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[bookmark: _Toc455385169][bookmark: _Toc465086942][bookmark: _Toc492291078]Introduction
[bookmark: _Toc455385170][bookmark: _Toc465086943][bookmark: _Toc492291079]Background
[bookmark: _Toc455385171]The management of Commonwealth environmental water is one of the principal means by which the Australian Government seeks to achieve the Basin Plan environmental objectives. The Commonwealth Environmental Water Holder (CEWH) manages Commonwealth environmental water to achieve specified environmental outcomes through a series of watering actions every year. 
This report seeks to evaluate the hydrological outcomes of the CEWH decisions on two Basin Plan objectives. Specifically, it aims to evaluate whether there is no loss of, or degradation in, the following:
(a) flow regimes, which include relevant flow components set out in the Basin Plan (Section 8.51(1)(b))

(b) hydrological connectivity between the river and floodplain and between hydrologically connected valleys.
Over the course of the Long Term Intervention Monitoring (LTIM) Project, it is envisaged that the capacity to evaluate hydrological outcomes will increase to enable inclusion of all the Murray–Darling Basin’s major river valleys and to consider the effects of both individual watering actions and the transfer of water from consumptive use to environmental use on flow regimes. 
The Hydrology evaluation underpins the evaluation of ecological outcomes by the other ecological indicators that are evaluated at the Basin scale (called ‘Basin Matters’: Fish, Vegetation Diversity, Ecosystem Diversity, Stream Metabolism and Water Quality, and Generic Diversity). This is a three-step process:
1. Identify flow outcomes to support evaluation of Commonwealth environmental water effects on flow regime.

2. Identify resultant hydraulic outcomes to enable evaluation of whether environmental flow management achieved the expected hydraulic and connectivity outcomes. This takes the form of inundation mapping across the Basin.

3. The hydraulic outcomes are then used to evaluate the environmental outcomes and, over time, improve our understanding of environmental water requirements.
This evaluation of the effect of Commonwealth environmental water delivery on flow regime is a collaborative undertaking by the Commonwealth Environmental Water Office (CEWO) and the Murray–Darling Freshwater Research Centre (MDFRC). The CEWO coordinates compilation of operational data to characterise Commonwealth environmental water delivery. The MDFRC and its collaborators undertake the analysis and interpretation of these data to evaluate Basin-scale hydrological outcomes. 
[bookmark: _Toc492291080]Context
This report provides an evaluation of the contribution of Commonwealth environmental water to flow regimes and hydrological connectivity across the Basin. The evaluation focuses on the 2015–16 watering year, with a limited evaluation of the cumulative outcomes achieved over the period 1 July 2014 to 30 June 2016 in the valleys of the Basin where Commonwealth environmental water was delivered. 
This evaluation is one component of the broader LTIM Project for the CEWH, which seeks to evaluate the ecological outcomes of the management of Commonwealth environmental water and its contribution to the environmental objectives of the Basin Plan. These hydrological outcomes are specifically targeted in the Basin-wide Environmental Watering Strategy and Annual Environmental Watering Priorities. Hydrological outcomes also inform the broader evaluation of biodiversity, ecosystem function and resilience at the Basin scale. The report does refer to specific outcomes within individual valleys but only where these contribute important information to the Basin-wide outcomes. The report does not attempt a systematic account of outcomes at the valley scale (this is the intent of the Valley Report Cards – Annex A), nor does it focus on specific Selected Areas (this is the purpose of the Selected Area reports). 
[bookmark: _Toc465086947][bookmark: _Toc455385174]

[bookmark: _Toc492291081]Methods 
[bookmark: _Toc492291082][bookmark: _Toc455385175][bookmark: _Toc465086948]Scale of evaluation
This evaluation assesses the hydrological outputs of Commonwealth environmental water use at the levels of sites, valleys and the Basin. The valleys used for the LTIM Project Basin-scale hydrological assessment are adapted from the Murray–Darling Basin Sustainable Rivers Audit valley boundaries (Figure 1). These valley boundaries were the most closely aligned with regions targeted for environmental flow delivery. Note that the regulated portion of the River Murray is divided at Lake Victoria into the Central Murray Valley, extending from Hume Dam to Lock 10 (upstream of Lake Victoria); and the Lower Murray Valley, extending from Lake Victoria to the upstream extent of the Lower Lakes.
Site-based reports are provided in the Valley Report Cards (Annex A). Although the Basin comprises a total of 25 valleys (Figure 1), valley-based reporting is only provided for 16 valleys (Table 1) where environmental water was delivered. Hydrological outputs are synthesised at the Basin scale in this report. 
This evaluation has two parts: (1) the contribution of Commonwealth environmental water to flow regimes; and (2) the contribution of Commonwealth environmental water to connectivity. 
[image: ]
[bookmark: _Toc483227221][bookmark: _Toc492291134]Figure 1. Valleys assessed in the 2015–16 hydrological evaluation of Commonwealth environmental water.
[bookmark: _Toc492291083]Data sources for evaluating contribution to flow regimes
The contribution of Commonwealth environmental water to flow regimes in the Basin is primarily evaluated using streamflow for the 2015–16 watering year. Estimates of the contribution of Commonwealth environmental water were calculated at 111 streamflow sites across 16 valleys within Basin (Table 1). The evaluation of flow regimes is based on a comparison of streamflows recorded at these sites during the 2015–16 year (actual case) with streamflows that would have occurred in the absence of the Commonwealth environmental water program (baseline case). Of the sites where Commonwealth environmental water was delivered, 97 were evaluated to produce flow regime scores.
[bookmark: _Ref352312263][bookmark: _Toc455385176][bookmark: _Toc465086949]
[bookmark: _Ref352313104][bookmark: _Toc492291126]Table 1. The contribution of Commonwealth environmental water was estimated at 111streamflow sites across 16 valleys in 2015–16. The names of streamflow sites, the baseline modelling approach and number of sites within each valley is also reported.
	No.
	Valley name
	Site count
	Site name
	Baseline modelling approach
	Data owner or provider

	1
	Border Rivers
	3
	Goondiwindi, Farnbro, Flinton
	Point derived
	CEWO

	2
	Broken
	4
	Rices Weir, Caseys Weir, Wagarandall, BackCk
	Water accounting 
	GMW

	3
	Campaspe
	3
	Barnadown, Rochester, Eppalock
	Water accounting 
	GMW

	4
	Central Murray
	11
	Doctors, Corowa, Barmah, Yarrawonga, Tocumwal, Torrumbarry, Barham, Swan Hill, Wakool, Euston, Lock 10
	Water planning 
	MDBA

	5
	Condamine–Balonne
	2
	Roseleigh, St George
	Point derived
	CEWO

	6
	Edward–Wakool
	10
	Gee Gee Bridge, Deniliquin, Yallakool Offtake, Colligen Offtake, Tuppal, Niemur R at Barham Rd, Wakool R at Barham Rd, Niemur R at Mallan School, Wakool at offtake regulator, Wakool at Coonamit
	Water accounting 
	Water NSW

	7
	Goulburn
	4
	Murchison, Trawool, Eildon, McCoys
	Water accounting 
	GMW

	8
	Gwydir
	22
	Pallamallawa, Moree, Yarraman, Carole Offtake, Pinegrove, Gravesend, Copeton, Boolooroo, Combadello, Tareelaroi, Mehi Offtake, Mallowa, Garah, Tyreel, Gingham Diversion, Brageen, Millewa, Allambie, Midkin, Ballin Boora, Gundare, Bronte
	Water accounting 
	Water NSW

	9
	Lachlan
	12
	Cowra, Forbes, Condobolin, Cargelligo, Jemalong, Willandra, Brewster, Nanami, Hillston, Whealbah, Booligal, Merrimajeel
	Water accounting 
	Water NSW

	10
	Loddon
	6
	Laanecoorie, Cairn Curran, Loddon, Serpentine, Tullaroop, Appin South
	Water accounting 
	GMW or provider

	11
	Lower Murray
	9
	SA Border1, Lock 61, Lock 51, Lock 41, Lock 31, Lock 21, Lock 11, Wellington1, Barrages2
	1Water planning
2Water accounting 
	MDBA1
CEWO2

	12
	Macquarie
	6
	Dubbo, Warren, GinGin, Burrendong, Marebone, Baroona
	Water accounting 
	Water NSW

	13
	Murrumbidgee
	12
	Wagga, Gundagai, Narrandera, Yanco Offtake, Darlington, Berembed, Maude, Redbank, Carrathool, Gogelderie, Balranald, Hay
	Water accounting 
	Water NSW

	14
	Ovens
	4
	Buffalo, King, Peechelba, Wangaratta
	Water accounting 
	GMW

	15
	Barwon–Darling 
	2
	Louth, Collarenebri 
	Point derived
	CEWO

	16
	Warrego
	1
	Cunnamulla
	Point derived
	CEWO

	
	Total
	111
	
	
	


Note: CEWO = Commonwealth Environmental Water Office; GMW = Goulburn–Murray Water; 
MDBA = Murray–Darling Basin Authority; SA DEWNR = South Australian Department of Environment Water and Natural Resources.
[bookmark: _Toc492291084]Observations of streamflows
Recorded streamflows were available online at the respective jurisdictional websites (Table 2). It was assumed that the minimum requirements set by the International Organization for Standardization (ISO) standard (ICS.17.120:20) for flow measurement in open channels had been met by the custodians of the streamflow sites, so we provided no further assessment of data quality other than checking for complete records.

[bookmark: _Ref352312252][bookmark: _Toc455385248][bookmark: _Toc465086996][bookmark: _Toc492291127]Table 2. Websites used to source discharge data for 111 streamflow sites in the Murray–Darling Basin.
	Jurisdiction
	Water monitoring website

	New South Wales
	http://waterinfo.nsw.gov.au

	South Australia
	https://www.waterconnect.sa.gov.au

	Queensland
	https://water-monitoring.information.qld.gov.au

	Victoria
	http://data.water.vic.gov.au/monitoring.htm



[bookmark: _Toc492291085]Baseline hydrology scenarios
The evaluation was based on a comparison of observed hydrology (i.e. daily streamflow time series for the 2015–16 watering year) with baseline hydrology represented by daily streamflows for the 2015–16 year in the absence of Commonwealth environmental water. In most cases, the baseline hydrology was estimated as actual flows minus flows delivered from an environmental water entitlement. However, in cases where the baseline was calculated using the water planning model method (described below), a further adjustment was made so that the baseline hydrology represented streamflows that would have occurred in the 2015–16 year if the Commonwealth water portfolio had never been procured (i.e. agricultural water entitlements resemble those before establishment of the Commonwealth environmental water program). This latter case allows evaluation of the combined consequences of the Commonwealth environmental water recovery and delivery program. In the future, we hope to work with data providers to extend the water planning model approach (see below) to more sites.
Baseline hydrology for the 2015–16 year was derived by several agencies (Table 1) using one of the following three approaches: water accounting model; water planning model; and point derivation.
1. Water accounting model: This approach is based on a mass balance of water in river reaches between streamflow sites with a fixed lag time to allow for travel times as well as estimates of losses and gains. Operators enter known factors, such as water orders and water taken, and use empirical data, such as actual unaccounted differences and meteorological data, to calculate saleable components of flow at nominated streamflow sites. Based on these data, the data provider estimates the Commonwealth environmental water and non–Commonwealth environmental water components of the observed time series. The baseline scenario is derived by subtracting the environmental water component from the observed hydrograph at the streamflow gauge. This approach is used by river operators (Goulburn–Murray Water (GMW) and WaterNSW) to provide baseline streamflow series in the Victorian tributaries (Goulburn, Broken, Campaspe, Loddon, Ovens) and regulated valleys of New South Wales (NSW) (Murrumbidgee, Lachlan, Macquarie, Gwydir, Edward–Wakool). 

This approach is used to provide the time series of environmental water provided by the CEWH and non–Commonwealth environmental water holders separately.

2. Water planning model: The method was developed by the Murray–Darling Basin Authority (MDBA) and applied in the River Murray. In this method, two scenarios were modelled using the MSM-BigMod modelling suite; ‘modelled pre-buyback’ and ‘modelled actual’, for the period between July 2015 and June 2016. The initial conditions of the model were based on the 2014–15 model run. The difference between the two model runs measured the impact of environmental water recovery and use during 2015–16. The ‘modelled actual’ flow differs from the actual observed flow at streamflow gauges because of model error. To avoid artefacts associated with this error, we recalculated the ‘pre-buyback’ case by subtracting the difference (i.e. the modelled actual minus the modelled pre-buyback flows) from the actual observed flows. The resulting flow series is used as the baseline. In this model, the total environmental water entitlement is treated as a single component and there is no separate treatment of Commonwealth environmental water and non–Commonwealth environmental water.
 
3. Point derivation: This method was developed in-house by the CEWO and applies to the unregulated valleys of NSW and Queensland (Border Rivers, and Condamine–Balonne, Warrego and Upper Darling rivers). The CEWO monitors real-time river data to detect when access to Commonwealth unregulated entitlements is triggered. Gauge data, in conjunction with official announcements of water-harvesting access in unregulated valleys (Border Rivers and Lower Balonne and Warrego rivers), are used to estimate in-stream contributions. Volumes are accounted for in accordance with the licence (access) conditions of each entitlement in the same way that other water users manage their take (i.e. water is assumed to be used at all available opportunities when access conditions are triggered). This approach reflects the use pattern of the majority of irrigators in unregulated systems and hence the volumes and pattern of flows that have been reinstated. The baseline scenario was derived by subtracting the Commonwealth environmental water component from the hydrograph. 
Commonwealth environmental water delivery is often coordinated with delivery of water by other environmental water holders; hence, the evaluation considers the combined hydrological effect of all environmental water delivery. Where possible, we also indicate the contribution of the Commonwealth environmental water component to the total hydrological effect of all environmental water. 
None of these methods comprehensively account for planned environmental water. The focus of this evaluation is on the contribution of Commonwealth environmental water–held environmental water allocations or other environmental water allocations delivered in coordination with this Commonwealth environmental water.
[bookmark: _Toc455385177][bookmark: _Toc465086950][bookmark: _Toc492291086]Data sources for evaluating contribution to hydrological connectivity
[bookmark: _Toc492291087]Floodplain inundation extent
Floodplain and wetland inundation extents in this evaluation are reported as mapped area hectares (ha) and represent monitoring outputs from multiple providers using differing methods (Table 3). The areas reported represent cumulative inundation over the course of the year. An attempt to attribute inundation as Commonwealth environmental water, other environmental water (where the watering actions were separate to Commonwealth actions) and other water (reflecting the inundation associated with natural events) was made. However, this attribution was not straightforward because the information required for attribution was not easily accessible and on-ground validation was not comprehensive. Inundation areas attributed as watered by Commonwealth environmental water may represent inundation areas that included contributions from other environmental water and other water. As such, inundation area linked to Commonwealth environmental water has been classed with low confidence Basin wide and will remain this way until accurate, reliable and accessible inundation mapping is made available to support defensible and robust monitoring and evaluation. 
[bookmark: _Toc455385178][bookmark: _Toc465086951][bookmark: _Toc492291088]Watercourses watered
The watercourses watered using Commonwealth environmental water were mapped using information provided via CEWO environmental water delivery personnel and other operational reports. In the regulated rivers where environmental water was ordered from a dam, the reaches downstream to the accounting point (in NSW) were marked as watered (i.e. reaches beyond the end of system were not included) whereas, in Victoria, the reaches watered were extended to the confluence with the River Murray. In Victoria, returning environmental flows are protected whereas in NSW they are not protected. In the unregulated rivers of the northern Basin, CEWO provided advice on the estimated extents of watercourses influenced by Commonwealth environmental water.


