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Economic, Social and Environmental
Sustainability of the Murray-Darling Basin

Kevin Parton, Charles Sturt University, NSW, Australia

Abstract: The objective of this paper is to examine the trade-offs between economic, social,
and environmental objectives of increased environmental flows of water in the Murray-Darling
system (Australia’s largest river system). The Murray-Darling Basin Authority has proposed a
transfer of between 3,000 ML and 6,700 ML from irrigation to environmental flows. Many
farmers consider the costs of even the smallest transfer to be prohibitive, while many conserva-
tionists regard even the largest transfer as insufficient to capture any significant environmental
benefits. The paper examines published work to shed light on the nature of the trade-offs in-
volved in this proposed transfer of water to the environment. Preliminary work indicates a
number of hypotheses that are worthy of further examination. First, several estimates suggest
that the costs to farming will be small as long as irrigation water is purchased at its full market
value. Second, there appeared to be significant thresholds of environmental water flows which
would be required to capture any worthwhile environmental benefits. Third, under various
proposed compensation schemes, communities overall in the Murray-Darling Basin may benefit
(rather than lose) from transfers of water within the above range. Fourth, there would be some
losers from the transfer, especially those dependent on irrigated agriculture who have no irrig-
ation entitlements. This would include local businesses supplying services to irrigated agriculture.
These are the key issues examined in the paper.

Keywords: Sustainability, Environmental Flows, Australia, Irrigation, Agriculture, Regional
Impact

INTRODUCTION

T
he Murray-Darling Basin (MDB) is a classic story of overuse of a resource (water) in
the pursuit of economic returns. Only relatively recently has it been generally acknow-
ledged that this has been at the cost of a highly degraded environment and an unsus-
tainable social structure. The extent of overuse can immediately be observed by com-
paring the runoff that enters the system each year (about 32,800 GL) (MDBA 2010)

with the level of storage capacity in aggregate in the major dams of the system (about 35,000
GL) (CSIR0 2008). Various researchers have described the situation as “dire” (Pittock and
Connell 2010; Wei et al. 2011).
The current policy conundrum facing the Australian government involves the need to balance

the conflicting interests of farm irrigators, the environment and the communities of the MDB.
This paper provides an analytical framework that captures the sustainability aspects of this
problem in an attempt to integrate the economic, social and environmental aspects. The original
purpose of the research was to contribute to solving the particular problem facing the Murray-
Darling Basin and its communities by revealing more clearly the stage that has been reached in
the rehabilitation process and suggesting the next steps. In addition, a conceptual framework
is developed as a means of integrating the economic, social and environmental components in
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a rigorous manner. Nevertheless the narrative is still presented in an expository way that should
facilitate the transfer of the methods presented to other similar problems.

The Murray-Darling Basin (MDB)

The MDB is Australia’s largest river system. It covers more than one million km2 of south east
Australia, which represents about 14% of the land area of the country (ABS 2010). It comprises
the Murray (over 2,500 km in length) in the south with extensive irrigation development, and
its major tributary, the Darling (over 2,700 km), in the north (see Figure 1). While most of the
Basin is semi-arid grassland and forest, the main rainfall sources are in the highland regions to
the east of the region.
In 2006, the gross domestic product (GDP) of theMDBwas $AUS 54 billion, and agricultural

output comprised about 15% of this total, of which irrigated agriculture was about one-third
(Wittwer 2010). In a typical year the MDB produces between 35% and 40% of Australia’s
gross value of agricultural production. In order to generate this output, irrigation has been
widely practiced. There are 248 large dams in the Basin with a total storage capacity close to
35,000 GL (CSIRO 2008), which exceeds the average annual flow of the system.
Figure 2 provides an initial description of the policy problem facing the Australian government.

The left side of the diagram shows the water use in the MDB system pre-development. There
was in total an average flow of close to 32,000 GL of which on average about 12,500 GL
reached the mouth of the Murray. This was all an environmental flow, given that there had
been as yet no development.
A key environmental indicator, discussed further in Appendix 1, is the proportion of years

the mouth of the Murray is open to the sea. Related to this is the salt load exported through
the Murray Mouth. In this pre-development scenario, with an average flow from the mouth of
the Murray of 12,500 GL, the mouth would be open in 97% of years and on average more
than 2m tonnes of salt per year would be exported.
The right side of Figure 2 shows the current situation (post-development). First there is an

