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1. Introduction 

1.1 Basin Plan 

The Basin Plan was prepared by the Murray-Darling Basin Authority (MDBA) and signed into law by the 
Commonwealth Minister for Water on 22 November 2012 under the Water Act 2007 (Cth).  The Basin Plan 
will provide sustainable diversion limits for the water resources of the Murray-Darling Basin (the Basin). It 
also provides a framework for presenting the water resource management mechanisms and strategies of the 
Basin States (Victoria, NSW, South Australia, Queensland and the ACT) that support collaborative 
management of Murray-Darling Basin water resources through water resource plans (WRPs). 

Section 10.10 of the Basin Plan requires WRPs to set out for each surface water sustainable diversion limit 
(SDL) resource unit and for each form of take of surface water, the method for demonstrating the long-term 
average annual limits and determining the maximum quantity that can be taken for consumptive use during a 
water accounting period.  It also requires the WRPs to set out the method for demonstrating the long-term 
average annual limits for each groundwater SDL resource unit.  Under the Basin Plan, Victoria must prepare 
WRPs for each of its three surface water and two groundwater WRP areas.   

1.2 Purpose of this report 

Victoria proposes to use hydrologic models to demonstrate long-term average diversions limits and annual 
permitted take from regulated rivers in its three surface water WRP areas.  

This document provides information on the development and assumptions underpinning the following 
hydrologic models of the Northern Victoria WRP area1: 

• The Baseline Diversion Limit (BDL) model (see Section 2); and 

• The interim WRP model (see Section 3). 

The interim WRP model (or ‘interim model’) can be used to determine annual permitted take from regulated 
rivers in the Northern Victoria WRP area (excluding under basic rights) through the appropriate scaling of 
modelled diversions to adjust for water recoveries not included in the model, as outlined in Section 3.3. 

1.3 Definitions 

Baseline Diversion Limit (BDL): The long-term average annual take under historical climate conditions (i.e. 
for the period July 1895 – June 2009) at the baseline level of development (30 June 2009 for Northern 
Victoria). BDLs are further defined in Schedule 3 of the Basin Plan.  

Sustainable Diversion Limit (SDL): The long-term average annual take under historical climate conditions 
at the sustainable level of development.  Calculated as BDL minus required water recovery. 

BDL model: Model representing baseline conditions as at 30 June 2009.  Has average annual diversions 
equal to the BDL under historical climate conditions. 

SDL model: As per BDL model, but with Basin Plan water recovery.  Has average annual diversions equal 
to the SDL under historical climate conditions. 

 
1 Note that the Basin Plan includes the Ovens SDL resource unit as part of the Northern Victoria WRP area.  However, as there is no hydrological 

connection between the Ovens and the rest of the Northern Victoria WRP area, it does not form part the models documented in this report.  It is 
included instead as part of the modelling of the Victorian Murray WRP area. 
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WRP model: Model representing WRP conditions post-30 June 2019, including full Basin Plan water 
recovery and its use for achieving environmental outcomes.  Has average annual diversions equal to the 
SDL under historical climate conditions.  Can be used to determine annual permitted take. 

Interim WRP model (interim model): Model representing best available knowledge of WRP conditions 
post-30 June 2019, but without full Basin Plan water recovery.  It includes some Basin Plan water recoveries 
where these have been recognised and/or formalised, and modelling details for these recoveries have been 
agreed upon.  The interim model has average annual diversions under historical climate conditions equal to 
the BDL adjusted for the modelled water recoveries.  This model can be used to determine annual permitted 
take through the appropriate scaling of modelled diversions to adjust for water recoveries not included in the 
model. 

Long-Term Diversion Limit Equivalent (LTDLE) factors: Conversion factors that allow entitlements to be 
expressed in terms of long-term usage.  Used to calculate recoveries from purchases, effectively acting as 
an ‘exchange rate’ in the absence of hydrological modelling of those purchases. 

Annual permitted take: The maximum quantity of water that can be taken for consumptive use, calculated 
on an annual basis for the preceding year. It is an annual expression of the SDL – ie. the volume of water 
that can be taken within an annual accounting period that is consistent with the SDL over the historical 
climate conditions, whilst allowing for the climatic conditions of that particular year. 

1.4 The Northern Victoria WRP area 

The Northern Victoria water resource plan area includes the Goulburn (SS6), Broken (SS5), Campaspe 
(SS7) and Loddon (SS8) surface water SDL resource units2.  These are shown in Figure 1 below, which also 
shows the extent of the irrigation areas supplied from the Goulburn (SS6) 3. 

 
2 Note that the Basin Plan includes the Ovens SDL resource unit as part of the Northern Victoria WRP area.  However, as there is no hydrological 

connection between the Ovens and the rest of the Northern Victoria WRP area, it does not form part the models documented in this report.  It is 
included instead as part of the modelling of the Victorian Murray WRP area. 

3 The Goulburn SDL resource unit (SS6) includes the Shepparton, Central Goulburn, Rochester and Loddon Valley Irrigation Areas. 
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Figure 1: Map showing Goulburn (SS6), Broken (SS5), Campaspe (SS7) and Loddon (SS8) surface water SDL resource units.  
Note that the area within the brown line is supplied from the Goulburn surface water SDL resource unit. 

 

1.5 Hydrologic models of the Northern Victoria WRP area 

Hydrologic models are important tools for setting climatically-variable diversion limits for complex, 
interconnected water supply systems, such as the Goulburn/Broken/Coliban 4/Campaspe/Loddon (GBCCL), 
and for assessing compliance with those diversion limits. 

The Victorian Department of Environment, Land, Water and Planning (DELWP) maintains a model of the 
GBCCL water supply system, called the Goulburn Simulation Model (GSM).  The GSM operates in “REALM” 
software, and runs on a monthly time-step from January 1891. The model was first developed in 1990 by the 
(then) Rural Water Commission, and was used in the conversion of existing entitlements to Bulk 
Entitlements.  Since then it has been progressively modified and updated, with a streamlined process for the 
annual update of model inputs in place since 1999 for the purpose of assessing compliance with the MDB 
Cap.  The GSM models have undergone many years of development, and have been acknowledged by the 
Murray-Darling Basin Authority (MDBA) as being fit for purpose through a formal accreditation process. 