[bookmark: _Ref487034579][bookmark: _Toc492291128]Table 3. Description of the method used to derive inundation across valleys where inundation was reported in the Murray–Darling Basin. Boundary definition and data confidence are reported. 
	Valley name
	Method
	Data owner
	Boundary definition

	Central Murray
	Landsat and visual survey; MIKE hydro-dynamic model; DEM + water level
	Mallee CMA; MDBA
	Wet area boundaries show Commonwealth environmental water–assisted contributions.

	Gwydir
	Landsat and visual survey
	NSW OEH; 
Eco Logical
	Wet area boundaries denote contributions from both Commonwealth environmental water and natural rainfall/runoff processes.

	Lachlan
	Visual survey; NDVI; Landsat
	NSW OEH
	Wet area boundaries denote contributions from both Commonwealth environmental water, other environmental water, other water and natural rainfall/runoff contributions. 

	Lower Murray
	Landsat and visual survey; MIKE hydrodynamic model; DEM + water level 
	NSFA; SA DEWNR; NRM Board; MDBA;
CEWO
	Wet area boundaries only denote Commonwealth environmental water–assisted contributions.

	Macquarie
	Landsat and visual survey
	NSW OEH
	Wet area boundaries estimate contributions from both Commonwealth environmental water and natural rainfall/runoff processes.

	Murrum-bidgee
	Landsat and visual survey
	NSW OEH
	Wet area boundaries denote contributions from both Commonwealth environmental water and natural rainfall/runoff processes.

	Warrego
	Landsat and visual survey 
	NSW OEH; 
Eco Logical
	Wet area boundaries denote contributions natural rainfall/runoff processes.


Note: DEM = digital elevation model; GBCMA = Goulburn Broken Catchment Management Authority (CMA); 
MDBA = Murray–Darling Basin Authority; NDVI = Normalised Difference Vegetation Index; NFSA = Nature Foundation South Australia; NRM = Natural Resource Management; NSW OEH = NSW Office of Environment and Heritage; SA DEWNR = South Australian Department of Environment, Water and Natural Resources.
[bookmark: _Toc455385179][bookmark: _Toc465086952][bookmark: _Toc492291089]Evaluation of Basin-wide hydrological impacts
The hydrological evaluation is in two parts. The first part summarises the Basin-scale contribution of environmental water to general enhancements in flow regimes without reference to local watering targets. This is provided to fulfil two purposes:
1. To support an evaluation against the Basin Plan objectives as described in the Basin Plan Section 8.51(1)(b). The Basin Plan identifies seven flow components that must be considered in the determination of watering requirements of environmental assets and ecosystem functions. Given the dry year across much of the Basin, only some of these flow components are included in this evaluation (Table 4).

2. To provide the basis for evaluating ecological consequences of environmental watering at the Basin scale. In this part, we use hydrological measures related to standardised flow thresholds to indicate effects on base flows and freshes. It is important to note that this section is not for assessing the performance of environmental water delivery with respect to local hydrological targets (which is instead dealt with in the Section 4 of this report).
[bookmark: _Ref487035399][bookmark: _Toc455385250][bookmark: _Toc492291129]Table 4. Flow components included in the Basin Plan and those that are included in the first year of the Basin-scale evaluation.
	Basin Plan flow components
	Included in evaluation?

	Cease to flow
	No

	Low flow season base flows
	Yes

	High flow season base flows
	Yes

	Low flow season freshes
	Yes

	High flow season freshes
	Yes

	Bankfull flows
	No

	Overbank flows
	No



We provide a summary of the hydrological outcomes across the Basin using data for 111 streamflow sites, selected based on data availability rather than randomly sampled. As such, it is not possible to make statistically based inferences concerning the mean and variance of outcomes across the Basin because statistical design does not support a random sample. Also, streamflow sites included in this evaluation were not specifically targeted to receive environmental water. This means any outcomes at these sites are an inadvertent result of actions designed to meet environmental targets elsewhere in the Basin. This is important as the Basin Plan sets principles on maximising environmental benefits, which are intended to ensure that the water achieves the best environmental outcomes (i.e. through considerations on multi-site watering en route to an intended priority asset or enhancing existing flow events).
[bookmark: _Toc455385180][bookmark: _Toc465086953][bookmark: _Toc492291090]Flow thresholds
The summary is based on the occurrence of low flows and freshes. We consider two components of low flows – very low and medium low; and three components for freshes – low, medium and high. These flow components are defined by five threshold discharges as follows:
Very low flows are defined as flows that fall below the lowest flow in the unimpacted (defined below) monthly flow series or 2% of mean unimpacted flow, whichever is greater. This threshold corresponds to exceptionally low flows at the lower end of range that would normally occur in an unimpacted perennial river.
Medium low flows are defined as flows that fall below the 95th percentile exceedance flow in the unimpacted monthly flow series or 10% of the mean unimpacted flow, whichever is greater. This flow threshold corresponds to a value that might typically be used as a minimum flow to maintain low flow habitats.
Low freshes are defined as flow spells that raise water levels at least one-eighth of the height of the bank above the medium low flow level. This threshold corresponds to a slight increase in stage above base flow levels and would be a frequent occurrence in both the dry and wet seasons under unimpacted flow conditions. 
Medium freshes are defined as flow spells that raise water levels at least one-quarter of the height of the bank above the medium low flow level. This threshold corresponds to an increase in stage that wets the lower part of the bank and would be a frequent occurrence in an unimpacted regime maintaining moist soils and is an important component of a variable watering regime for this portion of the channel throughout the year.
High freshes are defined as flow spells that raise water levels at least half of the height of the bank above the medium low flow level. Freshes of this magnitude would have occurred in most years in the unimpacted flow regime, and it would be common for freshes to exceed this threshold several times per year. 
The unimpacted flow is the expected flow series without development conditions under an historical climate. Unimpacted monthly flow series were provided by the MDBA for sites across the Basin. These were not always the same sites as used in this evaluation of Commonwealth environmental water delivery. In most of these cases, the nearest appropriate unimpacted flow data site was chosen. There were a small number of sites where unimpacted flow series were modelled using the various water planning models across the Basin during the development of the Basin Plan. The bankfull discharge was estimated either as the 5th percentile exceedance in the monthly unimpacted flow (×1.5 as a rough estimate of peak daily flow based on the mean monthly value) or from channel dimensions available for sites across the Basin (these were data collected for the Sustainable Rivers Audit II – Physical Form Theme). Dimensions were taken from the site closest to each of our hydrological evaluation sites, and on the same river channel. Bankfull discharge was estimated from these dimensions using equation M15 in Stewardson et al. (2005). We generally used the larger of these two bankfull estimates but made some exceptions based on individual site considerations. The estimates of discharge corresponding to the low, median and high fresh water levels (defined above) were based on widely accepted at-a-station hydraulic geometry equations (Stewardson 2005). 
[bookmark: _Toc455385181][bookmark: _Toc465086954][bookmark: _Toc492291091]Flow regime score
We calculated a flow regime ‘score’ corresponding to each of the five flow thresholds. The score is a number equal to or between zero and one. The purpose of this score is to provide a summary of the flow regime and identify contributions of environmental water to protection and restoration of flow regimes across the Basin. In the case of the two low flow thresholds, the score relates to the maintenance of flows above the very low and medium low flow thresholds in each calendar season. Under unimpacted conditions, there would have been a broad range of base flow regimes across the Basin, including some intermittent rivers. To allow for this, the score was calculated based on a comparison of 2015–16 low flows with unimpacted low flows. The score measures the duration of flows exceeding our two low flow thresholds in each calendar season relative to the normal duration in the unimpacted state. If the average unimpacted base flow durations were maintained in 2015–16, then the site received the maximum score of ‘1‘. A reduction in the duration compared with unimpacted duration, in any of the four seasons, reduced the score. If we applied this score to an unimpacted regime, we could expect that, in dry years, we would get a lower score than in average and wet years. The score is not an environmental flow objective, rather an indication of the dryness of the low flow regime in 2015–16 and the components of the flow regime that are significantly affected by environmental watering actions.
Similarly, a score was calculated for each of the three thresholds corresponding to low, medium and high freshes. However, we did not attempt to adjust these scores based on a comparison with the unimpacted flow regime. Instead, the score relates to the occurrence (or not) of flow freshes exceeding these fresh thresholds. For the low fresh threshold, the duration of flows above this threshold within a calendar season must have exceeded 3 days for a ‘fresh’ to be considered to have occurred. The maximum score (of ‘1’) was achieved for the low fresh if a fresh occurred in three of the calendar seasons. For the medium fresh, the maximum score was achieved if a fresh occurred in at least two calendar seasons. For the high fresh, the maximum score was achieved if a fresh exceeded this threshold at some time over the year. 
In Annex A, we report scores for each site but simplify the results by combining the two low flow scores into a single base flow score and the three scores for the flow fresh thresholds into a single freshes score. The freshes score (reported in the Annex A) weights the low, medium and high fresh scores according to the percentage weights 50:30:20, respectively. 
We emphasise that these scores are not an evaluation of individual watering actions and their associated objectives. The scores are used to summarise the flow regime at sites across the Basin and support an evaluation of the overall effect of the management of Commonwealth environmental water on flow regimes at the Basin scale. For this reason, a number of the sites included in the analysis were not actually targeted with environmental watering actions.
[bookmark: _Toc455385182][bookmark: _Toc465086955][bookmark: _Toc492291092]Attribution of Commonwealth environmental water
Commonwealth environmental water delivery is often coordinated with delivery of other environmental water to achieve a combined outcome. In such cases, it makes little sense to consider the contribution of the Commonwealth environmental water in isolation. For consistency, we have evaluated the aggregate hydrological outcome of all held environmental water. 
The total contributions of all environmental water cannot be fully attributable to the Commonwealth environmental water in situations where there is coordinated delivery with other environmental water holders. To address this issue, we have developed a simple procedure for sharing score increases between Commonwealth environmental water and other environmental water:
1. Calculate the total improvement in score with all environmental water entitlements (i.e. compare the score for the observed and baseline flow regimes).

2. Calculate the improvement that would have been achieved if Commonwealth environmental water was delivered on its own.

3. Calculate the improvement if the non–Commonwealth environmental water had been delivered on its own.

4. Apportion the total improvement (from 1 above) to Commonwealth environmental water and non–Commonwealth environmental water based on the ratio of improvements achieved in 2 and 3 above. 


[bookmark: _Toc492291093]2015–16 hydrological context
[bookmark: _Toc492291094]Climate and water availability
In 2015–16, valleys where Commonwealth environmental watering occurred experienced above-average to below-average rainfall conditions (Figure 2). Four valleys experienced above-average rainfall conditions (Barwon–Darling, Lachlan, Macquarie and Murrumbidgee), while nine valleys experienced average rainfall conditions (Central Murray, Border Rivers, Broken, Condamine–Balonne, Gwydir, Lower Murray, Ovens, Warrego and Edward–Wakool) and three valleys (Campaspe, Goulburn and Loddon – all in Victoria) experienced below-average rainfall conditions. In the southern Basin, Victoria experienced the lowest rainfall conditions compared with average rainfall. Similarly, the volume of water held in the majority of Victorian storages declined. Excluding the Murrumbidgee, Macquarie and Lachlan, the volume of water held in storages across the Basin declined between 2% and 25% (with the average storage declining 15% over the course of the watering year). 
[bookmark: _Toc492291095]MDBA Basin watering priorities
The Basin Annual Environmental Watering Priorities are produced by the MDBA to guide annual planning and prioritisation of environmental watering across the Basin (MDBA 2015). These aim to achieve the most effective use of environmental water, promote better Basin-scale outcomes, coordinate environmental watering between environmental water holders and managers, in an effort to maintain ecological health and ecosystem resilience throughout the Basin. The priorities are guided by the Basin-wide Environmental Watering Strategy (MDBA 2014). All watering decisions in the Basin for environmental benefit must consider the priorities, including watering that uses both held and planned environmental water. However, the priorities do not preclude other watering priorities identified by environmental water holders. 
Existing storage levels, rainfall projections and the outlook for water availability is considered when deciding on the priorities. At the time of planning the 2015–16 priorities, storage levels were generally below 50% full capacity and inflows were anticipated to be low due to low soil moisture levels. The 2015–16 priorities were planned to accommodate a range of conditions from dry to moderate water availability scenarios. Lower than average inflows over the year were consistent with this expectation. 
The Basin priorities are organised in four themes: river flows and connectivity; native vegetation; waterbirds; and native fish. All four themes include hydrological targets for the valleys that received Commonwealth environmental water in 2015–16 (summarised in Table 5). 
The MDBA also maintains a set of streamflow indicators (SFIs) that are specific for key ecological assets across the Basin. These are used to guide Annual Environmental Watering Priorities. SFIs were first developed as an input to the Basin Plan when the MDBA undertook an assessment of Basin-wide environmental water requirements to achieve the Basin Plan ecological objectives (MDBA 2011). They have subsequently been adapted to inform the Northern Basin Sustainable Diversion Limit (SDL) Review and assessment of SDL Adjustments in the southern Basin. There is currently a set of 53 SFIs across 10 sites in the southern Basin and 48 SFIs across 11 sites in the northern Basin. The sites are mostly in the lower reaches of the Basin’s key valleys where large floodplain ecosystems have the greatest environmental water demands. SFIs are generally characterised by threshold discharge that must be exceeded for a specific duration during a particular season. The SFIs are binary, i.e. the durations above threshold are either achieved or not achieved. The MDBA does not account for any benefits that might be delivered in years when there is partial achievement of SFIs but not full achievement of the required durations. Importantly, some SFIs have threshold discharges that are in excess of what is achievable with environmental water given the many constraints on delivery of high environmental flows in the Basin.
[image: ]
[bookmark: _Toc483227222][bookmark: _Toc492291135]Figure 2. Gauges evaluated, areas inundated, streams watered by Commonwealth environmental water, and rainfall conditions during the 2015–16 watering year.
[bookmark: _Toc455385172][bookmark: _Toc465086945]
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[bookmark: _Ref480114878][bookmark: _Toc492291130]Table 5. 2015–16 Basin Annual Environmental Watering Priorities as they relate to the four priority themes. Asterisks indicate relevant river valleys from the 16 river valleys in which Commonwealth environmental water was delivered. ^note included in the table as a valley, but is part of the Lower Murray valley.
	Priority
	Flow component
	River valley

	
	Cease to flow
	Baseflow
	Freshes
	Bankfull and overbank
	Art. wetland inundation
	Barwon–Darling
	Border Rivers
	Broken
	Campaspe
	Central Murray
	Condamine–Balonne
	Edward–Wakool
	Goulburn
	Gwydir
	Lachlan
	Loddon
	Lower Murray
	Macquarie
	Moonie
	Murrumbidgee
	Ovens
	Warrego
	Coorong, LL and MM^

	River flows and connectivity theme

	Basin-wide flow variability and longitudinal connectivity: Provide flow variability and longitudinal connectivity within rivers to support refuge habitats.
	
	X
	X
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	River Murray weir pool variation: Ensure a variable flow pattern and lateral connectivity through coordinated weir pool management in the River Murray from Euston to Blanchetown.
	
