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Summary
Storage rights and water allocation arrangements
In the Murray–Darling Basin large water storages (dams) play a vital role in smoothing
variability in supply of water for consumptive users (such as irrigators). Management of water
storages involve a water use (release) – storage trade-off: additional storage reserves reduce
exposure to future shortages (droughts) but can increase losses via evaporation and storage
spills (where storage levels reach maximum capacity and inflows spill downstream).
Historically, state government agencies have centrally managed the major water storages in the
Murray–Darling Basin. A trend toward more decentralised management of water storages has
been facilitated by the definition of user-level storage rights (also known as carryover rights)
and changes in water allocation arrangements.
Storage rights allow end users to maintain private storage reserves within public water storages.
Storage rights, either explicitly or implicitly, assign users a share of storage capacity. Water
allocation arrangements refer to the processes of allocating water to users (for example,
determination of annual allocations to entitlement holders). Allocation arrangements, either
explicitly or implicitly, assign users a share of water in storage.
While storage rights are now commonplace in the Murray–Darling Basin, they are implemented
in widely varying forms across states and catchments. This report defines and assesses the
performance of major water storage right and water allocation systems in the Murray–Darling
Basin.

Motivation for a decentralised approach
Previous ABARE research has outlined the motivation for a more decentralised approach to
water storage management. Hughes and Goesch (2009a) examined at least three reasons that a
decentralised approach to storage management may improve the efficiency of water allocation:


Central planners face an information problem. Optimal storage decisions will depend on end
users’ diverse and variable preferences. In contrast, a decentralised approach provides users
with the flexibility to make independent storage decisions consistent with their individual
preferences.



By tailoring storage withdrawals to meet their preferences users could reduce their reliance
on temporary water trading. This could be beneficial since water markets can be subject to
various constraints and transaction costs.



In practice centralised storage management regimes can be slow and complex, leading to
delays and uncertainty for water users.

Defining water property rights
While a decentralised approach may offer a number of advantages, it requires well-defined
property rights. In particular, it is important that water property rights accurately reflect
(internalise) hydrological constraints. Where this is not the case, water trade and use decisions
can have external effects on other water users. These externalities—or third party effects—can
result in inefficiencies in allocation of water and lead to an inequitable redistribution of water
across users.
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A key example of the potential for these types of externalities is the treatment of storage
capacity constraints. Where storage rights do not accurately reflect storage capacity constraints,
user storage decisions will not take into account the possibility of storage spills. As a result an
inefficiently high volume of water may be stored, leading to increased spill volumes. This in turn
may lead to third party effects (such as lower allocations) on other users.
To internalise storage capacity constraints, storage rights and water allocation arrangements
need to provide accurate and appropriate signals to end users about remaining storage airspace.
A challenge in many regions is that water use (storage outflow) is only deducted from user
accounts annually. As a result, users have limited incentive to consider the effect of their storage
volumes on system spills.
In this report water storage right and allocation arrangements are evaluated using a framework
that identifies three desirable characteristics:


exclusivity—water property rights reflect physical realities of water supply systems and
externalities are minimised



flexibility—subject to the exclusivity requirement, water property rights provide users with
maximum flexibility to use and store their water in ways that suit their particular needs



transparency—water property right systems and related regulatory rules are clearly defined
and changes to these systems are minimised. Any avoidable uncertainty is minimised.

Policy developments
The severity of the Millennium drought led to substantial changes in the storage right systems in
the southern Murray–Darling Basin. For example, Victoria and South Australia introduced
storage right systems for the first time while New South Wales relaxed limits on carryover
volumes. These new rights were seen as an important source of flexibility to end users during a
period of extreme water scarcity.
However, subsequent flooding events in 2010–11 and 2011–12 revealed a number of flaws in
these new arrangements. This was most obvious in the Victorian Murray region, where the new
rights created significant externalities, resulting in an inefficient and inequitable allocation of
water (NWC 2011c). In response, the Victorian Government commissioned a review of its water
storage rights, and announced a number of rule changes to take effect in 2013–14 (Victoria DSE
2012a; Walsh 2012a).
Another development motivating interest in water storage rights reform is the emergence of
large environmental water holders. Increased ownership of water by environmental users will
provide an important test for property rights systems designed primarily for use by irrigators.
One question is whether existing rights are sufficiently flexibility to satisfy the unique needs of
environmental water holders. Further, some stakeholders have raised concerns that with poorly
defined storage rights, environmental storage reserves could have external effects on irrigators
(CEWH 2011).
Australian Government agencies are increasingly showing interest in reform of water storage
rights. The Australian Consumer and Competition Commission (2010) report on water trading
rules recommended continued expansion of storage rights reforms, while the Productivity
Commission (2010) report on water buybacks recommended further research on the topic that
ultimately led to a study commissioned by the National Water Commission (Barma Water
Resources 2011).
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Case studies
This report draws on the experience of four representative irrigation regions in the Murray–
Darling Basin: Murrumbidgee, Goulburn, Namoi and St George. The report provides a
description of the water storage right and allocation arrangements that operate in each region
drawing on relevant legislation (such as water sharing plans) and a detailed commentary on the
performance of these arrangements using historical data for the period 1995–96 to 2010–11
(where available).
These regions were chosen to be representative of four broad alternative approaches to storage
rights in the Murray–Darling Basin, namely:


annual allocation with carryover (Murrumbidgee)



annual allocation with spillable water accounts (Goulburn)



continuous accounting (Namoi)



capacity sharing (St George).

Some distinguishing features of these arrangements are summarised here.
Under centralised allocation systems (Murrumbidgee, Goulburn and Namoi) a central (state
government) agency determines the volume of water made available for use (the allocation) in
accordance with a water sharing plan. Allocations to entitlement holders are only made after
water has been set aside for non-entitlement or rules-based requirements. In contrast, under
decentralised (inflow sharing) systems (St George) users are automatically credited with a share
of inflows.
Under annual accounting systems (Murrumbidgee and Goulburn) allocations are made
cumulatively throughout the year as inflows are received. At the end of the water year annual
use is deducted from allocation accounts. Rules about accumulation (for example, carryover) of
any unused allocations between years vary across systems. In continuous accounting and
capacity sharing systems (Namoi and St George) water use is deducted from user accounts each
accounting period (for example, monthly or daily), and unused allocations automatically
carryover between accounting periods.
Some specific features of the four representative systems are:


Annual allocation with carryover (Murrumbidgee)—Unused allocations can be carried over
between years subject to an annual carryover limit (30 per cent of entitlement). User
allocation account balances are subject to a maximum limit (100 per cent of entitlement). All
storage and delivery losses are centrally managed (that is, losses are not internalised).



Annual allocation with spillable water accounts (Goulburn)— Allocations exceeding the
account limit (100 per cent) enter a spillable water account. The spillable water account only
becomes accessible when the central manager declares a spill unlikely. If it is determined
that a spill is likely, any actual storage spills are deducted from spillable water account
volumes and reallocated to other users. There is an annual (5 per cent) storage loss
deduction. This description does not include changes to take effect in 2013–14.



Continuous accounting (Namoi)—Continuous accounting systems involve more regular
water use accounting. In the Namoi, water allocation accounts are updated each month to
reflect both additional inflows and withdrawals. While these accounts are subject to
maximum limits (200 per cent of entitlement in the Namoi), there are no carryover limits. All
losses are centrally managed.
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Capacity sharing (St George)—In contrast to annual allocation and continuous accounting
systems, capacity sharing does not involve centrally determined allocations; rather, users
are entitled to a percentage of storage inflows and storage capacity. User accounts are
updated daily to reflect inflows, usage, and storage and delivery loss deductions.
Reconciliations between physical storage volumes and user storage accounts occur monthly.

General findings






With annual water use accounting it is difficult to internalise storage capacity constraints,
regardless of the storage rules adopted (for example, carryover limits or spillable water
account).
−

With annual accounting the balance of user allocation accounts will differ significantly
from actual storage levels during the water year. As such, limits on allocation volumes
are not capable of providing accurate signals about prevailing storage airspace.

−

In the Murrumbidgee and Goulburn systems annual accounting necessitates introduction
of artificial restrictions. The Murrumbidgee adopts an annual carryover limit while the
Goulburn involves a system of declarations. These restrictions would not be necessary
with more frequent water use accounting.

−

The limitations of annual accounting systems were demonstrated during spill events in
the Victorian Murray in 2010–11 and 2011–12. In particular, user storage volumes were
not constrained, despite binding state storage constraints, leading to substantial
externalities and third party effects.

−

Continuous accounting (monthly use accounting) and capacity sharing (daily use
accounting) represent significant improvements over annual accounting.

Setting allocation limits that reflect total storage capacity can effectively internalise capacity
constraints if accompanied by regular water use accounting.
−

Allocation account limits in most Murray–Darling Basin systems tend to be set arbitrarily
in relation to storage capacity, and are not an accurate reflection of physical storage
capacity.

−

It may be necessary to define separate property rights to individual storages in some
multiple storage systems (such as the Namoi).

−

Capacity sharing explicitly defines user account limits as percentage shares of physical
storage capacity.

Complex centralised allocation systems can induce significant and unnecessary uncertainty
over allocation volumes for entitlement holders.
−

This uncertainty can be caused by variation in rules based requirements, centralised
losses, infrequent inflow accounting and changes to water sharing plans over time.

−

Automated inflow sharing adopted under capacity sharing provides greater
transparency.



The extent and accuracy of loss deductions varies significantly across regions. While the
Goulburn and Victorian Murray systems impose a storage loss deduction it remains
relatively simplistic. More accurate storage deductions (that vary by month and with storage
levels) are adopted at St George.



In general the capacity sharing concept represents an exclusive, flexible and transparent
system of water property rights. While the St George system represents a successful
implementation of capacity sharing, it is not perfect and there remains scope for refinement.
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Policy options


In practice defining accurate water property rights is a difficult and costly task. Water
agencies are required to strike a pragmatic balance between maximising allocative efficiency
and minimising the costs of establishing and maintaining water right systems.



With this in mind this report identifies a number of incremental reform options for each case
study region. These reforms are intended to represent the most achievable (low cost) and
potentially most useful (greatest efficiency gain) reforms for each region. In practice any
reforms would require a detailed consideration of benefits and costs.



While rule changes are to take effect in the Goulburn system in 2013–14, these changes
(including an annual carryover limit) do not address the fundamental limitations identified
in this report. As such, the reform options identified for the Goulburn system remain
relevant.

Murrumbidgee:


adoption of more frequent (that is, continuous) water use accounting



removal of annual (30 per cent) carryover limit



adjustment of allocation account limit to better reflect storage capacity



allocation trade volumes to count towards account limit.

Goulburn:


adoption of more frequent (that is, continuous) water use accounting



allocation trade volumes to count towards allocation account limit



refinement of storage loss deductions.

Namoi:


more frequent (that is, sub-monthly) water accounting (for inflows and use)



adoption of a formal reconciliation process



introduction of user level storage loss deductions.

St George:


separate (that is, unbundle) storage capacity and inflow rights



extend capacity sharing to rules based water (that is, environmental account)



refine loss deductions (particularly delivery losses).

Further research
Some important areas remain for further research including:


The potential for separately tradeable (unbundled) storage capacity rights to provide users
with greater flexibility. This may be particularly useful for users with atypical water and
storage capacity demands, such as environmental managers and flood mitigation agencies.



The relative merits of spillable water accounts and storage capacity rights. The incentives
provided by these alternative approaches differ subtly and may have implications for
allocative efficiency.

The value of storage spills. In practice spills have a range of benefits and costs to downstream
parties, including other consumptive users, private landholders and the environment. These spill
values may have implications for design of water storage rights
xi

Glossary
Airspace

The difference between maximum storage capacity and the
current volume of water in storage.

Allocation

The volume of water allocated to a water entitlement holder in a
given season, usually expressed as a percentage of nominal
entitlement.

Allocation account limit

The maximum volume of water that can be held in a water user’s
account, usually expressed as a percentage of entitlement
volume.

Annual water use accounting A water accounting system where water use is only deducted on
an annual basis.
Basin Plan

A plan developed by the Murray–Darling Basin Authority, for the
integrated and sustainable management of water resources
across the Murray–Darling Basin, to be adopted by the Minister
under the Water Act 2007 (Cwlth).

Capacity constraint

The maximum amount of water that can be held in the existing
storage.

Capacity sharing

An alternative water accounting system, which defines storage
access in terms of shares of dam capacity, inflows and outflows
(and includes deductions for evaporation and seepage losses).

Carryover rights

Allow users to transfer unused water allocation between
accounting periods.

Consumptive use

The use of water for private benefit including irrigation,
industry, urban and stock and domestic use.

Continuous water use
accounting

A water accounting system where water use is deducted more
frequently than annually, such as monthly or daily.

Conveyance losses

Water evaporation and seepage from surface water courses and
water transportation facilities such as irrigation channels.

Effective storage capacity

Total storage capacity less any volume of water that can not be
physically released (known as dead storage).

Entitlement

An entitlement to access water in each irrigation season,
specified in volumetric terms or as a share of a specified
consumptive pool.

Environmental flow

A water release from storages to improve or maintain river,
wetland or estuary ecosystems,

Environmental manager

An agency or individual with managerial responsibility for
making decisions over environmental flows.
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Externality

Occurs when a side effect of a decision by an individual (or
business) affects another party’s wellbeing, but that effect is not
taken into appropriate account by the decision maker.

Internal spill

Occurs when a user reaches their allocation account limit and
further allocations are forfeited to other users

Opportunity cost

The forgone benefits from the next best alternative use of a
resource.

