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Abstract: 

The Murray-Darling Basin is currently facing increased pressure on water quantity 

and quality due to a continuing drought situation. In 2006/07 salt interception 

schemes implemented as part of the Murray-Darling Basin Salinity Management 

strategy removed over 470,000 tonnes of salt from the water supply, reducing the 

salinity of water flowing to Adelaide by about 200 EC. However, the costs of salinity 

mitigation schemes are increasing and with possible continuing drought these costs 

are expected to increase even further in future. Furthermore, the present efforts to 

reduce the salinity level may not be enough to combat higher future levels. In this 

paper a state-contingent model of land and water allocation is used to compare 

alternative options for salinity mitigation. 
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1 Introduction  

Humans have harvested water to irrigate naturally arid and semi-arid lands for 

thousands of years.  Throughout this period, the problem of salinisation of soil and 

water has been a common and, in many cases, intractable problem.  The application of 

irrigation water not only transports new salt to an area but it also raises the water 

table.  This mobilises salt previously trapped in the soil profile and water table. Salt 

rising to the surface negatively impacts on the local ecology and is then concentrated 

by evaporation and returned to the water source through runoff. 

 

Rising salinity and loss of soil fertility is widely believed to have played a major role 

in the decline of some of the first large-scale civilisations based on irrigated 

agriculture, such as Sumeria. 

 

Australian irrigation systems are particularly prone to salinisation and related 

problems of water quality.  Many soils are highly saline, and flows of water are highly 

variable.  Decreasing water quality has impacts on a local and national level.  Rising 

salinity threatens not only the function of the ten Ramsar wetlands (six are the óIcon 

Sitesô with an area of over 406,500 Ha, the other 25 wetlands with an area greater 

than 5,000 Ha (estimated total area greater than 1.6 million Ha) (ANCA, 1996) but the 

ecosystems along and dependent upon the river system.  Salinisation has adverse 

effects on crop yields, on the feasible range of production systems and on the supply 

of potable water for urban use. 

 

The gradual increase in salinity following the expansion of irrigation in the Murray-

Darling Basin (MDB) was among the first indications that constraints on sustainable 

use of water were being exceeded.  By the early 1980s, the problem was already the 

subject of considerable research attention.  

 

Current salinity mitigation practices are estimated to reduce the electronic 

conductivity (EC) arriving at Morgan, in the lower region of the basin, by 200 EC.  

Under more frequent drought conditions, the salinity arriving at Morgan is expected to 

rise.  
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This paper will examine alternative management opportunities which target keeping 

the EC<800. To achieve this, the second section examines the responsibilities of the 

MDBC and documents the current salinity mitigation program and the implications of 

future changes to water flow and salinity levels are discussed.  Section three 

summarises the state contingent methodology used to create the model developed by 

Adamson, Mallawaarachchi and Quiggin (2007).  Section four outlines how the model 

can be used to model alternative salinity management options and discusses the 

outcomes from these options and finally some concluding comments are provided. 

 
 

2 The MDB and Salinity Management 
The MDB covers over one million km

2
 in south-east inland Australia. Water flows 

through Queensland, New South Wales, Victoria, the Australian Capital Territory and 

down to South Australia where supplies are then drawn off to augment Adelaideôs 

potable water for 1.1 million inhabitants (ABS, 2006).  

 

Before water reaches Adelaide, it has been utilised upstream to provide other urban 

supplies, recreational facilities, water for stock and native animals, irrigation 

practices, provide sustenance for the environment and a host of other goods and 

services for the 2.7 million people living in the basin (MDBC, 2007.a). The MDB 

produces over 40% of Australiaôs total gross value of agricultural production. It uses 

over three quarters of the total irrigated land in Australia, and consumes 70% of 

Australiaôs irrigation water (ABS, 2007).  

 

Adelaide receives the runoff and reflows from a range of activities.  This reflow 

carries a range of quality externalities and this paper concentrates on the relationship 

between upstream water utilisation, salt loads and impacts on potability, agricultural 

production and environmental consequences under rising pressure from an increased 

frequency of dry events. 

 

The MDB is a naturally saline environment and human activities have upset the 

balance resulting in negative impacts to soil and water quality.  This causes problems 

for agricultural producers, the environment, infrastructure and urban water supplies.  

The rate of detriment is dependent upon the spatial characteristics of catchment 

interconnectivity, rainfall and human modification to the landscape.  

 

The Murray Darling Basin is a complex management example involving the 

collaboration between private, quasi-public, public (state and Federal) organisations 

and departments operating at alternative levels of knowledge, resources and abilities.  

Practical lessons from management and on-going research continue to redefine policy 

recommendations and management practices in the MDB
5
.  The recent intensity of 

research and public scrutiny of the basin has coincided with the drought placing 

greater pressure on the Murray-Darling Basin Commission (MDBC) meeting the goal 

of sustainable resource use.  

