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Executive summary
Environmental problems are not problems of our surroundings, but—in their origin and through 
their consequences—are thoroughly social problems, problems of the people, their history, 
and their living conditions, their relation to the world and reality, their social, cultural and 
political situations.

—Ulrich Beck (1992)

This case study

This case study provides an overview of the Australian experience with environmental water reform, 
as well as a detailed account of the current management regime for environmental water in the 
Murray-Darling Basin (the Basin). It shows how environmental water policy in the Basin has developed in 
the context of the region’s unique set of social, economic, political, institutional and hydrological variables. 
The development of a policy framework that recognises the environment as a legitimate water user in 
the Basin has had to respond to major droughts, competing societal interests, a transboundary system 
(albeit within a single nation), political power contests and interests, and cultural groups with often 
divergent values.

The Australian experience reinforces the importance of understanding the extent to which decisions 
about the use and control of freshwater systems and catchment landscapes are inherently social, 
cultural and political (Hanemann & Young, 2020; Frederiksen, 1992; Molle, 2009; Mollinga, 2008; 
WBG, 2018). Water policy mobilises a wide range of actors with the potential for coordinated collective 
action or persistent partisan contests over deciding ‘who gets what, when, how’ (Lasswell, 1936) in the 
allocation of access to, and control over, freshwater systems and catchments. The development and 
implementation of environmental water policy is no exception. Like other water policy challenges, it is as 
much a political, social and institutional challenge as it is a technical endeavour, drawing on, for example, 
scientific, engineering and economic expertise. Existing political institutions, social norms, advocacy 
coalitions, expert knowledge, and the distribution of power between governments and civil society actors 
all influence the set of policy choices available to societies for addressing this issue and the way in which 
the choice set changes over time (Acemoğlu & Robinson, 2016; North, 1991; Sabatier, 1988). 

The Australian experience in the Basin does not provide a roadmap that can be easily transferred to 
other river basins around the world. The trajectories of countries like Australia that have successfully 
integrated environmental water into their policy frameworks for water use and control are highly context-
specific, with their own unique sets of social, economic, political, institutional and hydrological variables 
(Mollinga, 2008). It is unlikely that Australia’s approach can, or should, be replicated elsewhere. However, 
the lessons developed from this case study highlight what can be generalised from the successes and 
challenges that have arisen in the management of water for the environment in the Basin. They cover 
three themes:

• recognition and acceptance of environmental values 

• identifying environmental water policy options 

• implementing environmental water policy.
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The importance of managing water for the environment

Allocation and management of water for the environment is a critical policy response to ameliorating 
unsustainable human impacts on freshwater systems. Human activities have transformed the majority 
of the world’s freshwater and estuarine systems, with global water withdrawals increasing at more 
than twice the rate of population growth since 1800 (L’vovich et al., 1990; Smil, 2003; Vörösmarty & 
Sahagian, 2000). There is a longstanding and consistent link between the alteration and impairment 
of inland water ecosystems and economic development (Vörösmarty et al., 2010, 2013). The World 
Economic Forum has ranked water crises and biodiversity loss among its top five global risks (WEF, 2019). 
Surface water and groundwater extraction, river fragmentation and flow regulation have combined with 
the impacts of land-use change to significantly alter ecosystem functions and reduce biodiversity in many 
of the world’s major river basins, with consequent reductions in the resilience of both ecosystems and 
dependent social and economic systems (Falkenmark et al., 2019; Nilsson et al., 2005; Vörösmarty & 
Sahagian, 2000). 

Human population growth, water resources development, and water use to provide for increased human 
water security and climate change all put significant pressure on freshwater ecosystems. Humans have 
made significant changes to the water cycle at global and local scales by altering patterns of river 
discharge, flow regimes, groundwater recharge, evapotranspiration and precipitation. Climate change 
has begun to impact water systems and aquatic ecosystems. However, decisions on the management 
of more direct human impacts will remain the dominant driver of water system changes and the 
resilience of linked socioecological systems into the mid-21st century (Haddeland et al., 2014; Veldkamp 
et al., 2017). There can be considerable tension between human development and water security needs, 
on the one hand, and managing risks to the ecosystem services, critical habitat and biodiversity that 
provide livelihoods, particularly for many the world’s lowest-income people, on the other. Providing for 
environmental water (or environmental flows) alongside broader catchment management allows 
societies to balance water for human use and development with the need to sustain the essential 
ecosystem services freshwater systems provide. In this context, environmental water provision 
contributes to building a foundation for meeting the United Nations Sustainable Development Goals 
(Arthington et al., 2018). However, successful development and implementation of policy proposals 
that provide for a sustainable balance between development and freshwater ecosystem protection and 
restoration is a long-term process, requiring recognition of the specific constellation of interactions 
between hydrological, ecosystem, social, cultural and political factors in each river basin.

Allocating water to the environment in Australia’s Murray-Darling Basin 

The Murray-Darling Basin is one of Australia’s largest catchments and Australia’s most significant 
agricultural region. It is a major river basin with a high level of water resources development and water 
extraction for consumptive use, and substantial environmental challenges. Over the past 50 years, 
the Australian Government and state and territory governments have identified and begun responding 
to the environmental challenges presented by overdevelopment of the Basin, overallocation of its 
water resources and extensive catchment alteration. This process has resulted in implementation 
of an approach to environmental water management that has reduced consumptive take of water 
from the Basin system and returned significant volumes of water to the environment, with social 
and environmental benefits at local and regional scales (PC, 2021a).
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Australia’s major water management reforms of the past three decades have centred on the Basin. 
Water reform in the Basin has had to address challenges arising from more than 100 years of extensive 
water resources development, primarily for agricultural use, but also as an important water source for 
towns and cities in the Basin and adjacent regions in a highly variable climate subject to long, dry periods, 
as well as large floods. The policy lessons and precedents established in the Basin have had a profound 
effect on water policy across Australia. These lessons have been transferred to the management of other 
Australian catchments and regions, and have attracted international interest. 

Development of environmental water policy in the Basin has been shaped and constrained by the legacy 
of past decisions. Major shifts in public sentiment, Australian politics and approaches to policy were 
required for the environment to become a legitimate subject of discussion and debate in the Basin 
during the 1960s and 1970s. It took longer for the environment to become recognised as a legitimate 
water user, which did not occur until the 1990s and 2000s.

Implementation of environmental water policy, which has reallocated significant quantities of water to 
the environment, has been marked by increasing levels of tension between water users and between 
Basin jurisdictions since 2010. Major changes to Australian water policy coincided with the most severe 
drought on record, ongoing demographic and structural changes in Australia’s agricultural sector, and 
significant changes in returns for a number of the major irrigated crops in the Basin. These coincident 
stressors helped to increase tensions, which were often expressed as antipathy to environmental 
water—a policy domain where agricultural water users felt they could exert pressure and effect change. 
Although such disputes are not unusual in subnational transboundary river basins where water 
governance must manage a long history of basin development and overallocation in a changing climate, 
these tensions highlight the extent to which valuing environmental water is a question of social and 
political judgment. Despite these challenges, over the past decade Australia has transferred around 
one-fifth of previous consumptive flows to environmental use, established the environment as a 
legitimate water user, and developed strong institutional arrangements to manage environmental water. 

Identifying and prioritising environmental values, important ecosystem services and environmental 
watering objectives remain contested issues in the Basin. Defining the meaning of concepts such as 
‘sustainability’ and ‘protecting and restoring’ aquatic ecosystems, which underpin the legislative context 
for environmental water recovery in the Basin, has involved political contests over the use and control 
of water resources that have shaped the way environmental water policy issues are portrayed and 
understood (Stone, 2012). Recovering and managing water for the environment in the Basin remains a 
dynamic and high-profile area of public policy—each success introduces new challenges and unintended 
consequences, which require changes in policy and management instruments. 

The Australian experience in the Basin has not been a simple, linear process of clarifying values 
and objectives, undertaking comprehensive scientific and technical analyses, and formulating and 
implementing an effective and efficient policy response. Agreeing on ecological outcomes and 
demonstrating progress in such a highly modified system is a difficult, long-term task (Briscoe et al., 2011; 
Gann et al., 2019; SER, 2019). The process of developing and implementing environmental water policy 
in the Basin has seen both regional and sectoral political challenges, alongside periods of cooperation 
and ‘policy windows’ that permitted significant change. Policy development and stakeholder responses 
have been influenced by a range of factors, including environmental crises, major drought, international 
commodity cycles, regional demographic changes, and shifts in agricultural employment and production. 
Australia’s experience demonstrates how decisions about the use and control of freshwater systems and 
catchment landscapes are as much a political, social, cultural and institutional challenge as they are a 
scientific and technical endeavour.
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Current approaches to valuing and managing water for the environment 
in the Murray-Darling Basin

This case study outlines current approaches to identifying environmental value and measuring values, 
and the mechanisms and tools applied to realise the environmental value of water in the Basin. 
Significant financial commitments, alignment of management arrangements, and establishment of 
institutional structures to manage water for the environment have been important to implement 
the recent suite of water reforms in the Commonwealth Water Act 2007 and the Murray-Darling 
Basin Plan (2012). Through the combination of these commitments, the environment has been 
legally recognised as a legitimate water user in the Basin. While the original framework for setting 
an environmentally sustainable level of take and sustainable diversion limits (SDLs) for the Basin Plan 
emphasised the technical and scientific elements of the policy challenge, implementation has required 
an ongoing process of political negotiation. Trade-offs and political interventions have been a necessary 
part of developing the SDLs and implementing environmental water policy. The limits are a compromise 
that aims to offset the impacts for those negatively impacted. However, outcomes have not always 
been successful. The political and negotiated nature of the process has led to ongoing tensions and 
concerns about the legitimacy of outcomes.

Approximately 20 percent of all water entitlements in the Basin available for consumptive uses such 
as irrigated agriculture a decade ago are now managed for the environment. The majority of water for 
the environment has been recovered through direct purchase of water entitlements. Additional water 
buybacks ended in 2020. However, an increasing focus on water recovery through investments in water 
infrastructure modernisation began in 2013. Environmental water entitlements have the same rights 
and must follow the same rules as consumptive entitlements. Environmental water entitlements in the 
Basin are held by an independent national institution, the Commonwealth Environmental Water Holder 
(CEWH), as well as by individual Basin state governments and through joint governmental agreements. 
The majority of the water held for the environment in the Basin is managed by the CEWH. However, not 
all water for the environment is ‘held’ in environmental entitlements. Environmental entitlements 
make up a relatively small volume of the total water available or reserved for environmental use in 
the Basin. Significant volumes of environmental water are managed by state governments through the 
rules in water resource plans. Providing environmental water in the Basin has required amendments to 
these plans. Several challenges remain to the attainment of water supply savings through supply and 
efficiency measures, and implementing the SDLs in full by 2024 is at risk.

Prioritisation of environmental water use is based on principles that are common across the Basin. 
Annual Basin-scale priorities are published, and environmental water use must have regard to 
these priorities. Common Basin-wide environmental objectives are given effect in both long-term 
environmental watering plans and annual priorities and plans. A seasonally adaptive approach is used 
to prioritise environmental water use, based on climatic and ecological conditions. Environmental water 
can only be delivered if there is water available—the same as for other water entitlement holders. 
Coordination of delivery is important to realise the outcomes intended by environmental watering and 
remains an ongoing focus of efforts to realise broader benefits. In addition to coordination arrangements, 
easing of constraints on the delivery of water is required to achieve many of the water requirements for 
environmental values.

Monitoring water use across a large river basin such as the Murray-Darling Basin requires a range of 
different approaches—from site monitoring to remote surveillance. Monitoring of, and accounting for, 
environmental water use present substantial challenges. Approaches to water delivered and returned 
to the river system from environmental assets are complex and highly contested. Multiple inquiries in 
recent years have examined specific areas of concern. These inquiries have fostered some uncertainty 
in the community regarding management arrangements. However, environmental watering plans, 
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priorities and delivery have been adapted based on the findings of long-term monitoring programs in 
the Basin. Monitoring programs in the Basin are being deployed over a long period, linked to addressing 
management questions and challenges, and have resulted in strong partnerships between government 
agencies and scientific research. These programs need adequate funding for ongoing success. 

Lessons based on Australia’s Murray-Darling Basin 

The Australian experience in the Murray-Darling Basin does not provide a roadmap for use by 
everyone, everywhere. However, consistent themes and lessons highlighted by the Basin experience align 
with many of the principles and approaches called for by international commitments (e.g. the Sustainable 
Development Goals), governments around the world, and large development donors such as the 
World Bank and the Asian Development Bank. Therefore, lessons drawn from these experiences can be 
taken as framing and guidance that need to be viewed through the lens of the hydrological, ecological, 
socioeconomic and political context of a specific basin or country.

The lessons outlined in this case study include the following:

• Restraining water use and recovering water for the environment are very difficult and costly once 
a river system has become overallocated. Where possible, early action to integrate environmental 
water policy into river basin development can help avoid future difficulties. 

• Allocating water for the environment is a social and political task, not just a technical or 
scientific problem. Enduring reform requires both a broad base of social and political support 
and agencies ready to take advantage of ‘policy windows’ when they occur. 

• There is no single, optimal balance between water allocations for the environment and other uses. 
Definitions of, and criteria for, ‘a healthy river’ and ‘sustainability’ will be contested scientifically 
and socially. Resolving these tensions and identifying viable environmental water policy options require 
building trust in and among institutions, science, technical knowledge and decision-making processes.

• Strong, transparent and trusted institutions are critical for effective environmental water management. 
Institutions need appropriate powers, resources and independence to carry out their roles. 
Institutional design needs to ensure that different environmental water issues are managed at the 
most appropriate scale.

• Environmental water management takes time, should remain adaptive and is never complete. It should 
be integrated into broader water and catchment management processes, and linked to other aligned 
policy areas and their priorities (e.g. agriculture, regional development, energy markets).

• Effective environmental water management requires the integration into water agencies of 
cross-disciplinary professional groups with new expertise—for example, ecologists, lawyers, political 
scientists, economists, decision scientists, and specialists in communications, policy and engagement. 
This capability needs to underpin multidisciplinary and collaborative approaches built around effective 
working partnerships with a wide range of stakeholders.

• Effective and ongoing engagement with stakeholders and communities is critical for successful 
design and implementation of environmental water policies. Where possible, stakeholders and 
communities should be directly involved in decision making and implementation, as this builds trust 
and long-term support.

Transparent monitoring, evaluation and reporting are essential for maintaining legitimacy and trust. 
These processes need to be built into policy implementation and appropriately resourced.
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1 Introduction 
Australia has longstanding experience in identifying and responding to the environmental challenges 
presented by the overdevelopment of a major river basin, the Murray-Darling Basin (the Basin). 
This experience has resulted in implementation of an approach to environmental water management 
that has reduced consumptive take of water from the Basin system and returned significant volumes 
of water to the environment. 

Australia’s experience has not been without difficulties or controversy. International and national 
assessments of Australia’s broad water reform efforts, which include valuing environmental water, 
have been mixed (Briscoe, 2011; Garrick et al., 2020; Grafton, 2019; Holley & Sinclair, 2018; 
The Economist, 2003, 2010, 2019; Walker, 2019). The development of a policy framework that recognises 
the environment as a legitimate water user in the Basin has had to respond to major droughts, competing 
societal interests, a transboundary system (albeit within a single nation), political power contests and 
interests, and cultural groups with often divergent values. 

This case study shows how environmental water policy in the Basin has developed in the context of:

• the region’s unique hydrology

• a settler culture and politics

• decisions made from the 1880s in the development of water law and policy

• a federal political system based on strong state rights to water and broader natural 
resource management

• development of a highly regulated and overallocated river system throughout the 20th century

• broader water policy reform driven by changes in policy, public opinion and institutional design 
over the past 50 years.

Australia’s experience with environmental water policy in the Basin demonstrates that there is no single, 
ideal pathway towards integrating environmental considerations into water management frameworks 
and decisions. The trajectories of countries like Australia that have successfully integrated environmental 
water into their policy frameworks for water use and control are highly situation-specific, each with a 
unique set of social, economic, political, institutional and hydrological variables (Mollinga, 2008). It is 
unlikely that Australia’s approach can, or should, be replicated elsewhere. Change in water policy in the 
Basin to include environmental considerations has not been a simple linear process and is unlikely to 
ever be complete. It is a relatively new endeavour, and remains a dynamic and high-profile area of public 
policy—each success introduces new challenges and unintended consequences, which require changes 
in policy and management instruments (Briscoe et al., 2011; Matthews, 2018).

1.1 About this case study 

This case study provides an overview of the Australian experience with environmental water 
reform, and a detailed account of the current management regime for environmental water in the 
Murray-Darling Basin. A detailed set of lessons is provided in the last section. Central to these lessons 
is the realisation that valuing water for the environment is as much a social and political exercise as it 
is a scientific and technical one. Valuing environmental water, and planning for its management and 
delivery must be informed by evidence gained from extensive technical and scientific work. It must 
also often resolve difficult values-based and political controversies that surround provision of water to 
the environment in large river basins. This requires the integration of technical analyses with strategies 
designed to navigate disagreements between political actors, jurisdictions and stakeholder groups.
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The case study is structured in the following sections:

• Section 1. Introduction—provides an overview of the purpose and potential application of the case study

• Section 2. Overview of the Murray-Darling Basin— provides an overview of the geographical context of 
the Basin, including the environmental values and key factors that influence the condition of values

• Section 3. History of water management in the Murray-Darling Basin—describes phases in water 
resource development, and events that have influenced the way that water is valued for the 
environment in the Basin

• Section 4. Current approaches to valuing water for the environment in the Murray-Darling Basin—
discusses the current approaches to recognition and acceptance of environmental values, approaches 
to measuring values, and mechanisms and tools applied to realise the environmental value of water in 
the Basin; highlights areas of success, challenge and ongoing concern

• Section 5. Lessons based on Australia’s Murray-Darling Basin experience—summarises general lessons 
for framing and guidance; these need to be viewed through the lens of the socioeconomic and political 
context of a specific basin or country.

A note regarding definitions and terminology

Development and implementation of environmental water policy are embedded in specific histories 
and geographies, processes of problem perception and definition (see Box 1.1), shifts in elite and 
public opinion, definitions of valid knowledge and evidence, tensions over areas of government and 
community power and control, and struggles over institutional and policy change (Sabatier, 1988).

Defining terms such as ‘levels necessary to sustain’ and ‘sustainable compromises between river 
condition and human use’ is a difficult challenge, often involving deeply political decisions and tensions 
between social groups with very different values. Each of these terms hides complex interactions 
between ecosystems and human activities working at multiple spatial and temporal scales (Lockie, 2019).

Although science can inform these decisions, it cannot make them. There is no easy way to translate these 
concepts or the results of scientific studies simply, in a value-neutral way, into policy (Briscoe et al., 2011).
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Box 1: Some terms related to providing water for the environment

Environmental flows: defined by the Brisbane Declaration (2018 update) as describing the quantity, 
timing and quality of freshwater flows and levels necessary to sustain aquatic ecosystems, which 
support human cultures, economies, sustainable livelihoods and wellbeing (Arthington et al., 2018).

Environmental water: commonly used in South Africa and Australia, this term refers to water 
managed to deliver specific ecological outcomes or benefits. It may refer to specific water 
allocations or releases made for ecological purposes (WBG, 2018).

Healthy working river: a river that is managed to provide a sustainable compromise between the 
condition of the river and the level of human use. A water regime based on the healthy working 
river approach would not return an aquatic system to pristine condition, but it would sustain 
ecological objectives indefinitely (NCC, 2004).

In-stream flow requirements: an older term, rarely used now, that originally addressed flows for 
maintaining fish habitat. The focus was on low flows in the wetted channel, and typically did not 
consider riparian zones, floodplains, water quality, geomorphology, other biota, floods greater than 
the annual one or social aspects (WBG, 2018).

Minimum flow: a general term mainly used to describe a flow that must be maintained without 
further reduction over a specified period—generally either during the dry season or over the whole 
year. It implies that ecosystem functioning can be protected through the delivery of a minimum 
and constant flow; however, evidence shows that variability of flows within and between years is 
essential to maintain healthy rivers (WBG, 2018).

Downstream flow: the final flow regime once environmental flows and flows for other water 
demands, such as irrigation and hydropower generation, have been combined (WBG, 2018).
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2 Overview of the Murray-Darling Basin

2.1 Introduction

The Murray-Darling Basin is one of Australia’s largest catchments and Australia’s most significant 
agricultural region. It is also the river basin with the most extensive water use and greatest 
environmental challenges. Australia’s major water management reforms of the past three decades have 
centred on the Basin and the challenges arising from more than 100 years of extensive water resources 
development, primarily for agricultural use, in a highly variable climate subject to long, dry periods 
and large floods. The policy lessons and precedents established in the Basin have had a profound 
effect on water policy across Australia, and have often been transferred to the management of other 
Australian catchments and regions. This section provides an introduction to water governance in the 
Basin, the hydrological system, and the region’s population and industries. These issues provide context 
and have influenced the development of environmental water policy in the Basin. 

2.2 Governance 

The Murray-Darling Basin is a transboundary system with responsibility for water resource policy, 
planning and management shared between the Queensland, New South Wales, Victorian, 
South Australian, Australian Capital Territory and Australian governments.1 Australia is a federation 
of six states and two territories, with powers distributed between the Australian Government and 
the governments of each state and territory.2 States have primary responsibility for managing natural 
resources, including water, within their jurisdictional geographic boundaries, and each state and territory 
has its own water laws and regulations (Gardner et al., 2018). Indeed, Australian states retain plenary 
legislative power to make law for natural resources management, and the Australian constitution 
explicitly limits the Australian Government’s powers with regard to water resources.3 As a consequence, 
the Australian Government has historically sought to exercise influence in the Basin by encouraging 
cooperation among the Basin states. This has included deploying its financial resources through strategic 
investment decisions, relying on the states to legislate in a way that is consistent with agreed policy, and 
working with the states to agree to enact parallel legislation (Gardner et al., 2018). The Murray-Darling 
Basin Agreement is one of Australia’s longest-standing interstate compacts, originally agreed in 1914 as 
the River Murray Waters Agreement, which relied on such cooperation (Guest, 2017).

Major water reforms over the past 30 years have provided the Australian Government with a more active 
role in the management of the Basin’s waters. In 2008, the states referred some of their water resource 
management powers to the Australian Government. These referrals allowed the Australian Government 
to define economic and environmental constraints to the states’ water resources management powers. 
Management of the Basin’s water resources is now shared between the Australian Government and 
state governments, with states maintaining responsibility for most land and water management in the 
context of a higher-order, Basin-scale framework agreed with the Australian Government and other 
states (Gardner et al., 2018). Debate continues about the effectiveness of these arrangements (PC, 2020; 
Walker, 2019).

1  In this document, ‘Basin states’ includes the Australian Capital Territory.
2  The states have their own constitutions, parliaments, governments and laws. The self-governing territories also have their own parliaments, 

governments and laws. However, the Australian constitution empowers the Australian Parliament to make laws for the territories; it does not 
have this power in relation to the states (Attorney-General’s Department & Australian Government Solicitor, 2012).

3  The Australian constitution provides the Australian Government with the power to provide financial assistance to the states contingent on 
the states meeting specific conditions (s 96).
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In a global context, the Basin has a comparatively sophisticated water resources management system, 
the result of more than 30 years of reform built on precursors that date back to the late 19th century. 
The current water governance and management framework is a complex and sometimes unwieldy mix 
of state-administered and nationally administered collaborative planning, market-based instruments and 
direct regulation (Alexandra, 2019; Doolan, 2016). Water for irrigation and the environment is managed 
by Australian and state government institutions within a framework structured around quantified 
property rights framed as a share of available water (not an absolute amount), volumetric accounting 
for water use, definitive registers of rights ownership, and trading within sophisticated water markets 
(Hanemann & Young, 2020). 

2.3 The Murray-Darling system

The Basin ranks among the 20 largest river basins in the world, measured by river length and 
catchment area. Located in southeastern Australia, it drains roughly one-seventh of the Australian 
continental mainland (a little over 1 million km2) and stretches south from Queensland, through 
New South Wales, the Australian Capital Territory and Victoria, and then west to the coast in 
South Australia where it flows into the Southern Ocean (see Figure 1). Rivers from 23 catchments 
feed the Murray and the Darling—the Basin’s two major rivers. The Murray River rises in both 
New South Wales and Victoria, and runs west along the border of the two states. The Darling River runs 
south from Queensland and through New South Wales. The rivers meet in Wentworth before continuing 
to the ocean in South Australia. By area, the Basin is around 1.25 times the size of the Mekong River Basin 
or the Yellow River Basin (see Figure 2).

Figure 1. Murray-Darling Basin and its rivers (Sources: BoM, 2021; Sumner et al., 2021. Figure by 
R. Marsh)
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The Basin is unlike many other large river–catchment–estuarine–coastal systems. The system combines a 
large catchment with a relatively small coastal lagoon system and low coastal discharge (Hart et al., 2021). 
Although the Basin ranks among the 20 largest river basins in the world measured by river length and 
catchment area, its long-term average annual streamflow is the lowest of all major river systems on Earth 
(State of the Environment Advisory Council, 1996). 

However, averages provide a poor representation of the Basin’s streamflow patterns, which vary 
substantially across timescales from seasons to decades. The Basin has the highest variability and 
unpredictability in interannual flows among the world’s large river systems (McMahon et al., 1992). 
Total annual streamflows in modern records range from 6,740 million cubic metres (mcm) (in 2006) 
to 117,907 mcm (in 1956) (MDBA, 2010). Multiyear low-rainfall, low-flow and cease-to-flow periods 
are a regular feature of the Basin’s hydrology, visible in both the modern and paleoclimatic records 
(Freund et al., 2017; McMahon & Finlayson, 2003). 

