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EXECUTIVE SUMMARY 

This report provides an independent review of the published hydrological model information for NSW Border Rivers 

and Gwydir SDL Resource Units that determine the proposed Baseline Diversion Limit (BDL) re-estimates for regulated 

river and floodplain harvesting take. 

This review focussed on assessing whether NSW’s proposal meets the requirements to update the published BDL 

estimates of the Basin Plan 2012: 

• Consistency with the BDL description set out in Schedule 3 of the Basin Plan 

• That the information is the best available, and 

• The modelling is sufficiently documented. 

In doing so, this review examined both the Cap and water sharing plan models, which underpin the revised BDL 

estimate. Analysis of historical independent reviews of NSW BDL re-estimates was undertaken, to understand the 

maturity of model development. 

Assessment framework 

The BDL re-estimate assessment framework was developed according to the following: 

• Terms of Reference for this review 

• MDBA Position Statement 3C: Method for Determining Take 

• MDBA Position Statement 3D: Changes to BDL 

• BWR 2014 Framework for Incorporating Changes to BDL Estimates Presented in the Basin Plan 

• MDBA Position Statement 12A: Best Available Information 

• Summary of Best Available Information specific to this review. 

Comparison of estimates 

A comparison of previous and current estimates of take is integral to the process of assessment of BDL re-estimates. 

This comparison is complicated by differences in the basis of each estimate, with the primary difference being the 

inclusion or otherwise of rainfall runoff harvesting volumes. 

The BDL estimate volumes reported in this review included all forms of rainfall runoff harvesting as FPH. Comparisons 

of change in estimates, however, were made on the overall BDL estimate on an equal basis, i.e. inclusive or exclusive 

of rainfall runoff as required. 

In consideration of this, the NSW Border Rivers BDL re-estimate, in comparison to Basin Plan 2012, increased by 1.9%. 

The Gwydir BDL re-estimate increased by 26.7%. The large change in Gwydir did not appear to be a material increase 

but related to the treatment and reporting of FPH and rainfall runoff harvesting. 

Findings 

Consistency with the BDL description set out in Schedule 3 of the Basin Plan 

The models for both SDL Resource Units reflect: 

• The BDL definition of the long-term annual average extraction limit (LTAAEL) 

• The level of development, water entitlements, rules and planning instruments at the baseline dates 
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• The model scenarios for LTAAEL were consistent with the state limit in the water sharing plans at the baseline 

dates 

• The model scenarios for Cap estimates were consistent with the requirements of Clause 2(1)(a) of Schedule E of 

the Murray-Darling Basin Agreement, noting that the modelled levels of development have been updated using 

the best available information. Despite the differences (some significant), the overall impact to the updated Cap 

estimates was negligible. 

Best available information 

The review concluded that the Best Available Information has been used (as a combination of the requirements of 

MDBA Position Statement 12A and the definition of Best Available Information specific to this review), with the 

following key findings: 

• Scientific information is the best available with extensive use of multiple, independent lines of evidence used to 

mitigate uncertainty, particularly regarding level of on-farm development at reference dates 

• BDL re-estimate is scientifically robust with current data availability (noting the key limitation described below) 

with detailed independent reviews providing feedback for model and documentation improvement 

• The improved representation of FPH in the models is the largest area of change, with individual farms modelled 

instead of groups, rainfall harvesting within the property from both developed and undeveloped areas 

represented, overbank flow represented separately, representation of overbank flow harvesting, more accurate 

infrastructure data and more accurate representation of other components of the farm water balance. 

• The representation of physical and water user processes has been improved, particularly regarding the timing and 

nature of flood breakout flows, representation of farm-scale processes, crop water use and the property water 

balance. There is still more work to be done to understand the fate of water on the floodplain as noted in the 

limitations below. 

Modelling documentation 

The review found that the modelling is sufficiently documented as published reports contain: 

• All references to the data sources pertaining to the forms of take included 

• Quality assurance practices undertaken along with the data review and prioritisation of data sources 

• Conceptual and geographic spatial extents of the model 

• Data periods used for various purposes in the river system modelling 

• Process of infilling of data gaps for climate and flow data were documented 

• The assessment criteria used (which require sufficient graphical and statistical understanding of the raw data) to 

assess model performance. 

MDBA confirmed that the documentation and model scenarios provided are sufficient to reproduce the published 

results and estimates of FPH take. 

Current model limitations 

The Terms of Reference for the review required the identification of current model limitations that do not affect the 

assessment against the review objectives. Nine areas were identified common to both SDL Resource Units, with the 

five most significant being: 

1. Negligible FPH observed measurement data available for calibration/validation and incomplete or inaccurate 

watercourse river diversion measurement data. 
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2. Current models are best suited to whole-of-valley and river reach scale, and more work can be done to 

replicate on-farm behaviour.  

3. The representation of water movement onto, within and returning from, the floodplain can be improved 

further regarding specific floodplain losses, capture to environmental assets and river returns, to increase 

confidence in the mass balance of water on the floodplain. 

4. Farm-scale rainfall runoff remains as a significant source of uncertainty as there is still insufficient observed 

data for model calibration and validation. 

5. Agreement is required between MDBA and NSW regarding the inclusion or otherwise, of rainfall runoff 

harvesting from developed irrigation areas, in the proposed BDL estimates. 

Conclusions 

The assessment concludes that the proposed BDL re-estimates for regulated river and FPH (as the Water Sharing Plan 

LTAAEL) in both SDL Resource Units satisfied the review objectives and are a better estimate of the Basin Plan 2012 

BDL, being based on the best available information, representative of the BDL description given in Basin Plan Schedule 

3 and are sufficiently documented. 

An assessment was also undertaken under the BWR 2014 Framework for Incorporating Changes to BDL Estimates 

Presented in the Basin Plan, concluding that revision to the BDL estimate is appropriate and NSW’s comprehensive 

response is commendable given the assessed moderate and high risk for the NSW Border Rivers and Gwydir SDL 

Resource Units (respectively). 
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ACRONYMS 

ABS Australian Bureau of Statistics MDB Murray-Darling Basin 

APT Annual Permitted Take MDBA Murray-Darling Basin Authority 

BAI Best Available Information ML Megalitre 

BDL Baseline Diversion Limit NSW New South Wales 

BoM Bureau of Meteorology NSW DPE NSW Department of Planning and Environment 

FPH Floodplain Harvesting NRAR NSW Natural Resources Access Regulator 

GL Gigalitre OFS On Farm Storage 

ha Hectares OLF Overland Flow 

HEW Held Environmental Water RRH Rainfall Runoff Harvesting 

IBQ Irrigator Behaviour Questionnaire SDL Sustainable Diversion Limit 

IQQM Integrated Quantity and Quality Model TWS Town Water Supply 

LiDAR Light Detection and Ranging WRP Water Resource Plan 

LTAAEL Long Term Average Annual Extraction Limit WSP Water Sharing Plan 

 

GLOSSARY 

Baseline Diversion Limit The baseline limit of take (volume) from an SDL resource unit; an estimate of how much water was 

used in the Basin before the Basin Plan. 

Benchmark/datum An on-farm, permanent survey mark to relate storage levels, the calibrated storage curve and the 

storage meter to AHD. 

Cap The Murray–Darling Basin Cap on Surface Water Diversions, introduced in 1995 by the Murray–Darling 

Basin Ministerial Council. 

Carryover An arrangement that allows water entitlement holders to take their unused water allocation from one 

water year to the next. 

Channel An earth structure, including bed and banks, used to convey water above natural ground level. 

Developed area Irrigation fields with tailwater return drains. 

Diversions Volume of surface water used for consumptive purposes. 

Drain An earth structure, including bed and banks, used to convey water below natural ground level. 

Water access licence / 

water allocation / water 

entitlement 

Legal right to receive a certain volume of water in a year. 

Evaporation Water lost to the atmosphere from an open water body. 

Field A unit of area within either the developed or undeveloped area that is uniformly managed for crop 

production.  

Floodplain Harvesting The taking of water from a floodplain, including after it leaves a watercourse during a flood. 
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Flood runner A water flow path on the floodplain that only conveys water in flood events. 

Flow gauge A device used to measure the height of a river, from which the flow in the river can be calculated. 

Flow meter An electronic or mechanical device used to accurately measure instantaneous water flow rates in 

closed conduits (i.e. pipe or culvert) or open channels/drains. 

Full supply volume/level Maximum water level in a storage.  

Held Environmental Water Water that is held as part of a licensed volumetric entitlement for environmental use, held within the 

same licence categories as all other water access licences and subject to the same operating rules. 

Hydrological model A simplification of a real-world system, usually a mathematical model, that aids in understanding, 

predicting, and managing water resources. 

Levee/bund/diversion bank An artificial structure used to direct, divert, exclude or reduce the flow of overland flow onto or from 

land. 

Level of development The extent of water regulating, diversion, capture and storage infrastructure developed on- and off-

farm, referenced to a particular point in time. 

Non-FPH/OLF water Water taken that does not originate from floodplain harvesting or overland flow. Examples include 

regulated river water, groundwater and irrigation tailwater. 

On-farm infrastructure Privately owned water regulating, diversion, capture and storage infrastructure in which water can be 

taken from a water source for direct or later use. 

Photogrammetry The use of photography in surveying and mapping to ascertain measurements between objects. 

Quality Assurance The maintenance of a desired level of quality in a service or product, especially by means of attention 

to every stage of the process of delivery or production. 

Rainfall runoff harvesting Capture of rainfall runoff from developed areas. 

NSW has proposed different categories of accounting for rainfall runoff harvesting against FPH 

entitlements: 

• Exempt rainfall runoff harvesting is defined as that which occurs from developed areas (fallow or 

cropped) on days when no water is being harvested from outside the farm. 

• Non-exempt rainfall runoff harvesting is defined as all runoff harvesting that occurs when water is 

being harvested from outside the farm. 

Rainfall run-off from undeveloped land on a farm is not exempt. 

Re-estimate A new, revised or improved estimate of the volume of water taken. 

Regulated river A River, Stream or other Water Course, the flow of which is regulated by artificial structures such as 

Dams, Weirs, Off-takes, Storages, etc. 

Remote sensing The process of detecting and monitoring the physical characteristics of an area by measuring its 

reflected and emitted radiation at a distance, typically from satellite or aircraft. 

River breakout / overbank 

flow / flood breakout 

River flows that exceed the capacity of the watercourse and overflow onto the floodplain. 

River reach A section of a stream or river along which similar hydrologic conditions exist, such as discharge, depth, 

area, and slope. 

SDL Resource Unit The water resources, or particular parts of the water resources, of a water resource plan area that is 

either a surface water SDL resource unit or groundwater SDL resource unit (s1.07 Basin Plan 2012) 

Seepage Water lost into the soil profile (bed and banks). 
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Sensitivity testing Analysis that determines how different values of an independent variable affect a particular 

dependent variable under a given set of assumptions. 

Share components The Share Component of the access licence is the volume share of water made available in a water 

source. 

Source model eWater Source, Australia's national hydrological modelling platform. 

State water management 

law 

Individual Basin State legislation pertaining to management of water resources within its jurisdiction. 

Storage An on-farm structure that stores water. Otherwise known as a reservoir, cell, ring tank, dam or turkey 

nest where water is stored above natural ground level; or known as a ground tank or dam where 

water is stored below natural ground level. Filled with water from any source via gravity or pumping. 

Storage curve A storage-specific lookup table that relates storage water depth to volume and water surface area. 

Supplementary licence / 

access 

An event that temporarily changes water regulation and use in one or more sections of a stream. 

Supplementary Events include flooding (the most common supplementary event), tributary inflows 

and increases in flow due to spillage of storage. 

Sustainable Diversion Limit The average volumetric limit of water that can be used in the Basin by towns, communities, industry 

and farmers. 

Tailwater Surface water runoff arising only from irrigation water applied to irrigation fields. 

Telemetry / remote read Automated, remote transfer of data from on-farm metering equipment. 

Temporary / surge / buffer 

/ field storage 

An on-farm storage that is used to temporarily detain water for later use or transfer to long term 

storage. 

Water balance Accounting of inflows to any water system or area, equal to its outflows plus change in storage during 

a time interval. 

Water Resource Plan A plan for each SDL Resource Unit that sets out the rules for how water is used at a local or catchment 

level, including limits on how much water can be taken from the system, how much water will be 

made available to the environment, and how water quality standards can be met. 

Water Sharing Plan A statutory document that establishes the rules for sharing water between the environment and 

water users, and between competing water users. 

Undeveloped area Property area not developed for irrigation. 
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1. Introduction 
Fifteen50 Consulting has been engaged by the Murray-Darling Basin Authority (MDBA) to review the published 

hydrological model information for the Water Resource Plan (WRP) areas of NSW Border Rivers and Gwydir SDL 

Resource Units that determine the proposed Baseline Diversion Limit (BDL) re-estimates. 

1.1 Background 

The Murray Darling Basin Plan 2012 defines Sustainable Diversion Limits (SDLs) for each SDL resource unit in the 

Basin, which is the maximum consumptive water limit. For surface water, SDLs are defined in Basin Plan Schedule 2 

and are equal to the BDL less water recovery. BDLs are defined in Basin Plan Schedule 3, which is the statutory point of 

reference for determining the BDL and is described for each form of take in each SDL resource unit. It generally 

provides, as a note, a volumetric estimate of long-term average take that was made by the MDBA at the time of Basin 

Plan development. 