Spill

Occur when storages reach maximum capacity and further
inflows spill uncontrolled downstream

Spillable Water Account

A water accounting system , where users are subject to spill
forfeiture rules, rather than allocation account limits. Spill
forfeiture rules involve account deductions in proportion to
physical storage spill volumes.

Storage capacity

The total volume of water that can be stored in a dam. This will
be greater than effective storage capacity.

Third party effect

see Externality

Storage rights

A right which allows a user to maintain a private storage reserve
in a public water storage. Implicitly or explicitly reflecting a right
to a share of storage capacity in a reservoir.
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1 Introduction
The variability of water supply in the Murray–Darling Basin has been demonstrated
dramatically in recent times , with the Millennium drought in the 2000s being followed by major
flooding in many parts of the Basin in 2010–11. According to climate change modelling, the
outlook is reduced average availability and increased variability relative to the historical record
(CSIRO 2007).
In the Murray–Darling Basin large public water storages play a vital role in smoothing variability
in water supply. Historically, state governments have centrally managed water storages. But, in
practice, centrally managing major water storages is difficult, particularly given the diversity
and changing composition of user preferences, including those of irrigation, town and
environmental users.
An increasing trend has been toward decentralised (market based) management of water
storages through definition of user-level storage rights (also known as carryover rights). These
rights allow individual water users to make private water storage decisions based on their
particular water requirements. While storage rights are now commonplace in the Basin, they are
implemented in widely varying forms across jurisdictions and river basins.
As with all aspects of water property rights, the way in which water storage rights are defined
has important implications for the efficiency and equity of water allocation. Poorly defined
storage rights can result in significant externalities or ‘third party effects’, which create perverse
incentives and unfairly reallocate water across users.
Progress in reforming water storage rights in the southern Murray–Darling Basin has been
significant since the mid 2000s. This has been accompanied by significant research into water
storage rights (ACCC 2010; Barma Water Resources 2011; Brennan 2008; Hughes & Goesch
2009a, b; Productivity Commission 2010).
Two major developments have motivated interest in water storage rights reform: an increase in
the variability of water supply and the emergence of environmental water holders. Increased
environmental ownership of water will provide an important test for property rights systems
designed primarily for use by irrigators. For example, some stakeholders have raised concerns
that environmental water storage reserves could have external effects on irrigators given poorly
defined storage rights (CEWH 2011).
This report provides an analysis of the varying forms of water storage right and allocation
arrangements that are observed within the Murray–Darling Basin. It seeks to define and
compare major alternative approaches, particularly the degree to which they promote efficient
allocation of water across users and time. The report provides critical assessment of the four
main approaches used in the Murray–Darling Basin drawing on the experiences of four
representative water supply systems:


Murrumbidgee (southern New South Wales)—Annual allocation with carryover rights



Goulburn (northern Victoria)—Annual allocation with spillable water accounts (SWAs)



Namoi (northern New South Wales)—Continuous accounting



St George (southern Queensland)—Capacity sharing.

Chapter 2 provides background detail on water storage rights reform in the Murray–Darling
Basin. Chapter 3 outlines the basic economic principles that underlie water storage
1

management, including the potential advantages of storage rights and the consequences of
poorly defined rights. Chapter 4 defines the main alternative storage right and allocation
arrangements observed in the Murray–Darling Basin. Chapters 5 to 8 present the four case
studies and Chapter 9 compares the relative merits of these alternative arrangements drawing
on the findings of the case studies. Chapter 10 considers some directions for future research.
Chapter 11 presents the study’s main conclusions.
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2 Background
Water supply and irrigation in the Murray–Darling Basin
The Murray–Darling Basin covers an area of more than one million square kilometres across
four states in south-eastern Australia, incorporating the catchment areas of the Murray and
Darling rivers and their tributaries. Rainfall, runoff and river flows within these catchments are
highly variable (Figure 1).

Figure 1 Murray River natural flows (pre development) and diversions (current
development), 1895–2009
12 000

Natural flow
Total diversion

10 000
8 000
6 000

4 000
2 000
GL
1895 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005
Note: These are modelled time series data
Data source: MDBA 2012

Development of an extensive network of water storages on the Murray–Darling Basin’s major
rivers has provided a means of smoothing the variability of water supply for consumptive users
(Figure 1). Public water storages in the Basin have total capacity of around 22 611 GL
(Productivity Commission 2010), compared with mean annual inflows of 10 900 GL (MDBA
2010).
Irrigated agriculture is the primary user of water in the Murray–Darling Basin; around 80 per
cent of consumptive water use in the Basin occurring in the agricultural sector. In 2005–06
irrigated agriculture in the Basin produced around $5.5 billion of food and fibre products,
accounting for around 28 per cent of the value of Australia’s fruit and vegetable production,
52 per cent of grape production, 27 per cent of dairy production, 85 per cent of cotton
production and 100 per cent of rice production (ABS 2008).

Environmental water policy
Intensive regulation of river systems has substantially altered natural river flows, reducing
average flow and decreasing natural flow variability. These changes have had significant
consequences for the Murray–Darling Basin’s riverine ecosystems. Over a couple of decades
governments have adopted a range of polices aimed at limiting consumptive water use to
restore the Basin’s environmental health.

3

In particular the recent Murray–Darling Basin Plan aims to reduce consumptive surface water
diversions by 2750 GL. This water is to be held by the Commonwealth Environmental Water
Holder (CEWH) and to be actively managed (released from storage) to achieve environmental
benefits.
The nature of environmental water use will differ significantly from that of traditional
consumptive users (Nguyen et al. 2013). In general, environmental releases will be attempting
to restore natural flow variability, including generation of periodic high flow events.

Water property rights and trading
Well developed markets for water now exist in the Murray–Darling Basin, allowing consumptive
(and environmental) users to trade water rights both within and across regions. At the peak of
the Millennium drought water markets facilitated substantial adjustment within irrigated
agriculture, reallocating large volumes of water across activities and regions, in particular from
annual crops to perennial horticulture (NWC 2011b).
Well-specified water property rights are necessary for well-functioning water markets.
Regulated water rights provide individual users (such as, irrigation farmers, towns,
environmental water holders) with a share of water held in public storages. The detailed
definition of water property rights is largely the domain of state and territory governments. In
practice, specification of water rights can vary significantly across catchments and jurisdictions.

Water storage rights
Management of water storages involves ongoing consumption–storage decisions: how much
water to use now and how much water to retain in storage for the future. Historically, major
water storages have been centrally managed by state government agencies or water utilities.
An important step in the evolution of water property rights has been establishment of user level
storage rights (also known as carryover rights). These storage rights allow users to maintain
private storage reserves within public water storages, partially (and in some cases completely)
decentralising the storage decision. Approaches to defining water storage rights differ
significantly across the Basin, particularly in how they reflect storage capacity constraints.
Substantial progress in implementing water storage rights in the southern Murray–Darling
Basin has been made in the past decade. Carryover rights were introduced in Victoria and South
Australia in 2007 (initially as a temporary drought measure but permanent rights have
subsequently been introduced) and in 2009–10 New South Wales relaxed limits on carryover in
a number of regions.
The flood events of 2010–11 and 2011–12 highlighted a number of deficiencies in established
storage rights systems, particularly those in northern Victoria (NWC 2011c). The Victorian
Government subsequently commissioned a review of its water storage rights arrangements
(Victoria DSE 2012a). On the back of this review the government announced a number of
changes for northern Victorian storage rights systems, to take effect in 2013–14 (Walsh 2012a).

Policy developments
Australian Government agencies have been increasingly interested in reform of water storage
rights. ABARE research (Hughes & Goesch 2009a) outlined the motivation for a decentralised
approach and contrasted the concept of capacity sharing (Dudley & Musgrave 1988) with that of
4

traditional carryover rights. Hughes and Goesch (2009b) then provided a detailed description of
the capacity sharing arrangements introduced in southern Queensland.
The Australian Competition & Consumer Commission considered water storage rights in its
trading rules report, recommending use of continuous accounting, capacity sharing, and
spillable water accounts with no limits on carryover volumes (ACCC 2010). The Productivity
Commission (2010) highlighted the importance of storage rights to environmental water
holders. The Productivity Commission (2010) recommended the National Water Commission
undertake a study to examine the suitability of capacity sharing, spillable water accounts and
other arrangements across different regions.
In December 2011 the National Water Commission released a study on water allocation and
storage right arrangements (Barma Water Resources 2011). This report provides a detailed
stocktake of water allocation and storage right arrangements across Australian irrigation areas,
but provides limited critical comparison of alternative approaches.
One factor motivating this interest in water storage rights is entry of large environmental water
holders into the market. Establishment of private storage reserves may be an important
mechanism for environmental managers (such as the CEWH) to cost effectively satisfy
environmental objectives (Heaney et al. 2012; Nguyen et al. 2013). However, many stakeholders
are concerned that existing water storage rights may not be adequately suited to
accommodating environmental managers’ unique demands (CEWH 2011).
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3 Water storage management
The goal of water resource management is to maximise the social value of water resources. This
involves achieving an efficient allocation of available water across users at each point in time
(spatial efficiency) and across time periods (temporal efficiency).
A key mechanism for achieving spatial efficiency is water trading. Water trading within and
across regions helps ensure water is allocated to its highest value uses. Temporal efficiency, on
the other hand, is achieved through appropriate water storage decisions.
The definition of water storage rights has important implications for both the temporal and
spatial efficiency of water allocation. This chapter outlines the potential efficiency benefits from
introducing water storage rights, as well as highlighting some problems that can arise when
storage rights are poorly defined.

Role of water storages
Water storages smooth variability in supply and value of water by facilitating transfer of water
from periods of high availability (where water has a relatively low marginal value) to periods of
low availability (where water has a relatively high marginal value). In so doing, storages
increase the value of water use over time.
In theory the most efficient level of storage occurs where the marginal benefit of water use
equals the expected marginal benefit of water storage. This requires accurate assessment of the
marginal benefits of using water now (the market demand curve) and the expected benefits of
storing water for use in the future (which will depend on expected future inflows, expected
future water demands and storage capacity constraints and losses) (Figure 2).

Figure 2 Efficient level of water storage

Motivation for water storage rights
A centralised storage management approach can suffer from limited information on current and
expected future water user demands. As a result, centrally determined storage reserve policies
can be suboptimal. Brennan (2008) and Hughes and Goesch (2009a) illustrate how suboptimal
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storage policy (specifically inefficiently low annual storage reserves) can significantly increase
costs of dry years to the irrigation sector.
The definition of user level storage rights enables individual users to make water storage
decisions that incorporate private information on current and expected future water demands.
This decentralised approach may result in storage reserves that more closely reflect water users’
preferences, improving the temporal efficiency of water allocation.
A centralised approach may require significant seasonal (spatial) trading of water to achieve an
efficient allocation of water across different users (Freebairn & Quiggin 2006; Hughes & Goesch
2009a). This may inhibit efficiency where water markets are subject to significant transaction
costs. Storage rights can help users reduce their reliance on water trading by adopting storage
reserve policies that better match their specific water reliability needs.
Centralised storage management regimes can be slow and complex, leading to delays and
uncertainty for water users (Hughes & Goesch 2009a). In practice, the storage reserve/water
allocation rules central managers implement may be somewhat unpredictable to end users,
creating additional uncertainty over water availability (as well as that already faced due to
climate variability). This uncertainty is detrimental to users, as it complicates planning decisions
and discourages investment.

Defining water storage rights
As with all aspects of water property rights, the way in which water storage rights are defined
has important implications for the efficiency of water allocation. In particular it is important that
property rights accurately reflect hydrological constraints. Where this occurs, water property
rights will tend to be exclusive, with all benefits and costs associated with these rights accruing
solely to the water holder.
Given the complexity of hydrological systems, defining rights to water is difficult and costly.
Where water rights are imperfectly defined, water trade and use decisions can have external
effects on other water users. These externalities or third party effects result in inefficiencies in
water allocation and can lead to an inequitable redistribution of water across users.
In practice, water reform decisions involve a trade-off between the benefits of defining rights
that more accurately reflect hydrological reality and the costs of establishing and maintaining
these rights.

Storage capacity constraint externality
An important issue with water storage rights is how accurately they reflect (internalise) storage
capacity constraints. For example, if no limits are placed on user storage volumes, users will not
take into account the costs of storage spills.
In Figure 3 the private value of water storage is higher than the true value (if all costs associated
with storage were accurately reflected). This results in inefficiently high storage levels (Se
compared with S*), since users are ignoring the costs of storage spill events.
The magnitude of this inefficiency would depend on the hydrology of the particular region.
Where the risk of future spills is high, the costs from not internalising storage capacity
constraints would be more significant.
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Figure 3 Private and social water storage demand

These externalities also have important equity implications. Where no limits are placed on
storage, the storage decision of any one user can affect the volume of water all other users of the
same storage receive. This is illustrated by way of a stylised example in Figure 4.

Figure 4 Equity implications of the storage capacity constraint externality

In Figure 4 two users (User 1 and User 2) are entitled to an equal share of water inflow in a
given season. In Case A, an empty storage receives its maximum inflow (100 ML) and each user
is allocated 50 ML. In Case B the storage contains an initial reserve of 20 ML, held by User 2. In
this case only 80 ML of the 100 ML inflow is captured by the storage (a 20 ML spill occurs).
Under Case B, User 1 is allocated 40 ML while User 2 is allocated 60 ML. User 1 would have
received 10 ML more water if User 2 had not held a storage reserve.
Externalities and inefficiency would also arise if too low a limit were placed on user storage
volumes (if limits on storage were less than available storage capacity). The private value of
storing water would be below the true value, and too little water would be stored (the opposite
situation to that depicted in Figure 3). The equity implications would also be reversed (relative
to Figure 4) with high storage users having a positive effect on the account volumes of low
storage users.

