short-run increase in operating costs is evident in Chart 6, where for horticulture, water costs as a 

percentage of total costs increased in 2007-08 in order to keep crops alive, and dairy producers 

responded to higher water prices and water shortages by purchasing feed. 

Chart 6 Water & Feed Costs as a % of Total costs by irrigation farm
8
 

 

 

Summary 
Water resource variability has both spatial and temporal characteristics that have shaped the 

development of regional comparative advantages for irrigators. Decisions relating to how producers 

have allocated water in the past have been based on a set of observations resulting in expected 

outcomes.  For example in a in a given year, a producer knows should they receive a given 

percentage of their allocation, the best way to use that water to best achieve their desired outcome.  

The recent drought has illustrated that when new extremes are experienced, producers have to 

                                                           
8 Source (Ashton & Oliver 2011) 
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adapt to a new parameter distribution (i.e. Bayesian learning).  To provide an insight into how 

producers may allocate their water resources as they transition from the CDL to the SDL, we need to 

incorporate the times when diversions will be limited for both irrigators and the environment and 

also the times when diversions are plentiful.  It is also necessary to examine what we define as a 

drought state of nature as discussed in the subsequent section. 

The next section will illustrate the model used to stipulate how producers may alter their resources 

by state of nature to maximise economic return under alternative diversion levels.  It also outlines 

how environmental and social objectives can be incorporated into the model to discuss how the SDL 

may improve river health.  The model will then illustrate that the use of a stochastic representation 

of states of nature can be used to examine if the new SDLs and environmental objectives will provide 

increased allocation security. 

Water resources variability in this report is defined as a possible outcome within the known data 

range.  This report does not examine the impact of climate change where both the mean and 

variance of water resource variability could alter.  However, this model has been used to examine a 

number of allocation issues under climate change. Please consult the following material for 

alternative issues concerning climate change.  This includes alternative climate change scenarios, the 

impact on irrigator strategies of an increasing frequency of drought states of nature and second 

round impacts from climate change from landscape transformation due to large scale forestry 

investment.  

 

Further Reading 

Quiggin, J, Adamson, D, Schrobback, P & Chambers, S 2008, Garnaut Climate Change Review: The 
Implications for Irrigation in the Murray-Darling Basin, Garnaut Climate Change Review.  
http://www.garnautreview.org.au/CA25734E0016A131/WebObj/01-AMDBasin/%24File/01-
A%20MDBasin.pdf 
 
Adamson, D, Mallawaarachchi, T & Quiggin, J 2009, 'Declining inflows and more frequent droughts in 
the Murray–Darling Basin: climate change, impacts and adaptation', Australian Journal of 
Agricultural and Resource Economics, vol. 53, no. 3, pp. 345–66. 
 
Quiggin, J, Adamson, D, Chambers, S & Schrobback, P 2010, 'Climate change, mitigation and 
adaptation: the case of the Murray-Darling Basin in Australia', Canadian Journal of Agricultural 
Economics, vol. 58, no. 4, pp. 531-54. 
 
Schrobback, P, Adamson, D & Quiggin, J 2011, 'Turning Water into Carbon: Carbon Sequestration 
and Water Flow in the Murray–Darling Basin', Environmental and Resource Economics, vol. 49, no. 1, 
pp. 1-23. 
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The Model  

Introduction 
This model has been an evolving process since 2004.  The model was developed to provide a 

practical illustration of the state contingent analysis approach to risk and uncertainty developed by 

Quiggin and Chambers (2000).  The funding for this work has been provided by the Australian 

Research Council (ARC) awarding two sequential Federation Fellowship Awards to Professor John 

Quiggin.  The model aims to illustrate how irrigators would allocate water property rights under 

alternative states of river flow in the Basin and the impact it could have on water resources and salt 

load.  Due to its evolving nature, the model documentation is dated, but the data documentation as 

of April 2010 can be downloaded at: http://www.uq.edu.au/rsmg/program-1-the-murray-darling-

basin. 

This version of the model has been updated in light of the analysis with: 

 new data concerning inflows and ground water extraction; 

 a new production system for irrigated rice where farmers switch to a dryland wheat crop in 

the drought state; and  

 the ability to examine stochastic states of nature. 

This section of the report provides an introduction to state contingent analysis and describes the 

model. 

 

The State Contingent Approach 
Decision making in agriculture must incorporate uncertainty.  Uncertainty abounds in agriculture 

since decisions and their outcomes are influenced by issues as diverse as: weather patterns, 

domestic and international price shocks, biosecurity outbreaks, input shortages and changes to 

interest rate decisions.  To simplify this problem, we have assumed that the objective for an irrigated 

producer is to determine how they should use their resources in order to maximise their return on 

their investment under water supply uncertainty. 

There are two main options in economics to deal with production uncertainty.  The first approach 

has been to adopt stochastic production functions to describe the result of a decision. For example, 

we know that application of fertiliser to a crop of wheat will increase the yield within a given range.  

The problem with this approach is that production and management inefficiency cannot be 

separated (O'Donnell & Griffiths 2006).  That is, we cannot tell if the failure to achieve an outcome 

within the described fertiliser function has been due to an application error by the farmer or if a 

drought occurred.  What quickly becomes apparent is that farmers are not allowed to actively alter 

production systems in response to outside information (Chambers & Quiggin 2007). In other words 

irrigators, are expected to remain passive to environmental influences such as a drought and that 

the modelled response is a decrease in income either due to the function describing yield (e.g. as 

water use falls, output falls) and/or changes in price. 

The second approach to modelling uncertain derives from contributions by Arrow (1953) and Debreu 

(1959).  They provided the insight that uncertainty could be represented by a set of states of nature.  

http://www.uq.edu.au/rsmg/program-1-the-murray-darling-basin
http://www.uq.edu.au/rsmg/program-1-the-murray-darling-basin
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In other words, every possible outcome can be described within a state of nature (e.g. climatic 

event). Within each state of nature, irrigators actively respond by changing the inputs they use (e.g. 

water and labour), the product they produce (i.e. whether to stop irrigation and produce a dryland 

crop) and the technology used to produce output.  This allows for production to be described with 

multi-output technology within a state space.  A producer’s response to each state of nature (e.g. 

drought) is based on their knowledge about that state of nature and past experiences of outcomes 

from state based decisions (i.e. changes in inputs and outputs).  Current state decisions are then 

made on that knowledge and they respond by altering inputs to influence the final output in order to 

meet their objective function.  This allows the state contingent approach to examine production 

outcomes and a decision maker’s ability as separate entities.   

The total number of states remains small as often similar states of nature have the same 

management decision and outcomes and hence can be merged together.  Rasmussen (2006) 

explains that yields and prices are not states of nature but outcomes of a given state of nature. 

Therefore outcomes can be described within a stochastic framework for each given state.  For 

example, shiraz grapes produced in periods of low water supply have more skin to moisture and are 

smaller berries than grapes produced in high water supply (Ojeda et al. 2002).  Thus we can describe 

the use of inputs and outputs obtained in each state of nature as a stochastic function but we also 

have the ability to describe the state within a stochastic function.  For example, a drought state of 

nature may be described as any level less than normal average rainfall. 

Discrete stochastic programming using multipoint decisions provides the closest representation from 

the first approach to examine uncertainty.  Although similar in approach to the state contingent 

approach in trying to separate the producer and output risk and uncertainty, it does not have the 

same ability to classify production systems as in a state contingent approach offers.  Please see 

Quiggin et al. (2010) for greater clarity difference between the approaches. 

 

The Model 
There are two previous published descriptions of the model: 

 Adamson et al. (2007), and 

 Adamson et al. (2009).   

This description differs to these descriptions: by providing illustrating the global solution; only using 

23 different production systems; and incorporates a stochastic representation of each state of 

nature pertaining to water variability. Equation 1 provides the objective function for the model, 

stating that we aim to maximise economic return for irrigation in all catchments (k) in the basin.  

There are 21 catchments in the model (K=21).  Economic return E[Y] is derived from the area A of 

commodity R grown in each region multiplied by the return of that commodity by the probability of 

that state (S) of nature occurring πS.  Return is based on the yield (Q) multiplied by price (P) net the 

total costs (C) of production in each region of the basin. 
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This is subject to Equation 2, where Adelaide’s water quality must be less than 800 EC in each state 

of nature.  The measurement of salinity in milligrams per litre (σ) is converted into electrical 

conductivity (EC) by dividing it by 0.64. The volume of water used in the basin must be less than the 

CAP9 on average (i.e. as long as the average CAP is not violated you may use more than under the 

CAP in a given state of nature) as in Equation 3 . In the model extractions described for the urban 

and dryland use under the CAP, all catchments apart from Adelaide are removed from inflow before 

the model is optimised to ensure that they received their allocations. The CAP has been transformed 

simply into diversions for irrigation purposes. Equation 4 ensures that water use in a catchment 

must be less than or equal to the flow in that catchment.  Equation 5 states that the area dedicated 

to horticulture in any catchment must be less than equal to the horticultural constraint in that area. 