In addition to the continual updating and improvement of its REALM models, Victoria is concurrently working 
towards implementation of the new National Hydrological Modelling Platform, “Source”.  In November 2008, 
the Council of Australian Governments (COAG) agreed and endorsed a National Hydrological Modelling 
Strategy (NHMS) to ensure future water planning and management is informed by the use of best practice 
modelling.  Victoria has been supporting the strategy since its initiation through funding and technical inputs 
for the development of the Source software. 

As part of this initiative, DELWP is implementing Source in the GBCCL trial catchment, and is working 
closely with eWater (the software developer) and other agencies, including Victorian water corporations and 

 
4 The Coliban water supply system falls within the Campaspe SDL resource unit (SS7). 
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the MDBA, to ensure that Source can be adequately applied across Victorian water supply systems.  A 
GBCCL planning model is scheduled to be developed by June 2020. 

To meet Basin Plan timelines, Victoria will initially use the GSM for Basin Plan modelling purposes, with a 
daily Source GBCCL model expected to replace it at some time post-2020. 
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2. The Baseline Diversion Limit Model 

2.1 The Baseline Diversion Limit 

The Basin Plan (Schedule 3, Items 20 to 23) defines each component of the Baseline Diversion Limit (BDL) 
for the Goulburn, Broken, Campaspe and Loddon SDL resource units.  Note that this document is concerned 
primarily with the hydrologic modelling approach, which relates to take from regulated rivers (excluding under 
basic rights) (i.e. form of take (a) in Schedule 3, Items 20 to 23 of the Basin Plan), and it is this form of take 
that all references to ‘BDL’, ‘SDL’ and ‘permitted take’ will imply from hereon. 

The following parts of this chapter outline the results of the original draft BDL model prepared by DELWP 
(then DSE) in 2011, which were used to produce the BDL estimates published in the Basin Plan, and the 
development of the revised BDL model, which forms part of Victoria’s WRP submission. 

2.2 Draft BDL model (2011) 

A draft BDL model was developed by DELWP (then DSE) in 2011 for the estimation of BDLs for the 
Goulburn, Broken, Campaspe and Loddon SDL resource units for the Basin Plan. The model version was 
GoulD898.sys and had Goulburn average annual diversions of 1,551.4 GL/year. 

Table 1 compares the average diversions (July 1895 – June 2009) simulated by model run D898 with the 
BDLs published in the Basin Plan. Note that these figures are rounded off to the nearest 1 GL to compare 
with the Basin Plan published figures. 

Table 1: Basin Plan documented BDL estimates and run D898 average annual diversions (GL/year) 

 

Goulburn 
Diversions 

Broken 
Diversions 

Loddon 
Diversions 

Campaspe 
Diversions 

Total 
Diversions 

Basin Plan 1,552 13 89 111 1,765 

D898 1,551 13 89 109 1,763 

The MDBA report in 2011 titled: “Comparison of watercourse diversion estimates in the proposed Basin Plan 
with other published estimates. Supporting information for the preparation of the proposed Basin Plan” 
(MDBA, 2011) reports on the Cap figures for the Goulburn, Broken, Loddon and Campaspe valleys and the 
differences between Cap and BDL conditions to estimate the BDL diversions. Table 18 from that report is 
reproduced below as Table 2. 
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Table 2: Comparison between Cap and Basin Plan diversion estimates for the Goulburn-Broken, Loddon and Campaspe 
systems (GL/year) (source: MDBA, 2011) 

Description 
Goulburn/Broken/Loddon Campaspe 

Published long-term average annual Cap 2,034 122 

Different simulation period by Basin Plan -44 -4.3 

Decommissioning Lake Mokoan -17 
 

TLM Water Recovery* -147 -3.6 

Water for Rivers and inter-valley trade* -140 
 

Victorian government water recovery in Loddon* -3 
 

Remaining difference due to other model changes/improvements 
and updated estimate of unmodelled diversions 

-1 -1 

Estimated BDL (excluding interception and basic rights) 

(Goulburn 1580 GL/yr + Broken 13 GL/yr + Loddon 89 GL/yr)  

1,682 113 

*Diversion reduction estimate is based on modelled use of entitlements 

The differences between the estimated BDLs in Table 1 and Table 2 are due to non-modelled diversions, 
which are included in Table 2.  In Schedule 3 of the Basin Plan these are estimated for the Goulburn as 29 
GL/year, whereas in the Cap they are 30 GL/yr. In the Campaspe valley, the non-modelled diversions are 
estimated as 2 GL/yr in Schedule 3 of the Basin Plan and 3 GL/yr in Cap. 

2.3 BDL model development (2018) 

2.3.1 Refinements to the BDL model 

Since the development of the initial BDL model (Run D898 & system file GoulD898.sys), the BDL model has 
been revised quite significantly.  The current BDL model, GoulU931.sys, includes the following major 
refinements and differences from GoulD898.sys: 

 Exclusion of the Goulburn communal reserve policy to reflect 30 June 2009 conditions. 

 Constraints at locations downstream of Eildon were altered to match 2009 operation (10,000 ML/d at 
Molesworth and 8,500 ML/d at Shepparton), as advised by Goulburn-Murray Water (GMW).  This 
change is expected to have only a small impact, if any, on the modelled end of valley flow under 
baseline conditions. 

 Carryover capability was introduced using an updated version of the REALM software, and 50% 
limited carryover was included as per 30 June 2009 conditions. 

 A generalised module was built in the model to simulate water holder accounts for all users 
according to the rules for each set out in the relevant bulk and environmental entitlements.  Details of 
this generalised model are provided in the paper Role of Consistent and Transparent Water 
Accounting Modelling for Sustainable Water Resource Management (SWRM) (Manandhar, U. and 
Seker, M., 2016). 

 Accounting (including spill accounting) for all environmental accounts was revised. 

 The seasonal determination calculations were updated to represent the method outlined in the Bulk 
Entitlement.  This has improved modelled seasonal determination and may have some impact on the 
modelled delivery volumes and end of valley flows.  

 Model input data was updated to include corrections such as retrospective rating table changes 
affecting input flow time series. 

 Lake Nillahcootie configuration and inflows were adjusted to explicitly model rainfall on storage. 
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 Urban demands from the Waranga Western Channel (WWC) were explicitly configured in the model.  
Previously these would have been included within the channel system losses, so the impact of this 
change is to increase the delivery portion and decrease the loss portion of the total diversions, with 
no significant change to overall diversions. 

