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Executive Summary 

The Commonwealth Government has spent $6.7 billion recovering water under the Murray-Darling 

Basin Plan to increase river flows and improve the health of the Basin’s ecosystems. This report 

provides a valley-by-valley assessment of whether the 2,100 GL of water recovered so far has 

resulted in expected river flows at key sites given the climatic conditions including drought periods. 

Since 2012, 20% of the water expected each year under the Basin Plan did not flow past these sites 

(320 GL/y on average). While some sites received the expected flows, most sites including those 

upstream of Ramsar wetlands of international importance did not.  

Basin Governments need to investigate and fix shortfalls in river flows so the Basin Plan provides 

the expected water for ecosystems, communities and industries that rely on healthy flowing rivers. 

Adequate river flows underpin the environmental, social and economic outcomes of the Basin Plan. 

Measuring the success of the Basin Plan based on real river flows is critically important, but no official 

reports estimate whether the water recovered resulted in the expected flows.  

Basin communities at the frontline of adjusting to water reform and taxpayers also need to be 

confident the public investment in water recovery has increased river flows as predicted.  

In this report, we compared observed river flows using flow gauges at 27 sites against expected river 

flows under prevailing climatic conditions, including accounting for dry and drought periods, from 

2012/13 to 2018/19. Expected river flows were estimated by sampling the Murray-Darling Basin 

Authority’s (MDBA) hydrological models as well as accounting for the level of environmental water 

recovery.  

In the seven year period from 2012/13 to 2018/19, observed flows at 24 of 27 sites were lower than 

expected, even accounting for the climatic conditions. Of these, 13 received less than three quarters 

of the expected flows and three received less than half of the expected flows.  

There are several possible reasons for why river flows may be falling short of expected including: 

 Higher than expected conveyance requirements due to dry weather patterns including high 

temperatures and evaporation combined with potentially higher than average groundwater 

diversions for several years since 2012 may have resulted in higher than expected rates of 

evaporation, evapotranspiration and aquifer recharge. 

 Environmental water was extracted upstream because management rules agreed under the 

Basin Plan were not yet operational, effective or adhered to. For example, water resource plans 

were under development; rules to protect river flows were not in place including pre-requisite 

policy measures; illegal water diversions occurred. 

 Water held for the environment was not available in reality because environmental water 

entitlements may have yielded less than what was assumed historically (i.e. cap factors did not 

reflect actual reliability). 

 Water recovery efforts were undermined because flows may have been intercepted by farm 

dams, plantations, floodplain harvesting etc.; more efficient irrigation infrastructure may have 

reduced return flows to rivers; and constraints and channel capacity may have affected delivery. 

 Changes in demand, water trade and the location of water recovery and associated 

conveyance requirements which were not incorporated when the Basin Plan was developed.  

Despite the need for greater transparency in the management of water, there are no official published 

measures of expected river flows after 2009. Instead, we used a proxy method to estimate expected 
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flows and validated this approach by comparing baseline scenario results against observed data over 

a 20-year period from 1989 to 2009, a standard approach in hydrological modelling. We also evaluated 

the MDBA modelled estimates for the same period. Expected flow estimates closely matched 

observed flows during the validation period (R-squared ≥ 0.7).  

Given the serious shortfalls identified in this assessment, Basin Governments should take the following 

steps to ensure the Basin Plan is delivering the expected river flows: 

1. The MDBA and Basin states should assess river flows annually using best-available models to 

account for the expected water and ensure water recovery is resulting in an additional 2,100 GL 

of water in the river system. Reasons for shortfalls should be investigated and rectified. 

2. The Commonwealth Government and Basin states should anticipate and account for more 

variable conveyance requirements given the variable and changing climate. 

3. Basin states should ensure river flows reach their intended sites on the river by ensuring agreed 

rules are operational and effective, including rules to protect environmental flows, relaxation of 

flow constraints and elimination of illegal water take. 

4. The Commonwealth Government should adjust the portfolio of environmental water to ensure 

it delivers an average of 2,100 GL of water, reflecting government commitment to the 

community, given the reduced reliability of allocations. 

5. The MDBA should ensure that water recovery is not being undermined by reduced return flows 

to rivers due to infrastructure upgrades, and interception from floodplain harvesting, farm dams 

and plantations.  

Percentage of expected flows under the Basin Plan that reached key sites from 2012/13-2018/19 

 

Orange circles represent sites where observed flows were less than expected, blue circles represent sites where observed 

flows were greater than expected and white circles represent sites where observed flows were close to expected. 

Percent of expected flows 

that were observed (%) 
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Percentage of expected flows under the Basin Plan upstream of Ramsar-listed wetland sites in the 

southern (green) and northern Basin (orange) from 2012/13 to 2018/19 
Ramsar site Closest upstream Hydrological Indicator Site % of expected ↓ 

Kerang Wetlands Loddon River at Appin South Gauge 128 

Barmah Forest Murray d/s of Yarrawonga Weir 92 

Narran Lake Nature Reserve Narran River at Wilby Wilby 87 

Fivebough and Tuckerbil Swamps Murrumbidgee River at Narrandera 86 

Riverland Murray flow to South Australia 78 

Banrock Station Wetland Complex Murray flow to South Australia 78 

Hattah-Kulkyne Lakes Murray d/s of Euston 77 

Gunbower Forest Murray d/s of Torrumbarry Weir 75 

NSW Central Murray Forests 
(Koondrook, Millewa, Werai) 

Murray d/s of Torrumbarry Weir 75 

Coorong, Lakes Alexandrina & Albert Murray at Lock 1 70 

Gwydir Wetlands Gwydir River at Yarraman Bridge 66 

Macquarie Marshes Macquarie River at Marebone Break 63 

Lake Albacutya Wimmera River at Lochiel Railway Bridge 41 

Currawinya Lakes  Not assessed - 

Paroo River Wetlands Not assessed - 

Ginini Flats Wetland Complex Not assessed - 

 

Key Findings 

 Since 2012, flows at 24 of 27 sites were lower than expected even when accounting for climate 

conditions. Of these, 13 received less than three quarters of the expected flows and three received 

less than half of the expected flows. 

 An estimated 5,591 GL of water was expected to flow across the South Australian border per year 

from 2012/13-2018/19, however only 78% of this water arrived. Downstream, 5,081 GL was 

expected to flow over Lock 1 per year into the Coorong and Lower Lakes, however only 70% of 

this water arrived. Flows through the barrages were insufficient to keep the Murray Mouth open 

without dredging. Despite this, flows were sufficient to keep lake levels above the Basin Plan’s 

target of 0.4 meters AHD and salinity in Lake Alexandrina within the Basin Plan’s salinity targets. 

 In the southern Basin, all sites assessed along the River Murray received more than 70% of the 

expected river flows. The 4,340 GL of water flowing to South Australia each year on average 

supported river system health and communities along the mid-Murray in Victoria and NSW and 

the Riverland in South Australia. Without this, serious water quality issues would have been likely 

particularly in the dry year of 2018/19. However over the past seven years, a further 521 GL/y of 

river flows did not arrive in the southern Basin to deliver the benefits as was expected.  

 In the northern Basin, flows along the Barwon-Darling River over 2012/13-2018/19 were 66% and 

72% of expected at Bourke and Wilcannia respectively. Two of the 13 sites in the northern Basin 

received less than half of the water expected. 

 Sites upstream of four Ramsar wetlands, Kerang Wetlands, the Barmah Forest, Narran Lake Nature 
Reserve and Fivebough and Tuckerbil Swamps, received flows of 85% or more of the expected 
since 2012. Sites upstream of the remaining 10 Ramsar wetland received less than 80% of 
expected flows since 2012. These included the Central Murray Forests, the Coorong and Lower 
Lakes, Gwydir Wetlands and the Macquarie Marshes. 



 
 

 

Table of Contents 
1 Introduction ............................................................................................. 1 

2 The importance of measuring river flows under the Basin Plan ................ 3 

3 Methods .................................................................................................. 4 

3.1 Assessing observed against expected river flows ................................................................... 5 

3.1.1 Method to match years with similar water availability .................................................. 6 

4 Results ..................................................................................................... 7 

4.1 Basin-wide results for 2012/13-2018/19 ................................................................................ 7 

4.1.1 Achievement of expected flows 2012/13-2018/19 ........................................................ 7 

4.2 Ramsar-listed wetlands of international importance 2012/13-2018/19.............................. 11 

4.3 Basin-wide results for the 2018/19 water year .................................................................... 13 

4.3.1 Water availability for the 2018/19 water year ............................................................. 13 

4.3.2 Achievement of expected flows for the 2018/19 water year ....................................... 14 

4.4 Proxy method validation ....................................................................................................... 18 

5 Discussion .............................................................................................. 19 

5.1 Management issues affecting observed river flows ............................................................. 19 

5.2 Modelling issues affecting expected river flows ................................................................... 20 

5.3 A better approach for estimating expected river flows ........................................................ 21 

6 Conclusion ............................................................................................. 22 

7 Recommendations ................................................................................. 23 

8 References ............................................................................................. 24 

9 Appendix A: Methodological improvements since last assessment ........ 25 

10 Appendix B: Upstream data used in wetness categorisation .................. 25 

11 Appendix C: Transmission ratios ............................................................ 27 

12 Appendix D: Steps to estimate expected flows ...................................... 28 

13 Appendix E: Accounting for staged environmental water recovery ........ 29 

 



 
1 

1 Introduction 

The crisis of the Millennium Drought over more than a decade prompted recognition that the Murray-

Darling Basin river system was struggling to support basic human, agricultural and environmental 

needs. This crisis paved the way for significant reforms to water management across the Murray-

Darling Basin. In 2007 the National Plan for Water Security heralded the Water Act 2007 (Cth) and 

what amounted to a $13 billion public investment to deliver national water reforms. Drawing much of 

its legislative standing from international obligations including to the Ramsar Convention, the 

Water Act required the newly created Murray-Darling Basin Authority to produce a Murray-Darling 

Basin Plan to “ensure the return to environmentally sustainable levels of extraction for water 

resources that are overallocated or overused” (Part 1, 3d(i)). In 2012 the Australian Parliament, 

supported by Basin states and territories, adopted the Basin Plan. The Basin Plan sought to support 

healthy and resilient ecosystems, support productive and resilient irrigated agriculture, provide 

communities with sufficient and reliable water supplies and give communities confidence in their 

long-term future (s5.02).  