Equation 6 ensures that total area dedicated to irrigation in any region must be less than the total 

area available in that region.  Equation 6 allows broadacre activities to expand over horticultural 

area if required. Equation 7 ensures that there is sufficient operator labour to undertake the 

irrigation activity mix in a region. 

As πS Is the probability of the state occurring, ∑     (i.e. every state is identified), where 

       (i.e. the states must have a chance of occurring). Here π 1to3 = (0.5, 0.3, 0.2). The three 

states of nature (S) are modelled which are represented by alternative Basin wide inflows.  These 

states are Normal (the expected long term average inflows derived from (MDBC 2006)), Drought (0.6 

X Normal Inflows), and Wet (1.2 X Normal Inflows).  The model uses a conjunctive approach to water 

resources. Consequently, total water inflows are dependent upon inter-basin transfers, surface 

supplies and ground water supplies.  The model uses a directed flow network where the Basin is 

divided into 21 catchments (K) which consists of 19 irrigation areas plus Adelaide and the Coorong 

(default for flow to sea).   

The area of production by catchment is defined by A which is a matrix of production systems (   

  )     .   There are 23 production systems (R) consisting of 21 irrigation activities, Adelaide’s water 

supply and a dryland production system.  Catchments are based on disaggregated Catchment 

Management Regions (CMRs) to help model the directed flow network (water and salt) as illustrated 

in Appendix 1.  Here water flows (fks) out of a given catchment are equal to inflows (net of 

evaporation and seepage) less extractions (net of return flows). Extractions are determined 

endogenously by land use decisions as described below, subject to limits imposed by the availability 

of both surface and ground water. This structure allows for the determination of total irrigation use, 

the flow to the Coorong and water quality arriving at Adelaide.   

                                                           
9 CAP as in the limit on long term diversions.  Here the term CAP is interchangeable with CDL 

or SDL depending on which scenario is run. 
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The second critical factor in describing A is the matrix R where the state contingent production 

systems are defined. Each state of nature for each r will derive an independent representation of 

yields (Q), prices (P), costs of production (C) and input requirements (N) and each matrix has a form 

of (21 X 23).  The production systems are derived from (     )    , where M represents 

commodities.  A commodity is a single enterprise in a given state in a given catchment.  This data is 

based on a series of regional gross margin budgets that provide the data for the five inputs modelled 

((N= water, land, labour, capital and cash input).  This version of the model has 15 distinct 

commodities (M) plus urban water for Adelaide and water for the Coorong. Consequently there are 

(M+2) X S distinct state-contingent commodities see Table 4.  

As illustrated in the third column of Table 4, some commodities can be produced using more than 

one technology (i.e. capital intensive water saving irrigation investment such as drip systems versus 

low capital investment systems such as flood irrigation). The fourth column in Table 4, represents 

commodities for which irrigation practices change in the drought states to low or no water use. The 

fifth column illustrates production systems where only in the ‘Wet’ state of nature does irrigation 

occur. This describes ‘opportunity irrigation’ which occurs when large volumes of general and 

supplementary security water rights are actually met.  The final column illustrates which 

commodities can be mixed and matched to build new state production systems.  Obviously this 

cannot apply to perennial commodities.  This combination of technologies and ability to develop 

state contingent data production sets allows M to increase to R.   This report has introduced a 

flexible cropping rotation for the rice production system that has not been used before.  This 

production system switches to a dryland wheat crop in the drought state of nature.  

Table 4 Production Systems in the Model 

Classification Commodity Multiple 
Technologies 

Flexible & 
Fixed 
Rotations 

Wet 
Water 
use 

Multiple 
Combinations 

Horticulture Citrus Yes    

 Grapes     

 Po me Fruit     

 Stone Fruit Yes    

 Vegetables  Yes   

      

Broadacre Cotton  Yes Yes Yes 

 Grain Legume    Yes 

 Oilseeds    Not activated 

 Sorghum    Not activated 

 Oilseeds    Not activated 

 Rice  Yes Yes Not activated 

 Wheat    Yes 

      

Pasture Dairy Yes    

Beef    Not activated 

Sheep    Yes 
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Area is divided into two classifications horticulture and broadacre commodities(i.e. broadacre crops 

and pasture), for each k based on irrigated area in 2001 (ABS 2004).  2001 was considered the last 

normal year in the Basin.  The model allows for irrigation expansion by allowing a 50% increase for R 

horticulture activities and a maximum increase of 100% in total area irrigated.  Irrigated area in k is 

constrained by Equation 9 (which ensures that horticultural productions systems can only be grown 

on horticultural land) and Equation 10 (where the total area of land irrigated must not exceed 

maximum area).  These two equations prevent the model being dominated by horticultural R and 

allow broadacre R to expand into horticultural area if profitable.  Any land not allocated to irrigated 

area becomes a dryland enterprise.  The model can therefore illustrate catchment (k) based 

expansion or contraction in irrigation systems based on opportunities for irrigators. 

Yield (Q) has a dimension of (     )      and represents the output derived for that state of 

nature.  Net return per hectare is described in the model as (P-C).  Price (P) paid for output has a 

matrix of (     ).  For simplicity it has been assumed that the price paid in all regions for each 

commodity is uniform by state of nature10.  Production costs are represented by (C).  Here cost for 

producing one hectare of commodity R for each K in each S can be written as the sum of capital costs 

(i.e. capital costs do not change by state of nature and are modelled as an annual cost) plus operator 

labour costs (LC) (i.e. hours (L) is multiplied by a constant price (LP)) plus variable costs (VC) as in 

Equation 8.  Equation 9 details variable costs which are derived from the sum of casual labour (CL) 

(i.e. hours multiplied by a constant price) plus contractor costs (Con) plus machinery costs (Ma) plus 

chemical costs (Ch) plus water use (W) multiplied by water price (Wp) plus other costs (O). 

      ∑(             ) 
Equation 8 

        ∑(                     (        )     ) 
Equation 9 

 

When modelling water use, three constraints are critical and are represented by Equation 6, 7 and 8.  

Dealing with them in reverse order, the amount of water used in a catchment in a state of nature 

(Wks) cannot exceed the volume of water flowing in the catchment (fks). Hence the total volume of 

water used in the Basin (∑KSπS) must be less than the Basin CAP. This equation allows for water to 

be carried over in low flow years.  The Cap data (or CDL & SDL) for each k is was provided by ABARES 

for this study. 

Equation 11 deals with the amount of operator labour (L) required to produce ∑r in k. Here we 

ensure that the amount of labour in a region (derived from ABS 2004 data and based on number of 

farms X 2 people X 2,500 hours/person) is adequate to meet the needs the chosen production 

systems. 

Salinity is now modelled as a constraint rather than a dynamic impact on production negating the 

discontinuous function described in Adamson et al. (2007). Salt loads (tonnes) are represented in 

state contingent terms reflecting salt immobilisation in soil in drought times and mobilisation during 

the wet states.  Salinity level (  
 ) is determined by the state contingent salt load (tonnes) entering 

the catchment and the flow at that catchment (see Equation 10). The constraint is based on the 

                                                           
10 Note, in this version of the model the flow to the Coorong are unpriced and the value of 

Adelaide's potable supplies are not reported.   



Report for: Australian Bureau of Agricultural and Resource Economics and Sciences (ABARES) 
RE: Water Supply Variability & Sustainable Diversion Limits: Issues to Consider in Developing the Murray-Darling Basin Plan 

 

UniQuest File Reference: 17255 – Report    25 
 

requirement that 95% of the time the EC at Morgan must be less than 800EC (MDBC 2007). In the 

model Morgan is represented by Adelaide (k=21) and can be represented by Equation 2 where 

salinity level (mg/L) (i.e. Equation 10) is concerted into EC units. 

Salt is determined by  

   
     

   
 ⁄  Equation 10 

 

Because the model is solved on an annual basis, the process of capital investment is modelled as an 

annuity representing the amortised value of the capital costs over the lifespan of the development 

activity. This provides the flexibility to permit the modelling of a range of pricing rules for capital, 

and to allow the imposition of appropriate constraints on adjustment, to derive both short run and 

long run solutions. 

The state contingent approach allows for discontinuous environmental and production functions to 

be classified as alternative functions within each state of nature.  This specification of 

environmental, urban or private requirement by state of nature helps determine the type and 

number of water property rights needed to meet that demand.  For all scenarios examined in this 

report, Equation 11 only applies to those scenarios that specify needing a minimum flow of 1,000 GL 

reaching the Coorong. 

     
             Equation 11 

 

Alternative studies could incorporate environmental targets along the river system to stipulate river 

flow constraints along the system as either flow targets by each state of nature (i.e. drought, normal 

or wet) or on average over the states of nature.  If combined with the data concerning the Buy-Back 

the model could be transformed to ask questions about which water entitlements along the Basin 

need to be purchased in order to achieve alternative environmental objectives both at least cost to 

irrigators and the public purse. 