 Trade volumes were updated to reflect 30 June 2009 conditions, as per Victorian Water Register 
data, and data provided by Goulburn-Murray Water.  Of particular note, the legacy exchange rate 
trade volume from the Goulburn to the Murray was reduced from 110 GL in GoulD898.sys to 101 GL 
in GoulU931.sys to take account of back trade to 30 June 2009.  This will have an impact on the 
modelled end of valley flow. 

 Entitlements were updated to reflect 30 June 2009 conditions, as per Victorian Water Register data 
and Bulk and Environmental Entitlements.  These are documented in the report Verification of 
Entitlements in the GSM Baseline Diversion Limit Model (DELWP, 2019). 

 Changes were made to Goulburn Weir operating levels to reflect 30 June 2009 conditions, as 
advised by GMW. 

 Channel capacities for the Waranga Western Channel, East Goulburn Main Channel, Stuart Murray 
and Cattanach Canals were revised based on updated information provided by GMW. 

 Changes were made to the Waranga Basin pumping rules to reflect 30 June 2009 conditions, as 
advised by GMW. 

 Changes were made to the model to better reflect operation of the hydro-electric power station at 
Lake Eildon, as advised by GMW.  This may have some impact on the modelled end of valley flow. 

 Adjustments were made to better reflect baseline losses, including: 

o Changes resulting from the update to Version 4 of the Victorian Water Savings Protocol 
Technical Manual and GMW loss audit information.   

o The Central Goulburn 1-4 water savings project and the entitlement created from these 
savings were added to the BDL model.  Although in reality this occurred post-30 June 2009, 
these savings were made under the Water for Rivers (Snowy) program, which is specified as 
baseline conditions in Schedule 3, Item 20 of the Basin Plan. 

o The bank leakage loss component was separated into fixed and variable components. 

o Savings from backbone and spur channels were calculated separately. 

o Representation of automation savings and channel remediation savings was improved. 

o The GMW Reconfiguration project works program was added to the BDL model.  The impact 
of this change is to decrease the loss portion of the total diversions. 

o Unauthorised loss was changed to be variable, rather than fixed, to be consistent with the 
Water Savings Protocol. 

The above adjustments have resulted in changes to the parameterised loss equations within the 
model and have improved the relative proportions of losses and deliveries within the total 
baseline diversions.   

 Demand patterns for the extended use TLM account, Snowy account and IVT account were 
adjusted.  Utilisation rates for TLM and Snowy entitlements were also reduced, following discussion 
of the original full utilisation assumption with the MDBA.  This change will have an impact on 
modelled end of valley flow. 

 The Goulburn seasonal determination policy was updated to reflect the simulated losses in the BDL 
scenario. 

 Coliban demands were changed from 1991/92 level to 1993/94 level for consistency with the rest of 
the model. 
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2.3.2 Revising the BDLs 

The method presented in MDBA (2011) (see Table 2 above) was used to get a revised estimate of the BDL. 
This involved starting with the Cap diversions and making allowances for the changes between Cap 
conditions and BDL conditions. 

The definition of Cap for Victoria is defined in MDBA (2016) as: “The volume of water that would have been 
diverted under 1993–94 levels of development plus an allowance (initially 22 GL/yr) for Lake Mokoan in the 
Goulburn/Broken/Loddon Cap valley”. The allowance for Lake Mokoan was to allow future additional 
utilisation of the Lake Mokoan stored resource.  Although the BDL does not currently recognise this 
allowance, Victoria considers that further work is required to address this.  

The published long-term Cap figures in “Transition Period Water Take Report 2012–13 to 2015–16: Report 
on Cap compliance and transitional SDL accounting” (MDBA, 2017) are 2,033.68 GL/yr for the 
Goulburn/Broken/Loddon Cap valley, and 121.82 GL/yr for the Campaspe Cap valley. The published Cap 
figures include non-modelled diversions in each valley and exclude the 22 GL/yr allowance for Lake Mokoan. 
They also exclude the changes as part of the accredited Cap model changes in 2012. 

The updated BDL estimates for each of the Goulburn, Broken, Loddon and Campaspe SDL resource units 
have been derived using the following information: 

 the derivation of the published Cap figures; 

 the impact of the change in model reporting period for the Basin Plan compared with the Cap reporting 
period; 

 changes to the Cap model since the version used for the published Cap figures; and  

 volumes of water recovery and trade volumes included in the BDL.  

The major water recovery initiatives that are included in the change from Cap are: 

 Decommissioning of Lake Mokoan; 

 The Living Murray (TLM) water recovery; 

 Water for Rivers (Snowy) and inter-valley trade; and 

 Victorian government water recovery in the Loddon. 

Table 3 presents the diversion figures for the Goulburn, Broken, Loddon and Campaspe SDL resource units.  
Note that the non-modelled diversions that were included in Table 2 have been explicitly removed from the 
estimated BDLs in Table 3.  
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Table 3: Updated comparison between Cap and Basin Plan diversions (BDL) estimates (GL/year) 

Description 
Goulburn/Broken/Loddon Campaspe 

Published long-term average annual Cap1 2,033.7 121.8 

Non-modelled diversions2 -30.6 -2.8 

Different simulation period by Basin Plan3 -44.2 -4.4 

Cap model version changes4 -1.0 5.1 

Decommissioning Lake Mokoan5 -17.5 0.0 

TLM Water Recovery6 -135.1 -4.0 

Water for Rivers and inter-valley trade6 -151.6 0.0 

Victorian government water recovery in Loddon6 -3.0 0.0 

Estimated BDL 1,650.6 115.8 

Estimate documented in Basin Plan 1,654 111 

Difference -3.4 4.8 

Note: these figures do not include the nominal allowance for Lake Mokoan of 22 GL/year 

1Long-term average Cap figures are subject to change 
2Non-modelled diversions from Cap compliance reporting 
3Based on changes in Run F877 between the 1895-2004 period and the 1895-2009 period  
4Cap model changes between Run F877 (2009) and H918 (2017), both run over the 1895-2009 period  
5Lake Mokoan recovery figure of 17.5 GL based on modelled savings using updated model 
6Diversion reduction estimate is based on modelled use of entitlements (Run 0935) 

The specific water recovery projects associated with the line items in Table 3 include the following water 
recovery actions: 

 Goulburn-Broken:  
o The Living Murray (TLM) Water Recovery: 