The Basin Plan is required to establish an Environmentally Sustainable Level of Take (ESLT): the 

maximum amount of water that can be extracted while still providing for the ecological values and 

ecosystem services of the rivers, floodplains, wetlands and the estuary. The ESLT is to be achieved 

through recovering water from consumptive use and protecting it in the river system for 

environmental benefit. The Water Act permits water to be recovered through the purchase of 

entitlements, improved water use efficiency and other measures. The 2012 Basin Plan set a 

2,750 gigalitre (GL) recovery target (Long-Term Annual Average Yield, LTAAY), with an additional 

450 GL to be acquired through ‘efficiency’ projects conditional on neutral socioeconomic impacts. 

However, the MDBA’s own modelling showed that this 3,200 GL recovery target was insufficient to 

achieve the objectives of the Water Act (MDBA, 2012) and that an ESLT of at least 4,000 GL (LTAAY) 

was needed (MDBA, 2010). An explanation of the Basin Plan water recovery target is shown in Box 1. 

As of May 2020, the amount of water entitlements recovered for the environment totalled 2,100 GL 

LTAAY (MDBA, 2020), varying for different valleys across the Basin (Figure 1), at a cost of $6.7 billion 

(Productivity Commission, 2019). The majority of water recovered has been through purchases and 

irrigation infrastructure improvements in the Murrumbidgee, Goulburn, Victorian and NSW Murray 

valleys.  
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Figure 1: Surface water recovery volume as of May 2020 for each valley in the Basin (MDBA, 2020). 

 

Given the magnitude of these reforms, it is clearly important to establish a scientifically robust, 

transparent and rigorous method to track progress of river flows at key sites to evaluate success of 

the Basin Plan. This requires regular publicly-available assessments of river flows to track the 

effectiveness of water recovered under the Basin Plan and how its delivery has contributed to 

environmental, social and economic outcomes. However, to date, the Australian Government has not 

undertaken a comprehensive assessment of whether the river system has received the additional 

water purchased with taxpayer funds and whether river flows have increased to intended levels.  

This report assesses whether the water acquired has resulted in the expected changes to river flows 

modelled under the Basin Plan, including those for river reaches upstream of Ramsar-listed wetlands. 

This assessment of changes in river flows is an important tool for evaluating the Basin Plan’s 

effectiveness. Increasing river flows is an essential component of improving the ailing health of the 

Basin’s flow-dependent ecosystems, as well as community wellbeing and economic prosperity.  

In 2019 the Wentworth Group of Concerned Scientists published a report which measured progress 

towards delivering the expected river flows under the Basin Plan (Wentworth Group, 2019). This 

report focused on two key sites and sought to answer the following questions: is the river receiving 

the water recovered under the Basin Plan and is that water being translated into the intended 

environmental flows? The 2019 analysis showed that in some of the years since the Basin Plan came 

into effect, the River Murray received up to 60% less water than expected, and the Darling River 

received as much as 80% less water even when controlling for dry conditions. This current report 

updates these assessments across 27 sites in the Basin to determine whether recovered water is 

contributing to increased river flows. 
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2 The importance of measuring river flows under the Basin Plan 

Water reform seeks to restore the Basin’s historically over-allocated river systems, return extractions 

to sustainable levels and provide more environmental water. This additional water in the river system 

is essential to support important flow-dependent ecosystems such as Ramsar-listed wetlands of 

international importance. Additional water also provides other important ecosystem functions and 

services such as the secure provision of clean drinking water, regulating salinity to enable crop 

irrigation, and flushing salts, sediments and nutrients to the ocean through an open Murray mouth.  

Institutional changes since the Basin Plan was enacted have contracted national oversight of water 

reforms, with reduced independent accountability of governments in delivering these reforms. In 

2012, the Murray-Darling Basin Ministerial Council abandoned the Sustainable Rivers Audit, which 

measured ecological and hydrological condition of 23 Basin valleys, when New South Wales and 

subsequently South Australia withdrew funding. In 2013, the Council of Australian Governments 

Box 1: Water recovery targets in the Basin Plan 

How much water recovery does the Basin Plan require in total? The intent of the Basin Plan was to 

recover 2,750 GL in water entitlements (Long-Term Annual Average Yield (LTAAY)) for the 

environment. It has provisions to recover a further 450 GL from more efficient water use, bringing 

the total recovery target to 3,200 GL or equivalent outcomes. The Basin Plan also allows the recovery 

target to be reduced through ‘supply’ projects under the Sustainable Diversion Limit (SDL) 

Adjustment Mechanism to manage water more efficiently to deliver environment outcomes. 

Projects claiming to be worth an equivalent of 605 GL have been proposed. 

In 2018, the Australian Parliament agreed to reduce water recovery by 70 GL in the northern Basin 

on the proviso that Basin governments agree to implement a suite of ‘toolkit’ measures to enhance 

ecosystem health, reducing the total recovery amount to 2,680 GL (2,750 GL – 70 GL). If the 

proposed ‘supply’ projects deliver the estimated 605 GL in equivalent environmental outcomes, the 

water recovery target is reduced to 2,137 GL under the SDL Adjustment Mechanism formula. This 

requires at least 62 GL of the additional 450 GL to be recovered. With the full 450 GL of efficiency 

projects, the recovery amount is 2,525 GL. 

How much water did the MDBA model to be recovered under the Basin Plan? The Basin Plan model 

output reflected 2,117 GL (LTAAY) of water recovery plus 36 ‘supply’ projects producing 

environmental outcomes equivalent to 605 GL of water. Our method accounted for discrepancies 

between modelled and actual environmental water recovery (Appendix E). 

How much water has been recovered? So far entitlements expected to deliver a LTAAY of 2,100 GL 

have been acquired, including 1.3 GL towards the 450 GL (17 GL less than modelled).  

How much water recovery is still needed? A total of 425 GL (LTAAY) of water entitlements are still 

needed to deliver the Basin Plan (2,525 GL – 2,100 GL) plus ‘supply’ projects that deliver outcomes 

equivalent to 605 GL. The current equivalent recovery target is still below the 4,000 GL minimum 

estimated to achieve an Environmentally Sustainable Level of Take as required under the Water Act 

2007. While this volume is not sufficient to secure healthy river systems, it contributes to improving 

the health of some important Basin ecosystems, provided groundwater extraction does not affect 

river flows, environmental flows are protected, and river management constraints are removed to 

enable overbank flows to inundate wetlands.  
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Standing Committee on Environment and Water was discontinued, and in 2014, the independent 

water reform review body, the National Water Commission, was abolished. 

Public reports evaluating the status of river flows can help improve transparency and restore 

community confidence in the effective implementation of water reform. These reports can also 

contribute evidence for revision of the Basin Plan in 2026. There are two important reasons for using 

hydrology as a key indicator of policy success in addition to measures of ecological, social, economic 

and cultural outcomes: 1) improved flows are essential for restoring water-dependent ecosystems 

including Ramsar-listed wetlands of international importance, and 2) flows can be responsive to 

management drivers allowing for continuous assessment and refining of management approaches in 

conjunction with large-scale ecological monitoring programs. It is vital, therefore, that an annual 

Basin-wide report on river flows is published, together with a program to monitor the condition of the 

Basin’s environmental assets. 

3 Methods 

The work presented here involves measurement of changes in river flows since commencement of 

the Basin Plan and assesses whether observed flows have increased in line with the expected flows 

modelled under the Basin Plan. Flows at 27 Hydrological Indicator Sites (HIS) identified by the MDBA 

were assessed. The HISs represented well-known sites across each valley where flows are linked to 

the health of Ramsar-listed wetlands and ecological assets (Figure 2). Sites were included if expected 

flows generated using the proxy method were sufficiently accurate (R-squared values above 0.7 for 

validation period, see validation section).  