additional inflow to the MDB of about 1,000 GL which is composed of diversion of water into
the MDB system from the Snowy River; water that formerly flowed east into the Pacific Ocean.
Of the total availability of about 33,000 GL, 2,740 GL is captured by farm dams and 10,940
GL is diverted from the river into irrigation schemes. This leaves around 19,100 GL in environ-
mental flows, with about 5,100 GL reaching the mouth of the Murray in an average year
(MDBA 2010).
This level of flow would have theMurray mouth open some 64% of years. While this average

is a useful indicator, it is also worth knowing that the last decade of dryer than average condi-
tions has created massive environmental problems throughout the MDB. For example, many
significant wetlands have been irreparably damaged. Also, the salt load exported from the
mouth of the Murray has failed to reach the minimum target every year between 2001 and
2009 (MDBA 2010, p. 119).
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Figure 1: The Location of the Murray-Darling Basin, (Source: Finlayson et al. 2011)
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Figure 2: Environmental Flows (GL/Year) and Diversions under Various Policy Arrangements. (Adapted from:
MDBA 2010)

Key: Black–farm dams; red–other diversions of surface water; green–environmental flows that
do not reach the sea; blue–environmental flows that flow into the sea.

Policy Development

Musgrave (2008) and Schrobback et al. (2011) provide an historical review of Australian water
policy since European settlement. Relevant here is the recent period since the passing of the
Water Act 2007. As a consequence of the passing of this Act, theMurray-Darling Basin Authority
(MDBA) needed to develop a Basin Plan. On October 8, 2010 the MDBA published theGuide
to the Proposed Basin Plan (MDBA 2010). This committed the MDBA to developing a long-
term average sustainable diversion limit defined as the amount of surface water that could be
extracted from the MDB while still maintaining its environmental integrity. “The analysis un-
dertaken indicates that the amount of additional surface water needed for the environment is
between 3,000 GL/y and 7,600 GL/y (long-term average)” (MDBA 2010, p. xix). The process
by which such additional flows for the environment would be achieved is largely through
buying water on the open market from those irrigators holding entitlements. There would also
be some water saving through government-subsidised infrastructure investments. However,
infrastructure investment is generally less efficient than open-market purchases (Grafton 2010).
The policy process since this 2010 announcement has been one of considerable, and some-

times acrimonious, public consultation in an effort to determine where in the range 3,000–
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7,600 GL/year the extra environmental flows should be fixed. Irrigators and some regional
communities have expressed their dismay at any reduction in water entitlements for farming,
while at the other extreme, environmentalists and theWentworth Group of Concerned Scientists
(2010) regard 4,400 GL/year extra environmental flow as the minimum threshold of environ-
mental sustainability.
After more than a year of public debate, further scientific investigation and consideration of

various reports, theMDBA released the Draft Basin Plan on November 28, 2011 (MDBA 2011).
It is currently (February 2012) available for public comment over a 20-week period to April
16, 2012. This draft Plan proposes a level of extra environmental flow of 2,750 GL/year. The
middle section of Figure 2 shows the distribution of water between the major uses that this
level of flow represents. Transferring 2,750 GL/year to the environment means the same amount
less for irrigation diversions. It results in about 1,000 GL/year additional flow at the mouth of
the Murray and consequently the Murray Mouth being open about 85% of years, instead of
64% at present. This outcome is outside the planning range of 3,000 GL/year to 7,600 GL/year
proposed by the MDBA (2010) in October 2010, and certainly is below what many scientists
would regard as the required threshold for environmental sustainability. Nevertheless, given
the social upheaval of the last year it may be a compromise that achieves social sustainability.

Analytical Framework

The framework developed to analyse the policy issue facing the Australian government is shown
in Figure 3. This shows the relationship between extra environmental flows of water (or equi-
valently reduced interceptions for irrigation) and the social marginal benefits (SMB) and social
marginal costs (SMC) generated by these flows. The initial transfer of water from irrigation to
the environment comes at small marginal cost because irrigators will at the outset sell water
that has relatively low productivity. Hence the SMC curve starts low to the left. On the benefit
side this initial water transfer is likely to have high productivity in terms of the environmental
benefits that it can create, as a consequence the SMB curve starts high to the left.
As additional amounts of water are transferred (represented by a movement to the left along

the horizontal axis) the costs to irrigators start to rise because they now are transferring water
from higher productivity uses. On the benefit side, this additional water is used in projects of
lower environmental benefit than was the initial transfer. The overall consequence is that the
SMB and SMC curves take the position shown in Figure 3.
This framework allows us to determine the optimum amount of extra flow of water to be

transferred to the environment. At transfer volumes of less than Eo, the social marginal benefits
from environmental flows are greater than the social marginal costs of reduced interceptions.
Hence, society as a whole would be better off by increasing environmental flows. Conversely,
at transfer volumes great than Eo, the social marginal benefits from environmental flows are
less than the social marginal costs of reduced interceptions. In this situation, society as a whole
would be better off by reducing environmental flows. The optimum amount of extra environ-
mental flows is achieved at Eo, where the social marginal benefit equals the social marginal
cost. Solving the policy problem of the Australian government involves discovery of