 

Describing Stochastic States of Nature 
As mentioned in the water resource section, actual inflows into the Basin are highly variable.  

Despite separating inflows into three states of nature the model described so far assumes a single 

inflow for each catchment by state of nature.  The following modification enables the model to 

stochastically describe inflows by state of nature.  This allows for increased representation of the 

range of possible inflows in order to examine modelled solutions and to provide a new optimisation 

solution, examining irrigator’s options to ensure that the proposed sustainable diversions will deliver 

water to the environment.   

There are two options for modelling stochastic inflows.  Once inflows are described in a Monte Carlo 

simulation in the model it is possible to: 

1. Use the results from a previous solution and examine outflows from each catchment, the 

flow to the Coorong and the impacts on water quality for Adelaide.  In this report we have 
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used the optimal area determined from the ‘SDL + Trade + Environmental Target’ scenario 

(see the next section in this report where all scenarios are described).  These runs are 

described in the discussion as stochastic simulated runs.   

2. Optimise the model again by allowing the model to use the parameters for each stochastic 

distribution of state inflows.  To enable the model to optimise with stochastic functions, it 

needs to be modified so that it can examine a new diversion solution that incorporates a 

variable chance constraint. This constraint can be used to examine the probability of 

achieving acceptable water quality at Adelaide (i.e. Equation 2 is replaced by Equation 12), 

ensure that the river flows (i.e. Equation 4 is replaced by Equation 13) and that sufficient 

water reaches the Coorong in all states of nature (i.e. Equation 11 is replaced by Equation 

14).   

 

Equations 12 to 14 have been modified to allow the model to optimise with the use of chance 

constraints.  Due to the non-linear nature of the model’s water flow description, the constraints 

must hold 95% of the time.  

         (  
      ⁄         ) Equation 12 

         (        ) Equation 13 
         (    

            ) Equation 14 
 

The model has been developed in Microsoft Excel 2007, using Risk Solver Platform from Frontline 

systems version V9.6.4.0. It uses a Monte-Carlo approach to simulate the stochastic descriptions of 

inflows and uses 1,000 trials for a single simulation.  The optimisation algorithm used was the Large-

Scale GRG Engine to deal with the non-linearity of river flow.  A triangular distribution was used to 

describe stochastic inflows and the bounds used by catchment are detailed in Table 6. 

 

Summary 
A state contingent approach assumes that producers respond to alternative states of nature by 

actively responding to conditions within states by changing commodities and inputs.  This approach 

in dealing with water resource uncertainty appears to reflect what producers have done in the Basin. 

As in times of low supply, producers actively respond by: altering production systems; switching 

production choices (i.e. changes in area or commodity); and changing management strategies (i.e. 

dealing with temporary water prices or supplementing irrigation water for feed).  In times of good 

water supply irrigators have expanded annual cropping (e.g. cotton) to take advantage of the 

situation.  

The next section outlines the scenarios that have been modelled to represent what may happen as 

diversions are reduced to the SDL.  It also provides more detail on the data and assumptions that 

have been used in this analysis.  
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Scenarios & Data used in the model 

Introduction 
The model optimises irrigator resource allocation subject to policy settings and constraints under 

water variability and uncertainty.  This report has been commissioned to ask three principal 

questions. Firstly, what are the first round economic impact of reducing diversions from the current 

levels (CDL) to the proposed sustainable diversion limits (SDL), ensuring that a minimum flow of 

1,000 GL reaches the Coorong every year. Secondly, would the introduction of unfettered 

permanent trade of water entitlements within in southern and northern trading zones (as identified 

below) mitigate economic losses from the SDL.  Thirdly, expand the current discussion on water 

resource variability by incorporating stochastic descriptions of states of nature to describe the 

outcomes for environmental water flow and the SDL.  This section outlines the six scenarios 

undertaken in this analysis, the data and assumptions used in the model to investigate these 

questions. 

 

Scenarios 
A total of six scenarios have been developed as specified by ABARES.  There descriptions are as 

follows.  

 Current Diversion Limits (CDL): This scenario provides the business-as-usual case.  Here the 

model is solved using existing extractions.  In this case, the model determines the economic 

return from using the allocated CDL for each catchment within the Basin.  Trade, either 

permanent or temporary, cannot occur between catchments.  The model is not constrained 

to ensure that all ground water is used within a catchment in every state of nature. The 

model is solved with the constraint to ensure that water arriving at Adelaide is less than 800 

EC.  There is no minimum water flow requirement for the Coorong. 

 

It is this scenario to which all other scenario results need to be compared.  Remember that 

the numbers generated here are to tell a story of what may occur.  What is important is the 

magnitude of the change that alternative policy options and constraints could have 

compared to this base case. 

 

 Sustainable Diversion Limits (SDL): This scenario provides the analysis of switching to the 

identified new extraction limits.  In this case, the model determines the economic return 

from using the allocated SDL for each catchment within the catchment.  Trade, either 

permanent or temporary, cannot occur between catchments.  The model is not constrained 

to ensure that all ground water is used within a catchment in every state of nature. The 

model is solved with the constraint to ensure that water arriving at Adelaide is less than 800 

EC.   

 

 Current Diversion Limits plus trade (CDL + Trade): This scenario is solved using existing 

extractions but in this case water entitlements can be traded between catchments within 

their respective regions (northern and southern) only, see Table 9.  In this case, the model 

determines the maximum economic return from using the total CDL within the identified 
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trading regions of the Basin. Trade does not occur between the northern and southern 

regions, nor can irrigators sell water out of Lachlan, and Adelaide water supply cannot be 

traded. Here both surface and ground water can move.  The model is solved with the 

constraint to ensure that water arriving at Adelaide is less than 800 EC.   

 

 Sustainable Diversion Limits plus trade (SDL + Trade + Environmental Target): This scenario 

is solved using the new identified sustainable extractions but in this case water entitlements 

can be traded between catchments within their respective regions (northern and southern) 

only, see Table 9.  In this case the model determines the maximum economic return from 

using the total SDL within the identified trading regions of the Basin. No trade can occur 

between these regions and the Lachlan and Adelaide water supply cannot be traded. Here 

both surface and ground water can move.  The model is solved with the constraint to ensure 

that water arriving at Adelaide is less than 800 EC.  The model must also ensure that at least 

1,000 GL of water arrives at the Coorong in all states of nature. 

 

 Sustainable Diversion Limits plus Trade plus Environment Target, simulated results (SDL + 

Stochastic Simulation): This scenario uses the output from the SDL + Trade + Environmental 

Target scenario and examines these results by undertaking simulations of the stochastic 

water supply by state of nature.  The aim of this scenario is to examine the results under 

increased water variability within each state of nature, allowing us to examine the residual 

flow in each catchment as a proxy for environmental health and water security for irrigators. 

 

 Sustainable Diversion Limits plus Trade plus Environment Target, stochastic optimised 

results (SDL + Stochastic Optimisation): This scenario is the same format as the (SDL + 

Stochastic Simulation) scenario, but this time the model is optimised using the stochastic 

description of inflows into the Basin.  The aim of this scenario is to examine how water 

diversions could alter for irrigators by introduction of stochastic inflows while ensuring that 

the environmental targets and Adelaide salinity levels are met 95% of the time. 

 

 

The client specified two baseline comparisons.  The first is comparing the CDL to the SDL which 

allows for the trade-offs between economic returns from irrigators against transferring water to the 

environment.   The second based line assumes that permanent trade is unfettered in the northern 

and southern Basin and then compares the ‘CDL + Trade’ scenario to all remaining scenarios.   By 

comparing the ‘SDL + Trade+ Environmental Target’ scenario to the ‘CDL + Trade’ the trade-offs 

between irrigator economic activity and water for the environment can be examined.  Both the (SDL 

+ Stochastic Simulation) and the (SDL + Stochastic Optimisation) are used to examine the range of 

potential economic implications and environmental benefits the SDL may deliver. 
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Data and Assumptions Used 
This section updates data for this analysis different to that in the model documentation as of April 

2010, available from: http://www.uq.edu.au/rsmg/program-1-the-murray-darling-basin 

 

Water resources 

Table 5 provides the inflow data that was obtained from MDBA for the Mallawaarachchi et al (2010) 

review.  This provides the total cumulative water resources available in the Basin, by catchment and 

state of nature, inclusive of ground water and inter-basin transfers.  The data suggests that in a 

normal year there is approximately 18,650 GL of water resources available to be shared between all 

water users.  Water resources in the Basin are expected to have a range of 10,700 GL in the drought 

to nearly 24,000 GL in good years. 