Consequently, only one-fifth of the Basin’s total river length is classified as having permanent flows— 
a number of the Basin’s rivers also cease to flow during extended low-rainfall periods (Bond et al., 2020). 
Hydrological connectivity between the Basin’s rivers is consequently highly variable, with a number of 
rivers terminating in floodplain wetlands and only contributing flows to the wider system during very 
large floods (CSIRO, 2008). The Basin’s highly variable interannual rainfall patterns are strongly influenced 
by the El Niño–Southern Oscillation (ENSO), particularly variation in winter, spring and summer rainfall. 
ENSO effects further magnify fluctuations in streamflow volume (Chiew et al., 1998; Gallant et al., 2012). 
The Indian Ocean Dipole, other Indian Ocean sea surface temperature anomalies, and variations in the 
Southern Annular Mode also influence the Basin’s hydroclimate (Gallant et al., 2012). 

Significant regional variation is seen across the Basin in annual and seasonal streamflow patterns. 
The Basin is usually described with reference to the differences in hydrological characteristics between 
the north and the south. The northern Basin, located in Queensland and northern New South Wales, 
includes the Darling River north of Menindee and its tributaries. Streamflows tend to be lower in the 
north than in the south. Driven by summer monsoonal rainfall, the streamflows in the northern Basin 
vary between 0.01 and 10 times the long-run average. The southern Basin, in southern New South Wales, 
the Australian Capital Territory, Victoria and South Australia, includes the Murray River and its tributaries 
in New South Wales and Victoria; the Darling River south of Menindee; the Goulburn, Broken, Campaspe 
and Loddon rivers; the Murrumbidgee River; and the Lachlan River. Flows in the south vary around 
0.3 to 3 times the long-run average and are dominated by late-winter and spring rainfall (Gawne et al., 
2020, see Figure 3). There are also marked east–west variations in the Basin. Average annual rainfall 
in some eastern Basin catchments is 5 times that of catchments in the arid and semi-arid west. 
Evaporation averaged across the Basin is approximately 4 times annual average rainfall; regional variation 
in evaporation ranges from slightly below average annual rainfall in the southeast to 8 times average 
annual rainfall in the west (Gallant et al., 2012). 

The climate of the Basin ranges from subtropical in the north to semi-arid in the west and temperate 
in the south. Although the Basin exhibits a diversity of geographical features and climates—from the 
Great Dividing Range, which rises more than 2,000 m above sea level in the east and south to the wide 
plains of the west—it is dominated by low-gradient arid to semi-arid plains (Geoscience Australia, 2012). 
Most of the Basin is less than 200 m above sea level, and 90 percent is arid or semi-arid (Maheshwari 
et al., 1995). There is a corresponding variation in ecosystems, from subtropical grasslands and rainforest 
in the northeast to temperate broadleaf forest and montane shrublands in the southeast, alpine 
heaths on the higher mountains, and temperate grasslands and Mediterranean shrublands in the west 
(DAWE, 2020a; Walker et al., 1993). Extensive land clearing during the past 200 years has removed 
more than 60 percent of the original tree cover, altering the relationship between surface water and 
groundwater systems, and changing the Basin’s hydroclimate (Murphy & Timbal, 2008; Walker et al., 1993).
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The Basin has extensive groundwater systems. The northern Basin sits over the southern part of the 
Great Artesian Basin, Australia’s largest groundwater basin, which is managed through a separate 
interstate agreement from the Murray-Darling Basin Agreement. The remainder of the Basin consists 
of fractured rock aquifers in the highlands, major alluvial systems in river valleys, and riverine plains 
and largely saline limestone aquifers in the west. Groundwater is an important water resource for 
Basin agriculture and communities, particularly in the northern Basin (Stewardson et al., 2021). 
Around one-quarter of the water used in the Basin in 2018–19 was from groundwater systems 
(BoM, 2020). However, groundwater use varies markedly, depending on streamflows and available 
surface water allocations. Groundwater use increases in dry years that have low surface water 
allocations, and decreases in wet years with high surface water allocations. 
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Figure 2. Comparison between the Murray-Darling (M-D), Ganges, Indus, Mekong and Yellow River 
basins (Sources: Data for Ganges, Indus, Mekong and Yellow River basins: Eastham et al., 2014. 
Data for Murray-Darling Basin: MDBA, 2020a; BoM, 2018, 2019. Figure by R. Marsh)
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Figure 3. Seasonal distribution of rainfall and potential evapotranspiration across the northern and 
southern Murray-Darling (M-D), Ganges, Indus, Mekong and Yellow River basins (Sources: Data for 
Ganges, Indus, Mekong and Yellow River basins: Eastham et al, 2014. Data for Murray-Darling Basin: 
MDBA, 2020a; BoM, 2018, 2019. Figure by R. Marsh)

2.4 Population, major industries and water use

The Murray-Darling Basin is sparsely populated. The population density of the Basin’s more than 
2 million people is low, ranging from 0.1 to 3.5 people per square kilometre for the vast majority of 
the area outside urban centres. Australia’s national capital, Canberra, is the largest city in the Basin, 
with a population of less than 500,000. Half the population of the Basin live in 19 regional centres with 
populations over 20,000; 25 percent live in towns with populations between 5,000 and 20,000; and the 
remaining 25 percent live in small towns or on farms. Between 2001 and 2016, the Basin’s population 
grew much more slowly than that of the rest of Australia (increasing by around 2 percent compared 
with around 20 percent). The Basin’s population is considerably older than the rest of Australia, and the 
region faces ongoing migration of younger people (aged 18–40) to major coastal cities outside the Basin. 
Around 120,000 Aboriginal people from more than 40 Aboriginal nations live in the Basin and have done 
so for more than 65,000 years (Dwyer & Cheesman, 2019; Pollino et al., 2021). 

The Basin produces around 40 percent of Australia’s total agricultural production and nearly half of 
Australia’s irrigated agricultural production by value. Agriculture is the major water user in the Basin 
(ABS, 2019). More than 95 percent of all water diversions in the Basin are for agricultural use, and total 
water use in the Basin represents more than two-thirds of agricultural water use and more than half of all 
water use in Australia (BoM, 2019; MDBA, 2017). More than 80 percent of the land in the Basin is used 
for agricultural production, with around 1–2 percent irrigated, depending on the year (ABS, 2012, 2020). 
Livestock grazing is the predominant land use in the Basin. There are around 35,000 agricultural 
businesses, of which around one-quarter used irrigation in 2018–19 (ABS, 2020). Almost all of Australia’s 
gross value from rice, around 90 percent from cotton, 75 percent from grapes and 40 percent from fruit 
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and nuts is from irrigated production in the Basin. Slightly less than one-third of the gross value of dairy 
production in Australia is generated in the Basin, and around 80 percent of this is from irrigated dairy 
farms (ABS, 2019). Almost all rice production, the majority of the irrigated horticulture and most of the 
dairy production occurs in the more developed southern part of the Basin, where water for irrigation is 
more secure and reliable. Cotton is the major irrigated crop in the northern Basin, where opportunistic 
planting can adapt to the higher variability of the northern hydrological regime. Dryland agriculture 
constitutes the vast majority of the agricultural area and around 60 percent of the gross value of 
agricultural production in the Basin. Almost half the gross value from other cereals, slightly less than 
one-third from all beef production, and almost half from sheep and other livestock in Australia occurs in 
the Basin in dryland systems. The Basin’s rivers provide domestic and municipal water supplies for more 
than 3 million people because the Murray River provides water for Adelaide, a city of more than 1 million, 
located outside the Basin. 

Although the Basin was initially developed as an agricultural region, it now has a far more diverse economy. 
For example, the tourism and recreation sector in the Basin now makes a similar economic contribution 
to irrigated agriculture. Over the past 15 years, employment growth in the Basin has been strongest in 
the services and construction sectors, while it has declined in agriculture and manufacturing. One of the 
contributors to the change in agricultural employment during this period has been farm consolidation, 
which mirrors a broader trend across Australia (Pollino et al., 2021).

2.5 River and wetland environmental assets and their condition

Despite water resources development driving major alterations to the Basin’s hydrology, the region 
retains many important wetland and aquatic ecological assets. Regional differences in climate, geography 
and flow regimes host a wide variety of aquatic, riparian and terrestrial ecosystems, which support 
numerous internationally and nationally significant species (Bond et al., 2020). The ecosystems of the 
Basin’s 23 river valleys are well attuned to its highly variable flow regime, requiring intermittent flooding 
and dry periods to flourish (Kingsford, 2000; Leblanc et al., 2010). Large flood events in the Basin’s 
wetlands support large-scale waterbird breeding events, especially of colonial nesting species, and 
16 wetlands are listed under the Ramsar Convention (Leblanc et al., 2010). The most comprehensive 
assessment of the Basin’s river and wetland assets was the 2010 Sustainable Rivers Audit, which assessed 
only one of the Basin’s 23 river valleys as being in good health. Of the remainder, 1 was in moderate 
health, 15 were in poor health, and 6 were in very poor health (MDBA, 2012a).4 The strongest influences 
on the health of these systems are the overall reduction in river flows and changes to flow regimes 
caused by water extractions and river regulation, and catchment disturbance (Gawne et al., 2020; 
McMahon & Finlayson, 2003). Figure 4 shows the level of catchment and flow disturbance in the Basin 
after more than 150 years of water resources development and land-use change. 

A key objective of the Basin Plan is to ‘protect and restore’ the Basin’s water-dependent ecosystems. 
However, the profound changes to the landscapes and ecology of the Basin over the past 200 years 
and the ongoing management of flows, particularly in the southern Basin, challenge simple definitions 
of a restoration reference state (Gann et al., 2019). The impacts of climate change will further 
challenge the definition of restoration and protection objectives. Consequently, future approaches to 
environmental water policy in the Basin will require science and technical studies alongside extensive 
engagement with communities and stakeholders to agree on desired states for restoration and 
protection (Acreman et al., 2017). This suggests that, in future, restoration and rehabilitation will likely 
be best understood as requiring the design of ‘ecosystem solutions’ (Palmer et al., 2004) that sustain 
‘robust, persistent and socially valued ecological characteristics in a flexible and adaptive management 
framework’ (Poff, 2018).

4  This assessment was completed during the millennium drought (1997–2009), and the assessments of the health of these river valleys were 
affected by the prolonged dry conditions.
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Note: The red end of the colour spectrum shows the most disturbed areas and flows; the blue end of the spectrum shows the least disturbed 
areas and flows.

Figure 4. Maps showing the level of catchment disturbance (left) and flow disturbance (right) for the 
Murray-Darling Basin (Sources: Stein et al., 2002, 2012, 2014)
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3 History of water management in the 
Murray-Darling Basin

3.1 Introduction

It can be safely said that when it comes to actual work on the ground, the objects of conservation 
are never axiomatic or obvious, but always complex and usually conflicting.

—Aldo Leopold (1990)

Box 2: Key points

• Development of environmental water policy in the Murray-Darling Basin has been shaped and 
constrained by the legacy of past decisions.

• Major shifts in public sentiment, Australian politics and approaches to policy were required for 
the environment to become a legitimate subject of discussion and debate in the Basin during 
the 1960s and 1970s. It took longer for the environment to become a legitimate water user—
this did not occur until the 1990s and 2000s.

• Implementation of environmental water policy, which has reallocated significant quantities 
of water to the environment, has been marked by increasing levels of tension between water 
users and between Basin jurisdictions since 2010. Although such disputes are not unusual in 
subnational transboundary river basins where water governance must manage a long history of 
basin development and overallocation in a changing climate, these tensions highlight the extent 
to which valuing environmental water is a question of social and political judgment.

• Despite these challenges, over the past decade, Australia has transferred around one-fifth of 
previous consumptive flows to environmental use, established the environment as a legitimate 
water user, and developed strong institutional arrangements to manage environmental water.

This section provides the background and context to development of environmental water policy 
in the Murray-Darling Basin. It helps explain the shape of Basin environmental water policy, and 
the sociopolitical conditions under which the environment became a subject of public debate and 
public policy, and a legitimate water user. It also highlights the social and political tensions created by 
the increased focus on values distinct from agricultural production (e.g. environmental, cultural) in 
Australian water policy. Despite the successful integration of environmental water policy into the broader 
management of water in the Basin, these tensions remain unresolved.

Development of environmental water policy in the Basin has been shaped and constrained by the legacy 
of past decisions, particularly:

• almost 200 years of settler modifications to the Basin’s landscapes and waters, which have substantially 
altered the hydrology and ecology of river systems and catchments at multiple temporal and 
physical scales

• policy choices designed to drive patterns of human settlement and economic development in the 
Basin, which have created powerful political constituencies. The political economy of water reform in 
the Basin is difficult. Despite widespread recognition of overallocation of water resources, most of the 
required reduction in water use to a sustainable level fell on agricultural users, whose water use had 
been strongly encouraged and financed by the Australian Government and state governments for most 
of the 20th century (Tompson & Price, 2009)
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• challenges inherent in integrating the management of local, regional and Basin-scale water policy in 
the context of a transboundary system that involves six jurisdictions (four states, one territory and the 
Australian Government)

• longstanding legal structures (from the late 19th century) and the outcomes of a broader water policy 
reform process begun in the 1980s, within which the environmental water policy regime in the Basin 
has been built.

Major shifts in public sentiment, Australian politics and approaches to policy were required for the 
environment to become a subject of discussion and debate in the Basin during the 1960s and 1970s. 
It took longer for the environment to become a legitimate water user—this did not occur until the 1990s 
and 2000s. The Basin states and the Australian Government pursued large-scale, centrally planned and 
expensive water storage and river regulation projects through the 20th century, with the process of 
development accelerating after World War II. A policy shift in the late 1980s focused on cost recovery 
for government investments and treating water as an economic good. This reduced the investment 
in large infrastructure projects, and drove the development of water markets and a series of other 
policy innovations, which helped manage the impacts of a major drought (the millennium drought 
of 1997–2009) on agricultural production in the Basin. 

Australia’s experience in managing water in the Basin has gone through a series of broad phases 
(Figure 5). Initial settler expansion into the Basin created major ecological impacts from overgrazing, 
land clearing, mining and early irrigation. The involvement of governments in water policy from the late 
19th century prefigured the 20th century focus on large, state-financed infrastructure mega-projects to 
develop water resources and regulate the rivers of the Basin for national development. By the 1980s, 
environmental and economic concerns had shifted water policy towards a focus on efficiency, beginning 
to address the environmental impacts of Basin development, and a focus on market-based instruments as 
a key policy tool. Significant challenges remain in the management of environmental water in the Basin. 
These will require a reconciliation of ‘the acclaimed powers of market coordination with the cooperation 
required to build functional societies’ (Mallawaarachchi et al., 2020).

Figure 5. Broad phases of water management in the Murray-Darling Basin (Source: Alluvium 
Consulting)
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3.2 Reshaping the MDB’s lands and waters (1830–1917)

Box 3: Key points

• This was a decisive period, which marked a major environmental threshold change in the 
Basin’s environment and saw the establishment of settler water management.

• Australia’s First Nations people used, modified and managed the Basin’s landscapes and 
freshwater systems for tens of thousands of years—their dispossession began a process 
of major alteration of the Basin’s hydrology, land use and ecology.

• Land clearing, grazing and cropping, irrigation, goldmining, fishing and the introduction of 
new species by British settlers began a major transformation of the ecology and hydrology of 
the Basin. The extent and speed of these changes meant that, by 1900, many terrestrial and 
aquatic ecosystems in the Basin had been permanently changed from their pre-settlement 
structures and function.

• Managing water conflicts associated with goldmining led state governments to regulate some 
water management directly. Population growth, land reform and drought further extended 
governments’ roles in water management. Water storage and irrigation development were 
seen as crucial enablers of increasing population density and agricultural productivity.

• By 1917, many of the key elements were in place that would define water management in the 
Basin for the next 90 years and influence the future development of environmental water policy.

Australia’s First Nations people used, modified and managed the Basin’s landscapes and freshwater 
systems for tens of thousands of years. Their dispossession began a process of major alteration of the 
Basin’s hydrology, land use and ecology (Humphries, 2007). First Nations people engaged in integrated 
land and water management practices that shaped terrestrial and aquatic ecosystems based around 
‘an established body of laws that allocated rights and interests among particular people’ (Bird et al., 2008; 
Gammage, 2011; Gardner et al., 2018). The arrival of British settlers in the Basin in the first half of the 
19th century led to the violent dispossession, displacement and depopulation of First Nations people 
from their lands and waters (Hunter, 2014; Weir, 2011). The replacement of Indigenous land and water 
management practices with settler approaches to re-engineering the landscape began a process of 
profound alteration to the hydrology and ecology of the Basin’s land and water systems (Gammage, 2011; 
Humphries, 2007).

These changes were associated with land clearing, overgrazing, the introduction of new species and 
goldmining. The primary agricultural activity in the Basin after initial settlement was extensive livestock 
grazing on large leasehold properties—a boom-and-bust activity strongly affected by rainfall variability. 
The introduction of hoofed grazing animals in large numbers removed vegetation, compressed 
and hardened soils, altered runoff patterns, increased erosion and consequent sedimentation in 
watercourses, and caused major disturbances to riparian habitats (Gammage, 2011; Muir, 2014; 
Robertson & Rowling, 2000). Overgrazing, combined with the introduction of feral pests, including rabbits 
and foxes, led to the extinction of 24 mammal species from the northern Basin by 1900 (Lunney, 2001).5 
The rapid expansion of goldmining in Victoria and New South Wales from the 1850s led to significant 
changes to the Basin’s water systems through the building of water storage and diversion infrastructure, 
mining pollution, the impacts of dredging rivers for gold, and greatly increased river sludge and sediment 
flows from upland gully incision, erosion and gold sluicing (Lawrence et al., 2017; O’Gorman, 2012; 
Rutherfurd et al., 2020). 

5  The environmental impacts of overstocking on the floodplains and wetlands of the northern Basin through the 1880s led to a 
Royal Commission in New South Wales and the passing of land management legislation (the Western Lands Act 1901).
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Ecological impacts rapidly accelerated from the 1860s. Graziers cleared their holdings to demonstrate 
development of the land, in response to land reforms that aimed to break up large landholdings, increase 
rural population density, and encourage a shift away from extensive grazing towards smaller grazing 
enterprises and cropping. Smallholders also extensively cleared land to ‘improve’ it and drained wetlands. 
Land clearing altered water tables and began a process of salinisation of land and watercourses that still 
requires management today. Fire suppression also paradoxically increased the regrowth and density of 
some fire-sensitive species (Lunt et al., 2006).6 Farmers began pumping water from the Murray River and 
its tributaries and building small tributary dams to increase access to water in dry years (Mallen-Cooper & 
Zampatti, 2018). By 1901, irrigation diversions, which peaked in droughts, contributed to zero-flow events 
in the Murray River during low-flow periods (Mallen-Cooper & Zampatti, 2018). Groundwater resources 
in the Basin also began to be tapped in the late 19th century (Smith, 1998). The impacts of overfishing 
on Murray cod were visible from the 1880s, even though the fishery had begun in 1855 (Humphries & 
Winemiller, 2009). The extent and speed of these changes created an ‘apocalyptic event for Australian 
ecosystems’ and make it likely that, by 1900, most terrestrial and aquatic ecosystems in the Basin had 
been permanently changed from their pre-settlement structures and functioning (Bird et al., 2012; 
Colloff et al., 2015; Davies & Lawrence, 2019; Lunt, 2002; Lunt & Spooner, 2005; Rutherfurd et al., 2020; 
Whalley et al., 2011). The extent of some of these changes was widely acknowledged by settlers and 
governments of the time (Gaynor, 2013).

Managing water conflicts associated with goldmining led state governments to regulate some water 
management directly. Settler population densities were initially very low in the Basin, and a riparian rights 
system from British common law was used to allocate water (Gardner et al., 2018). Conflict over water 
in the goldfields caused the New South Wales and Victorian governments to regulate goldfields water 
use in the 1860s, with riparian rights remaining in other areas. A system of government-licensed water 
rights was established to manage competing demands for river water. These rights allocated specified 
quantities of water to holders, and provided for monitoring and measuring of take. Miners could transfer 
water rights to new claims—separating water rights from land and leading some rights holders to sell 
water to other miners (a practice government tried to end with regulation) (O’Gorman, 2012). This early 
system of water rights framed water as a public asset managed by governments, which controlled access 
and provided security to holders. However, the volumes allocated in this early rights regime did not vary 
with available water and often could not be fulfilled in dry years, spurring calls for improved knowledge of 
river flows (O’Gorman, 2012). 

Population growth, land reform and drought further extended governments’ role in water management. 
Water storage and irrigation development were seen as crucial enablers of increasing population 
density and agricultural productivity.7 The gold rush caused a major population shock in Victoria and 
New South Wales—Victoria’s population grew from around 76,000 to 540,000 between 1850 and 
1860 (Sinclair, 2017). Land reforms in the 1860s combined with the introduction of universal male 
suffrage in the late 1850s to make a growing population of smallholding farmers an influential political 
force in Basin states. Smallholders were keenly aware that access to water was a limiting factor for 
their enterprises, and the riparian rights regime made any investment in even limited irrigation 
infrastructure risky (Harris, 2008). In a pattern that would be repeated in the 20th and 21st centuries, 
severe droughts (1877–1881, 1895–1902) helped focus political attention on water, and provoked 
government commissions of inquiry into water supply in New South Wales, Victoria and South Australia 
(IRC, 1902). Despite expert advice urging caution with regard to the development of irrigated agriculture 

6  There is considerable debate about the extent and density of pre-settlement tree cover in southeastern Australia. Indigenous landscape 
management through altered fire regimes created a mosaic of forested and grassland areas. The dispossession of Australia’s First Nations 
people and the cessation of their approach to land management caused major changes to tree stand structure. Walker’s (1993) estimate of 
the removal of 6.3 billion trees in the Basin has been more recently recalibrated to 1–3 billion trees (Lunt et al., 2006). However, the profound 
and rapid changes to landscapes and water systems caused by British settlement are not debated.

7  The Victorian Water Act 1905 was described by the Victorian Minister for Water Supply as the ‘handmaiden’ to the Closer Settlement Act 
1904 (Davis, 1968).
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in the Basin, farmer and irrigation leagues, working with trade unions, successfully lobbied for change 
(Black & Gordon, 1882; Harris, 2008). 

From the 1880s, Basin state governments legislated to take over all rights to the use, flow and 
control of water in rivers and lakes, and established water licensing schemes and irrigation districts.8 
Governments issued water licences, which were tied to the land on which the water would be used, 
to reduce the potential for speculation (NWC, 2011). By 1896, nearly 500 km2 had been irrigated in 
Victoria (Davis, 1968). The financial failure of private irrigation trusts and the failure of extensive grazing 
during the droughts of the late 1800s drove state interest in major investments in river regulation and 
development, as well as considerable state support for settlement programs in a process described as 
‘colonial socialism’ (Boon, 2020; Butlin, 1959). New state government agencies were created in the early 
20th century—the Victorian State Rivers and Water Supply Commission (1906) and the New South Wales 
Water Conservation and Irrigation Commission (1912). These agencies took over planning, establishment, 
construction, operation and management of storage and canal infrastructure, and irrigation areas—
controlling financing, land tenure, and land and water use. Water rights were explicitly tied to 
landholdings, and compulsory volumetric charges were levied on allocated water (Davis, 1968; 
Gardner et al., 2018). Goulburn Weir (25 mcm, 1890) and Waranga Dam (411 mcm, 1905) in Victoria 
were completed during this period (ANCOLD, 2010).

Following Australia’s federation in 1901, the South Australian, New South Wales, Victorian and 
Australian governments agreed to work together on managing and developing the Murray River. 
Federation occurred during a severe drought (1895–1902), and transboundary conflicts over waters 
of the Murray River marked the process leading to federation (Guest, 2017).9 South Australia wanted 
to maintain flows, build locks for river transport and develop irrigation areas, whereas Victoria and 
New South Wales were primarily interested in building storage and other infrastructure to promote 
irrigation development (IRC, 1902; MRMCL, 1902). Irrigation interests convened a conference at Corowa 
in 1902 to call for major government investment in building storages to stop ‘river waters … running in 
waste to the ocean’ and ‘lay up great stores of water during times of plenty, and in the times of scarcity 
expend it in perennial distribution’ (MRMCL, 1902). The conference brought together representatives of 
the Australian Government and Basin state governments (without Queensland, which was not involved 
in Basin politics at this stage). It led to the Victorian, New South Wales and South Australian governments 
committing to a joint inquiry into how best to develop and allocate ‘the waters of the Murray River Basin’ 
(MRMCL, 1902). Twelve years of negotiation and four failed attempts led to the signing of the River 
Murray Waters Agreement in 1914 by the three southern Basin states and the Australian Government. 
Final agreement was reached during another drought—during which the Murray River ceased to 
flow at Swan Hill—after the Australian Government committed substantial additional funding to river 
development (Guest, 2017; Mallen-Cooper & Zampatti, 2018). The agreement remains in place after 
15 iterations—it is now called the Murray-Darling Basin Agreement—with the basic water-sharing 
arrangements unchanged. The key elements of the agreement were:

• a water-sharing agreement between the states, which included

 – defined proportional water shares between the states during droughts

 – a volumetric entitlement to South Australia to meet navigation requirements

 – water shares between Victoria and New South Wales for the Murray River, and autonomy in the 
development and use of tributaries

8  Key legislation was passed in Victoria in 1886 and 1905, in New South Wales in 1896 and 1912, in Queensland in 1910, and in South Australia 
in 1919.

9  Sections 98 and 100 of the Australian constitution reflect these conflicts.
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• a construction program for weirs, locks and dams to regulate the river and increase storage for 
irrigation, with cost-sharing principles (including an Australian Government contribution) 

• creation of an intergovernmental body to administer the agreement, the River Murray Commission, 
comprising representatives from the states and chaired by the Australian Government (Guest, 2017).

The River Murray Commission was a weak institution for management of a transboundary system. 
Established in 1917, the commission had no regulatory functions, no sanction powers and no ability to 
interfere in state affairs (e.g. catchment land-use decisions). Decisions could only be made by consensus. 
Despite the recommendation of the joint inquiry that the Murray River and ‘its tributaries must be looked 
on as one’ (IRC, 1902), the agreement was limited to the Murray River main stream. 