	
	X
	
	
	
	
	
	
	X
	
	
	
	
	
	
	X
	
	
	
	
	
	

	Coorong, Lower Lakes (LL) and Murray Mouth (MM): Improve water quality, fringing vegetation and native fish movement by varying the water levels in Lakes Alexandrina and Albert to maintain flows into the Coorong and Murray Mouth.
	
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X



	Native vegetation theme

	Basin-wide in-stream and riparian vegetation: Maintain and where possible improve the condition of in-stream riparian vegetation, through in-channel freshes.
	X
	
	X
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	Mid-Murrumbidgee  etlands: Improve the condition of wetland vegetation communities in the mid-Murrumbidgee wetlands.
	
	
	
	X
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	
	
	

	Macquarie Marshes: Maintain semi-permanent wetland vegetation in core refuge areas in the Macquarie Marshes. 
	
	
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	
	
	
	
	

	Moira grass: Maintain the condition and range of Moira grass in Barmah–Millewa Forest by supplementing a natural event and extending the duration of inundation.
	
	
	
	X
	X
	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	

	Waterbirds theme

	Basin-wide waterbird habitat and future population recovery: Improve the complexity and health of priority waterbird habitat to maintain species richness and aid future population recovery.
	 
	 
	 
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X




	Native fish theme

	Basin-wide native fish habitat and movement: Maintain native fish populations by protecting and improving the condition of fish habitat and providing opportunities for movement.
	 
	X
	X
	 
	 
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Northern Basin fish refuges: Protect native fish populations and in-stream habitats, particularly drought refuges, in the northern Basin.
	 
	X
	X
	 
	 
	 
	X
	 
	 
	 
	X
	 
	 
	X
	X
	 
	 
	X
	 
	 
	 
	 
	 

	Silver perch: Contribute to the long-term recovery of silver perch by maintaining key populations, supporting recruitment and facilitating movement and dispersal.
	 
	X
	X
	 
	 
	 
	X
	 
	 
	X
	 
	X
	X
	 
	 
	 
	X
	 
	 
	 
	X
	 
	 



[bookmark: _Toc492291096]Watering actions
In 2015–16, 1049 gigalitres (GL) of Commonwealth environmental water was debited from the CEWH accounts, realising 115 watering actions across 16 LTIM valleys (Table 6). Through the use of return flows, Commonwealth environmental water was used and reused, effectively contributing to 1662 GL. These actions improved flow regimes along approximately 20,200 km of waterway (Figure 2 and Figure 3). Almost two-thirds of the Commonwealth environmental water delivered in 2015–16 was used in 15 base flow watering actions across the River Murray, northern Victoria, Gwydir and Border Rivers. A smaller portion, only 16% of the Commonwealth environmental water, contributed to the 36 actions involving freshes or actions that combined both freshes and base flows across 16 LTIM valleys. In most valleys there were either one or two actions involving freshes, with three in the Barwon–Darling, five in the Border Rivers and four in the Lachlan. In the River Murray, 6 events were classified as freshes due to an increase in water level, which were artificially produced by weir pool manipulations as opposed to increases in flow. 
Commonwealth environmental water substantially contributed to 273,000 ha of wetland/floodplain inundation over 2015–16 (Figure 2 and Figure 4). A total of 25% of Commonwealth environmental water was used in watering actions that delivered water out of the river channel in 64 watering actions. Approximately two-thirds of this environmental water was used in 7 watering actions where flows were increased to magnitudes equal to, or greater than bankfull channel capacity in the Central Murray, Warrego and Gwydir valleys. The remainder of this environmental water was used to fill wetlands with the assistance of regulating structures and pumps in 57 actions restricted to the Central and Lower Murray and Murrumbidgee valleys. 
Watering actions involving freshes or infrastructure-assisted wetland inundation were often delivered in partnership with other environmental water holders, although Commonwealth environmental water contributed more than all other environmental water holders combined for these actions.







[bookmark: _Ref353812352][bookmark: _Toc455385246][bookmark: _Toc465086994]
[bookmark: _Toc492291131]Table 6. Summary of Commonwealth environmental watering actions by valley.
	Valley
	Number of actions
	Commonwealth environmental water volume (GL)
	Total active environmental volume (GL)
	CEW volume 
as % of total
	Flow components

	
	
	
	
	
	Cease to flow
	Baseflow
	Fresh
	Base flow and fresh
	Bankfull
	Overbank
	Wetland inundation
	Fresh and wetland

	Barwon–Darling
	3
	7.6
	7.6
	100
	
	
	3
	
	
	
	
	

	Border Rivers
	6
	1.2
	1.2
	100
	
	1
	5
	
	
	
	
	

	Broken
	5
	29.5
	30.3
	97
	
	4
	1
	
	
	
	
	

	Campaspe
	2
	3.3
	9.8
	34
	
	
	2
	
	
	
	
	

	Central Murray
	12
	399.9
	NA
	NA
	
	1
	1
	1
	
	4
	5
	

	Condamine–Balonne
	2
	10.5
	10.5
	100
	
	
	2
	
	
	
	
	

	Edward–Wakool
	4
	32.2
	34.5
	93
	
	
	
	4
	
	
	
	

	Goulburn
	6
	190.6
	228.2
	84
	
	4
	2
	
	
	
	
	

	Gwydir
	4
	8.1
	13.2
	61
	
	1
	1
	
	
	2
	
	

	Lachlan
	4
	36.0
	48.0
	75
	
	
	4
	
	
	
	
	

	Loddon
	1
	1.5
	3.9
	38
	
	
	1
	
	
	
	
	

	Lower Murray
	48
	817.7a
	NA
	NA
	
	2
	5
	
	
	
	40
	1

	Macquarie
	2
	14.2
	55.1
	26
	
	
	2
	
	
	
	
	

	Murrumbidgee
	13
	108.3
	200.8
	54
	
	
	2
	
	
	
	11
	

	Ovens
	2
	0.1
	0.1
	100
	
	2
	
	
	
	
	
	

	Warrego
	1
	0.9
	0.9
	100
	
	
	
	
	1
	
	
	

	Total count
	115
	
	
	
	0
	15
	31
	5
	1
	6
	56
	1

	Component volume as % of total
	
	
	0.0
	62.3
	6.1
	7.9
	0.1
	16.8
	6.8
	0.1


a This volume includes water delivered in the Central Murray so total Commonwealth environmental water is less than sum of Central Murray and Lower Murray volumes.

[bookmark: _Toc455385173][bookmark: _Toc465086946]
[bookmark: _Ref483474111][bookmark: _Toc492291136]Figure 3. Length of river where flow regimes are enhanced by the delivery of Commonwealth environmental water in the 2015–16 year.


[bookmark: _Ref487104584][bookmark: _Toc492291137]Figure 4. Area of floodplain and wetland inundation in the 2015–16 year.1
1 Area of inundation shows the total cumulative inundation area of wetlands and floodplains where Commonwealth environmental water made a contribution. This means the inundation areas shown include contributions from other water sources (groundwater, rainfall, surface runoff and other inflows) from the current or previous watering years as well as Commonwealth environmental water. In other words, inundation area reflects the total inundation and not the net area contribution of Commonwealth environmental water. The extremely large inundation area recorded in the Lower Murray reflects the fact that Commonwealth environmental water made a contribution in the Coorong and Lower Lakes, but the net inundation area attributed to Commonwealth environmental water (which was not calculated) would be lower.

[bookmark: _Toc492291097]Evaluation of flow regimes and hydrological connectivity in 2015–16
[bookmark: _Toc492291098][bookmark: _Toc455385184][bookmark: _Toc465086957]Highlights
The Commonwealth watered 20,200 km of river channels and made a major contribution to the 273,000 ha of wetland and floodplain inundation over the 2015–16 watering year. Seven of the MDBA’s SFIs were achieved across five of the LTIM valleys (List below). Commonwealth environmental water contributed to successful delivery of an SFI in the Goulburn River and three SFIs targeted at floodplain ecosystems in the Lachlan River valley. Three others were achieved without the need for additional environmental water although environmental water may have enhanced these flow events beyond the minimum requirements. These seven SFIs are all relatively low magnitude events and are intended to occur in at least 60% of years (i.e. the SFI is achieved in at least 3 years out of 5). Generally, these SFIs targeting a high frequency of years have a lower threshold discharge and require less environmental water. SFIs with a target frequency of less than 60% (i.e. lower frequency and a higher flow magnitude) were not expected to be achieved in 2015–16 due to the dry conditions.
The seven SFIs were:
1. A fresh of greater than 5000 megalitres (ML)/day in October–November in the Goulburn River at Shepparton in the Goulburn Valley (SFI2). This fresh is targeted for achievement on average every 2 years in 3.
2. A sustained flow above 300 ML/day for 25 days between June and November at the Booligal Wetland in the Lachlan Valley (SFI1). This event is targeted for achievement on average every 3 years in 4.
3. A sustained flow above 700 ML/day for 25 days between June and November at the Great Cumbung Swamp in the Lachlan Valley (SFI1). This event is targeted for achievement on average every 3 years in 5.
4. A sustained flow above 850 ML/day for 20 days between June and November at the Lachlan Swamp in the Lachlan Valley (SFI1). This event is targeted for achievement on average every 3 years in 5.
5. A cumulative duration of 180 days when flow is above 1500 ML/day between June and March in the Edwards River at Deniliquin in the Edward–Wakool Valley (SFI1). This SFI is targeted for achievement in every year.
6. A fresh of greater than 1100 ML/day between October and January in the Murrumbidgee River at Balranald in the Murrumbidgee Valley (SFI1 in the freshes group). This fresh is targeted for achievement on average every 3 years in 4.
7. A fresh of greater than 1000 ML/day for at least 2 days between October and January in the Gwydir Wetlands in the Gwydir Valley (SFI2). This fresh is targeted for achievement on average in 85% of years.
The MDBA set environmental watering priorities for the 2015–16 year relating to: river flow and connectivity; native vegetation; waterbirds and native fish. The waterbirds theme was not assessed based on hydrological outcomes because hydrological targets were not specified. Two of the priorities relate directly to hydrological outcomes and progress was made in at least 60% of the relevant valleys. These priorities were:
Provide flow variability and longitudinal connectivity within rivers to support refuge habitats. This priority emphasises the importance of maintaining base flows to protect a diversity of hydraulic habitat conditions and in-channel flow freshes to support movement of fish along river channels. Given it was a dry year, there was good success in achieving this priority. Many of the 16 valleys where Commonwealth environmental water was delivered in 2015–16 maintained either a good base flow or fresh flow regime.
Ensure a variable flow pattern and lateral connectivity through coordinated weir pool management in the River Murray from Euston to Blanchetown. There was continued improvement in achieving this priority during 2015–16 with weir level manipulations undertaken at 6 of the 12 weirs along the River Murray downstream of Euston.
Seven priorities focused on outcomes for native vegetation and native fish and, in each case, Commonwealth environmental water was used to produce flows that would be expected to contribute to achieving the priority outcomes. An evaluation of environmental outcomes is included in (2015–16 Basin evaluation reports). These priorities were:
1. Improve water quality, fringing vegetation and native fish movement by varying the water levels in Lakes Alexandrina and Albert to maintain flows into the Coorong and Murray Mouth. The environmental watering strategy for this priority targeted extended base flows and coordinated operation of barrages. Commonwealth environmental water contributed to the hydraulic targets set for the Lower Lakes in the Basin-wide Environmental Watering Strategy. However, discharge through the barrages and the mouth was low relative to the target flows and will need to be increased in future years if the 3-year average is to meet the discharge target.
2. Maintain and where possible improve the condition of in-stream riparian vegetation, through in-channel freshes. The environmental watering strategy for this priority targeted low to moderate freshes, high freshes, watering wetlands in the lower reaches, and cease to flows. Given this was a dry year, there was good progress towards this priority. Low to moderate freshes were widespread in nine valleys. High freshes were achieved in three valleys. Watering of end-of-systems wetlands was achieved in four valleys.
3. Improve the condition of wetland vegetation communities in the mid-Murrumbidgee wetlands. The environmental watering strategy for this priority targeted wetland inundation through overbank flows or operation of infrastructure. Six wetlands or wetland systems received environmental water along the mid-Murrumbidgee Valley. This is a relatively small portion of the wetlands targeted in this priority.
4. Maintain semi-permanent wetland vegetation in core refuge areas in the Macquarie Marshes. The environmental watering strategy for this priority targeted delivery of sustained flows into the lower Macquarie River to produce flooding. The delivery of Commonwealth environmental water achieved expected flooding extents across the Macquarie Marshes.
5. Maintain native fish populations by protecting and improving the condition of fish habitat and providing opportunities for movement. The environmental watering strategy for this priority targeted base flows, low to moderate freshes, high freshes, slowing overbank recession and maintaining natural winter flows. Generally, native fish populations were expected to be supported through the maintenance of base flows and freshes in many of the Basins valleys. Base flows and freshes are believed to be important in sustaining water quality and hydraulic habitat diversity. Commonwealth environmental water was used to deliver base flows in seven river valleys and had significant effects on the low flow characteristics in the Central-Murray, Lachlan and Macquarie Rivers. Thirty-five freshes were delivered across 14 river valleys with significant influences on low or medium freshes in the Campaspe, Central Murray, Goulburn, Lachlan and Loddon Rivers. The lack of high in-channel flows in many valleys was expected given this was a dry year. 
6. Protect native fish populations and in-stream habitats, particularly drought refuges, in the northern Basin. The environmental watering strategy for this priority targeted base flows and low to moderate freshes. Commonwealth environmental water was allocated to base flows in the Border Rivers and Gwydir River, while freshes were delivered in six northern rivers (Barwon–Darling, Condamine, Gwydir, Moonie, Macquarie and Lachlan).
7. Contribute to the long-term recovery of silver perch by maintaining key populations, supporting recruitment and facilitating movement and dispersal. The environmental watering strategy for this priority targeted base flows and low to moderate freshes. As noted above, base flows and freshes are believed to be important in sustaining water quality and hydraulic habitat for fish, with silver perch being sensitive to poor water quality and having a preference for flowing water (Rogers and Ralph 2001). The allocation of base flows and freshes is described under Point 5 (above) and Sections 4.2.1 and 4.2.2 (below).
[bookmark: _Toc492291099]Evaluation by flow components
[bookmark: _Ref353885392][bookmark: _Ref353908446][bookmark: _Ref353914890][bookmark: _Toc492291100]Base flow (low–medium flows)
Across the southern Basin, the durations of flows were mostly maintained above the very low flow threshold for at least as long as achieved on average with the unimpacted flow regime (Figure 5a). Exceptions were in Broken Creek and Edward–Wakool river systems, where very low flows persisted for much longer than the average unimpacted case, indicating a dry low flow regime in 2015–16. These two valleys also experienced a very dry low flow regime in the previous year. Medium low flows were also maintained relative to the average unimpacted state in the Central Murray, Murrumbidgee and Ovens Valleys but were substantially reduced in the other valleys of the southern Basin (Figure 5b). In contrast, medium low flows were reduced across all valleys in the southern Basin in the previous year.
Flows less than medium and very low base flow levels persisted for significantly longer periods than under the unimpacted case across the northern Basin, indicating very dry base flow conditions in 2015–16. This is the same result as the previous year. The only exception was in the Macquarie and Lachlan rivers where base flows were consistent with those expected in the unimpacted regime at both the very low and medium low flow level.
In 2015–16, environmental water contributed to maintaining minimum flows in the Broken, Campaspe, Central Murray, Goulburn, Gwydir, Lachlan, Lower Murray, Murrumbidgee and Macquarie valleys. Commonwealth environmental water significantly contributed to these minimum flows in all cases except the Campaspe. Commonwealth environmental water also contributed to enhanced minimum flows in the Lower River Murray, including flows delivered into the Lower Lakes and Coorong.
[bookmark: _Toc455385185][bookmark: _Toc465086958][bookmark: _Ref353885395][bookmark: _Ref353896185][bookmark: _Ref353908459][bookmark: _Ref353908473][bookmark: _Ref353914893][bookmark: _Toc492291101]Freshes
In the southern Basin, the occurrence of low and medium-size freshes was similar to that expected in unimpacted rivers with the exception of Broken Creek (where low and medium freshes were largely absent) and the Goulburn River (where significantly fewer medium freshes occurred) (Figure 5c, d). High flow freshes occurred in the Broken, Campaspe and Goulburn valleys and not in the other valleys (Figure 5e). Commonwealth environmental water made an important contribution to the frequency of freshes in all cases except the Murrumbidgee and Ovens where freshes were provided without the need for additional environmental water. Flow magnitudes corresponding to medium flow freshes were largely absent in the Lower Murray Valley downstream of the major irrigation offtakes. However, rise-and-fall sequences in water levels consistent with a fresh event were achieved along the Lower Murray through manipulation of selected weir levels at Lock 2 and Lock 5. The major change in the fresh regime for the southern Basin compared with the previous year was a severely reduced frequency of flow magnitudes corresponding to all freshes in the Lower Murray. However, high flow freshes were more frequent in the Goulburn and Murrumbidgee valleys. 
In the northern Basin, low and medium freshes were largely absent in the Barwon–Darling; occurred to a limited extent in the Border Rivers, Condamine–Balonne and Warrego valleys; and were frequent in the Gwydir, Lachlan and Macquarie valleys (Figure 5c, d). Environmental water only contributed in the Macquarie Valley – Commonwealth environmental water had a relatively minor role. High freshes occurred in the Border Rivers, Gwydir, Lachlan and Macquarie and but without the need for additional environmental water (Figure 5e). In the 2015–16 year, the fresh regime of the northern Basin was similar to the previous year.
[bookmark: _Toc492291102]Overbank and wetland inundation
In the 2015–16 watering year, Commonwealth environmental water contributed to out-of-channel watering (including wetland or floodplain watering) in the Gwydir, Lachlan, Central Murray, Lower Murray and Murrumbidgee valleys (Table 6). Commonwealth environmental water contributed to wetland and floodplain inundation in Gwydir and Central Murray valleys by enhancing flows to magnitudes in excess of channel capacity. In the Murrumbidgee, Central Murray and Lower Murray valleys, Commonwealth environmental water achieved wetland inundation using weirs, pumps, floodplain regulators and other infrastructure. 
[bookmark: _Toc492291103]Cumulative evaluation of flow components, 2014–16
The LTIM Project commenced in mid-2014. This section examines cumulative contribution of Commonwealth environmental water to flow regimes over the 2-year period of LTIM monitoring (mid-2014 to mid-2016). The general conclusion of this comparison is that environmental water delivered in the 2 years of monitoring within each valley achieved similar outcomes in terms of base flows and both low and medium freshes. The major exception is the delivery of high freshes which largely resulted from unregulated inflows and hence are subject to natural inter-annual variations, particularly during dry years when high flows may not be delivered in some rivers by natural inflows. 
The duration of very low flows (Figure 5 Figure 6a) is very similar in 2014–15 and 2015–16. Periods when baseflows drop below the very low flow threshold are rare throughout the southern Basin in both years. In contrast, periods of exceptionally low flows exceed natural duration in many rivers of the northern Basin in both years (Figure 5 Figure 6a). Flows less than the medium low flow threshold are considerably increased compared with the reference (pre-development) state across the southern Basin with the exception of Central Murray where base flows were consistently maintained in both years (Figure 6b). Base flow conditions improved in the second year in the Ovens and Lachlan valleys. Baseflow conditions declined in the Lower Murray and Goulburn valleys. Low flows below natural levels persisted in the Campaspe for extended periods in both years. In the northern Basin, flows less than the medium low flow threshold were much more persistent than under pre-development conditions. The only exception was in the Macquarie River, where environmental flows maintained the pre-development base flow regime in 2015–16 only. 
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Figure 5. Average contributions of Commonwealth environmental water and other environmental water entitlements to base flow durations and occurrence of freshes across each valley in 2015–16. (Average score for the valley (horizontal axis – where 0 is severely altered from pre-development and 1 is indicative of an adequate frequency of the flow type in channel) is taken across all sites for which data were available and note that valleys using the water planning model approach do not differentiate between Commonwealth and other environmental water.)
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Figure 6. Average contributions of Commonwealth environmental water and other environmental water entitlements to base flow durations across each valley in the 2 years of Long Term Intervention Monitoring (LTIM). (Average score for the valley (horizontal axis – where 0 is severely altered from pre-development and 1 is indicative of an adequate frequency of the flow type in channel) is taken across all sites for which data were available and note that valleys using the water planning model approach do not differentiate between Commonwealth and other environmental water). 
With the exception of the Lower Murray Valley in 2015–16, low freshes occurred across much of the southern Basin in both years (Figure 6Figure 7a) and medium freshes were common in some valleys (Figure 6Figure 7b). In the northern Basin, low and medium freshes were rare in 1 or both of the years with the exception the Gwydir Valley. There were some rivers where freshes were more common in 2015–16 than in 2014–15 (Macquarie and Warrego for low freshes) and vice versa (Border Rivers and Warrego for medium freshes). In the other valleys, freshes were rare in both years.
[bookmark: _Toc492291141][image: ] Figure 7. Average contributions of Commonwealth environmental water and other environmental water entitlements to low and medium freshes across each valley in the 2 years of Long Term Intervention Monitoring (LTIM). (Average score for the valley (horizontal axis – where 0 is severely altered from pre-development and 1 is indicative of an adequate frequency of the flow type in channel) is taken across all sites for which data were available and note that valleys using the water planning model approach do not differentiate between Commonwealth and other environmental water).