33

PARTON: ECONOMIC, SOCIAL AND ENVIRONMENTAL SUSTAINABILITY OF THE MURRAY-DARLING BASIN



Figure 3: A Framework for Analysing the Murray-Darling Basin Policy Problem

the actual position of the SMB and SMC curves and hence the optimum additional environmental
flow Eo. (To further demonstrate the usefulness of this framework, Appendix 2 contains a
summary of changes that have occurred in the MDB system over the last 50 years.)

The Benefits and Cost of Extra Environmental Flows

While some uncertainty remains, knowledge about the benefits and costs of extra environmental
flows of water has been increasing rapidly in recent years as the research effort to understand
more about the situation has expanded. On the benefit side, there are now several significant
studies estimating the benefits of increased vegetation (such as river red gums) (Bennett et al.
2008a), increased native fish populations (Bennett et al. 2008b), increased birdlife (Morrison
et al. 2002) and increased recreational benefits (Rolfe and Dyack 2010). This research generally
uses various non-market methods of valuation.
The seminal work is by Morrison and Hatton-MacDonald (2010) who reviewed all the pre-

vious estimates of benefits up to that point. Their results showed that the benefits from an im-
provement in the quality of the Coorong alone, from poor (the current situation) to good, are
$4.3 billion. These are considerable benefits and suggest that the social marginal benefit curve
may be positioned further to the right in Figure 3 than previously considered. Although there
are clear definitions of the terms “poor” and “good”, an important gap in the scientific research
work on the benefit side is that there is little indication of how much water is needed to move
a catchment from “poor” to “good” condition.
However, in the movement from poor to good condition, an important observation about

the marginal benefits is that in any sub-catchment, a threshold level of water is required before
any environmental benefits accrue. That is, unless there is a substantial flow of water there is
unlikely to be any repair of the environmental damage. The aggregation of these threshold effects
across all the sub-catchments of the Basin results in there being no social marginal benefits at
low extra environmental flows, and hence no part of the SMB curve of Figure 3 close to the y-
axis.
On the cost side of the equation, several estimates have been made of reducing the amount

of water available to irrigated agriculture. Four types of cost have been considered: on irrigated
agriculture directly; on total agriculture once transfer of resources formerly used in irrigated
agriculture has taken place; reduced employment or GDP of the MDB after the flow-on effects
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of reduced agricultural output have been incorporated; and reduced consumption on the part
of residents of the MDB.
From the point of view of economic sustainability it could be argued that only the last two

types of cost estimates are relevant to the SMC calculation. However a more complete assessment
of sustainability would be cognisant of the social dislocation to farming and agricultural-based
industries of transfer of water to the environment. From this perspective these social costs
should be included in the estimation of SMCs.
Wittwer (2010) makes the cost estimates shown in Table 1 of a reduction in diversions (in-

crease in environmental flow) of 3,500 GL. This shows that profits in irrigated agriculture
would be expected to fall by 4.6% and that the gross value of irrigated output would fall by
10.1%. However, it must be remembered that most farms currently using irrigation would
switch their resources to other methods of production. As a consequence the overall profit on
these farms will probably not fall by the full 4.6%. Similarly, while the gross value of irrigated
agriculture may fall by 10.1%, some of these irrigated outputs will be replaced by non-irrigated
production, so that the reduction in agricultural output overall will be less than this.

Table 1: Economic Impacts of a 3,500 GL/Year Reduction in Diversions

ImpactsCriterion

-4.6%Profits in irrigated agriculture

-10.1%Gross value of irrigated agriculture

Small increase or small reductionBasin employment

(Source: Wittwer 2010)

Indeed, when the various flow-on effects on regional employment of all the above shifts in ag-
riculture are estimated, the impact is that there could be a small reduction or even a small in-
creased in Basin employment. Wittwer (2010, p. 15) concludes that “if farmers are compensated
at the market price for water removed from production under SDLs (3,500 GL), the impact on
real GDP across the Murray-Darling Basin will be negative but small, while the impact on ag-
gregate household consumption relative to forecast will be weakly positive.”
A similar impression of costs being relatively low is obtained if you consider the impact of

the drought over the last decade. Table 2 demonstrates why the drought has a more severe effect
on agriculture than a water buyback as water is transferred to the environment under the MDB
Plan (Wittwer and Griffith 2011). During the drought both irrigated land and non-irrigated
land were affected. Moreover irrigated land was doubly affected by the lack of rain and the
lack of irrigation water. In addition, there was no compensation with the drought and the
process is involuntary.