Table 5 Cumulative flows by state of nature (GL) 

 Drought Normal Wet 

Condamine  358 620 803 

Border Rivers QLD 200 350 459 

Warrego Paroo 75 145 227 

Namoi 488 845 1,090 

Central West 364 654 888 

Maranoa Balonne 541 936 1,215 

Border Rivers Gwydir 1,000 1,714 2,185 

Western 2,487 4,356 5,701 

Lachlan 483 836 1,078 

Murrumbidgee 1,938 3,367 4,361 

North East 2,224 3,842 4,886 

Murray 1 955 1,667 2,126 

Goulburn Broken 3,456 5,966 7,582 

Murray 2 1,868 3,228 4,106 

North Central 2,846 4,941 6,295 

Murray 3 2,814 4,856 6,172 

Mallee 4,099 7,100 9,073 

Lower Murray Darling 6,541 11,413 14,731 

SA MDB 10,725 18,657 23,987 

Adelaide 10,725 18,657 23,987 

Coorong 10,725 18,657 23,987 

 

Table 6 provides the range of the stochastic bounds used in the triangular distribution for each state 

of nature.  Here the normal state of nature gives the key to how the bounds were determined.  In 

the normal state the lower bound of the estimation (Min) is the drought estimation from Table 5, 

the expected value (Exp) is the normal state value and the upper bound (Max) is the wet state of 

nature.  For the drought state of nature, the expected value is the drought state of nature and the 

upper bound is set by the normal year.  The lower estimate is derived by the difference between the 

upper and maximum value as defined for the drought state. That is then removed from the expected 

value.  For example the min value in the Condamine is 97 = 358 – (620-358).  The parameters for the 

wet state of nature are determined in a similar pattern.  In the Wet state the lower bound is 

determined by the normal state of nature, the expected value is the wet state of nature and the 

http://www.uq.edu.au/rsmg/program-1-the-murray-darling-basin
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upper bound is determined by the difference between the defined lower and expected value being 

added to the expected value.  For example, in the Condamine the Max value of 985 = 803 + (803-

320). The use of a normal triangular distribution for each catchment provides a greater coverage of 

values as illustrated in Chart 7. 

Table 6 Stochastic Description of Inflows by state of Nature 

 Drought Inflows  Normal Inflows Wet Inflows 

 Min Exp Max Min Exp Max Min Exp Max 

Condamine  97 358 620 358 620 803 620 803 985 

Border Rivers QLD 50 200 350 200 350 459 350 459 569 

Warrego Paroo 5 75 145 75 145 227 145 227 309 

Namoi 132 488 845 488 845 1,090 845 1,090 1,334 

Central West 74 364 654 364 654 888 654 888 1,122 

Maranoa Balonne 50 183 316 183 316 412 316 412 508 

Border Rivers Gwydir 236 800 1,364 800 1,364 1,726 1,364 1,726 2,088 

Western -28 18 63 18 63 97 63 97 130 

Lachlan 130 483 836 483 836 1,078 836 1,078 1,320 

Murrumbidgee 509 1,938 3,367 1,938 3,367 4,361 3,367 4,361 5,356 

North East 607 2,224 3,842 2,224 3,842 4,886 3,842 4,886 5,930 

Murray 1 243 955 1,667 955 1,667 2,126 1,667 2,126 2,586 

Goulburn Broken 521 1,866 3,212 1,866 3,212 4,075 3,212 4,075 4,939 

Murray 2 82 278 473 278 473 600 473 600 726 

North Central 24 184 344 184 344 451 344 451 559 

Murray 3 45 152 259 152 259 328 259 328 397 

Mallee 17 58 99 58 99 120 99 120 141 

Lower Murray Darling -29 14 57 14 57 77 57 77 98 

SA MDB 25 85 144 85 144 182 144 182 220 

          

TOTAL 2,793 10,725 18,657 10,725 18,657 23,987 18,657 23,987 29,317 

 

Chart 7 How Stochastic States Work 
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Diversions 

The data concerning historic diversion in the model are provided in Table 7.  The values represent 

the sum of diversions for each catchment plus the ground water use in each catchment (see Table 8 

for the ground water data).  This provides the data used in the results section to graphically illustrate 

the model results compared to this data described as ‘Historic’ in the charts in the next section. Note 

that the catchments data do not align well in some areas due to different spatial descriptions. 

 

Table 7 Historic Surface Diversions and Ground Water Use (GL) 

 2000-
01 

2001-
02 

2002-
03 

2003-
04 

2004-
05 

2005-
06 

2006-
07 

2007-
08 

2008-
09 

2009-
10 

Condamine  318 200 179 447 240 213 137 573 213 738 
Border Rivers QLD 306 187 97 239 235 138 90 262 188 173 
Warrego Paroo 10 10 7 11 11 4 14 27 7 17 
Namoi 547 557 526 405 422 470 386 374 420 404 
Central West 605 687 521 320 212 320 348 186 214 219 
Maranoa Balonne 212 133 119 298 160 142 91 382 142 492 
Border Rivers 
Gwydir 

715 702 417 326 335 424 317 300 334 214 

Western 243 94 21 270 158 133 12 147 107 105 
Lachlan 513 548 348 154 131 220 161 141 135 121 
Murrumbidgee 3,069 2,669 2,157 2,128 1,969 2,555 1,299 855 944 1,200 
North East 238 261 247 208 207 218 205 117 127 141 
Murray 1 65 66 30 43 41 53 22 11 14 17 
Goulburn Broken 1,916 2,150 1,420 1,912 1,859 1,876 1,033 933 897 1,073 
Murray 2 1,086 1,108 501 717 682 877 363 184 232 281 
North Central 1,237 1,368 1,247 1,047 1,010 1,063 972 545 599 668 
Murray 3 977 997 451 645 614 789 326 165 209 253 
Mallee 48 48 32 36 27 39 10 23 7 6 
Lower Murray 
Darling 

278 173 129 54 60 104 22 83 65 65 

SA MDB 527 494 554 519 568 507 462 387 394 394 
           
TOTAL 12,910 12,451 9,004 9,779 8,940 10,143 6,270 5,694 5,246 6,581 
NB: 206 GL set aside for Adelaide + SA urban. 
Surface Diversion data obtained from MDBA and MDBC Water Audit Monitoring Report Series  
Ground water use by catchment provided by ABARES 

 

Table 8 provides the CDL and SDL data by catchment and this data sets the maximum water use by 

catchments for their respective scenarios modelled in this analysis. This data is then used to set the 

maximum water use by trade regions as described in Table 9. 

 

Summary 
The aligning of different data sets has not occurred in this report due to time constraints. This will 

cause some bias of the results at a catchment scale, but the results will be consistent.  Now that the 

variable nature of water resources has been outlined, the model that has been used to analyse the 
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scenarios has been described, the data sources listed and assumptions underlying both the model 

and scenarios discussed, we can examine the analysis results. 

 

Table 8 CDL V SDL by Catchment 

 Surface Water Ground water TOTAL 

 CDL SDL Reduction CDL SDL Reduction CDL SDL Reduction 

Condamine  423.6 301.8 121.8 107.6 83.6 24.0 531.2 385.4 145.8 

Border Rivers 
QLD 

255.0 230.9 24.1 11.3 11.3 0.0 266.3 242.2 24.1 

Warrego Paroo 45.0 37.0 8.0 0.4 0.4 0.0 45.4 37.4 8.0 

Namoi 343.0 312.0 31.0 231.8 231.8 0.0 574.8 543.8 31.0 

Central West 425.0 334.0 91.0 110.3 110.3 0.0 535.3 444.3 91.0 

Maranoa 
Balonne 

282.4 201.2 81.2 71.7 55.7 16.0 354.1 256.9 97.2 

Border Rivers 
Gwydir 

536.0 464.1 71.9 42.1 42.1 0.0 578.1 506.2 71.9 

Western 197.0 179.0 18.0 0.6 0.6 0.0 197.6 179.6 18.0 

Lachlan 302.0 255.0 47.0 94.8 94.8 0.0 396.8 349.8 47.0 

Murrumbidgee 2,100.0 1,507.0 593.0 323.8 323.8 0.0 2,423.8 1,830.8 593.0 

North East 240.3 179.3 61.0 14.9 14.9 0.0 255.2 194.2 61.0 

Murray 1 51.6 36.5 15.1 3.7 3.7 0.0 55.3 40.2 15.1 

Goulburn Broken 1,772.6 1,267.7 504.9 171.8 91.8 80.0 1,944.4 1,359.5 584.9 

Murray 2 860.5 609.0 251.5 61.5 61.5 0.0 922.0 670.5 251.5 

North Central 1,286.4 921.5 364.9 10.8 10.8 0.0 1,297.2 932.3 364.9 

Murray 3 774.5 548.1 226.4 55.3 55.3 0.0 829.8 603.4 226.4 

Mallee 198.7 142.4 56.3 1.2 1.2 0.0 199.9 143.6 56.3 

Lower Murray 
Darling 

89.4 63.4 26.1 4.7 4.7 0.0 94.1 68.1 26.1 

SA MDB 459.0 268.0 191.0 105.9 105.9 0.0 564.9 373.9 191.0 

Adelaide 206.0 206.0 0.0    206.0 206.0  

TOTAL 10,847.9 8,063.9 2,784.0 1,424.1 1,304.1 120.0 12,272.1 9,368.1 2,904.0 

Data obtained from ABARES  

 

Table 9 Identified Trading Zones 

 Catchments  CDL SDL 

Northern Condamine  
Border Rivers QLD 
Warrego Paroo 
Namoi 

Central West 
Maranoa Balonne 
Border Rivers Gwydir 
Western 

3,082.8 2,595.8 

Southern Murrumbidgee 
North East 
Murray 1 
Goulburn Broken 
Murray 2 

North Central 
Murray 3 
Mallee 
Lower Murray Darling 
SA MDB 

8,586.5 6,216.5 

No Trade     

 Lachlan  396.8 349.8 

 Adelaide  206.0 206.0 
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Results Section 

Introduction 
The results are presented in two main sections.  Firstly, the two baseline scenarios are presented at 

a Basin wide level. Secondly, details concerning the implications for irrigators and environmental 

targets, from using a stochastic description of water variability by state of nature, are provided. In 

this report economic return is defined as the return an irrigator makes on their investment (i.e. net 

income after total costs, inclusive of capital and operator labour, are paid).  For compatibility to 

other studies the gross value of production (i.e. price * quantity) was also stipulated by the client.  

