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Executive Summary
This report documents the hydrological analysis undertaken for the 2020 Evaluation by Murray–
Darling Basin Authority. The purpose of the report is twofold. Firstly, to provide a sufficient level of
detail for suitably knowledgeable and informed stakeholders to comprehensively understand the
details of the analysis, and secondly to document procedures to inform the direction of future
hydrological analysis.
Several guiding pieces of legislation formed the framework of the 2020 Evaluation scope of analysis.
Most relevant to the analysis outlined in this report is Schedule 7 of the Basin Plan (2012), specifically
“no loss of, or degradation in” flow regimes or hydrologic connectivity. As such, the methods
outlined in this report assess only if conditions have changed without attributing the changes to the
Basin Plan or even assessing if the changes were beneficial. Additional analysis in other evaluation
products delve into judgements regarding the changed hydrological conditions on ecosystems and
communities.
One of the biggest learnings to come out of the 2017 Evaluation of the Basin Plan was the need to
include consideration of prevailing climatic conditions as part of future hydrological evaluations.
Significant progress was made leading up to the 2020 Evaluation to account for climate influence,
and some parts of the analysis started to explore factoring in progressive Held Environmental Water
(HEW) recovery.
With some significant exceptions, the results of the hydrological analysis largely showed flow regime
maintenance across the Basin. While there are early indications of positive changes in the Southern
Basin, results were more mixed in the North. The Northern Basin has been disproportionally
impacted by adverse climatic conditions since the beginning of Basin Plan implementation. However,
even when factoring in a climate signal, both the Condamine-Balonne and Namoi catchments
showed decreased flows making it to end of system. Water recovery is not yet complete in these
catchments, hence these results point to the importance of achieving the sustainable diversion
limits.
Supplementary flow metric analysis showed the outcomes for the lower and middle floodplain are
strongly dependent on ongoing Basin Plan implementation activities such as constraint relaxation,
supplementing unregulated flows, and multi-catchment releases
There were some key improvements desirable in time for the 2025 evaluation that emerged from the
2020 evaluation. Additional utility could be gained by increasing the sophistication of the analysis to
factor in additional context in areas such as climate (e.g. accounting for the impacts of multiple
consecutive dry years), trade (e.g. accounting for Inter Valley Transfers), and river operations (e.g.
accounting for storage dynamics). Further collaborations with experts from partner jurisdictions and
the academic community will be invaluable in this regard.
The inherent limitations of the analysis also points to the need for case studies together with
comprehensive, robust and Basin-wide counterfactual modelling to demonstrate the benefit of water
recovery and more thoroughly evaluate the Basin Plan.
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Introduction
The Murray–Darling Basin is a complex, diverse and dynamic system of waterways. It is constantly
changing in response to the influences of people, climate and the way water is used for production,
communities and the environment. It is home to many of Australia’s unique plants and animals and
supports Australia’s largest agricultural sector. More than two-million people live in the Murray–
Darling Basin. The Australian economy and communities depend on a healthy working Basin.
River regulation has changed the size, frequency and timing of natural flows in the Murray–Darling
Basin. This has contributed to a decline in the health of the Basin’s water-dependent ecosystems – its
rivers, floodplains and wetlands (MDBA, 2011). The Basin Plan was legislated in 2012 with the aim of
returning the basin to a healthy working system. The focus of the plan is to improve the Basin's
environment, while balancing social and economic needs, in a sustainable way.
The Basin Plan aims to foster connection across the Basin. This includes the physical connections
between rivers and floodplains, or the upstream-to-downstream flow connection to support a
healthy river system. But it also includes the promotion of social and cultural connection across the
Basin – supporting water management and policy development that crosses state and catchment
borders and includes the voices of all people who rely on a healthy working Basin.
The plan sets an environmentally sustainable level of water take for consumptive use (the
sustainable diversion limit) and secures a share of available water for the environment. This
‘environmental water’ allows managers to restore some of the critical elements of the flow regime so
that plant and animal species can complete their lifecycles and help build population resilience in
healthy habitats.
The Basin Plan sets out three overall environmental objectives for water-dependent ecosystems.
These are to:
a. protect and restore water-dependent ecosystems of the Murray–Darling Basin
b. protect and restore the ecosystem functions of water-dependent ecosystems
c. ensure that water-dependent ecosystems are resilient to climate change and other risks and
threats.
Recognising that these are long-term objectives, and implementation of the plan and environmental
recovery will take time, the plan also sets mid-term targets to measure progress (Schedule 7, BP). For
hydrology, these targets aim for no net loss or degradation of flow regimes, hydrological
connectivity, or the condition in the Coorong, Lower Lakes and Murray mouth up to 2019, and
improvements to these measures beyond 2019.
Altering the hydrology alone is not enough to achieve the desired outcomes, but it is a necessary and
vital component. The plan recognises this and put in place several mechanisms to provide the
foundation of a more sustainable river system. This included limiting the amount of water that can
be taken for consumptive use (industry, agriculture and other human use) by setting of sustainable
diversion limits (SDLs); and increasing the volume of water available to the environment by
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recovering water for the environment. These rebalancing mechanisms are further enhanced by; the
Environmental Watering Plan (Chapter 8, BP), which guides the planning and management of
environmental water; and other policies and programs which are progressively (and adaptively)
returning a more natural pattern to parts of the flow regime.
The Basin Plan was finalised in 2012 and is being implemented over the 12-year period to 2024. The
Plan is not yet fully implemented, water recovery is ongoing, and environmental water holders are
still learning how to best use their water collaboratively through the adaptive management cycle.
The Basin Plan and its subsidiary instruments are designed to adapt to new knowledge as
demonstrated through the Sustainable Diversion Limit Adjustment Mechanism and the Northern
Basin Review. Both programs found that delivering Basin Plan outcomes requires diversion limits to
be complemented with other measures to improve water management — an example of the plan
learning while it is being implemented.
Reviews over recent years (Matthews, 2017; Vertessy, et al., 2019) have reinforced the need for
water management (including but not limited to the Basin Plan) to adapt and improve. Rainfall and
river flows are anticipated to keep changing however, how they will change is highly uncertain. Thus,
the Basin Plan will need to anticipate these changes and respond accordingly.
The evaluation is focussed on Basin Plan implementation progress, the outcomes in the basin so far,
and opportunities to improve implementation of the remaining tasks. The evaluation process needs
to be robust to measure and assess how implementation is tracking in a manner that is informative
to further implementation of the plan. Identifying areas for improvement of implementation is
critical as this assesses if Basin Plan outcomes are being achieved. Manipulating the Basin’s hydrology
is the dominant process by which the Basin Plan influences outcomes across the Basin, particularly
environmental outcomes. As such the hydrologic analysis presented in this report forms a key
element informing the evaluation of environmental outcomes while also being pertinent to the
broader evaluation.
This report describes the new and novel hydrologic analysis methods adopted for the 2020
evaluation. The results and their implications are further detailed in other BPE2020 reports. The 2017
BPE made a series of recommendations (MDBA, 2018) around how to enhance the utility of
evaluative analysis for adaptive management — i.e. how to better inform improvements to Basin
Plan implementation. Substantial progress has been made in this endeavour while also enhancing
quantitative and statistical rigour. This work indicates that the Basin Plan has achieved measurable
change in flow throughout the Basin. These changes are most prominent in the southern system and
towards the lower end of the flow regime however, there have also been localised and event-based
changes in Northern Basin.
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Objectives
The 2020 Basin Plan Evaluation (2020 BPE) is the second evaluation of the Basin Plan. The first
evaluation was the 2017 Interim Basin Plan Evaluation (2017 BPE), the next will be in 2025.
After the 2017 Evaluation a series of recommendations were made to improve the evaluative
process. As a result, the Basin Plan Evaluation Framework (MDBA, 2019) was produced to guide the
Authority’s 2020 and 2025 Basin Plan evaluations. It sets out the key steps for defining, designing,
doing and using the evaluation of the Basin Plan including the key evaluation questions (Basin Plan,
s13.06).
The framework organises Basin Plan evaluations into themes as shown below in Figure 1. The
hydrologic analysis presented in this report was guided by the framework in its development and
directly supports the ‘outcome themes’.

Figure 1. 2020 Basin Plan Evaluation Framework themes

The 2017 BPE River flows and connectivity technical report (MDBA, 2018) made a number of
recommendations related to hydrology analytical techniques that are summarised below:
•

Develop methods to better describe the Basin Plan’s contribution to observed outcomes
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•
•
•
•
•
•
•

Develop methods to account for the variable climate
Improve the utility of target indicators
Better utilise remotely sensed data
Utilise more ecological meaningful indicators
Develop methods to track environmental water through the Northern Basin
Basin-wide definition of flow thresholds
Improve the utility of matter 9.3 reporting (reporting of environmental water use)

In 2020, the extant information base still limits any ability to systematically and consistently describe
the contribution of the Basin Plan to observed outcomes. As such, the first recommendation has only
been partly addressed. However, significant progress has been made on the other recommendations,
including the development of a hydrological assessment approach that accounts for the variable
climate. This has been an important refinement — compared to the historical record, the climate
since 2012 has been largely dry interspersed with unusually short periods of median-to-wet events.
The 2020 evaluation was conducted as two separate analyses. The first assessed the condition of the
Basin’s hydrology and the second examined the contribution of the Basin Plan to observed outcomes.
Separating the analysis allowed for the development of statistical rigour in the assessment of
condition while allowing for separate less certain data and analysis to still form part of the evidence
base. This refined approach has significantly enhanced the utility of the analysis for informing
adaptive management.
The guiding principles while developing the analytical techniques were to developed methods that
are:
•
•
•
•
•

Repeatable,
Transparent,
Rigorous,
Communicable &,
Informing adaptive management.