Storage rights and water allocation arrangements
Internalising the storage capacity constraint requires property rights that effectively ration
available storage airspace. Airspace is the difference between the maximum storage capacity
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and the current volume of water in storage. As such, the property rights framework requires
both an accurate specification of storage capacity (that is, storage rights) and the current volume
of water in storage (that is, water rights).
As such, the issue of defining water storage rights is more general than just defining rights to
storage capacity, but includes how rights to physical water (that is, inflows and storage volumes)
are defined. As with storage rights, approaches to water allocation vary significantly across
jurisdictions. In this report the specification of rights to inflow and water in storage are referred
to as water allocation arrangements.
In practice, a capacity constraint may not be effectively internalised even where accurate storage
capacity rights are defined if the water allocation arrangements are inaccurate. For example, if
water allocation accounting (for inflows and outflows) occurs at periodic intervals (say annually
or monthly) differences may arise between the physical volume of water in storage and the
volume reflected in user property rights.
A common problem is that water use (outflow) is often only deducted from user allocation
accounts once a year (annual water use accounting). In this case user withdrawals have no effect
on account levels (and airspace) within that year so users have no incentive, in the short term
(within the year), to consider the effect of their storage volume on spills.
Storage levels can change rapidly and spills tend to be limited to brief events often lasting a few
days or weeks. As such, water allocation arrangements that accurately reflect this short-term
variation will provide more accurate signals about storage capacity constraints.

Assessment framework
Three assessment criteria are defined to evaluate alternative storage right and water allocation
arrangements: exclusivity, flexibility and transparency. An ideal set of water property rights
would satisfy all three.


Exclusivity: Well-defined water property rights will accurately reflect the physical realities
of underlying water supply systems. In doing so they will minimise externalities and
increase the efficiency of spatial and temporal water allocation. Key externalities considered
in this study include the effect a water user’s storage levels have on the risk of a spill and on
storage evaporation losses.



Flexibility: Subject to the exclusivity requirement, water property rights will provide users
with maximum flexibility to manage their water resources in ways that reflect their specific
preferences and requirements. Any artificial constraints on water trading or water storage
decisions are removed to allow water to be allocated to activities with the highest marginal
value.



Transparency: Water property right systems and related regulatory rules are clearly
defined and changes to these systems are minimised. Any avoidable (government induced)
uncertainty is minimised.
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4 Alternative water storage right and
water allocation arrangements
This chapter provides generic descriptions of the four main alternative storage management
arrangements observed in the Murray–Darling Basin: annual allocation with carryover rights,
continuous accounting, capacity sharing and spillable water accounts. In practice these are only
broad classifications and their implementation can vary from region to region. Detailed case
studies of the specific arrangements in four representative systems are discussed in the next
chapter.
The focus in this chapter is on defining the key points of difference between the arrangements. A
detailed discussion of the relative merits of these alternatives is in Chapter 9.

Annual allocation
In a centralised annual allocation system, water entitlement holders receive an annual water
allocation (a volume of water available for use in that year) specified as a percentage of
entitlement volume. An appointed resource manager (typically a state government agency or
water utility) determines annual allocations in accordance with legislated water sharing plans.

Determination of water allocations
In essence, water allocations are based on an assessment of available water (for example,
storage levels) less other non entitlement water commitments less any desired storage reserve.
In systems with carry water rights, this calculation would also deduct any previous periods
carryover volumes from water available for allocation. Initial allocations (typically on 1 July) are
based on initial storage levels and often forecasts of minimum annual inflows. Allocations are
updated periodically, increasing as new inflows are captured in storage, up until the end of the
water year (typically 30 June).
Allocations to entitlement holders depend on a range of non-entitlement or rules-based water
requirements. Rules-based water requirements often include environmental flows, water for
towns and system losses. Rules-based water tends to take priority, with allocations only made to
entitlement holders once enough water is available to satisfy rules-based commitments.
There is commonly an upper limit on the volume of allocations that can be announced in a given
year, typically 100 per cent of entitlement volume. Once this limit is reached any further inflows
within that year effectively contribute to a storage reserve for the subsequent year.

Water use accounting
Entitlement holders can use announced allocations at any time within the year. During the year,
water use is monitored to ensure year-to-date use is always less than current allocation level.
However, water allocation accounts are only updated to reflect this use annually.
In the absence of carryover rights, any allocation the entitlement holder does not use (or trade)
by the end of the water year is forfeited. Forfeited water returns to the common pool and is
shared across users in the form of higher allocations in future seasons. Users have an incentive
to minimise forfeited water by consuming allocations within the year.
At any point during the water year allocation percentages will be reflective of the beginning-ofyear storage level plus year-to-date inflows. As such, allocation levels will not be reflective of
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prevailing storage levels, which will depend both on year-to-date inflows and year-to-date
outflows.

Unlimited carryover
Unlimited carryover rights permit entitlement holders to transfer all unused water allocation
into the next water year. This carryover water is typically available for use at the beginning of
the next water year, although access to carryover may be conditional on approval of the
resource manager.
In the absence of any other limits, such as allocation account limits, unlimited carryover rights
do not take into account storage capacity constraints or storage losses and are therefore subject
to externalities (Hughes & Goesch 2009a). Unlimited carryover rights have been adopted in the
past but are not observed in the Murray–Darling Basin at present.

Limited carryover
Limits on the volumes of water that can be carried over between water years are a more
common arrangement. Typically these limits, like water allocations, are specified as a percentage
of water entitlement volume. For example, with a carryover limit of 30 per cent, a user with 50
per cent unused allocation receives 30 per cent carryover volume and forfeits 20 per cent. These
limits do not reflect storage capacity constraints; instead they represent an arbitrary restriction
on transfer of allocations between accounting periods.

Annual allocation account limit
An annual allocation account limit is a limit on the volume of annual allocation (including
carryover volume) that an entitlement holder can accrue within a water year and is typically
specified as a percentage of entitlement volume, commonly 100 per cent. For example, an
entitlement holder with carryover (from the previous year) of 30 per cent would forfeit 20 per
cent in a year where there is a 90 per cent allocation.
An annual allocation limit can be interpreted as an implicit approximation of the physical water
storage capacity constraint. An annual allocation system with an appropriate account limit (that
is, one that reflects storage capacity) and unlimited carryover could be considered a more
efficient alternative to unlimited or limited carryover rights.
However, such an approach still does not reflect hydrological reality. A key issue is that water
allocation levels are an inaccurate proxy for water storage levels in a system that uses annual
water use accounting. While water allocations are regularly updated to reflect inflows, water use
is only deducted from allocation accounts annually.
Therefore an allocation account limit will not internalise the spills or losses associated with
short run (within year) storage decisions. So, a user that holds allocations in storage until the
end of the year is treated the same as a user that withdraws water at the beginning of the year.
Box 1 describes two scenarios showing the potential for external effects under annual water use
accounting.

Accounting for losses
Under an annual allocation system, all storage and delivery losses are centrally managed.
Typically water is set aside (either under the rules-based arrangements or bulk water
entitlements) at the beginning of the water year to cover expected annual storage and delivery
losses. End users are not subject to any loss deductions.
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Box 1 External effects due to annual water accounting
The below scenarios demonstrate the possibility for external effects under annual water use accounting.
Consider a storage with a capacity of 100 units, and two entitlement holders—A and B—each with 50 unit
entitlements. The system operates under an annual allocation framework with an allocation account limit of 100 per
cent of entitlement volume.
Storage levels at the beginning of the season are 100 per cent, and each user receives a 100 per cent initial allocation.
Inflows of 100 units occur in a single event in the middle of the water year.
Scenario 1:

Users A and B consume 50 units each early in the year
Storage = 0 units
The inflow event occurs
Storage = 100 units
The opening allocation in Year 2 is 100 per cent (50 units each)

Scenario 2:

User A consumes 50 units early in the year
Storage = 50 units
The inflow event occurs, there is a 50 unit spill.
Storage = 100 units
User B consumes 50 units late in the water year.
Storage = 50 units
The opening allocation in Year 2 is 50 per cent (25 units each)

In Scenario 2 user B’s decision to hold water allocations in storage until late in the water year contributes to a spill
event, which leads to lower allocations for both users the following year.

Continuous accounting
Continuous accounting is an approach implemented in a number of northern New South Wales
irrigation areas. Water use is deducted from user allocation accounts at monthly or fortnightly
intervals. At the end of each accounting period, allocations (inflows) are credited to and water
use debited from user accounts, with the remaining balance automatically carrying over to the
next period (that is, unlimited carryover).
In essence, a continuous accounting system operates as an annual allocation system with an
allocation account limit and no carryover limit, just with more frequent water use accounting.
The concept of a water year now becomes irrelevant, except where used to enforce a use limit.
The primary advantage of a continuous accounting system is that water allocation account levels
are now a more accurate proxy for prevailing water storage levels. As such, an allocation account
limit has the potential to better internalise the storage constraint.

Annual water use limit
Under a continuous accounting system no limits are typically placed on the maximum allocation
within a water year. As such, users could increase their annual water usage above entitlement
volume. This differs from annual allocation systems, which typically limit annual allocations to
100 per cent of entitlement volume. Making the transition from an annual to a continuous
system could then lead to an increase in long run average water use (and a reduction in long run
average storage spills).
In practice this outcome may be undesirable since it can erode the explicit or implicit rights of
unregulated users, downstream water systems and the environment to storage spills (Hughes &
Goesch 2009b). Annual limits on water use are typically necessary to ensure compliance with
basin-wide regulations. As such, a continuous accounting system is typically associated with an
annual use limit specified as a percentage of entitlement volume (commonly 100 per cent).
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Capacity sharing
Capacity sharing is an approach to water property rights in regulated river systems originally
proposed by Dudley and Musgrave (1988). In a capacity sharing system water users own explicit
shares in storage capacity and storage inflows and face storage and delivery loss deductions.
Under capacity sharing, users are assigned a water storage account similar to a water allocation
account. User accounts are continually credited with a share of inflows as they are received,
typically on a daily basis. For example, after a day with total storage inflow of 100 ML, a user
with a 1 per cent inflow share would automatically receive a credit of 1 ML. Water accounts are
debited following any water orders users make, potentially on a daily time step.
A user’s share of storage capacity is also the maximum balance of their water storage account.
When a user storage account balance reaches this maximum, any further inflows are forfeited
(referred to as an internal spill) and this water is then shared across other users in accordance
with inflow shares (see, for example, Figure 5). Users have an incentive to minimise internal
spills and can use or trade water before their account reaches capacity.

Figure 5 Illustration of internal spills under capacity sharing

Capacity sharing provides a set of water property rights that more closely reflect hydrological
constraints. Water property rights are explicitly linked with estimates of total storage capacity
and prevailing storage volumes. Capacity sharing typically involves a system of periodic
reconciliations to ensure the aggregate balance of user accounts is consistent with the volume of
water held in storage.
A defining feature of capacity sharing arrangements is the absence of centralised allocation
determination. Instead, inflows are credited to users automatically. An effective inflow sharing
system requires all water users (entitlement and rules based) to be included in the property
rights framework and the introduction of a formal reconciliation process.

Accounting for losses
Under a capacity sharing framework users face individual deductions for storage and delivery
losses. Deductions include estimated marginal delivery losses associated with transporting
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water orders from storage to point of use. As well, water storage accounts are continually
debited with an appropriate share of total storage losses.

Separation of storage capacity and inflow rights
Under capacity sharing, water storage capacity and inflow shares may be bundled as a single
right or as separated rights that facilitate distinct markets for water storage capacity (airspace)
and future inflows.

Annual water use limit
Capacity sharing will also typically involve an annual (water year) use limit. Further, this use
limit can be specified as a distinct right (separate from capacity and inflow rights), allowing
trade across users in water use limit credits.

Complex water supply systems
This paper focuses on the definition of property rights in relatively simple water supply systems
that can be approximated as a single water source/storage. In theory the concept of capacity
sharing can be generalised to more complex systems involving multiple water sources and
storages (Hughes 2010).
A capacity sharing approach has the potential to more accurately reflect multiple storage
systems relative to a centralised allocation system. For example, it could involve allocating users
separate storage and inflow rights for each water storage in an irrigation supply system (Hughes
2010), although such an approach has yet to be implemented.

Spillable water accounts
Under a pure spillable water account approach, users face no limit on the volumes of
water/allocation that can be accumulated and have no limit on carryover between accounting
periods. Instead users are subject to account forfeiture rules in the event of storage spills.
Typically these rules specify account deductions in proportion to the balance of each user’s
account. For example, following a spill event of 20 ML, a user holding 90 per cent of total water
in storage, would face a deduction of 18 ML (Figure 6).

Figure 6 Illustration of spill forfeiture rules under spillable water accounts
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These spill rules provide signals to users about storage capacity constraints in the absence of an
account limit or explicit storage capacity right. The incentives provided by spillable water
accounts differ subtly from those of storage capacity rights (see Chapter 10). A detailed
consideration of the differences between these approaches is a subject for future research.

Hybrid arrangements
In practice, no Murray–Darling Basin system implements a pure spillable water account
arrangement. Instead, spillable water accounts are usually introduced in combination with an
annual allocation, continuous accounting or capacity sharing system, a central case being the
northern Victorian irrigation areas.
Under this hybrid approach, water/allocations are only held in a spillable water account once a
user’s storage capacity/allocation account limit has been reached. Only water within spillable
accounts is subject to defined spill forfeiture rules. In the event of a spill, any forfeited water is
redistributed to any other users still operating below their capacity share/water account limits.
Actual spillable water accounts tend to maintain the characteristics of their parent water
accounting arrangements. For example, the frequencies of water inflow and water use
accounting generally reflect that of the underlying annual allocation, continuous accounting or
capacity sharing system.