 

The Murray-Darling Basin Agreement focuses on the promotion and coordination of 

effective planning and management to ensure reasonable, efficient and sustainable use 

of the Murray-Darling Basinôs resources (MDBC, 2006.a). The agreement lists a 

                                                
5 The National Water Commission (NWC) was established in 2004 in an attempt to bring water data 

into line. 
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series of goals pertaining to salinity levels in the basin, one of which is to ensure that 

Adelaideôs water supply is less than 800 EC 95% of the time. Further targets include: 

maintaining water quality for the shared water resources of the Murray and Darling 

Rivers; controlling the rise in salt loads in all tributary rivers of the MDB; controlling 

land degradation and protecting important terrestrial ecosystems, productive farm 

land, cultural heritage and built infrastructure; and maximise net benefits from salinity 

control across the basin (MDBC, 2001.a).   

 

Some of these goals were partly achieved by introducing Cap on diversions of water 

from the basin in 1996, which attempted to prevent overutilization and negate 

associated environmental externalities.  In 2001 the Basin Salinity Management 

Strategy was released and since then there has been a steady decline in extractions 

form the basin, as illustrated in Figure 1.  

 

Figure 1: Water Extractions from the Basin by Year by State 

Extractions from the Murray Darling Basin
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Source: MDBC 1997, 1998, 1999, 2001.b, 2002, 2003.a, 2004, 2005.a, 2006.b, 

2007.b 

 

The severity of this drought was highlighted in 2006/07 when runoff into Murray 

River was the lowest on record at 1,040 GL some 10,000 GL less than the annual 

average inflow (11,100 GL). The previous recorded lowest was in 1914-15 of 2,000 

GL (MDBC, 2007.a).  Pressure on the system has been exacerbated in recent years 

with increasing growth of extractions.  In 1920 total diversions were 2,000 GL 

(MDBC, 2000) from 3,862 GL of inflow and by 2005/06
6
 extractions were over 9,000 

GL (MDBC, 2007.b) from 6,530 GL of inflow in 2006.   

 

The ability to meet irrigation supplies has been due to storages banking water for dry 

times and inter-basin transfers of approximately 1,100 GL/annum from the Snowy 

River (MDBC, 2006.c). The Dartmouth Reservoir, Hume Reservoir, Lake Victoria 

and Menindee Lakes are the main storages in the MDB and have a total storage 

volume of 9,352 GL.  As of 28 November 2007 these four storages were at 20% of 

                                                
6 2006/07 figures not available at time of writing 
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capacity (1,896 GL)
 
(MDBC, 2007.c) highlighting the draw down on reserves to 

preserve the basinôs function. 

 

Flow volatility and irrigation practices influence the salinity levels recorded in the 

basin and Table 1 provides a record of EC at Morgan since 1975.  As noted by the 

MDBC (2007.a), while the initial effect of drought conditions is to reduce inflows of 

salt to the system, sustained drought conditions raise the risk of increased salinity.  

The current low salt levels are in part also due to new salinity mitigation schemes 

coming on line and management of water releases from the Hume Dam to ensure 

Adelaideôs water is potable (MDBC 2007, d). 

 

Table 1: Summary of Salinity Levels recorded at Morgan 

 
Time interval Average Median 

95 

percentile 

% Time 

> 800 EC 

1 year July 2006 ï June 2007 377 378 452 0% 

5 years July 2002 ï June 2007 411 386 615 0% 

10 years July 1997 ï June 2007 477 459 709 0% 

25 years July 1982 ï June 2007 553 523 937 11% 

25 years Recorded 1975ï2000 632 608 1,061 23% 

Source: MDBC, 2007.a 

 

The basinôs first salinity mitigation scheme started in 1968. Table 2 provides a list of 

existing schemes, their location, the year their operation commenced, construction 

costs and quantity of salt (tonnes) diverted in 2006/07. From the data over 470,000T 

of salt was removed from the basin and the program estimates to reduce the EC 

arriving at Morgan between 80 and 265 EC (MDBC, 2007.a).   

 

Table 2: Salinity Mitigation Schemes in operation 2006/07 
Salt Interception 

Scheme 

Location Operation  

started  

Construction  

Costs 

Salt load (T) 

diverted ****  

Pyramid Creek Victoria  2006 n/a 28,475 

Barr Creek Victoria  1968***  n/a 30,084 

Mildura-Merbein Victoria 1981***  n/a 39,844 

Mallee Cliffs Victoria 1994***  n/a 62,550 

Buronga 

 

Victoria 1979& 

2004/05* 

$3.96 mil* 87,930 

Bookpurnong 

 

South Australia  2005* 

2003** 

$11.2 mil*  

$11.1 mil** 

39,569 

Woolpunda South Australia 1990* $25 mil* 101,800 

Waikerie South Australia 1992* $3.4 mil*  58,300 

Rufus River Victoria 1984* $3.3 mil* 22,577 

Total    471,129 

Source:  

* SA Water, 2007 

**  MDBC, 2007.e  

 

*** MDBC, 2003.b  

****  MDBC, 2007.a 

 

Scientific evidence suggests that we are facing man made global warming which is 

likely to alter climate conditions for the basin, including: more frequent droughts; and 
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both higher temperatures and evaporation leading to lower inflows into the basin. 