By 1917, many of the key elements that would define water management in the Basin for the 
next 90 years and influence the future development of environmental water policy were in place. 
These included:

• broad acceptance of water framed as a public asset managed by governments, which should control 
the development of water resources and access to water rights 

• drought as a major driver of water policy change and human environmental impact

• widely shared assumptions that

 – water not put to productive, agricultural use was ‘wasted’

 – the Basin’s landscapes and rivers needed to be re-engineered, or ‘improved’, to increase agricultural 
productivity and support a growing population

 – increasing the population density of the Basin by state-sponsored development of irrigated 
agriculture infrastructure was in the national interest

 – given the Basin’s highly variable hydrology, a comprehensive program of river regulation and the 
building of water storage and delivery infrastructure was the only way to ‘drought-proof’ the region 
and achieve these development goals

• a politically powerful agricultural sector reliant on government financial and regulatory power for 
its development

• a strongly defended state view that coordinating bodies at a Basin scale should be subordinate to 
independent state land and water policy

• cycles of tensions and cooperation between the states, with the Australian Government playing a 
mediating, rather than decision-making role, often using its financial clout to broker agreement

• an understanding of the value of ensuring that agreements for the allocation of water be proportional, 
not absolute, given the Basin’s highly variable hydrology.

The next 60 years would see the practical implementation and extension of these institutions and ideas.
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3.3 Build and supply, regulating the rivers (1918–1979)

Box 4: Key points

• Following World War I, the period from 1918 to 1945 saw the initiation of plans for river basin 
development and closer settlement, as first articulated before federation.

• Regulation of the rivers of the Basin accelerated after the end of World War II as post-war 
reconstruction focused on building public works, including irrigation infrastructure and major 
dams for storage and hydroelectricity.

• Governments financed the development of water resource infrastructure in the Basin during 
this period.

• By 1980, all the major dams, locks, weirs, channels and levees in the Basin were complete, 
and the southern Basin contained some of the most extensively engineered rivers in the world.

• The re-engineering of the Basin’s rivers, particularly in the southern Basin, provided a second 
major pulse of environmental impacts, which compounded those of the 19th century.

Following World War I, the period from 1918 to 1945 saw the initiation of plans for river basin 
development and closer settlement first articulated before federation. By the 1920s, policy makers 
were referring to ‘the doctrine of development before settlement’, which meant that infrastructure 
development in the Basin, primarily in the form of irrigation infrastructure, played a critical role 
in increasing settler population densities, and the modernisation and improvement of the region 
(Muir, 2014). Continuing from late-19th century ideas, this doctrine included a focus on the ‘civilising’ 
project of creating a growing class of smallholding farmers. Closer settlement was also seen as a means to 
fully occupy the Australian interior as a matter of national security—to secure food production and guard 
against invasion. Returned soldiers were granted land across Australia after both world wars. Many of 
these new allocations were in newly established irrigation developments in the Basin. Most soldier 
settlers had little agricultural training or capital, and soldier settlement programs were not successful, 
with many soldier settlers simply abandoning their land (Smith, 1998). 

Central to the joint state government and Australian Government development plans for the Basin 
was the Upper Murray Storage at the confluence of the Murray and Mitta Mitta rivers, later known as 
the Hume Dam. The Great Depression reduced government budgets, and building proceeded slowly. 
The storage was initially designed with a capacity of 1,233 mcm, and governments agreed to raise 
capacity to 2,500 mcm in 1926, but the dam was completed in 1936 at 1,500 mcm (Guest, 2017). 
Despite the Depression, around 20 percent of the final storage capacity in large dams in the Basin 
was built during this period. In addition to the Hume Dam, construction included:

• Burrinjuck Dam (1,026 mcm, 1928) and Yarrawonga Weir (117 mcm, 1939)

• 10 locks and weirs on the Murray River, from Wentworth downstream (completed between 
1922 and 1935)

• enlargements to Lake Victoria off the main Murray River channel near the South Australian border

• five barrages at the Murray mouth to help manage salinity in the lower Murray River (1940) 
(ANCOLD, 2010; Connell, 2007; Guest, 2017).
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Regulation of the rivers of the Basin accelerated after World War II as post-water reconstruction 
focused on building public works, including irrigation infrastructure and major dams for storage 
and hydroelectricity. Keynesian fiscal policy that aimed to drive full employment, a central planning 
policy approach, and a modernist confidence in the capacity for science and technology to ‘harness’ 
and control Australia’s rivers and moderate the high variability in streamflow characteristic of the 
Basin initiated a major infrastructure building program in the Basin (Australian Parliament, 1945; 
Darian-Smith, 2013; Guest, 2017). Almost 80 percent of the public storage capacity in the Basin was built 
between 1945 and 1979 (ANCOLD, 2010; see Figure 6). Seven dams with reservoir capacities of more 
than 1,000 mcm were built in the Basin during this period, as well as more than 30 other dams with 
volumes over 100 mcm, and the capacity of the Hume Dam was almost doubled. The Snowy Mountains 
Scheme with its 16 dams and 5 hydroelectric power stations was part of this accelerated building phase 
(Darian-Smith, 2013). The scheme redirects waters from the Snowy River catchment (originally not part of 
the Murray-Darling Basin) for irrigation from the Murrumbidgee and Murray rivers. The majority of these 
dams were built in the wetter eastern catchments, and the southern Basin was more comprehensively 
developed than the north (see Figure 6). The Basin’s highly variable flows meant that these dams tended 
to be larger than dams built elsewhere in the world, with (McMahon & Petheram, 2020):

• larger reservoirs and spillway capacities (for a given catchment area)

• higher dam walls (for a given capacity)

• higher levels of river regulation. 

Although estimates vary, water storages in Australia need to be roughly twice the size of storages in the 
rest of the world to deliver the same average reliability, with consequential economic and environmental 
impacts (Smith, 1998). Hundreds of kilometres of levees were also constructed to channel the rivers of 
the Basin and limit overflow onto floodplains. Continuing the doctrine of development before settlement, 
governments aimed to both provide a more reliable water supply for existing towns and irrigation 
districts, and induce water demand by substantially augmenting storages and further regulating the 
Basin’s rivers to drive further irrigated agricultural developments and consequent population growth 
(Boon, 2020; Raggett, 1964). 

Governments financed the development of water resource infrastructure in the Basin during this period. 
Basin governments assumed that their financial support for building engineering works to drought- and 
flood-proof the region to support the growth of irrigated agriculture and associated rural populations 
was a self-evident investment that would build state and national wealth (Guest, 2017; Smith, 1998). 
Rhetoric linking river regulation to national development regularly appeared in the popular press and 
political speeches (Boon, 2020). Despite frequent cost overruns and overly optimistic assumptions 
about benefits, there was broad community support for this approach to water resources development, 
particularly during the first half of this period (Boon, 2020; Petheram & McMahon, 2019). The role 
of governments during this period was to provide ‘maximum supplies with minimum waste’ in the 
context of a dominant view that ‘water has no intrinsic value—it derives value only by virtue of use’ 
(Linsley, 1964; WCIC, 1971). 

As in many other parts of the world, dam building and river regulation were managed by civil engineers in 
large state bureaucracies, and funded by both the Australian and state governments (Molle et al., 2009). 
Faith in the technical potential to re-engineer the Basin to deliver secure water for agricultural growth 
was high during this period, with the Secretary (chief executive) of the Commonwealth Department for 
National Development advocating that nuclear explosives be assessed for ‘en masse dam construction 
or the excavation of deep cavities with relatively small surface areas to serve as large efficient 
storages in high evaporation areas’ (Raggett, 1964). Growth in agricultural production and closer 
settlement were nation-building tasks, and there was a strong community view that farmers were 
entitled to government investment in infrastructure to re-engineer Australia’s environment to make 
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it suitable for a style of agriculture able to produce commodities for international markets and food 
security at home (Boon, 2020; Powell, 2000). Without the subsidy from state-funded infrastructure 
expansion, much irrigated agriculture would not have been financially viable (Davidson, 1981; 
Rutherford, 1968). This approach to development created politically powerful bureaucratic and rural 
agricultural constituencies that were dependent on river regulation and the expansion of agricultural 
water allocation. 

Figure 6. Dam development and irrigation diversions in the Murray-Darling Basin (Source: Data from 
Geoscience Australia, 2004; McMahon & Petheram, 2020; MDBA, 2020a; Vivès & Jones, 2005. 
Figure by R. Marsh)

State-sponsored development of the rivers of the Basin was also driven by a set of social engineering goals. 
Governments approached irrigation development as a policy tool for increasing Australia’s population, 
as well as for the moral improvement of Australian citizens through hard work and the re-engineering 
of the lands and waters of the Basin (Haigh, 1964; Muir, 2014). Given ‘Australia’s principal requirement 
is more people, for whom we require more jobs’, governments saw irrigation development as a priority 
because it provides ‘work during the construction phase, but also … much greater employment on 
completion of the works’. The intensive land use possible under irrigation was viewed as a means to 
supporting ‘a high level of local facilities, amenities, and secondary activities. This increases and retains 
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population in rural areas’ (Haigh, 1964). Government-sponsored activities such as the 1929 national 
‘Grow More Wheat’ year, promoted as a way of improving Australia’s balance of payments, helped 
embed an agrarian rhetoric into Australian politics (Robin, 2007). Government pamphlets promised 
young immigrants that ‘life on the land makes a man of you’ (Muir, 2014). Public support for ‘battlers on 
the land’ underpinned a view that agriculture should be actively supported by public policy and public 
finance, made a unique contribution to national wealth and formed a critical part of the national character. 
Elements of this agrarian sentiment remain strong in Australia, despite the nation’s very high levels of 
urbanisation (Berry et al., 2016; Botterill, 2016).

By 1980, all the major dams, locks, weirs, channels and levees in the Basin were complete, and the 
southern Basin contained some of the most extensively engineered rivers in the world (Briscoe et 
al., 2010). This marked the end of the period of major water resources development in the Basin. 
Agriculture’s contribution to Australian gross domestic product began to fall sharply in the 1960s from 
its 100-year trend of 20–30 percent as the proportion of services increased (Anderson, 2017). At the 
same time, concerns about the economic value of large dams, irrigation and river regulation were being 
raised (Davidson, 1969). The 1980s brought a growing fiscal conservatism, a reduction in governments’ 
direct involvement in economic activities and a public policy focus on the principles of cost recovery 
from beneficiaries. The 1980s also brought more rigorous cost–benefit analysis of major expenditure 
decisions as economists and policy experts took leadership roles in water agencies, previously dominated 
by engineers. These changes combined with growing public concern about the environmental impacts 
of river regulation and storage development to halt further expansion in the Basin (Crase, 2009; 
Smith, 1998). By this time, it is also likely that the Basin was ‘overbuilt’—induced demand for water 
from irrigation infrastructure expansion could now outstrip supply, and new demands for water could 
not be met without compromising the security of supply for existing users (Hanemann & Young, 2020; 
Molle, 2008; Walker, 1985). A development strategy premised on demand creation could now create 
water scarcity through the overcommitment of water resources—a risk noted by Basin engineers as 
early as the 1950s (O’Gorman, 2012). In addition, this period of extensive storage development, river 
regulation and irrigation expansion occurred during a comparatively wet climate period (see Figure 7). 
The shift to a dry climate regime in the Basin and the millennium drought (1997–2009) would necessitate 
major shifts in water policy.

The re-engineering of the Basin’s rivers, particularly in the southern Basin, provided a second major 
pulse of environmental impacts, which compounded those of the 19th century. River regulation and 
irrigation diversions have had widely varying impacts across the Basin. They have reduced overall flows, 
as well as driving substantial changes in flow seasonality and flow variability. Regulation has replaced 
natural flow regimes with an artificial distribution of flows, changing both flooding and low-flow 
periods (McMahon & Finlayson, 2003). It has reduced average annual floods by more than 50 percent, 
which, combined with levee building, has separated large sections of floodplain from the river. This has 
greatly altered the structure, species composition and functions of floodplain and aquatic ecosystems 
that depend on intermittent connection to the river (Kingsford, 2000; Steinfeld & Kingsford, 2013). 
Large floods are less affected by river regulation. However, the reduction of more frequent small flood 
pulses increases the build-up of plant litter on the floodplain and the risk of hypoxic blackwater events 
following large floods (Whitworth et al., 2012). 10

10  ‘Between floods and during droughts, dead leaves and other plant matter build up on the ground instead of being washed into the river. 
Bacteria begin to break the plant matter down. When significant rain finally comes, the build-up of dead and decaying plant matter 
is carried by rain and floodwater into the river. Once in the water, bacteria continue to break down the leaves and other plant matter. 
This process uses up a lot of the oxygen in the water, so there is less oxygen for fish and other aquatic organisms to breathe. The decaying 
matter releases carbon that makes the water look black, giving these events the name “blackwater”’ (MDBA, 2020b).
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Reversal of seasonal flow patterns is now common in the rivers of the Basin where irrigation 
storage dams, located upstream of irrigation areas, release water during periods of high irrigation 
demand, which correspond with previous natural low-flow periods. In other areas, water is diverted 
out of catchments, leading to mean annual flow reductions of up to 95 percent of natural flows 
(McMahon & Finlayson, 2003). Cease-to-flow conditions were unusual at the Murray mouth before 
development, occurring less than 1 percent of the time; by 2000, they were occurring 40 percent of 
the time (CSIRO, 2008). Sediment flows have increased from bank erosion during summer irrigation 
periods, increasing turbidity. Together with high nutrient inputs from catchments, this increases the risk 
of algal blooms, particularly during periods of low flow and high temperatures (Rutherfurd et al., 2020; 
Walker & Prosser, 2021). The construction of more than 10,000 dams, weirs and other in-stream barriers 
in the Basin has had substantial impacts on fish movement and access to spawning, nursery and feeding 
habitats, with consequent declines in fish populations (Baumgartner et al., 2014). River operations 
have also affected fish habitat and breeding through thermal pollution from cold water releases from 
the base of dams. Flow regulation favours generalist fish species, and the introduction of the invasive 
European carp during this period magnified the impacts on native fish populations (Driver et al., 2005; 
Haynes et al., 2009). The pulse of ecological changes from dam building and river regulation was dramatic 
and sudden. The scale of these changes is likely to have been faster and larger than the projected impacts 
of climate change for the 21st century (McMahon & Finlayson, 2003; pers. comm., 2021).

3.4 Environmental challenges demand a response (1973–2007)

Box 5: Key points

• Salinity increases and water scarcity in the Murray River, which emerged as significant issues in 
the late 1960s, made some of the environmental impacts of river regulation visible, revealed 
weaknesses in the existing institutional structures for managing the Basin, and catalysed a 
reconsideration of the objectives of water management. 

• By the 1970s, the environmental impacts of water resources development and the need for 
preservation of environmental assets in the Basin were being noted as public policy issues. 

• Although measures were taken to address salinity, it would take compelling evidence of the 
deterioration of river health during the 1990s for substantial commitments to be made to 
improve environmental management in the Basin.

• A ‘cap’ on diversions was introduced in 1995, but practical implementation of the cap across 
the Basin was slow and uneven, and remained incomplete in 2004.

• In parallel, the Australian Government attempted to use its financial resources to drive 
environmental water reform. Despite the money at stake for state governments, the pace 
of environmental water reform remained slow, and in some catchments non-existent.

• The slow pace of change and the failure to meet the goals of the reform program led to a new 
Council of Australian Governments water reform agreement in 2004—the National Water 
Initiative. However, water resources in the Basin remained overallocated and environmental 
conditions poor, despite 20 years of reform and more than 30 years since the need to address 
environmental damage in the Basin was recognised by governments.
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By the 1970s, the environmental impacts of water resources development and the need for preservation 
of environmental assets in the Basin were being noted as public policy issues. The Australian 
Government’s 1973 National approach to water resources management emphasised the need to assess 
water resources projects against economic, social, regional development and environmental outcomes. 
It acknowledged the ecological impacts of water resources development and the importance of 
understanding the ‘interdependence of the elements of the whole environment’ in water management 
decisions, and maintaining ‘an adequate sample of undisturbed aquatic environments ... and the 
preservation of wetlands for the benefit of native wildlife’ (Australian Parliament, 1973). The 1975 
Australian National Water Resources Assessment reiterated these policy goals and highlighted a 
turn away from simply managing water resources for consumptive use towards an approach that 
emphasised a balance of social, economic and environmental values, as well as intergenerational 
equity (AWRC, 1975).11 These developments paralleled the emergence of a mass environmental 
movement in Australia in the 1960s and the impacts of salinity in the Murray River (Connell, 2007; 
Hutton & Connors, 1999). However, major policy change to directly address the environmental impacts 
of Basin water resources development would not be implemented until the mid-1990s. Environmental 
impacts of development were not yet as severe as they would become—the last major dam in the Basin, 
Dartmouth Dam, was not completed until 1979, and irrigation diversions in the late 1960s were around 
60 percent of what they would be in the mid-1990s.

3.4.1 Increasing awareness of the environmental impacts of development and manage-
ment challenges

Salinity increases in the Murray River emerged as a significant issue in the late 1960s. This made 
some of the environmental impacts of river regulation visible, revealed weaknesses in the existing 
institutional structures for managing the Basin, and catalysed a reconsideration of the objectives of 
water management. Basin landscapes are naturally saline, and highly saline groundwater underlies 
much of the Basin. Clearance of native vegetation and irrigation development mobilised this salt to the 
land surface, and into rivers and wetlands (Walker & Prosser, 2021). The 1965–1968 drought increased 
irrigation diversions and reduced flows in the Murray. Salinity levels in the lower Murray—the primary 
source of water for Adelaide—tripled from levels experienced in the 1950s and exceeded the maximum 
recommended for drinking water for 31 months (Hart et al., 2020; Walker & Prosser, 2021). Wet years 
in Victorian irrigation districts also exposed their vulnerability to waterlogging and rising water tables, 
which mobilised salt to the surface, where it damaged crops and moved into the rivers via district 
drainage systems. By the early 1970s, salinity had become an important political issue in the Basin, 
particularly in South Australia. This led to the formation of a joint River Murray Working Party (RMWP) 
in 1973, which reported to an interjurisdictional ministerial steering committee. The terms of reference 
for the RMWP were to identify short-term and institutional changes required to effectively manage 
salinity in the river. Reflecting the increased concern about environmental values at the time, ministers 
also tasked the RMWP with investigating the impacts of river regulation ‘on conservation of flora and 
fauna on the main stem of the River Murray, including its storages as well as riparian and adjacent lands, 
and the means by which such problems may be mitigated or overcome’ (RMWP, 1975).

The RMWP commissioned a review of the institutional arrangements for managing the Basin system. 
The review noted that, under the existing agreement between the Basin states, the River Murray 
Commission (RMC) had inadequate powers to manage water quality or broader environmental impacts 
in the Basin. The key point raised by the review was that the Basin states had created a transboundary 

11  The Australian National Water Resources Assessment was completed by the Australian Water Resources Council established under the new 
Department of the Environment, Aborigines and the Arts, which became the Department of Environment and Conservation in 1972 and the 
Department of Environment in 1975. A change of government in 1975 led to the Department of Environment becoming the Department of 
Natural Resources, which later became the Department of National Development. These changes illustrate the ongoing tension between water 
for the environment and water for national development—although the primary powers for water management remained with the states.
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body ‘to solve problems beyond the power of individual States to resolve and then den[ied] it the 
necessary powers to undertake the task’. The review found that institutional arrangements for the RMC 
and between the states were entirely inadequate with regard to ‘modern water management principles’. 
The RMC lacked the ‘independence and autonomy to serve as a custodian of the national interest 
and a spur to co-operative action by the Basin states’. In addition, the existing arrangements failed to 
acknowledge (RMWP, 1975):

1. the hydrological interdependence of all parts of the Murray-Darling–Murrumbidgee complex and 
its tributaries

2. the ecological interdependence of various parts of the system, irrespective of political boundaries

3. the dependence of water quantity and quality on the use of adjacent land, and the problems 
of erosion, watershed management and river protection

4. that, in making decisions to maximise benefits, modern planning criteria at least require that 
environmental effects and human and social preferences should be considered and weighed 
equally with national and regional economic objectives. 

The majority of the recommendations from the review of institutional arrangements were not 
implemented at that time (some remain relevant today). The RMWP did not have time to complete 
its investigations into the environmental conservation term of reference, and no response to this 
term or recommendations for action were recorded. However, the RMWP did recommend that 
the ‘overall objective should be to maintain the quality of River Murray water such that established 
uses are protected’. The management of water quality—salinity and nutrients—required additional 
arrangements to ‘co-ordinate State actions on water quality issues (RMWP, 1975). Despite the need for 
Basin-wide cooperation being identified in 1902 by the Interstate Royal Commission and the attendees 
at the Corowa Water Conference, the Basin would remain parochially managed as a set of separate state 
river systems until the late 1980s (Connell, 2007; IRC, 1902; MRMCL, 1902).

In the 1960s, water scarcity induced by development emerged alongside salinity as a major issue. 
Growing demand for water resulting from development of dams, irrigation infrastructure and irrigation 
areas meant that new allocations of water could not be provided without putting security of supply for 
existing licence holders at risk (Hanemann & Young, 2020; Molle et al., 2010; Sturgess & Wright, 1993). 
Policy responses to manage these risks included moratoriums on the issue of new licences and a redesign 
of water licensing frameworks. South Australia (1969), Victoria (1968) and New South Wales (1977, 1981) 
all began to limit the issue of new water licences and unregulated pumping from some streams and 
valleys (Bjornlund & O’Callaghan, 2004). South Australia attempted to reduce existing entitlements 
in 1976. Area-based water licences that defined the area of land that could be irrigated, but did not limit 
the volume of water that could be taken, were progressively replaced with volumetric licences across 
the Basin states (NWC, 2011). 

Irrigator expectations that these limits on water supply would be removed by building Dartmouth 
Dam were dashed by a series of inquiries in Victoria on the environmental impacts of irrigation. 
Dartmouth Dam was completed in 1979, adding 4,000 gigalitres (GL) of storage. However, Victorian 
Government inquiries begun in 1975 and released in the early 1980s concluded that, although 
Dartmouth Dam would increase the reliability of existing entitlements, the quantum of existing water 
allocations was such that only limited volumes would be made available for auction, enabled by a 
reduction in transfers from the Goulburn–Broken system (Bjornlund & O’Callaghan, 2004). The mouth 
of the Murray River ran dry for the first time in recorded history in 1981, 2 years after Dartmouth 
Dam was completed. It became clear that further reforms were needed to meet the challenges of 
overallocation arising from three decades of dam building and river regulation designed to increase 
the amount of irrigated agriculture in the Basin. 
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It would take another decade for the first major interjurisdictional programs to address salinity in the 
Basin to appear. Individual Basin states began a range of activities to better understand and combat 
river and land salinisation from the 1960s. These included salt interception schemes, community 
engagement activities and development of small-scale salinity management plans. South Australia took 
legal action in New South Wales courts to try to block new irrigation developments in New South Wales. 
New South Wales responded with legislative amendments to remove South Australia’s standing in 
New South Wales courts (Connell, 2007). 

By the early 1980s, it was clear that effective management of salinity required interjurisdictional action, 
policy innovation and new funding mechanisms (Hart et al., 2020). A drought in 1980–81 caused salinity 
levels to again rise substantially. The states agreed to amend the River Murray Waters Agreement 
in 1982 to provide the RMC with nominal oversight over salinity issues, but this had little practical 
effect (Connell, 2007). Basin state ministers considered another review of governance arrangements 
in 1985, which confirmed that the majority of the issues identified in 1975 had not been addressed. 
Further negotiations concluded in 1987, leading to more substantial amendments to the River Murray 
Waters Agreement, which became the Murray-Darling Basin Agreement, and the replacement of the 
RMC with the Murray-Darling Basin Commission (MDBC). The MDBC oversaw an interjurisdictional 
Salinity and Drainage Strategy, which was put in place in 1988 and ran until 2000. A major audit of salinity 
in the Basin published in 1999 identified significant threats to the Basin without new management 
interventions (MDBC, 1999). The Basin Salinity Management Strategy (2001–2015) and the current 
Basin Salinity Management 2030 Strategy updated and extended the approach used in the Salinity and 
Drainage Strategy. These strategies have successfully reduced land and river salinity in the Basin through 
a combination of interjurisdictional cooperation (including joint investment in the most cost-effective 
measures, regardless of location), engineering works, innovative market-based instruments, and 
community and stakeholder engagement. However, ongoing salinity management will be required 
in the Basin as landscapes continue to mobilise salt (Hart et al., 2020, see Figure 7). 
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Notes: The chart shows when Murray River salinity exceeded the target of 800 μS/cm (electrical conductivity units) (red) and when salinity was 
less than 800 μS/cm (green). Note the linear regression plot (blue line), which shows the increase in salinity to around 1988 and then a decrease 
due to the introduction of salinity management actions and more recently a drier climate. The shaded blocks show the three major salinity 
reduction policy programs: Salinity and Drainage Strategy (1988–2000) (S&DS); Basin Salinity Management Strategy (2001–2015) (BSMS) and 
Basin Salinity Management 2030 Strategy (BSM2030). 