This work relied on an understanding of the expected outcomes modelled under the Basin Plan and 

other management scenarios. The scenarios used represent two policy and management settings: 

baseline (BL) and Basin Plan (BP) (Table 1). Basin governments have not modelled the current ‘real-

world’ water recovery of 2,100 GL, so the closest modelled scenario representing around 2,117 GL of 

water recovery was used (see Box 1). This scenario was produced by combining modelled outputs 

from the SDL Adjustment Mechanism (provided by the MDBA) and the Northern Basin Review 

(available online). 

Table 1: Scenarios simulated representing levels of development and diversions in the Basin. 

Acronym Scenario Representation Level of development 

BL Baseline 
Conditions before the Basin Plan, without water 

recovery  
Year 2009 levels of development  

BP Basin Plan 

Conditions with a 2,117 GL LTAAY Basin Plan fully 

implemented, including adjustments from the 

Northern Basin Review (-70 GL; 2017) and 

southern Basin SDL adjustment ‘supply’ projects 

(-605 GL; 2018) 

Year 2009 levels of development plus 

Basin Plan water recovery, pre-

requisite policy measures, and 

constraints relaxed 

 

https://data.gov.au/data/dataset/60c098bb-6da4-494c-8f1e-e04933645a76
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Figure 2: River valley divisions of the Murray-Darling Basin used in this assessment and selected Hydrological 

Indicator Sites (HIS) in dark blue, major storages in blue triangles and Ramsar wetlands of international 

importance in red (not to scale).  

3.1 Assessing observed against expected river flows 

This assessment compared river flows measured at the gauges (“observed”) with river flows modelled 

at the gauges (“expected”) at 27 sites (Figure 2) to determine whether the Basin Plan has resulted in 

increased flows, reflecting the current 2,100 GL long-term average annual Basin-wide water recovery 

amount. This technique was first applied in Wentworth Group (2019) but has been updated and 

refined, based on expert feedback (see Appendix A).  

To measure the changes in flows resulting from the Basin Plan we had to remove the influence of year-

to-year variability of available water. Preferably we would have used hydrological modelling, but the 

MDBA and Basin governments have not made the annual updates of each of model run publicly 

accessible. Instead, we assessed expected flows based on a ‘wetness proxy’ which removed the 

influence of varying catchment water availability. This method sampled modelled flows from the 
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government’s 114-year modelled record, which reflected similar water availability as observed, to 

extend the time series of expected flows after 2009 (the year in which the model runs ended). The 

following datasets were used for the analysis: 

1) Modelled AWRA-L runoff data: The Bureau of Meteorology’s Australian Water Resources 

Assessment – Landscape (AWRA-L) Modelling System version 6 (Frost, 2018). These daily 

gridded runoff data were aggregated into river valleys or catchments (Figure 2) from 1911-

2019 and annualised to water years (i.e. 1 July-30 June). For each HIS assessed, the catchment 

runoff where the HIS was located was added to runoff from all upstream catchments, scaled 

by their respective transmission ratios (described below). Appendix B shows the upstream 

catchments which contributed to water availability for each HIS in this analysis. 

2) Observed storage data: Observed daily storage volume was obtained for major Basin storages 

(Figure 2) for the available record (Appendix B). Where releases from one storage entered 

another reservoir (i.e. where the storages were in series) only the downstream storage was 

included. Storage data were annualised to water years and scaled by each catchment’s 

respective transmission ratio, as with AWRA-L runoff.  

3) Government modelled streamflow output: Modelled daily/monthly output for BP (Table 1), 

1911-2009 (overlapping the AWRA-L time period), was annualised to water years. For BP 

modelling, a combination of the SDL Adjustment Mechanism scenario (southern Basin), the 

Northern Basin Review scenario (northern Basin) and the 2,800 GL scenario for Lachlan and 

Wimmera catchments was used. 

4) Observed streamflow gauge data: Observed daily flow gauge data (i.e. actual flow measured 

in the river) were collected for each site over the available record and annualised to water 

years. 

5) Modelled catchment transmission ratios: To account for the influence of catchment 

diversions and losses on water availability (e.g. groundwater, floodplains, evaporation), each 

catchment had a transmission ratio calculated which represented the percentage of flow that 

travelled from the top catchment gauge to the bottom catchment gauge. These ratios were 

derived from the Sustainable Yields Audit (CSIRO, 2008) modelled data for each catchment 

(see Figure 10, Appendix C).  

3.1.1 Method to match years with similar water availability 

The approach identified years in the modelled simulation with observed catchment wetness similar 

to the catchment wetness for the year of interest. We used a water availability proxy to measure 

wetness, constructed from modelled catchment runoff and observed storage volumes: both 

significant drivers of river flows. Storage volume was included to reflect catchment wetness, as well 

as runoff, because upstream storages can contribute to downstream flows at a particular site when 

there is little runoff (e.g. the following year). The wetness proxy was designed to be a consistent index 

of water availability. All steps undertaken to estimate expected flows for each HIS by matching years 

with similar water availability are provided in Appendix D. Finally, we accounted for the cumulative 

acquisition of environmental water since 2012 (i.e. staged environmental water recovery) and the 

differences between where the model assumed water recovery to occur and where water recovery 

actually occurred. These were accounted for together by scaling the modelled estimates of Basin Plan 

flows, relative to the modelled estimates of Baseline flows based on the ratio of environmental water 

that had been recovered in each year against what the models assumed (Appendix E). 
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4 Results 

Results consist of four measures at each site assessed: volume of observed river flows, volume of 

expected flows, volumetric difference between observed and expected flows and observed flow 

expressed as a percent of expected flows. This provides the long-term comparison between observed 

and expected flows for assessing the Basin Plan’s performance in relation to improving river flows. 

Results are first presented for the 2012/13-2018/19 period then for the 2018/19 water year using the 

same measures. 

4.1 Basin-wide results for 2012/13-2018/19 

4.1.1 Achievement of expected flows 2012/13-2018/19 

The seven years from 2012 to 2019 were drier than the long-term average (1911-2019), included both 

dry and wet years, and resulted in observed Basin-wide average flows of 1,147 GL/y (Figure 3). The 

volume of flows in the northern Basin (average of 199 GL/y) were much less than in the southern Basin 

(average of 2,027 GL/y). Tributaries of the Barwon-Darling River received flows between 2 GL/y 

(Warrego River at Fords Bridge) and 236 GL/y (Macquarie River at Marebone Break). Average river 

flows in the Darling River decreased downstream from 670 GL/y at Bourke to 591 GL/y at Wilcannia.  

Similarly, flows in the southern Basin decreased downstream. For example, the Murrumbidgee River 

received 2,462 GL/y at Narrandera and 843 GL/y at Balranald Weir, before its confluence with the 

River Murray. The River Murray downstream of Yarrawonga Weir received 4,499 GL/y, before 

decreasing to 3,320 GL/y downstream of Torrumbarry Weir. Contributions from the Murrumbidgee 

and Edward rivers and other tributaries increased flows to 4,765 GL/y downstream of Euston. This 

volume gradually decreased to 3,561 GL/y at Lock 1 (Figure 3). 
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Figure 3: Observed river flows (circles give GL/y, shaded from light (low) to dark blue (high)) for rivers in the 

Murray-Darling Basin, for the period 2012/13-2018/19. 

 

Average Basin-wide volume differences varied between observed and expected flows (accounting for 

water availability, drought years and staged environmental water recovery) over the seven year 

period since the Basin Plan came into effect (2012/13-2018/19) (Figure 4). In summary:  

1) Most sites (24 out of 27) received less water than expected under the Basin Plan, ranging from 

4 GL/y less than expected (Narran River at Wilby Wilby) to 1,520 GL/y less than expected 

(Murray at Lock 1); 

2) Three of the 27 sites received more water than expected, ranging from 9 GL/y more (Lachlan 

River at Booligal) to 22 GL/y more (Moonie River at Gundablouie); 

3) No sites received the flows expected under the Basin Plan; 

4) Difference between observed and expected flows in the northern Basin were considerably 

smaller than differences in the southern Basin, averaging 104 GL/y and 521 GL/y respectively, 

reflecting the naturally smaller river volumes of northern Basin rivers; 

5) The Darling, Murrumbidgee and Murray rivers showed the largest differences between 

observed and expected flows, of at least 227 GL/y, 211 GL/y and 410 GL/y respectively. 

GL/y 

Observed flow (GL/y) 
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Differences in observed versus expected flows increased downstream in the southern Basin 

to 1,520 GL/y at Lock 1; and 

6) Differences over the seven year period are consistently larger than differences in observed 

and expected in 2018/19 (see Figure 8), suggesting that when larger volumes of water are 

available there are larger differences between observed and expected flows. 

 

  

Figure 4: Differences in observed flows compared to expected flows (numbers in circles show differences 

in GL/y), under the Basin Plan for the period 2012/13-2018/19. White circles showed sites with similar observed 

to expected flows; red circles showed sites with observed smaller than expected flows and; blue circles showed 

sites with observed larger than expected flows. 

 

Average Basin-wide volume differences, accounting for low water availability under the Basin Plan, 

varied for the period 2012/13-2018/19 (Figure 5). This difference measures relative progress of each 

valley towards achieving the expected river flows under the Basin Plan. Sites in the northern Basin 

generally received a slightly smaller fraction of expected flows compared to southern Basin sites. For 

example, sites along the Darling River received between 65% (Louth) to 72% (Wilcannia) of expected 

flows. Along the River Murray, one site in the upper catchment received more than 100% of expected 

Difference between observed 

and expected flow (GL/y) 

GL/y 
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flows (Loddon River at Appin South Gauge) while 70% of expected flows were observed at Lock 1 in 

South Australia. 