Further, the South Australian MDB is likely to face higher salinity levels as a longer 

term impact of changing conditions (MDBC, 2007.a). Alternative options for further 

salinity mitigation in the MDB will become important to evaluate.  

 
 

3 Method and model scenarios 
This analysis is an application of the state contingent Murray-Darling Basin Model 

documented in Adamson et al (2007).  The model simulates land and water 

allocations for irrigation production systems operating under alternative irrigation 

property rights (Adamson et al 2006). Problems that have been analysed include 

climate change (Adamson at al 2008, Mallawaarachchi et al 2007), restoring flows to 

the Snowy River (Wagner at al 2008), and changes to the Cap on irrigation use for 

water (Adamson et al 2006). 

 

The model can be solved using two different solution concepts. The sequential model 

solution derives the allocation that maximises returns in one catchment, subject to 

constraints and then progresses to the next catchment. This evaluation aims to 

maximise the benefit of individuals in each catchment from using irrigation water as 

subject to a series of constraints on the use of water, land and labour. The global 

solution is the allocation of land and water that maximizes returns for the MDB as a 

whole, including returns from irrigated and non-irrigated agriculture, returns from 

urban water use in Adelaide and the estimated social value of environmental flows,. 

Results from the global solution are considered a benchmark against which alternative 

institutional arrangements can be compared. 

 

The model uses linear programming to maximise the economic return for the basin at 

a catchment Management Authority scale for 20 regions (k= 1é20): 18 catchments, 

Adelaide and a óflow to the seaô and for 15 major commodities (M) in three states of 

nature (S=3, normal, dry and wet). The last two catchments allow for the 

representation of water quality arriving at Adelaide and a proxy value for 

environmental flows.  The model optimises economic return by choosing between 13 

production systems that use alternative levels of inputs and delivery differing outputs 

(yield) that respond to the availability of land, labour, capital, water volume and water 

quality (salinity) by three states of nature (normal, dry and wet).  By determining the 

yield response to salinity thresholds and explicitly defining the negative externalities 

from return flows carrying salt, the interaction between upstream use and downstream 

yield impacts can be examined. 

 

The sate contingent approach chosen in this model recognises that individuals adapt to 

changing conditions as the season changes. Therefore, the model describes three 

production types (normal, dry and wet) of each major commodity under the possible 

states of nature (M*S). 

 

The model is a description of farming activities producing one or more state-

contingent commodities.  For example óRiceô is estimated at 1/3 rice and 2/3 wheat as 

producers can only plant 1/3 of their total area to rice.  Also for rice in the normal and 

wet states some areas then produce a vegetable crop to utilise the soil moisture.  The 

cotton fixed production system assumes planting an irrigated crop every year but the 
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flexible cotton production system assumes that in the dry state that a dryland crop is 

planted. 

The model assumes a directed water flow network that incorporates state contingent 

water flows and salt loads. Water inflow in each catchment is determined by: natural 

runoff, any transfers to the catchment (e.g. Snowy River) and reflow from upstream 

water use minus natural loss and seepage.  Mallawaarachchi et al (2007) upgraded the 

models data set of natural salt load values
7
 and the dry and wet states are 0.7 and 1.2 

times the normal salt load respectively.  In a normal year the model has an average EC 

of 488 with a range of 395 to 600 EC in a wet and dry state respectively (Adamson et 

al 2008). 

 

The model defines salinity as:  

fS
k

s

k

s

k

s
=s  

 

Reducing salinity in a catchment is achieved by influencing water flow or the salt 

load.  These can be modified in a variety of ways in either the current or previous 

catchment, increased mitigation, investment in more storage or transfer of more water 

from outside the basin to increase overall water flow, change the volume of the flow 

by state by changing release practices from the storages, reducing extractions 

unilaterally or totally redesigning the extraction rights. All of these options can be 

dealt with in the model.  

 

The modelôs datasets and production systems are continually being refined. Currently 

the 2004/05 salt extractions of over 430,000 T (MDBC, 2006.b) are used for this 

analysis so that results can be compared to outputs in other papers. As the model 

treats all salt flows in a catchment uniformly it does negate benefits from treating 

point source salinity pollution. 