Importantly, analytical techniques have all been developed with a focus on repeatability and
transparency. This builds a foundation for future evaluations, but the repeatability means that the
analysis can be re-run as required, for instance as part of annual Basin Plan reporting or the Basin
Plan review (scheduled for 2026).
The settings in the Basin Plan (particularly the Sustainable Diversion Limit) were largely informed by
hydrologic modelling run over a 114-year historical climate sequence (1895–2009). Evaluating how
implementation of the Plan is progressing over a shorter time period poses significant challenges
largely due to the extremely variable climate of the Basin. Many of these difficulties only became
fully apparent after the 2017 BPE.
The 2020 Basin Plan Evaluation is charged with assessing how implementation and the desired
outcomes have progressed after seven years (i.e. to mid-2019) of Basin Plan implementation.
Considering the inherent variability of the Basin’s hydrology and the long-term (i.e. multi-decadal)
time scale for Basin Plan outcomes to be fully realised, this time period is a small sample that poses
challenges to developing suitably rigorous analytical techniques. The short period makes it unfeasible
to produce a direct analysis of the impact of the Basin Plan without a hydrologic model scenario
representing a world without the Basin Plan. However, it is feasible to achieve the desired evaluative
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aims through a multiple lines of evidence approach — that is, to produce a rigorous assessment of
the change in hydrologic condition from pre- to post-Basin Plan and then supplement that
information with an assessment of how Basin Plan instruments and mechanisms have been
operating. For example, it can be said for a specific metric that the condition has been maintained
since 2012 and it can be detailed where environmental water use may have influenced the result.
Under this approach, the analysis of the Basin Plan’s overall contribution to the result is necessarily
based on a mixed quantitative/qualitative model.

Analysis Techniques
The analysis techniques developed were guided by the Basin Plan (in particular Schedule 7) and the
need to inform the adaptive management and implementation of the Plan. In order to account for
the highly variable climatic conditions of the Basin, all metrics were measured as a function of
catchment inflows. That is, the dynamics of the individual metrics are not being assessed but rather
the dynamics of the relationship between the metric and catchment inflows.
In order to develop assessment techniques that are consistent, transparent, repeatable and robust, a
quantitative results assignment matrix based on the application of statistical tests was developed.
This process is detailed further in the Results Assessment Matrix section of this report.
A multiple lines of evidence approach was used in the 2020 BPE to assess the complex adaptive
system. In terms of hydrologic analysis, this means that various data sources and analysis techniques
were utilised. Both modelled and observed flow data were considered, and analysis developed
internally by the MDBA was supplemented by other relevant information, such as the
Commonwealth Environmental Water Holders Long Term Intervention Monitoring hydrology
analysis.

Indicators
Flow Regime Metrics
Details of the seven flow regime elements that were investigated for condition assessment are
shown below in Table 1. Early methodologies for the flow regime metrics were presented to the Ecohydrology Community of Practice (CoP). Members of the CoP provided valuable insights and
feedback which helped improve the analysis. Where improvements could not be incorporated into
this evaluation, the feedback was recorded for BPE 2025.
Table 1. Flow regime elements investigated

Flow Regime Element

Parameters

Transmission Ratio*

Annual end of catchment gauge volume
measured as a function of annual inflow volume
(outflow/inflow)

Cease to Flow*

365- Days per year of cease to flow measured as
a function of log of annual inflow
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Flow Regime Element

Parameters

Baseflows

Lyne & Hollick Base flow index (BFI), 2013
standardised approach (Ladson, Brown, Neal, &
Nathan, 2013)

Freshes*

Days per year over fresh threshold measured as
a function of inflows

Overbank Flow

Qualitative analysis

Flow Seasonality

Qualitative analysis

Flows to Terminal Wetlands*

Annual upstream gauge volume measured as a
function of inflows

*Included in dashboard
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Transmission Ratio
An overarching aim of the Basin Plan is the increase flow through the river system. The transmission
ratio is the primary or first-order metric that examines whether overall inflow-to-outflow volume has
changed since the Basin Plan was first implemented. An increased transmission ratio indicates that a
greater proportion of inflows passed through the river. Changes in transmission ratios can occur due
to a number of factors, such as changes to river operations or climate. The Transmission Ratio is
defined by a straightforward Outflow/Inflow calculation and represents the amount of flow that
reaches end of system gauges for each catchment. Within this umbrella measurement, the metrics
listed below track which parts of the flow regime may have changed.

Cease to Flow
This metric measures how regularly the river stops running. For the purposes of the evaluation,
cease-to-flow conditions are defined to have occurred when the flow is less than 1 ML/d. Cease to
flow events are predominately a Northern Basin consideration as it is much more intermittent than
the South, where some permanently flowing rivers do not experience cease-to-flow periods. This
metric uses the function:
(365 − 𝑛CTF )/ log 𝑉inflow
where 𝑛CTF is the number of cease-to-flow days per year. This logarithmic approach allows a
statistical comparison on a similar positive gradient to other metrics. Initially, several additional
parameters were explored (days of cease-to-flow per year, maximum cease-to-flow period, average
cease-to-flow period). However, after a number were initially investigated, the complexities of
capturing multiple parameters using simple statistical tests led to the CtF analysis being rationalised
to one indicator.

Baseflows
This metric measures the Base Flow Index (BFI), the ratio of Baseflow/Stream Flow. As the baseflow
has already undergone division by site specific streamflow, it was not measured as a function of
catchment inflows. Baseflow was calculated as defined by Ladson, A. R., Brown, R. Neal, B. and
Nathan, R. (2013) in A standard approach to baseflow separation using the Lyne and Hollick filter. An
increase in BFI does not indicate a higher volume of baseflow, rather a higher proportion of baseflow
relative to flow. For this reason, it is more common to see (counter-intuitively) high BFIs under dry
conditions.

Freshes
Freshes have been defined by site specific flow thresholds that are linked to ecological outcomes.
Appendix B gives details of which publications the fresh rates were taken from. This metric is
measured by days per year over a threshold measured as a function of catchment inflows.

Overbank Flows
Due to the infrequency of overbank flows a rigorous technique was unable to be developed, however
a qualitative comparison of post Basin years with similar inflow years from before the Basin Plan was
still undertaken. The initial exploration of an analytical technique is documented in Appendix G.
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Flow Seasonality
Appendix F highlights the explorative analysis undertaken during the 2020 BPE. While a change to
seasonality at any given site can be recorded, determining the direction, magnitude and implications
of the change is less certain. For the 2020 BPE, flow seasonality analysis was qualitative.

Flow to Terminal Wetlands
Terminal wetlands are those that exist at the lower end of a particular catchment. Similar to
transmission ratios, this metric is assessed on the inflow to wetland/Inflow to catchment.
An interactive dashboard displaying the results of all flow regime element analysis was developed to
communicate the results in a way that could convey the final assessment result category together
with the analytical inputs to that assessment.

Site Specific Flow Indicators
As part of the development of the Basin Plan and the setting of the SDLs, the MDBA developed the
Environmentally Sustainable Level of Take (ESLT) method (MDBA, 2011) to combine the best
available environmental, social and economic science with the MDBA’s whole-of-Basin hydrologic
modelling framework. In effect, the ESLT method allowed the MDBA to complete a series of
hydrologic model scenarios exploring different Basin Plan options, and then to translate modelled
flow into social-economic-environmental outcomes using a scientifically robust method. These
results were a primary line of evidence underlying the Authority’s 2012 decision around Basin Plan
settings.
Central to the ESLT method were the site-specific flow indicators (SFIs). The SFIs were the primary
flow-to-ecology translation metrics that were used during the development of the Basin Plan and
were then reapplied as part of the Northern Basin Review (MDBA, 2016) and the SDL adjustment
mechanism (MDBA, 2015). The broad purpose of the SFIs was to provide measures of success for
various Basin Plan model scenarios — that is, to allow the MDBA to infer the environmental
outcomes that could be achieved through different Basin Plan options. SFIs are strongest when used
in relation to long-term flow datasets (i.e. multi-decadal) and for whole-of-Basin or catchment-scale
studies. Applying SFIs at shorter time scales or at sub-catchment geographic scales requires careful
interpretation.
As a first concept, it would appear sensible to compare the SFI results that have occurred since 2012
to those that were anticipated by Basin Plan modelling — that is, to address the query ‘the Basin Plan
was expected to achieve these outcomes, but has it delivered?’. Processing the SFI results for
observed flow conditions is straightforward, and the MDBA has completed this task every year, since
2014, to assist with the setting of the Basin annual environmental watering priorities. However,
comparing observed and modelled flow carries an array of difficulties and caveats that must be
either removed (i.e. through refined analysis) or addressed (through careful interpretation).
The MDBA has previously not compared observed and modelled SFI results, primarily due to three
complications:
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1. Climate — Basin Plan modelling represents 114 years of modelling that captures a wide
range of different historical climatic conditions, but the period since 2012 has been
preferentially dry, including record low inflows to Menindee.
2. Basin Plan implementation is ongoing — Basin Plan modelling represents a fully implemented
Basin Plan, including 2,750 GL of water recovery, pre-2012 river operating constraints (such
as 25,000 ML/d downstream of Yarrawonga Weir), and complete coordination of
environmental water releases across the southern connected system. In practice, water
recovery has been ongoing (and is still not complete), operating constraints have become
more stringent, and coordination of environmental water between southern catchments has
been progressively increasing.
3. Environmental water holder behaviour — Basin Plan modelling used the SFIs as a basis for
the pattern of environmental water releases. In practice, SFIs have not been used by
environmental water managers. SFIs are long-term, Basin-scale planning metrics which have
limited utility to guide site-scale day-to-day water release patterns. This assumption was
made due to the lack of better information — the modelling was completed in 2010–11, at
which point the Commonwealth Environmental Water Holder was relatively new and there
was no established behavioural pattern on which to base the modelled releases.
The analysis presented in this report largely removes the first of these complications by adjusting for
climate (using inflows as a proxy). It also partially removes the second set of issues by accounting for
progressive environmental water recovery (displayed in Figure 2). However, the issues around
constraints and the pattern/coordination of environmental water releases remain. These issues will
push the modelled SFI results in a consistent direction (i.e. higher than can be achieved in practice).
Theoretically, all the issues listed could be removed through improved modelling which better
captures the day-to-day complexities of the river system (both natural and development related) and
is updated annually. Modelling at this level of sophistication is still a work in progress and must be
completed collaboratively between the MDBA and Basin states.
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Figure 2. Progressive cumulative recovery of water for the environment — contracted surface water recovery in the
Murray–Darling Basin at the conclusion of each calendar year (volumes in long-term diversion limit equivalent GL)

Climate Variability
In order to account for the highly variable climatic conditions of the Basin, most metrics are
measured as a function of inflows. That is, the dynamics of the individual metrics are not being
assessed but rather the relationship between the metric and catchment inflows.