 GMW recovery package (Reconfiguration) 
 Shepparton modernisation 
 Water share purchase 
 20% of sales water 

o Water for Rivers Water Recovery 
 Normanville 
 IMSVID 
 Strategic Measurement project 
 Central Goulburn 1 – 4 (note that this was not included in the original Water for 

Rivers Recovery figure in Table 2) 
 Water share purchase 

o Intervalley Trade 
 Legacy exchange rate trade 

 Loddon:  
o Victorian government water recovery 

 Boort Wetlands 
 20% of sales water 



 

10 Hydrologic Models for Basin Plan Compliance in the Northern Victoria Water Resource Plan Area 
Baseline and Sustainable Diversion Limits and Permitted Take Method 

 Campaspe:  
o The Living Murray (TLM) Water Recovery: 

 GMW recovery package (Reconfiguration) 
 20% of sales water 

o Intervalley Trade 
 Legacy exchange rate trade 

Table 4 below gives a breakdown of the estimated BDLs by SDL resource unit, and shows the diversions 
simulated by the BDL model run (0935), which were matched as closely as possible to the BDL estimates.  
Differences between the estimated and modelled BDLs for each SDL resource unit range from -0.1 GL/year 
to 1.2 GL/year, with an overall difference of 1.1 GL/year. 

Table 4: BDL Model run (0935) compared with the estimated BDL diversions (GL/year) 

Description 

Goulburn Broken Loddon Goulburn 
+Broken 
+Loddon 

Campaspe  Goulburn 
+Broken 
+Loddon 

+Campaspe 

Published long-term 
average annual Cap 

1,895.3 31.6 106.8 2,033.7 121.8 2,155.5 

Non-modelled 
diversions 

-28.6 -0.5 -1.6 -30.6 -2.8 -33.4 

Different simulation 
period by Basin Plan 

-39.0 -0.3 -4.9 -44.2 -4.4 -48.6 

Cap model version 
changes 

-1.0 -0.1 0.1 -1.0 5.1 4.1 

Decommissioning Lake 
Mokoan 

  -17.5   -17.5 0.0 -17.5 

TLM Water Recovery* -129.7 
 

-5.4 -135.1 -4.0 -139.1 

Water for Rivers and 
inter-valley trade* 

-145.6 
 

-6.1 -151.6 0.0 -151.6 

Sales Deal from 
Loddon 

  -1.1 -1.1  -1.1 

Boort Wetland 
entitlement 

  
-1.9 -1.9 

 
-1.9 

Estimated BDL 1,551.4 13.2 85.9 1,650.6 115.8 1,766.4 

BDL Model run 
output (Run 0935) 

1,552.7 13.2 85.8 1,651.7 115.8 1,767.5 

Modelled BDL – 
Estimated BDL 

1.2 0.0 -0.1 1.1 0.0 1.1 

*Note that the figures for TLM Water Recovery and Water for Rivers and inter-valley trade in the Goulburn and Loddon valleys are based 

on modelled outputs from Run 0935. The split between the Goulburn and Loddon valleys for these items is based on the split in contribution 

of the Loddon Supplement to the Goulburn supply system. 
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2.4 BDLs and SDLs for the Northern Victoria WRP area 

The revised BDLs for the SDL resource units within the Northern Victoria WRP area are given by BDL model 
Run 0935.  The SDLs are determined according to the following formula, given in Schedule 2 of the Basin 
Plan: 

𝑆𝐷𝐿 = 𝐵𝐷𝐿 − (𝑙𝑜𝑐𝑎𝑙 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑎𝑚𝑜𝑢𝑛𝑡) − (𝑆𝐷𝐿 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑢𝑛𝑖𝑡 𝑠ℎ𝑎𝑟𝑒𝑑 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑎𝑚𝑜𝑢𝑛𝑡)
+ (𝑆𝐷𝐿 𝑎𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝑎𝑚𝑜𝑢𝑛𝑡) 

Local reduction amounts are specified in Schedule 2 of the Basin Plan, whilst the shared reduction amounts 
are based on the total given for the southern Basin Victoria zone in Section 6.05 (3) of the Basin Plan, 
reallocated between SDL resource units as requested by Victoria in December 2018.  The SDL adjustment 
amount is made up of two parts: 

 the supply contribution, which adjusts the SDL upwards; and 

 the efficiency contribution, which adjusts the SDL downwards. 

The supply contribution apportionments for each SDL resource unit are documented in S6A.02 of the Basin 
Plan.  Efficiency contributions are not currently known, however the overall SDL adjustment amount (i.e. 
supply contribution minus efficiency contribution) cannot be more than 543 GL, as specified in Schedule 
S6A.01 of the Basin Plan. 

Table 5 below shows the BDLs and SDLs for each SDL resource unit in the Northern Victoria WRP area, 
assuming a reduced overall supply contribution of 543 GL (reduced from the total of 605 GL) and efficiency 
contributions of 0 GL.   

Table 5: BDLs and SDLs for the Northern Victoria WRP area (GL/year) 

SDL 
Resource 
Unit 

BDL  
(Run 
0935) 

Basin Plan Reductions Apportioned 
supply 

contribution3 

Reduced 
supply 

contribution4 

Adjusted 
SDL5  

Local 
reduction1 

Reallocated 
shared 

reduction2 

Total 
reduction 

Goulburn 1,552.7 344.0 186.4 530.4 174.5 156.6 1,178.9 

Broken 13.2 0.0 1.3 1.3 1.1 1.0 12.9 

Campaspe 115.8 18.0 13.2 31.2 2.6 2.3 87.0 

Loddon 85.8 12.0 9.8 21.8 10.9 9.8 73.8 

Total 1,767.5 374.0 210.7 584.7 189.1 169.7 1,352.5 

1From Schedule 2 of the Basin Plan 

2As requested by Victoria in letter to the MDBA dated 28/12/18 
3From S6A.02 of the Basin Plan 
4Assumes 0 GL efficiency measures achieved.  Reduced supply contributions determined by multiplying apportioned supply 

contributions by 543/605 (see S6A.05(3) of the Basin Plan). 
5Assuming 0 GL efficiency measures achieved. 
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3. The Interim WRP Model 

3.1 Interim versus full WRP conditions model 

Victoria is developing a water resource plan model (WRP model) that will include all Basin Plan water 
recoveries and an assumption of how recovered environmental water is used.  At the time of accrediting the 
Victoria’s North and Murray Water Resource Plan, there were uncertainties in modelling some projects that 
were still in progress, such as Goulburn-Murray Water Connections Project and New Goulburn Constraints 
Measure. Additionally, there was uncertainty in how the recovered environmental water would be used.   