In all valleys, the occurrence of high freshes varied between years and were generally more prevalent in 2014–15 than in 2015–16 (Figure 8). This variation is largely due to inter-annual variations in unregulated flows, with the exception of the Campaspe Valley where environmental flows provided high freshes in 2015–16 (Figure 8). 
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[bookmark: _Toc492291142]Figure 8. Average contributions of Commonwealth environmental water and other environmental water entitlements to low and medium freshes across each valley in the 2 years of Long Term Intervention Monitoring (LTIM). (Average score for the valley (horizontal axis – where 0 is severely altered from pre-development and 1 is indicative of an adequate frequency of the flow type in channel) is taken across all sites for which data were available and note that valleys using the water planning model approach do not differentiate between Commonwealth and other environmental water).

[bookmark: _Toc466019773][bookmark: _Toc466021732][bookmark: _Toc492291104][bookmark: _Toc455385186][bookmark: _Toc465086959]Evaluation of watering actions against Basin priorities
[bookmark: _Toc492291105]Basin-wide flow variability and longitudinal connectivity
MDBA Environmental Watering Priority: Provide flow variability and longitudinal connectivity within rivers to support refuge habitats.
Summary of outcomes and Commonwealth environmental water contribution: Many of the 16 valleys where environmental water was delivered in 2015–16 maintained either a good base flow or fresh flow regime. A base flow regime was maintained close to natural in eight valleys, partially maintained in five valleys and was dramatically reduced from natural in three valleys. The low and medium regime of freshes was good in nine valleys, partially maintained in four valleys, and poor in three valleys. There are six valleys where both the base flow and freshes regime were maintained in good conditions: Central Murray, Lachlan, Loddon, Macquarie, Murrumbidgee and Ovens.
This Basin priority emphasises the importance of maintaining base flows to protect a diversity of hydraulic habitat conditions and in-channel flow freshes to support movement of fish along river channels. This priority does not target lateral or floodplain connectivity. While the priority also identifies lateral connectivity as important, it recognises that flow conditions in this dry year were not suited to deliver the high flow magnitudes required for overbank flows. 
[bookmark: _Toc492291106]Base flow 
Across the southern Basin, the durations of flows were mostly maintained above the very low flow threshold for at least as long as in the average unimpacted flow regime (Figure 5a). Exceptions were in Broken Creek and Edward–Wakool, where very low flows persisted for much longer than the average unimpacted case, indicating a dry low flow regime in 2015–16. Medium low flows were also maintained relative to the average unimpacted state in the Central Murray, Lachlan, Murrumbidgee and Ovens valleys but were substantially reduced in the other valleys of the southern Basin (Figure 5b). Flows less than medium and very low base flows levels persisted for significantly longer periods than under the unimpacted case across the northern Basin, indicating very dry base flow conditions in 2015–16. The only exception was in the Macquarie River where base flows were consistent with those expected in the unimpacted regime at both the very low and medium low flow levels. Commonwealth environmental water made an important contribution in most cases where base flows were maintained.
[bookmark: _Ref353896189][bookmark: _Toc492291107]Freshes
There was a frequent occurrence of low and medium-size freshes throughout much of the southern Basin with the exception of Broken Creek (where low and medium freshes were largely absent) and the Goulburn River (where medium freshes were rare) (Figure 5c, d). High flow freshes occurred in the Broken, Campaspe and Goulburn valleys (Figure 5e). Flow freshes were achieved in the Central Murray Valley at both the low and medium fresh levels. Commonwealth environmental water made an important contribution to the frequency of freshes in all cases except the Murrumbidgee and Ovens where freshes were provided without the need for additional environmental water. In the northern Basin, low and medium freshes were: largely absent in the Barwon–Darling; occurred to a limited extent in the Border Rivers, Condamine–Balonne and Warrego valleys; and were frequent in the Gwydir and Macquarie valleys (Figure 5c, d). Environmental water only contributed in the Macquarie Valley where Commonwealth environmental water has a relatively minor role. High freshes occurred in the Barwon–Darling, Gwydir, Macquarie and Warrego but without the need for additional environmental water (Figure 5e). 
[bookmark: _Toc492291108]River Murray weir pool variation
MDBA Environmental Watering Priority: Ensure a variable flow pattern and lateral connectivity through coordinated weir pool management in the River Murray from Euston to Blanchetown.
Summary of outcomes and Commonwealth environmental water contribution: Weir level manipulations occurred at 6 of the 12 weirs along the River Murray downstream of Euston.
This Basin priority applies to the 12 weir pools along the River Murray between Euston and Blanchetown. This includes the downstream portion of the Central Murray Valley but mostly applies to the Lower Murray Valley. The aim is for weir pool levels to be: raised in order to inundate low-lying wetlands and floodplains, flood runners and tributaries that are influenced by the locks and weirs; and lowered to create additional stream variability (Table 8)
The CEWO reported 10 manipulations of water levels at 6 weirs along this lower reach of River Murray. They are summarised here for each of the six weirs:
Lock 15: The weir level was raised between July and December and lowered between April and June. This led to inundation of Euston Lakes, including inundation of Lake Caringay to its maximum extent. 
Lock 9: The weir level was raised between July and September and lowered between October and February. 
Lock 8: The weir level was raised between August and December and lowered between December and May. The raised weir levels produced a high-velocity spring fresh through Potterwalkagee Creek (Mulcra Island) and inundated Backwater Lagoon and other wetlands. It also allowed water to be delivered to Wingillie Wetland.
Lock 7: The weir level was raised between August and January and lowered between January and May. The raised weir levels enabled flows to be delivered through the anabranch system and to Lake Wallawalla.
Lock 5: The weir level was raised between August and November before returning to normal levels.
Lock 2: The weir level was raised between September and November before returning to normal levels.
[bookmark: _Toc492291109]Coorong, Lower Lakes and Murray Mouth
MDBA Environmental Watering Priority: Improve water quality, fringing vegetation and native fish movement by varying the water levels in Lakes Alexandrina and Albert to maintain flows into the Coorong and Murray Mouth.
Summary of outcomes and Commonwealth environmental water contribution: The Commonwealth environmental water contributed to the targets set for the Lower Lakes in the Basin Environmental Watering Strategy. However, discharge through the barrages and the mouth was low relative to the target flows and will need to be increased in future years if the 3-year average is to meet the discharge target.
The Coorong, Lower Lakes and Murray Mouth (CLLMM) region is approximately 142 500 ha in size and contains a diverse range of freshwater, estuarine and marine habitats. The region is a Ramsar site and is currently used for several purposes, including conservation, recreation, water storage and extraction, grazing and cropping, and urban and residential development. 
This region includes the lagoons of the Coorong, Lake Albert, Lake Alexandrina, the Murray estuary and the Murray Mouth. Lake Albert is a terminal lake connected to Lake Alexandrina by a narrow channel. They are collectively referred to as the Lower Lakes and comprise fresh to brackish and saline waters. The waters are separated by a series of barrages, constructed between 1935 and 1940, which are intended to maintain a consistent water level in the lakes and to protect agricultural areas from exposure to saltwater. The five barrages span the Goolwa, Mundoo, Boundary Creek, Ewe Island and Tauwitchere channels. The Coorong comprises two lagoons (known as the North and South). Together, they form a long, shallow, lagoon comprising brackish to hypersaline water, which is more than 100 km long. The Coorong is separated from the Southern Ocean by a narrow sand-dune peninsula.
We evaluate hydrological outcomes in the CLLMM region based on the contribution of Commonwealth environmental water to: water levels in the Lower Lakes; Murray Mouth openness, and barrage releases. These criteria reflect Basin Plan objectives and Annual Environmental Watering Priorities. 
[bookmark: _Toc328083921][bookmark: _Toc492291110]Water levels in the Lower Lakes
The Basin Plan lists specific end-of-Basin guidance for the Lower Lakes, while the Basin-wide Environmental Watering Strategy (BWS) (MDBA 2014) lists quantifiable objectives for end-of-Basin flows. The BWS target for the Lower Lakes is to maintain the level of the lakes at above sea level and 0.4 m Australian height datum (AHD) for 95% of the time to allow for barrage releases. 
Approximately 798 GL of Commonwealth environmental water travelled through Wellington into the Lower Lakes during the 2015–16 watering year. Commonwealth environmental water contributed to water levels in the Lower Lakes, and flows through the Coorong and Murray Mouth from July 2015 through to the end of the watering year. 
The minimum 7-day rolling average water level at Milang (Lake Alexandrina) was 0.50 m (AHD) and at Meningie (Lake Albert) was 0.47 m (AHD). Both of these minimum levels occurred during the period where Commonwealth environmental water was being delivered to the Lower Lakes. The daily water level was not less than 0.4 m in Lake Alexandrina. Lake Albert water levels were less than 0.4 m for 1 day. The use of Commonwealth environmental water appears to have been successful in supporting water levels above the BWS benchmark within the Lower Lakes. 
The South Australian long-term Environmental Watering Plan (DEWNR 2015) recommends that water levels in Lake Alexandrina and Lake Albert are managed for variability. The management recommends a regime where water levels fluctuate between 0.40 m and 0.75 m every year; 0.40 m to 0.83 m once every 2 years; and 0.40 m to 0.90 m once every 7 years. During the 2015–16 watering year, water levels at Lake Alexandrina and Lake Albert were managed for the 1 in 2-year range prescribed in the Environmental Watering Plan. This management regime has been applied consecutively since the 2012–13 watering year. The maximum 7-day rolling average water levels for Lake Alexandrina and Lake Albert were 0.852 m and 0.840 m, respectively, thereby achieving the Watering Plan objectives.
Managing water levels in the Lower Lakes involves a trade-off between passing flows as they arrive through the Coorong and Murray Mouth, or using high lake levels to store flow in winter and spring to enable barrage flow in summer. The values and risks associated with decisions to retain or pass flows in the Lower Lakes need to be evaluated on a case-by-case basis. The duration of days in the year where the 7-day rolling average water level was greater than 0.750 m was 101 days (27%) and 124 days (34%) in Lake Alexandrina and Lake Albert, respectively. While this can be a result of deliberate storage in the lakes, high water levels can also occur during storm surge events, where it is not possible to make barrage releases (when Coorong water levels are higher than lake levels).
River Murray flows that enter the Coorong can lower salinity levels improve estuarine productivity and connectivity. Similarly, River Murray flows have a hydraulic benefit through the River Murray Mouth. Balancing the environmental demand of the Lower Lakes with both the timing and volume of other end-of-Basin demands (e.g. Coorong and Murray Mouth) is a difficult challenge in dry years such as 2015–16 when limited environmental water is available. 
[bookmark: _Toc328083922][bookmark: _Toc492291111]The contribution of Commonwealth environmental water to flows over the barrages 
Five barrages exist in the CLLMM to assist water managers in providing water to the Coorong and Murray Mouth as well as for managing the water levels of the Lower Lakes. The barrages are typically operated under a ‘fill and spill’ philosophy, whereby barrages are opened to drop lake levels prior to forecasted flows into the lakes, which can then be used to refill the Lower Lakes to the full supply level (0.75 m) (Phillips & Muller 2006).
At the River Murray barrages, Commonwealth environmental water contributed 100% of the total streamflow volume. Environmental watering actions affected streamflows for 353 days between 1 July 2015 and 30 June 2016 (Figure 9Figure 9). The Basin Plan lists specific end-of-Basin guidance for barrage flows, while the BWS lists quantifiable objectives for end-of-Basin flows. The BWS flow targets at the barrages are for greater than 2000 GL/year on a 3-year rolling average basis for 95% of the time, with a 2-year minimum of 600 GL. 
The delivery of Commonwealth environmental water secured the 2-year minimum target (600 GL) set in the BWS. In the absence of Commonwealth environmental water, flows over the barrages would have been negligible in 2015–16. This suggests that river operations may have adapted to the availability of Commonwealth environmental water. Possibly, water that would have previously passed through to the Coorong and Murray Mouth (i.e. prior to the Commonwealth environmental water program) is no longer being prioritised below the Lower Lakes, with the possibility that Commonwealth environmental water is substituting previously provided environmental water rather than augmenting it. 