Data
This section details the spatial and temporal coverage along with limitations of the various data
sources utilised.

Flow gauging
Watercourse Discharge data was taken from Federal and State water agency gauging stations across
the basin (WaterNSW, DELWP, DNRME and BoM). Daily average values were downloaded in ML/day.
Where gauges had gaps of unreported data, the gaps were filled using linear interpolation for
periods of less than 180 days.
Different flow regime metrics utilised different gauges; some particular consideration included for:
-

Transmissions – In most cases a representative end of system (EoS) gauge was selected for
each region. Where multiple gauges were required due to significant anabranching of the
river, the gauges were summed. Flow data was annualised by water year.

Freshes – Gauges were selected based on where reported ecological freshes were available
(Appendix B -
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Appendix B
-

-

Site specific Freshes). Days per water year over a site-specific fresh threshold was counted.
Baseflows – The same gauges selected for the Freshes metric were used for Baseflow
analysis.
Cease to Flow – An automated filter process was used over a group of gauges to determine
where there was enough CtF data for the metric to be relevant (sites with less than 10 years
of any CtF event were excluded on the basis of not having enough events to perform
meaningful quantitative analysis; similar to the overbank metric).
Terminal Wetlands – In regions with terminal wetlands, an upstream gauge was selected.
Flow data was annualised by water year.

While some gauging stations have been recording data since the late 19th century, many gauges do
not cover the same time period or variety of climatic conditions as modelled data sources. Only data
post the 1993/94 level of development Ministerial Council cap was utilised (Wally Cox, 1996).
A full list of monitoring stations utilised for flow regime metric analysis is available in Appendix A.
Figure 3 provides a simplified gauge location map across the basin regions.
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The key considerations applied when selecting the most appropriate gauges for each piece of
analysis is detailed in Table 2.
Table 2. Gauge selection considerations

Flow regime element

Key gauge selection considerations

Transmission Ratio

•
•
•

Representative of catchment outflows
Data quality
Data availability

Cease-to-Flow

•
•
•

Observed historical cease to flow spells
for comparison
Data quality
Data availability

Baseflows

•
•

Data quality
Data availability

Freshes

•
•
•

Information about ecologically
significant flow thresholds
Data quality
Data availability

Overbank Flows

•
•
•

Information about overbank thresholds
Data quality
Data availability

Flow Seasonality

•
•
•

Highly regulated flow
Data quality
Data availability

Flows to Terminal Wetlands

•
•
•

Directly upstream of wetland of interest
Data quality
Data availability
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Figure 3. Murray–Darling Basin regions and gauges utilised during 2020 Basin Plan Evaluation.

Catchment inflows
Daily inflows from 1911 onwards were provided by Bureau of Meteorology’s (BoM) AWRA Modelling
Team from the Australian Water Resources Assessment Landscape model (AWRA-L) version 6.0.
Inflows were calculated by:
𝐼𝑛𝑓𝑙𝑜𝑤𝑠 = 𝑅𝑢𝑛𝑜𝑓𝑓 ∗ × 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎∗∗
*Runoff calculated through AWRA-L (Figure 4. Runoff across the Hydrological Response Units (HRU) in the AWRA-L model).
**Surface area was given by a shapefile of the basin plan regions (Figure 3).

The inflows were summarised annually into water year by the MDBA. The AWRA-L model does not
account for any hydrological routing, which can impact data validity at smaller timesteps (i.e.
monthly) when working across large catchment areas. The Hydrological Response Units (HRUs) in
ARWA do not model irrigation or impervious areas and the model is therefore not suitable to
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accurately model highly developed areas. To calibrate the model, 295 unimpaired catchments were
used (Frost & Chantal Donnelly, 2018).
With no uniform inflow counterfactual modelling data available across the basin, the AWRA-L runoff
data provided a valuable proxy for annual climate conditions across each catchment. In most cases,
catchment inflow was paired 1:1 with the catchment indicator of interest. However, for the flow
regime analysis in the Murray catchment the inflows of all connected Southern Basin catchments
were summed. Similarly, analysis in the Lower-Darling and Barwon Darling used a summed inflow
value of the Northern Basin catchments. Asterixis on gauge sites in Appendix A indicate where a
summed inflow method has been used.
Annualised inflow has been accounted for in both flow regime metrics and SFI results.

Figure 4. Runoff across the Hydrological Response Units (HRU) in the AWRA-L model

Basin Plan hydrology modelling
To assist with water resource planning and compliance, the hydrology of the basin has been
represented by a series of twenty-four linked river models developed by State Agencies, the MDBA,
CSIRO and Snowy Mountains Hydro in an Integrated River System Modelling Framework (IRSMF)
(MDBA, 2012). The inflow series for the models cover the 1895–2009 period under a variety of
climatic conditions. While individual models have undergone updates and rerun, there has been no
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coordinated and connected update of the IRSMF since 2011 (which produced results up to the
2008/09 water year). The baseline scenario used in the analysis contained in this report (run 845) is
consistent with the models used for Basin Plan scenarios.
In many regions, the model framework provides an imperfect representation of low flows, with some
models rated as ‘poor’ for this part of the flow regime (Podger, Barma, Neal, Austin, & Murrihy,
2010).
While the 845 scenario was part of the information base used to develop the Basin Plan run 871 has
subsequently become the baseline scenario for legislative purposes. The changes from model run
845 (Basin Plan Baseline Diversion Limit) and 871 (Legislative instrument) are minor and summarised
below:
•
•
•
•
•
•

Changes are only in southern connected system
GBSM model updates
Remodelling and updating of ‘The Living Murray’ program in the Murrumbidgee model
Changed water for rivers leading to decreased Murray 1 release
Improved icon site modelling
Updated water recovery figures

Matter 9.3 Reporting
Schedule 12, Matter 9 of the Basin Plan (2012) identifies the requirement for the CEWO, Basin States
and the Authority to report on “The identification of environmental water and the monitoring of its
use” (Schedule 12, BP). Reporting guidelines initially published in 2014 outline Environmental water
holders’ obligation to annually complete a template tracking use of environmental water. The full
reporting process is described in Appendix C.
The MDBA produced an internal dashboard that collated all matter 9.3 reporting data. This
dashboard was used to help inform evaluative judgements on the use of environmental water.

Long Term Intervention Monitoring — Hydrology
The Commonwealth Environmental Water Office (CEWO) Long Term Intervention Monitoring Project
concluded in June 2019 after 5 years. The project focused on the impact of environmental water
contribution to outcomes in the Murray–Darling Basin. While the timeframe of the project was
limited (benchmarking of conditions prior to the Basin Plan implementation was from indirect
sources), external sources of analysis and evaluation provides additional evidence. The MDBA was
provided with access to the most recent 2018/19 LTIM report, this report is not currently published.
Previous LTIM reports are published at:
https://www.environment.gov.au/water/cewo/monitoring/ltim-project
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Reference Baseline
Schedule 7 of The Basin Plan (2012) outlines the targets to measure progress towards objectives and
states that there should be “no loss of, or degradation in [flow regimes]”. However, there is no clear
guidance in the legislation as to what reference conditions should be used to determine whether
degradation has occurred.
In 2014, the Basin Wide Environmental Watering Strategy (MDBA, 2014) used the Basin Plan
modelling as a baseline and to anticipate long-term Basin Plan changes against this modelling.
However, experience from the 2017 BPE (MDBA, 2017) indicated that using a long-term model
baseline was only partially effective for evaluating the Basin Plan and had significant limitations in
certain parts of the flow regime related to model performance.
As part of the 2020 BPE the MDBA has explored the use of an observed baseline — that is, to
compare the pre- and post-2012 flows. For the observed baseline a cut-off of 1994 was selected
based on the Ministerial Council’s decision to introduce a Cap to limit growth in diversions to
1993/94 levels of development.
•
•

The observed baseline runs for a period of 18 years from 1994/95 to 2011/12 and uses
observed State gauge data.
The model baseline uses a 98-year climate sequence and represents 2008/09 levels of
development.

The modelled baseline has the advantage of a much longer and more diverse climatic sequence, (i.e.
better representation of the diversity of condition the Basin Plan is designed around) however, this
model baseline does not represent historical flows.
The MDBA has used the model baseline in some circumstances and the observed in others. The
overarching driver for this approach is to use the best available data that can best inform ongoing
Basin Plan implementation. Analysis of model performance at different locations and in different
parts of the flow regime found poor model performance outweighed the shorter climate sequence
for cease-to-flow and terminal wetland indicators. Hence the relevant baselines are:
Cease-to-Flow – observed baseline
Baseflows – observed baseline
Terminal wetlands – observed baseline
Flow Thresholds – model baseline
Transmissions – model baseline
Where model performance is not a significant issue, results against both baselines are produced as
the information is still potentially pertinent to the Basin Plan Evaluation
•

Analysis against the observed baseline shows if and how things have changed in the “real
world”, i.e. what is the actual difference between the period before and after the Basin Plan.
This provides a set of conclusions around flow changes and the associated tangible onground outcomes.
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•

Analysis against the baseline model details shows how the post Basin Plan years compare to
the representation of 2008/09 levels development that many Basin Plan settings (i.e. the
SDL) were set against.