Until better information is available to allow these conditions to be modelled to a satisfactory level of 
certainty, the method for determining permitted take uses an interim WRP model (interim model) developed 
from the BDL model. The interim model reflects the best available knowledge of WRP conditions post 30 
June 2019, but without full Basin Plan water recovery. It includes some Basin Plan water recoveries where 
these have been recognised and/or formalised, and modelling details for these recoveries have been agreed 
upon. The interim model has average annual diversions under historical climate conditions equal to the BDL 
adjusted for modelled water recoveries. This model can be used to determine annual permitted take through 
the appropriate scaling of modelled diversions to adjust for water recoveries not included in the model. 

3.2 Interim model development 

The interim WRP model (Run L934) has been developed by updating the BDL model with known policy and 
operating rule changes since 30 June 2009 (as listed in Table 6), recognised and/or formalised Basin Plan 
water recoveries (as listed in Table 7), then adjusting the model such that the long-term diversions are equal 
to the BDLs minus any Basin Plan water recoveries included in the model (as shown in Table 8). 

Further information on assumptions contained within the interim model is included in Appendix A. 

3.2.1 Policy and operating rule changes from baseline conditions 

Table 6 below summarises the changes in policy and operating rules in the Goulburn, Broken, Campaspe 
and Loddon SDL resource units since 30 June 2009 that have been incorporated into the interim model.  
Note that these are only changes that do not contribute to Basin Plan recovery. 

Table 6: Changes to policy and operating rules in the Goulburn, Broken, Campaspe and Loddon from baseline conditions that 
do not contribute to Basin Plan recovery.  For inclusion in the interim model. 

SDL resource unit BDL conditions WRP conditions 

Goulburn Begin establishing reserve for following year 
once seasonal determination reaches 100% 

Begin establishing reserve for following year 
between seasonal determinations of 30% 
and 50%, and also once seasonal 
determination reaches 100% 

50% carryover 100% carryover and spillable water accounts 

Broken No change 

Campaspe 50% carryover 100% carryover and spillable water accounts 

Capacities of combined Fernhill storages 
total 277 ML 

Capacities of combined Fernhill storages 
reduced to 118 ML 

Loddon No change 
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3.2.2 Basin Plan water recoveries in the interim model 

Table 7 below summarises the Basin Plan water recovery projects included in the interim model. 

Table 7: Basin Plan water recoveries included in the interim model. 

Water recovery 
project 

BDL conditions WRP conditions Recovery volume 
(ML/yr) 

Campaspe Irrigation 
District (CID) 
decommissioning* 

CID in operation CID decommissioned 

Campaspe River Environmental 
Entitlement 2013, Schedule 1 – 
Campaspe Irrigation District Loss 
Savings Entitlement:  
1,656 ML very high reliability  
3,944 ML high reliability  
2,966 ML low reliability 

 

8,105 from Campaspe 

Wimmera-Mallee 
Pipeline 

Supply from Waranga 
Western Channel to 
Wimmera-Mallee 

No supply from Waranga Western 
Channel to Wimmera-Mallee 

Bulk Entitlement (Loddon River – 
Environmental Reserve) Order 2005, 
Schedule 5 – Wimmera-Mallee 
Pipeline Savings Entitlement:  
7,490 ML rules-based entitlement 

Goulburn River Environmental 
Entitlement 2010, Schedule 1: 
1,434 ML high reliability 

7,490 from Loddon 

1,434 from Goulburn 

East Loddon 
Waterworks District 
Modernisation 

East Loddon Waterworks 
District supplied from 
Loddon 

East Loddon Waterworks District 
modernised and supplied from 
Goulburn 

Bulk Entitlement (Loddon River – 
Environmental Reserve) Order 2005, 
Schedule 6 – East Loddon 
Waterworks District Modernisation 
Savings Entitlement: 
1,480 ML rules-based entitlement  

1,478 from Loddon 

*Only distribution system savings (not purchase) component of CID recovery has been included in the interim model 

3.2.3 Adjusted BDLs 

The long-term diversions from the interim model were scaled to account for the water recoveries included in 
the model.  This adjustment was made so that the long-term modelled diversions for each SDL resource unit 
were matched as closely as possible to BDL’, where: 

𝐵𝐷𝐿 = 𝐵𝐷𝐿 − 𝑀 

and: 

BDL’ = the BDL adjusted for water recovery included in the interim model; 

M = the long-term water recovery included in the interim model. 

 

Table 8 below shows the estimates of BDL’ calculated using the equation above, and BDL’, as produced by 
the interim model Run L934. 
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Table 8: Adjustments to interim model diversions for within-model water recoveries (GL/year) 

 

Goulburn Broken Loddon Campaspe Total 

BDL model diversions (Run 0935) 1,552.7 13.2 85.8 115.8 1,767.5 

Water recovery in interim model 1.4 0.0 9.0 8.1 18.5 

Estimated BDL’  

(BDL minus recovery in model) 

1,551.2 13.2 76.8 107.7 1,749.0 

Modelled BDL’ (Run L934) 1,551.1 13.2 76.6 107.7 1,748.7 

Modelled BDL’ – Estimated BDL’ -0.1 0.0 -0.2 0.0 -0.3 

3.3 Determining permitted take using the interim model 

To determine permitted take, the interim model will be run over the previous water accounting year, with the 
annual modelled diversions adjusted for the following: 

 annualised non-modelled water recovery; 

 annualised incomplete water recovery; 

 annualised supply contribution (with consideration of limit to adjustment under Section 7.19 of the 
Basin Plan); 

 annualised efficiency contribution; and 

 annual trade. 

The methods for each of these adjustments is detailed in the sections below. 