Accounting for losses
A spillable water account model may also be implemented with deductions for storage
evaporation losses similar to those of a capacity sharing system, although deductions for
delivery losses are typically not included.
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5 Murrumbidgee case study
Region summary
The Murrumbidgee River is located in southern New South Wales. The major storages are the
Burrinjuck and Blowering dams, providing a combined storage capacity of 2560 GL.

Map 1 Murrumbidgee region

Total inflows averaged around 2100 GL per year between 1995 and 2011 (Table 1).
Murrumbidgee inflows are winter dominant, peaking in July and August. Blowering Dam
receives releases from the Snowy Mountains Hydro-Electric Scheme. While generally reliable,
Blowering inflows decreased substantially as a result of drought, particularly between 2006–07
and 2008–09.

Table 1 Storage capacity and inflows in the Murrumbidgee region, 1995–2011
Water storage

Storage
capacity (ML)

Dead storage
(ML)

Effective
storage (ML)

Mean annual
inflows a (ML)

Standard
deviation of
annual inflows a
(ML)

Burrinjuck Dam
Blowering Dam

1 026 000
1 631 410

3 250
23 990

1 022 750
1 607 420

755 729
1 379 457

553 811
454 966

Total

2 657 410

27 240

2 630 170

2 135 186

742 582

Note: a average over the period 1995–96 to 2010–11
Data source: NSW Office of Water 2010

These storages supply some of the largest irrigation areas in the Murray–Darling Basin,
including the Murrumbidgee and Coleambally irrigation areas. The Murrumbidgee irrigation
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areas are dominated by annual (summer) cropping, particularly rice, with other activities
including grapes, citrus, vegetables, and pasture and hay production (Ashton & Oliver 2012).
Irrigation users hold around 2250 GL of regulated water entitlements (Table 2).

Table 2 Regulated surface water entitlements in the Murrumbidgee region, 2010–11
ML

Entitlement type

356 846

Irrigation – High security

1 888 069

Irrigation – General security

35 938

Stock and Domestic
Bulk – Town

43 355

Bulk – Conveyance

375 968
2 700 997a

Total
Data source: NSW Office of Water 2011 a Includes Aboriginal cultural water and research water

Allocation arrangements
The Murrumbidgee region operates under a centralised annual allocation system. The New
South Wales Office of Water makes allocation decisions in accordance with the water sharing
plan (NSW Office of Water 2010).
Allocations are based on an assessment of water availability—current storage plus lowest
recorded inflows over the remainder of the water year. Allocations are announced twice each
month, although the timing and frequency of announcements can vary.
Under the water sharing plan, rules-based requirements (including environmental flows) take
precedence over allocations to entitlements. The water sharing plan contains various complex
provisions for environmental flow releases (NSW Government 2009). Changes in rules-based
requirements affect allocations to entitlement holders (NSW Government 2009).
Allocations to entitlement holders are based on priorities; town and stock and domestic
entitlements have priority over irrigation, and high security entitlements have priority over
general security entitlements. Allocations accrue to general security entitlements only after high
security allocations reach 95 per cent.
Allocations also depend on expected storage and delivery losses. These losses are socialised
(effectively shared equally across all entitlement holders). Some conveyance losses are assigned
to bulk conveyance entitlements (managed by irrigation corporations), with other losses
remaining outside the entitlement framework.
The water sharing plan contains provision for accumulation of small central storage reserves to
support the reliability of town, stock and domestic, and high security entitlements.
Allocation arrangements have varied significantly over time, with a number of amendments to
the water sharing plan. In particular, rules-based environmental flows have increased a number
of times. The water sharing plan was suspended in 2006–07 in response to extreme drought.
The suspension resulted in significant changes in the allocation process, including temporary
reductions in environmental flows. The water sharing plan was reinstated in 2010–11.

Storage rights
Limited carryover rights were provided to Murrumbidgee general security entitlement holders
in 2000–01. The current carryover limit is 30 per cent of entitlement volume (for each individual
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entitlement), having increased from 15 per cent in 2008–09. Carryover rights were provided to
high security entitlements temporarily during the drought (under the water sharing plan
suspension) but have since been withdrawn.
Under the annual allocation system, water is typically set aside at the beginning of the water
year to support previous year carryover volumes. However, in some cases water may not be
made available and access to carryover may be removed or restricted. In 2008–09 users were
only allowed access to 80 per cent of carryover volumes at the beginning of the water year.
Entitlements are also subject to an annual allocation limit of 100 per cent. Annual allocations
and carryover volumes from previous years count toward this limit, while water allocation
trades do not. For example, trading water allocations out of the Murrumbidgee region does not
free any allocation account space, while allocations traded into the region do not count toward
allocation limits.

Table 3 Summary of water storage rights in the Murrumbidgee region
Effective storage capacity (GL)

2 564

Average inflows (GL) (1995 to 2010)

2 135
2 237

Regulated irrigation entitlements (GL)

No (general security only)

Carryover for all users

30%
100%

Annual carryover limit*
Annual allocation account limit*

No

Water trades count towards account limit*

100%

Water use limit
Storage loss deductions

No

Delivery loss deductions

No

Hybrid spillable water accounts

No

Spill forfeiture rules

No
Bi-monthly

Frequency of inflow/allocation accounting

Annual

Frequency of water use accounting
Centrally determined allocations

Yes

Formal reconciliation process

No

Any additional water utility charges

No

Data source: NSW Office of Water 2010
* Percentage of entitlement

Commentary
This discussion of the allocation and storage right arrangements in the region draws on
hydrological and water allocation data for 1995–96 to 2010–11 obtained from the NSW
Government WaterInfo website and data provided directly by the NSW Office of Water.
Figure 7 shows annual allocations to entitlement holders (including carryover volumes),
combined storage levels and cumulative annual water availability (initial storage plus year to
date inflows less any spills) from 2005–06 to 2010–11. The region experienced extreme drought
between 2006–07 and 2008–09, followed by high inflows in 2010–11, filling and spilling
storages.
The measure of annual water availability is intended to reflect the maximum volume of water
available to be allocated to entitlement holders within the water year. Both allocations and
water availability are cumulative annual measures ( to enable comparison with annual water

18

accounting systems). At the beginning of the water year annual water availability is reset to the
prevailing storage volume, while allocations are reset to carryover plus initial season allocations.

Figure 7 Murrumbidgee water allocations and storage, 2005–06 to 2010–11
5 000

Annual water availability
Storage level
Allocation limit

4 000

Annual allocation
Storage capacity

3 000

2 000

1 000

GL
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Jul 2006

Jul 2007

Jul 2008

Jul 2009

Jul 2010

Data source: NSW Office of Water 2010

Storage rights
General security entitlement holders have accumulated substantial carryover volumes since
2000–01, with total carryover volumes often approaching the region limit (Figure 8). The
carryover limit proved unnecessarily restrictive during the drought (particularly 2006–07 to
2008–09) given high available airspace.

Figure 8 Murrumbidgee carryover limit and total carryover volumes, 2005–06 to 2010–11
40

Carryover
Carryover limit
30

20

10

%

Data source: NSW Office of Water 2010

Carryover limits may be particularly restrictive for environmental water holders given the
‘lumpy’ nature of environmental demands. For example, unlike irrigators, it is possible that
environmental water holders could require little water in some years and multiple years of
allocations in other years.
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In 2010–11 there were reports that carryover limits were binding for the CEWH in the
Murrumbidgee (Hunt 2011). The CEWH made a significant (100 GL) environmental release near
the end of the water year, which may have been motivated by a desire to minimise forfeiture of
water under carryover rules (Hunt 2011).
The Murrumbidgee allocation account limit is an inaccurate representation of the actual capacity
constraint for two reasons. First, due to annual accounting aggregate, water account balances
depart significantly from storage levels within the water year (Figure 7). Under this system
users that withdraw water at the beginning of the year are treated identically to users that hold
water until the end of the year, despite these users increasing storage losses and the risk of
spills.
Second, the 100 per cent limit is arbitrary, and may not be an accurate reflection of available
storage capacity. Given other entitlement and non-entitlement commitments storage capacity
available for general security entitlements may be below 100 per cent of entitlement volume, at
least at certain times. This was illustrated in 2010–11 when general security allocations were
80 per cent (including carryover) during a storage spill event.

Storage and delivery losses
Finally, neither storage nor delivery losses are internalised in the Murrumbidgee system. As
such, users are not provided with any incentive to take into account the effect their storage, use
or trade decisions have on system losses.
In 2009 the New South Wales Office of Water suspended trading out of the region due to
potentially excessive losses associated with delivery of trades to downstream users (New South
Wales Government 2009). Since losses are not internalised, such trades would have had external
effects, reducing the allocations of Murrumbidgee entitlements.

Allocation decisions
For a given level of water availability, allocations to entitlement holders can vary considerably
(Figure 9).
This variation can happen for a number of reasons. Since allocation announcements occur
infrequently, allocations differ from availability on a daily basis. These small delays in water
allocation can be non-trivial for water users, particularly in dry years. For example, weekly
allocation prices varied significantly between 2006–07 and 2008–09.
As well, significant changes occurred in the timing of allocations across the year (Figure 11 and
Figure 12). After controlling for timing effects, variation in the volumes allocated for given
availability levels is still evident (Figure 10). This is partially explained by an increase in
environmental flows, particularly since 2003–04 (Figure 10) (New South Wales Government
2009).
Suspension of the water sharing plan is another source of variation. The New South Wales
Government maintains the right to suspend the water sharing plan under certain circumstances
(such as drought). Suspension of the water sharing plan allows the government to alter water
allocation processes in ways that depart from plan rules.
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Figure 9 Murrumbidgee daily water availability versus allocations, 1995–96 to 2010–11
3 000
2 500

Allocation

2 000

1 500
1 000
500

GL
GL

1 000

2 000

3 000

4 000

5 000

6 000

Water availability
Data source: NSW Office of Water 2010

Figure 10 Murrumbidgee, 1 December water availability versus allocations, 1995–96 to
2010–11
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Under the suspension, rules-based environmental flows were reduced (NSW Government 2009).
While the conditions were particularly extreme, the potential for future plan suspension creates
additional uncertainty. Ideally, reallocation of water between irrigators and the environment
should occur transparently through market trading.
Suspension of the plan also saw a significant change in the timing of allocation increments
within the water year. Before 2006–07 inclusion of minimum inflow forecasts in allocation
volumes resulted in allocations exceeding availability at certain points in the season (Figure 11).
Use of forecasts appears to be an attempt to provide irrigators with confidence over summer
allocation levels. However, this practice has a number of limitations, particularly in times of
unprecedentedly low inflows. In 2006–07 the record dry conditions necessitated a decrease in
water allocations. Since 2006–07 the timing of allocations has been more conservative.
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Figure 11 Murrumbidgee, average allocation over water year, 1995–96 to 2005–06
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Figure 12 Murrumbidgee, average allocation over water year, 2006–07 to 2010–11
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Even under a fixed water sharing plan, variation in allocations for given water availability levels
is still possible. This is because non-entitlement requirements (such as environmental flows,
losses and central storage reserves) are not specified as fixed volumes or shares and can vary
depending on external factors (such as environmental conditions and water trading).

Assessment
Flexibility
The carryover limit in the Murrumbidgee has frequently been binding for individual entitlement
holders. This limit has been unnecessarily restrictive, particularly during drought years when
large volumes of storage airspace have been available.
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Exclusivity
The storage rights do not accurately reflect the region’s storage capacity constraint for at least
four reasons. First, given annual water use accounting, allocation levels can depart significantly
from prevailing storage volumes within the water year. Second, the allocation account limit is
arbitrary and not an accurate reflection of the storage capacity available to entitlement holders.
Third, traded allocations do not count toward the allocation account limit. Finally, in the
Murrumbidgee all losses are centrally managed.

Transparency
Historical data demonstrate significant variation in centrally determined allocations for given
levels of water availability. This variation creates unnecessary uncertainty for water entitlement
holders. This variation occurs for many reasons including small delays in water inflow
accounting, changes in the timing of allocation announcements across the water year, changes to
the water sharing plan over time, temporary suspension of the water sharing plan during the
drought and variation in rules-based water requirements under the water sharing plan. During
the period considered temporary restrictions on trade and on access to carryover volumes were
also applied.

Policy options
The policy options identified below could help address some of the limitations outlined in the
preceding section:


adoption of more frequent (continuous) water use accounting



removal of annual (30 per cent) carryover limit



adjustment of allocation account limit to better reflect storage capacity



allocation of trade volumes to count toward account limit.

A range of other reforms could also yield efficiency improvements. Most notably, the allocation
process could be refined to minimise uncertainty for entitlement holders. This could include
incorporating more rules-based water into the entitlement system, limiting water sharing plan
amendments and removing the possibility of water sharing plan suspension. In addition,
carryover rights could be extended to high security entitlements.
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6 Goulburn case study
Region summary
The Goulburn River is located in northern Victoria. The main storage is Lake Eildon, with other
storages including Waranga Basin and Goulburn Weir. The combined storage capacity is around
3600 GL. Total storage inflows averaged 1860 GL per year between 1998 and 2011.

Map 2 Goulburn region

The Goulburn system supplies a number of large irrigation areas, including Shepparton and
Central Goulburn. The system also supplies water to irrigation areas in the neighbouring
Campaspe and Loddon catchments through the Western Waranga channel. Key irrigation
activities include dairying and permanent horticulture (Ashton & Oliver 2012).