Figure 7. Daily salinity in the Murray River measured at Morgan. (Source: Hart et al., 2020. 
Figure by R. Marsh)
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A new, compromise Murray-Darling Basin Initiative was agreed by Basin states in 1985 to address the 
broader governance issues identified by past reviews, including the need to manage the Basin as a 
single unit, and the importance of integrating land and water management at a catchment and Basin 
scale (Blackmore, 1995). The initiative was designed to adopt a ‘systems approach’, based on a high-level 
plan agreed by all governments, with implementation devolved to the states acting independently 
within their jurisdictions. These changes drove a broader cultural shift in approaches to managing the 
Basin, as infrastructure engineers began to be supplemented by staff with skills in economics, public 
policy and ecology. A major shift was underway to begin to introduce broader concepts of sustainability 
and environmental value into institutions previously focused on water resource management for 
agricultural production (Connell, 2007). Reviews of environmental resources in the Basin sponsored by 
the Murray-Darling Basin Ministerial Council highlighted the need for action on issues such as preventing 
further degradation, environmental restoration, climate change, cultural heritage, agricultural land use, 
water allocation, and community engagement and involvement in decision making (Connell, 2007; 
MDBMC, 1987, 1990). These reviews led to amendments to the Murray-Darling Basin Agreement in 
1992–93 and new parallel legislation passed in each Basin parliament to ‘promote and co-ordinate 
effective planning and management for the equitable efficient and sustainable use of the water, land 
and other environmental resources of the Murray-Darling Basin’ (Australian Parliament, 1993).12 
Despite these changes, water diversions for irrigation continued to increase.

3.4.2 State tensions, deteriorating environmental health, economic reform and drought

By the 1980s, the high level of water resources development and use in the Basin increased the 
interconnections between water users’ decisions and increased tensions between the three southern 
Basin states. The differences between the way each state had planned irrigation development over 
the preceding decades had significant impacts on overall Basin water management, for which the 
institutional arrangements remained weak. New South Wales irrigation development focused on annual 
allocation of all available water resources and was dominated by annual cropping (rice and cotton), 
with overcommitment of water resources from an early stage. The concentration of horticulture 
and dairy in Victoria’s and South Australia’s irrigation districts led to a more conservative allocation 
regime focused on providing water security for permanent plantings (Bjornlund & O’Callaghan, 2004; 
Crase, 2008). Expanding irrigation demand in the 1980s exacerbated tensions between New South Wales 
and Victoria over water-sharing arrangements for carryover of water stored in Hume and 
Dartmouth dams. New South Wales opposition to changing water-sharing arrangements, which favoured the 
New South Wales approach to allocation, led Victoria to threaten to build a canal to carry water from the 
Murray River into the Goulburn River system, where it could be used for expanded irrigation, rather than 
forfeit much of the reserved water to New South Wales every year under the annual accounting rules. 
After further negotiations and concessions from Victoria, New South Wales agreed to the Victorian 
proposal for change (Connell, 2007). The history of agricultural development choices continues to be 
a source of tension between the states over water allocation, and the management and allocation of 
environmental water.

Further evidence of the deterioration of river health mounted during the 1990s, alongside commitments 
to improve environmental management in the Basin. Low flows in the Darling River combined with 
an influx of saline groundwater and hot, still days in the summer of 1991–92 to create the world’s 
largest cyanobacterial (blue–green algal) bloom seen in a river to that date (Donnelly et al., 1997; 
Oliver et al., 1998). By December 1991, the bloom covered 1,200 km of the Darling River.

12  A key driver of this shift is likely to have been the fact that the Australian Labor Party was in power in all major governments with Basin 
responsibilities (Australian, New South Wales, Victorian and South Australian) during this period. The Labor Party draws much of its support 
from electorates outside the Basin, where powerful agricultural interests are closer to the Liberal–National Party coalition. Although broad 
concern about the environment was growing across Australian electorates, the Labor Party had fewer ties to agricultural interests in the 
Basin and therefore had more policy flexibility to begin to address environmental issues. The Australian Labor Party has also been more 
amenable to policy innovation that alters the status quo with regard to property rights and state rights to achieve improved environmental 
outcomes (Connell, 2007).
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The New South Wales Government declared a state of emergency, and the Australian Government 
called out the armed forces to assist. Stock died after drinking river water, and irrigators and rural 
communities that relied on the river could no longer use the water. Occurring 10 years after the highly 
publicised drying up of the Murray River mouth, this algal bloom provoked enormous public debate and 
scrutiny over the management and environmental condition of the rivers of the Basin. Statements by 
government ministers, major Australian newspapers and the broader community interpreted the 
algal bloom as an indicator of severe mismanagement of the nation’s rivers (Muir, 2014). In 1992, 
all Australian governments agreed to a National Strategy for Ecologically Sustainable Development, 
which publicly highlighted the importance of improved environmental management across the nation 
(COAG, 1992). That year, the Prime Minister, Paul Keating, launched the Australian Government’s 
Environment Statement, which had a primary focus on the Basin by highlighting the ‘seriously degraded’ 
environmental state of the system. Following the algal bloom, the MDBC commissioned an audit of 
water use in the Basin, which found that surface water diversions had increased more than 5 times since 
1920 and more than tripled since 1950. Diversions were continuing to increase at more than 1 percent 
per year; between 1988 and 1994, they had increased by 8 percent, despite the various state-level 
moratoriums on allocating additional water licences. The audit found that more than 95 percent of water 
diverted was for irrigation. It also found that (MDBC, 1995):

1. continued increases in diversions would reduce security of supply for existing irrigators

2. severe low flows at the mouth of the Murray River that would occur 1 year in 20 under natural 
conditions were occurring 6 years in 10 under 1994 conditions; with continuation of development 
trends, this would rise to 3 years in 4

3. there had been significant reductions in the frequency of flooding of floodplain wetlands and declines 
in major wetland areas of the Basin by up to 70 percent. 

In 1995, the Murray-Darling Basin Ministerial Council introduced an interim cap on diversions, which 
limited future diversions to their total 1994 level. Although the approach to calculating the cap in any 
one year was relatively complex, the key consideration was that it was not fixed to 1994 diversion 
volumes, but varied between years to take account of the Basin’s highly variable streamflows. 
Climatic and hydrological conditions in the 1993–94 water year were taken into account, along with 
volumes diverted, and Basin infrastructure and irrigation development conditions of the same year, 
to provide a reference for calculating the cap in future years. This meant that the volumes of water 
diverted in any future year could be larger or smaller than in 1993–94. The cap was made permanent 
in 1997. The introduction of the cap provided the impetus for further development of innovative 
approaches to water trading and related policy reforms in the Basin in response to new administrative 
and environmental challenges, which built on a framework of water entitlements and allocations already 
in existence. Completion of the ‘unbundling’ of water licences from landholdings turned a single water 
right into separate, tradeable rights, including:

1. water entitlements, which provide the legal right to a share of available water within a total 
consumptive pool

2. water allocations, which are the volume allocated to entitlement holders in any single water year 
(1 July to 30 June).

These market reforms aimed to drive water to its ‘highest-value use’, led to the development of 
sophisticated water markets, and initiated broader public engagement with debates over resource 
distribution and sustainability, as well as environmental degradation in the Basin (MDBC, 2000). 
Many of these debates were highly political and highlighted differences in value systems across parts of 
the Australian community—differences that often, but not always, broke down across rural and urban 
constituencies and political party lines (Powell, 2000). 
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Practical implementation of the cap across the Basin was slow, uneven and challenging. 
Implementation remained incomplete in 2004. Basin governments believed that the cap was ‘not an 
end in itself, but rather a first step towards achieving the longer term objective of the Initiative’ and an 
approach that would be improved and refined over time (MDBC, 2000). However, implementation was 
slowed by technical and political difficulties, as well as the voluntary, opt-in approach necessitated by 
state government control of water resources. Water diversions in the 2001 and 2002 water years were 
among the highest on record, despite the Basin having entered a major drought in 1998 (MDBA, 2020a). 
Implementation issues relevant to limiting consumptive use and providing water for the environment 
included the following:

1. Failure to incorporate unto the cap groundwater use and much of the floodplain harvesting and 
irrigation that occurred in the northern Basin, particularly in Queensland and the New South Wales 
Border Rivers region. Because the cap was limited to surface water use, groundwater extractions 
increased. Queensland did not initially opt in to the cap. By 2004, New South Wales had still not 
defined a target for the Border Rivers, and no mechanism was in place to measure floodplain 
harvesting take. A 2003–04 audit noted concern ‘that the Border Rivers will be found to be in 
breach once a Cap is defined’ (MDBC, 2000; MDBMC, 2005).

2. Recognition of existing water licences that had not yet been developed. New South Wales had 
issued a substantial number of water licences that had never been used (called ‘sleeper’ licences). 
Water trading led to the activation of these licences, which drove up water prices under the cap. 
This led to significant political hostility to the cap among New South Wales irrigators and likely 
undermined implementation in a system with a weak regulatory framework dependent on 
voluntary compliance (Connell, 2007; MDBC, 2000).

3. Expansion of water licences after introduction of the cap. South Australia issued new water licences 
from Lake Alexandrina at the end of the Basin system after introduction of the cap. Although this did 
not have environmental impacts upstream, it reduced the credibility of the reform (Connell, 2007).

4. Delays in setting cap targets. The 2003–04 cap audit, 8 years after the original cap was imposed, noted 
that cap targets were still not established in Queensland, New South Wales and the Australian Capital 
Territory (MDBMC, 2005). However, by this time, caps were well established in the southern Basin, 
which accounted for the largest component of water use.

5. Measuring diversions, and accrediting the models required to determine cap levels and compliance. 
The 2003–04 cap audit highlighted serious issues with metering and measurement accuracy, and 
reporting of diversions in New South Wales, along with extended delays in accrediting the models 
used to determine cap compliance (MDBMC, 2005). 

The Australian Government attempted to use its financial resources to drive environmental water 
reform in the Basin in parallel with the work of the MDBMC. The Council of Australian Governments 
(COAG), established in 1992 as the peak intergovernmental forum in the Australian federation, 
agreed to a strategic framework for a decade-long process of water industry reform in 1994 (COAG, 
1994). The COAG agreement was part of a broader microeconomic reform program designed to 
promote economic growth.13 The Australian Government offered state governments substantial 
‘national competition’ payments if they could implement reforms by set dates (Hanemann & Young, 2020). 
Formal provision of surface water and groundwater for the environment was a requirement of 
the reform agreement. The agreement stipulated that environmental requirements were to be 
‘determined wherever possible on the best available scientific information’ and governments were 
‘to have regard to the intertemporal and interspatial water needs required to maintain the health 

13  Applied to the water industry, this reform program also demanded major reforms to allow open water trading, alongside corporatisation of 
water utilities and irrigation districts, and the full recovery of costs through irrigation charges (Hilmer, 1993).
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and viability of river systems’. Where river basins were overallocated or ‘deemed to be stressed’, 
governments were ‘to provide a better balance in water resource use, including appropriate allocations 
to the environment to enhance/restore the health of river systems’ (NCC, 2004). The agreement also 
required governments to have regard to a new set of National Principles for the Provision of Water for 
Ecosystems. The National Principles made it clear that, where ‘environmental water requirements cannot 
be met due to existing uses, action (including reallocation) should be taken to meet environmental needs’ 
(SLWRMC, 1996). 

A new body, the National Competition Council (NCC), was created in 1995 to oversee state governments’ 
progress against reform goals, including those relating to environmental water. The NCC assessed 
progress in 1997, 1999, 2001 and then each year to 2005. State governments’ water management 
arrangements were required to show the following elements:

1. Ecological sustainability objectives should be specific to individual systems and contextually consistent 
with the relevant bioregion.

2. The allocation of environmental water in aquatic systems where there are existing users should be 
sufficient to achieve a ‘healthy working river’ (see definition in Box 1.1 above).

3. The allocation of environmental water in aquatic systems where ecological health is adequate should 
be at a level that maintains ecological health (NCC, 2004).

Governments were also required to show that their arrangements for environmental water allocation had 
been developed (NCC, 2004):

1. with reference to the best available science

2. to allow monitoring and adaptive management so that regular assessments of ecosystem health 
guided management

3. by a process involving robust and transparent stakeholder consultation, including ensuring that 
‘particular interest groups were not over represented’.

Despite the money at stake for state governments, the pace of environmental water reform remained 
slow, and in some catchments non-existent. The NCC reviews also revealed the inadequacies of the 
cap in terms of protecting water for the environment in the Basin. New South Wales compliance with 
environmental water reform goals was noted by the NCC as particularly problematic (New South Wales 
accounted for around 60 percent of all diversions of water for consumptive use in the Basin). 
For example, the Gwydir River Management Plan (in the northern Basin) allowed a long-term 
extraction limit that almost doubled average extractions from the previous decade, while remaining 
6.5 percent below the cap. The NCC audit noted the growth in this limit with concern, given evidence 
that the ecological health of the Gwydir was in decline and there was ‘clear evidence of increasing 
environmental stress within the river and, in particular, in its important wetland areas’. The audit noted 
that New South Wales provided ‘no evidence to support the sustainability of the long-term extraction 
limit’ and that out-of-session decisions by the River Management Committee had substantially 
reduced water available for the environment. Similar problems were noted in other New South Wales 
catchments, and the NCC concluded that New South Wales had not provided adequate environmental 
water to ‘sustain ecological values’. As a result, the NCC gave New South Wales notice that, without 
substantial improvement, its competition payments would be suspended or reduced (NCC, 2004). 
Continued noncompliance by New South Wales saw its competition payments reduced by 10 percent 
(AU$26 million) the next year, later amended to 5 percent (AU$13 million) (Connell, 2007).
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The slow pace of change and the failure to meet all the goals of the reform program led to a new 
COAG water reform agreement in 2004—the National Water Initiative (NWI) (COAG, 2004). The Basin 
was now 6 years into the millennium drought (1997–2009), the longest drought recorded since 
European settlement. Working at a national scale, the NWI aimed to invigorate the water reform 
process and address the deficiencies of the previous reform efforts. A new independent statutory 
authority reporting to the Australian Government—the National Water Commission—was established 
to oversee reform. With regard to environmental water, the NWI built on previous NCC work with an 
additional focus on (COAG, 2004):

1. joint arrangements where resources are shared between jurisdictions

2. common arrangements in the case of significantly interconnected groundwater and surface 
water systems

3. trading environmental water on temporary water markets when the water was not required for 
environmental purposes in a particular year

4. a broad suite of measures to recover water for the environment, including direct purchase 
(buyback), investment in more efficient water infrastructure or water management practices, 
and behavioural change.

The NWI required all Basin states to have adopted plans to:

1. immediately ensure effective institutional arrangements to achieve environmental outcomes 

2. address the overallocation of water as per NCC commitments by 2005

3. have made ‘substantial progress toward adjusting all overallocated and/or overused systems by 2010’ 
(COAG, 2004, original emphasis). 

An amended Murray-Darling Basin Water Agreement was signed at the COAG meeting with a plan—
the Living Murray—to invest AU$500 million over 5 years to reduce water allocations in the Basin and 
achieve a set of defined environmental outcomes across six icon sites on the Murray River (Connell & 
Grafton, 2011; Turral et al., 2009). However, water resources in the Basin remained overallocated and 
environmental conditions poor, despite 20 years of reform and more than 30 years since the need to 
address environmental damage in the Basin was recognised by governments.
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Box 6: Key points

• Drought, an Australian Government budget surplus and a national election catalysed major 
change in the management of the Basin, with the Australian Government assuming a central, 
coordinating role. As a result of these changes, around one-fifth of the water previously diverted 
(on average) for consumptive use has now been returned to the environment. 

• However, implementation of these changes has been marked by tension between water 
users and between Basin jurisdictions. These tensions highlight the extent to which valuing 
environmental water is a contested question of social and political judgment.

• In the period since the late 1960s, Basin governments faced multiple challenges in reforming 
water use and allocating water for the environment. Challenges that slowed progress and 
increased tensions and resistance to change included:

 – a weak constituency for reform

 – difficulties in coordinating policies among the states

 – high apparent social costs of reform

 – scientific uncertainty

 – the need to manage values-based and political disagreements

 – technical complexity of implementation.

3.5 Reforming how water is managed in the Basin (2007 to present)

Drought, an Australian Government Budget surplus and a national election catalysed major change in 
the management of the Basin, with the Australian Government assuming a central, coordinating role. 
The millennium drought (1997–2009) led to the 2006–07 water year having the lowest inflows to 
the Murray River on record. Water allocations were reduced to 10 percent of the historical average. 
Work by the Commonwealth Scientific and Industrial Research Organisation (CSIRO) projected future 
declines in average annual flows in the Basin as a result of climate change, and impacts from farm 
dams, forestry and groundwater extraction (Van Dijk, 2006). The Australian Government was running 
a large Budget surplus as a result of a mining boom and asset sales. A national election was due by the 
end of 2007, which was likely to be partially fought on climate change and environmental management 
grounds. The Liberal–National Party government announced a National Plan for Water Security, 
under which the Australian Government would ‘assume responsibility for the problems created by 
the states’ and legislate to return the Basin to sustainable levels of water diversion ‘once and for all’ 
(Howard, 2007). The National Plan committed AU$10 billion for water reform, including $3.1 billion for 
buying back water entitlements for the environment from consumptive users and $5.8 billion for water 
infrastructure subsidies. The proposal relied on the states referring their water management powers to 
the Australian Government to ‘enable it to manage the MDB in the national interest’. However, Victoria 
refused to refer its powers, and the Commonwealth Water Act 2007 passed in September 2007 relying 
on the Australian Government’s external affairs power and its obligations under the Ramsar Convention 
and the Convention on Biological Diversity (Australian Parliament, 2007). A change of government 
in December 2007 led to the National Plan being rebadged as Water for the Future and the financial 
commitment increasing to $12.9 billion. With further financial inducements, the states agreed to refer 
some of their water management powers to the Australian Government in early 2008 (Dyson, 2021).
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The Water Act 2007 provides the legislative framework for managing the Basin in the national interest 
while recognising that the Basin states continue to manage the Basin’s water resources within their borders. 
The Australian Government’s reliance on its obligations under international environmental treaties is clear 
in the objects of the Act, which highlight some of the tensions arising from the challenge of delivering 
environmental water policy in a Basin that has been fundamentally re-engineered for agricultural water use, 
with a politically powerful agricultural constituency. The objects of the Water Act include:

• to enable the Commonwealth, in conjunction with the Basin states, to manage the Basin water 
resources in the national interest

• to promote the use and management of the Basin water resources in a way that optimises economic, 
social and environmental outcomes

• to ensure the return to environmentally sustainable levels of extraction for water resources that are 
overallocated or overused

• to protect, restore and provide for the ecological values and ecosystem services of the Basin

• to improve water security for all uses of Basin water resources 

• to ensure that the management of the Basin water resources takes into account the broader 
management of natural resources in the Basin.

The Water Act established the Murray-Darling Basin Authority (MDBA) to replace the MDBC, and required 
the MDBA to prepare a Basin Plan that would allow integrated management of Basin water resources to 
promote the objects of the Act. The Basin Plan must include:

• long-term average sustainable diversion limits (SDLs) for the amount of surface water and groundwater 
that can be diverted from the Basin’s water resources

• Basin-wide environmental objectives for water-dependent ecosystems, alongside water quality and 
salinity objectives

• design and development of a water trading regime that ensures that water reaches its most 
productive use

• requirements that state water resource plans must meet to be accredited.

The Basin Plan was developed over several years, based on detailed research and analysis. 
However, when the MDBA published the results of its initial work in 2010, it became clear that the 
process of reconciling an ‘environmentally sustainable level of take’ (ESLT)—a level of water extraction 
that, if exceeded, would compromise ecosystem functions, environmental assets or environmental 
objectives—with the objective to ‘optimise economic, social and environmental outcomes’ would be 
politically contentious; it would also highlight the very real challenges in turning the policy prescriptions 
of the NWI into effective, publicly legitimate, long-term water management practice. The Basin Plan 
was eventually legislated in November 2012 with an initial 12-year period to meet established limits 
on diversions. How environmental water has been valued and protected within this reform process is 
outlined in detail in Section 4. 

As a result of the Basin Plan, around one-fifth of the water previously diverted (on average) for consumptive 
use has been returned to the environment. However, the 8 years since the Basin Plan passed Australia’s 
Parliament have been marked by tension between water users and between Basin jurisdictions. 
These major changes to Australian water policy coincided with the most severe drought on record, 
ongoing demographic changes in Australia’s agricultural sector, and significant changes in returns for 
a number of the major irrigated crops in the Basin. These coincident stressors increased tensions, 
which were often expressed as antipathy to environmental water—a policy domain where agricultural 
water users felt they could exert pressure and effect change. Protests have dogged the Basin Plan 
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from its development to the present. The initial presentation of the Guide to the proposed Basin Plan, 
which included research to identify environmental values and guide the recovery of water for the 
environment, was burned in the streets of Griffith (a Basin irrigation town). The eventual political 
fallout claimed senior leaders at the MDBA (Crase, 2011; Matthews, 2018). This has combined 
with high levels of mistrust between users, communities and the government agencies tasked 
with implementation of reforms, despite a range of local and/or regional ecological benefits from 
managed environmental watering events. Debates have become ‘toxic’ and ‘fuelled by uncertainty, 
misinformation, misperceptions or misappropriation of available information’, often on social media 
(IIG, 2020). Water politics has become increasingly partisan. Policy and scientific debates have been 
marred by claims of a ‘post-truth water world’, maladministration, regulatory capture, undeclared 
conflicts of interest and ‘stealth advocacy’ in the place of independent scientific advice (Grafton et 
al., 2019; Grafton & Williams, 2020; Walker, 2019). Increasingly cynical about government-led exercises 
in stakeholder consultation, communities have noted that they are ‘over-consulted and under-listened to’ 
(Sefton, 2020). Water reform has become a flashpoint for community concerns around other 
demographic and economic changes. State and Australian Government ministers have sought police 
protection following threats to their safety, and government departments have directed staff to avoid 
specific parts of the Basin (Sullivan, 2019). State water ministers have threatened to ‘withdraw’ from 
the Basin Plan—even though it is not entirely clear how such a withdrawal might be effected, and the 
water portfolio at state and national levels has been described as a ‘poisoned chalice’ (Barbour, 2020; 
Davies & Karp, 2019).

These tensions highlight the extent to which valuing environmental water is a contested question 
of social and political judgment (Briscoe et al., 2010; Capon & Capon, 2017; Matthews, 2018). 
Scientific and technical knowledge are critical to inform water governance; however, the difficulties faced 
in implementing an environmental water management regime in the Basin reflect the ongoing social, 
cultural and political facets of the challenge. A wide range of expert knowledge (engineering, legal, 
ecological, economic, hydrological, political, sociological) and local community knowledge had 
contributed to key aspects of environmental water management decisions. However, determining and 
prioritising the ‘socially valued benefits’ and ‘vital ecological services’ that aquatic ecosystems provide 
are highly contested among social actors in almost all contexts. Defining the meaning of concepts such 
as ‘sustainability’ or ‘protecting and restoring’ aquatic ecosystems, which underpin the Basin’s legislative 
context, has involved contests over who participates and what forms of knowledge are legitimate 
inputs to those definitions (Blomquist, 2012, 2020). Political contests over the use and control of water 
resources consequently shape the way environmental water policy issues are portrayed and understood 
(Stone, 2012). 

Disputes are not unusual in subnational transboundary river basins where water governance must 
manage a long history of basin development and overallocation in a changing climate (Moore, 2018). 
Water governance in such contexts is always a deeply political endeavour, tightly coupled to other 
major policy issues such as regional development, agricultural transitions and First Nations rights. 
Policy decisions about the allocation and management of water are never value-neutral, and there is no 
way to translate technical and scientific knowledge into policy that bypasses difficult political trade-offs 
and decisions (Briscoe et al., 2010) This presents challenges for the institutions tasked with implementing 
environmental water policy in the Basin because the legislative framework that underpins their work 
frames the identification of environmental water requirements as a technical and scientific issue, rather 
than one that is also inherently political. The Water Act 2007 requires that the Basin Plan be developed 
on the basis of the ‘best available scientific knowledge and socioeconomic analysis’ (s 21(4)(b)); 
consequently, it is often held that key decisions, such as the setting of SDLs, must ‘be determined by 
science, not politics’14 (Walker, 2019). However, the controversy that continues to surround the Basin Plan 

14  Note that science should be understood in its broad sense as including the social sciences. The Water Act’s objects include ‘to promote the 
use and management of the Basin water resources in a way that optimises economic, social and environmental outcomes’ (s 3(c)).
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and the recovery and delivery of water for the environment suggests that ‘the value bases of disputes 
underlying environmental controversies must be fully articulated and adjudicated through political 
means before science can play an effective role in resolving environmental problems’ (Sarewitz, 2004). 
Progress in broadening support for the Basin Plan’s environmental water regime requires advances in 
political decision making alongside community deliberation and engagement (PC, 2021b). One of the 
lessons from the Australian experience in the Basin is that, although valuing environmental water and 
planning for its management and delivery must be informed by evidence from technical and scientific 
disciplines, a resolution to the difficult values-based and political controversies surrounding the issue 
will not be found in purely technical solutions. It is critical to integrate technical analysis with broad 
stakeholder deliberation (National Research Council, 1996).

Multiple challenges faced Basin governments in allocating water for the environment, slowed progress, 
and increased tensions and resistance to change. These included the following:

• A weak constituency for reform. Water consumption under the status quo had been identified as 
unsustainable for more than two decades. As a result, reforms to provide water for the environment 
required recovering water from agricultural users with strong political influence, the ability to act as 
a cohesive advocacy coalition, and a strong interest in engaging in water policy debates. 

• Difficulties in coordinating policies among the states. Providing water for the environment in an 
overallocated system increased conflict between upstream and downstream states. Weak institutional 
arrangements made it very difficult to ensure the transboundary coordination required to manage the 
Basin’s lands and waters as an integrated ecological whole.

• High apparent social costs of reform. Reducing water available for irrigated agriculture seemed likely 
to reduce employment in the farm sector and associated employment in rural towns. Many of the 
Basin’s rural communities existed as a result of a long 20th century period of state-sponsored irrigation 
expansion to drive rural settlement. In the absence of clearly articulated structural adjustment policies 
for these communities and industries, they used their considerable political influence to strongly resist 
changes that appeared to threaten their futures. 