3.3.1 Adjustment for non-modelled water recovery 

The modelled diversions will be adjusted for water recovery using a scaling method that accounts for the 
different entitlement types recovered, but not included in the model.  This annualised unmodelled recovery 
will be determined for each SDL unit using the equation below: 

𝑎 =  𝐸𝑛𝑡 × 𝐿𝑇𝐷𝐿𝐸 ×
𝑏

𝐵𝐷𝐿
   

where: 

a = annual environmental recovery outside of the interim model (GL); 

Ent i = volume of recovered entitlement type i not included in interim model (volume recovered as at 1 July of 
the previous water accounting year) (GL/yr); 

LTDLEi = long-term diversion limit equivalence factor for entitlement type i; 

b'i = annual diversions as calculated by the interim model over the previous water accounting year for 
entitlement type i (GL) 5; 

BDL’i = long-term diversions in the interim model over the historical climate conditions period for entitlement 
type i (GL/yr)6; 

 
5The method to estimate the split between the annual usage of different entitlement types will be consistent with that applied for the split of long-term usage 

of different entitlement types in the interim model. 
6The split of long-term usage of different entitlement types in the BDL model was estimated during the development of the LTDLE factors.  The same 

approach will be used to estimate the split of long-term usage of different entitlement types in the interim model. 
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n = number of entitlement types contributing to environmental recovery in a given SDL unit. 

In the case of estimating the annual recovery from the Greens Lake water savings project, which is expected 
to be converted to an unregulated entitlement in the Murray, the long-term annual savings volume will be 
used in place of Ent i  x LTDLEi  and total SDL resource unit diversions will be used for b’ and BDL’. 

3.3.2 Adjustment for incomplete water recovery 

The modelled diversions will be adjusted for incomplete water recovery, where ‘incomplete’ refers to any 
remaining water recovery that would be required to achieve the full 2,750 GL Basin Plan recovery (i.e. prior 
to any SDL adjustments).  This adjustment is required to arrive at the correct starting point for SDL 
adjustments to be considered. 

Incomplete recovery will be annualised for each SDL unit using the equation below: 

𝑐 = 𝐶 ×
𝑏′

𝐵𝐷𝐿′
 

where: 

c = annual incomplete water recovery (i.e. any remaining water recovery in that SDL resource unit as at 1 
July of the previous water accounting year required to achieve the full 2,750 GL Basin Plan recovery) (GL); 

C = long-term incomplete water recovery (i.e. any remaining water recovery in that SDL resource unit as at 1 
July of the previous water accounting year required to achieve the full 2,750 GL Basin Plan recovery) 
(GL/yr); 

b' = annual diversions as calculated by the interim model over the previous water accounting year (GL); 

BDL' = long-term diversions in the interim model over the historical climate conditions period (GL/yr). 

3.3.3 Adjustment for supply contribution 

The modelled diversions will be adjusted for the apportioned supply contribution for each SDL resource unit, 
as specified in S6A.02 of the Basin Plan and shown in Table 5 of this report.   

This adjustment will also consider Section 7.19 of the Basin Plan, which limits the net effect of the SDL 
adjustments for supply and efficiency measures to 5% of the total surface water SDL for the Basin water 
resources as it stood at the reference time.  The total surface water SDL for the Basin at the reference time 
was 10,873 GL, therefore the maximum net effect (i.e. supply contribution minus efficiency contribution) is 
5% of 10,873 GL, or 543 GL.  This means that to achieve a supply contribution of 605 GL, the efficiency 
contribution must be 62 GL.   

The following adjustment annualises the supply contribution, and includes a scaling component that reduces 
the supply contribution when the overall efficiency contribution is less than 62 GL: 

𝑑 = 𝐷 ×
(𝐸 + 543)

605
×

𝑏′

𝐵𝐷𝐿′
 

where: 

d = annual apportioned supply contribution (reduced where necessary according to Section 7.19 of the Basin 
Plan) (GL); 

D = long-term apportioned supply contribution (as shown for each SDL resource unit in Table 5) (GL/yr); 

ETOTAL = long-term Basin-wide efficiency contribution (from efficiency measures completed as at 1 July of the 
previous water accounting year, to a maximum of 62 GL/yr) (GL/yr); 

b' = annual diversions as calculated by the interim model over the previous water accounting year (GL); 

BDL' = long-term diversions in the interim model over the historical climate conditions period (GL/yr). 
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3.3.4 Adjustment for efficiency contribution 

The modelled diversions will be adjusted for efficiency measures completed as at 1 July of the previous 
water accounting year for each SDL resource unit.  This annualised adjustment is determined as follows: 

𝑒 = 𝐸 ×
𝑏′

𝐵𝐷𝐿′
 

where: 

e = annual efficiency contribution within an SDL resource unit (GL); 

E = long-term efficiency contribution within an SDL resource unit (from efficiency measures completed as at 
1 July of the previous water accounting year, to a maximum of 62 GL/yr) (GL/yr); 

b' = annual diversions as calculated by the interim model over the previous water accounting year (GL); 

BDL' = long-term diversions in the interim model over the historical climate conditions period (GL/yr). 

3.3.5 Adjustment for trade 

The modelled diversions in each SDL resource unit will be adjusted for allocation trade, tagged trade and 
any back-trade of legacy exchange rate trade that has occurred since 30 June 2009 but not included in the 
model.  This annualised adjustment is determined as follows: 

𝑓 = 𝑔 + ℎ + 𝑗 

where: 

f = total annual trade adjustment for the previous water accounting year (GL); 

g = net allocation trade into the SDL resource unit in the previous water accounting year, based on use (GL); 

h = net tagged trade into the SDL resource unit as at 30 June in the previous water accounting year, based 
on use (GL); 

j = legacy exchange rate trade that has been back-traded into the SDL resource unit between 30 June 2009 
and 30 June in the previous water accounting year, that has not been included in the interim WRP model7, 
based on use (GL). 

3.3.6 Summary of adjustments 

The annual permitted take for each SDL resource unit is calculated according to the following equation, 
which incorporates the adjustments described in Sections 3.3.1 to 3.3.5 above: 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑝𝑒𝑟𝑚𝑖𝑡𝑡𝑒𝑑 𝑡𝑎𝑘𝑒 = 𝑏 − 𝑎 − 𝑐 + 𝑑 − 𝑒 + 𝑓 

where: 

b' = annual diversions as calculated by the interim model over the previous water accounting year (GL); 

a = annual environmental recovery outside of the interim model (GL); 

c = annual incomplete water recovery (i.e. any remaining water recovery in that SDL resource unit required 
to achieve the full 2,750 GL Basin Plan recovery) (GL); 

d = annual supply contribution for an SDL resource unit (limited according to Section 7.19 of the Basin Plan) 
(GL); 

e = annual efficiency contribution within an SDL resource unit (GL); 

f = annual trade adjustments (GL). 