[bookmark: _Ref480174629][bookmark: _Toc328082838][bookmark: _Toc483227225][bookmark: _Toc492291143]Figure 9. Contribution of environmental water delivery over the barrages (flows contributed by environmental water shown in brown).
[bookmark: _Toc328083923][bookmark: _Toc492291112]Murray Mouth opening
The Murray Mouth bed elevation is highly variable, increasing in depth during high river flows and decreasing in depth under low flows. The system has traditionally been reliant on flood-dominated processes rather than tidal-dominated processes to flush sediment. So, it is no surprise that a trend of decreasing flows in this region has contributed to the Murray Mouth filling with ocean-derived sediment for over 150 years (Colby et al. 2010). 
Several indicators of Murray Mouth openness are available, each with advantages and disadvantages (see Walker & Jessup 1992; Webster 2010; Bark et al. 2013). In this evaluation, we assessed the contribution that Commonwealth environmental water would have had towards keeping the Murray Mouth open had dredges not been in operation using the Murray Mouth openness index and the depth of the Murray Mouth as surrogates for evaluating the contribution of Commonwealth environmental water. 
We applied the model developed by Webster (2010) to estimate the bed elevation of the Murray Mouth channel under two scenarios: (a) ‘modelled pre-buyback’ (i.e. without held Commonwealth environmental water); and (b) ‘modelled actual’ (i.e. held Commonwealth environmental water). We report this information with low confidence as the modelled actual result will report a more closed mouth than occurred in reality, as the model did not include the contribution made by the dredges. This is because, during the 2015–16 watering year, two dredges were in place to remove sediment contributing to minimum mouth openness targets. Dredging has been assessed as an effective management option for improving openness (Colby et al. 2010) and complements the delivery of Commonwealth environmental water.
For the 2015–16 watering year, the modelled actual stream bed elevation was estimated to be –0.94 ± 0.23 m, while the modelled pre-buyback scenario (or counterfactual) result was significantly less at –0.15 ± 0.22 m (Figures 10 and 11). The starting condition used for this analysis was derived from the end of modelled conditions from the 2014–15 watering year, representing contributions from environmental water in previous years. Figure 11 shows that the barrage flow that occurred due to Commonwealth environmental water was modelled to be sufficient to maintain mouth depth over spring, whereas without this flow, in the pre-buyback scenario (and ignoring the effect of dredging), the mouth openness reduced rapidly. This result indicates that under a modelled condition, Commonwealth environmental water has contributed to the Murray Mouth openness indicator via the increase in depth of the channel through its deliveries of environmental water over the barrages. 
The BWS targets state that the Murray Mouth is to remain open 90% of the time to an average annual depth of 1 m. Our modelling has shown that Commonwealth environmental water contributed to maintaining an assumed Murray Mouth depth of approximately 1 m which without Commonwealth environmental water would have been significantly shallower at approximately 0.15 m. 
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[bookmark: _Ref487106096][bookmark: _Toc328082840][bookmark: _Toc492291144]Figure 10. Box and whisker plot showing the modelled streambed height for the 2015–16 watering year. The box height is the interquartile range, the line within the box is the median and the diamond is the mean. The whiskers represent the minimum and maximum.


[bookmark: _Ref483404036][bookmark: _Toc492291145][bookmark: _Toc328082841]Figure 11. Modelled change in the Murray Mouth bed elevation for the counterfactual scenario (modelled pre-buyback) and an actual scenario (modelled actual). 
[bookmark: _Toc492291113]Basin-wide in-stream and riparian vegetation
MDBA Environmental Watering Priority: Maintain and where possible improve the condition of in-stream riparian vegetation, through in-channel freshes.
Summary of outcomes and Commonwealth environmental water contribution: Given this was a dry year, there was good progress towards this priority. Low to moderate freshes were widespread in nine valleys. High freshes were achieved in three valleys. Watering of end-of-systems wetlands was achieved in four valleys. 
MDBA (2015) identifies four strategies relevant for this priority: 
1. Providing in-channel low to moderate freshes: The occurrence of low and moderate freshes across the Basin is discussed in Sections 4.2.2 and 5.1.2 and is not repeated here.
2. Providing in-channel high flows which fill closely fringing, low-lying wetlands: High freshes are achieved: throughout the Broken, Goulburn and Murrumbidgee; in some sites in the Barwon–Darling, Campaspe, Gwydir, Lachlan, Lower Murray, Macquarie and Warrego; and not achieved in the Border Rivers, Central Murray, Condamine–Balonne, Edward–Wakool, Loddon and Ovens valleys. The restricted distribution of high flows was expected given this was a dry year.
3. Watering end-of-river low-lying wetlands: expected flooding was successfully achieved in valleys at the downstream end of the Gwydir, Macquarie, Lachlan and Murrumbidgee valleys by passing large volumes of water to these downstream reaches combined with the use of weirs and regulators in some cases. 
4. Maintaining a drying regime consistent with a natural wetting and drying cycle: There is no monitoring of cease-to-flow events or wetland hydroperiods and these were not considered in the assessment.
[bookmark: _Toc492291114]Mid-Murrumbidgee wetlands
MDBA Environmental Watering Priority: Improve the condition of wetland vegetation communities in the mid-Murrumbidgee wetlands.
Summary of outcomes and Commonwealth environmental water contribution: Six wetlands or wetland systems received environmental water along the mid-Murrumbidgee Valley. This is a relatively small proportion of the wetlands targeted in this priority.
Three wetlands or wetland systems were filled using Commonwealth environmental water along the mid-Murrumbidgee River:
· Yarrada Lagoon was filled in October 2015 and then dried down naturally through to mid-2016.
· Toogimbie Indigenous Protected Area Wetlands were targeted between March and May 2016 and 50% of total area was wetted. 
· Sandy Creek was targeted between April and June 2016, watered over 42 days and 90% of the wetland area was wetted. 



[bookmark: _Toc492291115]Macquarie Marshes 
MDBA Environmental Watering Priority: Maintain semi-permanent wetland vegetation in core refuge areas in the Macquarie Marshes.
Summary of outcomes and Commonwealth environmental water contribution: Flooding across the Macquarie Marshes was achieved, with the extent of flooding enhanced through the contribution of Commonwealth environmental water.
Flows were passed downstream into the Macquarie Marshes between August and October 2015, achieving an estimated inundation extent of 41,400 ha of which 10,150 ha is attributed to Commonwealth environmental water. This priority is considered to have been achieved. 

[bookmark: _Toc492291116]Basin-wide waterbird habitat and future population recovery
MDBA Environmental Watering Priority: Improve the complexity and health of priority waterbird habitat to maintain species richness and aid future population recovery.
Summary of outcomes and Commonwealth environmental water contribution: Although there are no specific hydrological targets associated with this priority, watering (or not watering) wetlands and floodplains will contribute to habitat complexity for waterbirds. Of the 115 watering actions delivered in 2015–16, 67 actions identified objectives related to waterbirds. Of these, 25% of Commonwealth environmental water was used in watering actions that delivered water out of the river channel in 59 watering actions. Approximately two-thirds of this environmental water was used in eight watering actions where flows were increased to magnitudes equal to, or greater than bankfull. The remainder of this environmental water was used to fill wetlands along the Central and Lower Murray and Murrumbidgee. 
[bookmark: _Toc492291117]Basin-wide native fish habitat and movement
MDBA Environmental Watering Priority: Maintain native fish populations by protecting and improving the condition of fish habitat and providing opportunities for movement.
Summary of outcomes and Commonwealth environmental water contribution: Native fish populations generally were expected to be supported through the maintenance of base flows and freshes in many of the Basin’s valleys. The lack of high in-channel flows in many valleys was to be expected given this was a dry year. 
The annual priorities identify the following flow manipulation strategies for achieving this priority: 
1. Maintaining base flows: Base flows across the Basin are assessed in Section 4.2.1.
2. Low and moderate flow freshes for fish passage: Low to moderate flow freshes across the Basin are assessed in Section 4.2.2.
3. High flow freshes to inundate benches to increase food resources and inundate key in-stream and off-stream habitats: High flow freshes across the Basin are assessed in Section 4.2.2.
4. Slowing the recession tail of overbank flows to allow fish to exit off-stream habitats: With the exception of end-of-system flooding, the only overbank flow exceeding bankfull channel capacity that involved some environmental water was at the Barmah–Millawa forest.
5. Reinstate winter flows in the southern Basin: This strategy is not relevant for such a dry year. Achieving natural winter flows is difficult in heavily regulated systems of the southern Basin, where higher winter lows are captured in storage for release in the drier summer season. It is even more difficult in dry winters like 2015. The contribution of environmental water to increased flow magnitudes in the winter months is minor (Figure 12). Contributions peak in the spring and autumn months. The only exception is the Ovens Valley, where unregulated tributary inflows maintain high winter flows. Although severely reduced compared with natural, winter flow reductions in the Lachlan and Loddon were not as severe as in the other valleys. 

[bookmark: _Ref353913237][bookmark: _Toc492291146]Figure 12. The contribution of environmental water to monthly flow magnitudes for 2015–16 averaged over valleys in the southern Basin. The contribution is evaluated as the change in flow percentiles for each month in the unimpacted flow series. For example, the October flow without environmental flow is equivalent to the 22nd cumulative percentile of October flows in the unimpacted series and environmental water increases this to the 26th percentile, so the figure shows 4% for this month.
[bookmark: _Toc492291118]Northern Basin fish refuges
MDBA Environmental Watering Priority: Protect native fish populations and in-stream habitats, particularly drought refuges, in the northern Basin.
Summary of outcomes and Commonwealth environmental water contribution: Generally good conditions were maintained for native fish in the Macquarie, Lachlan and Gwydir valleys but poor conditions were maintained in Condamine–Balonne and Border Rivers. 
This priority is supported by maintaining natural base flow levels and low to moderate freshes in the northern Basin rivers identified as providing critical native fish habitats, including the Macquarie, Lachlan, Gwydir, Condamine-Balonne and Border Rivers valleys. Base flow levels persisted for significantly longer periods than under the unimpacted case, indicating very dry conditions. The only exception was in the Macquarie River where base flows were consistent with those expected in the unimpacted regime. Commonwealth environmental water only contributed to freshes in northern Basin in the Macquarie River. (See Sections 4.2.1 and 4.2.2 for more detail.)
[bookmark: _Toc492291119]Silver perch
MDBA Environmental Watering Priority: Contribute to the long-term recovery of silver perch by maintaining key populations, supporting recruitment and facilitating movement and dispersal.
Summary of outcomes and Commonwealth environmental water contribution: Generally good conditions were maintained for silver perch except in the Border Rivers. 
This priority is supported by maintaining natural base flow levels and low to moderate freshes in the valleys that support silver perch, including Border Rivers, Central Murray, Edward–Wakool, Goulburn, Lower Murray, Murrumbidgee and Ovens. Base flows and freshes are believed to be important in sustaining water quality and hydraulic habitat for fish, with silver perch believed to be sensitive to poor water quality and having a preference for flowing water (Rogers & Ralph 1996). Base flow levels were influenced by Commonwealth environmental water in the southern Basin; however, in the northern Basin, low flow periods persisted for significantly longer periods than under the unimpacted case indicating very dry conditions. There was a frequent occurrence of low and medium freshes throughout much of the southern Basin. (see Sections 4.2.1 and 4.2.2). 
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[bookmark: _Toc492291120]Adaptive management 
The following recommendations are made for consideration in future years:
· There is generally very low rate of success in achieving the SFIs targeted by the Basin Plan. There are likely three reasons for this: (1) constraints on high flows due to limited release capacity at dams or the risks of impacting on private or public assets make high flow releases unachievable at this time; (2) insufficient water entitlement has been recovered to achieve  SFI with the desired frequency; and (3) the allocations of water have been too low to achieve these targets in the first 2 years of the LTIM Project but wetter conditions may allow these targets to be achieved in future years, which may lead to achieving the target frequency in the long term. A review of the SFIs is needed to identify which are reasonable with current water holdings and constraints. This can inform future prioritisation of environmental watering actions and LTIM. 
· Documentation of weir pool manipulations in the River Murray is variable; in particular, the hydrological outcomes in terms of the extent and duration of flooding produced by weir pool raising. This should be reported along with an account of the extent to which this was consistent with targeted outcomes for particular habitat types.
· Managing water levels in the Lower Lakes involves a trade-off between maintaining high lake levels and when to pass flows through the Coorong and Murray Mouth. Evaluation of the outcomes of the decision to prioritise sustained water levels in the Lower Lakes over passing flows immediately into the Coorong and Murray Mouth, as opposed to later in the year, requires a clear statement of the expected outcomes of this decision within the context of the BWS and the long-term management plan.
· The delivery of Commonwealth environmental water secured the 2-year minimum target (600 GL) set in the BWS. In the absence of Commonwealth environmental water, flows over the barrages would have been negligible in 2015–16. This suggests that river operations may have adapted to the availability of Commonwealth environmental water. Possibly, water that would have previously passed through to the Coorong and Murray Mouth (i.e. prior to the Commonwealth environmental water program) is no longer being prioritised below the Lower Lakes, with the possibility that Commonwealth environmental water is substituting previously provided environmental water rather than augmenting it. 
· Reporting on hydrological outcomes for wetland watering achieved through pumping or use of weirs and other infrastructure is quite limited. For example, the hydraulic outcomes for watering actions during 2015–16 that delivered water into Toogimbie Indigenous Protected Area Wetlands, Nap Nap Wetland and Sandy Creek are uncertain. Some thought is required to provide identify hydrological targets for these watering events and then reporting against these targets. 