Flow Regime Metric Assessment
There is a need to produce both quantitative and qualitative results in a transparent repeatable
manner.
Qualitative data is often subjective; multiple people looking at the same data may assign a different
result category. This issue is compounded by limited data, with a post basin plan sample size of only
n=7, trends can be difficult to visually determine.
To achieve repeatable qualitative analysis, two sample statistical tests have been applied to
categorise results for each metric into one of four categories present in Figure 5. The two samples
are the baseline data (either modelled or observed) and the observed post-Basin Plan data.
In analysing the flow regime metrics, neutral language was chosen for condition assessment.
Increased/Decreased was used in favour of Improved/Degraded to avoid a values assessment. An
increase of transmissions of flow in a region where high levels of inter-valley trade and aggressive
use of water in storage is taking place is not necessarily an improved result in the context of meeting
Basin Plan objectives.

Figure 5. Hydrolgy Condition Analysis Result Categories

Statistical Tests
In statistical hypothesis testing, a two-sample test is a test performed on the data of two random
samples, each independently obtained from a different given population. The purpose of the test is
to determine whether the difference between these two populations is statistically significant. Two
tests were selected to investigate the differences between the pre- and post-Basin Plan samples of
each flow regime metric measured as a function of inflows.
Perfect experimental design is unrealistic in ecology as the environment is constantly changing and
there will always be unknowns that cannot be considered or measured. However, there is still a need
to carefully consider the underlying assumptions associated with the application of sophisticated
statistical techniques and their implications. Furthermore, the application of the tests has not been
to design an experiment but rather to develop a repeatable, transparent and rigours method for
translating between quantitative metric condition assessment (e.g. Figure 6) and the qualitative
metric condition assessment categories shown in Figure 5. The tests are not being used to determine
if the results (the change from pre to post Basin Plan) can be attributed to the influence of the Basin
Plan or any other intervention.
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Figure 6. Southern Basin Transsmission Ratio Scatter Plot – (Maintained Result)

Two Sample Kolmogorov-Smirnov Test
The two sample Kolmogorov–Smirnov (k-s) test is a nonparametric goodness-of-fit test and is used to
determine whether two distributions differ, in this case, the distribution of the baseline data and the
distribution of the Basin Plan data. The k-s test has the advantage of considering the distribution
functions collectively (Springer , 2008). It is sensitive to differences between the location and the
shape of the two cumulative probability distribution functions.
The output of the k-s test is non-directional. In the context of flow regime metric analysis, the k-s test
alone cannot provide information regarding increased/ decreased results. The k-s test typically
requires datasets larger than what was available for analysis in the 2020 Basin Plan Evaluation (postBasin Plan n=7).

Welch’s T-Test
Welch’s t-test, also known as an unequal variances t-test, can be used to test the difference between
sample means even when the population variances are unknown and unequal (Welch, 1947). The
test assumes the two samples are normally distributed, an assumption which does not hold true for
the data analysed. Welch’s t-test test is directional, indicating whether the mean has increased or
decreased.

Statistical Test Outcomes
For each k-s test and t-test undertaken for flow regime metric results, exact p-values are displayed
on the tooltip feature when hovering over each result on the dashboard. The dashboard displays
results to two significant figures, where a p-value of ‘0’ is given, the result was <0.005.
An alpha of 0.1 was selected for each individual test to determine if the null hypothesis was rejected.
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Results Assessment Matrix
It can be seen from that for an increased or decreased result there must be a detectable change in
both the cumulative probability distribution and mean of the two samples. A maintained result
requires that within the set confidence bounds there is no detectable change in either the
cumulative probability distribution or mean between the two samples.
Where the two tests provide conflicting indications, the result is classified as unclear. The unclear
result category is necessary where the conditions for only one test are met to reduce the chance of
reporting false positives. This consideration is detailed further in the Multiplicity section below.
With increasingly large sample sizes the proportion of unclear results will diminish (e.g. in 2025 with
an additional 5 years of Basin Plan data).

Figure 7. Flow Regime Metric Result Assignment Matrix

Multiplicity
Special consideration needs to be given to the simultaneous application of multiple statistical tests.
This issue is termed variously as the multiple comparisons, multiplicity or multiple testing problem
and is often referred to in certain fields as the look elsewhere effect.
With two tests using alpha at 0.1, there is a 19% chance of observing at least one significant result,
even if all the underlying distributions are the same.

𝑃(𝑎𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑟𝑒𝑠𝑢𝑙𝑡) = 1 − 𝑃(𝑛𝑜 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑟𝑒𝑠𝑢𝑙𝑡𝑠)(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑠𝑡𝑠)
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= 1 − (1 − 0.1)2
= 0.19
However, the result assessment matrix is constructed in such a way that to achieve an increased or
decreased result two significant results are required, i.e. a change in both the cumulative distribution
and mean of the two samples needs to be detected. This means that there is a 19% chance of
observing an unclear or increased/decreased ‘false’ result, while the underlying data is from the
same distribution. However, the chances of a ‘false’ increased/decreased result are much lower.

𝑃(𝑎𝑙𝑙 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡) = 𝑃𝑡𝑒𝑠𝑡1 (𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑟𝑒𝑠𝑢𝑙𝑡) ∗ 𝑃𝑡𝑒𝑠𝑡2 (𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑟𝑒𝑠𝑢𝑙𝑡)
= 0.12
= 0.01
With two tests with alphas set at 0.1, the probability of observing a false statistically significant
results in both tests is 1%
Typically, methods for dealing with multiple tests call for adjusting alpha in some way, however,
these methods are designed for statistical investigations looking for a single significant result, ‘a
discovery’. This is not the case in the application of two statistical tests looking for concurrent
significant results as is depicted in Figure 7.
Setting alpha to 0.1 in both tests so that the chance of a false positive ‘increased’ or ‘decreased’
result is 1% is suitably rigorous and decidedly reasonable for the task at hand.

Pseudoreplication
Pseudoreplication is defined as the use of inferential statistics to test for treatment effects where
treatments are not replicated and/or replicates are not statistically independent. Hubert (1984)
outlined the four main types of pseudoreplication (Hurlbert, 1984).
•
•
•
•

Sample pseudoreplication
Temporal pseudoreplication
Sacrificial pseudoreplication
Implicit pseudoreplication

In temporal pseudoreplication, measurements are taken over time from each of the two plots but
treated as replicates, when measurements instead represent a time series. In this case, each
observation from a plot is necessarily correlated with all other measurements from the same plot:
the measurements are not independent. There is an element of temporal pseudoreplication in the
application of statistical tests to a time series divided into two sample periods.
Pseudoreplication would be a significant issue if this analysis was being used to directly attribute any
observed changes in hydrology to the implementation of the Basin Plan. However, the tests are not
being used to determine if a change in hydrology condition can be attributed to the influence of the
Basin Plan or any other intervention. Instead, the tests are being used to detect if a change in Basin
hydrology has occurred or not.

Murray–Darling Basin Authority

The 2020 Basin Plan Evaluation, Hydrological analysis evidence report

21

For assessing if there has been a change in the condition of the Basin’s hydrology with statistical
tests, pseudoreplication does not disqualify the results.
This is the overriding consideration in only applying statistical tests to assess the condition of the
Basin hydrology and relying on other lines of evidence and analysis to identify any contribution of the
Basin Plan.

Visual Validation
As the application of statistical tests impart a component of uncertainty and the techniques being
applied are new and innovative, all results were visually validated.
It was found that to produce an ‘increased’ or ‘decreased’ result, the scatter plot needed to display a
consistent direction change across a variety of inflow conditions. If the trend was not evident across
inflow conditions, the result produced was ‘unclear’. If all points fell within the range of the baseline
data, the result produced was maintained. Exemplar plots for each result category are shown below.

Figure 8. Example Maintained Result, Southern Basin Transmission Ratios

As can be seen in Figure 8, a graph that produces a maintained result has all post 2012 data points
falling within the baseline range (pre 2012) without any indication of a directional shift. Figure 9
shows an example of an unclear result where the post 2012 data points appear to show a directional
shift for low inflow years with the exception of the two years since 2012 with high inflows. Figure 10
and Figure 11 show an example of an increased and decreased result respectively.
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Figure 9. Example Unclear Result, Northern Basin Transmission Ratios

Figure 10. Example Increased Result, Murrumbidgee Terminal Wetlands.
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Figure 11. Example Decreased Result, Condamine-Balonne Transmission Ratios.
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Site Specific Flow Indicator Assessment
This site specific flow indicator (SFI) analysis completed for the 2020 Evaluation has been designed to
answer the following questions:
1. What are the SFI results for observed flow conditions since 2012?
2. Given the climate and water availability since 2012, what SFI results would have been
expected under different scenarios? The scenarios examined for this question are the three
primary scenarios from Basin Plan development (MDBA 2012):
a. Without development
b. Baseline (i.e. pre-Basin Plan)
c. Fully implemented Basin Plan (i.e. complete 2,750 GL water recovery and constraints
as represented in the 2012 MDBA modelling)
3. Given that environmental water has been ongoing since 2012 and is not yet complete, what
SFI results would have been expected? This question recognises the progressive
implementation of the Basin Plan.
4. How do the observed SFI results compare to those that would have been anticipated under
different scenarios? This analysis pulls together the results from questions 1, 2 and 3.
5. Given that there is seven years of data to draw on, what is the uncertainty in these results?
The approach adopted for this analysis has been to extrapolate SFI trends using existing Basin Plan
model scenarios. The analysis does not rely on new modelling or new data, but instead applies new
analysis to existing data. Two sets of interpolation functions have been developed that relate SFI
outcomes to climate (using inflows as a proxy) and to held environmental water (HEW). Hence, for a
given annual inflow volume or annual held environmental water volume the functions will provide a
probability that a specific SFI will have been achieved. These functions operate at the catchment
scale, consistent with the overall hydrological method adopted for the 2020 evaluation. The
approach is displayed in Figure 12.