Ahead of WRP accreditation, a Basin state may provide a BDL re-estimate for any form of take in any SDL resource unit 

(MDBA, 2011). If it is based on the best available information (Basin Plan s10.49 WRP requirement) and aligns with the 

Basin Plan Schedule 3 BDL description, then it is reasonable and appropriate for the MDBA to agree with the BDL re-

estimate. This process is set out in MDBA’s Position Statement 3D ‘Changes to BDL’ (MDBA, 2015) and the decision 

support framework (Barma Water Resources, 2014).  

NSW is re-estimating the BDL for the take of water from regulated river and floodplain harvesting (FPH) water sources 

in five SDL resource units; the Barwon Darling Watercourse, NSW Border Rivers, Gwydir, Namoi and Macquarie-

Castlereagh as part of WRP development and re-submission. The BDL re-estimates are determined using hydrological 

models that incorporate the rules and conditions found in State water management law at the baseline date defined 

in Basin Plan Schedule 3 and run over the historical climate conditions. The baseline date is 1 July 2009 for NSW 

Border Rivers, 30 June 2009 for Gwydir and Macquarie-Castlereagh and 1 July 2010 for Namoi. At these dates, the 

baseline water sharing plans define the limit as the lesser of Long-Term Average Annual Extraction Limit (LTAAEL) or 

the long-term Murray-Darling Basin Ministerial Cap on Diversions (Cap). As there was no water sharing plan for the 

Barwon-Darling Watercourse SDL resource unit at the time of Basin Plan development, the BDL description is set to 

that under the Cap, given in Schedule E of the Murray-Darling Basin Agreement. The long-term Cap limits therefore 

are an important consideration in the proposed BDL re-estimates. 

1.2 Purpose 

This review has been undertaken at the request of the MDBA, prior to the re-submission of the water resource plans 

for the Border and Gwydir Rivers. It is based on the latest modelling information published by NSW, on the 

expectation that this modelling will be submitted to the MDBA as part of a proposal to re-estimate the regulated river 

and floodplain harvesting components of the BDLs, and as part of the water resource plan package.  

Consistent with the MDBA’s Position Statement on FPH (MDBA, 2019), this review is focussed on assessing whether 

NSW’s proposal meets the requirements to update the BDL estimates, a key part of which is checking for consistency 

with the BDL description set out in Schedule 3 of the Basin Plan, and that the information is the best available and is 

sufficiently documented. In doing so, it has looked at both the Cap and water sharing plan models, which underpin the 

revised BDL estimate. This has included an assessment of whether the updated long-term Cap models are consistent 

with the requirements of Schedule E of the Murray–Darling Basin Agreement (for example, it has considered whether 

any major differences from the formerly accredited Cap models are adequately described). 
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However, this review does not constitute a formal assessment of NSW updated Cap scenario relative to all 

requirements for an analytical model set out in Clause 11 of Schedule E of the MDB Agreement. 

The need for, and relevance of such assessment is diminished given the transition from the Cap system to SDL 

accounting underway, and expectation that Cap compliance would be replaced by SDL accounting once all WRPs are 

accredited. 

1.3 Review structure 

NSW is proposing a staggered approach to the provision of its water resource plans for accreditation by MDBA. These 

reviews are proposed to be progressively completed in accordance with the project Terms of Reference (Appendix A). 

This report addresses the first review tranche, being NSW Border Rivers and Gwydir. The timing and configuration of 

subsequent reviews for Macquarie, Namoi and Barwon-Darling will be informed by NSW’s progress in preparing their 

WRP’s for submission. 

1.4 Review objectives 

This review of the relevant hydrological models for the regulated NSW Border Rivers and Gwydir SDL Resource Units, 

that determine the proposed BDL re-estimates, will inform the MDBA whether: 

1. It is based on the best available information as given in Basin Plan s10.49 and therefore a better estimate of the 

regulated river and floodplain harvesting BDL from Basin Plan 2012 BDL estimates. 

2. It represents the BDL description given in Basin Plan Schedule 3; the State water management law limit and 

baseline conditions associated with regulated river and FPH, including level of development, irrigator 

behaviour, access conditions and climate sequence. 

This includes a review of the updated long-term Cap models for consistency with the requirements of Schedule 

E of the Murray-Darling Basin Agreement and the long-term average annual extraction models for consistency 

with the description of the state limit set out in NSW water sharing plans at the baseline dates listed in Section 

1.1. The BDL re-estimate is to be the lesser of either: 

a. The updated long-term Cap; or 

b. The long-term average annual extraction under conditions of the water sharing plan. 

3. There is sufficient documentation to provide evidence of the BDL re-estimate method and processes to be able 

to reproduce the BDL re-estimate. 

As the models represent the regulated systems, this review does not address FPH in unregulated systems of the SDL 

resource units (NSW DPE, May 2022). 

Any limitations or uncertainties in the proposed BDL re-estimates are to be noted separately to the review conclusions 

in relation to points 1-3 above. 

1.5 Review method and acknowledgements 

The findings of this review collectively apply to both Border Rivers and Gwydir SDL Resource Units unless specifically 

described, given the common approach to modelling employed by NSW. 

Fifteen50 Consulting undertook this review as follows, with assistance, contributions, and feedback as acknowledged: 
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• MDBA project management team for this engagement 

– Development of BDL re-estimates review framework specific to the Terms of Reference 

– Provision of historical reports and documents for literature review 

– Clarification of included diversion components of historical BDL estimates and supporting documentation 

– Draft report reviews. 

• MDBA modelling team 

– Confirmation of updated WRP model information received 

– Clarification of documentation adequacy and ability to reproduce published numbers 

– Interrogation of specific model input parameter values 

– Draft report reviews. 

• NSW modelling team 

– Engagement to clarify aspects of the published literature and representation of FPH in the WRP models  

– Draft report review (Richard Beecham & Dan Connor) 

• Independent reviewers for NSW Floodplain Harvesting Policy modelling and implementation, Tony Weber and 

Greg Claydon (Alluvium Consulting) 

– Draft report review. 
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2. Previous reviews 

A summary of existing independent reviews of NSW BDL re-estimates are presented below in chronological order. 

Gwydir Valley Independent Audit of Cap Model by Bewsher Consulting (Drew Bewsher), April 2009 final report 

This final report was an independent audit of the Gwydir valley IQQM surface water model (updated slightly during 

the audit in March 2009). At the time of Bewsher’s 2009 report, all forms of floodplain harvesting were to be reported 

as a Cap diversion, whereas the rainfall runoff harvesting component was agreed to be excluded (Appendix C) – but 

the Gwydir Model and Cap Report provided estimates for both. This report recommended approval of the model 

under Schedule E of the Murray-Darling Basin Agreement and made further recommendations which are relevant to 

understanding the improvements that have been incorporated into the Gwydir 2022 model in this review. The 

modelling of rainfall harvesting and floodplain harvesting was at best only able to provide a simplistic representation 

of the actual behaviour over the long term based on irrigator survey information. Crop planting decisions were 

complex to model and not accurately presented in all years due to non-hydrological factors such as market forces and 

farmer practices (Bewsher Consulting, 2009).  

In the recommendations in Section 8 of Bewsher’s report, it was recognised that several aspects would improve future 

simulation of rainfall runoff and floodplain harvesting volumes, namely historical data on rainfall runoff and floodplain 

harvesting, more information on how on-farm storages are used and the interactions with re-use of irrigation 

tailwater, and upgrades to the demand and area calibration (Bewsher Consulting, 2009). In the years since 2009, NSW 

has taken steps to improve the demand and area calibration in updated models with remote sensing and additional 

irrigation behaviour surveys to improve the Cap estimates for the rainfall-runoff and floodplain harvesting 

components. 

Independent Baseline Model Review by Barma Water Resources (Daren Barma), June 2012 final report 

This final report was a review of 24 surface water models in New South Wales, Queensland which were used to inform 

the inception of the Basin Plan. This was mostly on definition compliance with relevant plan or policy, and not a check 

for model compliance with the BDL. The key finding relevant to this report was that all models have been found to be 

representative of their respective baseline definitions, but some models including NSW Border Rivers and Gwydir have 

been found to require updating in order for representation of the baseline diversion definition and associated 

diversion estimates to be improved (Barma Water Resources, 2012). Several improvements were proposed, such as 

better and more accurate representation of floodplain harvesting and rainfall harvesting in the model which have 

been subsequently addressed in modelling for BDL re-estimates. 

NSW and Queensland Border Rivers Valleys Independent Audit of Cap Model by Bewsher Consulting (Drew 

Bewsher), May 2014 final report 

This final report was an independent audit of two IQQM surface water models, the NSW Border Rivers (July 2013 

model) and Queensland Border Rivers (August 2009 model), to assess their suitability for use under Schedule E of the 

Murray-Darling Basin Agreement. Schedule E requires that Cap models be prepared under ‘baseline conditions’, and 

these conditions are different between the two states. The use of two separate models meant that each model met 

their own state baseline conditions but were not able to concurrently meet the other state’s baseline conditions 

(Bewsher Consulting, 2014). The key recommendation in this report was that the models are appropriate in the 

interim until the end of 2015, and progress was already underway in 2014 to create a common Cap model with both 

states’ diversions simulated under baseline conditions (that meet Schedule E) to calculate long-term average 

diversions. 
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The report’s comments on the floodplain harvesting aspects of the NSW Border Rivers Valley July 2013 model are 

relevant in this review. The report noted that variations in planted areas are simulated as a function of water 

availability, and that due to the variation arising from land rotation, availability of seed and fertiliser, and variability in 

farming practices, the procedures in the model can only reflect long-term average behaviour but not actual behaviour 

in all years (Bewsher Consulting, 2014). The July 2013 model simulated floodplain harvesting volumes to match 

information based on user-surveys and from a mass balance of river flows. Another recommendation was that existing 

Cap models should be migrated to the eWater Source modelling platform instead of IQQM in the future (Bewsher 

Consulting, 2014). 

Independent Review of NSW Floodplain Harvesting Policy Implementation by Alluvium (Tony Weber and Greg 

Claydon), July 2019 final report 

This final report was the culmination of the independent review of the modelling and implementation of the FPH 

policy in NSW. This review found that the models represent a significant advancement in the determination of 

consumptive water use and the understanding of the various sources, extractions and uses of water taken in the NSW 

Border Rivers and Gwydir valleys, although opportunities for improvements remained with respect to modelling 

approaches, documentation, stakeholder engagement and communication and water planning and management. 

There were a few key findings about the model approach, the first of which is that there was no cross-verification of 

the FPH volume other than the need to satisfy the water balance in the model. It was also noted that the justification 

and evidence for the adopted parameters and modelling of rainfall-runoff were very limited, and it was a challenge to 

support the inclusion of rainfall-runoff volumes within the FPH take as currently modelled. Thirdly, existing models did 

not explicitly represent flood water returns to the river. As such, the models were not considered suitable for 

assessing the benefits and impacts of the FPH licensing framework, including the entitlement and account 

management rule framework, on specific downstream flows either in the rivers or on the downstream floodplains 

themselves. However, the existing models could estimate relative differences between two or more scenarios of FPH 

diversions (current levels vs historical levels of development) (Alluvium, 2019). 

The key recommendations addressed the points above such as further work to provide justification for the rainfall-

runoff model used, comparison of floodplain breakout volumes assumed in the model against other evidence where 

possible, as well as undertake data collection and model reconfiguration to represent return flows and down 

floodplain flows so that downstream impacts could be better determined (Alluvium, 2019). 

Independent Review of Interim Baseline Diversion Limits for NSW Floodplain Harvesting by Moroka Pty Ltd (Tony 

Ladson), December 2019 – final report 

This final report was the outcome of an independent review of the FPH component of the proposed interim BDLs  

brought forward by NSW as part of the WRPs submitted to the MDBA in June 2020. This was performed for five SDL 

resource units in northern NSW to determine if they are based on the best available information, if there are any 

better estimates, and if the interim BDL values are better than those published in 2012 in the Basin Plan. The 

conclusion drawn was that the interim BDLs were based on the best available information and are better than 

estimates published in the Basin Plan, however the MDBA assessment framework (Barma Water Resources, 2014) 

puts it at high to very high risk, with high costs but with substantial benefit (Moroka, 2019). The key 

recommendation related to mitigating this risk by increasing the scientific robustness of the BDL estimates. Part of 

achieving scientific robustness necessitated peer review and quality assurance of models, and transparency of the 

data management process in the model (Moroka, 2019). These proposed interim BDL estimates for NSW Border 

Rivers and Gwydir SDL resource units have subsequently been superseded by the ongoing work undertaken by NSW 

and since published. 
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Review of NSW Border Rivers Model Build, Scenarios and Environmental Outcomes reports relevant to Floodplain 

Harvesting Policy implementation by Alluvium (Tony Weber and Greg Claydon), November 2020 – letter sent to 

DPE 

Following on from Alluvium’s comprehensive review of the models in 2019, DPE produced more comprehensive 

documentation (a suite of reports) as part of the response to the recommendations made by the reviewers. This letter 

was a summary of the review of the draft final model build, scenario and environmental outcomes reports pertaining 

to NSW Border Rivers. The modelling and report was found to be suitable for publication, with the acknowledgment 

that accounting for climate change is further work which will not be included in the report (Alluvium, 2020). Besides 

that, the reviewers stated the model scenarios report adequately addressed the specific recommendations put 

forward in 2019, while the environmental outcomes report still has limitations around the impacts to the relationship 

between hydrology and ecology, and the limited floodplain data and subsequent modelling that is possible from it. 