 

 

Figure 5: Percentage of flows expected under the Basin Plan that were observed for the period 2012/13-

2018/19. White circles represent sites where observed flows were close to 100% of expected, orange circles 

represent sites where observed flows were less than expected and blue circles represent sites where observed 

flows were greater than expected. 

 

Observed and expected flows for the period 2012/13-2018/19 show all sites varied mainly with 

reductions of 4 GL/y to 1,520 GL/y and some increases (9 GL/y to 22 GL/y) (Table 2). On average 

2,027 GL/y of water reached sites in the southern Basin whereas 2,548 GL/y was expected, equivalent 

to 87% of expected flows or 521 GL/y less than expected. In contrast, 199 GL/y of water reached sites 

in the northern Basin on average, whereas 302 GL/y of flow was expected, equivalent to 71% of 

expected flows or 104 GL/y less than expected. 

 

Percent of expected flows 

that were observed (%) 

 
    % 
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Table 2: Hydrological indicator sites ranked by percentage of expected river flows received in a seven year period 

from 2012 to 2019 at 27 sites in the southern (green) and northern Basin (orange).  

R
an

k 

Valley Site 
Observed 

(GL/y) 
Expected 

(GL/y) 

Observed 
minus 

expected 
(GL/y) 

% of 
expected ↓ 

1 Moonie Gundablouie 46 24 22 192 

2 Loddon Appin South Gauge 56 44 12 128 

3 Lachlan Booligal 148 139 9 107 

4 Ovens  Peechelba 1,221 1,283 -62 95 

5 Campaspe Rochester Town 77 84 -7 92 

6 Murray d/s of Yarrawonga Weir 4,499 4,909 -410 92 

7 Condamine-Balonne Narran River at Wilby Wilby 25 28 -4 87 

8 Murrumbidgee  Narrandera 2,462 2,878 -416 86 

9 Goulburn  McCoys Bridge 1,063 1,254 -191 85 

10 Goulburn  Shepparton 1,004 1,233 -229 81 

11 Murrumbidgee d/s of Balranald Weir 843 1,055 -211 80 

12 Condamine-Balonne Narran River at Narran Park 18 23 -5 80 

13 Murray Flow to South Australia  4,340 5,591 -1,251 78 

14 Murray d/s of Euston 4,765 6,226 -1,460 77 

15 Murray d/s of Torrumbarry Weir 3,320 4,444 -1,125 75 

16 Barwon-Darling Wilcannia 591 818 -227 72 

17 Culgoa Weilmoringle 48 68 -20 71 

18 Murray Lock 1 3,561 5,081 -1,520 70 

19 Murrumbidgee Maude Weir 1,017 1,453 -436 70 

20 Culgoa Brenda 55 78 -24 70 

21 Barwon-Darling Bourke 670 1,012 -342 66 

22 Gwydir Yarraman Bridge 148 225 -78 66 

23 Barwon-Darling Louth 602 930 -328 65 

24 Macquarie Marebone Break 236 376 -140 63 

25 Namoi Bugilbone 113 248 -134 46 

26 Wimmera Lochiel Railway Bridge 32 78 -46 41 

27 Warrego Fords Bridge 2 24 -22 10 

Southern Basin Average 2,027 2,548 -521 87 

Northern Basin Average 199 302 -104 71 

Basin-wide Average 1,147 1,467 -320 79 

 

 

4.2 Ramsar-listed wetlands of international importance 2012/13-2018/19 

The Commonwealth Government obtains much of its powers under the Water Act 2007 from section 

51(xxix) of the Constitution regarding its external affairs powers. The external affairs are specified in 

the Water Act as being in relation to international agreements, such as the Ramsar Convention on 

Wetlands of International Importance, the Convention on Biological Diversity, international Migratory 

Bird Agreements (such as JAMBA, CAMBA and ROKAMBA) and any other relevant international 

agreements and treaties. Under Commonwealth law it is required that the Basin Plan give effect to 

these international agreements. Many HISs were originally chosen by the MDBA to represent the flows 

required to sustain and improve the ecological character of Ramsar-listed wetlands, including 

supporting biological diversity and habitat for migratory birds (MDBA, 2010). Therefore, success of the 

Basin Plan can be indicated by increases in flows at gauges upstream to the Ramsar-listed wetlands 

(Figure 6) most affected by river flows.  
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Figure 6: Location of 16 Ramsar wetlands of international importance in the Basin (red; not to scale) and the 

closest upstream hydrological indicator sites assessed (numbered). 

 

We found that twelve Ramsar-listed wetlands received less water upstream than expected from 

2012/13-2018/19 (Table 3). One HIS above Kerang Wetlands received more water than expected. 

Three sites feeding the Barmah Forest, Narran Lake Nature Reserve and Fivebough and Tuckerbil 

Swamps received 85% or more of expected flows. Eight sites, including the Gwydir Wetlands, the 

Coorong and Lower Lakes, and the Macquarie Marshes received between 63 and 78% less flows than 

expected, with the remaining site receiving less than half of expected flows. The 638,000 hectares of 

wetlands covered by the Ramsar Convention are a subset of the Basin’s 1,300,000 hectares of 

wetlands listed in the Directory of Important Wetlands in Australia (Environment Australia, 2001), 

many of which contain habitat components essential to one or more threatened species (MDBA, 

2010). If flow regimes are not improved, the ecological character of Ramsar sites, and other wetlands, 

will continue to degrade, signalling decline in ecological condition, with implications for Australia’s 

responsibilities in adhering to its obligations under international agreements. 
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Table 3: The Murray-Darling Basin’s 16 Ramsar wetlands of international importance showing area, closest 

upstream hydrological indicator site (HIS) and percentage of observed flows compared to expected under the 

Basin Plan over the period 2012/13-2018/19 (OE%).  

Valley Ramsar site Area (ha) Closest upstream HIS OE% ↓ 

Avoca Kerang Wetlands 9,419 Loddon River at Appin South Gauge 128 

Murray Barmah Forest 28,515 Murray d/s of Yarrawonga Weir 92 

Condamine-
Balonne 

Narran Lake Nature Reserve 5,531 Narran River at Wilby Wilby 87 

Murrumbidgee 
Fivebough and Tuckerbil 
Swamps 

689 Murrumbidgee River at Narrandera 86 

Murray Riverland 30,640 Murray flow to South Australia 78 

Murray 
Banrock Station Wetland 
Complex 

1,375 Murray flow to South Australia 78 

Murray Hattah-Kulkyne Lakes 955 Murray d/s of Euston 77 

Murray Gunbower Forest 19,931 Murray d/s of Torrumbarry Weir 75 

Murray 
NSW Central Murray Forests 
(Koondrook, Millewa, Werai) 

84,028 Murray d/s of Torrumbarry Weir 75 

Murray 
Coorong, Lakes Alexandrina & 
Albert 

140,500 Murray at Lock 1 70 

Gwydir Gwydir Wetlands 823 Gwydir River at Yarraman Bridge 66 

Macquarie Macquarie Marshes 19,850 Macquarie River at Marebone Break 63 

Wimmera Lake Albacutya 5,731 
Wimmera River at Lochiel Railway 
Bridge 

41 

Paroo Currawinya Lakes  151,300 Not assessed - 

Paroo Paroo River Wetlands 138,304 Not assessed - 

Murrumbidgee Ginini Flats Wetland Complex 368 Not assessed - 

 

4.3 Basin-wide results for the 2018/19 water year 

4.3.1 Water availability for the 2018/19 water year  

The 2018/19 water year was very dry compared to the historical average. Runoff for all valleys in 

2018/19 was very low, with most sites recording runoff in the lowest 10% on record (Table 4). Water 

volumes held in major northern Basin storages were categorised in the 6th percentile (drier than 94% 

of years on record), while the southern Basin storages were at the 27th percentile (drier than 73% of 

years on record). When runoff and storage were combined, overall average catchment water 

availability in 2018/19 was categorised as the 17th percentile for the southern Basin and the 11th 

percentile for the northern Basin.  
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Table 4: Wetness scores for runoff, upstream storage volume, combined average wetness and the three most 

recent comparable wetness years to those from 2018/19, where modelled data were available. Wetness scores 

varied from 0.00 (driest on record) to 1.00 (wettest on record). N/A indicates no upstream storage data available. 

* indicates unprecedented dry conditions based on the combined wetness score. 