Figure 12. Basin-wide modelled inflows (from the AWRA model; BoM) for the period since 1910. Inflows since 2012 have
been around 25% less than the long-term average, consisting of only one above-average year (in 2016).
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Figure 13. Progressive recovery of water for the environment — contracted surface water recovery in the Murray–Darling
Basin at the conclusion of each calendar year (volumes in long-term diversion limit equivalent GL)

Scaling SFI results was achieved by developing probability functions from the Basin Plan modelling.
Two sets of functions were developed to provide a probabilistic relationship between annual
upstream inflows volume and SFI achievement, and between annual HEW allocation and SFI
achievement. Bootstrap resampling was used to measure the uncertainty in each probability
function. Two examples are provided in Figure 14. An example of the output probabilities for each
year is given in Table 3.
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Figure 14. Probability functions for the 12,500 ML/d (for 70 days) SFI downstream of Yarrawonga Weir (Barmah–Millewa
Forest) and the 60,000 ML/d (for 60 days) SFI at the South Australia border ( Riverland-Chowilla floodplain)

Table 3. Annual SFI probabilities (under baseline modelled conditions) for the SFIs at Barmah-Millewa Forest

Based on these functions and the annual inflow volumes for the 2012–19 period, a Monte Carlo
simulation was completed to provide expected SFI results (with associated uncertainties) under the
three model scenarios.

Question 1 — Observed SFI Outcomes
As described above, the MDBA regularly processes SFI results against observed flow data to inform
the annual environmental watering prioritisation process. Table 4 shows the River Murray SFIs
results since 2012 and the annual SFI frequencies since 1950 and 2012. Figure 15 provides details of
the data, methods and outputs of the SFI analysis.
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Figure 15. Analytical method used to extrapolate anticipated SFI results (2012–2019) under different scenarios. Blue boxes represent observed data, orange boxes represent modelled data
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Table 4. SFI results for the River Murray since 2012

Site

EdwardWakool
Chowilla

Hattah Lakes

MURRAY

Gunbower–
Koondrook–
Perricoota

Barmah–Millewa
Forest

Catchment

Murray–Darling Basin Authority

SFI
12.5 GL/d for 70 days
16 GL/d for 98 days
25 GL/d for 42 days
35 GL/d for 30 days
50 GL/d for 21 days
60 GL/d for 14 days
15 GL/d for 150 days
16 GL/d for 90 days
20 GL/d for 60 days
30 GL/d for 60 days
40 GL/d for 60 days
20 GL/d for 150 days
1.5 ML/d for 180 days
5 ML/d for 60 days
5 ML/d for 120 days
18 ML/d for 28 days
30 ML/d for 21 days
40 GL/d for 60 days
50 GL/d for 60 days
70 GL/d for 30 days
85 GL/d for 30 days
120 GL/d for 14 days
150 GL/d for 7 days
20 GL/d for 60 days
40 GL/d for 30 days
40 GL/d for 90 days
60 GL/d for 60 days
80 GL/d for 30 days
100 GL/d for 21 days
125 GL/d for 7 days

2012 –
2013
1
1
1
0
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1

2013 –
2014
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2014 –
2015
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2015 –
2016
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2016 –
2017
1
1
1
1
1
1
0
1
1
0
0
0
0
1
0
1
1
1
0
0
0
0
0
1
0
0
0
0
0
1

2017 –
2018
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2018 –
2019
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Frequency
(1950 – 2019)
54%
32%
38%
35%
25%
22%
9%
32%
42%
26%
13%
7%
62%
42%
28%
25%
23%
30%
26%
25%
19%
12%
10%
43%
26%
14%
13%
9%
6%
48%

Frequency
(2012 – 2019)
57%
29%
29%
14%
14%
14%
0%
29%
29%
0%
0%
0%
0%
14%
0%
14%
14%
14%
0%
0%
0%
0%
0%
29%
0%
0%
0%
0%
0%
29%
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Question 2 — Extrapolated SFIs from Basin Plan modelling
Basin Plan SFIs are satisfied when a specific pattern of flow (generally, threshold and duration) is
achieved at a particular time of year. However, there is a strong correlation between annual inflow
volume and the probability that SFI conditions will be satisfied. Figure 16 shows the distribution of
successful and unsuccessful years for the 35,000 ML/d Barmah–Millewa SFI. As expected, the SFI is
more likely to be achieved in years with higher inflows. Also, due to flow regulation (i.e. public
storages) and extraction, SFI achievement is less common in the baseline scenario compared to the
without development scenario.

Figure 16. Distribution of years for the Barmah–Millewa 35,000 ML/d SFI against upstream annual inflow volume for
without development (blue points) and baseline (orange points) conditions

Question 3 — How do observed SFI results compare to Basin Plan modelling
after accounting for the progress of water recovery?
A summary of the results is given in Table 5 , noting that the description (increased, maintained,
decreased) is based on post-2012 observed flows compared to the baseline model scenario. The
findings are:
•
•
•

Freshes/bankfull flows have increased through most of the southern system.
Some floodplain outcomes (such as Barmah–Millewa Forest and in the Murrumbidgee) have
been maintained or increased.
Other floodplain outcomes have decreased.
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Table 5. Summarised outcomes based on SFI probabilistic analysis. The outcomes outline in red have been identified to be
strongly dependent on ongoing Basin Plan implementation activities such as constraint relaxation, supplementing
unregulated flows, and multi-catchment releases. Those outlined in grey were identified to be beyond flow regulating
capacity.

Interpretation
The purpose of this analysis was to allow a more refined comparison between observed SFI results
and those that were provided by 2012 Basin Plan modelling. This was achieved by scaling the Basin
Plan modelling SFI results based on inflows and ongoing HEW recovery since 2012.
The findings indicate that some of the lower-to-mid floodplain flows have declined since 2012,
despite ongoing Basin Plan implementation — notably, environmental water recovery and delivery.
Some of these results are expected and are a reflection of dry conditions where the ability to deliver
floodplain outcomes is very low and the focus is on maintaining critical habitats. Also, the only wet
year in the post-2012 climate has thus far been 2016–17. This wet period commenced with relatively
low storage levels and did not provide extended inflows (it was a short flow event), hence, spills and
subsequent downstream inundation would be towards the lower end of the anticipated outcomes.
Furthermore, those parts of the flow regime that have been categorised as ‘decreased’ are strongly
dependent on ongoing Basin Plan implementation activities such as constraint relaxation,
supplementing unregulated flows, and multi-catchment releases. Progress on these activities has
been mixed:
Supplementing unregulated flows (i.e. pre-requisite policy measures) and multi-catchment releases
have been progressively improving since 2012. Nevertheless, this progress does not mirror what was
represented in Basin Plan modelling. The model scenarios provided the environmental water holder
with weeks of foresight to order water against their entitlements, and these orders were given first
preference over other entitlement holders by the modelled river operators. This level of
environmental water coordination and prioritisation is unlikely to be achieved in practice (there
would be significant third-party impacts), hence, the red-box categories in A summary of the results
is given in Table 5 , noting that the description (increased, maintained, decreased) is based on post2012 observed flows compared to the baseline model scenario. The findings are:
•
•

Freshes/bankfull flows have increased through most of the southern system.
Some floodplain outcomes (such as Barmah–Millewa Forest and in the Murrumbidgee) have
been maintained or increased.
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•

Other floodplain outcomes have decreased.

Table 5 are unlikely to meet the Basin Plan modelling outcomes.
Constraints have not been relaxed compared to 2012. In fact, most constraints across the Southern
Basin have become more stringent compared to those that were in operation in the 2000s and in the
Basin Plan modelling. As an example, the 22,000 ML/d Yarrawonga Weir releases that were included
in the Basin Plan modelling are currently set at 15,000 ML/d in response to community concerns. This
strongly restricts the ability of environmental water holders to deliver water to the floodplains.
Since the Millennium drought, additional efficiencies in river operations have been introduced as
part of standard adaptive management, reducing unmanaged flows through the southern system.
The Basin Plan models from 2012 did not capture these management changes.
Furthermore, the SFI results in A summary of the results is given in Table 5 , noting that the
description (increased, maintained, decreased) is based on post-2012 observed flows compared to
the baseline model scenario. The findings are:
•
•
•

Freshes/bankfull flows have increased through most of the southern system.
Some floodplain outcomes (such as Barmah–Millewa Forest and in the Murrumbidgee) have
been maintained or increased.
Other floodplain outcomes have decreased.

Table 5 do not capture the floodplain benefits that have been achieved through the combination of
environmental water delivery and environmental works. This has allowed significant benefits to be
achieved along parts of the floodplain. Overall, the large-scale floodplain benefits anticipated by the
Basin Plan in 2012 have not yet been achieved, but environmental works are delivering benefits at
specific sites.
Overall, the findings of this work indicate that, due to a wide array of factors, the floodplain
outcomes anticipated in 2012 by Basin Plan modelling are not yet being achieved. Some of this
relates to ongoing implementation activities (such as constraints relaxation, water recovery and the
package of SDL adjustment measures). However, the climate since 2012 has also been a leading
factor. With only a single wet year, measurable changes in rainfall seasonality, record high
temperatures, and a record low drought in the Northern Basin (providing record low inflows to
Menindee Lakes), it is likely that the hydrology of the Basin has been substantially impacted by
climate change. This points to the need to adapt the Basin Plan and its subsidiary instruments in
coming years in response to anticipated future climatic changes.