Table 4 Water entitlements in the Goulburn region, 2011
ML

Entitlement type
Irrigation – High reliability

994 320

Irrigation – Low reliability

438 571

Bulk – Murray bulk entitlement

105 875
na

Bulk – Other bulk entitlement
Data source: Victoria DSE 2012b

Goulburn irrigators hold 1000 GL of high reliability water entitlements and 440 GL of low
reliability entitlements. Low reliability rights were created in 2007 as part of the unbundling
reforms, and are the successor to ‘sales water’. In addition, downstream Murray irrigators hold
around 100 GL of entitlement, the legacy of exchange rate trade from the Goulburn to the
Murray system.
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Table 5 Storage capacity and inflows in the Goulburn region
Water storage

Storage
capacity
(ML)

Dead storage
(ML)

Effective
storage
(ML)

Mean annual
inflows
(ML, 1998–2010)

Standard
deviation of
annual inflows
(ML, 1998–2010)

Lake Eildon
Goulburn Weir

3 334 158
25 500

84 008
0

3 250 150
25 550

1 008 166
847 068a

487 403
717 209a

Waranga Basin

432 360

123 998b

308 362

na

na

3 792 018

208 006

3 584 062

1 855 234

1 040 542

Total

a System inflows between Eildon and Goulburn Weir (excluding Eildon releases). b Pumping of Waranga Basin (which
occurred during the drought) provides access to around 86 000 ML of this ‘dead’ volume
Data source: Goulburn–Murray Water

Allocation decisions
The Goulburn region operates under a centralised annual allocation system. Historically,
Goulburn–Murray Water had responsibility for allocation decisions. In 2011 a new independent
entity (the Northern Victorian Resource Manager) was created to ensure separation between
allocation decisions and other aspects of Goulburn–Murray Water operations (NVRM 2012).
Goulburn water sharing rules are detailed in the Bulk Entitlement Conversion Order (Eildon–
Goulburn Weir) (Victoria DSE 2012b). This case study considers the Goulburn water allocation
arrangements applying to the 2012–13 water year (that is, excluding rule changes to apply from
2013–14).
Allocations are based on an assessment of water availability, which is a function of storage
volumes, forecast inflows and transfers of water from neighbouring systems (known as
supplements).
Allocation decisions are made on a priority basis. Initial commitments include rules-based water
(for example, environmental flows) and bulk entitlements. Bulk entitlements supply local town
and stock and domestic users, as well as irrigation areas in other systems (such as the Murray,
Loddon and Campaspe). Rules governing allocation of water to bulk entitlements are complex
and are specified separately by entitlement (Victoria DSE 2012b). Water is also set aside
centrally to cover most system losses.
Unlike in the Murrumbidgee, the Goulburn system has large central storage reserves. Once a
100 per cent allocation is made to high reliability entitlements, inflows are assigned to a central
storage reserve. The reserve accumulates until sufficient water is available to provide a 100 per
cent allocation to high reliability users in the following year. Only then are allocations made to
low reliability entitlements. Storage reserve rules in the Goulburn were amended slightly in
2010–11.
The allocation process is summarised in diagrams regularly produced by the Northern Victorian
Resource Manager (Figure 13). These diagrams depict water available and any remaining
commitments shown in priority order. As of March 2013 an additional 410 GL of water was
needed to complete the central storage reserve before any allocations could be credited to low
reliability users.
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Figure 13 Northern Victorian Resource Manager, Goulburn assessment March 2013

Data source: NVRM 2013

Storage rights
This section documents the storage rights applying in the Goulburn for the 2012–13 water year
(it excludes rule changes to apply from 2013–14, including an additional annual carryover limit).
A new system of carryover rights was introduced in northern Victorian systems in 2010–11
based on a hybrid annual allocation—spillable water account model. Under this system
irrigators can carry over allocations subject to an annual account limit (100 per cent of
entitlement volume). Carryover is available to both high and low reliability entitlement holders.
Once the balance of a user’s account (also known as an Allocation Bank Account or ABA) reaches
100 per cent, additional allocations are credited to an attached spillable water account (SWA).
Given the annual accounting system, spill forfeiture rules cannot be simply applied to prevailing
SWA account balances. For example, spill deductions could not be applied if a user has already
consumed this water earlier in the year.
In order to address this problem a system of annual declarations was introduced. Until this
declaration is made water in SWAs remains quarantined and cannot be used or traded. The
resource manager makes a declaration once the risk of spill is assessed to be low (less than
10 per cent). Upon declaration, water in SWAs is available for use or trade by irrigators.
Importantly no spill deductions can be made after this declaration occurs (even if a spill
eventuates).
An annual storage loss deduction of 5 per cent is applied to the balance of a user’s account at the
end of the water year. No deductions are made for delivery losses.
In the Goulburn system additional water utility charges are attached to accumulation of SWA
water. This is in contrast with most other Murray–Darling Basin systems, where water utility
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charges (to cover storage operation and maintenance costs) are based on entitlement volumes
and are independent of carryover volumes.

Table 6 Summary of water storage rights in the Goulburn region
Effective storage capacity (GL)

3 584

Average inflows (GL) (1998 to 2010)

1 854
1 538

Regulated irrigation entitlements (GL)

No (high and low reliability only)

Carryover for all users

No

Annual carryover limit

100%

Annual allocation account limit

No

Water trades count towards account limit

Yes, unbundled from entitlement

Water use limit
Storage loss deductions

Yes (5% per year)

Delivery loss deductions

No
Yes

Hybrid spillable water accounts

Yes (pro rata)

Spill forfeiture rules

Bi-monthly

Frequency of inflow/allocation accounting

Annual
Yes

Frequency of water use accounting
Centrally determined allocations

No

Formal reconciliation process

Yes ($2.95 per ML charge for transfer from SWA to ABA)

Any additional water utility charges
Data source: Goulburn–Murray Water

Commentary
This discussion draws on monthly hydrological and water allocation data for the period 1998–
99 to 2010–11. This dataset was constructed using information provided by Goulburn–Murray
Water.
Figure 14 compares annual water availability (initial storage plus inflows less spills) with annual
allocations to entitlement holders (including carryover volumes) and total storage levels using
monthly data for the period 2005–06 to 2010–11.

Figure 14 Goulburn water allocations and storage, 2005–06 to 2010–11
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Jul 2010

Low reliability entitlements did not receive an allocation in any year between 1998–99 and
2010–11 while high reliability entitlement holders received a final allocation of 100 per cent in
all years except 2006–07 to 2008–09. No significant spill events occurred during the period,
although storages filled late in 2010–11 (and spilled in 2011–12).

Storage rights
Storage rights were first introduced in the Goulburn system in 2007 as an emergency response
to drought. Carryover rights were initially subject to a 30 per cent carryover limit; the current
SWA model was introduced in 2010–11. Figure 15 shows significantly increasing demand for
carryover following its introduction in 2007.

Figure 15 Goulburn annual carryover volumes and limits, 2006–07 to 2010–11
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While the Victorian hybrid SWA model was only introduced in 2010–11 it has already been
found to be subject to several limitations. These limitations were demonstrated clearly in the
Victorian Murray region during 2010–11 and 2011–12.
The fundamental issue with the Goulburn (and Victorian Murray) storage rights system is the
annual accounting for water use. This necessitates a system of declarations, which requires
prediction of spill events, which can be problematic in practice.
In the Goulburn system a low risk of a spill was declared early in the 2010–11 season.
Subsequent high inflow events filled storages late in the water year. By chance significant spills
did not occur until early in the 2011–12 water year. This allowed the SWA model to operate as
designed with large deductions (around 125 GL) from users’ SWA balances in accordance with
spill forfeiture rules. If, as in the Victorian Murray, spill events had occurred a few months
earlier, in the 2010–11 water year, spill forfeiture rules could not have been applied.
In addition, as with the Murrumbidgee, allocation trading operates outside of allocation account
limits. Allocation purchases do not count toward the ABA limit and do not accumulate into the
SWA. Similarly, allocation sales do not free ABA space despite freeing up storage space. This
problem can lead to external effects if large volumes of interregional trading occur in years with
spill events (as occurred in 2010–11, see Box 2).
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Box 2 Storage rights challenges in the Victorian Murray in 2010–11
In 2010–11 the Victorian Murray region implemented a SWA system identical to that adopted in the Goulburn region.
A number of flaws in the system were revealed in its first year in operation (NWC 2011c). Specifically the system did
not constrain carryover in 2010–11 despite binding storage constraints.
The sharing of storage capacity and water resources between New South Wales, Victoria, and South Australia on the
Murray River is governed by a set of higher wholesale water property rights. These wholesale rights are defined by
the Murray–Darling Basin Agreement.
Under the agreement New South Wales and Victoria own capacity shares in the main Murray storages (Dartmouth
and Hume). Each state owns 50 per cent of storage capacity and inflows. In contrast South Australia owns a traditional
water entitlement and receives an annual allocation (supplied by New South Wales and Victoria). Each state uses
these wholesale rights to supply water to its customers through its own set of user level property rights.
During 2010–11 Victoria’s share of the Hume Dam reached capacity. In this situation Victoria forfeits additional
inflows as an internal spill to the New South Wales share. However the Victorian storage rights system allowed
carryover to continue despite this binding storage constraint, leading to significant externalities.
Limitations in both user level and wholesale property rights systems contributed to this situation. In practice either of
these failures would have been sufficient to instigate such an event:

− The Victorian resource manager incorrectly predicted a low risk of storage spill at the beginning of the 2010–11
water year. Once this declaration had been made, all water in the SWA was available for use, and spill forfeiture
rules could not be applied to SWA volumes.

− While an internal spill of water from the Hume Dam resulted in loss of water for Victoria, this event did not trigger
a spill for the purposes of SWAs. Under rules prevailing at the time, only a spill from Dartmouth storage triggered
spill forfeiture rules. New South Wales and Victoria have since agreed to an alteration of the wholesale property
rights to address this problem.

− In the Victorian Murray region (as in most other southern Murray–Darling Basin systems) net allocation trade

volumes do not count toward allocation account limits. Specifically purchased allocation volumes do not enter a
user’s spillable water account even if the account limit is binding. As such, users can effectively bypass a binding
storage constraint through allocation trade.

Interregional water trading patterns during 2010–11 exacerbated the Victorian Murray situation. Given carryover
limits in the New South Wales Murray, irrigators had an incentive to trade water into the Victorian Murray to
minimise forfeiture of allocations. However, such trading resulted in significant external effects on other entitlement
holders, since it could not be matched by an increase in Victorian Murray water holdings (Victoria’s share of the Hume
Dam was full and any trade ‘internally spilled’ back to New South Wales).
The Victorian Government imposed a ban on water allocation trade from New South Wales into the region from April
2011. However, water effectively traded around this ban, with allocations moving from New South Wales to South
Australia, and then from South Australia back into the Victorian Murray (reversing traditional trading patterns; NWC
2011b). The unusual trading patterns post the April ban can be clearly observed in National Water Commission
(2011a) trading data (Figure 16).
In March 2012 storages again filled after a low risk of spill declaration in December 2011. Victoria again moved to
suspend interregional water trading with New South Wales, but this time trading bans also extended to South
Australia to avoid the loophole irrigators exploited in 2010–11 (Walsh 2012b). While the states have made changes to
their wholesale property rights and expanded their trading bans, the underlying limitations in user storage rights and
trading rules remain.
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Figure 16 Cumulative annual water trade between selected states, 2007-08 to 2010-11
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The incentives the SWA model provides differ subtly from that of an account limit/explicit
storage right. Detailed consideration of the SWA model remains a subject for future research.
A final concern is the practice of imposing water utility charges that vary with carryover
volumes. It is unclear whether the volume of water held in storage is related to storage
operation and maintenance costs in either the short or long term. If storage operation costs are
largely independent of storage volumes, these variable charges are an unnecessary disincentive
to maintain water in storage.

Storage and delivery losses
An advantage of the Victorian model over New South Wales systems is the deduction for storage
losses. However, accounting for storage losses is relatively basic—a 5 per cent deduction levied
on balances remaining at the end of the water year. A more accurate approach would involve
more frequent storage deductions (for example, monthly), taking into consideration variations
in storage levels.
An additional concern is that annual accounting makes it easy for users to avoid the storage loss
deduction through interregional water trading. There is anecdotal evidence of Victorian Murray
users trading water into New South Wales before the end of the year, and then back a short time
later, to avoid the storage deduction.
Finally, all delivery losses in the Goulburn are centralised, so users have no incentives to take
into account the effect their water orders have on total delivery losses.