 

To investigate the effects on salinity levels in the basin under a shift to dryer climate 

conditions and its consequences for alternatives for salinity management we initially 

demonstrate three reference cases: 

¶ Current conditions (including mitigation of 430,000 T salt per annum through 

salinity interception schemes); 

¶ No mitigation (current conditions without interception work taking place); and  

¶ Increasing drought (increased probability of dry states and mitigation of 

430,000 T salt per annum). 

 

Based on these reference cases we analyse alternative engineering and water 

management regimes under increased dry climate conditions. We will examine the 

following options: 

¶ Increased salinity mitigation (investment in more salt schemes to remove salt); 

¶ Changed flow management (increasing flow in dry states at the expense of 

storage system); 

¶ Reduce water allocation for irrigation (reduce Cap volume for irrigation);  

¶ A combination of reducing the Cap and increased mitigation. 

 

                                                
7 Thanks to Andy Close and Cris Diaconcu from MDBC for the water and salinity dataset. 
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Finally, we will compare results of these alternatives for salinity mitigation with the 

theoretical optimum which will be examined in a redesign property rights scenario.  

At the present time the possibility of investing more storage options (on farm or major 

capital works) in the basin has not been considered.  On-farm storage raises 

complexities due to their lack of uniformity. Therefore interactions between 

harvesting water and conjunctive downstream water supplies can not be easily 

determined and the determination of assumptions for utilising the resource by state 

space requires significant further research.  Major capital works would have to be 

considered, followed by impacts of flow modification. Further, the conveyance loss 

from seepage and evaporation loss from new storages has to be countered with the 

possibility that extra storages do not necessarily increase flows as rainfall has to occur 

in the right places.  Storages in the basin are supplemented by transfers from the 

Snowy River (over 1,100 GL/annum MDBC (2006.c) but increased drought pressure 

and the agreement to re-establish natural flows to the Snowy puts that supply under 

pressure.  It is also unrealistic to assume that extra transfers required to augment 

storages in the MDB basins would be found easily elsewhere. 

 
 

4 Results and Discussion  
The results of the reference case scenarios, alternative engineering and management 

solution for salinity mitigation and the theoretical optimum are presented and 

discussed in this section.  We use the sequential evaluation tool for all except the 

Redesign of Property Rights scenario which is solved using the dynamic non-linear 

model.  We are attempting to reflect the effects that may need to be considered to 

maintain Adelaideôs water quality below the 800 EC threshold. 

 

The results of the scenarios are presented in Table 3-7 where the economic return, 

average salinity, salinity in the óDryô states, land allocation and water use and 

environmental flows, measured as water flowing at the mouth of the Murray, are 

recorded for all scenarios run.  In the economic values for environmental flows has 

been included of $50/ML. 

 

Current Conditions compared to No Mitigation Conditions  

Using current probability of states (Normal = 0.5, Dry = 0.2 and Wet = 0.3) and 

taking into account that mitigation work is extracting about 430,000 T per annum 

from the system, the model estimates the average reduction in salinity from existing 

salinity mitigation works at 114 EC, with benefits ranging from 101 EC in a normal 

year, 214 EC in a dry year and only 69 EC in a wet year. This is comparable with the 

MDBC (2007.b) estimations of salinity benefit of between 80 and 265 EC.  The 

volume of water used in an average year is 10,534 GL and 6,061 GL in a dry year. 

This reduction in salinity is estimated to be worth $136 million per annum on average 

and under current conditions the economic value of irrigation and water flow in the 

basin is $5,217.2 million. 

 

Effects of Increasing Droughts 

To model an increased in the frequency of drought we increase the frequency of the 

dry states at the expense of the wet state (Normal = 0.5, Dry = 0.3 and Wet = 0.2). We 

expect that salinity levels rise to 607 EC on average, with a range of 484 EC, 948 EC 

and 406 EC in the normal, dry and wet states respectively.  More dry states are 

estimated to reduce the average water available in the system by some 1,280 GL of 
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which 365 GL less is available for irrigation and remainder is a reduction in 

environmental flows.  These results suggest that the movement from the current 

frequency of droughts to more droughts has a greater impact to the system than 

switching off mitigation practices under current conditions. 

 

In Table 5, the Western catchment has an EC in excess of 25,000 and this is due to the 

model assuming that at least 10 ML of water always flows out of the Western 

catchment. This is backed by Oliver et al (1999) who argue that low flows in the 

Darling can lead to high levels of salinity from the ground water and during their 

study 33,000 EC was measured in 1995.  This higher salinity and low turbidity 

increases light absorption which encourages algae growth thereby negatively 

impacting on potable water both for human and stock.  However, in some dry seasons, 

the Darling might simply cease to flow. 