[bookmark: _Toc471363733][bookmark: _Toc492291121]Expected 1–5-year outcomes
The results of the first 2 years of the LTIM evaluation enable predictions of the influence of Commonwealth environmental water on flow regimes over the period mid 2014 to 2019 if water availability conditions were to remain below average or dry. The major predictions are: 
· Minimum flows will generally be maintained in the rivers of the southern Basin, although there will be exceptions such as the Lower Murray where variations in the base flow regime can be expected from year to year.
· In the northern Basin, base flows will continue to be reduced below pre-development magnitudes, with extended periods of artificially low flows as a result of irrigation water withdrawals. Environmental watering actions will not dramatically alter the persistence of low flows in most cases although experience in the Macquarie in 2015–16 demonstrates that there can be exceptions (when dams are full). 
· In the River Murray, freshes will largely be dependent on unregulated tributary inflows.
· Medium freshes will continue to be rare in the Goulburn River but low and medium freshes will be delivered in most other valleys of the southern Basin.
· In the northern Basin, freshes will be produced by unregulated flows and environmental water will have very little influence on whether or not freshes occur.
· In most cases, high freshes will be dependent on unregulated tributary inflows and will not be the result of environmental watering actions. High freshes may not occur at all for many sites across both the southern and northern Basin. 
If water availability increases in subsequent years it is likely that water regimes would be enhanced beyond the predictions listed in terms of the types of flows restored and the number of areas in which they are restored, particularly as storages fill and then spill.
From a risk management perspective, the predictions could be used to inform the development of contingency plans for the next major drought though consideration of whether the watering actions delivered over 2014–15 and 2015–16 could be modified in the future to ensure damage to the environment is minimised. 



[bookmark: _Toc471363734][bookmark: _Toc492291122]Basin-scale outcomes
A ‘score card’ showing how well the Annual Environmental Watering Priorities were met in the valleys receiving Commonwealth environmental water in 2015–16 is provided in Table 7.
[bookmark: _Ref487107166][bookmark: _Toc492291132]Table 7. Achievement of the annual Basin Annual Environmental Watering Priorities for the 2015–16 year. Assessment indicates compliance with priority flow strategies for each priority in each of the valleys were Commonwealth environmental water was delivered. ^note included in the table as a valley, but is part of the Lower Murray valley.
	Priority
	  Barwon–Darling
	  Border Rivers
	  Broken
	  Campaspe
	  Central Murray
	  Condamine–Balonne
	  Edward–Wakool
	  Goulburn
	  Gwydir
	  Lachlan
	  Loddon
	  Lower Murray
	  Macquarie
	  Murrumbidgee
	  Ovens
	  Warrego
	  Coorong, LL and MM^ 

	River flows and connectivity theme

	Basin-wide flow variability and longitudinal connectivity
	baseflows
	0
	0
	1
	1
	2
	0
	1
	2
	1
	2
	2
	2
	2
	2
	2
	1
	 

	
	low and moderate freshes
	0
	1
	0
	2
	2
	1
	2
	1
	2
	2
	2
	0
	2
	2
	2
	1
	 

	River Murray weir pool variation
	 
	 
	 
	 
	2
	 
	 
	 
	 
	 
	 
	2
	 
	 
	 
	 
	 

	Coorong, Lower Lakes and Murray Mouth
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1

	Native vegetation theme

	Basin-wide in-stream and riparian vegetation
	low to mod. freshes
	0
	1
	0
	2
	2
	1
	2
	1
	2
	2
	2
	0
	2
	2
	2
	1
	

	
	high freshes
	1
	0
	2
	1
	0
	0
	0
	2
	1
	1
	0
	1
	1
	2
	0
	1
	

	
	watering d/s wetlands
	
	
	
	
	
	
	
	
	2
	2
	
	
	2
	2
	
	
	

	
	cease-to-flows
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mid-Murrumbidgee wetlands
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	

	Macquarie Marshes
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2
	 
	 
	 
	 

	Moira grass
	 
	 
	 
	 
	0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Waterbird theme

	Basin-wide waterbird habitat 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Native fish theme

	Basin-wide native fish habitat and movement
	baseflows
	0
	0
	1
	1
	2
	0
	1
	2
	1
	2
	2
	2
	2
	2
	2
	1
	

	
	low to mod. freshes
	0
	1
	0
	2
	2
	1
	2
	1
	2
	2
	2
	0
	2
	2
	2
	1
	

	
	high freshes
	1
	0
	2
	1
	0
	0
	0
	2
	1
	1
	0
	1
	1
	2
	0
	1
	

	
	slowing o/b recession
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	natural winter flows
	
	
	0
	0
	0
	
	
	0
	
	1
	0
	1
	
	0
	2
	
	

	Northern Basin fish refuges
	baseflows
	
	0
	
	
	
	0
	
	
	1
	2
	
	
	2
	
	
	
	

	
	low to mod. freshes
	
	1
	
	
	
	1
	
	
	2
	2
	
	
	2
	
	
	
	

	Silver perch
	baseflows
	
	0
	
	
	2
	
	1
	2
	
	
	
	2
	
	
	2
	
	

	
	low to mod. freshes
	
	1
	
	
	2
	
	2
	1
	
	
	
	0
	
	
	2
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	0
	Very limited or no success in achieving priority outcome
	
	
	
	

	
	
	1
	Partial success in achieving priority outcome
	
	
	
	
	
	
	

	
	
	2
	Good success in achieving priority outcome
	
	
	
	
	
	
	



[bookmark: _Toc471363737][bookmark: _Toc492291123]Contribution to 2015–16 Basin annual watering priorities
[bookmark: _Ref487107262]The contribution of Commonwealth environmental water to meeting the Annual Environmental Watering Priorities for the Basin are summarised in Table 8. Full details are provided in Section 5.
[bookmark: _Toc492291133]Table 8. Contribution of Commonwealth environmental water to Murray–Darling Basin Authority (MDBA) Annual Environmental Watering Priorities.
	Annual priority
	Purpose
	Summary of outcomes and Commonwealth environmental water contribution

	Basin-wide flow variability and longitudinal connectivity
	Provide flow variability and longitudinal connectivity within rivers to support refuge habitats.
	A portion of the valleys where environmental water is delivered, was maintained with either a good base flow or fresh flow regime. A natural baseflow regime was generally maintained close to natural in eight valleys, partially maintained in five valleys and was dramatically reduced from natural in three valleys. The low and medium regime of freshes was good in nine valleys, partially maintained in four valleys, and poor in three valleys. There are six valleys where both the base flow and freshes regime were maintained in good conditions: Central Murray, Lachlan, Loddon, Macquarie, Murrumbidgee and Ovens.

	River Murray weir pool variation
	Ensure a variable flow pattern and lateral connectivity through coordinated weir pool management in the River Murray from Euston to Blanchetown.
	Weir level manipulations occurred at 6 of the 12 weirs along the River Murray downstream of Euston.

	Coorong, Lower Lakes and Murray Mouth
	Improve water quality, fringing vegetation and native fish movement by varying the water levels in Lakes Alexandrina and Albert to maintain flows into the Coorong and Murray Mouth.
	Commonwealth environmental water contributed to the targets set for the Lower Lakes in the Basin-wide Environmental Watering Strategy. However, discharge through the barrages and the mouth was low relative to the target flows and will need to be increased in future years if the 3-year average is to meet the discharge target.

	Basin-wide in-stream and riparian vegetation
	Maintain and where possible improve the condition of in-stream riparian vegetation, through in-channel freshes.
	Given this was a dry year, there was good progress towards this priority. Low to moderate freshes were widespread in nine valleys. High freshes were achieved in three valleys. Watering of end-of-systems wetlands was achieved in four valleys. 

	Mid-Murrumbidgee wetlands
	Improve the condition of wetland vegetation communities in the mid-Murrumbidgee wetlands.
	Two wetlands or wetland systems received environmental water along the mid-Murrumbidgee Valley. This is a relatively small portion of the wetlands targeted in this priority.

	Macquarie Marshes 
	Maintain semi-permanent wetland vegetation in core refuge areas in the Macquarie Marshes.
	This priority was achieved, with extensive flooding across the Macquarie Valley.

	Basin-wide waterbird habitat and future population recovery
	Improve the complexity and health of priority waterbird habitat to maintain species richness and aid future population recovery.
	Although there are no specific hydrological targets associated with this priority, of the 11 watering actions delivered in 2015–16, 67 actions identified objectives related to waterbirds. 

	Basin-wide native fish habitat and movement
	Maintain native fish populations by protecting and improving the condition of fish habitat and providing opportunities for movement.
	Native fish populations were generally supported through the maintenance of base flows and freshes in many of the Basins valleys. The lack of high in-channel flows in many valleys was to be expected given this was a dry year. 

	Northern Basin fish refuges
	Protect native fish populations and in-stream habitats, particularly drought refuges, in the northern Basin.
	Generally good conditions were maintained for native fish in the Macquarie, Lachlan and Gwydir valleys but poor conditions were maintained in Condamine–Balonne and Border Rivers. 

	Silver perch
	Contribute to the long-term recovery of silver perch by maintaining key populations, supporting recruitment and facilitating movement and dispersal.
	Generally good conditions were maintained for silver perch except in the Border Rivers. 
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[bookmark: _Toc492291125]Annex A. Valley report cards 1 to 16 



SUM_Length_km	Barwon Darling	Central Murray	Condamine Balonne	Murrumbidgee	Border Rivers	Lachlan	Gwydir	Edward Wakool	Lower Murray	Macquarie	Loddon	Ovens	Goulburn	Warrego	Broken	Campaspe	3457.808	2508.0709999999999	2334.6950000000002	1874.5050000000001	1836.4839999999999	1597.404	1127.117	1048.7850000000001	991.10180000000003	829.4624	560.20410000000004	543.53369999999995	537.0779	492.53919999999999	276.08179999999999	175.161	Valley
River length (km)
CEWO	Central Murray	Gwydir	Lachlan	Lower Murray	Macquarie	Murrumbidgee	Warrego	Wimmera	17084.13968843106	3021.103199450883	26992.68622311105	140035.01796757439	10153.7868902343	26041.565981390871	0	0	Other Environmental Water	Central Murray	Gwydir	Lachlan	Lower Murray	Macquarie	Murrumbidgee	Warrego	Wimmera	4414.207589899278	19.362203317060001	650.52907235238308	638.13775802309999	0	0	0	4.1980624697086713	Other Water	Central Murray	Gwydir	Lachlan	Lower Murray	Macquarie	Murrumbidgee	Warrego	Wimmera	0	6025.6332032536538	3027.6763838241518	0	31260.953197637129	3249.9121329563859	532.13217408890739	0	Area of inundation (ha)


Irrigation Supply and Planned Environmental Water	Barwon Darling	Border Rivers	Broken	Condamine Balonne	Campaspe	Central Murray	Edward Wakool	Goulburn	Gwydir	Lachlan	Loddon	Lower Murray	Murrumbidgee	Macquarie	Ovens	Warrego	Basin	0	0.123650793650794	0.309782608695652	0	0.770701810267028	0.80059795277186596	0.47651895206243	0.75	0.37036189973260902	0.55479166666666702	0.88503025959547699	0.70923913043478304	0.92094660774008597	0.893260869565217	1	0.19657509157509201	0.60656039930765204	Commonwealth Environmental Water	Barwon Darling	Border Rivers	Broken	Condamine Balonne	Campaspe	Central Murray	Edward Wakool	Goulburn	Gwydir	Lachlan	Loddon	Lower Murray	Murrumbidgee	Macquarie	Ovens	Warrego	Basin	0	0	1.3586956521739101E-2	0	1.10310877528269E-2	0.19940204722813401	0	0.1875	9.9828107377303108E-3	0.16757389617344901	0	0.16576086956521699	4.9072960721511398E-2	4.2936795491143299E-2	0	0	7.9426919111471206E-2	Other Environmental Water	Barwon Darling	Border Rivers	Broken	Condamine Balonne	Campaspe	Central Murray	Edward Wakool	Goulburn	Gwydir	Lachlan	Loddon	Lower Murray	Murrumbidgee	Macquarie	Ovens	Warrego	Basin	0	0	0	0	0.18901191272495599	0	0	6.25E-2	4.3368413849192197E-2	0.27763443715988501	0	0	1.7226808349996799E-2	6.3802334943639294E-2	0	0	5.5749815905206501E-2	