HIS #↓ Site 
2018/19 Wetness Score 

Comparable past years 
Runoff Storage Combined 

So
u

th
er

n
 B

as
in

 

1 Ovens River at Peechelba 0.10 N/A 0.10 1998, 1978, 1977 

2 Murray d/s of Yarrawonga Weir 0.09 0.20 0.14 2008, 1998, 1978 

3 Goulburn River u/s of Shepparton 0.07 0.26 0.16 2006, 2005, 2004 

4 Goulburn River at McCoys Bridge 0.07 0.26 0.16 2006, 2005, 2004 

5 Campaspe River at Rochester Town 0.17 0.26 0.21 2005, 2002, 1999 

6 Murray d/s of Torrumbarry Weir 0.09 0.32 0.20 2005, 2004, 1998 

7 Loddon River at Appin South Gauge 0.17 N/A 0.17 2005, 1947, 1946 

8 Murrumbidgee River at Narrandera 0.07 0.30 0.18 2002, 1998, 1973 

9 Murrumbidgee River at Maude Weir 0.07 0.30 0.18 2002, 1998, 1973 

10 Lachlan River at Booligal 0.12 0.28 0.20 2006, 2003, 1949 

11 Murrumbidgee River d/s of Balranald Weir 0.07 0.26 0.16 1998, 1973, 1968 

12 Murray d/s of Euston 0.07 0.32 0.19 2005, 2004, 1998 

26 Murray flow to South Australia 0.05 0.22 0.13 2008, 1944, 1942 

27 Murray at Lock 1 0.05 0.22 0.13 2008, 1944, 1942 

N
o

rt
h

er
n

 B
as

in
 

13 Wimmera River at Lochiel Railway Bridge 0.11 N/A 0.11 2005, 2004, 1983 

14 Warrego River at Fords Bridge 0.45 N/A 0.45 2003, 1991, 1989 

15 Culgoa River at Weilmoringle 0.15 N/A 0.15 2005, 1987, 1986 

16 Culgoa River at Brenda 0.15 N/A 0.15 2005, 1987, 1986 

17 Narran River at Wilby Wilby 0.15 N/A 0.15 2005, 1987, 1986 

18 Narran River at Narran Park 0.15 N/A 0.15 2005, 1987, 1986 

19 Moonie River at Gundablouie 0.09 N/A 0.09 2007, 1993, 1969 

20 Gwydir River at Yarraman Bridge 0.00 0.18 0.09 2007, 1969, 1966 

21 Namoi River at Bugilbone 0.00 0.00 0.00* 1942, 1940, 1920 

22 Macquarie River at Marebone Break 0.04 0.19 0.11 2005, 1983, 1981 

23 Darling River at Bourke 0.01 0.00 0.00* 1942, 1920, 1916 

24 Darling River at Louth 0.02 0.00 0.01 1920, 1916, 1915 

25 Darling River at Wilcannia 0.02 0.00 0.01 1920, 1916, 1915 

Average Southern Basin 0.09 0.27 0.17 

 

Average Northern Basin 0.10 0.06 0.11 

Average 0.10 0.20 0.14 

4.3.2 Achievement of expected flows for the 2018/19 water year 

Over this water year observed Basin-wide river flows were extremely low (Figure 7). There were large 

differences in flow volumes between the northern and southern Basin. The northern Basin was 

extremely dry, with nine sites receiving less than 10 GL during the year. In contrast the River Murray 

flowed above 2,500 GL for most of its length, reducing to 1,757 GL at Lock 1.  
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Figure 7: Observed river flows (circles give GL, shaded from light (low) to dark blue (high)) for rivers in the 

Murray-Darling Basin, for 2018/19.  

 

There were major differences in the volume difference of observed flows and expected flows 

(accounting for water availability) in 2018/19 (Figure 8). In summary: 

1) Most sites (20 out of 27) received less water than expected given the volume recovered so far 

under the Basin Plan. Deficits ranged from 4 GL (Brenda and Weilmoringle on the Culgoa 

River) to 910 GL (River Murray at Lock 1); 

2) Five of the 27 sites received more water than expected, ranging from 4 GL (Peechelba on the 

Ovens River) to 171 GL (Murray downstream of Yarrawonga Weir); 

3) Two sites, Moonie River at Gundablouie and Narran River at Narran Park received zero flows, 

which was expected, and the Narran River at Wilby Wilby received no flows whereas one 

gigalitre was expected;  

4) Differences between observed and expected flows in the northern Basin were considerably 

smaller than differences in the southern Basin, averaging 40 GL and 319 GL respectively, 

reflecting the naturally smaller river volumes of northern Basin rivers; and 

Observed flow (GL) 

GL 



 
16 

5) The Murrumbidgee and Murray rivers showed the largest differences between observed and 

expected flows, of at least 270 GL at all sites, increasing to 910 GL at Lock 1. 

  

 

Figure 8: Differences in observed flows compared to expected flows (numbers in circles show differences in GL), 

under the Basin Plan for the water year 2018/19. White circles showed sites with similar observed to expected 

flows; red circles showed sites with observed smaller than expected flows and; blue circles showed sites with 

observed larger than expected flows. 

 

Observed flows as a percentage of expected flows for 2018/19, accounting for low water availability, 

drought and staged environmental water recovery under the Basin Plan, are shown in Figure 9. This 

difference measures relative progress of each valley towards achieving the expected river flows under 

the Basin Plan. Sites in the northern Basin generally received a smaller fraction of expected flows 

compared to southern Basin sites. For example, sites along the Darling River received between 3% of 

expected flows (Bourke) to 19% of expected flows (Louth). Along the River Murray, some sites in the 

upper catchment received more than 100% of expected flows while 66% of expected flows were 

observed at Lock 1 in South Australia.  

Difference between observed 

and expected flow (GL) 

GL 
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Figure 9: Percentage of flows expected under the Basin Plan that were observed for the year 2018/19. White 

circles represent sites where observed flows were close to 100% of expected, orange circles represent sites 

where observed flows were less than expected, blue circles represent sites where observed flows were greater 

than expected and dashes represent sites where flows were neither expected nor observed. 

 
Observed and expected flows for the year 2018/19 for all sites varied mainly with reductions of 1 GL 
to 910 GL and some increases (4 GL to 171 GL) (Table 5). On average 1,248 GL of water reached sites 
in the southern Basin whereas 1,567 GL was expected, equivalent to 87% of expected flows or 319 GL 
less than expected. In contrast, 20 GL of water reached sites in the northern Basin on average, whereas 
60 GL of flow was expected, equivalent to 31% of expected flows; a difference of 40 GL. 
  

Percent of expected flows 

that were observed (%) 

% 
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Table 5: Hydrological indicator sites ranked by percentage of expected river flows received in 2018/19 at 27 sites 

in the southern (green) and northern Basin (orange).  

R
an

k 

Valley Site 
Observed 

(GL) 
Expected 

(GL) 

Observed 
minus 

expected 
(GL) 

% of 
expected 

↓ 

1 Loddon Appin South Gauge 26 15 10 167 

2 Campaspe Rochester Town 49 31 18 157 

3 Gwydir Yarraman Bridge 86 73 13 118 

4 Murray d/s of Yarrawonga Weir 3,526 3,355 171 105 

5 Ovens  Peechelba 638 634 4 101 

6 Lachlan Booligal 44 50 -6 88 

7 Murray d/s of Torrumbarry Weir 2,611 3,034 -423 86 

8 Murray d/s of Euston 3,297 3,843 -545 86 

9 Goulburn  McCoys Bridge 789 934 -146 84 

10 Murray Flow to South Australia  2,485 3,194 -709 78 

11 Macquarie Marebone Break 107 157 -51 68 

12 Murray Lock 1 1,756 2,666 -910 66 

13 Murrumbidgee  Narrandera 1,138 1,907 -769 60 

14 Murrumbidgee Maude Weir 434 815 -381 53 

15 Murrumbidgee d/s of Balranald Weir 266 537 -271 50 

16 Goulburn  Shepparton 409 917 -507 45 

17 Culgoa Brenda 3 8 -4 43 

18 Culgoa Weilmoringle 2 6 -4 28 

19 Warrego Fords Bridge 7 34 -27 20 

20 Namoi Bugilbone 8 37 -30 20 

21 Barwon-Darling Louth 30 158 -129 19 

22 Wimmera Lochiel Railway Bridge 7 53 -46 14 

23 Barwon-Darling Wilcannia 6 89 -82 7 

24 Barwon-Darling Bourke 5 161 -156 3 

25 Condamine-Balonne Narran River at Wilby Wilby 0 1 -1 0 

26 Condamine-Balonne Narran River at Narran Park 0 0 0 - 

27 Moonie Gundablouie 0 0 0 - 

Southern Basin Average 1,248 1,567 -319 87 

Northern Basin Average 20 60 -40 31 

Basin-wide Average 657 841 -184 63 

 

4.4 Proxy method validation 
We validated the proxy method by comparing annual estimates of both the proxy method’s baseline 
flows and the government’s modelled baseline flows against observed river flows over a 20-year 
period (1989-2009). We calculated the correlation between these estimates for all sites using the 
coefficient of determination or R-squared (Table 6). R-squared values show the strength of the 
relationship between two estimates: R-squared values close to one result when the estimates are 
perfectly similar whereas values close to zero result when the estimates are dissimilar. Similarities 
between the proxy method and observed flow were recorded with R-squared values greater than 0.7 
for all sites and a Basin-wide average of 0.84, while the R-squared values for modelled baseline flows 
against observed flows averaged 0.93. As the proxy method depended on accurate modelled values, 
it was unlikely to perform better than the model. The R-squared values presented here should be 
considered when assessing expected flow estimates against observations however it is noted that R-
squared results vary depending on the time period assessed and are not representative of the 
2012/13-2018/19 period.  
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Table 6: R-squared values for the period 1989-2009 for the proxy method’s baseline (BL) flows and government’s 

modelled baseline flows against observed flows. 