Review of NSW Gwydir Valley Model Build, Scenarios and Environmental Outcomes reports relevant to Floodplain 

Harvesting Policy implementation by Alluvium (Tony Weber and Greg Claydon), February 2021 – letter sent to DPE 

Following on from Alluvium’s comprehensive review of the models in 2019, DPE produced more comprehensive 

documentation (a suite of reports) as part of the response to the recommendations made by the reviewers. Similar to 

NSW Border Rivers, this letter was a summary of the review of the draft final model build, scenario and environmental 

outcomes reports pertaining to NSW Gwydir Valley. The model build report was found to be suitable for publication, 

with the acknowledgment that accounting for climate change is further work which will not be included in the report 

(Alluvium, 2021). Besides that, the reviewers stated the model scenarios report adequately addressed the specific 

recommendations put forward in 2019, although more information regarding floodplain harvesting management is 

still needed to clarify the proposed maximum 500% carryover for FPH in this report and the 300% allowance for water 

use in the Model Build Report (which is consistent with the Water Sharing Plan). Lastly, the environmental outcomes 

report was deemed to be adequate and satisfied independent review requirements and recommendations (Alluvium, 

2021). 

Independent Review of Water Resource Plan Hydrological Models for the NSW Borders Rivers by Bewsher 

Consulting (Drew Bewsher), April 2021 final report 

This final report was a review of the hydrological models (BDL and permitted take models) that underpin the NSW 

Border Rivers Water Resources Plan (WRP) which was submitted to the MDBA in June 2020 - the same model that was 

assessed by Moroka Pty Ltd (noting this WRP has been withdrawn in May 2021). They were assessed against criteria 

such as being fit-for-purpose, utilising the best available information, and maintaining consistency with MDBA Position 

Statement 3C.  At the time of review, the models and the WRP provided to the MDBA were based on the existing 

system and whilst FPH take was modelled and estimated, did not include for the new floodplain harvesting 

entitlements that NSW was proposing to introduce. The new FPH entitlements, expected to be introduced after WRP 

accreditation, would require an amendment to the WRP and upgrading the models accordingly. 

These new floodplain harvesting entitlements are being issued to bring this form of take into the water management 

framework and allow for improved monitoring and compliance – in line with the New South Wales Floodplain 

Harvesting Policy 2013 (amended 2018). The conclusion of the review was that the NSW Border Rivers models 

[Revised BDL Model prepared in December 2019], including the Revised BDL and Annual Permitted Take (APT) models, 

were consistent with the requirements of the Basin Plan and (at that time) were suitable to be used within the NSW 

Border Rivers WRP (Bewsher Consulting, 2021). 
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3. Baseline Diversion Limits 
Comparison with previous and current BDL estimates is integral to the process of assessment of BDL re-estimates. 

Table 1 & Table 2 describe the various published estimates in chronological order. The BDL re-estimates for NSW 

Border Rivers and Gwydir are identified in each table, being the Water Sharing Plan long-term average annual 

extraction limit (LTAAEL) for both SDL resource units, as the lesser volume in comparison to Cap re-estimates. 

For the purposes of this review, the required comparison is between the Basin Plan 2012 as the current BDL estimate 

and the Water Sharing Plan LTAAEL scenario estimate as the proposed BDL re-estimate. The Basin Plan 2012 estimates 

are based on descriptions outlined in Schedule 3 of the Plan. 

The following important points are raised: 

1. The differences in the estimated values are expected, noting the following: 

a. Estimates have been prepared at different points in time. It is expected that each successive estimate 

should be an improvement on historical estimates. 

b. There are differences in the simulation periods (that may have significant impacts, particularly when later, 

drier years are included) and scenarios (to the extent that they are a better representation or better 

understanding of the same scenario modelled). 

c. Early estimates may have excluded some elements of take if confidence in the volumes determined was 

low. 

2. The MDBA Technical Report Comparison of watercourse diversion estimates in the proposed Basin Plan with 

other published estimates, 2011/01, Version 2 (MDBA, Nov 2011) explains “The Basin Plan has not included 

rainfall runoff harvesting in diversion estimates for any valley, because of lack of data to estimate it and 

potential of double counting in the interception estimates.” 

3. Stakeholders are interested in the best estimates of all components and the methods by which those 

components have been determined. Comparisons between current and historical estimates are complicated 

with the inclusion or otherwise of rainfall-runoff harvesting as part of floodplain harvesting, and changes to 

modelling approaches to FPH and rainfall runoff that shifts the relative proportions of FPH components. 

a. MDBA is in discussion with NSW to determine if the proposed BDL re-estimate will include ‘exempt’ 

rainfall runoff. The published reports for Gwydir include exempt rainfall runoff in the Plan Limit total 

(NSW DPE, May 2022) however Border Rivers does not (NSW DPE, 2020). 

b. The BDL estimate volumes reported in Table 1 & Table 2 has included all forms of rainfall runoff 

harvesting in floodplain harvesting, as per the Basin Plan definition (c1.07 Basin Plan, 2012). Comparisons, 

however, are made on an equal basis, i.e. inclusive or exclusive of rainfall runoff as required. 

c. It is acknowledged that rainfall runoff harvesting from developed areas is generally a higher percentage of 

rainfall (long-term average) than what would be experienced from undeveloped areas, given the practice 

of irrigation maintains a higher average soil moisture. 

4. Whilst different sub-components making up the BDL estimates are examined to explain differences in the 

totals, it is only the overall total for the SDL Resource Unit that applies as the limit, i.e. there may be shifts in 

modelled values of sub-components such as regulated river, floodplain harvesting and rainfall runoff, however 

any assessment of change to the BDL is based on the overall total, in consideration of the included 

components. 

Considering the above, the following changes are noted: 
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• NSW Border Rivers: 

– Latest Cap estimate has increased by 0.3% (excluding rainfall runoff to enable comparison; increase of 4.8% 

including rainfall runoff). 

– BDL re-estimate, for regulated river and floodplain harvesting (excluding rainfall runoff to enable comparison 

with Basin Plan 2012, as noted above), has increased 1.9%. 

⬧ BDL re-estimate for regulated river and floodplain harvesting (including rainfall runoff harvesting) has 

increased by 7.5%. 

• Gwydir 

– Latest Cap estimate has decreased by 0.4%. 

– BDL re-estimate, for regulated river and floodplain harvesting (excluding rainfall runoff to enable comparison 

with Basin Plan 2012, as noted above), has increased 26.7%. 

⬧ BDL re-estimate for regulated river and floodplain harvesting (including rainfall runoff harvesting) has 

increased by 41.2%. 

It is obvious that the changes in Cap and BDL re-estimates in the NSW Border Rivers are relatively minor. 

The change to the Gwydir BDL re-estimate is significant, at 26.7%. However, the difference in Cap re-estimate is 

negligible (-0.4%), suggesting that the change in BDL re-estimate is not a material increase but related to the 

treatment of FPH and rainfall runoff as noted in points #1 & #2 above. 

This is also supported by considering the inclusion of 100 GL of modelled, but unpublished, volume of take now 

understood as FPH (Moroka, 2019). Adding this to the Basin Plan 2012 estimate equals 414.0 GL, reducing the Gwydir 

BDL re-estimate difference to 7.1%. 

The question was put to the NSW modelling team to investigate further, as below. 

Query 

The original Basin Plan 2012 modelling was based on the 2002 WSP model provided by NSW to MDBA (Gwydir). Similarly, in 

Border Rivers the baseline conditions model used by MDBA is the model corresponding to the Inter Government Agreement 

between NSW and QLD for inter-state water sharing. 

In theory, these should be directly comparable to the results from the WSP Scenarios, excluding rainfall runoff. 

• Border Rivers: 

– Basin Plan - 188.4 GL (reg river) + 3.0 GL (FPH excl rainfall runoff harvesting) = 191.4 GL. 

– WSP Scenario – 161.3 GL (reg river) + 33.7 GL (FPH excl rainfall runoff harvesting) = 195.0 GL 

• Gwydir: 

– Basin Plan - 296.2 GL (reg river) + 17.8 GL (FPH excl rainfall runoff harvesting) = 314.0 GL 

– WSP Scenario – 306.1 GL (reg river) + 91.8 GL (FPH excl rainfall runoff harvesting) = 397.9 GL 

It can be seen that BR is quote close (1.9%) but Gwydir is 26.7% different. Please discuss? 

(reviewer’s note: the inclusion of 100 GL of modelled, but unpublished, volume of take now understood as FPH, reduces Gwydir 

difference to 7.1%, as discussed in Section 3 above.) 

Response (R Beecham, 24 May 2022, email pers. comm.) 
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Earlier Gwydir modelling had varied in the emphasis on rainfall runoff harvesting (RRH) vs. floodplain (overbank flow) harvesting 

(FPH). Initial modelling had similar levels of FPH to the current WSP scenario although both processes were only simplistically 

represented in order to meet the overall crop demands that were simulated. However, based on feedback from water users at 

the time, the Gwydir model was configured to change the emphasis from FPH to RRH for the development of the WSP scenario. 

(reviewer’s note: this is the Basin Plan 2012 model scenario.) 

More detailed representation of FPH in the model for the current Healthy Floodplain project has seen the emphasis return to 

FPH. (reviewer’s note: this is the BDL re-estimate scenario.) 

This response suggests that the models, throughout their development over time, are generally simulating similar 

levels of floodplain harvesting and rainfall runoff volumes however model configuration, approach by the modellers 

and attribution of volumes between these combined components has changed. This conclusion is supported by the 

negligible modelled change to the Cap re-estimate. 

This review is satisfied that the current model representation of FPH, both overbank flows and rainfall runoff 

harvesting, is improved over historical approaches, supported by detailed modelling of floodplain on-farm processes 

and verified through multiple, independent lines of evidence to mitigate any bias or influence from water users. 
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Table 1: Estimates of FPH limits in NSW Border Rivers (GL/yr; may include minor rounding error due to 0.1 GL precision) 

 1: Basin Plan 2012  2: Basin Plan 2012 3: Cap Audit 4: MDB long-term 

annual Cap target 

5: BDL interim re-

estimate 

6: Cap re-estimate 7: Water Sharing Plan 

re-estimate 

Long-term limit BDL 

Current BDL estimate 

BDL Cap Cap BDL Cap (re-estimated for 

Plan Limit assessment & 

BDL purposes) 

WSP re-estimate for 

Plan Limit assessment 

Proposed BDL estimate 

Source Basin Plan 2012 

MDBA Technical Report 

2010/20 1,2 

Basin Plan 2012 

Moroka Independent 

Review 2019 3 

NSW and Queensland 

Border Rivers Valleys: 

Independent Audit of 

Cap Models 4 

MDB Cap Register 2019-

20 5 

Proposed WRP 

submitted by NSW June 

2020 (since withdrawn) 6 

NSW DPE, 2020 7 NSW DPE, 2020 7 

NSW DPE, 2021 8 

Date determined 2010 2010 2014 Unknown 2020 November 2020 2021 

Simulation period 01/07/1895-30/06/2009 01/07/1895-30/06/2009 01/01/1890-30/06/2010 01/01/1890-30/06/2010 01/07/1895-30/06/2009 01/07/1895-30/06/2009 01/07/1895-30/06/2009 

Regulated river 188.4 Not reported 196.0 (incl. 1.0 GL town 

water supply) 

196.0 (incl. 1.0 GL town 

water supply) 10 

160.4 (incl. 0.6 GL town 

water supply) 

171.9 161.3 

Floodplain 

harvesting 

3.0 GL 

(excluding rainfall runoff 

harvesting) 

3.0 GL 

(excluding rainfall runoff 

harvesting) 

3.0 GL 

(excluding rainfall runoff 

harvesting) 

3.0 GL 10 

Rainfall runoff 

harvesting is not listed 

in Cap Diversion 

Formula Register 

(MDBA, v6, 2018) 

43.6 GL 

(separation of FPH 

components not 

reported) 

36.6 GL comprising: 9 

• 27.6 GL overbank 

flow 

• 4.8 GL exempt rainfall 

runoff 

• 4.2 GL non-exempt 

rainfall runoff 

44.5 GL comprising: 

• 33.7 GL overbank 

flow 

• 5.8 GL exempt rainfall 

runoff 

• 5.0 GL non-exempt 

rainfall runoff 

Total 191.4 N/A 199.0 199.0 10 203.4 208.5 205.8 
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 1: Basin Plan 2012  2: Basin Plan 2012 3: Cap Audit 4: MDB long-term 

annual Cap target 

5: BDL interim re-

estimate 

6: Cap re-estimate 7: Water Sharing Plan 

re-estimate 

(excluding rainfall runoff 

harvesting) 

(excluding rainfall runoff 

harvesting) 

Relative change 

% 

     Change from Column (3) 

Cap Audit: 

+4.8% (incl. rainfall 

runoff harvesting) 

+0.3% (excl. rainfall 

runoff harvesting) 

Change from Column (1) 

Basin Plan 2012: 

+7.5% (incl. rainfall 

runoff harvesting) 

+1.9% (excl. rainfall 

runoff harvesting) 

1. https://www.mdba.gov.au/sites/default/files/pubs/baseline-diversion-limit-estimates-as-included-in-basin-plan-schedule-3-2012%E2%80%93surface-water.pdf  

2. https://www.mdba.gov.au/sites/default/files/pubs/1111-BPKId-water-resource-assessments-development-baseline.pdf  

3. Independent review of Interim BDLs for NSW FPH (Moroka, 2019). 

4. https://www.mdba.gov.au/sites/default/files/pubs/nsw-and-qld-border-rivers-independent-audit-of-cap-models-8-may-2014.pdf (Bewsher Consulting, 2014) p51, 52, 55. 