Other Analysis
While all flow regime metric analysis completed is a condition assessment rather than Basin Plan
contribution assessment, further analysis has been undertaken to gain an understanding of what
statistical observations could be expected due directly to the Basin Plan under modelled conditions.
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Two model runs were utilised for this analysis; the model baseline run (845 – represents 2008/09
levels of development) and the model Basin Plan run (847 – represents 2008/09 levels of
development with 2800 GL water recovery). Model node locations being tested are taken from the
gauge sites selected for 2020 evaluation transmissions of flows metric (Appendix A). The data from
the model runs was annualised into water year and measured as a function of inflows at a catchment
basis (outflow/inflow).
A two-sample k-s test was used to assess the probability that the impacts of the BP could
theoretically be observed under modelled conditions in n years. Where n years is given by the years
from the Basin Plan implementation to the evaluation (7 for current evaluation and 12 for next
evaluation). By randomly selecting n years from model run 847 and comparing against 98 years of
baseline model run 845 with suitable inflow data, the two-sample k-s test gives a probability that the
null hypothesis should be rejected (a p-value). The test was rerun 100 times and the k-s p-values
were plotted. Results for Overall North and Overall South are in
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Appendix E.
Many assumptions were made to complete this analysis particularly as it was reliant entirely of
modelled time series. In reality, the Basin Plan is not yet fully implemented yet the 847 Basin Plan
model run represents a fully implemented Basin Plan. This analysis also does not represent a rigorous
application of a two-sample k-s test as the randomly sampled years from the Basin Plan model
scenario are also represented in the 98 years of baseline data. As such conclusions about the
effectiveness of the Basin Plan or condition of the Basin hydrology cannot be drawn from this
analysis.
The analysis does, however, explain the ability of such tests to detect the scale of change anticipated
under the Basin Plan. It informs the utility of cumulative probability distribution comparison as a
technique to overcome the analytical challenges facing evaluations of the Basin Plan; particularly
accounting for a highly variable climate.
This analysis shows that in some catchments, where the proportion of water to be recovered for the
environment is low, it is highly unlikely that changes due to the Basin Plan can be observed with
statistical analysis similar to the flow regime metric tests performed in this report.
This suggests further developed analytical techniques, case studies and counterfactual modelling will
be required to demonstrate the benefit of water recovery and more thoroughly evaluate the Basin
Plan.
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Results Summary
Table 6 summarises the condition analysis that utilised the quantitative result assessment matrix.
Table 6 shows a trend of the results being more positive and more certain in the southern Basin
compared to the North. Table 7 summarises the results of the site specific flow indicator analysis.
The outcomes for the lower and middle floodplain are strongly dependent on ongoing Basin Plan
implementation activities such as constraint relaxation, supplementing unregulated flows, and multicatchment releases. Those outlined in grey were identified to be beyond flow regulating capacity and
rely on large unregulated and unmanaged flow events.
Table 6. Flow regime elements condition assement results

Table 7. Summarised outcomes based on SFI analysis.
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Discussion
At the highest level, there are clear signs that there are positive changes in the Southern Basin.
However, results are mixed in the North. Implementation of the Basin Plan has been occurring
against the backdrop of unprecedented hot and largely dry climatic conditions (interspersed with the
odd median-to-wet period). Despite the difficult climate and relatively low water availability, there is
clear evidence the environmental water is having a positive impact on the hydrology of the Basin.
The need for the Plan to adapt to unanticipated climatic conditions is becoming increasingly pressing.
For most of the implementation period thus far, drought has impacted the Northern Basin
disproportionately. Some Northern Basin catchments showed a decreased transmission of flow ratio
despite water recovery (Condamine–Balonne and Namoi). These results warrant further investigation
of factors that may have caused reduced transmissions. It is likely that several factors are combining,
such as groundwater recharge rates, evapotranspiration, changes to land use, water use patterns,
etc. This proposed investigation aligns with the Interim Inspection General of Murray Darling Water
Resources recommendation for the MDBA to “undertake further analysis of the causes of reduced
inflows from the northern Basin […]” (Keelty, 2020). It is important to acknowledge that adverse
impacts of consecutive years of prolonged dry conditions on the flow regime hasn’t been studied or
accounted for in this analysis, and this is likely a leading contributing factor to the relatively low
transmission ratios for some Northern catchments.
Some Southern Basin catchments (Murrumbidgee, Goulburn-Broken, Campaspe and Loddon)
displayed an increase in transmission ratios (when using an observed baseline). These results are
likely to have been bolstered to some degree by recovery and delivery of water for the environment
Inter-Valley trade (IVT) and high levels of water in some storages leading into the post-Basin Plan
evaluation period may have also contributed to the results. IVT and storage level impacts should be
factored in to BPE 2025 analysis.
Cease-to-flow analysis undertaken during this evaluation shows that this metric has been largely
maintained since 2012; appearing counter-intuitive and possibly contradictory to previous findings.
Previous assessments have identified a decline in the low-to-zero flow regime of Northern Basin
catchments since the year 2000 (MDBA, 2018). Since the beginning of Basin Plan implementation in
2012, cease-to-flow behaviour appears to have been maintained to levels similar to the 2000-2012
period prior to the Basin Plan.
This result makes no judgement as to whether the cease-to-flow conditions since 2012 have been
‘acceptable’ or ‘sufficient’ — instead, it is purely a mathematical conclusion that the inflow-to-ceaseto-flow trend that was established prior to the Basin Plan has been maintained since 2012. The
frequency and length of cease-to-flow events in the Northern Basin are clearly having adverse
economic, environmental, social and First Nations’ outcomes and further work investigating trends
and causes of cease-to-flow behaviour in the Northern Basin is needed in this area to give a more
holistic picture.
Baseflow analysis for this evaluation was limited. Unlike other metrics, no climate context was
considered when examining the base flow index (BFI). The mostly maintained results indicate that
there has been limited change in the distribution and average of the BFI.
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Encouraging result were seen in the terminal wetlands metric, with increased flow to both the
Macquarie Marshes and Gwydir Wetlands when measured as a function of inflow. Both sites
received a number of watering events over the post-basin plan period.
Analysis of freshes showed mixed results, with some positive signs in the South. Of note in the
Northern Basin, the Namoi showed a decrease in the number of freshes relative to inflow. This result
has likely been influenced by the 2017/18 and 2018/19 water years, which were the two lowest years
of Namoi inflow on record. Every attempt has been made to use an appropriate baseline, however,
there are no years on record to which these results can be appropriately compared. These results
prompt consideration that there are fundamental changes in the Namoi catchment flow behaviour
that require investigation.
Analysis of SFIs suggests that sites further downstream are more highly impacted by the
implementation of the Basin Plan. Not all results are as strongly dependent on Basin Plan
implementation; with the Basin Plan having minimal impact on high floodplain inundation. Where
Basin Plan implementation has the strongest impact is in the low-to-mid floodplain, achieving
inundation is strongly dependent on constraint relaxation, supplementing unregulated flows, and
coordinated multi-catchment releases.
While new analytical techniques utilised in BPE 2020 have improved the evaluative process, there is
still much work to do before BPE 2025. The same challenge of limited data vs long term reform will
be present. Relevant to the hydrological component of BPE 2025, Basin Plan (2012) Schedule 7
(Appendix D) sets out long term targets to measure progress towards objectives, including
improvements (as opposed to no ‘degradation’) to the flow regime, where the improvements are
measured by progress towards natural flow regimes.
The long-term target in the legislation assumes a fully implemented Basin Plan post 1 July 2019,
however, the Basin Plan is still in the process of being implemented. Consideration needs to be given
to what outcomes are expected when factoring in implementation delays and anthropogenic
changes (water recovery, constraints, SDLAM, climate, etc.). Impacts of consecutive dry years are
another factor that has not been explored in this analysis.
Significant progress was made on analysis of the flow regimes. There is scope to further analyse flow
components once the MDBA’s environmental water requirement (EWR) database is accessible. Using
this database for flow component thresholds provides greater consistency than threshold data from
many different sources and allows for better alignment to the Schedule 7 requirement of flow
components set out in paragraph 8.51(1)(b). Investigation of flow duration and seasonality adds
value.
The evaluative process highlighted the need for more meaningful indicators. The use of EWRs will go
some way to providing a solution, work is also progressing on the CSIRO ecosystem functions project
and Water and Environment Research Program (WERP) (Australian Government , 2020).
The Integrated River System Modelling Framework has not undergone a basin wide update since
2011, however individual models have. The MDBA should investigate the possibility of coordinating
with State model owners to use updated model inflow data which is calibrated to local catchments as
an alternative to AWRA-L runoff data. The benefits of access to State models extend beyond more
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accurate inflow data. Analysis undertaken to gain an understanding of what statistical observations
could be expected due to the Basin Plan under modelled conditions highlighted that not all
catchments will show statistically significant results. Counterfactual modelling is a useful line of
evidence.
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Appendix A
Table 8 - Flow Gauges utilized for flow regime analysis

Metric

Catchment/Region

Cease to Flow

Barwon-Darling*

425007 DARLING@BURTUNDY

Barwon-Darling*

422001 BARWON @ DANGAR BDGE

Barwon-Darling*

422003 BARWON @COLLARENEBRI

Barwon-Darling*

422004 BARWON @ MOGIL MOGIL

Barwon-Darling*

425004 DARLING@LOUTH

Lower Darling*

425008 DARLING@WILC. MAIN C

Lower Darling*

425018 TALYAWALKA@BARR HW

Border Rivers

416001 BARWON R @ MUNGINDI

Border Rivers

416052 GIL GIL @ GALLOWAY

Condamine-Balonne

422006 CULGOA@D/S COLLERINA

Gwydir

418055 MEHI NR COLLARENEBRI

Loddon

407205 LODDON @ APPIN STH

Macquarie-Castlereagh

421011 MARTHAGUY @ CARINDA

Macquarie-Castlereagh

421012 MACQUARIE @ CARINDA

Macquarie-Castlereagh

421023 BOGAN @ GONGOLGON

Moonie

417001 MOONIE @ GUNDABLOUIE

Namoi

419026 NAMOI @ GOANGRA

Namoi

419049 PIAN CK @ WAMINDA

Paroo

424002 PAROO @ WILLARA XING

Warrego

423001 WARREGO@FORDS BRIDGE

Wimmera-Avoca

415246 WIMMERA @ LOCHIEL

Barwon-Darling*

425003 DARLING@BOURKE TOWN

Border Rivers

416001 BARWON R @ MUNGINDI

Flow Thresholds
and Baseflows

Murray–Darling Basin Authority

Gauge
Number

Gauge Name

The 2020 Basin Plan Evaluation, Hydrological analysis evidence report

41

Metric

Catchment/Region

Gauge
Number

Campaspe

406202 CAMPASPE - ROCHESTER

Condamine-Balonne

422015 CULGOA @ BRENDA

Goulburn-Broken

405232 GOULBURB R MCCOYS BR

Gwydir

418004 GWYDIR @ YARRAMAN BD

Loddon

407202 LODDON @ KERANG

Lower Darling*

425012 DARLING@U/S WEIR 32

Macquarie-Castlereagh

421090, MACQ @D/S MAREBONE W
421088

Murray**

409025 MURRAY @ YARRAWONGA

Murray**

425010 MURRAY@L10 WENTWORTH

Murrumbidgee

410005 M/BIDGEE NARRANDERA

Namoi

419021 NAMOI @ BUGILBONE

Warrego
Terminal wetlands

Transmissions

423202C

Warrego_R Cunnamulla

Condamine-Balonne

422016 NARRAN @ WILBY WILBY

Gwydir

418004 GWYDIR @ YARRAMAN BD

Lachlan

412005 LACHLAN @ BOOLIGAL

Macquarie-Castlereagh

421088, MAREBONE BRK@D/S REG,
421090 MACQ @D/S MAREBONE W

Murrumbidgee

410040 M/BIDGEE D/S MAUDE W

Wimmera-Avoca

415246 WIMMERA @ LOCHIEL

Whole of System

A4260903 R Murray ds Lock 1

Border Rivers

Murray–Darling Basin Authority

Gauge Name

416001

BARWON R @ MUNGINDI

Campaspe

406202 CAMPASPE – ROCHESTER

Condamine-Balonne

422006, CULGOA@D/S COLLERINA,
422005 BOKHARA RIVER AT BOKHARA
(GOODWINS)