Please remember that as this model aims to optimise irrigation profits subject to given constraints. 

The report does not examine second round impacts such as changes in commodity supply and 

demand influencing commodity prices, nor income derived from irrigators who choose to sell their 

entitlements to either other irrigators or the government.  In these results, the terms ‘water use’ 

and ‘water diversions’ are interchangeable for reasons already mentioned.  The aim of this section is 

to provide an understanding of what may occur but it is not a definitive answer to what will occur. 

 

Current Diversion Limits (CDL), Base Case 
The base model run suggests that despite the CDL for the Basin being over 12,270 GL (Table 8) that 

there are insufficient Basin wide flows to sustain current level of diversions.  This finding reflects 

both the over allocation of water resources and the true value of alternative water rights (high, 

general and supplementary) to actually deliver water. As presented in Table 10, the model diverts 

only 11,860 GL on average for irrigation purposes with a range from 14,600 GL in the wet state of 

nature to only 7,330 GL in the drought state of nature.   As illustrated in Chart 8, the model’s normal 

range is the top end of actual surface diversions plus ground water use.  While the model does not 

forecast the contraction in actual water diversions, that occurred in the drought.   

Table 10 CDL Base Values 

 Normal Drought Wet Average 

Gross Value of Production ($,m) $10,066.0 $6,450.2 $12,239.5 $9,994.9 
Economic Return ($’m) $2,522.6 $758.8 $3,857.6 $2,570.3 
Water Use (GL) 12,006.6 7,338.7 14,646.7 11,865.1 
Flow to the Coorong 4,230.1 0.0 8,459.6 4,652.9 
Adelaide Water Quality (EC) 353.6 768.0 368.5 440.9 

 

The estimated average gross value of production is approximately $10 billion.  However, the model 

suggests that after all costs (variable, fixed and labour) are considered, the Basin would turn over 

$2.6 billion in returns on average per year, with a range of $0.8 billion to $3.9 billion. After the water 

is diverted for irrigation and to Adelaide potable water supplies, approximately 4,650 GL of water 

would arrive to the Coorong.  This average flow to the sea is comparable with the (MDBC 2006) 

estimation of 5,000 GL. There is expected to be no flow to the Coorong in a drought and a flush of 

nearly 8,500 GL during wet seasons.  Water diverted for Adelaide’s potable water supplies would 

have a salinity of 440 EC on average with a range of 353 to 768 in droughts. Table 11 provides an 
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estimation of the salinity arriving at Morgan, which is the proxy used for Adelaide in this model. The 

model’s drought estimates are high but not unrealistic. 

 

Table 11 Summary of Salinity levels (EC) at Morgan, South Australia
11

 

 Time interval Average Median 95 
percentile 

Peak Percentage time 
>800 EC 

1 year July 2009-June 2010 427 412 687 701 0 

5 years July 2005-June 2010 440 434 696 785 0 

10 years July 2000-June 2010 456 456 694 826 0 

25 years July 1985-June 2010 530 530 838 1,220 6 

 

The model suggests that the water diverted would be used to irrigate over 1.8 million Ha, see Table 

13.  This would be comprised of 200,000 Ha of horticulture, 400,000 Ha of dairy, 665,000 Ha of 

cotton, 184,000 Ha of rice and 415,000 Ha of grains. Although not identical to past production in the 

Basin as described in Table 3 (since cotton area is greater than has been achieved), the data is 

plausible.  As previously discussed, these production estimates will differ from historic data due to 

the data used and the optimisation framework.  However, despite the discrepancies in production 

area the model appears to provide results that are within realistic bounds.  

Chart 8 Model Estimation versus Historic Diversions 

 

 

CDL versus SDL  
Table 12 compares the SDL to the CDL baseline. Here, the base values from the SDL run are 

presented, then the value difference to the CDL is tabled and finally the percentage change to the 

CDL is provided. In this scenario, on average the gross value of production is $8.6 billion and this 

equates to $2.2 billion in profit.  This transition to the SDL would reduce gross revenue by $1.4 

                                                           
11 (Murray-Darling Basin Authority 2011) 
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billion, or 14% when compared to the CDL.  In profit terms, this is a contraction of $329 million or 

13% of profit in the Basin.  This economic loss occurs due to an average reduction in water use of 

2,700 GL (as not all water is used under the CDL) and this increases the flow to the Coorong by 1,940 

GL or 42% increased flow, on average.  Under this scenario the Coorong now receives 1,287 GL of 

flow in droughts, while under the CDL it received no flow.  This increased flow also improves the 

quality of Adelaide’s potable water supplies with EC estimated to reduce by 200 units.  

 

Table 12 SDL to CDL Comparison 

SDL  Normal Drought Wet Average 

B
as

e 
 V

al
u

es
 

Gross Value of Production ($,m) $8,540.6 $5,680.0 $10,589.9 $8,583.3 
Economic Return ($’m) $2,206.3 $738.5 $3,300.0 $2,240.9 
Water Use (GL) 8,946.7 5,848.9 11,730.0 9,162.1 
Area Irrigated (‘000 Ha) 1,278.5 884.4 1,508.8  
Flow to the Coorong 6,372.1 1,287.6 10,501.3 6,594.0 
Adelaide Water Quality (EC) 215.3 263.6 268.4 240.9 

      

D
if

fe
re

n
ce

 t
o

 

C
D

L 
(V

al
u

e
s)

 

Gross Value of Production ($,m) -$1,525.3 -$770.1 -$1,649.6 -$1,411.6 
Economic Return ($’m) -$316.2 -$20.2 -$557.6 -$329.4 
Water Use (GL) -3,060.0 -1,489.8 -2,916.6 -2,702.9 
Area Irrigated (‘000 Ha) -342.6 -247.4 -352.4  
Flow to the Coorong 2,142.0 1,287.6 2,041.6 1,941.0 
Adelaide Water Quality (EC) -138.2 -504.4 -100.1 -200.0 

      

%
 d

if
fe

re
n

ce
 t

o
 

C
D

L 

Gross Value of Production ($,m) -15% -12% -13% -14% 
Economic Return ($’m) -13% -3% -14% -13% 
Water Use (GL) -25% -20% -20% -23% 
Area Irrigated (‘000 Ha) -21% -22% -19%  
Flow to the Coorong 51% --- 24% 42% 
Adelaide Water Quality (EC) -39% -66% -27% -45% 

 

Table 13 provides the estimated change in irrigated area by commodity.  It is estimated that 352,000 

Ha will transition out of irrigated agriculture into dryland activities with dairy, rice and grain 

production systems facing the biggest percentage reductions.  When compared to Table 12 we see 

that the greatest reduction in area will occur in the drought state of nature (i.e. 22% reduction in 

area). 

Table 13 SDL to CDL Comparison Area by Commodity ('000 Ha) 

 Horticulture Dairy Cotton Rice  Grains TOTAL 

CDL 199.5 395.5 665.5 184.3 416.3 1,861.2 

SDL 187.3 258.7 624.4 130.7 307.7 1,508.8 

Change -12.2 -136.8 -41.1 -53.7 -108.6 -352.4 

% -6% -35% -6% -29% -26% -19% 
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Chart 9 illustrates the SDL in comparison to the actual diversions and ground water use from 2000-

01 to 2009-10, see Table 7.  What we see here is that the boundaries of diversions reflect well on the 

model’s optimised water use, unlike the CDL.  This suggests that water resources are over-allocated 

and that, in practice, actual diversions are closer to the SDL than the CDL.  However, it is important 

to realise that until the actual operating rules the Commonwealth Entitlement Water Holder (CEWH) 

operate under take effect, the actual diversions under drought states of nature are speculative.  