5. https://www.mdba.gov.au/sites/default/files/pubs/diversion-formula-register-v6.pdf. NSW Border Cap includes land-surface (floodwater) diversions only, excludes rainfall runoff harvesting. 

6. https://www.mdba.gov.au/sites/default/files/pubs/nsw-attachment-b-schedule-f-nsw-border-rivers-surface-water-resource-plan-modelling-apt-scenario-report_0.pdf  

7. https://www.industry.nsw.gov.au/__data/assets/pdf_file/0009/326088/model-scenario-report.pdf  

8. https://www.industry.nsw.gov.au/__data/assets/pdf_file/0010/354277/rainfall-runoff-br.pdf  

9. Volumes of FPH components have not been published by NSW. These volumes were provided by NSW in response to reviewer query (P Simpson, email pers. comm 24 May 2022). 

10 There is an error in the published long-term Cap volume in the Cap register, to be corrected in the published 2020/21 Cap register , to match these volumes listed, identical to the referenced document in Note 4 
above. 

 

  

https://www.mdba.gov.au/sites/default/files/pubs/baseline-diversion-limit-estimates-as-included-in-basin-plan-schedule-3-2012%E2%80%93surface-water.pdf
https://www.mdba.gov.au/sites/default/files/pubs/1111-BPKId-water-resource-assessments-development-baseline.pdf
https://www.mdba.gov.au/sites/default/files/pubs/nsw-and-qld-border-rivers-independent-audit-of-cap-models-8-may-2014.pdf
https://www.mdba.gov.au/sites/default/files/pubs/diversion-formula-register-v6.pdf
https://www.mdba.gov.au/sites/default/files/pubs/nsw-attachment-b-schedule-f-nsw-border-rivers-surface-water-resource-plan-modelling-apt-scenario-report_0.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0009/326088/model-scenario-report.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0010/354277/rainfall-runoff-br.pdf%209
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0010/354277/rainfall-runoff-br.pdf%209
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Table 2: Estimates of FPH limits in Gwydir (GL/yr; may include minor rounding error due to 0.1 GL precision)  

 1: Cap Audit 2: MDB long-term 

annual Cap target 

3: Basin Plan 2012  4: Basin Plan 2012 5: BDL interim re-

estimate 

6: Cap re-estimate 7: Water Sharing Plan 

re-estimate 

Long-term limit Cap Cap BDL 

Current BDL estimate 

BDL BDL Cap (re-estimated for 

Plan Limit assessment & 

BDL purposes) 

WSP re-estimate for 

Plan Limit assessment 

Proposed BDL estimate 

Source Gwydir Valley 

Independent Audit of 

Cap Model 1 

MDB Cap Register 2019-

20 2 

Basin Plan 2012 

MDBA Technical Report 

2010/20 3,4 

Basin Plan 2012 

Moroka Independent 

Review 2019 5 

Proposed WRP 

submitted by NSW June 

2020 (since withdrawn) 6 

NSW DPE, 2022 7 NSW DPE, 2022 7 

Date determined 2009 2009 2010 2010 2020 May 2022 May 2022 

Simulation period 01/01/1890-30/09/2005 01/01/1890-30/09/2005 01/07/1895-30/06/2009 01/07/1895-30/06/2009 01/07/1895-30/06/2009 01/07/1895-30/06/2009 01/07/1895-30/06/2009 

Regulated river 340.7 (incl. 0.8 GL town 

water supply) 

339.0 296.2 Not reported 291.9 334.1 306.1 

Floodplain 

harvesting 

107.7 GL comprising: 

• 24.2 GL overbank 

flow 

• 83.5 GL rainfall runoff  

FPH is listed in Cap 

diversion formula but 

not included in 

published volume. 

Rainfall runoff is not 

listed in Cap Diversion 

Formula Register 

(MDBA, v6, 2018) 2 

17.8 GL 

(excluding rainfall runoff 

harvesting) 

117.8 GL comprising: 

• 17.8 GL overbank 

flow 

• 100.0 GL rainfall 

runoff 

143.9 GL 112.3 GL comprising: 

• 74.0 GL overbank 

flow 

• 28.2 GL exempt 

rainfall runoff 

• 10.1 GL non-exempt 

rainfall runoff 

137.3 GL comprising: 

• 91.8 GL overbank 

flow 

• 32.9 GL exempt 

rainfall runoff 

• 12.6 GL non-exempt 

rainfall runoff 

Total 448.4 339.0 2 314.0 

(excluding rainfall runoff 

harvesting) 

N/A 435.8 446.4 443.4 
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 1: Cap Audit 2: MDB long-term 

annual Cap target 

3: Basin Plan 2012  4: Basin Plan 2012 5: BDL interim re-

estimate 

6: Cap re-estimate 7: Water Sharing Plan 

re-estimate 

(excluding FPH and 

rainfall runoff 

harvesting) 

Relative change 

% 

     Change from Column (1) 

Cap Audit: 

-0.4% (both incl. rainfall 

runoff harvesting) 

Change from Column (3) 

Basin Plan 2012: 

+41.2% (incl. rainfall 

runoff harvesting) 

+26.7% (excl. rainfall 

runoff harvesting) 

1. https://www.mdba.gov.au/sites/default/files/pubs/gwydir-valley-independent-audit-of-cap-model-april-2009.pdf. p54, 59. Note audit report s8.8 p64 states that the simulation of FPH and rainfall harvesting are 
coarsely represented in the model. Note (g) p 66 – town water supply diversions to Inverell are not included and unregulated diversions not simulated. 

2. https://www.mdba.gov.au/sites/default/files/pubs/diversion-formula-register-v6.pdf. Gwydir Cap should include land-surface (floodwater) diversions (but not rainfall runoff harvesting), but this has not been 
included in long-term Cap register reporting to date as it was not reported on an annual basis. Total would otherwise be 374.4 GL/yr. 

3. https://www.mdba.gov.au/sites/default/files/pubs/baseline-diversion-limit-estimates-as-included-in-basin-plan-schedule-3-2012%E2%80%93surface-water.pdf  

4. https://www.mdba.gov.au/sites/default/files/pubs/1111-BPKId-water-resource-assessments-development-baseline.pdf  

5. Independent review of Interim BDLs for NSW FPH (Moroka, 2019). 

6. https://www.mdba.gov.au/sites/default/files/pubs/nsw-attachment-b-schedule-f-gwydir-surface-water-wrp-modelling-apt-scenario-report.pdf  

7. https://www.industry.nsw.gov.au/__data/assets/pdf_file/0004/509323/floodplain-harvesting-entitlements-for-the-gwydir-regulated-river-system-model-scenarios-report-may-2022.pdf  

 

 

 

https://www.mdba.gov.au/sites/default/files/pubs/gwydir-valley-independent-audit-of-cap-model-april-2009.pdf
https://www.mdba.gov.au/sites/default/files/pubs/diversion-formula-register-v6.pdf
https://www.mdba.gov.au/sites/default/files/pubs/baseline-diversion-limit-estimates-as-included-in-basin-plan-schedule-3-2012%E2%80%93surface-water.pdf
https://www.mdba.gov.au/sites/default/files/pubs/1111-BPKId-water-resource-assessments-development-baseline.pdf
https://www.mdba.gov.au/sites/default/files/pubs/nsw-attachment-b-schedule-f-gwydir-surface-water-wrp-modelling-apt-scenario-report.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0004/509323/floodplain-harvesting-entitlements-for-the-gwydir-regulated-river-system-model-scenarios-report-may-2022.pdf
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4. BDL re-estimates assessment framework 
The BDL re-estimate assessment framework developed for this review submits to the following expectation from the 

MDBA Floodplain Harvesting Position Statement (MDBA, 2019): 

“To give confidence in estimates of floodplain harvesting volume used for water planning: data, processes and 

methods used to estimate historical and current levels of floodplain harvesting need to be transparent, make 

use of multiple lines of evidence, and have a strong focus on independent oversight and review.” 

The overall framework for the assessment of the BDL re-estimates is set out in: 

• MDBA Position Statement 3C (MDBA, 2015) 

• MDBA Position Statement 3D (MDBA, 2015) 

• Framework for Incorporating Changes to BDL Estimates Presented in the Basin Plan (Barma Water Resources, 

2014) 

• MDBA Position Statement 12A (MDBA, 2015) 

• Summary of Best Available Information specific to this review (Appendix B). 

The above frameworks address all forms of take that comprise the BDL. The scope of this review is limited to the 

proposed BDL re-estimates for FPH however it is acknowledged that estimates for regulated river diversions will also 

be updated to maintain model integrity. Hence, the framework as applied for this review has been modified 

accordingly whilst retaining essential assessment criteria, as described further in Table 3. 
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Table 3: Assessment framework 

Assessment criteria Justification Report reference 

MDBA Position Statement 3D: Preliminary checklist   

Evidence that the alternate FPH estimate is scientifically robust and reflects the best available information (BAI). • BWR 2014 Chapter 5 

• MDBA PS12A 

• Summary of BAI specific to this review 

(Appendix B) 

• Relevant MDBA PS3C QA criteria 

Refer below 

Evidence that the method is an improvement to the current methods to estimate FPH take under BDL. • Method criteria Refer below 

That the magnitude of change in the estimate of the FPH component of the BDL is significant enough to warrant consideration 

and an improvement to the current estimate of the BDL. 

• BWR 2014 Chapter 5 Refer below 

MDB Position Statement 12A: Best Available Information   

That all significant sources of information on which the Water Resource Plan is based are identified and described (Basin Plan 

s10.49(2)). 

Information types: 

• Government: relevance and hierarchy 

• Scientific: fit for purpose, peer reviewed, national/international standard, externally audited, industry standard, most 

relevant and up to date. 

• Modelling 

• Cultural. 

• This review 

 

 

 

 

 

• Relevant MDBA PS3C QA criteria 

• Out of scope for this review 

• Section 5 & Table 4  

 

 

 

 

 

• Appendix C 

Summary of Best Available Information Specific to this Review (Appendix B)   

The new BDL estimate is superior to the currently adopted estimate, by demonstrating that:   
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Assessment criteria Justification Report reference 

• It is scientifically robust, particularly in relation to the previous BDL estimate. 

• Uses improved knowledge of the relevant levels of development and the entitlements and rules (as per the definition of the 

BDL in Schedule 3 of the Basin Plan) and associated consumptive use occurring as a result. 

• The new BDL estimate must use best available information in terms of data used and modelling methodology: 

– New or improved data that the method used to estimate a BDL take component is based on, such as climatic/streamflow 

data (July 1895-June 2009) or on-farm development data. 

– New methods for estimation of the BDL take component, such as new computer models (e.g. IQQM to Source). 

– Improved representation of physical and user processes in existing methods used to estimate take under the BDL such as 

processes to estimate tributary inflows and climate inputs, levels of development, understanding of irrigator behaviour 

including crop types, water use patterns and risk management strategies. 

– Better representation of policies, allocation, accounting and river operational rules that apply under the definition of the 

BDL estimate. 

• It is sufficiently documented to be able to reproduce the BDL, with: 

– Clear reasoning and evidence to support any change to estimates of the volumes of any form of take 

– Descriptions of any planning assumptions or modelling settings that may impact the estimation of those volumes. 

• BWR 2014 Section 5.3.2, Tables 6, 7, 8 & 9 

• Basin Plan Schedule 3 

 

• This review 

 

 

 

 

 

 

 

 

 

• This review 

• Section 7 & Table 4 

• Table 5 

 

• Section 5 & Table 4 

 

 

 

 

 

 

 

 

 

• Section 6.3 

MDBA Position Statement 3D: Method criteria   

The method meets the definition of the BDL in Schedule 3 of the Basin Plan, including by reflecting the level of development at 

30 June 2009 and all the entitlements and rules that were current in water planning instruments at June 2009 (or as otherwise 

specified in Schedule 3). For clarity: 

• It represents the regulated river and FPH BDL description given in Basin Plan Schedule 3; the State water management law 

limit and baseline conditions associated with FPH, including irrigator behaviour, access conditions and climate sequence. 

• Includes a review of the updated long-term Cap models for consistency with the requirements of Schedule E of the Murray-

Darling Basin Agreement and the LTAAEL models for consistency with the description of the state limit set out in NSW water 

sharing plans at the baseline dates. 

• The BDL re-estimate is to be the lesser of either the updated long-term Cap or the LTAAEL. 