• Scientific uncertainty. The ecological changes that had occurred since European settlement of the 
Basin were considerable. Despite policy calls for the use of ‘the best available science’ to identify 
requirements for environmental water and other restoration activities, many decisions involved 
debate over values. Uncertainties surrounding the impact of climate change, which has been a deeply 
divisive and debated topic in Australia, combined with the need to make values-based assessments of 
environmental water requirements to make it difficult to provide authoritative and agreed estimates 
of the benefits of environmental water provision (or the costs of the status quo). Because the 
interpretation of ecological and hydrological studies had the potential for substantial distributional 
consequences, groups that would be most affected by environmental reforms had strong incentives 
to challenge the science. This made it difficult to establish the shared information basis required to 
engage in debate over values.

• Technical complexity of implementation. Accurately metering and measuring consumptive use 
across the Basin’s landscapes presented a series of technical challenges, particularly in the northern 
Basin, where water on floodplains is harvested for later use and at low flows. Developing the models 
required to determine targets in the Basin’s highly variable streamflows remains a technical challenge. 
Consequently, calculating the costs and benefits of providing more water for the environment, 
even where outcomes can be agreed, remains a complex and difficult task. (Tompson & Price, 2009).

Climate change is likely to continue to exacerbate these challenges. The volume of inflows over the past 
20 years is less than half that during the period of major development and water allocation for irrigation 
(see Figure 8). Climate projections for the Basin suggest the potential for significant declines in inflows by 
2046–2075 relative to the 1975–2000 period (see Figure 9).
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Note: The inflows data illustrate some of the current and future challenges faced by environmental water managers in the Basin. The trend line is 
a 5-year simple moving mean; the grey band shows the long-term interquartile range for inflows (25th to 75th percentiles). 

Figure 8. Annual inflows in the Murray-Darling Basin, 1900–2020 (Source: Figure by R. Marsh).

Median projections for RCP4.5 and RCP8.5 greenhouse gas concentration trajectories. Note that the relatively course resolution of global climate 
models combined with hydrological models produces the artefacts visible above. 

Figure 9. Projected percentage runoff declines for the Murray-Darling Basin by 2046–2075 relative to 
1975–2005 (Source: Chiew et al., 2017. Figure by R. Marsh)
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4 Current approaches to valuing water for the 
environment in the Murray-Darling Basin

Current approaches to valuing water for the environment in the Murray-Darling Basin can be described 
through four focus areas:

• recognition and acceptance of environmental values

• measurement of environmental values

• mechanisms that realise the environmental value of water 

• learning and adaptation.

This section outlines in more detail the current approaches, tools and mechanisms (Table 4.1) applied in 
the Basin under these four focus areas. We describe who has been engaged through these approaches, 
and highlight the successes, challenges and tensions.

Table 1. Overview of approaches, tools and examples for recognising, measuring and realising 
environmental values in the Murray-Darling Basin

Approach Tools Examples 

Recognition and 
acceptance of 
environmental values

Agreements International agreements, especially 
the Ramsar Convention on Wetlands 
of International Importance (1971)

Legislation, initiatives 
and strategies

National Water Initiative (2004)

Commonwealth Water Act 2007

Basin Plan (2012)

Funding commitment Government investments and subsidies

Measurement of 
environmental values

Mapping and measuring 
environmental features

Mapped distributions of floodplain 
ecosystems and vegetation communities

Identifying environmental 
water requirements

Environmental water requirements 
for key environmental assets and 
ecosystem functions 

Modelling Hydrological and ecohydraulic modelling
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Approach Tools Examples 

Mechanisms that realise 
the environmental value 
of water 

Setting limits on extraction Environmentally sustainable level of take 
and sustainable diversion limit (SDL)

Recovering water to meet 
the SDL

Buyback, infrastructure modernisation, 
administrative approaches

Allocating the recovered 
water to an environmental 
user

Environmental water holders 
(Commonwealth and Basin states)

Embedding into broader 
water resource planning 

Water resource plans, long-term 
environmental watering plans, annual 
environmental watering plans

Prioritising use Annual and 5-year environmental 
watering priorities 

Using water for environment Mechanisms to use water: deliver, 
carryover, trade

Monitoring and accounting 
for the use and benefits of 
environmental water

Flow measurement and accounting, 
Long-Term Intervention Monitoring project

Learning and adaptation Long-term monitoring and 
evaluation programs 

Ecological monitoring and evaluation, 
Basin Plan evaluation, state-based programs

Independent reviews Scheduled and independent inquiries

4.1 Institutional roles and responsibilities for managing water for 
the environment 

Clear governance arrangements are important to realise the benefits of water for the environment. 
With the large investment of public funds, accountability for the decisions made across all areas of 
environmental water management is important. Trust in (and between) agencies is important to enable 
timely decision making at the appropriate management scale (e.g. local assets, river reach). 

Before looking at how environmental water is managed in the Basin, it is important to understand the 
relevant institutional roles and responsibilities. Horne & O’Donnell (2014) identified a clear set of features 
that should be included in the governance arrangements for environmental water management in 
the Basin:

• Separate policy and delivery governance processes, so that the users of environmental water 
are distinct from the policy processes that govern its use.

• Devolve the maximum work and decision making to the lowest level possible, while retaining 
the capacity for Basin-wide environmental watering outcomes.

• Loop information flow between agencies, so that it flows both up and down spatial scales 
of decision making.

• Respect that each agency has its own objectives and accountabilities.

Recent reviews have found that the governance arrangements for environmental water have 
developed and matured in recent years (MDBA, 2020c; PC, 2018). By working together closely on all 
aspects of managing water for the environment, agencies and jurisdictions are building greater trust 
between themselves.
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Management arrangements and oversight for environmental water were updated when the Basin Plan 
came into effect. The roles and responsibilities for environmental water management under the 
Basin Plan are nested, with different functions and scale (Figure 10).

Figure 10. Overview of roles and responsibilities in environmental water management in the 
Murray-Darling Basin (Source: Adapted from O’Donnell, 2013)

A range of parties fill the roles and responsibilities in Figure 10:

• The Australian Government Department of Agriculture, Water and the Environment undertakes 
strategic purchases and efficiency programs under the Basin Plan to recover and retain water in 
the system, to keep rivers, lakes and wetlands healthy.

• The MDBA is responsible for coordinating how the Basin water resources are managed through 
the Basin Plan. The MDBA plans, coordinates and prioritises use of water for the environment at a 
Basin scale. It also operates and manages the Murray River infrastructure (i.e. dams and levees) to 
store water and allow environmental flows to occur.

• The Commonwealth Environmental Water Holder (CEWH) holds and manages environmental water 
on behalf of the Australian Government, guided by the Basin Plan and the Basinwide environmental 
watering strategy.

• Basin state environmental water holders manage their own state water portfolios and allocate water 
to achieve state priority objectives.

• River operators store, manage and deliver water (including environmental water) in particular areas 
of the Basin.

• Local land, waterway and environmental asset managers manage the delivery of water to 
environmental assets to achieve onground outcomes at the local scale.

Coordination and cooperation between these parties are discussed in the following sections.
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Intergovernmental coordination for connected environmental watering events has recently been 
formalised in the southern and northern Basins. To facilitate coordination for the delivery of 
environmental watering events, the MDBA established the Southern Connected Basin Environmental 
Watering Committee (SCBEWC) in 2014. The SCBEWC is a collaborative forum that brings together 
environmental water holders, asset managers and river operators to prioritise effort and resources to 
meet environmental needs in the southern connected Basin. The Productivity Commission (PC, 2018) 
noted that the SCBEWC has been ‘highly successful in increasing the coordination of environmental 
watering in the southern Basin … the yearly number of environmental watering events occurring 
throughout the southern Basin has fallen, while the total volume of environmental water delivered 
has risen’.

Similar to the SCBEWC, a Northern Basin Environmental Watering Group was established by the MDBA 
in November 2019. It provides an enduring forum to coordinate planning and delivery of water for the 
environment across the northern Basin (MDBA, 2020d).

4.2 Recognition and acceptance of environmental values

Box 7: Key points

• Recognition and acceptance of water-related environmental values in the Basin are demonstrated 
though bipartisan support at the national level for the Water Act 2007 and the Basin Plan. 

• Current management of water for the environment in the Basin must meet the requirements 
of the Basin Plan (2012).

• Significant financial commitments have been provided to implement the recent reforms.

Water-related environmental values of the Basin have been recognised and have been a key feature in 
recent reform. Recognition of water-related environmental values has not come overnight, given that 
the Basin has more than 30,000 wetlands, 100 of which are recognised as nationally important because 
of environmental, heritage or cultural significance. Environmental values were recognised much earlier 
than the recent reforms, as evident in programs such as the Living Murray Program and state-level 
watering programs. 

A primary objective of recent water reform has been to protect and restore water-dependent ecosystems 
of the Basin and their ecological functions (MDBA, 2012b). This included establishing the institutions and 
structures to allow environmental water to be recovered and delivered at a Basin-wide scale. Reform was 
required at a Basin scale to deliver a ‘healthy working basin’ with healthy and resilient ecosystems, 
vibrant and strong regional communities, and productive and sustainable water-dependent industries.

Current management of water for the environment in the Basin must meet the requirements of the 
Basin Plan (2012). The Basin Plan is the legal framework to reset the balance of water use in the Basin. 
It sets environmental and other objectives for the Basin—supported by the Basin Wide Environmental 
Watering Strategy (BWEWS) and long-term watering plans—and establishes new, lower SDLs to 
achieve them. It also outlines the key actions, processes and timeframes that governments are to 
adopt to implement the plan (PC, 2018). 
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Management objectives and outcomes to be achieved by the Basin Plan in relation to environmental 
outcomes are specified:

Box 8: Success - Recognising and enabling the environment as a legitimate user of water

Recognising the value of the environment enables it to be acknowledged as a legitimate user of water. 
This can manifest in a variety of ways, from community support for delivery of environmental water 
through to the establishment of institutional structures that place the environment ‘at the table’ in 
national and Basin-scale negotiations, planning and delivery of water. In Australia, this is exemplified 
by the environmental water holders that are established separately from other government 
institutions—for example, the CEWH and the Victorian Environmental Water Holder.

… within the context of a working Murray-Darling Basin:

(1) (a) to protect and restore water-dependent ecosystems of the Murray-Darling Basin; and

(b) to protect and restore the ecosystem functions of waterdependent ecosystems; and

(c) to ensure that waterdependent ecosystems are resilient to climate change and other risks and 
threats; and

(d) to ensure that environmental watering is co-ordinated between managers of planned 
environmental water, owners and managers of environmental assets, and holders of held 
environmental water. 

Note 1: The fact that water storages and property (including floodplains) are under the control of various persons currently restricts the 
capacity to actively manage all water-dependent ecosystems.

Note 2: Particular objectives relating to each of the objectives in paragraphs (1)(a) to (c) are specified in Part 2 of Chapter 8.

(2) The outcome in relation to subsection (1) is the restoration and protection of water-dependent 
ecosystems and ecosystem functions in the Murray-Darling Basin with strengthened resilience to 
a changing climate.

(Basin Plan 2012, 5.03)

Significant funding commitments continue to enable implementation of the Basin Plan. The Australian 
Government earmarked AU$13 billion to implement the Basin Plan. In 2018, almost $8.5 billion had 
been spent, and $4.5 billion was still to be spent by 2024 (PC, 2018). While the funding supports the 
implementation of improved water-sharing arrangements across all users, there has been a significant 
focus in supporting achievement of environmental water recovery and improved water delivery through 
(DAWE, 2021; PC, 2018):

• $3.1 billion to purchase water entitlements for the environment, with $2.7 billion of this spent to 
recover 1,228 GL 

• $4.8 billion for investment in modernised water infrastructure, with $3.9 billion spent. Of this, 
$2.8 billion has been invested in projects that delivered 677 GL of water savings to the environment

• $1.3 billion for supply measures, of which $34 million has been spent on developing projects 
(supply measures result in more efficient delivery of water for the environment—for example, 
building or improving river or water management structures, and changes to river operating rules) 

• $1.5 billion to recover an additional 450 GL to pursue enhanced environmental outcomes, of which 
$14 million has been spent.
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4.3 Measurement of environmental values

Box 9: Key points

• Measurement of environmental values and their water requirements has been approached 
as a technical and scientific exercise. 

• Environmental water requirements have been quantified to inform the setting of SDLs, and to 
inform watering regimes at managed environmental assets.

• Environmental water requirements are quantified for components of the flow regime that 
have been identified as important for the target environmental values.

Fit-for-purpose methods were applied and used best available science. As new information 
is available, environmental water requirements are adapted. 

Measurement of environmental values is approached as a technical exercise that is based on 
‘best available science’. A key principle of the Basin Plan is to use and apply the ‘best available knowledge 
and science’ in the identification and development of water-sharing arrangements. From the identification 
of assets and functions through to the determination of environmental water requirements, all approaches 
must have regard to the latest knowledge and approaches.

Many specialists technical skills have been used in the measurement of environmental values, including 
hydrology; modelling (ecosystem, hydraulic and hydrologic); freshwater riverine, floodplain and 
wetland ecology; groundwater; water quality; river operations; and spatial analysis. Use of this range of 
expertise was limited by the timeframe to develop environmental watering knowledge and requirements, 
funding resources and the state of existing knowledge (e.g. hydrological data, models). 

Aboriginal traditional ecological knowledge has not systematically been incorporated at this stage of 
measuring environmental values. All states and asset managers are required to have formal processes 
for engagement with local communities and Traditional Owners to identify opportunities to achieve 
social or cultural outcomes with environmental water, while ensuring that environmental outcomes are 
not compromised. A recent review of implementation of the Basin Plan noted that processes should be 
developed in consultation with Traditional Owners and Indigenous organisations and communities to 
enable meaningful engagement (PC, 2018).

Box 10: Tensions - First Nations people’s voices excluded from reform process

Connection to land and waters is fundamental to the cultural values of First Nations Australians. 
The inclusion of First Nations people’s values and perspectives in water management across the 
Murray-Darling Basin has only begun to occur since the 2000s. Inclusion has occurred through 
statutory mechanisms, tailored engagement processes and community engagement activities. 

Although the Basin Plan and its environmental water framework incorporate Indigenous values 
and uses, implementation has not always included inputs from First Nation people. More recent 
initiatives, such as a permanent Indigenous position on the Board of the MDBA, are a move in the 
right direction, but tensions remain on how well First Nations people’s voices have been included in 
the reform process. Parallel engagement to ensure that water reform links to First Nations economic 
development, health and land management aspirations remains in its early stages. This tension 
is discussed further in the accompanying case study (Valuing water: The Australian perspective. 
Cultural values of water in the Murray-Darling Basin).
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The Basin Plan identifies environmental values as assets and functions. Consistent criteria for the 
identification of environmental assets and functions, and methods to determine environmental water 
requirements are set out in the Basin Plan. Application of consistent criteria (see Attachments 1 and 2 
for the criteria) to identify the environmental assets and ecosystem functions in the Basin resulted in 
identification of 2,442 environmental assets, and 88 hydrological indicator sites for assessing ecosystem 
function (MDBA, 2010; Swirepik et al., 2016).

Key environmental assets include the rivers, lakes, billabongs, wetlands, groundwater systems, floodplains 
and their flood-dependent forests, and the estuary of the Basin. They encompass water-dependent 
ecosystems, ecosystem services and sites with ecological significance, including the Coorong and Lower 
Lakes (MDBA, 2010). The estimated number of environmental assets can vary greatly, depending on the 
criteria that are applied. For example, the estimated number of key environmental assets can range from 
16 internationally listed wetlands to a list of more than 33,000 ‘significant wetlands’ (including some 
unnamed dry watercourses) based on the International Union for Conservation of Nature list of rare and 
endangered species. 

Key ecosystem functions are the fundamental physical, chemical and biological processes that support 
the Basin’s environmental assets—for example, transport of nutrients, organic matter and sediment in 
rivers; wetting and drying cycles; and provision for migration and recolonisation by plants and animals 
along rivers and across floodplains. From a surface water flow perspective, many of the key ecosystem 
functions and key environmental assets are hydrologically connected and interdependent (MDBA, 2010).

Ecosystem functions have proven more difficult to identify as spatially discrete units and to quantify 
requirements for. During the development of the Basin Plan, an early assumption was that, by addressing 
the water requirements for hydrologically connected assets, the functions could be sustained: 

From a surface-water flow perspective, many of the key ecosystem functions and key environmental 
assets are hydrologically connected and interdependent. This means that if sufficient water is 
provided for key ecosystem functions at one location it will be sufficient for those functions at many 
locations, both upstream and downstream. This same water will also provide for floodplain and 
wetland ecosystem functions associated with environmental assets, as well as contributing to the 
ecosystem functions associated with the rivers connecting the assets together. (MDBA, 2010).

Technical work on ecosystem functions has since progressed, and is used for annual and long-term 
planning for environmental water use (see Sections 4.4.5 and 4.4.6). 

Ecohydrological assessments for indicator sites were used to determine environmental water requirements 
that informed the ESLT and SDLs. The level of knowledge and data for each of the 2,442 identified 
environmental assets varied considerably, so a smaller subset of 24 ‘indicator sites’ was adopted for 
determining environmental water requirements (MDBA, 2010). In choosing an approach to identify the 
water requirements to sustain environmental values, it was recognised that there was a significant degree 
of uncertainty in identifying environmental water requirements. Some of the factors that influenced the 
approach were as follows (Swirepik et al., 2016):

• For many species and ecological communities, the relationship between the provision of water and 
environmental outcomes is poorly understood (Poff & Zimmerman, 2010).

• Vegetation communities are located across the floodplain and naturally experience significant 
variability in their inundation frequency. 

• Environmental water requirements vary spatially in response to differences in climate, soil type, 
access to other water sources and genetic diversity.
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An umbrella environmental asset (UEA) approach was adopted that factored in the imperfect knowledge, 
yet acknowledged the ‘need to start somewhere’ to identify water requirements at a valley and 
Basin scale. Similar to other holistic flow determination methods, the approach uses environmental 
water requirements developed for information-rich areas to represent the water requirements of a river 
reach or valley (Figure 11). In this method, detailed ecohydrological assessments of environmental water 
requirements that focused on the overbank, bankfull and fresh components of the flow regime were 
undertaken at 24 UEA sites across the Basin (Swirepik et al., 2016). Flow magnitude, duration, frequency 
and timing were established for each site to meet the needs of the key ecosystem components, such as 
vegetation, birds and fish (Swirepik et al., 2016). 

Figure 11. Overview of the range of environmental flow assessment methods, indicating where the 
UEA approach sits within the range (Source: Adapted from Speed et al., 2020, based on Poff et al., 2017)

The UEA method has subsequently been used to review and revise environmental water requirements in 
the northern Basin. The revision incorporated a stronger evidence base, and incorporated two ecosystem 
functions (longitudinal and lateral connectivity) to link ecological targets and values to site-specific flow 
indicators (Boulton & Thompson, 2016; MDBA, 2016a, 2016b).
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The MDBA applied a hydrologically modelled approach to determine the ESLT. It was intended that 
the method to determine the ESLT would meet the following objectives (MDBA, 2011):

• The approach should provide an estimate of the long-term average reduction in diversions required 
to achieve specified environmental objectives and targets related to an ESLT.

• The approach should be scientifically robust, transparent and able to be understood by a 
wide audience.

• The approach should take into account the spatial and temporal variability in flows and 
environmental water needs across the Basin.

• The approach should be compatible with contemporary water management in the Basin.

• The approach should give greatest attention to those issues with the greatest sensitivity to the ESLT 
to reduce uncertainty. 

The method used to determine the ESLT is shown in Figure 12. It is openly acknowledged that the 
ESLT and SDLs were not determined as a precise science. Rather, it was intended that the ESLT be 
implemented within an adaptive management process, where new information can be taken into 
account at a number of key steps.

It is also important to note that, in determining an ESLT, the Basin Plan is not required to return the 
river system to a ‘pre-development’ or pristine state; rather, the Basin is described as a ‘working river’. 
The approach to determining the impact of different water recovery options on key environmental assets, 
ecosystem functions and achievement of broader environmental outcomes was undertaken within 
that context.

Box 11: Challenge - Climate change and changing water availability

Although the Water Act and Basin Plan aim to ‘protect and restore’ the Basin’s ecosystems, much 
of the work done towards this objective has rested on assumptions of hydrological stationarity and 
reference to natural flow regimes. Climate change presents substantial challenges to this approach 
by increasing uncertainties surrounding water availability and demand, as well as driving changes 
in ecological features. Environmental water management approaches developed with primary 
reference to historical patterns in flow and ecology may become unfeasible. 

Climate change is recognised as a significant risk in the Basin Plan, but it was not taken into account 
in setting the SDLs. In the Basin, water availability is expected to decrease as a result of climate 
change, which will stretch the flexible allocation mechanisms and lead to reduced water for the 
environment and for other water users. It will also likely lead to increased occurrence of poor water 
quality events such as blue–green algae and blackwater events. Therefore, over time, tensions 
over water access can be expected to rise, with low-reliability water allocations being affected first 
(the majority of environmental water holdings). New approaches or modification of the SDLs may 
be required to allow management for resilience and continued delivery of environmental flows. 
The impact of climate change on the SDLs will be considered and a subject of the scheduled review 
of the Basin Plan in 2026.
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Figure 12. Overview of the method used to determine the environmentally sustainable level of take in 
the Murray-Darling Basin (Source: MDBA, 2011)

The framework for setting an ESLT and SDLs for the Basin Plan was heavily reliant on an accurate 
assessment using hydrological models. Although the modelling method allowed testing of a variety of 
environmental water requirements and ESLT volumes, it was entirely dependent on two key scenario 
inputs: the SDLs and the flow indicators. The environmental water requirements (determined through 
the UEA approach discussed above) were modelled for the indicator sites to inform model runs that 
tested the achievement of outcomes and impacts of different water recovery scenarios. 

Three options were modelled to determine the range of outcomes (and impacts) and to see what could 
be acceptable to Basin communities. The options modelled are shown in Table 2.

Table 2. Sustainable diversion limit (SDL) options modelled

SDL option Scale of water recovery considered 

No SDL No reduction in consumptive use of Basin water resources 

10,423 GL/y Proposed water recovery of 3,200 GL/y 

10,873 GL/y Proposed water recovery of 2,750 GL/y (or 2,800 GL/y for the purposes 
of economic and hydrological modelling)

11,223 GL/y Proposed water recovery of 2,400 GL/y 
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Extensive analysis was undertaken before the MDBA proposed an ESLT of 10,873 GL/y, which 
qualitatively aimed to ‘optimise environmental, economic and social outcomes to achieve a healthy 
working basin’(MDBA, 2011, 2012b). This represented the recovery of 2,750 GL/y of surface water 
for environmental purposes, and a water recovery target of 40.4 GL to meet SDLs in two Queensland 
groundwater SDL resource units (MDBA, 2012b) compared with the 2009 baseline. 

In determining the surface water SDL, the MDBA took into account concerns raised through the 
consultation process. After reviewing the submissions, the MDBA considered that the science base 
underpinning the surface water SDL was robust (MDBA, 2012b).

Several independent reviews of development of the ESLT and SDLs have been undertaken because of 
their importance in ensuring that sufficient water is available for the environment. A 2011 review by 
CSIRO (Young et al., 2011) provides two important insights. The first is that the setting of SDLs involves 
consideration of social and economic objectives, as well as environmental objectives. Therefore, assessing 
the adequacy of the SDLs is not just a question of scientific robustness but also of policy judgments 
made in the context of the requirements of the Water Act, and reflecting multiple trade-off decisions 
between the environment, economics and social outcomes. The second insight is that, despite some gaps 
in understanding, there was sufficient scientific knowledge to make an informed decision on an ESLT, 
particularly in the context of the adaptive management framework being adopted for implementation 
of the Basin Plan.

Box 12: Tensions - A negotiated outcome

The development of SDLs has been a negotiation. This has meant that trade-offs and political 
interventions have been a necessary part of developing SDLs. They are a compromise, aiming to 
be acceptable to most people, rather than being optimal for any one water user. To avoid winners 
and losers, the approach aims to offset the impacts for those negatively impacted, but this has not 
always been successful. The negotiated outcome means that there are likely to be ongoing tensions 
between those who believe they have lost out compared with others.

In the Basin, groundwater plays an important role in sustaining environmental values. Therefore, SDLs 
have also been set for 80 groundwater units in the Basin (which are then compiled into 19 groundwater 
resource plan areas). The approach for setting groundwater SDLs, while following the same principles, 
had to take a slightly different approach for several reasons:

• Identification of groundwater areas. Because groundwater units are less easily defined than surface 
water catchments, identification of what areas would be worked with took some time. The number of 
groundwater SDL units changed across the various iterations of the Basin Plan, until the final number 
of 80 was established.

• Establishing a baseline. A baseline for surface water extraction had been set by the 1995 cap on 
surface water extractions, but there was no equivalent baseline for groundwater. The MDBA therefore 
developed a set of rules to establish the baseline groundwater extraction, which took into account 
existing management plans, licences and cross-border agreements. 

• Groundwater modelling. Groundwater SDLS were informed by groundwater modelling. Unlike surface 
water models, which covered most of the Basin, groundwater models were not as widely available 
and therefore only covered 13 of the 80 groundwater units. For the remaining units, a recharge 
risk assessment method was used instead. Modelling of groundwater in the Basin continues to be 
a challenge.
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Box 13: Challenge - Connectivity between surface water and groundwater resources

As is the case in many parts of the world, the connectivity between surface water and groundwater 
resources in the Basin is not fully understood. Early criticism of the Basin Plan suggested that it 
did not adequately take into account the interactions between surface water and groundwater, 
or groundwater-dependent ecosystems (e.g. wetlands, low-flow streams). For example, an 
independent group of scientists suggested that the failure to include the impact of rising 
groundwater extractions in surface water modelling had impacted the validity of the surface 
water SDLs. Given these challenges, the MDBA committed to undertaking further research 
and investigations.

The groundwater SDLs have since been reviewed. In Basin Plan amendments made in July 2018, 
the groundwater SDLs were changed to accommodate boundary changes, and improved modelling 
and understanding of groundwater systems and their connections to surface water. However, there 
are still gaps in our knowledge, and further updates may be required as we better understand the 
environmentally important interaction between surface water and groundwater in the Basin.