HIS # Site name 
Proxy BL to 
observed ↓ 

Modelled BL to 
observed 

3 Goulburn River u/s of Shepparton 0.96 0.98 

4 Goulburn River at McCoys Bridge 0.96 0.97 

17 Narran River at Wilby Wilby 0.91 0.70 

12 Murray d/s of Euston 0.90 0.98 

13 Wimmera River at Lochiel Railway Bridge 0.90 0.96 

8 Murrumbidgee River at Narrandera 0.90 0.99 

9 Murrumbidgee River at Maude Weir 0.89 0.98 

6 Murray d/s of Torrumbarry Weir 0.88 0.98 

26 Murray flow to South Australia 0.88 0.95 

27 Murray at Lock 1 0.88 0.95 

18 Narran River at Narran Park 0.86 0.98 

1 Ovens River at Peechelba 0.85 0.91 

20 Gwydir River at Yarraman Bridge 0.85 0.85 

11 Murrumbidgee River d/s of Balranald Weir 0.84 0.96 

24 Darling River at Louth 0.83 0.96 

22 Macquarie River at Marebone Break 0.83 0.88 

23 Darling River at Bourke 0.83 0.90 

5 Campaspe River at Rochester Town 0.82 0.99 

16 Culgoa River at Brenda 0.80 0.85 

21 Namoi River at Bugilbone 0.80 0.88 

14 Warrego River at Fords Bridge 0.78 0.87 

7 Loddon River at Appin South Gauge 0.77 0.92 

2 Murray d/s of Yarrawonga Weir 0.76 0.97 

15 Culgoa River at Weilmoringle 0.76 0.89 

19 Moonie River at Gundablouie 0.75 0.98 

10 Lachlan River at Booligal 0.75 0.94 

25 Darling River at Wilcannia 0.70 0.84 

Basin-wide Average 0.84 0.93 

5 Discussion 

5.1 Management issues affecting observed river flows 

This study quantified the differences in observed and expected flow volumes at key sites but our 

technique was not able to identify why these occurred. Possible explanations for the deficits related 

to water management include: 

1. Higher than expected conveyance requirements. Dry weather patterns including high 

temperatures and evaporation combined with potentially higher than average groundwater 

diversions may have resulted in greater need for conveyance water than what was estimated. 

In the very dry 2018/19 year in particular, annual conveyance water in the River Murray was 

expected to reach between 850 to 1,000 GL, at or above the 75th percentile (MDBA, 2019a).  

2. Environmental water was extracted upstream because management rules agreed under the 

Basin Plan were not yet operational, effective or adhered to. Water may have been diverted 

because the agreed management rules to protect river flows, including planned environmental 

water, were not in place, allowing irrigators along some rivers in the northern Basin to legally 
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pump water once flows passed a threshold volume (CEWO, 2020). Some water may have been 

diverted illegally, as per ongoing investigations by the NSW Natural Resource Access Regulator 

(NRAR, 2019). Some policies were still being implemented during the period assessed including 

water resource plans (some outstanding beyond July 2019), further water recovery programs, 

flow constraint relaxations and SDL ‘supply’ projects. Also, there is yet to be evidence that the 

Basin Plan’s pre-requisite policy measures in the southern Basin are fully effective. Properly 

implementing these management rules including protection of environmental water, 

monitoring and accounting for floodplain harvesting and improved compliance are essential to 

deliver the Basin Plan. The MDBA has established programs to progress implementation and 

monitoring is needed to ensure their effectiveness.  

3. Water held for the environment was not available in reality. Long-term diversion limit 

equivalence (LTDLE) factors commonly known as cap factors may not represent the actual 

reliability of water entitlements over the Basin Plan horizon (Moore et al., 2020). This means 

recovered environmental water entitlements may be yielding less on average than what was 

estimated using the official conversion factors.  

4. Water recovery efforts were undermined due to the interception of flows from farm dams, 

plantations, afforestation and floodplain harvesting (in years where overbank flows occurred). 

Also, improvements in irrigation infrastructure may have resulted in less water seeping back 

into the river system (Wheeler et al., 2020; Williams and Grafton, 2019). 

5. Changes in demand for environmental and consumptive use, water trade and associated 

conveyance requirements which were not incorporated when the Basin Plan was developed in 

2012.  

5.2 Modelling issues affecting expected river flows 

Expected estimates can never be determined with certainty as this would require perfect knowledge 

of all components and dynamics of the complex river system. Modelled estimates will therefore 

always be approximate. Despite decades of development, the accuracy of hydrological models leaves 

much room for improvement. At some sites, hydrological models are known to perform well, however, 

at other sites, especially those receiving low flows and peak flows, model performance is known to be 

poor (MDBA, 2012). The following possible reasons may have contributed to an over or 

underestimation of expected flows: 

1. Reasons associated with the MDBA/state government’s hydrological models: 

a. Need for model assumptions (e.g. about river operations, actions by entitlement 

holders), assumptions about relationships and interactions (e.g. impacts of carryover 

water) and the need to simplify the characterisation of model components (e.g. 

diversions).  

b. Inaccurate or patchy input data (rainfall, diversions, runoff, evaporation) and the lack of 

calibration data for some regions. 

c. Models were stationary and did not adequately factor in altered hydrological response 

characteristics which have been observed during drought conditions related to changes 

in vegetation cover, evapotranspiration, catchment soil moisture and groundwater 

recharge (Saft et al., 2015).  

d. Any real-world changes in demand, water trade and the location of water recovered after 

2009 weren’t factored into the models.  
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2. Reasons associated with the proxy method: 

The proxy method had to be developed because of the absence of government model data 

after 2009. Potential sources of error in this method include:  

a. Estimating runoff: The Bureau of Meteorology’s AWRA-L runoff dataset is known to 

perform poorly in urban areas with impervious surfaces. Irrigated lands and waterbodies 

are not explicitly incorporated into the model. Also, the entire valley was assumed to 

contribute runoff, regardless of where the HIS was located in the catchment. This could 

have been resolved through using a subset of data based on a gridded dataset. In addition, 

AWRA-L may have overestimated runoff in mid-Basin catchments, such as Barwon-Darling 

and Lower Darling, because it does not account for the flat gradient meaning little runoff 

turns to inflow. Using AWRA-R inflow dataset may have improved the wetness proxy. 

b. Transmission ratios: Transmission ratios (the ratio of flows measured at the lowermost 

gauge and the uppermost gauge within a valley) were used to scale upstream runoff from 

1911-2009 in order to remove the influence of diversions and some conveyance water. 

They were calculated from CSIRO (2008) based on the long-term gauge-to-gauge 

modelled in-channel flow within each valley. Observed calculations of yearly valley-to-

valley transmission ratios could have improved this component. 

c. Storage data: The use of accessible storage volume, rather than total storage volume, 

could have made minor improvements to the results. In addition, the wetness time series 

had some inconsistency due to the different start dates for when storage volume data 

were available.  

d. Wetness proxy calculation: Factors potentially affecting accuracy of the proxy calculation 

included not factoring in: environmental water decision making, river operations, 

intervalley trades, carryover, groundwater use or any climate non-stationarities. As this 

method relies on sampling from the historical record, it is unable to account for 

unprecedented dry conditions (such as those which occurred in the Namoi River at 

Bugilbone and Darling River at Bourke in 2018/19). Conveyance water, antecedent 

conditions and potentially higher than average groundwater diversions may not be 

factored in with this technique. These assumptions were necessary under the proxy 

method and would be better specified if simulation modelling was available. 

e. Observed streamflow data: Observed data gaps were not filled but negligible impacts on 

average daily flows were likely. Improved monitoring of real time observations for sites 

such as Deniliquin and flows over the barrages would allow easier assessment of those 

sites. 

5.3 A better approach for estimating expected river flows 

Hydrological modelling was a foundational line of evidence informing determination of the 

Environmentally Sustainable Level of Take as well as assessing whether policy settings and water 

recovery volumes would deliver environmental improvements to the Basin. The MDBA coordinated 

this modelling with Basin governments to simulate the hydrological responses from 1895 to 2009 for 

a range of scenarios.  

To date no extension of these model runs to simulate years after 2009 have been made publicly 

available. Extending model simulations at the end of each water year would provide vital information 

that separates causative drivers and allows for comparisons between observed flows and those 

expected under the Basin Plan. Close alignment of observed and modelled flow would likely mean 

that Basin Plan implementation was achieving desired outcomes. Without these modelled outputs it 
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is much more difficult to evaluate if the Basin is responding to changes resulting from the Plan’s policy 

settings, climatic changes, or other causative drivers that affect water flows. 

Models are already being used to evaluate the effectiveness of water management decisions in the 

Southern Connected System by the Commonwealth Environment Water Holder, however evaluation 

of the Basin Plan against expected flows is not currently performed for the river system as a whole. 