 

Chart 9 Model Estimation of SDL versus Historic Diversions 

 

 

CDL Trade versus All SDL Trade Scenarios 
The results comparing the ‘CDL Trade’ scenario to all SDL scenarios that include trade can be found 

in: Table 14 where the gross value from irrigation and the economic return from investment are 

presented; Table 15 where the water used and area irrigated is outlined; Table 16 where the area 

irrigated by commodity is outlined; and Table 17 where the data for the flow to the Coorong and 

water quality are provided. Chart 10 to Chart 12 provide a graphical illustration of the stochastic 

nature of water resources and what it could mean for both water security for all users.  Chart 13 to 

Chart 16 illustrates how the model’s estimates of diversions, for each scenario, compares with 

historic diversions.  

In Table 14 we can see that by allowing trade the ‘CDL + Trade’ estimations of gross value and 

economic return are greater than the no trade scenario as outlined in Table 10.  This is because 

water that was utilised in a region before can now be utilised in other areas, thus the overall water 

use for the ‘CDL + Trade’ (see Table 15) increases when compared to the ‘CDL’ scenario (see Table 

10).   

When comparing the new SDL levels to the ‘CDL + Trade’ scenario that logically the reduction in 

water for irrigation will lead to both the gross value of irrigation activities and the profit to contact 

by between 11 to 13% and 10 to 14%, respectively.  The greater contraction by the ‘SDL+ Stochastic 
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Optimisation’ is due ensuring that environmental targets in the Coorong are achieved with respect 

to a greater understanding of the inherent variability in water supply. 

 

Table 14 ‘CDL + Trade’ compared to all SDL Trade Scenarios, Gross Value of Production & Economic Return 

 Gross Value ($’m) Economic Return ($’m) 

 Normal Drought Wet Average Normal Drought Wet Average 

CDL + Trade $12,216 $6,139 $15,210 $11,899 $2,940.2 $1,145.9 $4,300.9 $2,989.5 

SDL + Trade + Environ Target $8,930 $5,849 $11,757 $9,162 $2,643.9 $1,085.5 $3,871.9 $2,700.6 

SDL  + Stochastic Simulation $8,930 $5,849 $11,757 $9,162 $2,643.9 $1,085.5 $3,871.9 $2,700.6 

SDL + Stochastic Optimisation $9,160 $4,211 $12,466 $9,162 $2,480.7 $1,049.6 $3,711.7 $2,563.8 

 Reduction in Gross Value, by State Reduction in Economic Return , by State 

SDL + Trade + Environ Target -$1,316 -$437 -$1,371 -$1,157 -$296.3 -$60.5 -$429.0 -$288.9 

SDL  + Stochastic Simulation -$1,316 -$437 -$1,371 -$1,157 -$296.3 -$60.5 -$429.0 -$288.9 

SDL + Stochastic Optimisation -$1,523 -$786 -$1,506 -$1,371 -$459.5 -$96.3 -$589.2 -$425.8 

 % Change from CDL + Trade  

SDL + Trade + Environ Target -12% -6% -10% -11% -10% -5% -10% -10% 

SDL  + Stochastic Simulation -12% -6% -10% -11% -10% -5% -10% -10% 

SDL + Stochastic Optimisation -14% -11% -11% -13% -16% -8% -14% -14% 

 

Table 15 highlights these changes in water supply as there is a noticeable reduction in water used in 

the ‘SDL + Stochastic Optimisation’ scenario when compared to all other scenarios.  The difference 

to the ‘CDL + Trade’ scenario is in the magnitude of over 1,928 GL in the drought state, a reduction in 

water use of over 31%, if the environmental target must be achieved.  The reduction in water use 

forces not only a change in area irrigated by state of nature by the commodities irrigated (see Table 

16)  

 

Table 15 ‘CDL + Trade’ compared to all SDL Trade Scenarios, Water Use & Area Irrigated 

 Water Use (GL) Irrigated Area (‘000 Ha) 

 Normal Drought Wet Average Normal Drought Wet Average 

CDL + Trade 12,215.8 6,138.9 15,210.2 11,898.7 1,496.5 996.7 1,971.1  

SDL + Trade + Environ Target 8,930.4 5,849.2 11,756.9 9,162.1 1,290.3 852.8 1,533.4  

SDL  + Stochastic Simulation 8,930.4 5,849.2 11,756.9 9,162.1 1,290.3 852.8 1,533.4  

SDL + Stochastic Optimisation 9,160.3 4,210.8 12,466.0 9,162.1 1,144.4 738.1 1,646.1  

 Reduction in Water Use, by State Reduction Irrigated Area , by State 

SDL + Trade + Environ Target -3,285.3 -289.7 -3,453.3 -2,736.6 -206.2 -143.9 -437.7  

SDL  + Stochastic Simulation -3,285.3 -289.7 -3,453.3 -2,736.6 -206.2 -143.9 -437.7  

SDL + Stochastic Optimisation -3,055.4 -1,928.2 -2,744.1 -2,736.6 -352.1 -258.6 -324.9  

 % Change from CDL + Trade  

SDL + Trade + Environ Target -27% -5% -23% -23% -14% -14% -22%  

SDL  + Stochastic Simulation -27% -5% -23% -23% -14% -14% -22%  

SDL + Stochastic Optimisation -25% -31% -18% -23% -24% -26% -16%  

 

Production area could contract as much as 26% compared to the ‘CDL + Trade’ baseline.  This 

equates to anywhere from 325,000 to 437,000 Ha transitioning out of irrigation.  It is important to 

note that depending on the scenario the response is significantly different between commodities 
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that need water in all states of nature and those annual commodities that can transition between 

dryland and irrigated systems to take advantage of water supplies. 

 

Table 16 CDL to all SDL Trade Scenarios Comparison Area by Commodity ('000 Ha) 

 Horticulture Dairy Cotton Rice  Grains TOTAL 

CDL + Trade 217.8 284.7 665.3 227.1 576.2 1,971.1 

SDL + Trade + Environ Target 217.8 209.8 680.5 130.7 294.5 1,533.4 

SDL  + Stochastic Simulation 217.8 209.8 680.5 130.7 294.5 1,533.4 

SDL + Stochastic Optimisation 217.8 117.1 606.4 197.0 507.9 1,646.1 
 Reduction in Area 

SDL + Trade + Environ Target 0.0 -74.9 15.2 -96.3 -281.7 -437.7 

SDL  + Stochastic Simulation 0.0 -74.9 15.2 -96.3 -281.7 -437.7 

SDL + Stochastic Optimisation 0.0 -167.7 -58.9 -30.1 -68.3 -324.9 
 % Change from CDL + Trade 

SDL + Trade + Environ Target 0% -26% 2% -42% -49% -22% 

SDL  + Stochastic Simulation 0% -26% 2% -42% -49% -22% 

SDL + Stochastic Optimisation 0% -59% -9% -13% -12% -16% 

 

Table 17 outlines the changes for water flowing to the Coorong and water Quality for Adelaide.  As 

both the ‘SDL + Stochastic Simulation’ and the ‘SDL + Stochastic Optimisation’ provide a range of 

values.  Hence, the comparison of the increased environmental flow and the changes to water 

quality from the transition from the CDL to the SDL are better illustrated with the use of Chart 10 

compared to Chart 12. 

Table 17 ‘CDL + Trade’ compared to all SDL Trade Scenarios, Flow to the Coorong (GL) & Water Quality (EC) 

 Flow to the Coorong (GL) Water Quality (EC) 

 Normal Drought Wet Average Normal Drought Wet Average 

CDL + Trade 4,083.7 1,026.6 8,065.2 4,666.7 407.7 345.4 422.7 399.7 

SDL + Trade + Environ Target 6,383.5 1,287.4 10,482.5 6,593.9 235.0 287.8 284.7 260.4 

SDL  + Stochastic Simulation See Charts See Charts 

SDL + Stochastic Optimisation See Charts See Charts 

 Increased Water Flow to Coorong, by State Reduction in EC  by State 

SDL + Trade + Environ Target 2,299.7 260.8 2,417.3 1,927.2 -172.7 -57.7 -138.0 -139.3 

SDL  + Stochastic Simulation See Charts See Charts 

SDL + Stochastic Optimisation See Charts See Charts 

 % Change from CDL + Trade  

SDL + Trade + Environ Target 56% 25% 30% 41% -42% -17% -33% -35% 

SDL  + Stochastic Simulation See Charts See Charts 

SDL + Stochastic Optimisation See Charts See Charts 

 

Chart 10 illustrates the modelled flow to the Coorong for the CDL, SDL, ‘CDL + Trade’  and ‘SDL + 

Trade’ scenarios.  In this application of the model, we have perfect information about the inflows 

into the Basin. Hence the model assumes that there will always be this level of water available in 

each state of nature.  However the introduction of a stochastic representation of Basin-wide inflows 

is presented in Chart 11.   
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Chart 10 Flow to the Coorong (GL) 

 

 

Chart 11 can be explained as follows.  The ‘SDL + Trade’ line is constant as per the value in Chart 10. 