From the ESLT and SDLs adopted, it is expected that whole-of-Basin environmental outcomes could be 
achieved. Although flow indicators and environmental water requirements were used to inform the ESLT, 
the method does not specify a detailed environmental flow regime that must be delivered. Rather, it 
estimates the minimum amount of water that will enable the achievement of an ESLT and Basin-wide 
environmental objectives. As described in the ESLT method:

Ultimately, the environmental outcomes achieved through the Basin Plan will also be dependent on 
the environmental flow decisions made at a regional and local scale, in response to future climatic 
conditions and ecological responses.( MDBA 2011. The Proposed ‘Environmentally Sustainable 
Level of Take’ for Surface Water of the Murray–Darling Basin:Method and Outcomes. Canberra, 
Australia: Murray-Darling Basin Authority, 2011)

The annual diversion limit will vary depending on inflows each year; management priorities of water 
for the environment will also change based on availability. Water delivery to achieve the environmental 
outcomes will need to ensure that water is in the right place, at the right time, at the right quality. This is 
done through the allocation, planning, prioritisation and use of water for the environment.

Box 14: Challenge - Realistic and achievable environmental outcomes?

In setting the ESLT and SDLs, a number of Basin-wide environmental outcomes were proposed. 
These outcomes are now within the Basin Plan as targets or environmental outcome measures. 
They are often expressed as overarching ‘motherhood’ style statements, not SMART 
(specific, measurable, achievable, relevant, time-bound) measures. This ambiguity, recognised as 
an issue in recent reviews (MDBA, 2020c), poses a challenge in evaluating progress towards the 
targets and raises the question ‘Are the outcomes really achievable in the first place?’. The response 
to this question, managed by the MDBA, has been to add an additional layer of environmental 
outcomes within the BWEWS, in which SMART principles have been used to add further 
specification, quantification, time dependence and achievability to several key environmental 
features listed in the Basin Plan objectives. The BWEWS is an evolving document, and these 
SMART objectives are being actively refined over time.
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4.4 Mechanisms that realise the value of environmental water

4.4.1 Enact limits on the ecologically sustainable level of take

Box 15: Key points

• Setting limits on extraction is a long-established mechanism used in the Basin to protect 
environmental values. 

• Limits have been established based on the ‘long-term average annual yield’ for all surface water 
and groundwater catchments. 

• The SDLs were established and came into effect in July 2019 when they were immediately 
adjusted; they are now required to be implemented in full by 2024.

The Water Act 2007 required that SDLs for Basin water resources reflect an ESLT. An ESLT is the level at 
which water can be taken from a water resource without compromising key environmental assets; key 
ecosystem functions; and the productive base of, or key environmental outcomes for, the water resource. 

Methods to determine the ESLT and SDLs are discussed in Section 4.3. 

Allocation of water for environmental benefit is achieved first through the establishment of SDLs on 
consumptive take from both groundwater and surface water. SDLs came into effect in 2019 for each of 
the 29 surface water areas and 80 groundwater areas of the Basin. The SDLs define how much water can 
be taken from rivers and groundwater for urban water supply, irrigation and other economic activities, 
and household use (consumptive uses). The remainder is dedicated to the environment to achieve the 
environmental outcomes outlined in the Basin Plan. The amount of water available for allocation changes 
from year to year, and depends on storage levels and weather conditions.

SDLs and water recovery targets were adjusted before 1 July 2019. The initial SDLs in the Basin Plan 
required recovery of 2,750 GL/y from consumptive use by 30 June 2019. To achieve this target, 
the Australian Government committed AU$8 billion to purchasing water entitlements directly and 
to investing in irrigation infrastructure (PC, 2018). 

During the development of the Basin Plan, Basin water ministers requested the inclusion of an 
adjustment mechanism in the plan to ‘allow for better social, economic and environmental outcomes 
than would otherwise be achieved by the Basin Plan’ (DAWE, 2020b). To provide flexibility, the Basin Plan 
included a mechanism to adjust the SDLs to achieve equivalent social, economic and environmental 
outcomes with less water recovery. The mechanism enables adjustment of the Basin-wide SDL 
(up or down) by no more than 5 percent (approximately 543 GL/y). Environmental, social and 
economic outcomes are not to be compromised by this adjustment.

All SDL adjustment mechanisms are required to be ready for operation by 30 June 2024. In the southern 
Basin, the SDL adjustment mechanism involves three elements that work together to reduce the volume 
of water needed to be recovered and to achieve ‘equivalent’ water for the environment through savings 
(PC, 2018):

• Supply measures—allow for achievement of equivalent environmental outcomes with a lesser volume 
of water. Examples are using pumping stations, regulators and levees to deliver water to lakes and 
floodplains without the need for large volumes of water needed to create overbank flooding.
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• Constraints easing—overcome some of the impediments to delivery of environmental water down 
the system. They can include changes to physical features such as road crossings and bridges, as well 
as negotiating easements where private land is flooded.

• Efficiency measures—achieve enhanced environmental outcomes above those achievable with 
legislated water recovery target by recovering additional water for the environment with neutral or 
improved socioeconomic outcomes. Efficiency projects are activities that change water-use practices 
(e.g. reducing evaporative losses in the transfer and use of consumptive water), creating water savings 
that can be transferred to, and used by, the environment.

In the northern Basin, the water recovery target was reduced from 390 GL to 320 GL on the proviso that 
the Australian, Queensland and New South Wales governments implement a series of ‘toolkit measures’. 
These measures aim to target water recovery, protect environmental flows, improve the coordination and 
delivery of environmental water, ease constraints on environmental water delivery in the Gwydir River 
and construct works to improve fish passage (PC, 2018). Following the amendments to the Basin Plan, 
the Basin-wide surface water recovery target is 2,075 GL/y and 62 GL/y of efficiency measures (Figure 13).

Figure 13. Summary of water recovery under the Basin Plan (Source: Water for the Environment 
Special Account Review Panel, 2020)
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Meeting of the SDL adjustment mechanism requirements and 2024 delivery timeframe is at risk. 
Recent reviews have highlighted that the progress to fully implement the SDL adjustment mechanisms 
is significantly behind schedule (MDBA, 2020c; Water for the Environment Special Account Review 
Panel, 2020). Without urgent commitment to deliver the SDL adjustment mechanism projects, the 
northern Basin toolkit measures and the remaining water resource plans, which are yet to be accredited, 
the full benefits for Basin communities and environmental values cannot be delivered (MDBA, 2020c). 

As noted, the initiatives are complex and require much more than an engineering solution:

The challenges of recovering the additional 450 GL for the environment and easing or removing 
constraints on delivering environmental water are intertwined with the broader challenges in the 
Basin, which are reflected in the suite of measures, initiatives and numerous reviews associated 
with the Basin. (Water for the Environment Special Account Review Panel, 2020) 

In response to this finding, the Australian Government announced the closure of the on-farm water 
efficiency program for any further applications on 3 March 2021. Work continues in partnership with 
local communities to design and implement an efficiency and constraints program to meet the targets.

4.4.2 Recover water for the environment

Box 16: Key points

• The majority of water for the environment has been recovered through direct purchase of 
water entitlements. 

• Water buyback was halted in 2013, and water recovery is now being implemented through 
investments in water infrastructure modernisation. 

• There are several challenges to the attainment of water supply savings through supply and 
efficiency measures.

• Implementing the SDLs in full by 2024 is at risk.

Approximately 20 percent of all water entitlements in the Basin available for consumptive uses such as 
irrigated agriculture a decade ago are now managed for the environment. As at 30 June 2021, the water 
recovered for the environment under the Basin Plan is 2,106.9 GL/y (MDBA, 2021). Although the total 
amount of water recovered across the Basin is higher than the overall target of 2,075 GL/y, local and 
shared water recovery targets have not yet been met in some water resource areas. The 2020 Basin 
Plan evaluation (MDBA, 2020c) estimated that the contracted groundwater recovery in the Basin, 
at 30 September 2020, was 35.2 GL/y, with only a further 3.2 GL/y required to meet the target. 

A number of tools for recovering water for the environment were applied in the Basin: buyback, 
infrastructure modernisation (off-farm) and on-farm efficiency savings. An overview of the water recovery 
tools is provided in Table 3. 
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Table 3. Tools used to recover water for the environment in the Murray-Darling Basin

Water recovery tool Water recovery achievements Economic effect of tool

Bridging the gap

Government buyback 
of entitlements 
through open tender 
and/or strategic 
purchase

Open tender

149.8 GL in the northern Basin

822.4 GL in the southern Basin

Simplest and least expensive method of 
recovering water for the environment

Reduces the supply of water available for 
irrigation, which can increase allocation 
prices, unless proportional reduction in 
the demand for irrigation water

Price increase more likely where irrigators 
participating in the buybacks do not 
decommission irrigation infrastructure

Limited tender

59.8 GL in the northern Basin

140.2 GL in the southern Basin

Savings obtained 
through modernised 
infrastructure  
(on-farm and 
off-farm)

75.1 GL in the northern Basin

614.5 GL in the southern Basin

Rationalisation of irrigation areas has 
advantages but can be difficult to implement

Off-farm water recovery has less effect on 
allocation prices but may be becoming 
harder to find

Efficiency measures 

Efficiency savings  
(on-farm)

1.9 GL in the southern Basin Participants receive funds for making 
changes to their farms that improve 
water-use efficiency in exchange for a 
portion of their water entitlements

Potential to generate significant private 
benefits for recipient farms through higher 
productivity and profitability

On-farm recovery has the largest effect 
on allocation prices

Sources: DAWE (2021) (water recovery achievements, as at 30 September 2021); Whittle et al. (2020) (economic effects)

The strategy for the remaining water recovery prioritises investments in water infrastructure, rather than 
water purchase. Initial water recovery was primarily achieved through direct purchase from willing sellers 
undertaken through open tenders (buyback), direct negotiation (i.e. strategic purchase) or arrangements 
with states. In 2013, the Australian Government announced that it would not be undertaking any further 
water purchases and imposed a legislative cap of 1,500 GL on surface water purchases in 2014. 

Recovering water through infrastructure modernisation is intended to mitigate the impact of water recovery 
by helping maintain irrigated agricultural production and injecting capital into the regions. While water 
availability is similarly reduced, this approach effectively attempts to mitigate structural change and 
minimise adjustment pressure on communities (PC, 2018), and provide environmental benefit. 

Since 2013–14, recovery of water through infrastructure projects has influenced the slow progress to 
recovery targets (Figure 14). Recent estimates suggest that the water allocation price effect of water 
recovered through on-farm irrigation infrastructure projects is likely to be around double that of 
buybacks, per unit of water recovered (Whittle et al., 2020).
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Figure 14. Shift in recovering water through infrastructure projects, as opposed to buybacks 
(Source: Whittle et al., 2020)

Accounting for water recovery is a complex process. Water recovered for the environment is typically 
converted into the environmental entitlement, held by the CEWH. The CEWH then uses recovered water 
to protect and restore the Basin’s environmental values.

The recovery amount is an estimate of the long-term average annual use by the portfolio of water 
entitlements that have been recovered (MDBA, 2021) (see note below on definition). This estimate 
is calculated by applying a set of long-term diversion limit equivalence factors15 to the water 
entitlement volumes. Factors vary from state to state and consider such things as storage sizes, 
historical climate patterns, water resource plan rules, assumptions about irrigator crop selection and 
expected usage pattern (MDBA, 2021). The factors will be used to determine if the water recovery 
required in each valley has been achieved, as required under the Basin Plan to meet the SDLs.

15  Long-term diversion limit equivalence factors are used to convert the nominal volumes of various different classes and reliability of 
entitlements acquired through water recovery to a common currency of the long-term average volume of water estimated to be available 
from each entitlement class. Planning assumptions were key inputs to the development of these factors.

A note on the difference between GL LTAAY and GL of entitlement (Water for the Environment 
Special Account Review Panel, 2020)

Long-term annual average yield (LTAAY) is a method used to standardise the calculation of expected 
water recoveries from the 150 different water access entitlement categories and across catchments 
in the Basin. For example:

• 100 GL of NSW Murrumbidgee high-security entitlement represents 97.7 GL LTAAY.

• 100 GL of Victorian Goulburn low-reliability entitlement represents 58.3 GL LTAAY.

LTAAY is relevant for measuring progress of water recovery towards meeting the SDLs set out in 
the Basin Plan. Unless specified, GL LTAAY is used within this case study.
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4.4.3 Allocate water for environmental use

Box 17: Key points

• Environmental water entitlements have the same rights and must follow the same rules as 
consumptive entitlements. 

• Environmental water entitlements in the Basin are held by the CEWH, by individual Basin state 
governments and through joint governmental agreements.

• Characteristics of a balanced environmental water portfolio are different between the highly 
regulated southern connected Basin and the northern Basin.

The Australian Government and state governments own the environmental entitlements to water in 
the Murray-Darling Basin. Water entitlements are transferred from consumptive use to the ‘held’ water 
portfolio of environmental water holders to be actively managed to achieve the environmental objectives 
of the Basin Plan. Recovered water for the environment must be managed in accordance with Basin Plan 
requirements, and seek to maintain and improve environmental outcomes in the Basin.

The majority of the water held for the environment in the Basin is managed by the CEWH. The CEWH is 
an independent statutory position established under the Water Act 2007 to manage environmental water 
holdings of the Australian Government, for the purpose of protecting or restoring environmental assets, 
including within the Basin (CEWO, 2013). The CEWH leads, and is supported by, the Commonwealth 
Environmental Water Office (CEWO), a division of an Australian Government department.

Commonwealth environmental water holdings are tradeable water rights acquired through the 
Australian Government’s Water for the Future initiative. These rights are granted by the respective state 
governments. Commonwealth environmental water is managed under the same trading and carryover 
rules, and charged the same fees, as equivalent consumptive entitlements (CEWO, 2013) (Figure 15). 

Figure 15. Commonwealth environmental water holdings as at 12 August 2021, comprising a 
total 2,876 GL of registered entitlements with a long-term average annual yield of 1,989 GL 
(Source: Data from CEWO at 31 August 2021, CEWO, n.d. Figure by A. Wealands)
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Commonwealth environmental water is only one of a number of sources of environmental water across 
the Basin. There are other environmental water entitlements, such as those held by state governments 
and managed by the MDBA under the Living Murray initiative. At 30 June 2019, the total volume of 
water for the environment held in the Basin was 3,032 GL/year (SCBEWC, 2020). Some of this water was 
recovered before the Basin Plan, and the vast majority (82 percent) of these entitlements (2,481 GL/year) 
are held in the southern connected Basin.

Not all water for the environment is in ‘held’ environmental entitlements. Environmental entitlements 
make up a relatively small volume of the total water available or reserved for environmental use in 
the Basin. There are also significant volumes of environmental water managed by state governments 
through the rules in water resource plans (referred to as ‘planned’ environmental water in Section 4.4.4). 

Each state uses different mechanisms to set aside, use and protect this water. For example, Victoria has 
adopted an ‘environmental water reserve’ that includes three components: environmental entitlements, 
passing flow obligations on bulk entitlements, and ‘above cap’ water (DELWP, 2019): 

• Passing flows are the minimum flows an entitlement holder must pass at a weir or reservoir before 
taking water for other purposes. Passing flow requirements are specified as obligations in entitlements, 
and entitlement holders must report on their compliance with these requirements. 

• Above cap water is water that remains in a river after limits on diversions have been reached, as well as 
spills from storage and unregulated flows that cannot be kept in storage. It makes up 95 percent of all 
water for the environment in Victoria and is the most vulnerable to drying conditions.

Planned environmental water was largely in place under water-sharing arrangements before the 
Basin Plan. It has formed part of the baseline conditions used to determine the SDLs and water recovery 
targets, which is why the water resource plans must ensure no reduction in planned environmental water. 

4.4.4 Embed environmental values into water resource planning 

Box 18: Key points

• Providing environmental water in the Basin has required amendments to water resource plans.

• Common Basin-wide environmental objectives are given effect in both long-term environmental 
watering plans and annual priorities and plans.

Planning for water use focuses on multiple objectives, targets and desired outcomes. A hierarchy 
of objectives, targets and outcomes from environmental watering is provided in the Basin Plan 
(see Figure 16). The Basin Plan contains broad, high-level environmental objectives—for example, 
‘to protect and restore water-dependent ecosystems of the Murray-Darling Basin’—which become more 
specific and measurable down the hierarchy. At a Basin scale, several key environmental outcomes are 
specified to facilitate improved management and evaluation of success. The lowest level of the hierarchy 
contains objectives and targets for specific catchments and environmental assets, developed by states in 
long-term watering plans. These may include details about operational matters, such as environmental 
flow delivery (Gawne et al., 2021).

Planning instruments, including regional water resource plans, long-term environmental watering plans, 
and annual plans and priorities, all need to give effect to these objectives, targets and outcomes.
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Figure 16. Hierarchy of environmental objectives established for the Murray-Darling Basin 
(Source: Gawne et al., 2021)

Regional water resource plans (WRPs) are a key instrument in implementing the SDL in catchments 
and in ensuring that Basin states consistently address key elements of the Basin Plan, such as critical 
human water needs; environmental water planning, delivery and management; and salinity and 
water quality. WRPs are developed at a catchment (water resource region) scale and enable new 
water-sharing arrangements to come into effect. Importantly, WRPs must be prepared having regard for 
the management and use of any water resources that have a significant hydrological connection to the 
water resources of the plan area.
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Although the WRP covers all water use, it is an important mechanism to protect and enable achievement 
of environmental water requirements from planned environmental water. Section 10.28 of the Basin Plan 
states that ‘a water resource plan must ensure that there is no net reduction in the protection of planned 
environmental water from the protection provided for under state water management law immediately 
before the commencement of the Basin Plan’.

Defining planned environmental water (from MDBA position statement 3A, issued 14 August 2015)

Planned environmental water (PEW) is water which meets the following criteria:

• the water is committed by a plan made under a State water management law or any other 
instrument made under a law of a State, or is preserved by a law of a State or an instrument 
made under a law of a State; and

• the water is committed or preserved for the purposes of achieving environmental outcomes or, in 
the case of committed water, other environmental purposes specified in the plan or instrument; and

• the water cannot, to the extent to which it is committed or preserved for such purposes, be taken 
or used for any other purpose.

Note - No PEW is committed by the Basin Plan.

Each state is responsible for developing and implementing WRPs in consultation with their communities 
and stakeholders. The MDBA is responsible for accrediting the plans. Despite significant efforts to meet 
the 2019 deadline, a number of WRPs from New South Wales are still in development. 

WRPs must provide for the coordination of environmental watering events between connected 
WRP areas in the southern Basin. This requirement enables environmental water to be protected 
(or ‘shepherded’) while it is en route to target environmental watering sites. The plans give effect to 
coordination requirements through implementation of ‘prerequisite policy measures’ (PPMs, also 
referred to as ‘unimplemented policy measures’ in the Basin Plan), which provide (PC, 2018): 

• credit for return flows from environmental watering events for environmental use downstream 
(rather than being used to supply the demands of other users)

• the ability for environmental water holders to order water from a specific storage to top up or 
‘piggyback’ on naturally occurring high-flow events. 

PPMs were assumed in the original modelling to establish the SDLs, as well as in the model used to 
determine the environmental equivalence of supply measures. If PPMs are not implemented, overall 
water recovery would need to rise considerably when reconciliation of the total water recovery target 
is completed in 2024 (PC, 2018).

WRPs must provide for environmental watering consistent with the multiscale environmental water 
management framework (EWMF) applied across the Basin. The EWMF is designed to align with broader 
water resource plans for each region to ensure that environmental water use is in line with other user 
needs and requirements. The EWMF provides common principles and methods, while also allowing for 
regional variation and different coordination in each jurisdiction or region. 

The EWMF combines both bottom-up and top-down approaches over three timescales: long-term 
(5–10 years) environmental water plans, annual (and multiyear) environmental water priorities and plans, 
and real-time delivery and management of environmental water. The long-term planning architecture 
and instruments are summarised in Figure 17. Annual plans and priorities are discussed further in 
Section 4.4.5, and real-time delivery in Section 4.4.6. 
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Note: The blue box is not a formal requirement of the Basin Plan. However, it is an essential set of planning tools to inform planning at a Basin-wide scale.

Figure 17. Long-term environmental watering planning architecture (Source: PC, 2018)

The long-term strategy for achieving environmental water outcomes described in the BWEWS is assisting 
state and local water managers to achieve broader outcomes. The BWEWS is prepared by the MDBA 
in consultation with Basin states and the community. The BWEWS specifies the expected outcomes for 
river flows and connectivity, native vegetation, waterbirds, and native fish over the next decade, and 
sets out several management strategies to maximise the likelihood of achieving them, given the SDLs 
and operating rules and procedures in place (MDBA, 2019). The expected environmental outcomes were 
developed using the SMART approach—that is, they are specific, measurable, achievable, relevant and 
time-bound (Gawne et al., 2021). 

Recent reviews on progress in implementing the Basin Plan, and a review of the environmental watering 
plan of the Basin Plan (Chapter 8) noted the usefulness of the BWEWS: 

The Commission considers the BWEWS to be a useful part of the Basin Plan’s environmental 
planning framework. It provides strategic direction on the expected outcomes of environmental 
watering and the policies and principles for making environmental watering decisions across 
the Basin. The formal articulation of specific Plan environmental objective and expected outcomes 
through the BWEWS will become an increasingly useful yardstick against which the effectiveness 
of environmental water management can be measured. (PC, 2018)
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The BWEWS is part of the Basin Plan adaptive management framework and is updated every 5 years. 
Now in its second edition, the BWEWS includes new information and considers updates to broader 
water management arrangements that influence environmental outcomes. Without this tool, outcomes 
would be open to interpretation by individual environmental managers, and Basin-scale coordination of 
watering priorities would prove challenging.

Finer-scale plans for each WRP region and individual environmental assets are developed locally and are 
regionally relevant. Regional translation of Basin-wide environmental outcomes and watering strategies 
is done through the development of regional and asset-scale plans. The plans are developed by local and 
state environmental water managers in consultation with local communities and stakeholders.

Box 19: Success - Embedding environmental values into water resource planning

Embedding environmental values and requirements into broader water resource planning provides 
the framework for long-term commitment to delivery. In the Basin, environmental values and water 
requirements were first established through state-based sub-basin plans, then later enhanced by 
the Basin Plan. This allowed community engagement and consideration of the preferred balance 
across social, economic and environmental objectives, as well as ensuring statutory protection of 
environmental water.

4.4.5 Prioritise use of environmental water

Box 20: Key points

• Prioritisation of environmental water use is based on principles that are common across 
the Basin.

• Annual Basin-scale priorities are published, and environmental water use must have regard 
to these priorities. 

• A seasonally adaptive approach is used to prioritise environmental water use.

Environmental watering is managed in accordance with a common series of principles. The 11 principles, 
outlined in the Basin Plan, aim to ensure consistency in watering priorities and approaches at different 
scales and by different water holders across the Basin (see Attachment 3 for a full list). For example, 
the principles call for application of a precautionary approach and collaboration with local communities.

The first principle calls for prioritisation of environmental water use to be guided by Basin-scale annual 
environmental watering priorities. Similar to the environmental water planning described above, 
this creates a nested structure in which Basin-scale priorities inform prioritisation for held and planned 
environmental water at the WRP scale, which then informs priorities at the asset scale (Figure 17). 
The MDBA prepares the Basin-scale annual environmental watering priorities. Water holders and Basin 
governments then undertake catchment (regional)-scale prioritisation informed by the regional long-term 
watering plans and the Basin-scale annual environmental watering priorities (Figure 18). These priorities 
are published annually, at both regional and Basin-wide scales. It is expected that priorities align from 
local to regional to Basin scales.
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NRM = natural resource management

Figure 18. Interaction between strategies and annual watering priorities at the Basin and watering 
plan unit scales (Source: Alluvium Consulting, adapted from PC 2018, Murray-Darling Basin Plan: Five-
year assessment)

Following establishment of environmental watering priorities, annual planning is required at the Basin, 
regional/catchment and asset scales:

1. Basin scale

 – Basin annual outlook

 – portfolio management planning strategy

2. WRP region / catchment scale

 – annual water use plans

 – annual portfolio management plans

 – river annual operating plans

3. asset/site scale

 – site watering proposals.

At each scale, annual planning and prioritisation consider seasonal conditions and variability, as well 
as the longer-term strategy and inputs from First Nations people. Priorities change depending on the 
water availability outlook and condition of environmental values. A seasonally adaptive approach has 
been adopted across the Basin for planning. Initially established by the Victorian Environmental Water 
Holder in response to extreme dry conditions, the approach considered four key planning scenarios 
ranging from drought to very wet (Figure 19). Annual priorities and objectives depend on which scenarios 
are likely to occur. Protecting assets is the key objective in drought, but this is expanded to enhancing 
environmental condition when a wet to very wet year is forecast. This approach, adopted in annual 
planning and prioritisation at different geographic scales, allows for a seasonally adaptive planning 
approach that responds to climate variability.
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Figure 19. Examples of environmental watering objectives under different planning scenarios, 
illustrating the seasonally adaptive approach to planning used in the Murray-Darling Basin 
(Source: VEWH, 2015)

Although much planning occurs, many decisions regarding environmental water delivery events are made 
in real time. Annual planning undertaken by environmental water holders establishes the priorities for 
water use in that year under a range of water availability scenarios (see Section 4.4.5), but the actual 
deployment of environmental water during the year depends on the weather and consequent streamflow 
conditions (PC, 2018). This highlights the importance of open coordination arrangements between river 
operators, environmental managers and local asset managers to ensure that decisions made achieve the 
best outcome for the watering event.

Engagement with local communities on the planning and use of environmental water is coordinated at a 
local scale. Each region coordinates the input of community groups and stakeholders to watering plans 
and priorities (Figure 19). Groups engaged through this process include Traditional Owners, Aboriginal 
groups, tourism operators, local business councils, angling groups, environmental advocates, irrigators 
and other farming groups. Through this engagement, environmental watering plans identify potential 
alignment of watering with realising other cultural, social and economic benefits. 