Tasked with evaluating the effectiveness of the Basin Plan, the MDBA should consider extending the 

model runs to evaluate observed against expected flows. This can be as simple as repurposing the 

models that were used to underpin the Basin Plan development to a standard suitable for assessing 

observed flows in the river system, recognising that there will never be a perfect model. A similar 

process is already being applied for assessing compliance with the Sustainable Diversion Limits 

(MDBA, 2018). Without these models, there is limited ability to understand whether the policies 

adopted are producing the intended improvements in river flows.  

Accurate, fit for purpose models need to take into account evolving policy settings, water use 

decisions, water availability and other parameters. Improving the accuracy of hydrological modelling 

requires carefully calibrating and validating key parameters, ensuring all assumptions are based on 

best available science, and providing documentation that is complete and publicly available. This will 

greatly enhance the ability to produce modelling results that can be used to evaluate the success of 

water reform with confidence. 

6 Conclusion 

Despite spending more than $6.7 billion on water recovery under the Basin Plan so far, no official 

reports exist that measure whether the water recovered has resulted in increased river flows. 

Assessments measuring the success of Basin Plan implementation based on real measures of river 

flows are critically important to determine whether water reform is successful. River flow assessments 

ensure transparency and accountability of taxpayer-funded programs, allow for adaptive 

management of freshwater ecosystems and improve the accuracy of models used to inform policy 

options. River flow assessments, along with groundwater and floodplain (overland) flow assessments, 

are needed, together with comprehensive monitoring of environmental, social and economic 

indicators to provide the full suite of information to evaluate the success of the Basin Plan. 

In 2019, the Wentworth Group assessed river flows against what was expected at two locations in the 

Murray-Darling Basin. Our 2020 analysis provides an update for the 2012/13-2018/19 period, 

highlighting the 2018/19 water year, using an improved method and expanding the scope to include 

every valley in the Basin. This valley-by-valley breakdown allows for the assessment of which valleys 

are contributing to expected river flows and which valleys are not meeting Basin Plan expectations. 

This information is crucial to inform management and improve the ability to deliver the Basin Plan 

objectives. 

This assessment evaluates whether $6.7 billion spent recovering water under the Basin Plan has led 

to observable increases in river flows across the Basin. This assessment found that since 2012, and 

despite 2,100 GL of water being recovered for the environment, on average 20% of the water 

expected under the Basin Plan was not received. While few sites did receive the expected flows, most 

did not. This needs to be addressed if the Basin Plan is to deliver the additional water to the river 

system for the benefit of the ecosystems, communities and industries that depend on healthy flowing 

rivers. 
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7 Recommendations 

The following recommendations are necessary to have confidence that the Basin Plan is effective in 

delivering the water purchased by taxpayers in the river system: 

1. The MDBA should undertake annual assessments of river flows to account for the expected 

water and track progress towards flow objectives, with the support of Basin states, using 

models of sufficient accuracy by: measuring observed flows against expected flows for each 

year in every valley using best available hydrological models. Investigation and action should 

be undertaken if flows are not achieving expected volumes. Annual water assessments, 

combining river flows, floodplain flows and groundwater stores should be linked with 

accounts for environmental, economic and social outcomes, including outcomes for first 

nation’s people, to provide a complete picture of progress towards the objectives of the 

Water Act 2007 and the Basin Plan.  

2. The Commonwealth Government and Basin states should anticipate and account for higher 

than expected conveyance requirements given the variable and changing climate. This 

requires reviewing historical data, using conservative estimates when allocating water, 

monitoring conveyance water used each year and ensuring this water is accounted for and 

not incorrectly debited against environmental water accounts. 

3. Basin states should ensure river flows reach the intended sites on the river, by: 

a. Protecting environmental flows, first flush and low flows through greater protections 

against pumping during periods of low flows, accompanied by protection of event-

based environmental flows for environmental use downstream and across state 

borders.  

b. Ensuring pre-requisite policy measures are operational and fully effective. 

c. Eliminating illegal water take through comprehensive measurement of consumptive 

water use and water interception, including groundwater, across the whole Basin to 

a standard suitable for compliance action. 

d. Ensuring channel constraints are relaxed so that there is sufficient capacity to deliver 

overbank flows, especially at the seven hotspot areas identified in MDBA (2013). 

4. The Commonwealth Government should adjust the portfolio of environmental water to 

ensure it delivers an average of 2,100 GL of water given the reduced reliability of allocations 

since 2012. Cap factors should reflect allocation reliability over the Basin Plan horizon rather 

than an average over the modelled historical climate.  

5. The MDBA should ensure that environmental water is not being undermined by: 

a. Assessing and managing risks to water sources including climate change, 

afforestation, groundwater interactions, irrigated water management, farm dams and 

bushfires (van Dijk, 2006).  

b. Ensuring that water recovered accounts for the reduction in runoff and groundwater 

recharge that would have otherwise benefitted the environment. 
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9 Appendix A: Methodological improvements since last assessment 

Table 7: Methodological improvements since publication of Wentworth Group (2019). 

Improvement 2019 2020 

Data for wetness proxy Selected upstream gauge sites 

Selected upstream storages 

Upstream AWRA-L catchments 

Upstream storages  

Number of wetness classes 3 classes Percentiles 

Overlapping period of proxy and 

observed upstream data 
~1973-2009 1911-2009 

Number of sites assessed 2 sites 27 sites 

Accounting for staged water recovery 

(i.e. variable volumes of held 

environmental water over the 

assessment period) 

No Yes 

Accounting for the discrepancy between 

where models assumed water recovery 

occurred with where water recovery 

actually occurred 

No Yes 

10 Appendix B: Upstream data used in wetness categorisation 

Table 8: Hydrological indicator sites including gauge number, and the AWRA-L upstream catchments and 

storages used to assess flow at each site. 

#  Valley Hydrological Indicator Site Gauge 
AWRA-L upstream 

catchments 
Upstream storages 

1 Ovens Ovens River at Peechelba 403241A Ovens   

2 Murray Murray d/s of Yarrawonga Weir 409025 Ovens, Murray Hume 

3 Goulburn Goulburn River u/s of Shepparton 405204C Goulburn Eildon 

4 Goulburn Goulburn River at McCoys Bridge 405232 Goulburn Eildon 

5 Campaspe 
Campaspe River at Rochester 

Town 
406202 Campaspe Eppalock 

6 Murray Murray d/s of Torrumbarry Weir 409207B 
Campaspe, Goulburn, 

Ovens, Murray 

Hume, Eildon, 

Eppalock 

7 Loddon 
Loddon River at Appin South 

Gauge 
407205 Loddon   

8 Murrumbidgee 
Murrumbidgee River at 

Narrandera 
410005 Murrumbidgee Burrinjuck, Blowering 

9 Murrumbidgee 
Murrumbidgee River at Maude 

Weir 
410040 Murrumbidgee Burrinjuck, Blowering 

10 Lachlan Lachlan River at Booligal 412005 Lachlan Wyangala 

11 Murrumbidgee 
Murrumbidgee River d/s of 

Balranald Weir 
410130 

Lachlan, 

Murrumbidgee 

Burrinjuck, Blowering, 

Wyangala 

12 Murray Murray d/s of Euston 414203C 

Wimmera, Loddon, 

Campaspe, Goulburn, 

Ovens, 

Murrumbidgee, 

Lachlan, Murray 

Burrinjuck, Blowering, 

Wyangala, Hume, 

Eildon, Eppalock 

13 Wimmera 
Wimmera River at Lochiel Railway 

Bridge 
415246 Wimmera   

14 Warrego Warrego River at Fords Bridge 423001 Warrego   

15 
Condamine-

Balonne 
Culgoa River at Weilmoringle 422017_ Condamine-Balonne   

16 
Condamine-

Balonne 
Culgoa River at Brenda 422015 Condamine-Balonne   
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17 
Condamine-

Balonne 
Narran River at Wilby Wilby 422016 Condamine-Balonne   

18 
Condamine-

Balonne 
Narran River at Narran Park 422029 Condamine-Balonne   

19 Moonie Moonie River at Gundablouie 417001_ Moonie   

20 Gwydir Gwydir River at Yarraman Bridge 418004 Gwydir Copeton 

21 Namoi Namoi River at Bugilbone 419021 Namoi Keepit 

22 
Macquarie-

Castlereagh 

Macquarie River at Marebone 

Break 
421090 

Macquarie-

Castlereagh 
Burrendong 

23 Barwon-Darling Darling River at Bourke 425003 

Condamine-Balonne, 

Moonie, Border, 

Gwydir, Namoi, 

Macquarie-

Castlereagh, Barwon-

Darling 

Coolmunda, Pindari, 

Copeton, Keepit, 

Burrendong 

24 Barwon-Darling Darling River at Louth 425004 

Warrego, Condamine-

Balonne, Moonie, 

Border, Gwydir, 

Namoi, Macquarie-

Castlereagh, Barwon-

Darling 

Coolmunda, Pindari, 

Copeton, Keepit, 

Burrendong 

25 Barwon-Darling Darling River at Wilcannia 425008 

Paroo, Warrego, 

Condamine-Balonne, 

Moonie, Border, 

Gwydir, Namoi, 

Macquarie-

Castlereagh, Barwon-

Darling 

Coolmunda, Pindari, 

Copeton, Keepit, 

Burrendong 

26 Murray Murray flow to South Australia 426200A 
All except Eastern Mt 

Lofty Ranges 

Burrinjuck, Blowering, 

Wyangala, Hume, 

Eildon, Eppalock, 

Menindee 

27 Murray Lock 1 4260903 All 

Burrinjuck, Blowering, 

Wyangala, Hume, 

Eildon, Eppalock, 

Menindee 

  



 
27 

11 Appendix C: Transmission ratios 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Transmission ratios using ‘current climate’ and 2006 

levels of development used for each catchment, derived from model output from the CSIRO Sustainable Yields 

Audit (2008). Due to the small contribution of flows from the Paroo to the Murray (<0.01%), the Paroo was 

excluded from contributing water availability to the wetness score. 