35

PARTON: ECONOMIC, SOCIAL AND ENVIRONMENTAL SUSTAINABILITY OF THE MURRAY-DARLING BASIN



Table 2: Estimates of the Direct Impacts of Drought and Buybacks on SouthernMurray-Darling

Basin Farming

Fully Implemented Buybacks

Relative to Base Case

Drought 2007–08 Relative

to No-drought Base Case

0-49%Dry land productivity

0-56%Irrigation land: rain

-23%-56%Irrigation land: diverted water

FullNoCompensation

VoluntaryInvoluntaryProcess

(Source: Wittwer and Griffith 2011)

According to estimates made by the Australian Bureau of Statistics (2010), between 2000–01
and 2007–08 the amount of water allocated to irrigation in the MDB fell by about 70%, while
the value of irrigated agricultural production fell by about 1%. This outcome occurred because
irrigators were induced to change their operations. The scarce water that was available was
concentrated in higher value crops. Some irrigators substituted in other inputs such as purchased
feed on dairy farms, while others successfully switched to alternative dryland crops. The import-
ant lesson here is that human adaptability had previously been seriously underestimated.
In summary, the costs of transferring water to the environment seem generally to be small,

but may be higher in a few local areas particularly dependent on irrigated agriculture. Also the
impacts will be more severe for those businesses dependent on irrigated agriculture which do
not have water rights to sell, and hence cannot obtain compensation.

Actual Position of Social Marginal Benefit and Social Marginal Cost Curves

The risk analysis shown in Table 3, together with the preceding discussion suggests that at least
3,500 GL of extra environmental flowwould be required to reach a minimum level of restoration
of theMDB. The estimate made by Jones et al. (2002) of 3,350 GL to achieve a high probability
of restoring a healthy working river has been superseded by the march of scientific knowledge
about the MDB, so that the 4,400 GL minimum threshold of the Wentworth Group of Con-
cerned Scientists (2010) is probably more reliable. The optimum position in the long-term is
shown in Figure 4 as between 3,500 and 4,500 GL. Given all the considerations above related
to economic, social and environmental sustainability, this is the level needed to achieve overall
sustainability. Also shown is a second equilibrium outcome with 2,750 GL of extra environ-
mental flows, the level currently proposed by the Australian government. The difference between
the two marginal cost curves shown in Figure 4 is that the higher curve (SMC1) includes the
social costs of dislocation as the Basin community moves to the long-term position. Those
members of the community, concerned about the dislocation, have made various protests during
2010 and 2011, including a public burning of the Guide to the Murray-Darling Basin Plan.
According toWittwer (2011), and Dixon et al. (2011) lobbyists who have sought to exaggerate

the impacts of the buybacks do not reflect the behaviour of farmers who have voluntarily sold
water to the government. This is another example of underestimating the ability of farmers to
adapt. Moreover, with the passage of time
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Table 3: A Risk Analysis of Environmental Flows in the Murray-Darling Basin

Risk SummaryExtra Environmental Flow

(GL/Year)

High risk of failing to achieve
desired environmental goals

0MDBA (2010)

----2750MDBA (2011)

High probability of restoring
a healthy working river

3350Jones et al. (2002)

Minimum threshold for six
major rivers inMBD to achieve
a healthy state

4400Wentworth Group (2010)

Low risk of failing to achieve
desired environmental goals

6300MDBA (2010)

Figure 4: TheLong-termOptimumPosition (3,500–4,500GL/year)Comparedwith theCurrent Policy Proposal
(2,750 GL/Year)

the social dislocation effect will be overcome and the social marginal cost curve will shift down
from SMC1 to SMC0.