 

The increased dry periods also causes significant shifts in agricultural production as 

producers adapt to the increased probability of poor water availability.  This reaction 

is expressed by utilising more land (21,000 Ha extra) as they switch to technologies 

that utilise less water. The shift to less water intensive production technologies is 

particularly evident in the dairy industry, where 300,000 Ha transfers from high water 

technologies to less water-intensive technologies.   

 

After taking account of adaptation measures such as reduced water intensity, the 

increased frequency of drought lowers the economic return on average from $5,217.2 

million to $4,684.6 million per annum: a decrease of $532.6 million.   

 

Increased Mitigation   

This scenario illustrates the first salinity management option discussed in this paper. 

We model three options were, in addition to the currently extracted 430,000 T per 

annum, 100,000, 200,000 and 300,000 T of salt being extracted from the Lower 

Murray Darling catchment.   

 

With increased removal of salt average salinity in the dry states is estimated at reach 

873, 797, and 722 EC for each additional 100,000 T of salt removed. As we are 

estimating an average value for a year the actual daily fluctuations in a dry year would 

be likely to lead to regular violations of the 800 EC threshold even with the removal 

of 300 000 tonnes of salt. 

 

From Table 7 there is no change in water used or change in the choice and area of 

irrigated agriculture in the basin (Table 6). This reflects that, although salinity 

generates reduced crop yields for the SA MDB, these losses are not sufficient to 

induce a change in land use. Hence, the benefits of salinity mitigation are reflected in 

higher yields for existing land uses in the SA MDB and in improved water quality in 

Adelaide. 

 

The model results imply that additional 100,000 T of salt removed from the Lower 

Murray Darling, the salinity of Adelaideôs supplied water quality improves by about 

75 EC units.  Because the relationship between salinity and crop yield is nonlinear, 

salinity mitigation yields diminishing marginal returns over the range modelled here. 

Removal of 100,000 T of additional salt removed increases economic return by $32 

million, the next 100,000 T of salt removed increases economic return by $32 milli on, 
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and the last 100,000 T of salt removed adds an extra $23.6 million to economic return.  

By contrast, the cost of currently available options for salinity mitigation is estimated 

at around $2 million (see Figure 2).  

 

Hence, removal of 100 000 tonnes is estimated to yield positive net benefits unless the 

discount rate exceeds 16 per cent (0.9/3).  However, as the cheapest options for 

salinity mitigation have already been utilised it is expected that each additional tonne 

of salt removed would become more expensive through time MDBC (2006.b). Thus, 

the critical discount rate for the final 100 000 tonnes would be below 10 per cent. 

 

As the cheapest options for salinity mitigation have already been utilised it is expected 

that each additional tonne of salt removed would become more expensive through 

time MDBC (2006.b).  Figure 2 illustrates the cost of reducing salinity by 1 EC can be 

around the $4 million mark (Pyramid Creek SIS).  The model suggests that in the dry 

year an increased frequency of drought would have an EC of around 948.  Assuming 

that this figure has to fall by 250 EC not to violate the 800 EC threshold (around about 

698 EC) the cost would be around about $1 billion, which would remove more than 

300,000 T of salt at the Lower Murray Darling. Furthermore, it appears to be likely 

that marginal costs would rise for further interceptions schemes in part due to the 

cheapest options being adopted first.  

 

Figure 2: Capitalised cost per EC 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Altering Flow 

The MDB is already a highly modified system especially in the south where the 

system has moved from a winter to summer dominate flow to meet water demand.  To 

alter the flow further in the system to help reduce salinity, the flow in the dry state has 

been raised from 60% of the normal flow to 65% and then 70% at the expense of the 

wet flow.  This transfers 700 GL and 1,400 GL of flow from the wet to the dry state of 

nature improving economic return up to $5,023.1 and $5,053.8 million per annum on 
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average.  This flow management improves water quality to 547 and 514 EC on 

average but only to 724 and 588 EC in the dry state of nature.  

 

Land allocation changes for cotton in this scenario as more water becomes available, 

more land moves from the flexible to fixed cotton production system. 

 

The 1,400 GL transfer from the wet to the dry state of flows would further alter 

natural flows in an already highly modified system.  A further smoothing out of yearly 

is likely to compound environmental issues with sedimentation, turbidity, cold water 

pollution and other factors as argued by Bunn and Arthington (2002). Taking more 

water from wet state might reduce frequency of flood events required for 

environmental health. However, altering the natural flow by allocating water from wet 

to dry states is already common practice as for example the MDBC recently released 

over 4 GL of water to offset environmental impacts to river red gums in South 

Australia (Courier Mail, 2008). 

 

Further questions concerning the evaporation in storages and issues to meet water 

flow requirements, in successive years of drought when required would have to be 

examined. In particular, in the current starting position, with very low storages, this 

option is not feasible. 