Goulburn-Broken

405232 GOULBURB R MCCOYS BR

Gwydir

418055 MEHI NR COLLARENEBRI

The 2020 Basin Plan Evaluation, Hydrological analysis evidence report

42

Metric

Catchment/Region

Gauge
Number

Gauge Name

Lachlan

412005 LACHLAN @ BOOLIGAL

Loddon

407205 LODDON @ APPIN STH

Macquarie-Castlereagh

421012, MACQUARIE @ CARINDA,
421011 MARTHAGUY CREEK AT
CARINDA

Moonie

417001 MOONIE @ GUNDABLOUIE

Murrumbidgee

410130 M/BIDGEE D/S BALRAND

Namoi

419026 NAMOI @ GOANGRA

Ovens

403200 OVENS @ WANGARATTA

Overall North*

425008 DARLING@WILC. MAIN C

Overall South**

414203 MURRAY @ EUSTON

Paroo

424002 PAROO @ WILLARA XING

Warrego

423001, WARREGO@FORDS BRIDGE,
423002 WARREGO RIVER AT FORDS
BRIDGE BYWASH

Wimmera-Avoca

415246 WIMMERA @ LOCHIEL

*Used Northern Basin catchment area for inflows
**Used Southern Basin catchment area for inflows
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Appendix B
Site specific Freshes
Gauges used in the assessment of Freshes were selected based on the availability of relevant
information about ecologically significant flow thresholds and previous use in the development of
the Basin Plan, details of which are shown in the table below. As detailed in the source
documentation, previous applications have considered data integrity availability in site selection so
the same list of sites was utilised for the baseflow assessment.
Table 9 - Flow Threshold information

Catchment/Region

Gauge
Number

Gauge Name

Campaspe

406202 CAMPASPE ROCHESTER

Condamine-Balonne

Fresh
Threshold
(ML/day)

Source

100

Campaspe River
Environmental
FLOWS Assessment
(SKM, 2006)

422015 CULGOA @ BRENDA

1000

Hydrologic
Modelling for the
Northern Basin
Review (MDBA,
2017)

Namoi

419021 NAMOI @ BUGILBONE

1800

Environmental
outcomes of
the Northern Basin
Review (MDBA,
2016)

Murray

425010 MURRAY@L10
WENTWORTH

20000

Assessment of
environmental
water
requirements for
the
proposed Basin
Plan:
Lower River Murray
(MBDA, 2012)

Gwydir

418004 GWYDIR @
YARRAMAN BD

540

Gwydir Long Term
Water Plan
Part B: Gwydir
planning units
(DPIE, 2020)

Loddon

407202 LODDON @ KERANG

400

Review of
environmental flow
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Catchment/Region

Gauge
Number

Gauge Name

Fresh
Threshold
(ML/day)

Source

requirements for
the Lower Loddon
River (SKM, 2010)
Border Rivers

416001 BARWON R @
MUNGINDI

4000

The proposed
‘environmentally
sustainable level of
take’
for surface water of
the
Murray–Darling
Basin (MDBA,
2011)

Murrumbidgee

410005 M/BIDGEE
NARRANDERA

4000

Murrumbidgee
Long Term Water
Plan Part B:
Murrumbidgee
planning units
(OEH, 2019)

Goulburn-Broken

405232 GOULBURB R MCCOYS
BR

5000

The proposed
‘environmentally
sustainable level of
take’
for surface water of
the
Murray–Darling
Basin (MDBA,
2011)

Barwon-Darling

425003 DARLING@BOURKE
TOWN

6000

Hydrologic
Modelling for the
Northern Basin
Review (MDBA,
2017)

Lower Darling

425012 DARLING@U/S WEIR
32

7000

The proposed
‘environmentally
sustainable level of
take’
for surface water of
the
Murray–Darling
Basin (MDBA,
2011)
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Catchment/Region

Murray

Warrego

Murray–Darling Basin Authority

Gauge
Number

Gauge Name

409025 MURRAY @
YARRAWONGA

423202CO Warrego_R
Cunnamulla

Fresh
Threshold
(ML/day)

Source

7000

Murray−Lower
Darling Long Term
Water Plan
Part B:
Murray−Lower
Darling planning
units (DPIE, 2019)

968

Water Resource
(Warrego,
Paroo, Bulloo and
Nebine)
Plan 2016
(Queensland, 2016)
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Appendix C

Figure 17. Matter 9.3 Reporting Process
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Appendix D

Figure 18. Schedule 7 of the Basin Plan (2012)
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Appendix E
Figure 19 shows that in the southern Basin a test based on comparison of cumulative probability
distributions (k-s Test) is highly likely to be able to confidently detect (i.e. a p-value < 0.1) the scale of
change anticipated under the Basin Plan with sample periods of both 7 and 12 years (i.e. a p-value <
0.1).

Figure 19. Southern Basin k-s values for random samples of Basin Plan model scenairo years compared to the baseline (preBasin Plan) model scenairo

Figure 20 Figure 19. Southern Basin shows that in the Northern Basin, a test based on comparison of
cumulative probability distributions (k-s Test) is highly unlikely to be able to confidently detect the
scale of change anticipated under the Basin Plan with sample periods of both 7 and 12 years (i.e. a pvalue < 0.1).
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Figure 20. Northern Basin k-s values for random samples of Basin Plan model scenairo years compared to the baseline (preBasin Plan) model scenairo
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Appendix F
Investigating seasonality for the 2020 Basin Plan Evaluation
Most of the Murray–Darling Basin is arid or semi-arid, and rainfall varies greatly from year to year. It
has the most varied river flows of any similarly sized river system in the world, with long droughts
often broken by large rainfall events and floods. Water inflows vary greatly between the north and
south. The sheer size of the Basin, coupled with a high evaporation rate (94% of rainfall in the Basin is
lost to evaporation), means that heavy rainfall in upland areas does not always reach downstream
areas. The river flow is therefore highly variable, both inter-annually and intra-annually, and seasonal
patterns and changes are difficult to evaluate.
An assessment of seasonality is new for the MDBA, and the ecologically significant changes in
seasonality is poorly understood at both the Basin or catchment scale. Several methods have been
developed to analyse changes in seasonality and variability, however, many of these are open to
interpretation. Although changes to seasonality can be highlighted, determining the direction,
magnitude and implications of change is less certain.
In November 2019, a climate weighted seasonality metric, the Seasonality Ratio (detailed below) was
taken to the Eco-hydrology Community of Practice (COP).
Feedback from the COP included advice to:
•
•
•
•
•

Assess the ratio of the wettest to driest month to capture the in-year variability
Consider looking at the change in timing of driest and wettest months
Consider use of box plots and/or colour coding for climate to help interpret results
Define the wet/dry season rather than winter +spring and summer +autumn
Find a more ecologically meaningful method

This feedback led to the development of other methods, listed below. However, none of these
methods adequately demonstrate the extent of change to seasonality. In addition to plotting and
visually comparing hydrographs, the following methods were developed:
•
•
•

In-year variability ratio (wettest month/driest month)
Timing of the highest flow month, and
Timing of the lowest flow month

Each of the above have been applied to the whole modelled dataset, in addition to each climate
category, and post Basin Plan observed data, at 7 sites:
•
•
•
•
•
•
•

Murrumbidgee @ D/S Balranald Weir - 410130
Goulburn @ McCoys Bridge – 405232
Murray @ D/S Yarrawonga – 409025
Lachlan @ Booligal Weir - 421005
Gwydir @ Yarraman bridge - 418004
Namoi @ Bugilbone - 419021
Macquarie River @ D/S Marebone Weir – 421090
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The Seasonality Ratio
The seasonality ratio (SR) provides a means to compare the average observed flows in 2 seasons
(winter-spring and summer-autumn) since the Basin Plan, to modelled long term average flows in
those 2 seasons. The models used were the without development model (run 844) and Baseline
model (run 845).
The ratio is a number that can be compared, but it does not tell us anything about the seasonal
pattern (see Figure 1). Comparing the SR of the post Basin Plan observed data to the SR of the model
runs demonstrates that change has occurred, however, it does not show the direction or implications
of the change. For example, Figure 1 shows that in the Murray @ Flow to SA, the post Basin Plan
observed flows had a ratio between the without development model run, and the Baseline model
run. This may suggest that the seasonality post Basin Plan is improving. However, as we do not know
exactly what has changed, we do not know that it is an improvement to this component of the flow
regime. It may now have a more/less variable monthly flow pattern overall or a change to the
months which contain the most or least flow, etc. Therefore, the SR cannot be used to ascertain
causation, nor likely ecological impacts.