  

Catchment Inflow Outflow Ratio 

Wimmera 206 25 12% 

Gwydir 1,110 217 20% 

Condamine-

Balonne 
1,738 424 24% 

Lachlan 1,457 393 27% 

Loddon-Avoca 588 170 29% 

Warrego 422 143 34% 

Macquarie 2,564 901 35% 

Murrumbidgee 4,925 1,786 36% 

Namoi 1,866 678 36% 

Border 1,208 539 45% 

Goulburn-

Broken 
3,233 1,585 49% 

Campaspe 782 436 56% 

Moonie 151 95 63% 

Barwon-

Darling 
3,056 1,916 63% 

Murray 12,543 8,258 66% 

Paroo 445 326 73% 

Ovens 1,970 1,751 89% 

Eastern Mt 

Lofty Ranges 
122 116 95% 
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12 Appendix D: Steps to estimate expected flows 

The following steps were used to estimate expected flows for each Hydrological Indicator Site (HIS) 

(and for each model scenario, Table 1), exemplified by sample data representing Murray flow to South 

Australia (Figure 11):  

1) Separately, AWRA-L runoff and storage volumes from valleys which contributed flows to the 

HIS were scaled by the transmission ratio for each valley before being aggregated to 

annualised time series (a). Appendix B details which valleys and storages contributed to each 

HIS and Appendix C details the transmission ratios. 

2) Separately, percentile ranks were calculated for the annualised runoff and storage data to 

represent wetness scores. 

3) Runoff and storage data wetness scores were averaged and rounded down to two decimal 

places to calculate a combined wetness score for each water year between 1911-2019 (b).  

4) This wetness score was split into two time periods: 1911-2009 (modelled under Basin Plan) 

and 2010-2019 (no modelling available). 

5) The percentile rank of the BP modelled flow from 1911-2009 (c solid line) that matched the 

wetness score for each year from 2010 to 2019 was used to estimate the modelled flow (c 

dashed line).  

 

 

Figure 11: Example of the method to estimate expected flows under the Basin Plan for 2010-2019 at a single 

hydrological indicator site using the ‘proxy’ method: (a) AWRA-L runoff (green) and storage volumes (red, only 

recent data available) contributing to flows at the HIS ‘Murray flow to South Australia’, scaled by the relative 

catchment transmission ratios. (b) Combined wetness score derived from averaging AWRA-L wetness 

(represented by circles) and storage wetness (represented by horizontal dashes) for each year from 1912 to 

2019. (c) modelled flow volumes under the Basin Plan (BP, solid black line from 1911-2009) overlayed on wetness 

categories and extended beyond 2009 (dashed black line), based on modelled flows from 1911 to 2009 which 

had the same percentile rank as the wetness score. 
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13 Appendix E: Accounting for staged environmental water recovery 

The Basin Plan model run assumed a fixed volume of 2,117 GL of held environmental water (HEW) 

had been recovered from the consumptive pool each and every year. This contrasts to the variable 

amounts of water actually recovered (1,577 GL in 2012/13 increasing to 2,100 GL in 2018/19).  

To adjust for the staged increase in environmental water entitlements, expected flow volumes (i.e. 

flows modelled with 100% of held environmental water recovered) were scaled relative to the 

Baseline scenario (i.e. flows modelled with 0% of held environmental water recovered) based on 

yearly factors, representing the percent of water recovery, as well as a transmission ratio. Volumes of 

actual held environmental water for each year, which we used for this adjustment, varied considerably 

compared with the volume modelled in each valley and used in MDBA modelling (Table 9). 

Table 9: Volumes in gigalitres (GL) of actual held environmental water (HEW) and total MDBA modelled 

environmental water for each valley over the assessment period. Volumes at July 1, in long-term diversion limit 

equivalent (LTDLE) (MDBA, 2019b). 

Valley 

Held environmental water (GL, LTDLE) 

MDBA 
Modelled 

environmental 
water (GL) 

2012–
13 

2013–
14 

2014–
15 

2015–
16 

2016-
17 

2017-
18 

2018-
19 

2012-2019 

Warrego1 9.5 9.5 9.5 9.5 9.5 9.5 20.1 8 

Nebine1 3.8 3.8 3.8 3.8 3.8 3.8 3.8 1 

Condamine-Balonne1 23.1 34.6 40.3 53.8 57.1 57.1 87.4 100 

Moonie1 1.1 1.1 1.1 1.1 1.1 1.1 2.5 4.5 

QLD Border Rivers1 4.2 5.8 6.6 8.5 12.2 12.2 13.3 35 

NSW Border Rivers1 0.1 0.1 0.1 0.1 1.5 1.5 1.9 7 

Intersecting Streams1 8.1 13.8 13.8 13.8 13.8 13.8 13.8 8 

Gwydir1 50.3 50.3 50.3 54.6 54.6 54.6 54.6 42 

Namoi1 4.7 4.8 5.5 6.8 7.5 7.5 10.5 20 

Macquarie-Castlereagh1 67.3 76.6 92.5 95.8 95.8 95.8 95.8 71 

Lachlan3 45.5 45.9 46.7 46.7 46.7 46.7 46.7 48 

Murrumbidgee2 128.8 157 342 363.7 372.4 372.4 435.2 401 

Barwon-Darling1 22.3 22.3 23.8 25.8 28.3 28.3 30.1 32 

Lower Darling2 0.5 0.5 1 1 2.4 2.4 23.2 20 

NSW Murray2 167.7 232.4 244.4 251 261.1 261.3 292.8 352.3 

VIC Murray2 234 251.1 297.6 314.4 338.7 341 392.8 397 

Ovens2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Broken2 0 0.1 0.1 0.2 0.3 0.3 0.4 0.5 

Goulburn2 211.4 228.1 276.8 291.5 315.6 316 367.9 361.9 

Campaspe2 6.3 28.9 29 29 29 29 29 29.1 

Loddon2 9.9 9.9 11.4 11.9 11.9 12.3 12.3 11.9 

Wimmera3 0 22.6 22.6 22.6 22.6 22.6 23.2 23 

SA Murray2 90.2 98.2 108.9 122.4 138.1 138.1 141 143.9 

Total 1,089 1,298 1,628 1,728 1,824 1,827 2,098 2,117 

Volumes of held environmental water extracted from three model runs: 1Northern Basin Review Scenario K, 2SDL605, 3ESLT 

 



 
30 

For each site assessed, actual held environmental water volumes from all upstream valleys were 
scaled by the valley-specific transmission ratios (see Appendix C), before being aggregated. The 
modelled held environmental water volumes for all upstream valleys were similarly scaled up the 
valley-specific transmission ratios before being aggregated. The ratio of the actual to MDBA modelled 
held environmental water allowed for linear scaling between the Basin Plan and Baseline model, 
including extrapolation where necessary. The scaling ratios applied over the assessment period are 
shown in Table 10 for each site. 
 

Table 10: Scaling ratios between Basin Plan model and Baseline model based off percentage of held 

environmental water (HEW) recovered as a fraction of total modelled environmental water for each site over 

the assessment period.  

Site 
2012–

13 
2013–

14 
2014–

15 
2015–

16 
2016-

17 
2017-

18 
2018-

19 

Peechelba 100 100 100 100 100 100 100 

Yarrawonga 54 65 72 75 80 80 91 

Shepparton 58 63 76 80 87 87 102 

McCoy 58 63 76 80 87 87 102 

Rochester 22 99 100 100 100 100 100 

Torrumbarry 54 65 74 77 82 82 94 

Appin 83 83 96 100 100 103 103 

Narrandera 32 39 85 91 93 93 109 

Maude 32 39 85 91 93 93 109 

Booligal 95 96 97 97 97 97 97 

Balranald 34 41 86 91 93 93 108 

Euston 46 55 67 79 83 85 96 

Moonie 24 24 24 24 24 24 56 

Yarraman 120 120 120 130 130 130 130 

Bugilbone 24 24 28 34 38 38 53 

Marebone 95 108 130 135 135 135 135 

Brenda 23 35 40 54 57 57 87 

Wilby Wilby 29 45 50 63 66 66 94 

Bourke 57 64 72 79 84 84 93 

Warrego 110 146 146 146 146 146 212 

Louth 59 65 73 80 84 84 97 

Flow to SA 53 62 75 79 84 84 96 

Lock1 53 62 75 79 84 84 96 

Lochiel 0 98 98 98 98 98 101 

Weilmoringle 29 45 50 63 66 66 94 

Narran Park 29 45 50 63 66 66 94 

Wilcannia 59 65 73 80 84 84 97 

 