• This review 

 

 

• Basin Plan Schedule 3 

 

• Schedule E of the MDB Agreement 

(Schedule 1 of Cth Water Act 2007) 

• Water Sharing Plan for the NSW Border 

Rivers Regulated River Water Source 2021 

Sections 3, 6.1 & 

Table 5 
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Assessment criteria Justification Report reference 

• Water Sharing Plan for the Gwydir 

Regulated River Water Source 2016 

The method incorporates all relevant data for the form of take (FPH). This review Section 6.2 

The method is sufficiently documented such that estimates of FPH take under the BDL can be reproduced. This review Section 6.3 

The method is sufficiently documented such that any limitations and uncertainties in the method are known. This review Section 6.4 

Where the method involves a model to support the demonstration of meeting the SDL (s10.10), the model will be assessed 

using criteria from MDBA Position Statement 3C. 

Relevant MDBA PS3C QA criteria Section 6.5 & 

Appendix C 

Framework for Incorporating Changes to BDL Estimates Presented in the Basin Plan (BWR, 2014): Chapter 5   

Significance of change Section 5.3.1, Tables 4 & 5 Section 7.1 

Risk assessment, as a combination of: 

• Likelihood of the revised BDL estimate being scientifically robust and defensible; and 

• Consequences that result from the new BDL estimate. 

Section 5.3.2, Tables 6, 7, 8 & 9 Section 7.2 

Cost-benefit assessment. Section 5.3.3, Tables 10, 11 & 12 Section 7.3 
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5. Best available information 
The first key objective of this review is to determine whether the BDL re-estimate is based on the best available 

information and is therefore a better estimate of the BDL from Basin Plan 2012 BDL estimates. 

Table 4 describes this assessment as a combination of the requirements of MDBA Position Statement 12A (MDBA, 

2015) and the definition of Best Available Information specific to this review (Appendix B). 
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Table 4: Assessment of Best Available Information 

Category Assessment criteria Findings 

Sources of 

information 

That all significant sources of 

information on which the Water 

Resource Plan is based are 

identified and described (Basin 

Plan s10.49(2)). 

Yes. 

Sources of information are adequately described in the Model Build Reports for Border Rivers (NSW DPE, 2020) and Gwydir (NSW DPE, May 

2022). 

Information 

types are best 

available 

Government: relevance and 

hierarchy 

Most relevant Government legislation and regulation has been adopted, as outlined in Section 3.4 of the Model Build Reports (NSW DPE, 

2020) and (NSW DPE, May 2022), noting that: 

• The 2009 water sharing plan referenced in Border Rivers Model Build Report has since been updated (Water Sharing Plan for the NSW 

Border Rivers Regulated River Water Source 2021). The 2021 version incorporates FPH access licences and rules. 

• Gwydir model has included the draft Water Sharing Plan for the Gwydir Regulated River Water Sources 2020 as opposed to the version in 

force (2016), given the 2020 version incorporates FPH access licences and rules. 

The updates to water sharing plans do not materially impact modelling relevant to this review. Water management rules and arrangements 

relevant to particular scenario modelling, i.e. 1993/94 for Cap models, June 2000 for WSP Plan Limit modelling, have been appropriately 

applied. 

Scientific: fit for purpose, peer 

reviewed, national/international 

standard, externally audited, 

industry standard, most relevant 

and up to date. 

The use of scientific data and information is detailed throughout the Model Build Reports (NSW DPE, 2020), (NSW DPE, May 2022). A broad 

range of data and information is used, from public or government sources and it is generally considered to meet these assessment criteria. 

There was extensive collection of information informing on-farm infrastructure and its operation, sourced from ‘farm surveys’. The 

participants in the farm survey represented over 90% of the licensed entitlement to water and over 95% of the annual water use in the 

regulated Gwydir river system (90% of NSW annual water use in the Border Rivers valley). This is the most complete, relevant and up to 

date information with regard to farm infrastructure and operation and local floodplain flow behaviour and has been extensively cross-

checked, ground truthed and improved by the NSW DPE and NRAR and the Floodplain Harvesting Review Committee. It is significantly 

more comprehensive than what has been used in previous modelling from earlier irrigator surveys. However, there is some risk, albeit 

small, of potential bias when relying on information submitted by landowners in the knowledge that it may influence the determination of 

FPH entitlements. Primarily this would be a tendency to overestimate infrastructure capacity (pumps, diversion works, storages), access to 

flood flows and irrigation water use, with the assumption this may provide for larger entitlement. It is acknowledged that this risk has been 
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Category Assessment criteria Findings 

mitigated as much as possible using multiple, independent lines of evidence. Where reasonable suspicions were held that farm survey 

information was likely in error and outside reasonable limits, NRAR audits and compliance checks to confirm eligible infrastructure and 

capacity were undertaken, along with reference to a range of alternative sources of information were used, i.e. determination of irrigation 

water use using scientific methods (WaterSchedPro, IrriSAT, ABS data). The reviewer is comfortable with the approach to verify farm survey 

information to mitigate this risk. 

This farm survey information is not published in detail for privacy reasons, which may present some concern about model parameter 

transparency and repeatability. Summary information regarding valley total development is published, as reproduced in Table 6 & Table 7.  

Modelling. Refer Section 6.5. 

BDL re-

estimate 

The new BDL estimate is superior 

to the currently adopted 

estimate, by demonstrating that: 

 

• It is scientifically robust, 

particularly in relation to the 

previous BDL estimate. 

The BDL re-estimate is considered scientifically robust given the current available data, for the following reasons: 

• Implementation of detailed Quality Assurance practices, regarding data and information sources and review, farm scale data validation 

and review (current and historical development) and independent reviews, as outlined in Appendix A of the Model Build Reports (NSW 

DPE, 2020) & (NSW DPE, May 2022). Reference is made to the Department’s ‘in-house modelling practice guidelines’ to guide modelling 

approaches however these are not published, which would improve model transparency. 

• The process appears to meet with best practice as outlined in eWater Source Australian Modelling Practice 

(https://wiki.ewater.org.au/display/SC/Australian+Modelling+Practice) and specifically Practice note: Estimation of Unmetered Irrigation 

Diversions (On- Farm Water Balance) https://wiki.ewater.org.au/pages/viewpage.action?pageId=263921336. 

• Uncertainty analysis and sensitivity testing undertaken, and measures implemented/nominated to reduce current and future uncertainty 

– It is noted that a quantitative analysis of uncertainty is not possible until observed FPH measurement data is obtained. This does 

undermine the scientific robustness with a lack of on-farm FPH measurement data from which to confirm and calibrate model 

configuration and parameters (Section 8). The current rollout of the NSW FPH Measurement Policy will address this however given 

the nature of FPH useful data is not likely to become available for this purpose for at least five years. 

• Subjected to independent review, revision and improvement: 

https://wiki.ewater.org.au/display/SC/Australian+Modelling+Practice
https://wiki.ewater.org.au/pages/viewpage.action?pageId=263921336
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Category Assessment criteria Findings 

The model application underpinning the BDL re-estimate has been subject to independent reviews by Weber and Claydon (Alluvium, 2019) 

& (Alluvium, 2021), considering the model configuration, inputs and outputs but did not comprise a detailed audit of model compliance nor 

individual model component representations. The recommendations for improvement have been addressed in the Model Build Reports 

(NSW DPE, 2020) & (NSW DPE, May 2022) and Scenarios Reports (NSW DPE, 2020) & (NSW DPE, May 2022) or otherwise identified for 

future investigation and model update as discussed further in Section 8 of this review.  

• Uses improved knowledge of 

the relevant levels of 

development and the 

entitlements and rules (as per 

the definition of the BDL in 

Schedule 3 of the Basin Plan) 

and associated consumptive 

use occurring as a result. 

Border Rivers 

The BDL definition in Schedule 3 of the Basin Plan relates to water 

management law that existed on 1 July 2009. 

The Plan Limit for the NSW Border Rivers regulated river system is 

established in clause 28(1) of the Water Sharing Plan for the NSW 

Border Rivers Regulated River Water Source 2009 as the lesser of 

the long-term average annual extraction for this water source that 

would occur: 

“(a) … with the water storages, water use development that existed 

in 2001/2002, the share components existing at the 

commencement of this Plan and application of the rules defined in 

this Plan, or 

(b) … under Cap baseline conditions as agreed under the Murray 

Darling Basin Agreement. 

Note: The Cap baseline conditions … are the level of development 

at 1993-94 with an allowance for an enlarged Pindari Dam. This is 

deemed to be equivalent to the water use development that 

existed in November 1999.” 

Section 2.3 of the Model Scenarios report (NSW DPE, May 2022) 

states that the Plan Limit described above is the BDL estimate, as 

required by Schedule 3 of the Basin Plan 2012, meaning that 

infrastructure and water management law underpinning the BDL 

Gwydir 

The BDL definition in Schedule 3 of the Basin Plan relates to water 

management law that existed on 30 June 2009. 

The Plan Limit for the Gwydir regulated river system is established in 

clause 30(1) of the Water Sharing Plan for the Gwydir Regulated 

River Water Source 2002 as the lesser of the long-term average 

annual extraction for this water source that would occur: 

“(a) … with the water storages, water use development that existed 

in 1999/2000, the share components existing at the commencement 

of this Plan, a limit on supplementary licence available water 

determinations of 1 ML per unit share, and application of the rules 

defined in this Plan, or 

(b) … under Cap baseline conditions.” 

Section 2.3 of the Model Scenarios report (NSW DPE, May 2022) 

states that the Plan Limit described above is the BDL estimate, 

meaning that infrastructure and water management law 

underpinning the BDL will either be that for 1999/2000 (Water 

Sharing Plan) or 1993/1994 (Cap).  

The levels of on-farm development at these dates was generally 

sourced from ‘farm surveys’, which is the most complete, relevant 

and up to date information and has been extensively cross-checked, 

ground truthed and improved by the NSW DPE and NRAR. Where 
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Category Assessment criteria Findings 

will either be that for 2001/2002 (Water Sharing Plan) or November 

1999 (Cap).  

The levels of on-farm development at these dates was generally 

sourced from ‘farm surveys’, which is the most complete, relevant 

and up to date information and has been extensively cross-checked, 

ground truthed and improved by the NSW DPE and NRAR. Where 

the storage infrastructure was found to exist at these historical 

dates (from remote sensing, diversion records and other sources), 

the contemporary ground-truthing data from NRAR, was used. In 

other words, it was assumed that if the storage existed in 

November 1999 or 2001/2002 then associated pumping rates 

determined in later years by NRAR, hadn’t changed in the 

intervening period. 

Despite this assumption, the reviewer considers that the 

comprehensive work undertaken to understand the levels of 

development at these historical dates is the best available 

information. 

the storage infrastructure was found to exist at these historical 

dates (from remote sensing, diversion records and other sources), 

the contemporary ground-truthing data from 2008 onwards, was 

used. In other words, it was assumed that if the storage existed in 

1993/1994 or 1999/2000 then associated pumping rates 

determined in 2008-onwards, hadn’t changed in the intervening 

period. This is explained in the footnotes to Table 6 of the Model 

Scenarios report (NSW DPE, May 2022). 

Despite this assumption, the reviewer considers that the 

comprehensive work undertaken to understand the levels of 

development at these historical dates is the best available 

information. 

• The new BDL estimate must 

use best available information 

in terms of data used and 

modelling methodology: 

The improved representation of FPH in the models is the largest area of change (NSW DPE, 2018): 

• Higher level of detail: Previously multiple irrigation farms were grouped along reaches of the river between two measurement points. 

Farms now modelled individually. 

• Representation of overland flow processes: Whereas previously water leaving the rivers after they broke out of the channel was treated 

as a loss to the river system, these overland flow processes are now re-directed to the individual farms. 

• Representation of farm processes: On-farm processes were modelled in more detail, including the storage of overland flow in temporary 

storages (where appropriate) before transfer to permanent storages. The capture of farm runoff was represented, and the operation of 

multiple storages. 

This represents a step-change in the quantity of data and information required, verified using multiple lines of evidence, and used to 

configure, calibrate and validate the models, and is overall a significant improvement on previous modelling. 
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Category Assessment criteria Findings 

– New or improved data that 

the method used to 

estimate a BDL take 

component is based on, 

such as climatic/streamflow 

data (July 1895-June 2009) 

or on-farm development 

data. 

The relevant data to the estimation of FPH primarily relates to on-farm development data, irrigation water use and behaviour of flows on 

the floodplain that provide farms with access to FPH. 

The quality of on-farm development data is considered best available as described above. 

A considerable amount of effort has been committed to better understand and reflect the use of on-farm infrastructure in the models, 

irrigation water use and particularly the quantity of on-farm rainfall runoff harvesting from irrigated and dryland, developed and 

undeveloped areas, which are now modelled individually (NSW DPE, 2018). 

The most sensitive parameter to the determination of FPH is the volume of on-farm storage, and accordingly a significant amount of work 

has been done to verify these volumes at the relevant historical dates. The farm survey information (current and historical) relied upon was 

extensively cross-checked through independent means including remote sensing. 

The development of the Floodplain Management Plans has also provided key information for the understanding of effluent stream 

breakout, floodplain behaviour, for verification of the farm survey data and explicit representation of farm access to FPH. However, all 

effluent flows are modelled as permanent losses to the river system, whereas a portion of these flows returns to the river. This is an area of 

focus for future model improvement. 

Climatic and streamflow data is sourced from BoM and Departmental sources and is considered best available. 

– New or improved 

models/methods for 

estimation of the BDL take 

component, such as new 

computer models (e.g. 

IQQM to Source). 

The Border Rivers model is built within the eWater Source platform. This latest rebuild of the model supersedes previous models and as 

such, is the best available. 