4.4.6 Use of environmental water

Box 21: Key points

• Environmental water can only be delivered if there is water available—the same as other water 
entitlement holders.

• Easing constraints on the delivery of water is required to achieve many of the water requirements 
for environmental values.

• Coordination of environmental watering is an ongoing focus of efforts to realise broader benefits 
of environmental watering.

• Providing environmental water in the Basin has required amendments to water resource plans.

• Common Basin-wide environmental objectives are given effect in both long-term environmental 
watering plans and annual priorities and plans.
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Environmental water entitlements can be used in three ways: deliver, carryover and trade (MDBA, 2020):

1. Delivery—deliver water to a river or wetland to meet an identified demand (physically get water 
to the users who have ordered it). This includes providing water to state storages (in some cases), 
individual irrigators and environmental water holders. It involves managing the flows and connections 
of water in the river system. This is done jointly by the MDBA, the states and state partners, 
by operating infrastructure in the river system.

2. Carryover—leave water on the accounts and carry it over for use in the next water year (an unused 
water allocation, or part of an allocation, that the water entitlement holder saves for the next 
water year). Carryover gives a water entitlement holder a right to a share of space in storage dams 
and the right to retain any unused water for use in a later year.

3. Trade—trade water by selling water and using the proceeds to either buy water in another catchment 
or in a future year, or to invest in complementary environmental activities (buying and selling water 
entitlements and allocations). Anyone holding water rights can trade entitlements and allocations 
freely, except where there are physical constraints (such as geography or lack of connections to the 
system that are managed by trading rules) or water supply considerations.

Delivering water to environmental assets in the past decade has been a high priority (where water has 
been available) to realise environmental benefits. Most of the volume of held environmental water 
entitlement allocations is delivered in a given year. Annual allocations for the CEWH entitlements have 
typically been within 1,400–1,800 GL (with an average carryover of around 35–40 percent of allocation). 
Of this, they have typically delivered 800–1,450 GL annually (Figure 20).

Note: Carryover against the Commonwealth’s regulated southern connected Basin entitlement into 2020–21 was 267 GL. This equates to 
18 percent of the aggregate southern connected Basin entitlement of 1,525 GL where carryover rules apply. The maximum allowable carryover 
within state carryover rules against these entitlements is 1,064 GL, or approximately 70 percent. In the northern Basin, carryover against the 
Commonwealth’s regulated surface water entitlement into 2020–21 was 54 GL. In the northern Basin, most catchments have continuous 
accounting rules, and there are no carryover limits applied at the end of a water year. These rules are designed to provide capacity for substantial 
carryover for all entitlement holders because inflows and allocations are more variable than in the south of the Basin. 

Figure 20. Commonwealth environmental water availability and use (Source: CEWO, n.d)
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Environmental water can only be delivered if there is water available, the same as other water 
entitlement holders. River operating rules, flow constraints and climatic conditions influence the 
decisions on how to use available environmental water entitlements each year.

Trade of environmental water entitlements can be used within a robust policy framework that achieves 
the greatest environmental benefits for the water involved. Trade can only be applied on the open water 
market when the volume held in an account is excess to environmental requirements and there is no risk 
of harm to ecosystems if environmental water is not provided in the near term (CEWO, 2020). In recent 
years, trade of environmental entitlements has only occurred in small volumes—since 2009, the CEWH 
has sold 60.7 GL of allocation water; since 2011, the Victorian Environmental Water Holder has bought or 
sold a small amount of water allocation each year (Doolan et al., 2017). This is less than 1 percent of the 
total volume of Commonwealth environmental water delivered to the environment over the same period 
(Johnson et al., 2020). 

Although not currently widely deployed, trade can permit entitlements to be used for greatest ecological 
outcome. Currently in the Basin, environmental water holders use trade to move environmental water 
across river systems and/or between environmental water holders for environmental purposes. They can 
also sell environmental water allocations to consumptive users or buy water on the temporary water 
market where it is in line with their statutory objectives (Doolan et al., 2017). 

The total volume of environmental water entitlements that can be actively managed in the Basin is 
relatively small compared with that needed to fully meet environmental requirements. The volume 
of environmental water that a manager has available to actively manage is typically a relatively small 
percentage of the total volume of water in the system. Stewardson & Guarino (2018) observed that, 
in 2014–15, the volume of held environmental water delivered in the Basin was equal to only 8 percent 
of the total inflows to the river network. 

Many delivery strategies are used for environmental watering, targeting components of the flow regime 
to achieve greatest benefit. To maximise the benefit and efficiency of environmental water use, managers 
need to coordinate its delivery with other sources of water, where possible (Johnson et al., 2020). 
Five delivery strategies used by water holders in the Basin to enhance benefits achieved with available 
environmental water are outlined in Table 4. 

Table 4. Delivery strategies used for environmental watering in the Murray-Darling Basin

Delivery 
strategy 

How water holders in the Basin apply the delivery strategy Target component 
of the flow regime 

Augmentation Environmental water is used to augment water released from 
storages for downstream non-environmental uses. 

Possible where non-environmental water delivery occurs at an 
environmentally beneficial time. 
Note: At times, environmental water may not be required, and an environmental flow 
component may be fully achieved by modifying the delivery of water for downstream 
consumptive use.

Baseflows and 
freshes 

Coordination Environmental water holder coordinates water delivery with 
other environmental water holders to achieve synergies with 
combined water delivery.

Must consider organisations of different legal forms, 
accountabilities and capabilities, including some nongovernment 
organisations.

All 
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Delivery 
strategy 

How water holders in the Basin apply the delivery strategy Target component 
of the flow regime 

Piggybacking Used to piggyback environmental releases on unregulated flow 
pulses to achieve the greatest magnitude or duration of flow 
pulse with the minimum of environmental water. 

Possible when releases can be timed to align with the 
unregulated flow pulse, and the flood risks associated with any 
higher-than-expected unregulated flows are acceptable. 

Long travel times between dams and major tributary inputs make 
it difficult to use this strategy for short flow freshes. 

Freshes 

Shepherding Use of the same ‘parcel of water’ for multiple environmental 
purposes as it flows downstream (Docker & Johnson, 2017). 
Legal provisions required to allow environmental water to be 
protected downstream to the Basin outlet. 

All 

Assisted 
delivery

Use water supply infrastructure to assist with delivery of 
environmental water—for example, adjusting river stage using 
weirs, redirecting water down channels using regulators, pumping 
water into wetlands, and using levees to increase volume of 
ponded water held in floodplain wetlands. 

Useful when physical and policy constraints prevent the delivery 
of bankfull flow magnitudes using environmental flow releases. 
Requires significantly less water than a bankfull event 
may involve.

Out-of-channel 
flows 

Sources: Adapted from Docker & Johnson (2017); Stewardson & Guarino (2018)

Removing or relaxing constraints is an important tool to allow better outcomes to be achieved when 
using water for the environment. A constraint is anything that reduces the ability to deliver water for 
the environment—including both physical restrictions such as low-lying bridges, crossings or private land, 
and operational aspects such as river rules or operating practices. 

Even when sufficient water is made available for the environment, physical and operational constraints 
to water delivery can restrict the achievement of environmental benefits. These include constraints to 
longitudinal, lateral or vertical connectivity. For example, floodplains may not be able to be inundated 
because of built embankments (i.e. lateral connectivity is restricted). Although complementary civil works 
may be able to address this challenge, in many cases it may mean that some environmental objectives 
cannot be met.

A Constraints Management Strategy was developed in 2013 (MDBA, 2013) to set out a process to 
manage and ease constraints, and a constraints measures program was established through the SDL 
adjustment mechanisms.
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Early environmental outcomes of watering are evident. Ecological monitoring of watering undertaken 
has detected some short-term environmental outcomes. Examples of outcomes reported in 2018 
(Webb et al., 2018) include the following:

1. Lower Murray—environmental water has reduced salinity in the Coorong and increased salt export 
through the Murray mouth.

2. Edward–Wakool—environmental water has provided refuges for aquatic fauna during low-oxygen 
blackwater events caused by floods in 2010 and 2016, reducing impacts on fish populations.

3. Murrumbidgee—environmental water has been crucial in helping endangered populations of the 
vulnerable southern bell frog to recover.

4. Gwydir—environmental water allowed the production of 1,000 tonnes of zooplankton over 90 days, 
providing food for fish and higher predators.

5. Warrego–Darling—environmental water has maintained flows in a system that would have otherwise 
dried to a series of isolated pools, maintaining food webs and stimulating fish breeding. 

Section 4.5 provides further information on monitoring programs in the Basin. 

Working together over time has improved coordination between water managers. Environmental water 
holders have worked cooperatively with the MDBA and Basin states towards achieving the environmental 
objectives of the Basin Plan. The relationship has developed and trust has grown over time through 
delivery of more than 750 watering events (PC, 2018). Coordination between environmental water 
holders has improved over time, resulting in greater environmental benefits. 

Coordination arrangements are being further developed through the implementation of plans and 
projects, including SDL adjustment mechanisms. For example, ‘enhanced environmental water delivery’ 
is a supply measure that aims to achieve equivalent environmental outcomes with less environmental 
water recovery. Efficiencies are expected to be achieved by targeting unregulated events, making timely 
decisions, coordinating releases, and meeting event requirements. The water saved through this project 
is expected to contribute to the supply measure recovery target.

Box 22: Challenge - Addressing constraints to providing water for the environment 
takes time 

Removing or relaxing constraints is essential to the delivery of overbank and near-floodplain flows, 
which are important for achieving environmental outcomes in the Basin. The use of water 
allocations alone will not achieve the desired outcomes without addressing system constraints. 

The current constraints program has been slow to progress (MDBA, 2020c; PC, 2018) and is unlikely 
to meet the 2024 deadline. Modelling project impacts, engagement with landholders and reaching 
individual agreements with landholders have been reasons for much of this delay (Water for the 
Environment Special Account Review Panel, 2020).
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Box 23: Challenge - Coordinating effective and efficient use of environmental water

Although the Basin’s environmental water framework has allowed a significant volume of water to 
be returned to the environment, achieving and demonstrating effectiveness and efficiency of its 
delivery is a continuing challenge. For example, delivery and management of environmental water 
need to be coordinated across tributaries, jurisdictions, timeframes and water holders/sources. 
Releases need to be managed to ensure that they are not significantly reduced by conveyance 
losses, illegal withdrawals or reduction in flows compared with historical records on which the SDL 
is based.

Complementary environmental works are coordinated with state natural resource management 
agencies. The most robust arrangements occur when legislation provides a clear direction to align water 
and natural resource management planning, and this is implemented through institutions and policy 
frameworks that draw on the expertise of local managers.

The recent evaluation of the Basin Plan highlighted the importance of complementary works in 
finding that: 

the Basin Plan is not sufficient on its own in achieving healthy and resilient ecosystems in the 
Murray-Darling Basin. Other practical actions are needed to work alongside the Basin Plan and 
effective water management. Coordinated natural resources management policies, pest and weed 
management, regional development and structural adjustment, agricultural industry innovation 
and diversification, and land use planning and innovation are all essential to deliver prosperous 
and healthy communities, industries and environments in the Basin. (MDBA, 2020c)

Box 24: Challenge - Integration with broader catchment issues and outcomes 

While the approach to allocating water for the environment in the Basin focused on 
recovery, a major challenge is how to ensure that delivery of the recovered water provides 
integrated outcomes. A more integrated water and catchment focus would enable consideration 
of mechanisms to avoid flows that should not be provided, manage riparian zones, remove fish 
barriers, manage pest species, manage land use that impacts on supply and quality of water, 
and provide improved linkages to the coastal zone. 

In the current Basin Plan and linked environmental water frameworks, there is no recognition of 
these important integrated catchment management considerations. The recent draft report on 
national water reform (PC, 2021b) acknowledged this gap and advised that the ‘management of 
environmental water should be integrated with complementary waterway management at the local 
level by ensuring that consistent management objectives govern both the use of environmental 
water and complementary waterway management activities’ (PC, 2021a). 
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Long-term partnerships have been established to manage conservation of environmental assets for the 
benefit of people and nature. A notable example of integrated approaches to managing sites in the Basin 
is the Nimmie-Caira project, a $180 million water-saving project in the Murrumbidgee region of southern 
New South Wales. The site was purchased from private landholders with water rights in 2013 under an 
agreement between the Australian and New South Wales governments. In 2017, a consortium led by 
the Nature Conservancy and including Traditional Owners (the Nari Nari Tribal Council) was successful in 
tendering for the future management of the 85,000 hectare site, including the internationally significant 
Murrumbidgee floodplain. The project comprises five components (NSW DPIE, n.d.):

1. Land and water purchase. The project purchased 19 properties on the Nimmie-Caira floodplain, 
together with their share of the Lowbidgee Supplementary Water Entitlement (381,000 shares).

2. Water savings to ‘bridge the gap’. Water entitlements purchased from landholders were transferred 
to the Commonwealth to help bridge the gap to meeting SDLs.

3. Environmental watering plan. This documents the demand for environmental water within and 
beyond the project area.

4. Long-term land management and water management plan. This outlines how the area will be 
managed in the future, with some land managed for Aboriginal cultural heritage and environmental 
values, and some managed for commercial use.

5. Reconfiguring the water delivery infrastructure. This enhances the delivery of environmental 
water across the site to benefit lands (assets) identified as having high ecological value.

The integration and coordination of multiple management components through projects such as 
the Nimmie-Caira project are expected to realise benefits to environmental values at an asset scale. 

4.4.7 Monitor and account for the use of environmental water

Box 25: Key points 

• Monitoring water use across a large river basin such as the Murray-Darling Basin requires a range 
of different approaches—from site monitoring to remote surveillance. 

• Monitoring of, and accounting for, environmental water use present substantial challenges. 
Approaches to quantifying water delivered and returned to the river system from environmental 
assets are complex and highly contested.

Ensuring compliance with the SDLs and the plans that give effect to the SDLs within the Basin is critical 
to ensuring that environmental water can be delivered. A range of tools are used to monitor hydrological 
compliance throughout the Basin. Three key tools are water meters, hydrometric network and 
satellite imagery.
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Water meters are used to ensure that individual water users are complying with their annual 
licensed allocations. Although each state has its own metering rules and regulations, water licence 
holders are generally responsible for installing and maintaining an approved water meter. 
Where noncompliance is detected through overuse, state compliance officers will generally 
work with users to help meet licence conditions or to penalise the user.

Complementing the individual user meters, a comprehensive hydrometric network is supported by 
the Australian Government. The network aims to measure water diversions and in-stream flows. 
This increases the transparency, consistency and accessibility of water information in the Basin, 
as well as informing compliance observations.

With such a large area to be covered, remote monitoring technologies such as satellite imagery are 
increasingly being used to monitor water flow, environmental flow delivery outcomes and compliance 
with extraction limits. Satellite imagery provides insights into how river flows behave, and how the 
land and vegetation change over time. This can help inform how well an environmental water release 
has achieved its intended outcomes. It can also inform compliance assessments when combined with 
hydrological analysis and an understanding of the expected condition of the landscape or rivers, such as 
floodplain vegetation responses to watering events.

Box 26: Tensions - Compliance and enforcement

The effectiveness of Australia’s environmental water framework depends on compliance with, and 
enforcement of, the Basin Plan and water-sharing plans. If consumptive water users are extracting 
more than they have been allocated, less water is available for the environment. This is an ongoing 
tension in the Basin. For example, in early 2017, several media stories provided a reminder of this 
tension by publicising alleged large-scale water theft. New South Wales has now required larger 
water users to install approved meters (or confirm that existing meters meet the standard) by the 
end of 2019. Smaller users must install approved meters or confirm that existing meters meet the 
standard by 2023.

Measuring environmental water delivery, especially for floodplain overbank flows, has proven challenging. 
Operational monitoring is undertaken for all Commonwealth environmental watering actions. 
This involves collecting on-ground data on environmental water delivery, such as volumes delivered, 
impact on the river systems, area of inundation and river levels. Operational monitoring is undertaken to:

1. ensure that water is delivered as planned (e.g. flows, area of inundation)

2. provide observations of the initial ecological response (photos and local descriptions)

3. help manage unintended consequences (unintended inundation).
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4.5 Learning and adaptation

Box 28: Key points 

• Successful monitoring programs in the Basin are being deployed over a long period, linked to 
addressing management questions and challenges, and have resulted in strong partnerships 
between government agencies and scientific research. These programs require adequate funding 
for ongoing success. 

• Environmental watering plans, priorities and delivery have been adapted based on the findings 
of long-term monitoring in the Basin.

• Monitoring and evaluation is embedded in the Basin Plan, informing a number of scheduled 
review points. 

• Multiple inquiries in recent years have examined specific areas of concern. These inquiries have 
fostered some uncertainty in the community about management arrangements.

Box 27: Challenge - Understanding the impact of changing return flows

Accounting for environmental water delivery, use and return flows is also proving complex. 

A ‘return flow’ is when a portion of water used for some purpose (e.g. irrigation, watering of a 
wetland) returns to the river system. There are two types of return flows: runoff (surface water 
return flow) or seepage into groundwater (groundwater return flow). 

Concerns were raised that decreases in return flows due to increased groundwater extractions and 
irrigation efficiency projects may lead to significant reductions in river flow, offsetting the benefits of 
surface water recovery through the SDLs. A 2018 independent review (Wang et al., 2018) found that 
the environmental outcomes of the Basin Plan were not being affected by changing return flows, 
but that more research was needed to improve the science informing this judgment.

Return flows from consumptive use are lost to that user and available to be re-regulated 
and reallocated by the river operator. However, it has been proposed that return flows from 
environmental watering (e.g. watering of an adjoining floodplain) be retained by the holder 
(or holders) of that water for subsequent downstream environmental uses. Such environmental 
water returned to the river system would not be available for reallocation by the river operator. 

This difference in the treatment of return flows from environmental water use and consumptive 
water use has the potential to create tensions among water users and stakeholders.

There is a long history of hydrological and ecological monitoring in the Basin. Many previous programs 
have been administered at a state, catchment and site scale. These typically had a single focus, without 
strong integration with broader water resource management programs, and with limited focus on 
identifying responses to watering regimes. They were typified by a mix of surveillance and investigative 
monitoring activities at differing scales and locations.
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Environmental outcomes from watering take time to be detected and realised. It has long been accepted 
that the response time for environmental values is not immediate (Figure 21). Recent monitoring 
programs in the Basin have been designed in recognition of this concern, with a mix of immediate 
operational-style monitoring to detect the hydrological impact of watering (volume, extent, 
duration of inundation, water quality) and medium- to longer-term monitoring to detect changes 
in environmental condition.

Lag phase:
muted
response

Response
phase: strong
response

Consolida�on phase:
progressive response

Year: 2015 2020 2025 2030 2035

Note: Periods of drought may delay recovery, while wet periods may accelerate recovery.

Figure 21. Illustrative environmental response to Basin Plan implementation, based on a sequence 
of average years (Source: MDBA, 2019)

Attribution of environmental outcomes to delivery of specific watering events is an ongoing challenge 
to detecting and reporting changes as a result of environmental watering programs. It is particularly 
challenging in the context of shared delivery and allocations, and the incremental impacts of 
piggybacking on floodplain responses. Attribution of results continues to be a focus of the monitoring 
programs deployed by environmental water holders. 

The Basin Plan (Chapter 13) established new requirements to monitor, evaluate and report on progress 
to environmental objectives. Although there can be much interpretation around the implementation of 
these requirements (see PC, 2018), the requirement to report is driving a continued focus on monitoring 
outcomes of environmental watering.

The Basin Plan places a number of obligations on the MDBA, Basin states and the CEWH with respect 
to monitoring, evaluation and reporting. For example, the CEWH is required to:

• report annually to the MDBA on the identification of environmental water and the monitoring of 
its use (Basin Plan, schedule 12, item 9)

• report every 5 years to the MDBA on the achievement of environmental outcomes at a Basin scale, 
by reference to the targets to measure progress towards the environmental objectives in Schedule 7 
(Basin Plan, schedule 12, item 7).
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The CEWO manages a long-term monitoring program to meet its needs and Basin Plan requirements. 
Guided by an overarching monitoring, evaluation, reporting and improvement framework for the 
management of Commonwealth environmental water, the CEWO established the Flow-MER Program.16 
‘The Flow-MER Program is designed to provide the critical evidence we need to understand how water 
for the environment is helping maintain, protect, and restore the ecosystems and native species across 
the Murray-Darling Basin … [and] informs management of Commonwealth water for the environment 
and helps meet our legislative reporting requirements through to June 2022’ (CEWO, 2020)

The Flow-MER Program consists of evaluation, research and engagement at a Basin scale, and on-ground 
monitoring, evaluation, research and engagement across seven areas (junction of the Warrego and 
Darling rivers, Gwydir River system, Lachlan River system, Murrumbidgee River system, Edward–Wakool 
river system, Goulburn River, Lower Murray River). 

Outcomes from monitoring, evaluation and research have played a key role in informing adaptive 
management of water for the environment. Increasingly, environmental water managers are 
explicitly including key learnings from their monitoring programs in their annual watering plans 
(e.g. see CEWO, 2020). It is expected that these learnings will continue to be incorporated into the way 
water for the environment is managed to support adaptive management and help build knowledge.

Johnson et al. (2020) noted the following examples of successful adaptive management of environmental 
flows in the Basin:

• reducing the duration of inundation and rates of recession of flows in the Goulburn River to minimise 
potential degradation of the riverbanks (Vietz et al., 2018)

• adapting the timing and flow rates of environmental water releases in response to field observations 
of large-scale native fish spawning in the Darling River (Sharpe & Stuart, 2018)

• managing the release of return flows from floodplain wetlands and mitigating potential risks, in 
conjunction with in-channel environmental flows in the Murrumbidgee River (Wolfenden et al., 2018)

• using local and expert knowledge to provide refuge flows for native fish in response to a hypoxic 
blackwater event in the Edward–Wakool system (Watts et al., 2018).

Deeper and well-managed relationships between researchers, scientists and environmental water 
managers is enabling timely adaptive management. The depth of relationships developed between 
researchers undertaking monitoring of environmental watering and the environmental water manager 
was identified as a key enabler of improving environmental water outcomes. Collaborations through 
long-term monitoring (e.g. LTIM, Flow-MER, VEFMAP, TLM) have been beneficial to researchers, 
who have better access to ongoing and up-to-date information on forecasted flows from the relevant 
management authorities, and to practitioners, who receive field observations and verifications of their 
management intentions, often in real time (Johnson et al., 2020).

The long experience in the Basin of developing applied research and monitoring to service the needs 
of environmental water management—especially the new arrangements under the Basin Plan—has 
highlighted the need for well-managed, applied, cross-disciplinary scientific and technical support. 
This carefully managed support is crucial for identifying environmental water allocations, designing 
monitoring and evaluation programs, conducting evaluations, and supporting methods for adjusting 
settings around environmental water allocations (such as the SDL adjustment process in the Basin).

16  Previously administered as the Long-Term Intervention Monitoring (LTIM) and Environmental Water Knowledge and Research (EWKR) 
projects. Flow-MER integrates and continues monitoring and research activities conducted within these programs.
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Box 29: Success - Establishing robust monitoring programs

Because environmental water delivery is still a relatively new practice, the establishment of 
monitoring programs (both short and long term) has enabled understanding of the impacts of 
delivery and informed adaptive management. Monitoring has included measures of environmental 
water delivery, volumes of use and return flows; monitoring of ecological (and other) impacts from 
the delivery of environmental water; and monitoring of compliance. 

Monitoring of ecological outcomes aims to demonstrate and attribute changes caused by 
environmental water recovery and delivery. It is designed to demonstrate Basin-wide results 
from particular catchment-scale or asset-scale outcomes.

Monitoring of extraction and compliance by water users through metering and remote sensing is 
a critical component of ensuring that environmental flows achieve their desired destination.

There is also a need for a high level of technical, scientific and policy literacy in government sectors 
responsible for planning and managing environmental water allocations. This is also needed in designing, 
overseeing and conducting dedicated monitoring and evaluation programs to address the adaptive 
management needs of environmental water and values.

Regular scheduled reviews of progress with implementing the Basin Plan monitor the arrangements for 
management of water for the environment. As well as requirements to report on progress, there are 
scheduled reviews for plans. The environmental watering plan (Chapter 8 of the Basin Plan) must be 
reviewed every 5 years after the commencement of the Basin Plan, including a review of the targets 
for measuring progress towards environmental objectives.

An independent review of Basin Plan implementation is undertaken every 5 years by the 
Productivity Commission. This review is conducted independently of government departments 
responsible for implementation. Findings of the 2018 Productivity Commission review were handed 
down and responded to by the government agencies involved. Of the 38 recommendations made, 
23 were agreed, and Basin governments committed to act to implement these as soon as practical 
and report on progress (Department of Agriculture, 2019).

Findings from the many reviews have highlighted areas to focus on for improvements and what has 
been effective. 

Independent inquiries have also been undertaken on specific issues of concern or interest. These have 
proven useful in identifying areas for improving and adapting management arrangements. For example, 
when a large fish death event occurred in the lower Darling in December 2018 and January 2019, 
an independent inquiry was commissioned to examine the underlying cause. The review found: 

The root cause of the fish kills is that there is not enough water in the Darling system to avoid 
catastrophic decline of condition through dry periods. 

Failure to act resolutely and quickly on the fundamental cause—insufficient flows—threatens 
the viability of the Darling, the fish, and the communities that depend on it for their livelihoods 
and wellbeing including the traditional owners, who have recognised rights and responsibilities. 
(Australian Academy of Science, 2019)

Although reviews have identified areas for improving management, they can also create a degree of 
uncertainty about management arrangements in the community.
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5 Lessons based on Australia’s Murray-Darling 
Basin experience

The Australian experience in the Basin offers no simple panaceas or ideal design principles, but does 
suggest some general lessons for valuing and managing water for the environment. The experience 
outlined in this case study highlights a set of general lessons for other basins, countries or development 
programs aiming to recognise and embrace water’s environmental values. This case study draws on the 
Australian experience, specifically with the Murray-Darling Basin, and the water planning context and 
drivers will vary between countries. Therefore, the lessons should be taken as framing and guidance 
that need to be viewed through the lens of the socioeconomic and political context of a specific basin 
or country.