The ‘Simulated’ data outlines the same water use as the ‘SDL + Trade’ and then simulates the inflow 

data. What happens then is that the simulated data illustrates that 50% of the time water flows to 

the Coorong could be less than or greater than the flow defined by the ‘SDL+ Trade+ scenario.  This 

suggests then there is a risk that during a drought that 36% of the time that after all water used for 

irrigation in the ‘SDL+ Trade’ scenario that the 1,000 GL of flow required to the Coorong could not be 

achieved.  In fact there could be no flow at all to the Coorong despite the SDL.  This suggest that 

without incorporating careful management planning the hypothetical environmental flow benefits of 

moving from CDL to SDL may not actually occur.  In other years of good rainfall, environmental flows 

will exceed minimum targets. 

 

Chart 11 Flow to the Coorong, Drought (GL) 
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However, by acknowledging that water supply is stochastic, we move to a situation where more 

water is made available for environmental purposes in the drought state of nature to ensure targets 

are met with greater frequency (i.e. the difference between the optimisation and simulated results).  

In the ‘Optimised’ scenario, the 1,000 GL flow constraint to the Coorong is only violated 5% of the 

time.  This suggests that if water use were modelled along the lines of the ‘SDL + Stochastic 

Optimisation’ scenario flow to the Coorong are more likely to be achieved.  

However, if the environmental target is a fixed number that must be met every year significantly 

more water would have to be transferred to the environment, either by purchasing significantly 

more water than described under the SDL and/or reducing the face value of all remaining water 

entitlements. 

Chart 12 illustrates the same sort of information for the Adelaide’s water quality.  By providing more 

water under the stochastic optimised solution, Adelaide water quality improves significantly.  Both 

Chart 11 and Chart 12 stress that future inflows into the Basin could be lower than historically 

observed and consequently water stress for all user will still occur.   

 

Chart 12 EC at Adelaide 

 

 

Chart 13 to Chart 16 illustrates how well the model’s estimates of future water diversions for each of 

the scenarios involving trade compares to historical diversion.  Chart 13 is the ‘CDL + Trade’ scenario, 

here the ability to freely trade water resources within the defined northern and southern zones 

allows resources to be fully utilised for the greatest possible national benefit.  This of course is 

unrealistic but it does highlight that under free trade all water resources would be fully utilised 

unlike the ‘CDL’ scenario. 
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Chart 13 Model Estimation of 'CDL + Trade' Water Use versus Historic Diversions 

 

Chart 14 illustrates the scenario when the ‘SDL + Trade’ occurs subject to a minimum flow of 1,000 

GL of water arriving to the Coorong in every state of nature.  The modelled results for the Basin 

suggest that these numbers provide an argument that the SDL match what has occurred in the past.  

Chart 15 is exactly the same as in the ‘SDL + simulated’ scenario as water use is based on the ‘SDL + 

Trade’ data.   

 

Chart 14 Model Estimation of 'SDL + Trade + Environmental Targets' versus Historic Diversions 

 

0
2,000
4,000
6,000
8,000

10,000
12,000
14,000
16,000

2
0

0
0

-0
1

2
0

0
1

-0
2

2
0

0
2

-0
3

2
0

0
3

-0
4

2
0

0
4

-0
5

2
0

0
5

-0
6

2
0

0
6

-0
7

2
0

0
7

-0
8

2
0

0
8

-0
9

2
0

0
9

-1
0

Estimation of Use (GL)

CDL + Trade

Basin

Historic

Drought

Normal

Wet

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

2
0

0
0

-0
1

2
0

0
1

-0
2

2
0

0
2

-0
3

2
0

0
3

-0
4

2
0

0
4

-0
5

2
0

0
5

-0
6

2
0

0
6

-0
7

2
0

0
7

-0
8

2
0

0
8

-0
9

2
0

0
9

-1
0

Estimation of Use (GL)

SDL + Trade + Environ

Basin

Historic

Drought

Normal

Wet



Report for: Australian Bureau of Agricultural and Resource Economics and Sciences (ABARES) 
RE: Water Supply Variability & Sustainable Diversion Limits: Issues to Consider in Developing the Murray-Darling Basin Plan 

 

UniQuest File Reference: 17255 – Report    42 
 

Chart 15 Estimation of Water Use in the SDL + Trade + Environmental Targets, Simulated Data versus Historic Diversions 

 

Chart 16 provides the data for the optimised stochastic scenario.  These results suggest that future 

diversions to irrigation could be less than those recently experienced under severe droughts.  The 

results illustrated in Chart 16 are more realistic for droughts when Chart 17 is considered.  In Chart 

17 we provide a hypothetical diversion both under the CDL and new SDL. In this example of 

allocations under drought conditions, there is a maximum of 100 GL of water to be diverted.  

Originally under the existing CDL irrigators would have received all the water (i.e. 100 GL). Under the 

SDL there is still 100 GL of water but it is now shared between irrigators and the environment.   

 

Chart 16 Estimation of Water Use in the SDL + Trade + Environmental Targets, Optimised Data versus Historic Diversions 
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Chart 17 CDL v SDL + Environmental Allocation 

 

Of all the scenarios the ‘SDL + Stochastic Optimisation’ provides the most interesting analysis and 

potentially the closest to what may occur to future water diversions in drought conditions.   Overall, 

this scenario still improves two of the three tested criteria with environmental flows and the quality 

for Adelaide potable water supplies improving.   However, this scenario returns $426 million less in 

irrigated profit on average.  Please note that as second round impacts of this contraction in 

economic returns are not considered in this study. These impacts may offset the first round loss in 

economic returns.  First those irrigators who are willing to sell their entitlements or upgrade their 

infrastructure are either compensated for the value of that asset or have received subsidised costs.  

There is $3.1 billion set aside to buy back water and a further $5.8 billion set aside for infrastructure 

works.  Second, as the supply of entitlement shrinks the value of those remaining entitlements 

increases.  This can be explained by Chart 18, where the gross return ($/ML) increases for all SDL 

scenarios when compared to their baseline.  This occurs as water moves to the highest possible 

return for that asset.  Logically, then, an irrigators water assets increase in value, providing them 

with increased management flexibility to either: sell these assets to other irrigators for higher prices; 

receive higher prices on the temporary trade market; or leverage against the asset for borrowing. 

 

Chart 18 Gross Return per ML ($/ML) 
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Chart 19, summarises all the SDL trade scenarios against the ‘CDL + Trade’ scenario.  What we see 

here is that a reduction in water supplies by 23% would cause a contraction in economic returns 

anywhere from approximately 10% to 14%.   

 

Chart 19 Summarised Trade Scenarios 

 

 

It is, however, interesting to compare the CDL scenario, which does not include trade, to the ‘SDL + 

Stochastic Optimisation’.  Such a comparison would provide the potential benefits of allowing 

unrestricted trade between regions.  As discussed by the National Water Commission (2010), 

impediments to the trade of entitlements exists (NWC, 2010a, p. 6).  They further this discussion by 

illustrating the volume of entitlement trade in 2009-10 was 1,949 GL, of which the government 

bought 659 GL (NWC, 2010a, p. 6).  While the bulk of the entitlement trade was within states (see 

Table 3.3, NWC, 2010a, p29) there was only 662 ML (i.e. 0.7 GL) (see Table 3.2, NWC, 2010a, p29) of 
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hypothetical maximum possible benefit of allowing the trade of entitlements.  What we find is that 

there is only a net loss of $7 million per annum on average.  This suggests that the ability to trade 

entitlements without any impediments could help negate any first round economic loss from 

transitioning from the CDL to the SDL.  As discussed previously the compensation paid for 

entitlements and subsidised infrastructure payments would help ease these first round losses. 

The next section outlines greater details about river flow out of the trading regions and discusses the 

need for the introduction of minimum flow requirements along the Basin. If these were introduced 

then the above results would alter. 

 

-25%

-20%

-15%

-10%

-5%

0%

SDL SDL + Stochastic
Simulation

SDL + Stochastic
Optmisation

Water Use

Economic Return



Report for: Australian Bureau of Agricultural and Resource Economics and Sciences (ABARES) 
RE: Water Supply Variability & Sustainable Diversion Limits: Issues to Consider in Developing the Murray-Darling Basin Plan 

 

UniQuest File Reference: 17255 – Report    45 
 

Trading Regions 
The ability to trade provides a better solution in terms of economic, environmental and social gains.  

However, as the following charts illustrate, until environmental targets are set along the Basin, the 

model may provide misleading information.   

Here, the Murray River refers to a point before the Murrumbidgee River joins it (see the 

Murrumbidgee catchment for those charts).  Only the drought state of nature is presented here.  We 

see the same trend in the simulation and the optimisation results where production systems are 

altered to allow for increased flow in the drought state. Careful river management will still have to 

occur since the actual flow could still be very low despite transferring entitlements to the 

environment.  In both the normal and wet states this is not an issue and therefore the charts are not 

provided. 

Chart 20 Murray River 

 

The Darling River charts are derived from the point before they join the Murray River. 