(a) Occurrence of high freshes
Upper Darling 2014-15	Barwon Darling 2015-16	Border Rivers 2014-15	Border Rivers 2015-16	Cond-Balonne 2014-15	Cond-Balonne 2015-16	Gwydir 2014-15	Gwydir 2015-16	Macquarie 2014-15	Macquarie 2015-16	Warrego 2014-15	Warrego 2015-16	Broken 2014-15	Broken 2015-16	Campaspe 2014-15	Campaspe 2015-16	Central Murray 2014-15	Central Murray 2015-16	Ed-Wakool 2014-15	Ed-Wakool 2015-16	Goulburn 2014-15	Goulburn 2015-16	Lachlan 2014-15	Lachlan 2015-16	Loddon 2014-15	Loddon 2015-16	Lower Murray 2014-15	Lower Murray 2015-16	Murrumbidgee 2014-15	Murrumbidgee 2015-16	Ovens 2014-15	Ovens 2015-16	Basin 2014-15	Basin 2015-16	0	0	1	0.33333333333333331	1	1	0.73684210526315785	0.73684210526315785	0	0.66666666666666663	0.5	0	0.25	0	0.33333333333333331	0	0.27272727272727271	0.18181818181818182	0	0	0.25	0	0	0.625	0	0	9.0909090909090912E-2	0	8.3333333333333329E-2	0.41666666666666669	1	1	0.30188679245283018	0.36263736263736263	Upper Darling 2014-15	Barwon Darling 2015-16	Border Rivers 2014-15	Border Rivers 2015-16	Cond-Balonne 2014-15	Cond-Balonne 2015-16	Gwydir 2014-15	Gwydir 2015-16	Macquarie 2014-15	Macquarie 2015-16	Warrego 2014-15	Warrego 2015-16	Broken 2014-15	Broken 2015-16	Campaspe 2014-15	Campaspe 2015-16	Central Murray 2014-15	Central Murray 2015-16	Ed-Wakool 2014-15	Ed-Wakool 2015-16	Goulburn 2014-15	Goulburn 2015-16	Lachlan 2014-15	Lachlan 2015-16	Loddon 2014-15	Loddon 2015-16	Lower Murray 2014-15	Lower Murray 2015-16	Murrumbidgee 2014-15	Murrumbidgee 2015-16	Ovens 2014-15	Ovens 2015-16	Basin 2014-15	Basin 2015-16	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.16666666666666666	0	0	0	0	0	0.25	0	0	0	0	0	0	0	0	0	0	9.433962264150943E-3	2.7472527472527472E-2	Upper Darling 2014-15	Barwon Darling 2015-16	Border Rivers 2014-15	Border Rivers 2015-16	Cond-Balonne 2014-15	Cond-Balonne 2015-16	Gwydir 2014-15	Gwydir 2015-16	Macquarie 2014-15	Macquarie 2015-16	Warrego 2014-15	Warrego 2015-16	Broken 2014-15	Broken 2015-16	Campaspe 2014-15	Campaspe 2015-16	Central Murray 2014-15	Central Murray 2015-16	Ed-Wakool 2014-15	Ed-Wakool 2015-16	Goulburn 2014-15	Goulburn 2015-16	Lachlan 2014-15	Lachlan 2015-16	Loddon 2014-15	Loddon 2015-16	Lower Murray 2014-15	Lower Murray 2015-16	Murrumbidgee 2014-15	Murrumbidgee 2015-16	Ovens 2014-15	Ovens 2015-16	Basin 2014-15	Basin 2015-16	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.16666666666666666	0	0	0	0	0	0	0	0.25	0	0	0	0	0	0	0	0	0	2.7472527472527472E-2	
Commonwealth environmental water	42186	42187	42188	42189	42190	42191	42192	42193	42194	42195	42196	42197	42198	42199	42200	42201	42202	42203	42204	42205	42206	42207	42208	42209	42210	42211	42212	42213	42214	42215	42216	42217	42218	42219	42220	42221	42222	42223	42224	42225	42226	42227	42228	42229	42230	42231	42232	42233	42234	42235	42236	42237	42238	42239	42240	42241	42242	42243	42244	42245	42246	42247	42248	42249	42250	42251	42252	42253	42254	42255	42256	42257	42258	42259	42260	42261	42262	42263	42264	42265	42266	42267	42268	42269	42270	42271	42272	42273	42274	42275	42276	42277	42278	42279	42280	42281	42282	42283	42284	42285	42286	42287	42288	42289	42290	42291	42292	42293	42294	42295	42296	42297	42298	42299	42300	42301	42302	42303	42304	42305	42306	42307	42308	42309	42310	42311	42312	42313	42314	42315	42316	42317	42318	42319	42320	42321	42322	42323	42324	42325	42326	42327	42328	42329	42330	42331	42332	42333	42334	42335	42336	42337	42338	42339	42340	42341	42342	42343	42344	42345	42346	42347	42348	42349	42350	42351	42352	42353	42354	42355	42356	42357	42358	42359	42360	42361	42362	42363	42364	42365	42366	42367	42368	42369	42370	42371	42372	42373	42374	42375	42376	42377	42378	42379	42380	42381	42382	42383	42384	42385	42386	42387	42388	42389	42390	42391	42392	42393	42394	42395	42396	42397	42398	42399	42400	42401	42402	42403	42404	42405	42406	42407	42408	42409	42410	42411	42412	42413	42414	42415	42416	42417	42418	42419	42420	42421	42422	42423	42424	42425	42426	42427	42428	42429	42430	42431	42432	42433	42434	42435	42436	42437	42438	42439	42440	42441	42442	42443	42444	42445	42446	42447	42448	42449	42450	42451	42452	42453	42454	42455	42456	42457	42458	42459	42460	42461	42462	42463	42464	42465	42466	42467	42468	42469	42470	42471	42472	42473	42474	42475	42476	42477	42478	42479	42480	42481	42482	42483	42484	42485	42486	42487	42488	42489	42490	42491	42492	42493	42494	42495	42496	42497	42498	42499	42500	42501	42502	42503	42504	42505	42506	42507	42508	42509	42510	42511	42512	42513	42514	42515	42516	42517	42518	42519	42520	42521	42522	42523	42524	42525	42526	42527	42528	42529	42530	42531	42532	42533	42534	42535	42536	42537	42538	42539	42540	42541	42542	42543	42544	42545	42546	42547	42548	42549	42550	1614	2283	2227	1981	2051	3565	7348	6588	1	0	581	21	39	5775	7898	8405	8764	9117	9445	7101	7397	4372	32	0	3095	7358	10402	8873	3867	52	45	38	53	2796	17218	18437	11678	12132	3156	570	165	525	1446	1557	1610	1446	2233	2956	2455	1698	1597	1623	1637	1800	1832	3095	3447	2555	2663	2627	4391	2609	3300	2598	2943	2567	2494	2915	3514	4014	6134	6906	7201	6088	3963	3605	3237	3893	4151	4062	2554	3142	3708	3792	3413	2882	2845	2605	2664	2853	2776	2984	2876	2716	2998	2073	2463	2927	2887	2763	2556	2593	2439	2109	2078	1909	1888	2058	2131	2011	1421	1850	2126	2221	1724	1623	2071	1991	1971	1958	1995	1928	2241	2577	2676	2093	2248	2592	2722	2514	2355	2656	3559	3152	2359	2435	2552	2109	1601	1514	1312	1389	1434	1346	1504	620	20	72	86	88	73	33	60	86	80	78	76	82	46	48	53	23	60	63	51	59	58	56	37	62	18	41	45	39	52	40	5	33	33	33	36	29	12	13	16	20	17	11	17	18	16	17	16	16	11	4	13	15	14	11	14	7	14	11	8	10	10	11	6	2	6	11	8	15	21	5	13	17	12	9	12	18	168	482	548	485	466	422	363	480	501	468	522	586	721	954	1357	1454	1471	1563	1592	2278	3268	2923	2433	1827	1866	1763	1715	1795	1808	2575	3094	2339	2256	1945	2509	2564	3045	0	1920	2142	2317	1778	436	272	10	9	12	15	296	482	480	486	369	438	485	475	434	480	460	456	390	381	422	498	524	504	428	494	534	515	518	435	454	492	543	550	569	567	482	307	13	0	9	0	0	6	7	14	680	4614	0	0	0	10	14	9	16	9	11	5	10	26	39	0	5	9	1	0	1	38	57	37	37	26	19	17	18	0	8	53	0	17	20	36	52	40	44	53	30	38	37	35	18	16	4	0	37	52	41	43	72	12	30	42	Date

Flow (ML/day)