 

A benefit-cost evaluation of changes in flow management depends on the cost of the 

method used to stabilise flow. Flow can be altered by building dams and changing the 

nature and timing of releases, and by changing the amount of water allocated to 

irrigation in different seasons. Connor (2003) argued that altering the flow through 

increased was too expensive when considering options for lowering the salinity levels 

in South Australia and concentrated on altering the price paid for water. 

 

Reducing Irrigation Supply 

The aim of this scenario is to examine effects on salinity by reducing the water 

volume for irrigation supply either by not meeting general security licences, on-farm 

water efficiency provided that remaining water goes to the environment, or 

purchasing water from owners for the environment.   

 

The model estimates the current Cap at 13,423 GL which is slightly higher than the 

MDBC (2006.b) estimate of 12,903 GL to account for: the continuing exemption of 

Queensland from the Cap due to its late irrigation development; unregulated ground 

water and river pumpers; and as the MDBC (2005.b) suggests current estimations of 

extractions are not 100% reliable. 

 

At a 5% reduction in the Cap, approximately 600 GL are transferred in average to the 

environment, the salinity level in the dry state is 805 EC. A 10% reduction in the Cap 

is estimated to relocate 1,200 GL to environmental flows while the dry state EC is 

736.  From examining the EC in the dry states it is not until the Cap is reduced by 

15% that salinity falls to 640 EC, probably low enough not to violate the Adelaide 

threshold.  The water volume released to environmental flow is estimated at 1,800 GL 

in this case.  

 

These transfer plus the non utilised Cap after optimisation shifts about 3,550, 3,800 

and 4,150 GL to the environment when the Cap is reduced by 5, 10 and 15% 
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respectively.  This flow volume is in line with Jones et al (2002) estimation of 2,000 

to 4,000 GL required to return a health flow to the Murray system. 

 

By transferring 600 GL away from irrigation use, the economic return increases to 

$4,693.4 million ($8.8 million per annum) as water quality improves but for the next 

steps of an extra 600 GL the economic return falls to $4,625.5 million and then 

$4,544.5 million as more water is removed.  The decreasing economic return is due to 

extra land being removed out of irrigation, about 49,000 Ha at each step; it is 

highlighting the linear relationships in the model.  Interestingly enough as more water 

is extracted and water quality improves more water is utilised by citrus at the expense 

of grapes and diary and rice production systems (Table 6). 

 

Possible uncounted or under-accounted benefits from increased environmental flows 

and improved water security need to be considered.  

 

Increasing Mitigation and Reducing Irrigation Supply. 

This scenario combines an engineering and management option to mitigate salt from 

system. We increased salt extractions from the Lower Murray Darling catchment by 

additional 100,000 T and reduced the Cap on water diversions for irrigation from the 

system by10% of the current Cap.  

 

The economic value of irrigation and water flow in the basin decreases by about $40 

million on average compared to the Increased Drought scenario where apart from 

mitigating 430,000 T of salt annually no alternative mitigation is practiced.  However, 

increasing mitigation works and simultaneously reducing the irrigating supply has a 

significant improvement in the normal and dry state EC where salinity falls to 483 EC 

and 674 EC respectively.  The dry state would then be unlikely to violate the 800 EC 

threshold.  Environmental flow is estimated to increase by 1,200 GL.  

 

Reducing the salinity in the dry state by about 270 EC through for multi-target policy 

to ensure that the 800 EC threshold is not violated, raises the need for a balanced 

portfolio of investments (e.g. investment in additional interception, purchasing of high 

security entitlements and more feasible technical irrigation solutions). This will 

clearly increase the complexity of management decisions.  

 

The Global Optimum 

By removing the constraint of current property rights and using the dynamic non-

linear evaluation tool of the model we can obtain the theoretical economic optimal 

allocation of land and water allocation for the basin. We derive what is, in effect, a 

dynamic programming solution, using backwards recursion from the value of terminal 

flows to derive optimal upstream allocations. 

 

The solution suggests substantial reductions in water use in the Goulburn-Valley (over 

1,000 GL less at the expense of the dairy industry) and the Murrumbidgee (630 GL). 

Water use increases in the Condamine, Border Rivers Queensland, Western, Murray, 

Mallee and North Central catchments.  In comparison to the baseline solution, this 

solution uses over 108 GL less for irrigation in drier years and returns over $4,800 

million, an increase over $122 million compared to the Increased Drought scenario.  
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Comparing the theoretical optimum for salinity level in dry years (548.5 EC) with the 

presented results from the sequential solutions we see that altering the runoff 

probability from 60% to 70% in the changed flow scenario would exceed this 

optimum by 39 EC as the closed estimated of alternatives.  