Chart 21 Darling River, Normal 
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These results clearly illustrate the need to stipulate environmental requirements by state of nature.  

As the model aims to maximise returns subject to only environmental constraints at the Coorong the 

model is not shackled by any other binding environmental constraint.  These results clearly illustrate 

that without these constraints or the use of stochastic analysis, a misallocation of resources could 

occur. 

Chart 22 Darling River Drought 

 

Arguably it is the Wet outflows in the Darling that most highlights the need for more work on both 

the way the model utilises water resources and its description of variable water resources.  A simple 

solution to prevent major river systems from having no flow would be the adoption of flow 

constraints.  However, this information was not available for this report.  Consequently, until this is 

rectified, complex issues about how water security for all users cannot be fully addressed.   

Chart 23 Darling River, Wet 
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Summary 
The results section provides an examination of the first round impacts of readdressing the imbalance 

of water resources between all users.  From the stipulated scenarios and analysis framework, the 

adoption of the SDL will reduce diversions by 23% on average.  This will reduce the gross value of 

irrigated production from between 11 to 14% and economic return on assets between 10 to 14%.  

This loss needs to be traded off against improvements in basin wide salinity levels and flows to the 

Coorong during droughts. 

However, the results do suggest that careful river management is still required under the SDL if 

environmental targets are to be achieved due to the inherent variable nature of water supply.  

Without having access to the plans on how water will be used for the environment complex 

questions concerning long term water security cannot be addressed.  It is likely from the numbers 

defining the SDL in this report that if large volumes of water are transferred to the environment 

before the Coorong, then the Coorong constraint modelled here would be violated.  To overcome 

this problem, the model could be altered to illustrate both a triage system to identify which 

environmental assets receive water in a drought state of nature and the optimal bundle of water 

entitlements by security (i.e. high security, general security or supplementary) that would need to be 

purchased from willing sellers to ensure sufficient water is available for all environmental goals. 

Not surprisingly, modelling results also suggest that the continued removal of impediments to 

trading water entitlement could help offset some of the economic losses associated with the 

transition from the CDL to SDL.   
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Summary & Concluding Comments 
The output from any model running specific scenarios with provided data must be queried and 

critiqued.  These results provide possible outcomes that may occur in the future but more likely 

these results need to be used to provide a series of questions and issues policy makers need to 

consider when defining the SDL under variable water supplies.  Like any complex problem, both the 

problem and the solution comprise an integrated web of issues.  So decision makers need to 

understand that when one parameter is adjusted, it has multiple impacts, both intended and 

unintended.  When examining water resource variability, both the nature and the consequences of 

that variability need to be understood in light of how the Basin Plan aims to define the goals of the 

Plan.  Unfortunately, this report does not examine all the major environmental watering targets by 

state of nature along the river system and therefore, although it is informative, a more complete 

story about the SDLs cannot be presented. 

Importantly, while this model considers a ‘before’ and ‘after’ solution, it does not consider the 

annual transition from the CDL to the SDL.  During the transition period producer and social 

uncertainty will exist as adjustment occurs throughout the Basin.  In all likelihood, smaller irrigation 

systems, unless exceptionally profitable, will find themselves leaving the irrigation industry. This will 

have second round implications that are not modelled here.  To mitigate the uncertainty, a carefully 

crafted communication strategy could help alleviate public anxiety by providing information about 

the range of possible outcomes. 

This section reports on a series of findings found during this study.  It also raises a series of questions 

that need to be articulated and examined to provide greater guidance on how variable water 

supplies will transform the environment and the flow-on impacts to irrigators and society at large. 

 

Water Resource Findings: 

 Total water resource availability in a given year in the Basin is determined by a combination 

of both natural (i.e. rainfall and ground water) and human induced management (i.e. dam 

management rules, inter-basin transfers and diversion limits).  Any change to any of these 

parameters will alter the supply of water in the Basin; 

 There is a real possibility that future natural variation in rainfall patterns could be lower than 

that experienced in the past; 

 The adoption of the SDL as the new CAP does not guarantee that water is available.  River 

management will be an on-going issue to ensure supply for all water users; 

 The model suggests that currently (CDL scenario) the river system is over-allocated since all 

water resources could not be used in the regions they are assigned to due to a lack of water 

supply; 

 The introduction of trade between catchments would allow for the utilisation of this leftover 

resource (CDL + Trade uses more water than the CDL scenario); and 

 Water availability by state of nature determines the selection of commodities produced and 

their associated management strategies. 
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Water Resource Questions: 

 What implications could climate change have for future water resources in terms of changes 

to the average volume and the variance in supply (i.e. more or less droughts and floods)?; 

 How (or will) dam management alter to meet environmental supplies?; 

 What could be the impact of large scale landscape modification on water resources?; 

 What is the future for ground water supplies? and 

 Could inter-basin transfers (in from the Snowy River and out to Melbourne) alter total 

resource supply? 

 

Environmental Findings: 

 Since the Basin Plan is developed and implemented by different organisations, complex 

questions concerning the compatibility of the design and its implementation cannot be 

answered; 

 There is no guarantee that the adoption of the SDL will provide water to the environment in 

a drought year. From the data and scenarios examined, under extreme droughts there is the 

real possibility that flows will not reach the Coorong, unless significant management occurs;  

 The actual water available under the SDL could be less than the 2,900 GL identified if ‘paper 

water’ entitlements are purchased; 

 Unless clear environmental targets are stipulated in the management plans, the movement 

to the SDL will not guarantee the river will flow; 

 The model suggests that the restoration of flows during drought times will have the 

secondary benefit of improving the quality of potable water supplies for Adelaide in EC 

terms; and 

 It is possible to get water to the Coorong in all states of nature if diversions are carefully 

managed by incorporating water supply variability and uncertainty into the decision making 

process. 

 

Environmental Questions: 

 Where are the environmental targets in the Basin and how much water will they require, by 

state of nature?; 

 Since the MDBA is not responsible for both the implementation of the Plan and the 

purchasing of the entitlements from willing irrigators, there is a discourse between the 

design and implementation.  Therefore the following critical questions of national important 

remain unexamined: 

o Are the environmental goals between the MDBA and the CEWH the same? 

o If not what are the CEWH’s goals? 

o Once this is defined, what is the optimal mix of water entitlements that should be 

purchased to achieve environmental objectives?; 

o What volume of water that can be returned to the environment under the capital 

works program? Or should this money be spent on purchasing entitlements?; 

o Are producers receiving a fair price for their water entitlements?; 

o Will the CEWH be allowed to trade water and how will they operate in alternative 

states of nature?; and  
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o Are there alternative options to meet these environmental objectives?  

 

Irrigation Findings 

 Irrigators will adapt and respond to the SDL policy settings in ways that are not considered 

here in terms of management solutions, commodities produced and tactically trading water 

either temporarily or permanently; 

 The ability to trade water resources could mitigate the first round impacts of moving from 

the CDL to SDL; 

 Although total gross income contracts as water is transferred to the environment under the 

SDL, the net return from each ML of water used in irrigation increases.  This has a positive 

impact of increasing the value of each remaining entitlement. This then either increases a 

producer’s equity or provides them greater returns when selling that asset; 

 The increase in capital value (i.e. water assets) and the money paid for entitlements sold by 

willing sellers under the Buy-Back is wealth transfer from both market forces and from the 

public to irrigators; 

 How water is diverted and the way in which the river is managed will influence what is 

produced; and  

 The operation of the CEWH will influence the final outcomes for irrigators. 

 

Irrigation Questions: 

 The second round impacts of the SDL are not examined in this study; 

 The second round impacts of the Buy Back are not examined in this study; 

 The method for determining which entitlements irrigators should sell in order to maximise 

their returns is not considered in this study; 

 How the CEWH operates could have significant issues for short term supply (i.e. sell water on 

the temporary market in drought times) and long term supply (i.e. will dams operate 

differently). 

 

Social Findings & Questions 

 The restorations of environmental flows will lower the salinity in the river which has benefits 

for Adelaide.  This is provided that the stochastic nature or water resources by state of 

nature is encapsulated in diversion planning; and 

 This may reduce the costs of the salinity management scheme? 

 

Other issues  

This report further develops issues that were raised in the last report. 

An integrated analysis that makes environmental considerations explicit, could estimate 

the benefits of alternative environmental allocations and determine the optimal trade-

offs between consumptive and non-consumptive uses of water. It could thus highlight 
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potential synergies and opportunities to maximise social returns from the government 

investment.(Mallawaarachchi et al. 2010, p. 40) 

Hence, the optimum balance between the environment, irrigators and societal needs (i.e. potable 

water supplies, salinity targets and stock water use) is still a work in progress until the environmental 

targets, by state of nature, along the river system are incorporated into a modelling framework.  

However, from the work presented, the stochastic optimised solution provides the greatest 

information about the potential outcome from the SDL for irrigation diversions, salinity levels and 

the ability to achieve environmental flows throughout the Basin under the SDLs. 
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