The Gwydir model is a complete rebuild of previous models within the IQQM platform. It is the intention of NSW to migrate the model 

across to the eWater Source platform in future (suggested to occur in late 2024). This latest rebuild of the model supersedes previous 

models and as such, is the best available. 

Despite the use of different models, there is little difference in capability regarding FPH simulation (R Beecham, 3 May 2022, pers. comm.) 

and the approach to methods and data is similar as described in both Model Build reports.  

– Improved representation of 

physical and user processes 

in existing models/methods 

used to estimate take under 

the BDL such as processes to 

The representation of physical and water user processes relating to FPH in the model has been improved markedly over previous versions, 

as discussed above. It is considered the best currently available information and approach to modelling, particularly regarding the timing 

and nature of flood breakout flows, representation of farm-scale processes, crop water use and the property water balance. 
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Category Assessment criteria Findings 

estimate tributary inflows 

and climate inputs, levels of 

development, 

understanding of irrigator 

behaviour including crop 

types, water use patterns 

and risk management 

strategies. 

However, the overall volume of breakout flow is less well understood and as discussed in Section 8, it is noted that there is still no observed 

on-farm FPH data from which to refine the models, and more work is to be done to better understand and quantify other floodplain losses 

and return flows to the river. 

– Better representation of 

policies, allocation, 

accounting and river 

operational rules that apply 

under the definition of the 

BDL estimate. 

As noted above, the rebuild of the NSW Border Rivers and Gwydir models was focused on the representation of FPH, with other elements 

of the model subject to continual update and improvement. Therefore, it is reasonable to conclude that this is the best available 

information and approach to modelling. 

The re-estimates for the Gwydir WSP and Cap scenarios reflect management rules and arrangements in place at the applicable dates, being 

the level of development at 1999/00 and management arrangements set out in the Gwydir WSP. The Cap scenario reflects agreements 

made under the Murray Darling Basin Ministerial Council Cap on diversions, the development levels and management arrangements in 

place at 1993/94. 

The Border Rivers WSP scenario reflects the level of development at June 2002 with management arrangements set out in the NSW Border 

Rivers WSP. The Cap scenario reflects the management rules and level of development at 1993-94 with an allowance for an enlarged 

Pindari Dam. This is deemed to be equivalent to the water use development that existed in November 1999 (namely developed irrigation 

area and river pump capacity). 

There are no management rules per se regarding floodplain harvesting applicable to these scenarios, with on-farm development in place at 

the applicable dates for each valley (as listed above, relative to Cap and WSP scenarios) used to parameterise the models, including 

capacity of on-farm storage, storage/river pumps, floodplain harvesting intake rates and irrigated and undeveloped farm areas. 

• It is sufficiently documented to 

be able to reproduce the BDL, 

with: 

 



 

 

Independent Review of Proposed NSW Baseline Diversion Limits for Floodplain Harvesting: Border Rivers and Gwydir SDL Resource  Units  Page 36 of 78 

Category Assessment criteria Findings 

 – Clear reasoning and 

evidence to support any 

change to estimates of the 

volumes of any form of take 

The Model Build Reports (NSW DPE, 2020) & (NSW DPE, May 2022) and the Scenarios Reports (NSW DPE, 2020) & (NSW DPE, May 2022) 

provide clear reasoning and evidence to support the BDL re-estimate. As described above, a detailed process for Quality Assurance has 

been adopted to ensure model integrity and confidence in reported volumes.  

 – Descriptions of any planning 

assumptions or modelling 

settings that may impact the 

estimation of those 

volumes. 

The Model Build Reports (NSW DPE, 2020) & (NSW DPE, May 2022) and the Scenarios Reports (NSW DPE, 2020) & (NSW DPE, May 2022) 

provide sufficient documentation that describes model parameters and scenarios. Uncertain parameters or settings have been openly 

described and sensitivity-tested to demonstrate impacts to model results however it is noted that no observed data is available to 

quantitatively assess uncertainty. 
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6. Method criteria 

6.1 Does the method meet the definition of the BDL in Schedule 3 of the 
Basin Plan? 

The method directly relevant to the BDL definition in the Basin Plan is the long-term annual average extraction limit 

(LTAAEL) that can be taken from regulated rivers and floodplain harvesting (excluding take under basic rights) under 

historical climate conditions. There is a clear statement of objectives in the model build reports (NSW DPE, 2020) & 

(NSW DPE, May 2022) which references SDLs and BDLs consistent with the Basin Plan in the model design criteria to 

meet modelling objectives. While the definition of SDL is not interpreted explicitly regarding Basin Plan Schedule 2, it 

references Schedule 3 in terms of stating the relevant reference period. The described Cap Scenario and LTAAEL (WSP) 

Scenarios modelled (NSW DPE, 2020) & (NSW DPE, May 2022) to arrive at the Plan Limits are consistent with the level 

of development and state management laws under the respective SDL Resource Unit Water Sharing Plans (under the 

Water Management Act 2009) and Basin Plan 2012 as described in Table 5. 
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Table 5: Consistency with Schedule 3 of Basin Plan 2012 

SDL Resource Unit Assessment criteria 

NSW Border Rivers  

BDL definition (relative to FPH) of 

long-term annual average 

extraction limit 

a. The long-term annual average limit on the quantity of water that can be taken from regulated rivers and by floodplain harvesting (excluding take 

under basic rights) calculated by: 

i. Summing the quantity of water that would have been taken by those forms of take for each year of the historical climate conditions under State 

water management law as at 1 July 2009; and 

ii. Dividing that quantity by all of the years of the historical climate conditions. 

Development Reflects level of development at the baseline date (refer analysis in Table 6). The baseline condition includes (not limited to): 

• Climate sequence 

• Irrigator crop area planting behaviour 

• Water access rules/conditions 

• Storage volumes 

• Unregulated inflows (off-farm) 

• Pump capacities 

• Maximum planted areas 

• Cropping mixes 

• Average water use per crop type. 

Water planning Reflects water entitlements, rules & planning instruments at the baseline date. 

 Compliance assessment 

LTAAEL Scenario This scenario is defined in the Model Scenario report which is consistent with the description of the state limit set out in NSW Border Rivers Water Sharing 

Plan at the baseline date of 1 July 2009. 
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SDL Resource Unit Assessment criteria 

Cap Scenario associated with FPH This scenario is defined in the Model Scenario report which is consistent with Schedule 3 of Basin Plan 2012. Consistency shown with the requirements of 

Clause 2(1)(a) of Schedule E of the Murray-Darling Basin Agreement, in consideration of analysis in Table 6, with: 

• On-farm storage capacity & pumps (30 June 1994) & 1993/94 supplementary access rules 

• Developed area & river pump capacities (Nov 1999) 

• Allowance for Pindari stimulus and enlarged Pindari dam. 

Gwydir  

BDL definition (relative to FPH) of 

long-term annual average 

extraction limit 

a. The long-term annual average limit on the quantity of water that can be taken from regulated rivers and by floodplain harvesting (excluding take 

under basic rights) calculated by: 

i. Summing the quantity of water that would have been taken by those forms of take for each year of the historical climate conditions under State 

water management law as at 30 June 2009; and 

ii. Dividing that quantity by all of the years of the historical climate conditions. 

Development Reflects level of development at the baseline date (refer analysis in Table 7). The baseline condition includes (not limited to): 

• Climate sequence 

• Irrigator crop area planting behaviour 

• Water access rules/conditions 

• Storage volumes 

• Unregulated inflows (off-farm) 

• Pump capacities 

• Maximum planted areas 

• Cropping mixes 

• Average water use per crop type. 

Water planning Reflects water entitlements, rules & planning instruments at the baseline date. 
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SDL Resource Unit Assessment criteria 

 Compliance assessment 

LTAAEL Scenario As defined in the Model Scenario report which is consistent with the description of the state limit set out in NSW Water Sharing Plan at the baseline date of 1 

July 2009. 

Cap Scenario associated with FPH This scenario is defined in the Model Scenario report which is consistent with Schedule 3 of Basin Plan 2012. Consistency shown with the requirements of 

Clause 2(1)(a) of Schedule E of the Murray-Darling Basin Agreement, in consideration of analysis in Table 7, with: 

• On-farm storage capacity & pumps, developed area & river pump capacities (30 June 1994) and 1993/94 water management rules 

Given the higher level of detail and information available for modelling, refinements to the modelled levels of development have been made to the Cap scenarios. A comparison of 

relevant entitlements and on-farm infrastructure modelled is made in Table 6 & Table 7. Despite the justified differences, some of which are significant, the overall impact to the 

Cap estimate is negligible, at 4.8% and -0.4% for NSW Border Rivers and Gwydir respectively. This is discussed in Section 3. 

Table 6: Levels of development modelled: NSW Border Rivers 

 Cap audit (1993/94) (Bewsher 

Consulting, 2014) 

Cap scenario (published values) 

(NSW DPE, 2020) 

Difference 1 WSP scenario (published values) 

(NSW DPE, 2020) 

Entitlements  As of 1 July 2009  As of 1 July 2009 

Stock and domestic (ML) 1,200 640 -560 

*Captured in TWS and HS below. 

640 

Town water supply (ML) 744 1,001 +257 1001 

High security (ML) 1,233 1,500 +267 1,500 

General security A (ML) 20,880 22,114 +1,234 

*Rebalanced between Gen Sec A and B. 
Overall total similar. 

22,114 
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 Cap audit (1993/94) (Bewsher 

Consulting, 2014) 

Cap scenario (published values) 

(NSW DPE, 2020) 

Difference 1 WSP scenario (published values) 

(NSW DPE, 2020) 

General security B (ML) 243,531 242,123 -1,408 

*Rebalanced between Gen Sec A and B. 
Overall total similar. 

242,123 

Supplementary access (ML) 120,000 120,001 +1 120,001 

Total 387,588 387,379 +209 387,379 

On-farm infrastructure     

Storage capacity (ML) 130,000 133,000 +3,000 

*Result of increased certainty given 
better information from farm surveys 
and remote sensing 

166,000 

Storage pump capacity (ML/day) Not defined 13,154 N/A 16,771 

Maximum irrigable area (ha) 39,420 45,485 +6,065 

*Result of increased certainty given 
better information from farm surveys 
and remote sensing 

46,338 

Undeveloped area (ha) Not defined 43,913 N/A 43,060 

FPH intake rate (ML/day) Not defined 12,651 N/A 16,030 

River pump capacity (ML/day) 6,863 6,979 +116 7,434 

Crop mix 90% cotton 

10% other crops 

> 90% cotton 

Balance other crops 

N/A > 90% cotton 

Balance other crops 

1. Notes explaining the difference between Cap audit (1993/94) and Cap scenario (Nov 2020)  have been provided by R Beecham, email pers. comm 24 May 2022. 
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Table 7: Levels of development modelled: Gwydir 

 Cap audit (1993/94) (Bewsher 

Consulting, 2009) 

Cap scenario (published numbers) 

(NSW DPE, May 2022) 

Difference to Cap audit 1 WSP scenario (May 2022 Scenarios 

report) (NSW DPE, May 2022) 

Entitlements  As of 30 June 2000  As of 30 June 2000 

Stock and domestic (ML) 2,700 2,788 +88 2,788 

Town water supply (ML) 780 

* noted oversight of 3 GL TWS to 

Inverell) 

- -3,780 - 

High security (ML) 13,405 18,952 (includes TWS) +5,547 

*Includes TWS and S&D previously 
ignored. Re-derivation from legacy 
databases may result in small changes. 

18,952 (includes TWS) 

General security (ML) 513,990 

*Cap model adopted 1999/2000 
entitlement levels. Noted in report that 
1993/94 levels were 509,000 ML 

509,369 -4,621 

*Negligible difference to 1993/94 
volume 

509,369 

Supplementary access (ML) *no entitlements existed in 1993/94. 
Minimum thresholds for access applied 
in modelling with no upper limit of take. 

178,000 2 N/A 178,000 

Total 528,885 (incl. 3 GL TWS) 531,109 (excl. supplementary) +2,224 709,109 

On-farm infrastructure     

Storage capacity (ML) 363,358 

*noted uncertain estimate given sparse 
records. 

310,900 -52,458 

*Result of increased certainty given 
better information from farm surveys 
and remote sensing 

398,200 
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 Cap audit (1993/94) (Bewsher 

Consulting, 2009) 

Cap scenario (published numbers) 

(NSW DPE, May 2022) 

Difference to Cap audit 1 WSP scenario (May 2022 Scenarios 

report) (NSW DPE, May 2022) 

Storage pump capacity (ML/day) Not defined 31,033 N/A 39,421 

Temporary storage capacity Not defined 28,100 N/A 28,100 

Maximum irrigable area (ha) 83,800 121,030 +37,230 

*Result of increased certainty given 
better information from farm surveys 
and remote sensing 

129,466 

Undeveloped area (ha) Not defined 107,810 N/A 102,148 

FPH intake rate (ML/day) 16,141 

*pumped only. Gravity diversion not 
defined. 

67,868 +51,727 67,868 

River pump capacity (ML/day) 18,044 20,162 +2,118 20,162 

Crop mix 90% cotton 

10% other crops 

> 90% cotton 

Balance other crops 

N/A > 90% cotton 

Balance other crops 

1. Notes explaining the difference between Cap audit (1993/94) and Cap scenario (Nov 2020) have been provided by R Beecham, emai l pers. comm 24 May 2022. 