 

This scenario illustrates the potential benefits of improved management and an 

optimal allocation of water rights for improvement economic returns, environmental 

flows and Adelaideôs water quality. These improvements could more than offset the 

adverse effects of a moderate increase in the frequency of drought. 

 

It is important to remember this scenario is a benchmark for assessing alternative 

proposals rather than a simulation of a specific policy proposal. Although the removal 

of restrictions on trade between agricultural, urban and environmental uses could be 

expected to move the actual allocation closer to the theoretical optimum, 

implementation of an efficient and equitable trading system would raise a wide range 

of complex design issues, and would require agreement among a range of parties with 

conflicting interests. 

 
 

5 Conclusion  
The consideration of alternatives for salinity mitigation in the MDB is necessary as 

current mitigation practices are becoming increasingly more expensive and may not 

provide enough capacity in the in future to ensure salinity levels remain below the 

target of 800 EC for Adelaideôs potable water supply under increased dry climatic 

conditions.   

 

The analysis of potential options for salinity mitigation has shown that irrigation 

related salinity is challenging but manageable even under moderate climate change 

conditions. 

 

The study clearly outlined that both, interception and improved management 

strategies will have a role in the future. However, combining different strategies will 

increase the complexity of decision making processes and therefore need to be 

carefully evaluated.  

 

In order to compare the effectiveness of each option in isolation and in combination 

for a full descriptive solution for long term salinity mitigation strategies under 

increased dry states a full cost benefit analysis should be undertaken.  
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Table 3: Average Economic Return for Alternative Scenarios 

 
 

Economic Values 

        

 

Increased Mitigation ('000T) Flow Management Adjust CAP Combined Redesign Rights 

Description Current  

No  

Mitigation  

More  

Drought 100 200 300 

N=1, 

D=.65, 

W=1.15 

N=1, 

D=.7, 

W=1.1 Cap - 5% CAP -10% Cap -15% 

100'T & 

 CAP -

10% Global  

Run  Run A Run B Run 1 Run 13 Run 9 Run 10  Run 8 Run 7  Run 6 Run 4 Run 5 Run 14 Run 12 

Condamine $214.91 $214.91 $210.31 $210.31 $210.31 $210.31 $210.31 $210.31 $204.72 $198.35 $191.99 $198.35 $232.17 

Border Rivers, QLD $171.75 $171.75 $162.04 $162.04 $162.04 $162.04 $162.04 $162.04 $159.38 $156.73 $152.09 $156.73 $171.97 

Warrego-Paroo $1.53 $1.53 $1.53 $1.53 $1.53 $1.53 $1.53 $1.53 $1.53 $1.53 $1.53 $1.53 $1.53 

Namoi $86.73 $86.73 $85.47 $85.47 $85.47 $85.47 $86.29 $87.10 $85.47 $85.47 $84.66 $85.47 $79.37 

Central West $182.56 $182.56 $167.31 $167.31 $167.31 $167.31 $167.88 $168.45 $167.31 $167.31 $167.19 $167.31 $161.71 

Maranoa-Balonne $20.37 $20.37 $19.93 $19.93 $19.93 $19.93 $19.93 $19.93 $19.93 $19.93 $19.93 $19.93 $19.93 

Border Rivers-Gwydir  $162.18 $162.18 $150.47 $150.47 $150.47 $150.47 $150.47 $150.47 $148.08 $145.70 $143.32 $145.70 $145.70 

Western $24.14 $24.14 $21.10 $21.10 $21.10 $21.10 $21.10 $21.10 $21.10 $23.60 $24.28 $23.60 $24.28 

Lachlan $210.99 $210.99 $200.66 $200.66 $200.66 $200.66 $200.66 $200.66 $198.50 $196.44 $194.28 $196.44 $201.94 

Murrumbidgee $734.76 $734.76 $649.35 $649.35 $649.35 $649.35 $649.35 $649.35 $646.14 $642.96 $639.75 $642.96 $631.87 

North East $103.37 $103.37 $93.93 $93.93 $93.93 $93.93 $93.93 $93.93 $93.93 $93.93 $93.93 $93.93 $93.11 

Goulburn-Broken $436.09 $436.09 $363.18 $363.18 $363.18 $363.18 $363.18 $363.18 $363.18 $363.18 $363.18 $363.18 $279.27 

Wimmera $34.92 $34.92 $31.56 $31.56 $31.56 $31.56 $31.56 $31.56 $31.25 $30.85 $30.54 $30.85 $24.29 

North Central  $89.07 $89.07 $79.41 $79.41 $79.41 $79.41 $80.48 $81.17 $79.25 $79.09 $78.87 $79.09 $100.98 

Murray  $313.93 $313.93 $279.69 $279.69 $279.69 $279.69 $279.69 $279.69 $271.09 $262.38 $253.78 $262.38 $358.48 