Allocation decisions
Figure 17 compares monthly allocations (plus carryover) with estimated water availability over
the period 1998–99 to 2010–11. Allocation volumes for given water availability levels vary
significantly. Allocation policy showed a distinctly altered pattern in 2010–11 with the
introduction of the SWA model. The SWA allows high reliability entitlement holders to
accumulate more than 100 per cent of entitlement volume (when including SWA volumes).
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Figure 17 Goulburn, monthly water availability versus allocations, 1998–99 to 2010–11
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Data source: Goulburn–Murray Water

Variations in allocation volumes for given levels of water availability come from a number of
sources; for example, inflow forecasts and water supplements from neighbouring supply
systems, which are not accounted for in these data although in practice they typically represent
small components of total availability (Figure 13).
Supplements are volumes of water transferred from either the Campaspe or Loddon systems
back into the Goulburn (through the Western Waranga Channel). Water sharing rules stipulate
that allocation percentages in the Loddon and Campaspe cannot exceed the Goulburn.
Supplements are made to the Goulburn in years when it has low availability relative to
neighbouring systems. These transfers are unnecessary from an efficiency perspective since
water can be reallocated between these regions through trade.
Another source of variation has been the storage reserve policy rules. Under the pre 2010–11
reserve policy, water was allocated to a central reserve once high reliability allocations reached
100 per cent or after 1 April (whichever occurred first). Historically, high reliability allocations
consistently reached 100 per cent before 1 April. However, this was not the case at the height of
the Millennium drought. In the three years 2006–07 to 2008–09 water received after 1 April was
assigned to the central storage reserve, and no further allocations were made to irrigators
(Figure 18).
The 1 April rule was abandoned in favour of a new storage reserve policy in 2010–11. Under this
changed policy, 50 per cent of inflows are assigned to the storage reserve while allocations are
in the range 30 per cent to 50 per cent. The reserve then begins accumulating again once
allocations reach 100 per cent (Figure 19).
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Figure 18 Variation in Goulburn allocation policies, 2006–07, 2007–08, 2008–09 and
average of years 1998–99 to 2005–06
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Data source: Goulburn–Murray Water

Figure 19 Stylised Goulburn allocation/storage reserve policy, pre and post 2010–11
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Assessment
This assessment is based on the storage rights and water allocation arrangements applying in
the Goulburn until 2012–13, and exclude changes made by the Victorian Government. It should
be noted that these policy changes do not address many of the fundamental limitations
identified in this case study. As such, this assessment and the policy reform options listed below
remain relevant.

Flexibility
The SWA model (as adopted in 2010–11) provides entitlement holders with significant
flexibility over storage decisions, particularly relative to previous arrangements in the region.
Nonetheless, the practice of quarantining water in spillable water accounts constrains flexibility.
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Exclusivity
The Goulburn system is subject to some significant exclusivity problems due largely to use of
annual accounting for water use, which necessitates a system of declarations to manage the
spillable water accounts. The system of declarations can lead to significant externalities if a spill
event occurs after a declaration is made, as occurred in the Victorian Murray in 2010–11. In this
situation individual water users face no limits on water storage despite a binding system storage
constraint.
In addition, water allocations acquired through trading are, as in the Murrumbidgee, exempt
from allocation account limits and spill forfeiture rules. That is, allocations ‘traded in’ do not
enter the user’s spillable water account, even if their account limit is binding.
The Goulburn does implement a storage loss deduction, but it is a relatively simplistic annual
deduction (5 per cent of closing balance), so is not reflective of individual contributions to
losses.

Transparency
Significant variation in allocation volumes for a given level of availability occurred over the
period 1998–99 to 2010–11 (Figure 17). The sources for this variation include inflow forecasts
and ‘supplements’ from other regions, variation in rules-based requirements and changes to the
water sharing rules (including changes in central storage reserve rules). The system of
declarations introduces another source of uncertainty, with water users unsure when or if they
will have access to water in spillable water accounts.

Reform options
Reform options that could address key limitations with the Goulburn water storage rights
system are:


adoption of more frequent (continuous) water use accounting (this could facilitate removal
of SWA determinations and potentially make the proposed annual carryover limit
unnecessary)



allocation of trade volumes to count toward account limit



refinement of storage loss deductions.
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7 Namoi case study
Region summary
The Namoi region is located in north-eastern New South Wales. The main waterways are the
Manilla and Namoi rivers, while the main water storages are Split Rock and Keepit dams. The
Upper Namoi system (the Manilla River and Split Rock Dam) drains into the Lower Namoi (the
Namoi River and Keepit Dam). Total storage capacity is approximately 810 GL.

Map 3 Namoi region

Total inflows averaged 225 GL per year between 1995 and 2011. The climate of the northern
Murray–Darling Basin differs significantly from that of the southern Murray–Darling Basin. In
particular, inflows tend to be more summer dominant and display greater variability.
The major irrigation activity in the region is cotton (Ashton & Oliver 2012). Most irrigation
occurs along the Namoi River. Irrigators in the Namoi hold 256 GL of general security water
entitlements and only around 4 GL of high security entitlements. Relatively small volumes
(around 4.5 GL) of bulk entitlements are held for town, stock and domestic purposes.

Table 7 Water entitlements in the Namoi region
Upper Namoi
(ML)

Lower Namoi
(ML)

Total
(ML)

Irrigation – High reliability

80

3 904

3 984

Irrigation – Low reliability

9 729

246 207

255 936

Bulk – Local water utility
Bulk – Stock and domestic

150
92

2 271
2 030

2 421
2 122

Entitlement type

Data source: NSW Office of Water 2010
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Table 8 Storage capacity and inflows in the Namoi region
Water storage

Storage
capacity
(ML)

Dead storage
(ML)

Effective
storage
(ML)

Mean annual
inflows
(ML)

Standard
deviation of
annual inflows
(ML)

Keepit Dam
Split Rock Dam

425 500
397 000

6 550
3 160

418 950
393 840

172 427
51 811

192 040
65 440

Total

822 500

9 710

812 790

224 238

252 229

Data source: NSW Office of Water 2010

Allocation arrangements
The New South Wales Office of Water makes allocation decisions in accordance with the Upper
and Lower Namoi Water Sharing plan. Lower Namoi general security entitlements operate
under a continuous accounting system while all other entitlements operate on an annual basis.
Allocation announcements are made monthly.
In the Upper Namoi allocations are made (in priority order) to town, stock and domestic, and
irrigation entitlements from water held in Split Rock Dam. Upper Namoi entitlement holders
typically receive a 100 per cent allocation each year, although provisions have been made to
reduce Upper Namoi general security allocations when Split Rock storage levels fall below
10 per cent.
Remaining water in Split Rock Dam becomes part of the supply for Lower Namoi users. Typically
this water remains in Split Rock Dam until storage levels in the Keepit Dam decline significantly.
In essence, allocations to Lower Namoi general security users are: water held in Split Rock and
Keepit dams less Upper Namoi demands less environmental flows less town, stock and domestic
and high reliability allocations less expected storage and delivery losses.
Rules-based environmental water includes a minimum flow requirement in the Namoi River
below Keepit Dam. The current water sharing plan includes a provision that automatically
suspends this requirement if combined storage levels fall below 120 000 ML. This rule was
triggered during the drought years of 2007 and 2008.
The current water sharing plan was adopted in 2003. The plan was amended in 2009 to include
carryover rights for Upper Naomi general security entitlement holders.

Storage rights
Lower Namoi general security entitlements operate under a continuous accounting system. User
accounts are updated monthly to reflect both inflows and user water orders. User account
balances automatically carry over between periods, subject only to a maximum account limit.
The current account limit is 200 per cent of entitlement volume. No formal process of
reconciliation exists between the volume of water in storage and the aggregate allocation
volume. However, sporadic reconciliations can occur. There are no user level deductions for
storage losses or delivery losses.
Upper Naomi general security entitlement holders have had access to annual carryover since
2009, subject to a 50 per cent limit. High security, town and stock and domestic entitlements do
not have access to carryover.
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Table 9 Summary of water storage rights in the Lower Namoi region
Effective storage capacity (GL)

813

Average inflows (GL) (1995 to 2010)

224

Regulated irrigation entitlements (GL)

259
No (general security only)

Carryover for all users

No
200%

Annual carryover limit
Annual allocation account limit

Yes

Water trades count towards account limit
Annual water use limit

125% (100% average over 3 years)

Storage loss deductions

No

Delivery loss deductions

No

Hybrid spillable water accounts

No
No

Spill forfeiture rules
Frequency of inflow/allocation accounting

Monthly

Frequency of water use accounting

Monthly
Yes

Centrally determined allocations

No (sporadic reconciliations)

Formal reconciliation process

No

Any additional water utility charges
Data source: NSW Office of Water 2010

Commentary
This discussion draws on hydrological and water allocation data for the period 1998–99 to
2010–11. The dataset was constructed from information obtained from the New South Wales
water information website and data provided directly by the New South Wales Office of Water.
Figure 20 compares annual water availability (initial storage plus inflows less spills and
evaporation) with annual allocations to entitlement holders (including carryover volumes) and
total daily storage levels between 2005–06 and 2010–11. It includes allocations to all
entitlement classes. For consistency, general security allocations are included as if they operate
under an annual accounting system with the end-of-water-year balance forming an annual
carryover volume (Figure 22 provides a more accurate representation of the continuous
accounting system, showing only general security allocation account balances against storage
levels).

Allocation arrangements
Figure 20 reflects the extreme drought that occurred between 2007 and 2008 when the
combined storage level fell as low as 4 per cent. During 2007–08 allocations to Upper Naomi
general security entitlement holders were less than 100 per cent for the first time. Subsequently
the water sharing plan was amended to provide annual carryover rights to these users.
Moreover, during 2007 and 2008 combined storage levels fell below 120 000 ML, triggering
suspension of environmental flows from Keepit Dam. While this suspension rule creates
variation in allocation volumes (for given availability levels), it is at least more transparent and
therefore predictable to irrigators than discretionary water sharing plan suspensions.
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Figure 20 Upper and Lower Namoi water allocations and storage, 2005–06 to 2010–11
900
800
700
600

Annual water availability

Annual allocation

Storage level

Storage limit

Account limit

500
400
300
200
100
GL
Jul 2005

Jul 2006

Jul 2007

Jul 2008

Jul 2009

Jul 2010

Jul 2011
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Figure 21 compares allocation volumes with water availability levels between 1999–2000 and
2010–11. The Namoi system effectively has no upper bound on annual allocation volumes;
instead the binding constraint in wet periods is the limit on annual use. It also illustrates a
degree of variation in allocation volumes for given water availability levels, although this
variation is less than that observed in the Murrumbidgee region, partly due to relatively smaller
volumes of rules water and bulk entitlements in the region.

Figure 21 Upper and Lower Namoi daily water availability versus allocations, 1999–2000 to
2010–11
700

600

Allocation

500
400

300
200
100

GL
GL

200

400

600

800

1 000

Water availability
Data source: NSW Office of Water 2011

Part of this variation is due to the relatively infrequent (monthly) allocation announcements,
which leads to delays between receipt of inflows and allocation of water to irrigators. This
monthly lag had a significant effect during the recovery from drought in 2010–11 (Figure 20).
Another source of variation is storage and delivery losses, which are centrally managed.

37

Storage rights
Figure 22 provides an accurate representation of the continuous accounting system, showing
general security allocation account balances against storage levels for the period 1998–99 to
2008–09. It shows user account balances more accurately tracking prevailing water storage
levels in comparison with annual accounting systems.

Figure 22 Lower Namoi account balances and storage, 1998–99 to 2008–09
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Continuous accounting was first introduced in 1998–99 with an account limit of 150 per cent.
This limit was reached in 1998–99 despite storage levels remaining well below capacity (at
70 per cent). The limit was increased to 200 per cent in 2000–01; however, the current limit is
still significantly below effective storage capacity. Implicitly the resource manager centrally
manages the remaining storage capacity.
In comparison with annual allocation systems, the Namoi continuous accounting system
provides relatively efficient storage capacity signals. Since user account volumes follow storage
levels relatively closely, the account limit acts as an implicit storage capacity right. While the
account balances track prevailing storage levels (Figure 22), some discrepancy remains. This is
due both to the relatively infrequent (monthly) accounting and to the volume of water still
centrally managed.
While combined storage capacity has not reached 100 per cent since continuous accounting was
introduced, Keepit Dam filled in 2010–11 and a significant spill occurred. Although the Namoi
storages are managed to minimise Keepit spills, the hydrology of the system means spills remain
likely. As such, defining a single combined storage capacity right may not be ideal. An alternative
is to define separate storage capacity rights to Keepit and Split Rock storages. The definition of
property rights in multiple storages systems is considered in further detail in Hughes (2010).
The Namoi continuous accounting system does not implement any formal periodic
reconciliation between storage levels and aggregate account balances. However, reconciliations
have occurred at irregular intervals (Table 10). While the volumes involved have been relatively
minor, a formal system of reconciliations would provide more transparency and predictability.
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Table 10 Namoi continuous accounting reconciliations
Date

Adjustment to account balance

3 August 2007

+1%

6 November 2006

+1%

1 September 2005

+2%

31 October 2002
31 October 2001

–17%
–3%

31 December 2000

+4%

Data source: NSW Office of Water 2010

Assessment
Flexibility
Continuous accounting offers Lower Namoi general security entitlement holders significant
flexibility in relation to water storage decisions. This flexibility is not extended to all other
entitlement classes, some of which have no carryover while others have annual carryover limits.

Exclusivity
Due to monthly water use accounting, allocation account levels reflect physical storage levels
relatively closely. As such, the allocation account limit more effectively internalises the region’s
storage capacity constraint. However, there is still some potential for storage capacity constraint
externalities.
First, the allocation account limit only approximates actual storage capacity. Total available
storage in the region is significantly greater than 200 per cent of entitlement volume. As
discussed in Chapter 3, a storage limit that is overly restrictive can also lead to inefficiency.
Second, the single account limit does not adequately represent the individual constraints of the
region’s two main storages (Split Rock and Keepit). An alternative approach would be to define
separate rights to individual storages, as discussed in Hughes (2010).
Finally, all storage and delivery losses in the Namoi system are socialised rather than
internalised.

Transparency
Historical data shows variation in centrally determined allocations for given levels of water
availability. One source of variation is the relatively infrequent (monthly) water inflow
accounting, while another is the variation in rules-based requirements, particularly
environmental flows.

Reform options
Reform options that could address key limitations with Namoi water storage property rights
systems are:


more frequent allocation announcements (and water use accounting periods)



adoption of a formal periodic reconciliation process



introduction of user level storage loss deductions.