 
7 The adjustment for back-traded legacy exchange rate trade may be avoided in future by updating the interim WRP model to include this back-trade. 
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3.3.7 Demonstration that the permitted take method meets the SDLs 

The Basin Plan (s10.10(4)) states that the permitted take method must demonstrate that it results in the SDL 
being met over a repeat of the historical climate conditions.  Table 9 below shows that the long-term average 
take calculated for each SDL resource unit using the permitted take method is less than or equal to the 
adjusted SDL.  Note that annual trade adjustments do not form part of this demonstration, and that an 
efficiency contribution of 0 GL has been assumed. 

Table 9: Demonstration of permitted take method meeting SDLs for Northern Victoria WRP area (GL/year) 

Annual permitted take equivalent: 
b’ a + c d e b’-(a+c)+d-e  

SDL 
Resource 
Unit 

BDL 
(Run 
0935) 

Recovery 
in interim 

model1 

BDL’ 
(Run 
L934) 

Recovery 
outside of 

model 
+ 

Incomplete 
recovery2 

Reduced 
supply 

contribution3 

Efficiency 
contribution4 

Long-term 
average take 

Adjusted 
SDL5 

Goulburn 1,552.7 1.4 1,551.1 529.0 156.6 0.0 1,178.8 1,178.9 

Broken 13.2 0.0 13.2 1.3 1.0 0.0 12.9 12.9 

Campaspe 115.8 8.1 107.7 23.1 2.3 0.0 87.0 87.0 

Loddon 85.8 9.0 76.6 12.8 9.8 0.0 73.5 73.8 

Total 1,767.5 18.5 1,748.7 566.2 169.7 0.0 1,352.2 1,352.5 

1See Table 7 
2Achieved and incomplete recovery volumes are still changing, therefore these have been calculated together as total reduction (see 

Table 5) minus recovery in interim model 
3Assumes 0 GL efficiency measures achieved.  See Table 5. 
40 GL efficiency contribution assumed for this demonstration. 
5Assumes 0 GL efficiency measures achieved.  For calculation of adjusted SDLs, see Table 5.  

3.4 Model performance post-2009 

It is noted that the predictive performance of the model with regard to low reliability water share seasonal 
determinations is poor for the post-2009 period, in particular the four-year wet period from 2010/11 to 
2013/14.  There are a number of reasons for this, including this period being one of rapid change in 
carryover policy and climate conditions, and the resulting impacts of these changes on user behaviour and 
inflow harvesting. 

This can be illustrated by looking at the four-year wet period from 2010/11 to 2013/14 in the Goulburn system: 

 Consumptive users (including irrigators) were not placed to respond to the sudden increase in 
available water during the wet period immediately after the break of prolonged Millennium Drought. 
They were not ready to expand their farming to take advantage of the sudden boost in water 
availability, and this, in combination with more frequent than expected rainfall events during the 
season, led to under-utilisation of allocated water during that period. 

 The under-utilisation of allocated water, including net trade in the Goulburn system, varied widely 
during this period, with a substantial amount (~800 GL) being carried over at the end of the 2010/11 
and 2011/12 water years. 

 There was also a significant volume of under-utilised water that had been recovered from the 
consumptive pool by the Commonwealth under the Basin Plan. 

 The under-utilisation of allocated water is expected to have resulted in changes to use patterns over 
those years, with less unregulated inflows downstream of storage being harvested, evident in the 
increase to end-of-valley flows. This, in combination with carryover of unused allocations, would have 
reduced water availability for seasonal determinations. 
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 In the 2010/11 to 2012/13 period, Victorian carryover policy allowed for unlimited carryover with 
spillable water accounts.  Victoria reviewed this policy in November 2012, and it was subsequently 
changed. 

 Since 2013/14, Victoria’s carryover policy in the Goulburn has been limited carryover (up to 100% of 
entitlements) with spillable water accounts. This means that the volume of water immediately available 
to users (current season allocation and carryover) is limited to 100% of entitlements, and any 
excessive carryover is quarantined in the spillable water account, which spills first when the system 
spills. 

Given the reasons outlined above, the transition user behaviour during the four-year period following the 
prolonged Millennium Drought is not representative of long-term behaviour and cannot be adequately 
represented in a model.  Following the changes Victoria has already made to carryover policy, it is likely that 
the modelled outcome will be more closely aligned with low reliability seasonal determinations in the future.   

3.5 Revisions to the interim model 

The interim model is to be used annually to determine permitted take for the preceding water year.  In the 
event that revisions to the model are considered necessary, it is expected that there will be a process in 
place to allow for this. 

3.6 Matters related to accounting for water 

Table 10 below details the matters to be taken into account when determining the annual permitted take, as 
specified in Section 10.12 of the Basin Plan, and how these are to be represented in the model. 
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Table 10: Matters relating to accounting for water represented in the Goulburn/Broken/Campaspe/Loddon model 

Basin Plan 
Section  

Description Modelled Comment 

10.12  

Matters relating to 
accounting for water 

(1) (a) all forms of take from the SDL resource unit and all classes of 
water access right 

 Form of take (a) – Take from regulated rivers (excluding basic rights) for classes of water access rights 
under bulk entitlement, environmental entitlement, water share and take and use licence. 

(b) water allocations that are determined in one water accounting 
period and used in another, including water allocations that are 
carried over from one water accounting period to the next 

 Appropriate extended use and carryover rules included in models.  Two-year planning period used for 
seasonal determination process. 

(c) for a surface water SDL resource unit—return flows, in a way 
that is consistent with arrangements under the Agreement 
immediately before the commencement of the Basin Plan 

 Outfalls are included as part of the loss and water savings modelling. 

Return flow points are based on the Diversion Formula Register. 

(d) subject to subsection (3)—trade of water access rights  Legacy exchange rate trade from the Goulburn is modelled using the IVT account.  Tagged trade from the 
Goulburn is modelled as an end of system demand. Temporary trade is not modelled, however 
adjustments will be made for annual reporting outside of the model. 

(e) water resources which have a significant hydrological 
connection to the water resources of the SDL resource unit 

 Model includes resource supplements that are provided from the Loddon and Campaspe to the Goulburn 
system, and from the Goulburn to the Murray system.  

(f) circumstances in which there is a change in the way water is 
taken or held under a water access right 

 Appropriate assumptions will be made regarding use of water entitlements transferred to the environment, 
or alternatively, adjustments will be made to model outputs. 