Mallee $492.95 $492.95 $456.26 $456.26 $456.26 $456.26 $456.26 $456.26 $434.94 $413.63 $392.32 $413.63 $738.10 

Lower Murray Darling  $186.85 $186.83 $174.58 $174.74 $174.74 $174.74 $174.74 $174.74 $174.72 $174.74 $174.74 $174.74 $174.74 

SA MDB $1,290.49 $1,154.31 $1,125.28 $1,147.09 $1,168.67 $1,190.25 $1,164.66 $1,188.18 $1,150.74 $1,114.51 $1,071.08 $1,132.60 $1,202.25 

Adelaide $144.20 $144.20 $143.00 $152.87 $162.74 $164.80 $164.80 $164.80 $161.61 $164.80 $164.80 $164.80 $164.80 

TOTAL  $5,217.18 $5,080.97 $4,684.63 $4,716.46 $4,747.91 $4,771.55 $4,750.97 $4,779.13 $4,693.40 $4,625.46 $4,544.47 $4,643.55 $4,806.49 
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Table 4: Average Salinity Values for Alternative Scenarios   

 
 

Salinity AVG 

        
 

Increased Mitigation ('000T) Flow Management Adjust CAP Combined Redesign Rights 

Description Current  

No  

Mitigation  

More  

Drought 100 200 300 

N=1, 

D=.65, 

W=1.15 

N=1, 

D=.7, 

W=1.1 Cap - 5% CAP -10% Cap -15% 

100'T & 

 CAP -

10% Global  

Run  Run A Run B Run 1 Run 12 Run 9 Run 10  Run 8 Run 7  Run 6 Run 4 Run 5 Run 14 Run 12 

Condamine 22.5 22.5 22.7 22.7 22.7 22.7 22.3 22.1 22.7 22.7 22.7 22.7 22.7 

Border Rivers, QLD 32.4 32.4 32.7 32.7 32.7 32.7 32.2 31.8 32.7 32.7 32.7 32.7 32.7 

Warrego-Paroo 41.4 41.4 41.9 41.9 41.9 41.9 41.1 40.5 41.9 41.9 41.9 41.9 41.9 

Namoi 150.3 150.3 151.6 151.6 151.6 151.6 149.1 147.2 151.6 151.6 151.6 151.6 151.6 

Central West 80.2 80.2 81.1 81.1 81.1 81.1 79.6 78.6 81.1 81.1 81.1 81.1 81.1 

Maranoa-Balonne 49.7 49.7 51.9 51.9 51.9 51.9 51.8 51.9 50.3 48.8 47.4 48.8 72.6 

Border Rivers-Gwydir  22.1 22.1 23.3 23.3 23.3 23.3 22.9 22.6 22.5 21.8 21.3 21.8 26.7 

Western 1,069.6 1,069.6 8,557.8 8,557.8 8,557.8 8,557.8 8,708.5 8,863.2 5,633.4 1,314.9 1,006.0 1,314.9 1,240.8 

Lachlan 233.8 233.8 235.9 235.9 235.9 235.9 231.9 229.0 235.9 235.9 235.9 235.9 235.9 

Murrumbidgee 42.7 42.7 43.1 43.1 43.1 43.1 42.3 41.8 43.1 43.1 43.1 43.1 43.1 

North East 35.5 35.5 35.9 35.9 35.9 35.9 35.3 34.8 35.9 35.9 35.9 35.9 35.9 

Goulburn-Broken 60.6 83.3 59.6 59.6 59.6 59.6 58.8 58.3 59.6 59.6 59.6 59.6 59.6 

Wimmera 220.5 220.5 228.6 228.6 228.6 228.6 220.7 215.2 228.6 228.6 228.6 228.6 228.6 

North Central  379.0 379.0 396.9 396.9 396.9 396.9 382.1 371.7 393.5 389.3 386.1 389.3 330.7 

Murray  97.2 107.5 92.1 92.1 92.1 92.1 89.4 87.5 91.9 91.6 91.4 91.6 74.5 

Mallee 178.8 191.8 171.3 171.3 171.3 171.3 163.5 158.2 168.0 164.6 161.5 164.6 148.9 

Lower Murray Darling  246.3 295.4 279.3 254.4 229.6 204.7 263.3 253.5 262.9 252.2 238.8 229.1 229.4 

SA MDB 331.3 428.4 385.8 356.4 327.0 297.6 360.5 345.5 357.8 340.1 318.0 313.3 305.4 

Adelaide 481.6 595.9 607.7 570.2 532.7 495.2 547.0 513.8 550.7 515.5 472.1 482.7 453.8 

Environmental flow 642.5 769.9 869.0 615.1 779.1 734.2 754.9 696.6 770.1 713.6 643.8 824.1 615.1 

 