The lessons discussed below are grouped under the following three themes:

Recognition and acceptance 
of environmental values

Identifying environmental 
water policy options

Implementing environmental 
water policy

5.1 Recognition and acceptance of environmental values

Human activities have transformed the majority of the world’s freshwater and estuarine systems—
global water withdrawals increased at more than twice the rate of population growth from 1800 to 2000 
(Smil, 2003; Vörösmarty et al., 2010).17 Other major drivers of water system transformation include 
land-use and land cover changes, major engineering interventions in water systems, and urbanisation—
demonstrating a longstanding and consistent link between the alteration and impairment of inland water 
ecosystems and economic development (Vörösmarty et al., 2010, 2013). Providing for environmental water 
(or environmental flows) alongside broader catchment management allows societies to balance water 
for human use and development with the need to sustain the essential ecosystem services freshwater 
systems provide. In this context, environmental water provision contributes to building a foundation for 
meeting the United Nations Sustainable Development Goals (Arthington et al., 2018).

Australia’s experience in developing and implementing environmental water policy in the 
Murray-Darling Basin has been shaped and constrained by the legacy of past decisions—particularly water 
resources development and the overallocation of water to irrigated agriculture. Major shifts in public 
sentiment, Australian politics and approaches to policy were required for the environment to become 
a legitimate subject of discussion and debate in the Basin during the 1960s and 1970s. It took longer 
for the environment to become a legitimate water user—this did not occur until the 1990s and 2000s. 
Implementation of environmental water policy, which has reallocated significant quantities of water to the 
environment, has been marked by increasing levels of tension between water users and between Basin 
jurisdictions since 2010. Despite these challenges, over the past decade, Australia has transferred around 
one-fifth of previous consumptive flows to environmental use, established the environment as a legitimate 
water user, and developed strong institutional arrangements to manage environmental water.

17  Our definition of freshwater and estuarine systems includes rivers, streams, springs, riparian zones, floodplains and other wetlands, lakes, 
fresh water–dependent coastal water bodies, including lagoons and estuaries, and groundwater systems.
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The Australian experience in the Basin suggests the following general lessons in relation to recognition 
and acceptance of environmental values:

Recognise the importance of water for the environment and, if possible, implement environmental 
water policies before any further development takes place. Early recognition of the importance of 
environment values alongside a deep understanding of the environmental impacts of development 
can help minimise future tensions and maintain long-term sustainability. 

Build the broad social and political support needed for enduring reform. Environmental water 
reforms take considerable time to demonstrate benefits, and it is difficult for water management 
agencies to implement and champion reforms alone. Without broad social, political and interagency 
support, managing the politics of change and gaining the time required to show benefit are 
difficult. Communication, engagement and capacity building in relevant stakeholder communities 
is critical for success. A well-developed understanding of water resource availability, current 
use, key environmental attributes and environmental impacts is foundational knowledge for 
stakeholders’ participation in decision making. 

Recognise that allocating water for the environment has social, cultural and political aspects.  
Environmental water policy is not only a technical or scientific problem. Conscious acknowledgment 
of the politics of environmental water reform and institutional transformation helps avoid political 
deadlock, which can block effective policy implementation. Decisions on environmental water 
policy may involve trade-offs or balancing with other policy areas (e.g. land-use management, 
regional development policy, agricultural policy, energy policy). The way environmental attributes 
are identified and valued is determined by cultural and social contexts, and consideration of 
these issues is vital in terms of adoption and legitimacy. This requires politically sophisticated and 
culturally sensitive approaches to mapping, understanding and engaging with all stakeholders.

Identify and communicate the multiple social, cultural, economic and environmental benefits 
of environmental water. Organisations or individuals who use rivers for irrigation, hydropower, 
transport or fisheries may not recognise the broader benefits of environmental water management—
for example, improved fish stocks for capture fisheries, reduced sedimentation or salinisation, and 
improved recreational use. Emphasise from the outset that environmental water policy is part of 
an overall sustainable development framework, with multiple cross-sectoral benefits (and costs).

Understand that each river basin situation is different—lessons from other basins cannot be 
simply transplanted. The history of river basin development, including existing allocations, current 
politics, cultures, economic and power relations between water users, hydrology, ecology, and past 
and future pressures on water resources, all matter for the design of environmental water policy 
and its successful implementation. The experience in the Murray-Darling Basin is influenced by all 
these factors, and Australia is still learning how to manage them. 

Be ready to take advantage of ‘windows of opportunity’ to change policy, and never waste a 
good crisis. Major events such as severe droughts, large algal blooms and shifts in electoral politics 
have been very important in precipitating changes in water policy in Australia to include consideration 
of environmental values. Considerable prior design work had been done by experts and water 
agencies, which could be drawn upon to take advantage of windows of opportunity for change. 

Where appropriate, identify and adapt existing legal and regulatory instruments for managing 
and enforcing environmental water allocations and compliance. Some environmental water policy 
development can be usefully ‘retrofitted’ to existing policy instruments and decisions. This can 
aid acceptance and implementation. Consequently, consideration should be given to integrating 
environmental water policies into existing policy, regulatory and management frameworks, 
where appropriate.

77Valuing water: The Australian perspective 
Environmental values of water in the Murray-Darling Basin



5.2 Identifying environmental water policy options

Australia has more than 50 years of experience in identifying and responding to the environmental 
challenges presented by the overdevelopment of the Basin. This has resulted in an approach to 
environmental water management that has reduced consumptive take of water from the Basin system 
and returned significant volumes of water to the environment. By the 1970s, the hydrology and ecology 
of the Basin’s river systems and catchments had been substantially changed as a result of nearly 150 years 
of primarily European settler modifications to the Basin’s landscapes and waters. Ecological restoration of 
such a highly modified system is a difficult, long-term task (Gann et al., 2019; SER, 2019).

Change in water policy in the Basin to include environmental considerations has not been a simple linear 
process and is unlikely to ever be complete. It is a relatively new endeavour, and remains a dynamic 
and high-profile area of public policy—each success has introduced new challenges and unintended 
consequences, which require changes in policy and management instruments (Briscoe et al., 2011; 
Matthews, 2018). Identifying and implementing environmental water policy options requires both 
evidence gained from extensive technical and scientific studies and effective methods for the resolution 
of difficult values-based and political controversies that surround provision of water to the environment. 
National and state government institutions in the Basin continue to develop approaches to integrate 
scientific and technical analyses with navigation of disagreements between political actors, jurisdictions 
and stakeholder groups.

The Australian experience in the Basin suggests the following lessons in relation to identifying 
environmental water policy options:

Recognise that identifying environmental water policy options is a sociocultural and political 
task, requiring negotiation. Scientific and technical disciplines provide essential inputs into 
processes of identifying environmental water policy options. It is particularly useful if experts 
provide a range of scenarios that clarify the sets of available choices. However, final decisions 
are social and political ones, requiring negotiation of values, risk tolerance, trade-offs and 
desired outcomes.

Build trust in institutions and processes when identifying and implementing environmental 
water policy options. The resolution of contests over the definition of ‘a healthy river’, 
‘sustainability’ or the appropriate ‘balance’ between the demands of different water users 
requires trust in institutions, science and technical knowledge, and decision-making processes. 
Institutional transparency and accountability are crucial.

Accept that decisions will usually need to be made under considerable uncertainty. 
Hydrological and ecological knowledge is usually incomplete, and key relationships (e.g. links 
between groundwater and surface water systems, relationships between flow and fish breeding) 
are often poorly understood. Similarly, considerable uncertainty may surround the costs and 
benefits of change. Transparency about levels and sources of uncertainty with all stakeholders 
is essential. Aim to develop sets of robust or ‘best-bet’ options for negotiation, but do not let 
uncertainty prevent decisions being made.
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Good decision making on environmental water policy requires local knowledge, adaptation, 
and a commitment to monitoring and evaluation. The social and political context in which 
environmental water policy is made is always changing. Some uncertainties in the knowledge 
base for decision making will decrease over time. New information will become available that may 
affect prior decisions. Local knowledge is essential to inform environmental water decisions and 
ensure their legitimacy. An adaptive approach is needed for long-term success, particularly in the 
context of future climate change impacts. If possible, agree on processes for determining how 
environmental water policy might adapt before adaptation is required. 

Choose environmental policy options that work well across the range of conditions that occur 
in highly variable or highly seasonal systems. River basins with highly variable flow patterns, 
such as in Australia and many countries across the Asia–Pacific region, require environmental 
water management systems that can deal with the extremes—very low and very high flows. 
Managing water for all users, particularly during low-flow periods that extend over several years 
(droughts), remains a challenge in the Basin, despite innovative policy responses designed to 
deal with the system’s high variability. Australian experience of climate change has also shown 
that historical data on system hydrology may not be a valid guide to future behaviour, and testing 
water management proposals against a wide range of plausible future scenarios is important.

Understand and acknowledge existing systems for catchment and water management, and build 
environmental water policy with these in mind. Effective environmental water policy needs to 
integrate with broader water and catchment management processes. Environmental water policy 
in the Basin is not always well integrated with catchment management systems; this is an area 
requiring significant additional policy work. There are significant differences between the Basin 
states in the level of integration. Successful environmental water management outcomes require 
integration with waterway and catchment management (Hart et al., 2021; PC, 2021b).

5.3 Implementing environmental water policy

Allocation and management of water for the environment is a critical policy response to ameliorating 
unsustainable human impacts on freshwater systems (Arthington et al., 2018). Surface water and 
groundwater extraction, river fragmentation and flow regulation in the Basin have combined with 
the impacts of land-use change to significantly alter ecosystem functions and reduce biodiversity. 
Providing for environmental water (or environmental flows) alongside broader catchment management 
allows Australia to balance water for human use and development in the Basin with the need to sustain 
the essential ecosystem services freshwater systems provide.

Environmental water policy in the Basin has been built on more than a century of continually developing 
arrangements for delivering consumptive water. It is unreasonable to expect environmental water 
delivery arrangements to be fully formed or at the same level of maturity after little more than a decade 
of experience. It will take time and a level of tolerance to develop sophistication in environmental 
water delivery. Valuing environmental water, and planning for its management and delivery must be 
informed by evidence gained from extensive technical and scientific work. It must also often resolve 
difficult values-based and political controversies that surround provision of water to the environment 
in large river basins. This requires integration of technical analyses with navigation of disagreements 
between political actors, jurisdictions and stakeholder groups.
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The Australian experience in the Basin suggests the following lessons in relation to implementing 
environmental water policy: 

Integrate new professional groups, with new expertise and skills, into water management 
institutions. Design and implementation of environmental water policy requires expertise 
from many areas of knowledge, including ecologists, lawyers, economists, sociologists, 
human geographers, politicians and political scientists, policy experts, communications specialists, 
stakeholder groups and local communities. It requires a multidisciplinary and collaborative 
approach built around effective working partnerships with a wide range of stakeholders and 
government jurisdictions. 

Do not underestimate the challenges of managing water for environmental benefit in systems 
engineered for irrigation or hydropower purposes. Managing water for environmental benefits 
is a relatively new challenge. There have been significant advances in scientific understanding and 
institutional design in the Basin, but there is still much to be done to address the physical, social, 
cultural and operational issues that constrain how environmental water can be used in a system 
primarily designed around the needs of irrigated agriculture. Delivery of water for environmental 
outcomes may operate very differently from delivery for human and agro-industrial uses within 
the same system. System constraints and rules developed for these original uses may prevent 
achievement of delivery for specific outcomes, or require changes in approach.

Establish specific institutions for environmental water management, with adequate power 
and resources. Such institutions help ensure that the environment is treated as a legitimate 
water user. They require influence and resources that are independent of arbitrary change. 
Recent reviews of some state water management agencies in the Basin have shown a systematic 
cultural and operational bias towards established consumptive water users, which makes effective 
implementation of new environmental water policy difficult. Institutions such as the CEWH help 
ensure parity and legitimacy for environmental water management alongside management for 
consumptive water users. 

Build institutions and nested planning processes that allow environmental water issues to 
be managed at the most appropriate scale. Some environmental water policy issues require 
basin-scale coordination, particularly in transboundary basins such as the Murray-Darling Basin. 
However, effective adaptive management, stakeholder engagement and specific environmental 
watering decisions may also be best made at more local scales. Integrating the work of institutions 
across these scales to deliver effective results remains an ongoing governance and coordination 
challenge in the Basin. Nested planning ensures consistency with Basin-scale objectives while 
allowing area- and site-specific values to also drive decision making. 

Integrate environmental water management with broader catchment management, 
regional development, agricultural transitions and climate change adaptation. A key lesson 
from recent Australian experience in the Basin is that environmental water management would be 
improved with better integration with other relevant policy areas. It is extremely difficult to manage 
for water quantity and quality targets for wetlands, riparian areas and floodplains in isolation 
from resource management across the whole catchment. Integrated catchment management 
approaches are essential for the realisation of environmental water outcomes. 
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Design monitoring, evaluation and reporting systems into policy implementation processes. 
Well-designed and transparent monitoring, evaluation and reporting systems are crucial to 
assessing success in achieving objectives, and to maintaining legitimacy, accountability and trust. 
Effective adaptive management requires feedback from monitoring systems. Assessment of policy 
effectiveness requires transparent and trusted monitoring and reporting systems to communicate 
progress with all stakeholders. Monitoring and assessment should be adequately resourced, 
question driven, adaptive and integrated into ongoing engagement with all stakeholders and 
communities. As competition for available water increases, monitoring and measurement of 
take and enforcement of compliance for all users (consumptive and environmental) becomes 
more important.

Ensure ongoing communication and engagement with stakeholders and communities, 
including Aboriginal communities. Negotiations over values, risk tolerance, trade-offs 
and desired outcomes will continue during implementation of environmental water policy. 
Engaging stakeholders and communities meaningfully in the processes of decision making, 
policy implementation and adaptive management helps build capacity, trust and long-term 
support for environmental water policy objectives.
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Glossary
Term Definition

Allocation The amount of water a water entitlement holder receives in a given year.

An allocation is different from an entitlement. An allocation is the proportion of 
the entitlement held that can be made available, reflecting how much water is 
available in the system. The percentage depends on the amount of rainfall, inflows 
into storages, and how much water is already stored. Allocations can increase 
throughout the year in response to changes in the system. Allocations can be 
traded, meaning an entitlement holder can sell their water in one year, but still 
have an ongoing share of water for the following year.

Basin state A state (or territory) with an area of the Murray-Darling Basin within its borders. 
Usually, the term is used to mean the governments of those states.

The Basin state governments are the Australian Capital Territory, 
New South Wales, Queensland, South Australia and Victoria.

State water 
entitlements

The amount of water in the Murray River system that can go to each state based 
on the Murray-Darling Basin Agreement.

This amount is calculated by the MDBA, as per the rules of the agreement. 
The states then calculate how much water they can allocate to individual water 
entitlement holders.

Also known as bulk share.

Carryover An unused water allocation (or part of an allocation) that the water entitlement 
holder saves for the next water year.

A water entitlement holder has a right to a share of space in storage dams. 
Where carryover is offered, entitlement holders can use this space to carry over 
unused allocations from one year to the next. 

Catchment An area of land, usually surrounded by hills or mountains, where water naturally 
collects. Gravity causes all rain, melting snow and other water in the catchment 
to run downhill, where it flows into creeks, rivers, lakes or oceans.

The Murray-Darling Basin is divided into more than 20 catchments.

Critical human 
water needs

The minimum amount of water required to meet basic human needs.

As well as water for drinking and livestock, critical human water needs include 
water for vital social or economic requirements, such as water for significant 
local industries or community uses.

Delivery of water Physically getting water to the users who have ordered it. This includes providing 
water to state storages (in some cases), individual irrigators and environmental 
water holders. It involves managing the flows and connections of water in the river 
system. This is done jointly by the MDBA, the states and state partners such as 
irrigation infrastructure operators, by operating infrastructure in the river system.
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Term Definition

Inflow Water flowing into a storage (reservoir or lake) or river system. Inflows can be 
natural, resulting from rain or snow over catchments that runs off into tributary 
creeks and rivers; or regulated, where releases from storages or other structures 
(such as pipes or power stations) located upstream or outside of the system 
or storage have some influence or control over the arriving flow. Inflows are 
measured by gauges deployed just upstream of their junction point or connection 
into the system or storage.

Return flows Water that returns to the river from floodplain areas and wetlands.

Return flows happen in two main ways:

• surface water return flows, when water trickles back into the river through 
channels, drains and creeks

• groundwater return flows, when water seeps into the ground, pushing 
groundwater into the river.

Sustainable 
diversion limit

The limit on how much water can be used by Basin towns, communities, farmers 
and industries over the long term, while leaving enough water in the river system 
to sustain natural ecosystems.

Sustainable diversion limits are set at a catchment level so that there is enough 
water for all users, including the environment.

Water entitlement The ongoing right to a share of the available water in the river system up to 
a maximum amount.

An entitlement is not the same as an allocation. For example, a farmer might own 
an entitlement that gives them the right to a maximum of 100 megalitres (ML) of 
water each year. However, they are not guaranteed to receive the entire 100 ML 
in a particular year. The amount they get depends on overall water availability. 
For example, in a dry year, the farmer might only receive a 50 percent allocation 
of their entitlement (50 ML).

Entitlements can be bought or sold; once sold, the seller loses the right to a 
regular share of the water

Also known as water right, water licence.

Water entitlement 
holder

Water users who own a water entitlement. These can be individuals, communities, 
farms, businesses or governments (environmental water holders).

Also known as licence holder.

Water trading Buying and selling water entitlements and allocations.

When someone buys or sells an entitlement, this is a permanent purchase or 
sale of the right to water. When someone buys or sells an allocation, this is the 
purchase or sale of the right to some or all of the water that has been allocated 
to a water user.

Anyone holding water rights can trade entitlements and allocations freely, except 
where there are physical constraints (such as geography or lack of connections to 
the system that are managed by trading rules) or water supply considerations.
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Attachments

Attachment 1. Criteria for identifying an environmental asset 
(Basin Plan 2012, schedule 8)

Item Criteria

Criterion 1: The water-dependent ecosystem is formally recognised in international agreements or, 
with environmental watering, is capable of supporting species listed in those agreements

1 Assessment indicator: A water-dependent ecosystem is an environmental asset that requires 
environmental watering if it is:

a) a declared Ramsar wetland; or

b) with environmental watering, capable of supporting a species listed in or under the JAMBA, 
CAMBA, ROKAMBA or the Bonn Convention.

Criterion 2: The water-dependent ecosystem is natural or near-natural, rare or unique

2 Assessment indicator: A water-dependent ecosystem is an environmental asset that requires 
environmental watering if it:

a) represents a natural or near-natural example of a particular type of water-dependent 
ecosystem as evidenced by a relative lack of post-1788 human induced hydrologic 
disturbance or adverse impacts on ecological character; or

b) represents the only example of a particular type of water-dependent ecosystem in the 
Murray-Darling Basin; or

c) represents a rare example of a particular type of water-dependent ecosystem in the 
Murray-Darling Basin.

Criterion 3: The water-dependent ecosystem provides vital habitat

3 Assessment indicator: A water-dependent ecosystem is an environmental asset that requires 
environmental watering if it:

a) provides vital habitat, including:

i) a refugium for native water-dependent biota during dry spells and drought; or

ii) pathways for the dispersal, migration and movements of native water-dependent biota; or

iii) important feeding, breeding and nursery sites for native water-dependent biota; or

b) is essential for maintaining, and preventing declines of, native water-dependent biota.
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Item Criteria

Criterion 4: Water-dependent ecosystems that support Commonwealth, State or Territory listed 
threatened species or communities

4 Assessment indicator: A water-dependent ecosystem is an environmental asset that requires 
environmental watering if it:

a) supports a listed threatened ecological community or listed threatened species; or
Note: See the definitions of listed threatened ecological community and listed threatened species in section 1.07.

b) supports water-dependent ecosystems treated as threatened or endangered 
(however described) under State or Territory law; or

c) supports one or more native water-dependent species treated as threatened or endangered 
(however described) under State or Territory law.

Criterion 5: The water-dependent ecosystem supports, or with environmental watering is capable of 
supporting, significant biodiversity

5 Assessment indicator: A water-dependent ecosystem is an environmental asset that requires 
environmental watering if it supports, or with environmental watering is capable of supporting, 
significant biological diversity. This includes a water-dependent ecosystem that:

a) supports, or with environmental watering is capable of supporting, significant numbers of 
individuals of native water-dependent species; or

b) supports, or with environmental watering is capable of supporting, significant levels of native 
biodiversity at the genus or family taxonomic level, or at the ecological community level.
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Attachment 2. Criteria for identifying an ecosystem function 
(Basin Plan 2012, schedule 9)

Item Criteria

Criterion 1: The ecosystem function supports the creation and maintenance of vital habitats 
and populations

1 Assessment indicator: An ecosystem function requires environmental watering to sustain it if 
it provides vital habitat, including:

a) a refugium for native water-dependent biota during dry periods and drought; or

b) pathways for the dispersal, migration and movement of native water-dependent biota; or

c) a diversity of important feeding, breeding and nursery sites for native water-dependent 
biota; or

d) a diversity of aquatic environments including pools, riffle and run environments; or

e) a vital habitat that is essential for preventing the decline of native water-dependent biota.

Criterion 2: The ecosystem function supports the transportation and dilution of nutrients, 
organic matter and sediment

2 Assessment indicator: An ecosystem function requires environmental watering to sustain it 
if it provides for the transportation and dilution of nutrients, organic matter and sediment, 
including:

a) pathways for the dispersal and movement of organic and inorganic sediment, 
delivery to downstream reaches and to the ocean, and to and from the floodplain; or

b) the dilution of carbon and nutrients from the floodplain to the river systems.

Criterion 3: The ecosystem function provides connections along a watercourse 
(longitudinal connections)

3 Assessment indicator: An ecosystem function requires environmental watering to sustain it if it 
provides connections along a watercourse or to the ocean, including longitudinal connections:

a) for dispersal and re-colonisation of native water-dependent communities; or

b) for migration to fulfil requirements of life-history stages; or

c) for in-stream primary production.

Criterion 4: The ecosystem function provides connections across floodplains, adjacent wetlands 
and billabongs (lateral connections)

4 Assessment indicator: An ecosystem function requires environmental watering to sustain it if 
it provides connections across floodplains, adjacent wetlands and billabongs, including:

a) lateral connections for foraging, migration and re-colonisation of native water-dependent 
species and communities; or

b) lateral connections for off-stream primary production.
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Attachment 3: Principles to be applied in environmental watering 
(Basin Plan 2012, Division 6)

Principle 1—Basin annual environmental watering priorities

Environmental watering is to be undertaken having regard to the Basin annual environmental 
watering priorities.

Note: There may be reasons why it is not possible in particular circumstances to undertake watering in accordance with these priorities. Under 
such circumstances, a statement of reasons must be provided to the MDBA why environmental watering has not been undertaken in accordance 
with the priorities.

Principle 2—Consistency with the objectives in Part 2

Environmental watering is to be undertaken consistently with the environmental objectives.

Principle 3—Maximising environmental benefits

Subject to Principles 1 and 2, environmental watering is to be undertaken in a way that:

a) maximises multiple environmental benefits of environmental watering; and

b) maximises its benefits and effectiveness by:

i) co-ordinating environmental watering between all holders of held environmental water and 
managers of planned environmental water; and

ii) co-ordinating environmental watering with flows regulated for consumptive use; and

iii) utilising local knowledge and experience; and

iv) having regard to Indigenous values; and

v) having regard to social and economic outcomes; and

c) enhances existing flow events, where possible, so as to ensure improvement in the delivery of a full 
range of flow conditions, including high flow events; and

d) takes into consideration the relative ecological benefits of applying environmental water to achieve 
one environmental outcome over another environmental outcome; and

e) takes into consideration the variability of the natural flow regime, for example, by mitigating or 
avoiding seasonal inversion of flows; and

f) incorporates strategies to deal with a variable and changing climate; and

g) enables information to be shared between the Authority, the Commonwealth, Basin States, holders 
of held environmental water and managers of planned environmental water to ensure efficient and 
effective use of environmental water.

Principle 4—Risks

Environmental watering is to be undertaken having regard to:

a) potential risks, including downstream risks, that may result from applying environmental water and 
measures that may be taken to minimise the risks; and

b) risks arising from impediments to the delivery of water to water-dependent ecosystems, including 
risks of extraction of that water for other uses, and inadequate accounting of water flows.
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Principle 5—Cost of environmental watering

Environmental watering is to be undertaken having regard to the quantity of water and other resources 
required relative to the expected environmental benefits.

Principle 6—Apply the precautionary principle

A lack of full scientific certainty as to whether there are threats of serious or irreversible environmental 
damage should not be used as a reason for postponing measures to prevent environmental degradation.

Principle 7—Working effectively with local communities

Environmental watering should be undertaken having regard to the views of:

a) local communities, including bodies established by a Basin State that express community views in 
relation to environmental watering; and

b) persons materially affected by the management of environmental water.

Principle 8—Adaptive management

Adaptive management should be applied in the planning, prioritisation and use of environmental water.

Principle 9—Relevant international agreements

Environmental watering should be undertaken in a way that is not inconsistent with relevant 
international agreements.

Principle 10—Other management and operational practices

River management and operational practices should be reviewed, and if necessary altered, to ensure 
that rivers can be managed to achieve multiple objectives, including the environmental objectives.

Principle 11—Management of water for consumptive use

Management of water for consumptive use should, where possible, be undertaken in a way that 
is consistent with achieving the environmental objectives.
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