(g) changes over time in the extent to which water allocations in 
the unit are utilised 

 Analysis undertaken to-date does not indicate any growth in use.  Any changes to this will be resolved 
through the reasonable excuse provision, under the reporting and compliance framework. 

 

(h) water sourced from the Great Artesian Basin and released 
into a Basin water resource, by excluding that water 

N/A  

(i) water resources which are used for the purpose of managed 
aquifer recharge 

N/A  

(2) Any other accounting matters  Seasonal determination policy as per the regulatory frameworks relevant to the system, defined in the 
relevant Bulk Entitlements 

(3) Separate accounting (i.e. disposal and acquisition) of held 
environmental water without affecting the method used for 
annual permitted take 

 The annual permitted take will be adjusted to take into account any trade between consumptive and 
environmental use that has occurred as recorded on the Victorian Water Register 
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This Appendix documents the assumptions that have been adopted in the development of the Northern 
Victoria interim WRP model. 

A.1 Constraints 

It is possible that there may be changes to Goulburn River channel constraints as part of the Constraints 
Management Strategy (CMS).  However, given the current uncertainty surrounding this project, constraints 
have been assumed to remain as per baseline conditions in the interim model.  This is understood to be 
consistent with the approach used in the Source Murray WRP Model. 

A.2 Connections Project water savings 

Water savings from the Connections Project works program have not been included in the interim model.  
These losses remain as per baseline conditions.  Instead, modelled diversions will be scaled for water 
savings (and Commonwealth purchases) to determine permitted take. 

Information on the volume and type of environmental entitlements created from these water savings will be 
required in order to scale the modelled diversions to determine permitted take.  As some of these savings 
have not yet been formalised in entitlements, assumptions will be made where necessary, until the 
entitlements are finalised. 

A.3 Goldfields Superpipe 

The BDL model includes the Eppalock to Bendigo link of the Goldfields Superpipe, but not the Colbinabbin to 
Eppalock or Bendigo to Ballarat links, which were constructed in the latter stages of the Millennium Drought.  
Much consideration was given to including these links in the model, as they were fully operational at 30 June 
2009 (and heavily utilised, given the severe water shortage at that time), however plans and procedures for 
determining how the pipeline would be used on a long-term basis were not yet in place.  Given the significant 
uncertainty around rules for modelling pipeline use, these links were ultimately not included in the BDL 
model. 

Due to the high pumping costs and greenhouse gas emissions associated with use of the pipeline, Coliban 
Water and Central Highlands Water would only use their Goulburn and Campaspe water shares in very dry 
years.  In the majority of years, unutilised allocations would be traded on the water market, or occasionally 
carried over if the following year is expected to be dry.  Therefore, the BDL model and the interim WRP 
model have assumed that Goulburn and Campaspe water shares owned by Coliban Water and Central 
Highlands Water are utilised by irrigators in the Goulburn and Campaspe SDL resource units.  Significant 
work would be required, including the addition of some sort of representation of the Ballarat system in the 
model, in order to confidently model Coliban Water and Central Highlands Water’s use of these water 
shares. 

A.4 Trade to/from Murray 

There was 22 GL HRWS and 4 GL LRWS of tagged trade from the Goulburn to the Murray at 30 June 2009, 
and this is reflected as an end of system demand in the BDL model.  As these are Goulburn-issued water 
shares, use of any water allocated against them is considered a Goulburn diversion, and will be included as 
part of the Goulburn annual diversions.  Adjustments to permitted take will be made for actual tagged trade 
volumes through post-processing. 

There was 101 GL HRWS of legacy exchange rate trade from the Goulburn to the Murray, and around 1 GL 
HRWS from the Campaspe to the Murray at 30 June 2009.  This is modelled within the Goulburn IVT 
account.  Legacy exchange rate trade refers to traded water shares that were cancelled in their source 
valley, and re-issued in the valley of use – in this case, the Murray.  Use of water allocated against these 
water shares is therefore considered a Victorian Murray diversion.  This form of trade no longer exists (i.e. 
these volumes cannot increase), however back-trade is allowed (i.e. the volumes can be reduced).  As these 
numbers may change on an annual basis, they have been kept the same as the BDL numbers in the interim 
model, and adjustments will be made for annual reporting as necessary.  It is proposed that the ‘use method’ 
be adopted for this purpose, which has been agreed and adopted as Victoria’s preferred method for Cap 
adjustments. 

Appendix A Interim WRP Model Assumptions 



 

22 Hydrologic Models for Basin Plan Compliance in the Northern Victoria Water Resource Plan Area 
Baseline and Sustainable Diversion Limits and Permitted Take Method 

Use-based adjustments will also be used for temporary trade, which is not modelled. 

A.5 Irrigation footprint 

The irrigation footprint has not been changed in the interim model.  This is understood to be consistent with 
the approach used in the Source Murray WRP Model. 

A.6 Commonwealth purchases 

Irrigator water shares in the interim model have not been adjusted for Commonwealth purchases contributing 
to Basin Plan recovery.  Instead, modelled diversions will be scaled for purchased water shares (and water 
savings) to determine permitted take. 

A.7 Use of environmental water 

Assumptions regarding use of The Living Murray, Snowy and other baseline environmental entitlements 
have not been changed in the interim model.  Similar assumptions have been adopted for the use of Basin 
Plan water recoveries included in the interim model. 

A.8 Desired carryover 

User behaviour for planned carryover is modelled using the ‘Desired Carryover’ functionality, which inputs a 
relationship between desired carryover and effective allocation for each demand node.  Under baseline 
conditions, desired carryover has been left as zero, due to carryover policy being newly initiated.  However, 
under WRP conditions this results in unrealistically high diversions for dry years following a wet period, where 
users have accumulated high volumes of carryover and then use this all in the one season.  A desired carryover 
of 0% also causes diversions to increase from baseline conditions, which is not reflective of the actual post-
2009 data (Victoria’s Cumulative Cap credit has steadily increased since 2009).  Due to the limited data 
available on which to base this relationship under WRP conditions, a hypothetical desired carryover versus 
effective allocation relationship has been used, which maintains baseline diversions at more realistic levels 
under the policy changes.  The desired carryover assumptions do not affect long-term diversions, as the model 
is adjusted to match BDL minus modelled water recovery, however they are expected to improve the annual 
pattern and hence the estimate of permitted take. 

It is expected that this relationship will be refined as more data becomes available in the future. 