Conclusions

The analytical framework developed in the paper has presented a way of integrating aspects
of economic, social and environmental sustainability. The application of this framework to the
overuse of water problem of the Murray-Darling Basin revealed that at various times in the
past each of these economic, social and environmental aspects has received most attention from
the community and policy makers.
Currently, from the perspective of long-term environmental sustainability of the river as a

system, in an average rainfall year an extra environmental flow of 3,500–4,500 GL seems
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warranted. This level of flow represents a transfer of between 32% and 41% of irrigation water
to the environment. Given the adaptability seen in the human aspects of the system and the
fact that all water is bought back from irrigators at commercial rates, there would be small
economic cost of the transfer. Indeed, across the Basin as a whole some projections of the effect
of such a transfer have a small increase in household consumption compared with business as
usual.
Hence, the costs of transferring water to the environment seem generally to be small, but

may be higher in a few local areas particularly dependent on irrigated agriculture. Also the
impacts will be more severe for those businesses dependent on irrigated agriculture which do
not have water rights to sell, and hence cannot obtain compensation. Also, some farmers who
decide to continue as irrigators may suffer cost increases because there will be an increase in
the cost of delivering water to them as a result of other farmers in their region selling their
water rights and withdrawing from the system.
While there would be small economic effects in aggregate, there would nevertheless be some

social change. Small communities that supply services to irrigated agriculture, but which have
no direct water entitlements, will not receive compensation through the buyback of water. Also,
at the present time there is some social disruption from some farmers who are unable to see
the benefits to themselves of water buyback. In order to minimise such social dislocation, the
government is proposing a buyback level which will return only 2,750 GL to the environment.
This will probably not be enough to achieve overall long-term sustainability, but is nevertheless
a reasonable compromise along the road towards this target.

.
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Appendix 1: The Coorong as an Environmental Indicator

The Coorong National Park is located along the shores of a series of linked freshwater lakes
at the mouth of the Murray River. Under pre-development conditions the mouth of the river
was open to the sea in 97% of years, and the flushing effect of the river maintained the integrity
of the lakes by exporting salt through the mouth. The quantity of salt so exported has been
used as an environmental indicator of both the Coorong and the Murray River generally.
Figure 5 shows a 104-year history of the quantity of salt exported. This emphasises the dra-

matic variation in seasonal conditions as flooding rains follow droughts and salt exported
ranges from a low of close to 500,000 tonnes/year to a high of more than 5 million tonnes/
year. Also shown is a minimum average target of 2 million tonnes/year.
The figure also shows four projections completed by MDBA (2010): First, business as usual,

without any policy intervention, and then three alternative levels of extra environmental water
flows (3,000 GL, 3,500 GL and 4,000 GL). These projections indicate that without the extra
environmental flows, the minimum salt load target would probably not be reached. While this
target would be achieved with all three levels of extra environmental flows, the drying effects
of climate change draw the system back over time towards the minimum salt-load targets.

40

THE INTERNATIONAL JOURNALOF ENVIRONMENTAL, CULTURAL, ECONOMIC ANDSOCIAL SUSTAINABILITY: ANNUALREVIEW



Figure 5: Indicative Salt Load Exported through the Murray Mouth, 1904–2030 (Rolling 10-Year Average).
For the Period 2009–2030, the Forecast Assumes a Gradual Return to Long-termAverage Conditions and then

a Decline due to the Anticipated Effects of Climate Change., (Source: MDBA 2010)

Appendix 2: Changed Perception of the MDB Since 1960

During a dry period in the early 1960s, the state of health of the MDB first began to be ques-
tioned. Irrigators’ entitlements to water had expanded rapidly over the previous decade and
now amounted to more than the annual average inflow. In 1969 the South Australian govern-
ment placed a moratorium on new entitlements, and this was followed in 1973 by a 10% re-
duction in entitlements in that state.
Since then, the improvement in scientific knowledge about the Basin has produced much

more evidence about the extent of the environmental damage. This can be represented as a shift
upwards (labelled A) in the perceived location of the social marginal benefit curve of Figure 6,
as the value of extra environmental flows is estimated more precisely. Also, scientific discovery
has demonstrated how to use environmental flows of water more effectively, so that a given
environmental benefit can be achieved with a lower environmental flow (a shift to the left in
the social marginal benefit curve, labelled B). Overall the perceived position of this curve has
shifted from SMB1960 to SMB2012 since the early 1960s.
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Figure 6: A Description of Changes in Perceptions Since 1960

Also, since that date, the improvement in knowledge of the adaptability of the human system
of the Basin has led to a downward shift in the perceived social marginal cost curve from
SMC1960 to SMC2012.
Overall, this marginal benefit/marginal cost analysis demonstrates why the optimum envir-

onmental flow has increased from virtually zero in 1960 to between 3,500 GL and 4,500 GL
today.
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