Barrage flows (ML/day)	42186	42187	42188	42189	42190	42191	42192	42193	42194	42195	42196	42197	42198	42199	42200	42201	42202	42203	42204	42205	42206	42207	42208	42209	42210	42211	42212	42213	42214	42215	42216	42217	42218	42219	42220	42221	42222	42223	42224	42225	42226	42227	42228	42229	42230	42231	42232	42233	42234	42235	42236	42237	42238	42239	42240	42241	42242	42243	42244	42245	42246	42247	42248	42249	42250	42251	42252	42253	42254	42255	42256	42257	42258	42259	42260	42261	42262	42263	42264	42265	42266	42267	42268	42269	42270	42271	42272	42273	42274	42275	42276	42277	42278	42279	42280	42281	42282	42283	42284	42285	42286	42287	42288	42289	42290	42291	42292	42293	42294	42295	42296	42297	42298	42299	42300	42301	42302	42303	42304	42305	42306	42307	42308	42309	42310	42311	42312	42313	42314	42315	42316	42317	42318	42319	42320	42321	42322	42323	42324	42325	42326	42327	42328	42329	42330	42331	42332	42333	42334	42335	42336	42337	42338	42339	42340	42341	42342	42343	42344	42345	42346	42347	42348	42349	42350	42351	42352	42353	42354	42355	42356	42357	42358	42359	42360	42361	42362	42363	42364	42365	42366	42367	42368	42369	42370	42371	42372	42373	42374	42375	42376	42377	42378	42379	42380	42381	42382	42383	42384	42385	42386	42387	42388	42389	42390	42391	42392	42393	42394	42395	42396	42397	42398	42399	42400	42401	42402	42403	42404	42405	42406	42407	42408	42409	42410	42411	42412	42413	42414	42415	42416	42417	42418	42419	42420	42421	42422	42423	42424	42425	42426	42427	42428	42429	42430	42431	42432	42433	42434	42435	42436	42437	42438	42439	42440	42441	42442	42443	42444	42445	42446	42447	42448	42449	42450	42451	42452	42453	42454	42455	42456	42457	42458	42459	42460	42461	42462	42463	42464	42465	42466	42467	42468	42469	42470	42471	42472	42473	42474	42475	42476	42477	42478	42479	42480	42481	42482	42483	42484	42485	42486	42487	42488	42489	42490	42491	42492	42493	42494	42495	42496	42497	42498	42499	42500	42501	42502	42503	42504	42505	42506	42507	42508	42509	42510	42511	42512	42513	42514	42515	42516	42517	42518	42519	42520	42521	42522	42523	42524	42525	42526	42527	42528	42529	42530	42531	42532	42533	42534	42535	42536	42537	42538	42539	42540	42541	42542	42543	42544	42545	42546	42547	42548	42549	42550	1614	2283	2227	1981	2051	3565	7348	6588	1	0	581	21	39	5775	7898	8405	8764	9117	9445	7101	7397	4372	32	0	3095	7358	10402	8873	3867	52	45	38	53	2796	17218	18437	11678	12132	3156	570	165	525	1446	1557	1610	1446	2233	2956	2455	1698	1597	1623	1637	1800	1832	3095	3447	2555	2663	2627	4391	2609	3300	2598	2943	2567	2494	2915	3514	4014	6134	6906	7201	6088	3963	3605	3237	3893	4151	4062	2554	3142	3708	3792	3413	2882	2845	2605	2664	2853	2776	2984	2876	2716	2998	2073	2463	2927	2887	2763	2556	2593	2439	2109	2078	1909	1888	2058	2131	2011	1421	1850	2126	2221	1724	1623	2071	1991	1971	1958	1995	1928	2241	2577	2676	2093	2248	2592	2722	2514	2355	2656	3559	3152	2359	2435	2552	2109	1601	1514	1312	1389	1434	1346	1504	620	20	72	86	88	73	33	60	86	80	78	76	82	46	48	53	23	60	63	51	59	58	56	37	62	18	41	45	39	52	40	5	33	33	33	36	29	12	13	16	20	17	11	17	18	16	17	16	16	11	4	13	15	14	11	14	7	14	11	8	10	10	11	6	2	6	11	8	15	21	5	13	17	12	9	12	18	168	482	548	485	466	422	363	480	501	468	522	586	721	954	1357	1454	1471	1563	1592	2278	3268	2923	2433	1827	1866	1763	1715	1795	1808	2575	3094	2339	2256	1945	2509	2564	3045	0	1920	2142	2317	1778	436	272	10	9	12	15	296	482	480	486	369	438	485	475	434	480	460	456	390	381	422	498	524	504	428	494	534	515	518	435	454	492	543	550	569	567	482	307	13	0	9	0	0	6	7	14	680	4614	0	0	0	10	14	9	16	9	11	5	10	26	39	0	5	9	1	0	1	38	57	37	37	26	19	17	18	0	8	53	0	17	20	36	52	40	44	53	30	38	37	35	18	16	4	0	37	52	41	43	72	12	30	Modelled pre-buyback 	42186	42187	42188	42189	42190	42191	42192	42193	42194	42195	42196	42197	42198	42199	42200	42201	42202	42203	42204	42205	42206	42207	42208	42209	42210	42211	42212	42213	42214	42215	42216	42217	42218	42219	42220	42221	42222	42223	42224	42225	42226	42227	42228	42229	42230	42231	42232	42233	42234	42235	42236	42237	42238	42239	42240	42241	42242	42243	42244	42245	42246	42247	42248	42249	42250	42251	42252	42253	42254	42255	42256	42257	42258	42259	42260	42261	42262	42263	42264	42265	42266	42267	42268	42269	42270	42271	42272	42273	42274	42275	42276	42277	42278	42279	42280	42281	42282	42283	42284	42285	42286	42287	42288	42289	42290	42291	42292	42293	42294	42295	42296	42297	42298	42299	42300	42301	42302	42303	42304	42305	42306	42307	42308	42309	42310	42311	42312	42313	42314	42315	42316	42317	42318	42319	42320	42321	42322	42323	42324	42325	42326	42327	42328	42329	42330	42331	42332	42333	42334	42335	42336	42337	42338	42339	42340	42341	42342	42343	42344	42345	42346	42347	42348	42349	42350	42351	42352	42353	42354	42355	42356	42357	42358	42359	42360	42361	42362	42363	42364	42365	42366	42367	42368	42369	42370	42371	42372	42373	42374	42375	42376	42377	42378	42379	42380	42381	42382	42383	42384	42385	42386	42387	42388	42389	42390	42391	42392	42393	42394	42395	42396	42397	42398	42399	42400	42401	42402	42403	42404	42405	42406	42407	42408	42409	42410	42411	42412	42413	42414	42415	42416	42417	42418	42419	42420	42421	42422	42423	42424	42425	42426	42427	42428	42429	42430	42431	42432	42433	42434	42435	42436	42437	42438	42439	42440	42441	42442	42443	42444	42445	42446	42447	42448	42449	42450	42451	42452	42453	42454	42455	42456	42457	42458	42459	42460	42461	42462	42463	42464	42465	42466	42467	42468	42469	42470	42471	42472	42473	42474	42475	42476	42477	42478	42479	42480	42481	42482	42483	42484	42485	42486	42487	42488	42489	42490	42491	42492	42493	42494	42495	42496	42497	42498	42499	42500	42501	42502	42503	42504	42505	42506	42507	42508	42509	42510	42511	42512	42513	42514	42515	42516	42517	42518	42519	42520	42521	42522	42523	42524	42525	42526	42527	42528	42529	42530	42531	42532	42533	42534	42535	42536	42537	42538	42539	42540	42541	42542	42543	42544	42545	42546	42547	42548	42549	42550	-0.62850989999999995	-0.63819899999999996	-0.63959060000000001	-0.6398684	-0.63438910000000004	-0.62901779999999996	-0.62512290000000004	-0.61829290000000003	-0.61146299999999998	-0.61044379999999998	-0.62290290000000004	-0.64268329999999996	-0.64819020000000005	-0.64136020000000005	-0.63453020000000004	-0.62770029999999999	-0.62087029999999999	-0.61468270000000003	-0.61218119999999998	-0.60535119999999998	-0.59852119999999998	-0.59169130000000003	-0.58486130000000003	-0.57803130000000003	-0.57993249999999996	-0.57416630000000002	-0.56785859999999999	-0.56105499999999997	-0.554817	-0.54824269999999997	-0.54141269999999997	-0.53458269999999997	-0.53576210000000002	-0.53509870000000004	-0.53417360000000003	-0.52739119999999995	-0.52127279999999998	-0.51486089999999995	-0.50964549999999997	-0.50888840000000002	-0.52946059999999995	-0.54371780000000003	-0.5509619	-0.57290790000000003	-0.57766249999999997	-0.57220979999999999	-0.56537979999999999	-0.55945259999999997	-0.55286020000000002	-0.54716299999999995	-0.54090439999999995	-0.53440209999999999	-0.52757209999999999	-0.52074209999999999	-0.51391209999999998	-0.50720849999999995	-0.50037849999999995	-0.4935485	-0.4867185	-0.4798885	-0.47352640000000001	-0.46932780000000002	-0.46249780000000001	-0.45566780000000001	-0.44883780000000001	-0.44200780000000001	-0.4351778	-0.42915969999999998	-0.42597869999999999	-0.42013430000000002	-0.41330430000000001	-0.40647430000000001	-0.40015840000000003	-0.39462720000000001	-0.38779710000000001	-0.39737939999999999	-0.39301449999999999	-0.38618449999999999	-0.37935449999999998	-0.3770211	-0.37383230000000001	-0.3670022	-0.36655650000000001	-0.3597265	-0.3528965	-0.3460665	-0.3392365	-0.33240649999999999	-0.3280457	-0.32121569999999999	-0.31438569999999999	-0.30755559999999998	-0.30072559999999998	-0.29526330000000001	-0.2884333	-0.28387390000000001	-0.27704390000000001	-0.27021390000000001	-0.2633839	-0.2565539	-0.2497239	-0.2428939	-0.23606389999999999	-0.22923389999999999	-0.22240389999999999	-0.21557380000000001	-0.20874380000000001	-0.2019138	-0.1950838	-0.1882538	-0.1814238	-0.17459379999999999	-0.16776379999999999	-0.16093379999999999	-0.1593656	-0.15253559999999999	-0.14570559999999999	-0.13887550000000001	-0.13204550000000001	-0.12521550000000001	-0.1183855	-0.1115555	-0.1047255	-9.7895499999999996E-2	-9.1065499999999994E-2	-8.4235500000000005E-2	-7.7405500000000002E-2	-7.0575499999999999E-2	-6.3745499999999997E-2	-5.6915500000000001E-2	-5.0085499999999998E-2	-4.3255500000000002E-2	-3.64255E-2	-2.95955E-2	-2.2765500000000001E-2	-1.5935499999999998E-2	-9.1055000000000007E-3	-2.2755000000000002E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	-3.2872999999999999E-3	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	-7.8853599999999996E-2	-7.9900200000000005E-2	-7.3070200000000002E-2	-6.6240199999999999E-2	-5.9410200000000003E-2	-5.2580200000000001E-2	-4.5750199999999998E-2	-3.8920200000000002E-2	-3.2090199999999999E-2	-2.52602E-2	-1.8430200000000001E-2	-1.16002E-2	-4.7701999999999996E-3	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	-4.14256E-2	-3.91052E-2	-3.2275199999999997E-2	-2.5445200000000001E-2	-1.8615199999999998E-2	-1.1785199999999999E-2	-1.90086E-2	-1.2178599999999999E-2	-5.3486000000000002E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	-7.0923999999999996E-3	-2.6239999999999998E-4	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	-1.1704600000000001E-2	-4.8745999999999998E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	-2.2175899999999998E-2	-1.5345900000000001E-2	-8.5158999999999999E-3	-8.1245999999999992E-3	-8.7688000000000002E-3	-1.9388000000000001E-3	0	0	0	0	0	-1.47102E-2	-7.8802000000000004E-3	-1.0502E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	-2.0726999999999998E-3	-5.0908000000000004E-3	0	0	0	-1.77123E-2	-1.2993599999999999E-2	-6.1636E-3	0	-6.2722999999999998E-3	0	0	0	0	0	0	0	0	-3.7495199999999999E-2	-3.06652E-2	-2.5505400000000001E-2	-2.4216600000000001E-2	-1.7386599999999999E-2	-1.0556599999999999E-2	-5.0105999999999996E-3	-6.0130000000000003E-4	0	-2.4861899999999999E-2	-7.8174900000000005E-2	-7.4839100000000006E-2	-6.8009100000000003E-2	-6.11791E-2	-9.7400700000000007E-2	Modelled actual 	42186	42187	42188	42189	42190	42191	42192	42193	42194	42195	42196	42197	42198	42199	42200	42201	42202	42203	42204	42205	42206	42207	42208	42209	42210	42211	42212	42213	42214	42215	42216	42217	42218	42219	42220	42221	42222	42223	42224	42225	42226	42227	42228	42229	42230	42231	42232	42233	42234	42235	42236	42237	42238	42239	42240	42241	42242	42243	42244	42245	42246	42247	42248	42249	42250	42251	42252	42253	42254	42255	42256	42257	42258	42259	42260	42261	42262	42263	42264	42265	42266	42267	42268	42269	42270	42271	42272	42273	42274	42275	42276	42277	42278	42279	42280	42281	42282	42283	42284	42285	42286	42287	42288	42289	42290	42291	42292	42293	42294	42295	42296	42297	42298	42299	42300	42301	42302	42303	42304	42305	42306	42307	42308	42309	42310	42311	42312	42313	42314	42315	42316	42317	42318	42319	42320	42321	42322	42323	42324	42325	42326	42327	42328	42329	42330	42331	42332	42333	42334	42335	42336	42337	42338	42339	42340	42341	42342	42343	42344	42345	42346	42347	42348	42349	42350	42351	42352	42353	42354	42355	42356	42357	42358	42359	42360	42361	42362	42363	42364	42365	42366	42367	42368	42369	42370	42371	42372	42373	42374	42375	42376	42377	42378	42379	42380	42381	42382	42383	42384	42385	42386	42387	42388	42389	42390	42391	42392	42393	42394	42395	42396	42397	42398	42399	42400	42401	42402	42403	42404	42405	42406	42407	42408	42409	42410	42411	42412	42413	42414	42415	42416	42417	42418	42419	42420	42421	42422	42423	42424	42425	42426	42427	42428	42429	42430	42431	42432	42433	42434	42435	42436	42437	42438	42439	42440	42441	42442	42443	42444	42445	42446	42447	42448	42449	42450	42451	42452	42453	42454	42455	42456	42457	42458	42459	42460	42461	42462	42463	42464	42465	42466	42467	42468	42469	42470	42471	42472	42473	42474	42475	42476	42477	42478	42479	42480	42481	42482	42483	42484	42485	42486	42487	42488	42489	42490	42491	42492	42493	42494	42495	42496	42497	42498	42499	42500	42501	42502	42503	42504	42505	42506	42507	42508	42509	42510	42511	42512	42513	42514	42515	42516	42517	42518	42519	42520	42521	42522	42523	42524	42525	42526	42527	42528	42529	42530	42531	42532	42533	42534	42535	42536	42537	42538	42539	42540	42541	42542	42543	42544	42545	42546	42547	42548	42549	42550	-1.1117969000000001	-1.1103901	-1.1090785000000001	-1.1049215999999999	-1.0993485000000001	-1.0934159000000001	-1.0888004	-1.0819704999999999	-1.0751405000000001	-1.0746275999999999	-1.0855277999999999	-1.1129566	-1.1156683999999999	-1.1088384	-1.1064495000000001	-1.0996195	-1.0927895000000001	-1.0864088999999999	-1.0948652000000001	-1.0897384999999999	-1.1052786999999999	-1.1363935000000001	-1.1560235000000001	-1.1711597	-1.1905041999999999	-1.1984368999999999	-1.1994925000000001	-1.2020230999999999	-1.2063143000000001	-1.2108315999999999	-1.2251574999999999	-1.2284242999999999	-1.2344724	-1.2372495999999999	-1.2361059000000001	-1.2293023000000001	-1.2241029999999999	-1.2272516	-1.2345796	-1.2464298	-1.2505295999999999	-1.2453445999999999	-1.2397047999999999	-1.2484409999999999	-1.2537556999999999	-1.2488971	-1.2420671000000001	-1.2357693999999999	-1.2318144	-1.2291278999999999	-1.2265699000000001	-1.228931	-1.2327455	-1.2350890999999999	-1.2344998	-1.2303208999999999	-1.2237606999999999	-1.2231802000000001	-1.2251810999999999	-1.2304641000000001	-1.2389344	-1.2456487000000001	-1.2470969999999999	-1.2444359	-1.2422340000000001	-1.2426794999999999	-1.2380986	-1.231508	-1.2326759	-1.2336792999999999	-1.2303131	-1.2269852999999999	-1.2232246	-1.217023	-1.2101930000000001	-1.2139236	-1.2166598	-1.2221812999999999	-1.2232430999999999	-1.2272989999999999	-1.2336868000000001	-1.2290190000000001	-1.2317435999999999	-1.2359796000000001	-1.2352350999999999	-1.2295753	-1.2228308000000001	-1.2177298000000001	-1.2150223	-1.2148619000000001	-1.2175419000000001	-1.2231312999999999	-1.224918	-1.2270304000000001	-1.2245562999999999	-1.2226581999999999	-1.2212974999999999	-1.2159644000000001	-1.2197851	-1.2177150000000001	-1.2156336999999999	-1.2162135000000001	-1.2149084000000001	-1.2086667	-1.209514	-1.2088988000000001	-1.2027601999999999	-1.1959302000000001	-1.197281	-1.1962976000000001	-1.1940942000000001	-1.1885915	-1.1931522000000001	-1.1995734	-1.2011182	-1.2009943999999999	-1.200008	-1.1969774	-1.1901474000000001	-1.1930676	-1.1912274	-1.187319	-1.1804891	-1.1807207	-1.1802789	-1.1756534999999999	-1.1699488	-1.1687441999999999	-1.1651566	-1.1583266000000001	-1.1514966	-1.1446666999999999	-1.1378367	-1.1310066999999999	-1.1269629000000001	-1.1235934000000001	-1.1217268	-1.1203873	-1.1238060000000001	-1.1251414	-1.1219733999999999	-1.1151434	-1.1102067	-1.1103836	-1.1088899000000001	-1.1071787	-1.1039905999999999	-1.0971606	-1.0903305999999999	-1.0854758	-1.0807960000000001	-1.0788096	-1.0756371	-1.0688070999999999	-1.0701221999999999	-1.0644788000000001	-1.0576487999999999	-1.0508188000000001	-1.0461227	-1.0392927000000001	-1.0324627	-1.0264028000000001	-1.0203055999999999	-1.0155555999999999	-1.0141051000000001	-1.0080142999999999	-1.0011843	-0.99435439999999997	-0.98752439999999997	-0.98069439999999997	-0.97386439999999996	-0.96703450000000002	-0.96020450000000002	-0.95337450000000001	-0.94654450000000001	-0.93971459999999996	-0.93288459999999995	-0.92605459999999995	-0.91922459999999995	-0.91644320000000001	-0.91018339999999998	-0.90335339999999997	-0.89652339999999997	-0.89301280000000005	-0.88618280000000005	-0.88391739999999996	-0.88580820000000005	-0.8868026	-0.88042589999999998	-0.87359600000000004	-0.86875670000000005	-0.86312029999999995	-0.85819100000000004	-0.85136100000000003	-0.84453100000000003	-0.83770100000000003	-0.83260029999999996	-0.82642450000000001	-0.81959459999999995	-0.81276459999999995	-0.80593459999999995	-0.79910460000000005	-0.7922747	-0.79286500000000004	-0.78603509999999999	-0.78085179999999998	-0.77402190000000004	-0.76719190000000004	-0.76036190000000003	-0.75353190000000003	-0.74670199999999998	-0.73987199999999997	-0.73662079999999996	-0.72979079999999996	-0.72296079999999996	-0.71613090000000001	-0.70930090000000001	-0.70247090000000001	-0.69564090000000001	-0.6888109	-0.68198099999999995	-0.67515099999999995	-0.66832100000000005	-0.66149100000000005	-0.66188630000000004	-0.65782700000000005	-0.65099700000000005	-0.64416709999999999	-0.64844670000000004	-0.66388400000000003	-0.67010720000000001	-0.66327720000000001	-0.66302939999999999	-0.66086739999999999	-0.65403739999999999	-0.6506343	-0.65901509999999996	-0.65612599999999999	-0.6503409	-0.66327219999999998	-0.66580819999999996	-0.66809269999999998	-0.6656706	-0.6613135	-0.65899390000000002	-0.66817959999999998	-0.67025950000000001	-0.67783119999999997	-0.68736229999999998	-0.70002940000000002	-0.70826529999999999	-0.72484669999999995	-0.73649699999999996	-0.74263389999999996	-0.74992539999999996	-0.74698909999999996	-0.75231119999999996	-0.75126029999999999	-0.74498050000000005	-0.74896890000000005	-0.75907729999999995	-0.77737940000000005	-0.7916839	-0.80429949999999995	-0.80883340000000004	-0.81178030000000001	-0.80495039999999995	-0.80736050000000004	-0.81478830000000002	-0.81765160000000003	-0.82220170000000004	-0.82325729999999997	-0.81691659999999999	-0.81563649999999999	-0.81700260000000002	-0.81262089999999998	-0.80923520000000004	-0.80434220000000001	-0.79805890000000002	-0.79122890000000001	-0.78891299999999998	-0.78208299999999997	-0.77961429999999998	-0.77986089999999997	-0.78443660000000004	-0.78387280000000004	-0.77761380000000002	-0.77213240000000005	-0.76530240000000005	-0.75953579999999998	-0.75270579999999998	-0.74976659999999995	-0.74495120000000004	-0.74479569999999995	-0.74098419999999998	-0.7396625	-0.73366819999999999	-0.72742830000000003	-0.72092560000000006	-0.7140957	-0.7072657	-0.70043569999999999	-0.70135959999999997	-0.69452970000000003	-0.70530899999999996	-0.71260840000000003	-0.72277519999999995	-0.72250930000000002	-0.71982659999999998	-0.71299670000000004	-0.70680730000000003	-0.69997730000000002	-0.69314730000000002	-0.68631730000000002	-0.69333549999999999	-0.69375799999999999	-0.70784709999999995	-0.71864030000000001	-0.71806680000000001	-0.7112368	-0.70440689999999995	-0.69757690000000006	-0.69074690000000005	-0.69426180000000004	-0.69179120000000005	-0.68496120000000005	-0.67813120000000005	-0.67517079999999996	-0.66964360000000001	-0.66281369999999995	-0.66684549999999998	-0.66950779999999999	-0.66580950000000005	-0.66308180000000005	-0.65625180000000005	-0.6494219	-0.64270590000000005	-0.64486180000000004	-0.63905380000000001	-0.63681160000000003	-0.63465009999999999	-0.63793339999999998	-0.64021309999999998	-0.63639610000000002	-0.62956610000000002	-0.62349940000000004	-0.61666940000000003	-0.60983940000000003	-0.60300949999999998	-0.59617949999999997	-0.59568829999999995	-0.58885829999999995	-0.58801599999999998	-0.58249580000000001	-0.57566580000000001	-0.57044499999999998	-0.56907180000000002	-0.61888580000000004	-0.62694170000000005	-0.6672688	-0.70047490000000001	-0.69522859999999997	-0.68839859999999997	-0.68156859999999997	-0.68912819999999997	Date
Flow (ML/day)
Elevation (m)
July	Aug	Sept	Oct	Nov	Dec	Jan	Feb	Mar	Apr	May	June	1.40496503496503E-2	3.9890005827505799E-2	5.71649184149184E-2	3.8322319347319299E-2	2.8573158508158499E-2	1.41992365967366E-2	1.6376013986014001E-2	1.7550757575757601E-2	5.0576515151515102E-2	5.2163257575757599E-2	4.1330681818181801E-2	1.0069696969696999E-2	Contribution of environmental water to inreased monthly flow percentiles (based on flow percentiles in the unimpacted flow series )
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