2. Supplementary entitlements were introduced with the 2004 Water Sharing Plan, replacing the previous valley-wide limit in the Cap scenario. Note to Table 4 in (NSW DPE, May 2022) 
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6.2 Does the method incorporate all relevant data for the form of take 
(FPH)? 

Given the more comprehensive and consistent definition of floodplain harvesting that has been applied in comparison 

to the Basin Plan 2012, more data is required to understand and quantify how floodplain harvesting is undertaken at 

the property scale, and the volume of water taken. This requirement can be categorised as follows: 

• Supply 

– Opportunity: how often the property experiences a flood and access rights (water access model rules) 

– Capacity: the rate of take of water from the floodplain and volume of on-farm storage 

– Rainfall runoff: availability from within the property 

– Other water: combination of non-FPH sources of water to the property 

• Demand 

– Crop irrigation requirements (evapotranspiration) 

– On-farm irrigation management 

– On-farm losses. 

The take of water through floodplain harvesting overwhelmingly supports irrigated broadacre cropping properties 

producing cotton. As measurement of FPH in NSW is yet to be implemented, there is negligible observed data 

available for estimates of take or calibration/validation of models. 

Therefore, as much confidence in the model methods and data used must be gained to infer confidence in the results, 

noting that this confidence cannot be quantified through model calibration or validation. The improvements in the 

models are summarised in Table 8, reproduced directly from (NSW DPE, 2018). 

Table 8: Summary of key model changes, reproduced from (NSW DPE, 2018) 

Area Existing model Updated model 

Individual farm 

modelling instead of 

groups 

Historically, hydrological models were developed based 

on river reaches, which are defined based on the 

availability of flow gauges along the main streamflow. All 

water users within a defined river reach are combined 

into a single group with shared infrastructure and farm 

management practice averaged for the group. 

All properties considered for floodplain harvesting 

entitlement are modelled individually, and other non-

floodplain harvesting properties aggregated as before. 

Rainfall harvesting 

within the property 

from both developed 

and undeveloped areas 

represented 

Runoff from property's area is a single model output and 

was estimated as part of overall demand calibration. 

Runoff generated from the developed and non-

developed area is calculated and reported separately and 

the rate of runoff assessed against published data 

sources. 

Overbank flow 

represented separately 

The river system models estimated losses to floodplains 

using a simple flow-loss relationship. This overbank flow 

loss, although partially harvested, was represented as 

completely lost to the system. 

Updated models represent floodplain breakouts 

explicitly, i.e. as an effluent. Calibrated river reach loss 

represents instream transmission loss only. 
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Area Existing model Updated model 

Representation of 

overbank flow 

harvesting 

Floodplain harvesting was implemented in various NSW 

river models but was limited in accuracy due to limited 

availability of data on floodplain harvesting 

infrastructure. It did not include floodplain harvesting 

from flood breakouts from the unregulated tributaries. 

The models represent the infrastructure details for each 

eligible property, and their access to relevant flood 

breakout. Wherever appropriate floodplain harvesting 

from unregulated streams (gauge bypassing flow) is 

modelled. 

More accurate 

infrastructure data 

On-farm storage capacities were estimated based on 

NSW Department of Industry regional records. River 

pump capacities were estimated based on work 

approvals. Details on other infrastructure such as pipes 

and on farm storage pumps were generally not known. 

The relationship between volume and surface area did 

not account for the sequential filling and emptying of 

multiple storages or cells. 

On-farm storage capacity (OFS), areas developed for 

irrigation, pump capacities and other forms of floodplain 

harvesting infrastructure have been assessed through a 

combination of irrigation surveys, field inspections and 

remote sensing data including LIDAR and Landsat. The 

volume to area relationship reflects the sequential filling 

and emptying of storages which allows for more accurate 

representation of losses. 

More accurate 

representation of other 

components of the 

farm water balance 

Irrigation demands are represented through crop models, 

which were calibrated to match metered diversions. In 

some instances, these may result in crop water use which 

is lower than actual, as ungauged water use such as 

floodplain harvesting was not properly accounted for. 

Crop models have been configured in line with best 

available information on irrigation requirements and 

valley average application rates. Where possible, other 

water sources have also been represented, such as 

groundwater and unregulated diversions. However, due 

to lack of gauged data, simulated flow in the unregulated 

streams is not accurate. 

 

Further assessment of the additional model and data requirements is described below, with a brief assessment of the 

adequacy of the approach. 

6.2.1 Supply 

Opportunity – how often the property experiences a flood (water access model rules)  

Breakouts and effluents were modelled explicitly using relationships estimated from topographical surveys, 

geographical characteristics, flood works, hydraulic modelling, remote sensing and gauged flows. Breakouts and 

rainfall-runoff were modelled to represent floodplain harvesting that is available for water users. 

In the NSW Border Rivers and Gwydir models, the models incorporate a conceptual storage when an overbank 

threshold is exceeded. This is a notional representation of the volume of water on the floodplain that could be 

accessed (in order) by the properties along the flood flow path, attempting to replicate flow routing that occurs on the 

floodplain. This conceptual storage is subject to daily evaporation and seepage losses, which are set at 10% in the 

Border Rivers. However, there is no data or information to support this parameter value. The losses from the Gwydir 

storage are not explicit, given model structure constraints, instead losses are integrated into the maximum number of 

days of harvesting (14 days) and forced drawdown on the conceptual storage to either on-farm harvesting or loss. 

The size of the conceptual storage is set by the total pumping capacity of farms on the flow path, multiplied by a 

nominal, standardised number of days of access, being 10 days access for FPH water users in the Border Rivers and 14 

days in the Gwydir. This was informed by farm survey information and other lines of evidence such as persistence of 

waterbodies in remote sensing. The property can take FPH from the conceptual storage if there is airspace in the on-

farm storage, otherwise the water is lost to the system after the nominated days of access has elapsed. 
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The standardisation of FPH days of access (10 days and 14 days in Border Rivers and Gwydir respectively) is coarse and 

likely to be an overestimate for properties in some reaches, particularly in the upper parts of the catchment. The 

model build reports note that the model has low sensitivity to the assumed rates of intake (on-farm) as the rate of 

release from the conceptual storage is matched to the assumed property intake rate assumptions. However, if more 

detailed information were known about conveyance of water across the floodplain and represented in the model, 

then the assumed take rates would likely be a more significant source of uncertainty. 

The development of detailed hydraulic flood models associated with the Floodplain Management Plans 

(https://www.industry.nsw.gov.au/water/plans-programs/plans) has provided a wealth of information to better 

inform the modelling approach to overbank flows and floodwater movement. There is continuing work in this area 

given the knowledge gaps surrounding the component separation of water on the floodplain to harvesting, losses, 

capture to environmental assets or river returns. It is anticipated that further work in this area will assist to improve 

the representation of floodplain flow routing in the model, with refinements specific to individual effluent flow paths.  

Rainfall runoff – availability from within the property 

A separate rainfall–runoff model embedded in the crop water model is included for each property, continuously 

tracking the soil moisture of undeveloped, developed and irrigated areas. This enables the calculation of different 

rates of runoff from these areas based on soil moisture and rainfall. Property area models were calibrated to produce 

a long-term average rate consistent with available data however significant uncertainty remains until farm-scale data 

is collected, especially regarding storage volume movements, to improve model accuracy at the farm-scale. 

Capacity – the rate of take of water from the floodplain and volume of on-farm storage 

Storage volumes 

On-farm storage capacities strongly influence floodplain harvesting results. Significant work has been put into 

improving the accuracy of this aspect for calibration by using professional surveys (of good quality, with known date 

of capture), LIDAR and photogrammetry. NRAR determined which of these storages were eligible under the policy 

and this information was used in the Eligible Development Scenario. Storages at earlier dates were determined by 

using Landsat satellite imagery (refer volumes in Table 6 & Table 7). 

The reviewer considers that the approaches used, multiple lines of evidence and cross-verification is appropriate to 

instil a high level of confidence in the property storage volumes used in the modelling. 

Pump capacities 

Overbank flow harvesting extraction for NSW water users was simulated through overbank pump capacity. This 

capacity, or intake rate, was generally set to the total capacity of on-farm storage pumps for the property (obtained 

from NRAR). River pump capacity was based on a standard set of rates, but maximum orders from water order data 

superseded this in a few cases (NSW DPE, 2020). Eligible harvesting of localised rainfall-runoff was added to overbank 

flow or rainfall-runoff modelling within the property. 

Records of these pump capacities are available for the development periods stipulated in the Cap and LTAAEL 

scenarios and hence are legitimate representations of the intake rate. 

Temporary storages 

Temporary storages (such as surge areas and sacrificial fields) are explicitly included in the model upon NRAR advice, 

based on verified usage during flood events from 30+ years of historical Landsat data. Temporary storages are not 

included in the storage capacity assessment for a property, however, provide a buffering effect that quickly detains 

water for slower transfer to permanent storages (within 14 days) which is attributed to FPH. 

https://www.industry.nsw.gov.au/water/plans-programs/plans
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Given that farm surveys indicated a high prevalence of the use of temporary storages, the comprehensive approach 

by NSW to interrogate these claims is considered appropriate, especially considering the potential high total volume 

and corresponding impact to modelled FPH intake rates. It was revealed that the use of temporary storages was not 

as prevalent as claimed, and hence the volume modelled was relatively inconsequential (approximately 1,500 ML in 

Border Rivers (NSW DPE, 2020), 28,100 ML in Gwydir (Table 7).  

Other water – combination of non-FPH sources of water to the property 

Inflows to the on-farm storage account for on-allocation water, supplementary diversions, licenced unregulated 

diversions and groundwater diversions. 

There are datasets for calibration and as such these diversions are generally reliably represented in modelling 

although diversions from unregulated streams are unreliable given the lack of gauging data. 

6.2.2 Demand 

Crop irrigation requirements (evapotranspiration) 

Maximum planted areas 

Crop areas from the models using 2008/09 conditions were compared to the observed data over the 2003-2014 

period as reported by irrigators in the farm surveys. The modelled planted areas for individual properties were found 

to be in reasonable agreement with those reported in farm survey data, although the largest difference in calibration 

is from carryover of water from previous season. There is also observed underestimation of planted areas occurring in 

tandem with overestimation of application rates in dry years (NSW DPE, 2020). 

Maximum planted areas are reasonably represented in the Cap and LTAAEL scenarios at this stage due to reasonable 

calibration outcomes achieved. 

Cropping mixes 

About 70% of the surveyed irrigators provided complete or partial irrigated cropping records for the 11-year period 

(2003/04-2013/14) covered in the farm surveys in NSW Border Rivers (NSW DPE, 2020), compared to 85% in Gwydir 

(NSW DPE, May 2022). Remote sensing was used to validate the provided information and to provide information on 

historical valley totals. 

Long-term simulation modelling simulated crop areas based on water availability to be representative of planting and 

diversion behaviour over diverse climatic periods. 

The cropped areas are well represented in the Cap and LTAAEL scenarios with the data that is currently available, 

limited by calibration over 11 years. 

Average water use per crop type 

This is a combination of crop watering efficiency, crop factors and soil parameters. Crop water demands are modelled 

using the procedures of the FAO Irrigation and Drainage Paper 56, Crop Evapotranspiration—Guidelines for computing 

crop water requirements (Allen, 1998) with location-specific values for input parameters. 

However, there is variation in selected parameters and hence water use was verified and calibrated using a multiple 

lines of evidence approach, with comparison to other sources such as the farm surveys, calculators such as 

WaterSched Pro, IrriSat, Australia Bureau of Statistics and LiDAR data. 



 

 

Independent Review of Proposed NSW Baseline Diversion Limits for Floodplain Harvesting: Border Rivers and Gwydir SDL 
Resource Units 

 Page 48 of 78 

The reviewers consider this to be a sound approach as documented in the Model Build reports and the broader 

description given in the document Modelling and data collection for implementing floodplain harvesting (NSW DPE, 

2018). 

On-farm irrigation management 

Irrigator behaviour 

Actual volumes harvested from overbank flow events or rainfall-runoff is difficult to calibrate and validate at all scales, 

requiring other lines of evidence such as the farm survey data. The parameters with most impact especially in long-

term simulation regard planting decision rules, as irrigation efficiency has little impact on individual estimates of 

floodplain harvesting. A risk factor was used to define planting decision and water availability had to be simulated 

given the lack of recorded data, and this was only obtained for cotton for the farm surveys. All other crops had a 

default risk value and were calibrated if required. 

Farm water balance checks showed that the models are accurate at valley and reach scale. At property scale, there are 

large differences, e.g. from differences in irrigation behaviour (i.e. deficit irrigation) and existing meters that were not 

accounted for (NSW DPE, May 2022). Previous work to ground truth these farm scale water balances showed that the 

farm water balance checks should not be used at property scale due to less reliable results. However, the simulated 

floodplain harvesting results had low sensitivity to farm scale assumptions. 

This is an area for improvement as identified by the NSW modelling team, however, requires the collection and use of 

observed on-farm storage level data. 

On-farm losses 

On-farm storage losses are modelled for evaporation using climatic data, and seepage assuming 2 mm/d loss based on 

detailed industry research. A loss of 30% was applied for inefficiency in irrigation application, also informed by 

detailed industry research and advice. Future capture of observed FPH data on-farm will inform the adequacy of this 

assumption, given on-farm efficiencies are continually improving, and it is likely that future models may include a 

lower loss percentage. 