To determine the Seasonality Ratio
The seasonality ratio (SR) uses the sum of the mean flow of each of the winter and spring months
divided by the sum of the mean flow of each of the summer and autumn months for the entire
dataset. It compares the observed data to 114 years of modelled data.
To determine the SR of the data (in this case do this for post BP observed, WOD 844 and Baseline
845) in each catchment:
•
•
•
•

Find the average flow for each month
Sum for winter spring months
Sum for summer autumn months
Divide winter-spring by summer-autumn = this is the SR.

Climate weighted Seasonality Ratio
A climate weighted Seasonality Ratio (CwSR) can also be determined for each of the model runs
(Figure 2). Rather than comparing the observed data to the entire long term average data used for
the model runs, it breaks the annual modelled data up into 5 climate categories (Very Dry, Dry,
Average, Wet, and Very Wet), by applying the climate categorisation matrix. A SR can then be
determined for each category (SRc). Applying the same climate sequence to the model data as
occurred in the observed data allows a comparison with the averages from years that were
climatically similar.
To determine the climate weighted Seasonality Ratio (CwSR) for each site:
•
•

Calculate the SR for the observed water years (2012-2018)
Determine the climate sequence of post Basin Plan observed water years (2012-2018) using
the climate categorisation matrix (See Table 1, the climate category column determines the
climate sequence).
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•
•

Use the climate category for each observed water year to determine the SRc for each model
run
Determine the average of the SRc in this climate sequence, for each model run to ascertain
the climate weighted seasonality ratio (CwSR).

The percentage change of the post Basin Plan observed years to the climate weighted baseline can
then be determined.
Table 10 - Example of determining the climate sequence and climate weighted seasonality ratio
water year

Climate category

Baseline SRc

Without
development SRc

2012

Average

2.13

1.94

2013

Average

2.13

1.94

2014

Dry

1.54

2.39

2015

Average

2.13

1.94

2016

Very Wet

2.34

1.81

2017

Average

2.13

1.9

2018

Very Dry

1.00

2.08

13.39

14.06

1.91

2.01

total =
/ 7 years = CwSR

Results
Seasonality Ratio results for each of the 7 sites across the Basin can be seen in Table 2 and Figure 1
below. The SR at the Goulburn site shows a substantial difference when compared to the Climate
weighted Seasonality Ratio (Table 3 and Figure 2) where the baseline has changed from a decline of
43.62 % to an increase of 15.14%.
Table 11 - Seasonality Ratios for each of the assessed sites
Seasonality
Ratio

Goulburn
@ McCoys
Bridge

Murray @
Yarrawong
a

Murrumbid
gee @
Balranald

Murray @
Flow to SA

Lachlan @
Booligal
Weir

Gwydir @
Yarraman

Namoi @
Bugilbone

Macquarie
@ DS
Marebone
Weir

Baseline
845

4.12

1.98

3.72

2.13

2.95

0.89

1.08

1.81

Post BP SR

2.32

1.90

3.36

1.60

1.39

1.01

3.14

2.67

WoD 844

3.40

2.50

1.74

1.19

1.67

0.76

0.81

1.45

% change
from
Baseline

-43.62

-3.74

-9.53

-24.80

-52.81

12.95

190.58

47.51
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Table 12 - Climate weighted Seasonality Ratios for each of the assessed sites
Seasonalit
y Ratio

Goulburn
@ McCoys
Bridge

Murray @
Yarrawon
ga

Murrumbi
dgee @
Balranald

Murray @
Flow to
SA

Lachlan @
Booligal
Weir

Gwydir @
Yarraman

Namoi @
Bugilbone

Macquari
e @ DS
Marebone
Weir

Baseline
845

4.11

3.69

3.19

2.01

2.83

1.33

1.17

2.23

Post BP SR

2.32

1.90

3.36

1.60

1.39

1.01

3.14

2.67

WoD 844

2.02

1.73

4.14

1.91

2.64

0.94

1.01

1.75

% change
from
Baseline

15.14

9.76

-18.77

-16.26

-47.30

7.09

211.97

52.26

Figure 1. Seasonality ratios across the Basin
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Figure 2. Climate weighted seasonality ratio
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Appendix G
Investigating overbank analysis for the 2020 Basin Plan Evaluation
Overbank events occur after a river reaches bankfull and flow stands to spill out onto the floodplain.
In many catchments these events only occur in years where a region receives large amounts of
inflow. Overbank events are a significant part of maintaining a connected ecosystem, they enable
carbon, sediment and nutrients to cycle through the system and trigger breeding events in several
aquatic and non-aquatic species.
The thresholds used for overbank analysis were derived from an informal literature review and
internal satellite imagery analysis. Due to the mixed data sources there is no consistent methodology
for how the threshold of bankfull/overbank was measured.
Table 13 - Bankfull/Overbank Threshold information

Catchment/Region

Gauge
Number

Gauge Name

Bankfull/Overbank
Threshold (ML/day)

Source

Warrego

423203A

Wyandra

16000

Satellite imagery
showing possible
breakout
>15,000ML/d.

Condamine–Balonne

422015

Brenda on
Culgoa

9200

SFI targeting
'lateral
connectivity' to
the riparian zone

Border Rivers

416001

Mungindi

9488

Assessment of
environmental
water
requirements for
the proposed
Basin Plan:
Lower Border
Rivers

Gwydir

418004

Yarraman
Bridge

2000

LTWP Part B

Bugilbone

6700

Satellite imagery
showing possible
breakout
>6,700ML/d.

Marebone
Break

4000

LTWP Part B

Namoi
419021

Macquarie–
Castlereagh

Murray–Darling Basin Authority

421088
and 421090

The 2020 Basin Plan Evaluation, Hydrological analysis evidence report

56

Catchment/Region

Gauge
Number

Macquarie–
Castlereagh
Barwon–Darling
Lachlan

421004

425003
421005

Gauge Name

Bankfull/Overbank
Threshold (ML/day)

Source

Warren Weir

12000

LTWP Part B

Bourke

30000

Northern Basin
Review

Booligal Weir

850

SFI rate to
maintain 80% of
current extent of
RRG in good
condition

Murrumbidgee

410005

Narrandera

27,000

LTWP Part B

Lower Darling

425012

Weir 32

14000

Constraints limit

Goulburn–Broken

405232

McCoys
Bridge

20000

Constraints limit

Murray

425010

Wentworth
(lock 10)

60000

Consistent with
Chowilla
overbank flow

Murray

409025

D/S
Yarrawonga

10,600

LTWP Part B

Climate weighted Analysis
Runoff data provided by BoM’S ARWA-L model was used to catagorise each catchment into years of
Very Dry, Dry, Average, Wet, and Very Wet conditions (10%, 15%, 50%, 15%, 15% of years
respectively). Not every catchment in the basin experienced a Wet or Very Wet year since 2012. No
catchment experienced more than one single wet or very wet year. As a result of only having a single
datapoint to analyse for the post-Basin Plan population, this analysis is not statistically significant. For
this reason, the overbank results were excluded from the main body of flow regime analysis quite
early in the evaluative process and did not undergo statistical testing.
Due to this early exclusion, the observed baseline was based on gauge data available, rather than the
standard 1994 observed baseline used in other analysis outlined in this report. For each year and
each site, a count of days per year over the thresholds given in Table 13 was performed. This count
was used to form boxplots from baseline data (both model and observed). Post-Basin Plan days/year
over the overbank flow threshold were overlaid on the box plots as shown in Figure 21.

Murray–Darling Basin Authority

The 2020 Basin Plan Evaluation, Hydrological analysis evidence report

57

Days per year over the overbank flow threshold

Kerang Weir Overbank Analysis
140
120
100
80
60
40
20
0
Very Dry

Dry

Average

Wet

Very Wet

Figure 21 – Overbanks Analysis at Kerang Weir using observed baseline back to 1953. Example of Degraded Result

Overbank Results
In analysing results, only years that fell into either ‘Wet’ or ‘Very Wet’ categories were selected.
Where the post-basin plan year fell into the bottom quartile or below, results were considered
‘Degraded’. If the post-basin plan year fell into the 25-75% range, this was considered to be
‘Maintained’. ‘Improved’ results were given if the post-basin plan year was in the top quartile or
above. Noting the extreme limitations of only having a single point of data, results are given in Table
14 (Northern Basin Results) and Table 15 (Southern Basin results) below.
Table 14 - Northern Basin Bankfull/Overbank Results

Gauge name Catchment/Region

Number
of Wet/
Very Wet
years

Model Result

Observed
Results

Bourke

Barwon-Darling

0

N/A

N/A

Mungindi

Border Rivers

1

Maintained

Improved

Brenda on
Culgoa

Condamine-Balonne

1

Degraded

Degraded

Yarraman
Bridge

Gwydir

0

N/A

N/A

Marebone
Break

MacquarieCastlereagh

1

Maintained

Improved
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Gauge name Catchment/Region

Number
of Wet/
Very Wet
years

Model Result

Observed
Results

Warren
Weir

Macquarie–
Castlereagh

1

Maintained

N/A
(date>2004)

Bugilbone

Namoi

0

N/A

N/A

Wyandra

Warrego

0

N/A

N/A

Number
of Wet/
Very Wet
years

Model
Result

Observed
Results

Table 15 - Southern Basin Overbank/Bankfull Results

Gauge name

Catchment/Region

Rochester

Campaspe

1

Degraded

Degraded

McCoys
Bridge

Goulburn-Broken

0

N/A

N/A

Booligal Weir

Lachlan

1

Degraded

Maintained

Kerang Weir

Loddon

1

Degraded

Degraded

Wentworth
(lock 10)

Murray

1

Degraded

Degraded

D/S
Yarrawonga

Murray

1

Degraded

Degraded

Narrandera

Murrumbidgee

1

Improved

Maintained

Weir 32

Lower Darling

0

N/A

N/A
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Office locations
Adelaide
Albury-Wodonga
Canberra
Goondiwindi
Griffith
Mildura
Murray Bridge
Toowoomba

mdba.gov.au

1800 230 067

engagement@mdba.gov.au