Other opportunities could include extending continuous accounting to other entitlement classes
and defining separate rights to Split Rock and Keepit storages.
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8 St George case study
Region summary
The St George irrigation area is located on the Balonne River in southern Queensland. The main
storage is Beardmore Dam and there are a number of small downstream weirs. Total (off farm)
storage capacity in the region is only 93 490 ML.
Unlike most southern Murray–Darling Basin systems, average annual inflows in the St George
system are much greater than total storage capacity. System inflows averaged around 608 GL
per year between 1996–97 and 2005–06 (Hughes & Goesch 2009b). Given the sub-tropical
climate, system inflows can be extremely variable and tend to be summer dominant.
Given the relatively limited storage capacity, substantial unregulated water use occurs in the
region. This discussion focuses only on water captured and delivered from the regulated water
supply system; Hughes and Goesch (2009b) provide more detail on unregulated water rights.

Map 4 Lower Balonne region (Condamine–Balonne Catchment)
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Table 11 Water entitlements in the St George region, 2005–06
Entitlement type

Entitlement
(ML)

Share of storage capacity and inflows
(%)

71 874

85

Agriculture (medium priority)
Town (high priority)
Conveyance losses
Total

3 000

4

9 701
84 575

11
100

Data source: Hughes & Goesch 2009b

Table 12 Storage capacity and inflows in the St George region
Storage
capacity (ML)

Dead storage
(ML)

Effective
storage (ML)

Average of
annual inflows a
(ML)

Standard
deviation of
annual inflows
(ML)

Beardmore Dam

81 700

3 120

78 580

607 635

548 015

Jack Taylor Weir

10 100

1 670

8 430

–

–

Mollabah Weir

2 580

440

2 140

–

–

Buckinbah Weir

5 120

780

4 340

–

–

99 500

6 010

93 490

607 635

548 015

Water storage

Total

a Average between 1996–97 and 2005–06
Data source: SunWater

The main agricultural activity within the St George irrigation area is cotton. Irrigation users hold
around 72 000 ML of medium priority water entitlements.
Since adoption of capacity sharing, entitlements have been redefined into percentage shares of
storage capacity and inflows. The conversion was undertaken based on entitlement volumes. For
example, an entitlement holder with 10 per cent of total entitlement volume in the region
received a 10 per cent share of effective storage capacity and inflows. The conversion also
involved an adjustment to account for introduction of zoned delivery loss factors (Hughes &
Goesch 2009b).
St George irrigators effectively own around 85 per cent of total effective storage capacity. The
local water utility maintains a 4 per cent share to supply the St George township and SunWater
owns and centrally manages around 11 per cent of storage capacity. This account is used to
satisfy fixed delivery system losses and supply a small (0.5 per cent) volume of entitlements that
remain under the traditional annual allocation system (Hughes & Goesch 2009b).

Capacity sharing arrangements
The St George region operates under a capacity sharing system introduced in 2000. Water
sharing rules are specified in the Queensland Government Resource Operation Plan for the
Condamine and Balonne (Queensland Government 2011). Hughes and Goesch (2009b) describe
the St George system and a summary is provided here.

Allocation arrangements
Daily inflows in excess of 730 ML are allocated to entitlement holders in accordance with inflow
shares. This allocation occurs daily through an automated accounting system. As such, inflows
are available for entitlement holders to use within 24 hours of receipt in the storage (such as the
Beardmore Dam). The first 730 ML of daily flow is assigned to an environmental water account.
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Storage rights
A user’s share of storage capacity forms the maximum balance of their water storage account.
For example, a user with a 10 per cent share of total effective storage capacity could hold up to a
maximum of 9350 ML.
When a user’s storage account balance reaches this maximum limit any further inflows are
forfeited. This forfeited water is then shared across other users (at least those with space in their
storage accounts) in accordance with inflow shares. Such an event is known as an internal spill.
An annual limit on water use also applies in the St George system, and is set at 100 per cent of
nominal water entitlement volume. This water use limit is separately tradable: users wishing to
use more than 100 per cent of entitlement can purchase water use limit credits from other users.
As well, irrigators have the option to carryover or bring forward these use limit credits between
years (subject to annual limits of 20 per cent and 10 per cent, respectively).
The environmental water account operates as a spillable water account with spill forfeiture
rules. When a physical storage spill occurs, the environmental account is debited and this water
is reallocated to capacity shareholders in accordance with individual inflow shares.

Water ordering, losses and trading
Water accounts are debited either daily or monthly following any water orders users make (a
daily time step requires water users to submit water orders online). Water order deductions
include estimated marginal delivery losses associated with transporting water orders from
storage to point of use.
Delivery losses are estimated using a system of delivery loss factors, by zone. In St George the
four delivery zones each have a specific delivery loss factor, varying from zero to 20 per cent.
Loss zones located further from the main water storage (Beardmore Dam) are subject to greater
loss factors. The initial conversion of entitlements into capacity shares included an adjustment
to compensate users in higher loss zones by providing them with relatively greater initial shares
of storage and inflow (Hughes & Goesch 2009b).
Estimated storage losses are deducted from user accounts daily. Predetermined storage loss
factors are applied to prevailing user account balances each day. These loss factors are specified
separately for each month (since evaporation rates are higher at certain times of the year) and
are estimated based on historical monthly storage losses for the region.
The region has three distinct water markets: in capacity shares (for example, permanent water
entitlements), in water in storage (for example, water allocations) and in water use limit credits.
Inflow and storage capacity shares are bundled and are not separately tradeable.
Completed water trades are debited daily from seller accounts and credited to purchaser
accounts. This system ensures all water trade transactions respect user storage capacity
constraints and any differences in marginal delivery loss factors between the locations of
purchasers and sellers.

Reconciliations
The St George system has monthly reconciliation. At the end of each month the aggregate
balance across all user accounts is compared with the volume of water physically held in
storage. Differences may arise, for example, due to actual storage and delivery losses departing
from those derived from estimated loss factors.
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Any positive discrepancy (storage volume greater than account volumes) is distributed to user
accounts in accordance with inflow shares. Any negative discrepancy is deducted from user
accounts in proportion to user account balances (for example, users with zero water balance are
not subject to any deductions).

Table 13 Summary of water storage rights in the St George region
Effective storage capacity (GL)

94

Average inflows (GL) (1996–97 to 2005–06)

608

Regulated irrigation entitlements (GL)

72

Carryover for all users

Yes

Annual carryover limit
Allocation account limit

No
Share of storage capacity
Yes

Water trades count towards account limit
Annual water use limit

100% (can trade and carryover)

Storage loss deductions

Yes

Delivery loss deductions

Yes
No

Hybrid spillable water accounts
Spill forfeiture rules

No (only for environmental account)
Daily

Frequency of inflow/allocation accounting

Daily/Monthly

Frequency of water use accounting

No, shares of daily inflows

Centrally determined allocations

Yes (monthly)

Formal reconciliation process

No

Any additional water utility charges
Data source: SunWater

Commentary
This discussion draws on hydrological and water allocation data for the period 2004–05 to
2010–11. The dataset was constructed from unit record data provided by SunWater. Further
detail on construction of the dataset is provided in Hughes and Goesch (2009b). Figure 23
compares the combined St George daily system storage level with total user (irrigators and town
water) account balances from 2005–06 to 2010–11. This figure illustrates the variability of the
St George system, with most inflows occurring as brief high flow events, typically during
December. It also shows that 2006–07 was a period of extreme drought, with storage levels
falling as low as 6 per cent.

Storage capacity rights
As a result of daily accounting, user account balances closely track prevailing storage volumes.
For example, in late November 2007 storage levels increased from 7 per cent to 100 per cent in
only 10 days. The daily accounting at St George ensured this water was available to users within
24 hours, in time for the summer irrigation season.
Matching of account balances and storage levels also ensures provision of accurate signals about
storage capacity constraints. Hughes and Goesch (2009b) found irrigators at St George were
responsive to incentives and adopted various strategies to minimise spills, such as withdrawing,
trading or transferring water into on-farm storage.
A further advantage of the St George system is that other users—not just irrigators—are subject
to storage capacity constraints. The town water share and the central SunWater account are
both capacity shares operating identically to irrigator shares.
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Figure 23 St George daily account balances and storage levels, 2005–06 to 2010–11
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The difference between account balances and storage levels in Figure 23 is the balance of
SunWater’s capacity share and the environmental spillable water account. The balance of these
accounts varies (so the distance between the lines is not constant). When spill events occur the
environmental account starts to empty (due to spill forfeiture) and the gap between user
account balance and total storage levels approaches the balance of the SunWater account.
Failures in the accounting system created some issues during 2010–11, temporarily allowing
irrigation accounts to be above their maximum limit (Figure 23). Effectively, water reallocated to
irrigators from the environmental spillable water account was not subject to account limits.
There seems to be scope to refine the accounting system used in St George or to redefine the
environmental water account as a capacity share.
Storage capacity rights at St George are not separately tradeable from inflow rights. Separation
of storage and inflow rights could contribute to an increase in the efficiency of water allocation
where there are transaction costs in seasonal water trading (Hughes & Goesch 2009b).

Inflow sharing
Figure 24 illustrates the inflow sharing rules for the St George system, with daily inflows above
730 ML shared across users in proportion to capacity share percentages. This rule provides a
greater degree of certainty over water availability for users in comparison with traditional
allocation systems.
While this inflow sharing provides greater certainty it does not completely remove variation in
allocations for given availability levels. A system of periodic reconciliations between user
account volumes and storage levels compensates for inaccuracies in approximation of storage
and delivery loss deductions.
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Figure 24 St George inflow sharing rule
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Figure 25 shows the monthly reconciliation volumes as a percentage of water entitlement
volume. At St George these adjustments are small, with a monthly average of +0.7 per cent.
SunWater deliberately overestimates losses so reconciliations are positive on average (Hughes
& Goesch 2009b). However, this approach means a portion of available water is allocated with a
monthly lag.

Figure 25 St George monthly water account reconciliation as percentage of entitlement
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Overall, adoption of a formal reconciliation process is an advantage of the St George system since
it ensures all adjustments are transparent. This formal system also allows efforts to improve the
accuracy of water accounting to be evaluated over time.
Figure 24 shows the first 730 ML per day set aside for the environmental manager. The
minimum inflow rule is a legacy of a prior minimum environmental release rule (SunWater pers.
comm. 2012). While this environmental flow rule is transparent, it can still generate a degree of
unpredictability for other users. In particular, user allocations depend not just on total volume of
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inflow in a given year, or month, but on daily distribution of these inflows. Providing the
environmental manager with an equivalent percentage share of inflow could then be a
preferable alternative.
Despite the highly formalised and transparent arrangements at St George, some government
intervention in water allocation can still occur. For example, the government arranged transfer
of approximately 2000 ML of water allocations from the environmental account to irrigators and
the town water account during the 2006–07 drought.
Such government intervention can have a range of undesirable consequences, including
increasing end users’ uncertainty. Further, a moral hazard issue can arise where certain users
(such as town water holders) fail to maintain adequate storage reserves in the belief they will
receive free transfers of water in the event of shortages.

Storage and delivery losses
St George has implemented relatively sophisticated storage loss deductions compared with
other regions. Figure 26 shows variation in storage loss deductions during 2007–08.

Figure 26 St George daily storage loss deduction and account balance
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St George is one of few irrigation schemes in the Murray–Darling Basin to implement a system of
delivery loss deductions. While introduction of delivery loss deductions has potential to
significantly improve efficiency, the delivery loss deductions implemented at St George are
relatively simple. A key challenge is ensuring loss factors accurately reflect marginal delivery
losses (that is, those dependent on flow) and exclude fixed losses (Hughes & Goesch 2009b).
The St George system has a tendency to slightly overestimate loss factors. However, maximising
efficiency requires loss deductions to reflect real world losses as best as possible.

Assessment
Flexibility
The St George capacity sharing system provides a high degree of individual flexibility over
storage decisions. But the separation of storage and inflow shares could provide users with
additional flexibility.
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Exclusivity
The St George capacity sharing system has water property rights that accurately reflect the
physical realities of the water supply system. Frequent water inflow and outflow accounting
ensures user account balances closely reflect storage levels. Account limits are explicitly based
on available storage capacity, ensuring capacity constraints are effectively internalised.
Storage and delivery loss deductions are implemented in the St George system at the user level.
Storage loss deductions are relatively accurate, occurring monthly and taking into account
prevailing storage levels and differences in evaporation rates across the year. However, there is
scope to refine delivery loss deductions.

Transparency
The capacity sharing system involves transparent rules that require limited involvement from
government agencies. The system of automatic allocation of inflows involves less uncertainty
about the timing and volume of allocations than traditional centralised allocation systems.
However, some artificial variation in water allocations to users remains, partly caused by the
rules relating to environmental flows.

Reform options
Reform options that could address some of the limitations with the St George capacity sharing
system are:


separate storage capacity and inflow rights



extend capacity sharing to rules-based water (that is, environmental account)



refine loss deductions (particularly delivery losses).
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9 Comparing the alternatives
In practice important differences exist in hydrology and in how particular storage right and
water allocation arrangements are implemented between regions. However, it is still possible to
draw general conclusions from the case studies about the relative merits of the alternative
storage right and allocation arrangements in the Murray–Darling Basin.
The alternative arrangements vary across four key characteristics—frequency of water use
accounting, determination of allocations (centralised or inflow rights), accuracy of storage
capacity constraints and accuracy of loss deductions.

Water use accounting period
Annual allocation systems such as the Murrumbidgee and Goulburn systems only deduct water
use from allocation accounts at the end of the water year. Water utilities monitor water use
throughout the year, but this information is not used to update allocation accounts. With annual
accounting the balance of user accounts may differ substantially from actual storage levels.
As a result it is difficult to provide accurate signals about storage capacity constraints through
either account limits (as in the Murrumbidgee) or SWAs (as in the Goulburn). In both the
Murrumbidgee and Goulburn systems inefficient restrictions are imposed to allow the annual
accounting system to function. The Murrumbidgee adopts an annual carryover limit while the
Goulburn SWA model involves a system of declarations. Neither restriction would be necessary
if these regions adopted more frequent water use accounting.
In contrast, continuous accounting systems make water use deductions each time an allocation
increment occurs (typically monthly), while capacity sharing systems can deduct water orders
(and associated delivery losses) daily. As a result water account balances in these systems more
closely reflect storage levels and artificial restrictions are not needed.
Figures 27, 28 and 29 compare storage levels and user account balances for the Murrumbidgee,
Namoi and St George systems. Storage and allocation volumes track each other relatively closely
in the Namoi and St George systems compared with the Murrumbidgee.

Figure 27 Murrumbidgee water allocations and storage, 2005–06 to 2010–11
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Jul 2010

Figure 28 Lower Namoi account balances and storage, 2002–03 to 2007–08
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Figure 29 St George daily account balances and storage, 2005–06 to 2010–11
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Allocation decision
Both annual allocation and continuous accounting systems involve centralised priority based
allocation processes. The case studies show these processes are subject to limitations.
The systems typically operate over monthly or fortnightly timescales so small delays can occur
between receipt of inflows and announcement of allocations. These delays may be serious for
users, particularly when a significant inflow event occurs after a prolonged drought.
Centralised systems can create uncertainty over water allocation volumes, in addition to the
uncertainty caused by climatic variability. The case studies demonstrate significant variation in
allocation volumes for given water availability levels (Figures 30 and 31). Such variation may be
due to changes in allocation policy (through amendment or suspension of water sharing plans),
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variation in rules-based water requirements (including environmental flows), and variation in
bulk entitlement requirements (including system losses) or a range of other factors.
The priority based allocation system tends to exacerbate this problem since allocations to low
priority users will be affected by any changes in higher priority requirements. In general, larger
volumes of centrally managed rules-based and bulk entitlement water lead to greater
uncertainty over allocation volumes for entitlement holders.
This uncertainty is undesirable for irrigators as it complicates forward planning decisions (for
example, crop planting or capital investment decisions). The uncertainty also creates challenges
for other market participants such as environmental water purchasers. Developing an
appropriate environmental water portfolio is complicated by uncertainty over the reliability
characteristics of specific water entitlements.
A centralised approach to water allocation may also be subject to various governance issues.
Water market prices often change significantly following water allocation announcements,
suggesting market participants do not accurately predict them. As such, water allocation
announcements need to be subject to governance arrangements to prevent exploitation of
insider knowledge.
Figures 30 and 31 compare allocation volumes with water availability in the Murrumbidgee and
Namoi systems, and Figure 32 shows the inflow-sharing rule adopted at St George. Adoption of
automated inflow sharing results in less variation in allocations, given water availability levels.

Figure 30 Murrumbidgee daily water availability versus allocations, 1995–96 to 2010–11
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Removal of a centralised allocation system requires a number of intermediate reforms including:


incorporating non-entitlement commitments within the user level property rights
framework



converting priority based entitlements (that is, high reliability entitlements) into
appropriate shares of storage and inflow



internalising storage and delivery losses



adopting a formal reconciliation process.
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Such an approach may also require introduction of improvements in water accounting
information systems. Hughes and Goesch (2009a, b) provide more information on the costs and
challenges associated with implementing a capacity sharing system.

Figure 31 Upper and Lower Namoi daily water availability versus allocations, 1999–2000 to
2010–11
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Figure 32 St George daily allocation rule
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Storage capacity constraints
The capacity sharing systems in southern Queensland (including the St George system) have the
most accurate storage constraints, with water account limits explicitly defined as a share of
estimated total effective storage capacity.
In the Murrumbidgee system the water account limit acts as an implicit storage right. However,
this limit is set at the arbitrary value of 100 per cent of entitlement volume and may still exceed
capacity available for entitlement holders (after allowing for non-entitlement requirements).
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Under the spillable water account framework in the Goulburn system, a specific storage capacity
constraint need not be specified for each user. Instead, the capacity constraint is (at least
partially) internalised through spill forfeiture rules. This can be advantageous given the
difficulty in determining storage capacity available to entitlement holders (that is, how much
capacity is needed to satisfy non-entitlement demands). For this system to work effectively it
requires more frequent water use accounting.
In the Namoi, the account limit has been increased over time to better reflect total storage
capacity. However, given the hydrology of the Namoi system, defining property rights to
combined storage capacity is overly simplistic. This was demonstrated in 2010–11 when Keepit
Dam filled and spilled while Split Rock Dam remained significantly below capacity.
Clearly, internalising capacity constraints is more important in hydrological systems with more
constrained storage capacity. As such, it is not surprising that the most sophisticated storage
property rights have been implemented in the northern Murray–Darling Basin where storages
are smaller and spills more frequent.
But as experience shows, the southern Murray–Darling Basin systems are not immune from
large spill events. In particular, the spill events of 2010–11 and 2011–12 highlighted limitations
in water storage rights in a number of southern Murray–Darling Basin regions. And spill events
in the Victorian Murray in 2010–11 resulted in substantial externalities and ultimately led the
Victorian Government to introduce water trading bans.

Storage losses
While storage loss deductions have not been introduced in any New South Wales system, they
are included in the Victorian storage rights model. However, the Victorian approach of a single
annual deduction remains a substantial simplification. In practice, users are able to avoid the
storage deduction by strategically trading water across regions (for example, into New South
Wales). This is a particular problem in the Murray system where users that draw water from the
same storage face different storage constraints and loss deductions simply because they are on
different sides of the river.
The storage loss deductions implemented under capacity sharing at St George are a significant
improvement because they vary with seasonal conditions and storage levels. While delivery loss
deductions are also implemented at St George, some controversy surrounds their application.
Table 14 summarises the four alternative approaches in terms of the four characteristics
discussed above. The storage capacity constraint and loss arrangements in each region are
assigned quality ratings of low, medium or high. These ratings reflect subjective rankings of the
four alternatives, rather than any measure of absolute performance.

Table 14 Key differences between alternative storage right arrangements
Key characteristic

Annual allocation

Continuous allocation

Capacity sharing

Representative system

Murrumbidgee–Goulburn

Namoi

St George

Water use accounting period

Annual

Monthly

Daily

Allocation decisions

Centralised, priority based

Centralised, priority based

Inflow rights

Capacity constraint accuracy

Low

Medium

High

Storage loss accuracy

Low

Low

High
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10 Taking it further—the ideal system
Water property right reform is expected to be a gradual long-term process. The reform options
identified in this report are potential next steps in each region, but are not necessarily the end
point. This section considers some potential directions for reform over the longer term and
areas for further research.

Storage capacity rights versus spillable water accounts
An SWA system is an alternative to explicitly defining storage capacity rights. Well implemented
SWA or storage capacity right systems both internalise storage capacity constraints more
accurately than traditional water right systems. However, each provides a slightly different set
of incentives to users, and both may result in an allocation of water that departs—albeit
slightly—from a socially optimal outcome.
Under capacity sharing, users have an incentive to reduce the risk of internal spills and will not
consider the value of any internal spills to other users. As such, users may have an incentive to
maintain slightly lower storage levels than is socially optimal. However, in systems where the
transaction costs of trade are small, internal spills are expected to be relatively infrequent.
Under a pure SWA approach users will take into account the risk of forfeiting their water at the
prevailing storage level. However, users will not consider the effect their own balances have on
the risk of other user volumes being forfeited. Therefore, under a pure SWA approach, users may
hold slightly higher storage levels than is socially optimal. Consideration of the allocation of
water that takes into account these externalities is a subject for future research.

Unbundled storage and delivery capacity rights
The capacity sharing system at St George is a significant improvement over traditional water
property right and accounting systems. However, there is scope for further reform.
Separation of storage capacity and inflow rights has the potential to improve the efficiency of
water allocation given transaction costs in water allocation trading (Hughes & Goesch 2009b).
Separation of these rights also offers opportunities for non-irrigation water users who may
value the ability to own a separate storage capacity right.
The spill and flooding events of 2010–11 and 2011–12 highlighted the role water storages play
in flood mitigation. Flood mitigation is normally achieved though centrally determined water
sharing rules. In practice these rules require difficult trade-offs between the risk of flooding and
the effects on consumptive users.
The unbundling of storage capacity rights could allow a flood mitigation agency to reduce flood
risk through market mechanisms. The agency could hold a share of storage without any share of
inflows. This would allow the agency to limit the volume of water that could be held in storage.
When storage levels breached this limit, water would internally spill to the flood mitigation
agency, which could then be released (that is, a prerelease).
Such an approach would ensure the opportunity cost of flood mitigation (the market value of
storage capacity) would be internal to the flood mitigation agency and more explicitly balanced
against the risk of flooding.
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Achieving flood mitigation objectives through market mechanisms could be more difficult under
a traditional entitlement framework or under an SWA framework. In these cases it would likely
require recurrent purchases of water allocations during flood periods, whereas a single
purchase of storage capacity would suffice under a capacity sharing system.
Separation of storage and capacity rights may also be beneficial to environmental users with
atypical water demands. For example, minimum daily flow requirements might be achieved by
predominantly holding inflow rights. Alternatively, periodic wetland flood releases could be
achieved by holding a large share of storage capacity.

The value of storage spills
Given these externalities, the relative merits of SWAs and capacity sharing may depend on the
value of storage spills. In this report storage spills have been viewed essentially as ‘lost’ water
from the perspective of a regulated surface water system, with no benefit to any party. However,
in practice spills have a variety of benefits and costs to downstream users.
Spills are an important source of water to users in downstream regulated or unregulated water
supply systems. Reforms to water property rights (such as adoption of capacity sharing) could
reduce frequency of spills and erode any implicit rights of downstream users to storage spills
(Hughes & Goesch 2009a). One way to minimise such an effect is to impose limits on water use.
Management of storage spills becomes more complex where the benefits or costs of storage
spills have the characteristics of a public good (that is, non-excludability and non-rivalry). For
example:


flood damage to private property. Entitlement holders are unlikely to take into account the
public benefits that preventing dam spills have, such as avoiding the flooding of private land
downstream.



public benefits (both environmental and to some downstream irrigators) of storage spill
events, which are also not taken into account by irrigators. A contrasting issue in this context
is that environmental water holders may not consider dam spills to be complete losses
because spilled water will still serve environmental purposes. Even if they do not try to
cause spills, they have less reason to prevent them.
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11 Conclusions
This study has two main objectives: to document and assess the storage right and water
allocation arrangements implemented in four specific regions in the Murray–Darling Basin
(Murrumbidgee, Goulburn, Namoi and St George) and to draw some general conclusions about
the relative merits of these alternative arrangements (annual allocation with carryover, annual
allocation with spillable water accounts, continuous accounting and capacity sharing).
It is useful to focus on water property right arrangements in a local context given important
differences in hydrology and water demands, and subtle differences in the way arrangements
are implemented across catchments. In practice, the preferred set of water property rights is
likely to depend on the prevailing hydrology. For example, it is not surprising that the most
sophisticated storage right arrangements in the Murray–Darling Basin have evolved in regions
in which storage capacity is smaller and where spills are more frequent (that is, northern New
South Wales and southern Queensland).
While the degree of sophistication varies between regions, none of the property right
arrangements investigated can be considered perfect. This study identifies specific incremental
reform options that have the potential to improve property rights in each case study region.
These options are intended to represent ‘low hanging fruit’—the easiest (least cost) and
potentially most useful (greatest efficiency gain) reforms. In practice, such reforms would
require a more detailed consideration of benefits and costs.
This study provided a number of general observations about the main alternative approaches. It
was noted that under annual water use accounting (annual allocation) it is difficult to effectively
internalise storage capacity constraints. Changing to a more frequent accounting method should
not be costly because water utilities in those regions already collect sub-annual water use
information.
The study also highlighted the significant uncertainty that can be created by centralised
allocation determination. This uncertainty could be addressed by changing to a system of
automated inflow sharing. Inflow sharing requires a range of intermediate reforms and the
adoption process may involve some costs and adjustments for water utilities and users (Hughes
& Goesch 2009a, b). Where this is not considered practical in the short term, incremental
allocation reform options include minimising changes to and deviations from water sharing
plans and incorporating more rules-based water within the property rights framework.
Other issues identified include specification of arbitrary (entitlement based) water allocation
account limits (which would preferably be based on physical storage capacity), general absence
of storage and delivery loss deductions and exemption of water trade volumes from allocation
account (storage capacity constraint) limits. This list is not exhaustive and many other options
for reform and areas for future research exist.
Three particular issues are considered in this report:


The potential for separately tradeable (unbundled) storage capacity rights to provide users
with greater flexibility. This may be particularly useful to users with atypical water and
storage capacity demands including, for example, environmental managers and flood
mitigation agencies.
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The relative merits of spillable water accounts and storage capacity rights. The incentives
provided by these alternative approaches differ subtly and may have implications for
allocative efficiency. This is a subject for future research.



The value of storage spills. In practice, spills have a range of benefits and costs to
downstream parties, including other consumptive users, private landholders and the
environment. These spill values may have implications for the design of water storage rights.
This is also a subject for future research.
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