The reviewers consider this representation of on-farm losses to be appropriate. 

6.2.3 Data sources 
A comparison of data sources and their periods for water sources under the WSP is shown below in Table 9 and Table 

10. 

Table 9: Brief overview of data sources and calibration periods for NSW Border Rivers model 

Water sources 

under WSP 

Data source Data source period Calibration 

period 

Regulated Water Licensing System database (category & # licences, 

shares held, works attached to, locations) 

Supplementary rules for different reaches have been 

incorporated 

01/07/1985-

30/06/2014 

2003/04-2013/14 

Supplementary: 

2010-2014 Supplementary 

FPH Overbank flow harvesting Dev area & river 

pump capacities from 

IBQ farm survey – 

Rainfall-runoff: 

1889-2014 
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Water sources 

under WSP 

Data source Data source period Calibration 

period 

No recorded data, so used physical infra + water balance 

assessment (historical crops) @ reach & valley scale. Pump 

capacity/intake rate from NRAR (2001/02 survey) 

On-farm storage capacity from farm survey, then NRAR (LIDAR 

& survey) 

Rainfall runoff harvesting 

Planted areas from survey or based on max diversions and 

assumed 7 ML/ha rate (required minimum volume in storage 

prior to planting). Developed area and river pump capacities 

are from IBQ farm survey so represent 2014 levels of 

development. 

2014 levels of 

development 

LIDAR – 2013 

Photogrammetry -

2019 

Pro surveys – 2020 

Application efficiency 

2000/01-2011/12 

Planted crop 

areas (IBQ) 

2003/04-2012/13 

Unregulated Not measured, but rules are used Rules reference 

period not stated in 

report 

Storage volume 

2003/04-2013/14 

Groundwater Not modelled as none of the FPH properties on the regulated 

river system access significant volumes of water from a 

groundwater bore 

  

 

Table 10: Brief overview of data sources and calibration periods for Gwydir model 

Water sources 

under WSP 

Data source Data source period Calibration 

period 

Regulated Water Licensing System database (category & # licences, 

shares held, works attached to, locations) 

Supplementary rules for different reaches have been 

incorporated 

01/07/1985-

30/06/2014 

2003/04-2013/14 

Supplementary: 

2004/05-2012/13 Supplementary 

FPH Overbank flow harvesting 

No recorded data, so used physical infra + water balance 

assessment (historical crops) @ reach & valley scale. Pump 

capacity/intake rate from NRAR (2001/02 survey) 

On-farm storage capacity from farm survey, then NRAR (LIDAR 

& survey) 

Rainfall runoff harvesting 

Planted areas from survey or based on max diversions and 

assumed 7 ML/ha rate (required minimum volume in storage 

prior to planting). Developed area and river pump capacities 

are from IBQ farm survey so represent 2014 levels of 

development 

Dev area & river 

pump capacities from 

2001/01 valley 

survey and IBQ farm 

survey – 2014 levels 

of development 

LIDAR – 2019 

Photogrammetry -

2019 

Pro surveys – 2020 

Application efficiency 

2000/01-2011/12 

Rainfall-runoff: 

1889-2014 

Planted crop 

areas (IBQ) 

2004/05-2012/13 
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Water sources 

under WSP 

Data source Data source period Calibration 

period 

Unregulated Not measured, but rules are used Rules reference 

period not stated in 

report 

Storage volume 

2003/04-2012/13 

Groundwater Not modelled as none of the FPH properties on the regulated 

river system access significant volumes of water from a 

groundwater bore 

- - 

 

6.3 Is the method sufficiently documented such that estimates of FPH take 
under the BDL can be reproduced? 

For both NSW Border Rivers and Gwydir SDL Resource Unit models, the method is considered sufficiently documented 

as published reports contain: 

• All references to the data sources pertaining to the forms of take included 

• Quality assurance practices undertaken along with the data review and prioritisation of data sources 

• Conceptual and geographic spatial extents of the model 

• Data periods used for various purposes in the river system modelling 

• Process of infilling of data gaps for climate and flow data were documented 

• The assessment criteria used (which require sufficient graphical and statistical understanding of the raw data) to 

assess model performance. 

The MDBA modelling team (S Rai, 3 May 2022, pers. comm.) confirmed that the documentation and model scenarios 

provided are sufficient to reproduce the published results and estimates of FPH take. 

NSW Border Rivers 

MDBA interrogated the NSW Border Rivers model input values for farm development (model version: 

BorderRivers_2020_09_02.rsproj; Source software: v4.11.0.10112) as compared to the published report numbers, 

with values for installed river pump capacity identical, on-farm storage capacity within 0.4% and maximum irrigable 

area being 1.2% different. 

Gwydir 

MDBA interrogated the Gwydir model input values for farm development (model version: CAP_v27_11; IQQM 

software: iqmgui_v7_103_0_rc4.), as compared to the published numbers, with values identical or less than 1% error, 

apart from total on-farm storage capacity. The model included 318,100 ML of total on-farm storage capacity whereas 

the published value (NSW DPE, May 2022) is 310,900 ML, a difference of 7,200 ML or 2.3%. Given the sensitivity of this 

parameter, NSW explained the difference: 

“One large property that can take water from both Gwydir and Barwon-Darling was updated to harmonise its 

representation in both models. This also led to an update to its on-farm storage capacity under the Cap 

scenario (based on previous work for the Barwon-Darling model).” (R Beecham, email pers. comm 23 May 

2022) 
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6.4 Is the method sufficiently documented such that any limitations and 
uncertainties in the method are known? 

For both NSW Border Rivers and Gwydir SDL Resource Units, the uncertainties and limitations were identified in the 

sensitivity analysis and uncertainty section of their respective model reports which ranked all uncertainties and 

discussed the potential errors. This is assessed further in Table 12 and Table 13 within Appendix C. Further discussion 

regarding the key limitations and uncertainties is given in Section 8. 

6.5 Does the method involve a model? 

For both NSW Border Rivers and Gwydir SDL Resource Units, the method involves a model, and to demonstrate its 

level of robustness and how well they meet the SDL (s10.10), the models were assessed using criteria from MDBA 

Position Statement 3C, as given in Table 12 and Table 13 within Appendix C. There were no glaring key findings from 

the assessment of the modelling undertaken and documented. 
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7. Framework for Incorporating Changes to BDL Estimates 
Presented in the Basin Plan (BWR, 2014): Chapter 5 

7.1 Significance of change 

The significance of the change to the BDL estimates is assessed at both the SDL Resource Unit and Basin scales and is 

required for input to the risk assessment. For this assessment of significance, the floodplain harvesting component of 

the MDB Plan Limit Scenario (NSW Border Rivers Nov 2020 model and Gwydir May 2022 model) were compared 

against the floodplain harvesting component of the Basin Plan 2012 Schedule 3. 

In NSW Border Rivers, the difference between the floodplain harvesting component of the BDL in the Basin Plan 

(3.0 GL) and the MDB Plan Limit Scenario floodplain harvesting BDL volume (33.7 GL) is 30.7 GL (Table 1; excluding 

rainfall runoff harvesting for accuracy in comparison), which is more than 20 GL. The framework classifies this change 

as being ‘major’. 

In Gwydir, the difference between the floodplain harvesting component of the BDL in the Basin Plan (17.8 GL) and the 

MDB Plan Limit Scenario floodplain harvesting BDL volume (91.8 GL) is 74.0 GL (Table 2; also excluding rainfall runoff 

harvesting for accurate comparison), which is more than 20 GL. The framework classifies this change as being ‘major’. 

The discussion in Section 3 regarding the treatment of rainfall runoff harvesting throughout historical estimates is 

noted. The overall change to the BDL estimate for regulated river and floodplain harvesting is 1.9% in the NSW Border 

Rivers and 26.7% in the Gwydir. 

This reduces the significance of change to ‘minor’ for NSW Border Rivers, with the change in Gwydir remaining as 

‘major’. 

7.2 Risk assessment 

Likelihood 

In the BDL assessment framework, the likelihood of the revised BDL estimates being scientifically robust and 

defensible is based on the scientific robustness of the revised BDL estimates which is assessed with quality assurance 

criteria and peer review findings. 

In Section 6, the reviewers found that the modelling undertaken in the 2020 & 2022 reports of NSW Border Rivers and 

Gwydir SDL Resource Units (respectively) are more advanced and comprehensive in terms of defining and quantifying 

consumptive water use. The data management (from collection, verification, calibration, validation and modelling) 

undertaken by NSW DPE were sound and reach and valley scale results were reasonable. As such, these estimates are 

an improvement over those in the Basin Plan. 

Given these findings, the framework classifies this likelihood of the revised BDL estimates being scientifically robust 

and defensible to be ‘likely’ – noting that the estimate is based on best available information although there is further 

work to be done with observed data collection for more accurate calibration of floodplain harvesting, especially at the 

farm scale, and a better understanding and modelling of the fate of water that has broken out onto the floodplain. 

Consequence 

In the BDL assessment framework, the consequence of the revision of the BDL estimates is a function of stakeholder 

sensitivity and significance of change in the BDL estimate, as quantified in Section 7.1. 
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The nature, historical legacy, legality, volume, timing and downstream impacts of floodplain harvesting take are hotly 

debated, meaning that stakeholder sensitivity to these estimates is very high. This, coupled with the assessed ‘major’ 

significance of change in the BDL estimate for Gwydir, means that the consequence measure is classified as ‘major’, 

according to the framework. The consequence measure for NSW Border Rivers is classified as ‘minor’, given the 

smaller magnitude of change to the BDL estimate. 

Risk rating 

From the likelihood and consequence measures above, the revised BDL estimates in NSW Border Rivers and Gwydir 

have a moderate and high-risk ratings respectively, which requires a cost-benefit analysis to be undertaken. The 

framework suggests that the higher rating in Gwydir requires further investigations to scope whether, how and when 

risk may be reduced. 

7.3 Cost-benefit assessment 

The benefits of revising the BDL estimates of NSW Border Rivers and Gwydir are ‘major’ according to the framework 

due to the following reasons: 

• There is major improvement in SDL reporting and compliance activities (and corresponding management of 

unaccounted components of take) 

• There is major improvement in certainty and confidence building regarding the use of new knowledge and 

information. 

The costs of revising the BDL estimates of NSW Border Rivers and Gwydir are ‘high’ according to the framework due to 

the following reasons: 

• Revisions to methods used to estimate take under the BDL will lead to the need for revisions in other SDL 

Resource Units which will require large amounts of time, resources and funding. 

• Data and information required for BDL revision needs to be continually developed and updated (particularly 

observed data and information) and can require large amounts of time, resources and funding. 

• High costs and resources anticipated for communicating the implications of BDL re-estimates to stakeholders. 

Despite these findings where the benefits are major and costs are high, the BDL assessment framework recommends 

that revision is desirable but that the timeframe and support (in areas such as extensive data monitoring and 

collection, development of ancillary policies and stakeholder engagement for example) across the Basin states 

requires negotiation. 

7.4 Summary 

The assessment under this framework concludes that revision to the BDL estimate is appropriate. However, 

stakeholder sensitivity to floodplain harvesting in the MDB means that any re-estimates of the BDL are likely to be 

high-risk. The current classification of moderate and high risk for the NSW Border Rivers and Gwydir SDL Resource 

Units within this framework requires a response, and NSW should be commended for the substantial investment in 

better understanding and modelling of user processes on the floodplain and the modes of floodplain harvesting, to 

provide a transparent and defensible position regarding the quantification and management of this take of water, and 

the overall surface water resource. 

Therefore, it is considered that NSW’s response is appropriate as required by the framework described in this Section. 

It is noted however that this work is conducted within finite constraints of resources and time, in data collection and 
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model/method improvement, and that the significant progress to date has brought model maturity to a point where 

future improvements will largely be dependent on the collection of a body of observed floodplain harvesting 

measurement data that assists in calibration of uncertain elements such as rainfall runoff modelling and crop water 

use assumptions. 
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8. Current limitations and improvement opportunities 
The current model limitations regarding FPH are generally consistent in both SDL resource units and are discussed in 

Table 11. These are acknowledged by NSW in the Model Build Reports for both NSW Border Rivers and Gwydir. The 

opportunity for future model improvement is also discussed. 

Table 11: Limitations and improvement opportunities 

# Limitation Opportunity 

1 As measurement of FPH in NSW is yet to be implemented, 

there is negligible observed data available for estimates of 

take or calibration/validation of models. 

Therefore, as much confidence in the model methods and 

data used must be gained to infer confidence in the results, 

noting that this confidence cannot be quantified through 

model calibration or validation. A significant body of work 

and analysis has been completed by NSW to address this, 

as outlined in Section 9 of both Model Build reports. 

This is the key limitation to the scientific robustness of the 

models, with reduced ability to minimise uncertainty in the 

model and to verify the accuracy of the modelling. 

Whilst it may take up to 10 years or more of consistent 

observed data, the implementation of the NSW Floodplain 

Harvesting Measurement Policy will provide a crucial dataset 

from which to reduce uncertainty by refinement of floodplain 

processes, model configuration, crop model parameters, 

rainfall runoff parameters and irrigation behavioural 

assumptions. 

Observation data includes the use of Held Environmental 

Water as environmental watering plans are implemented. 

2 NSW acknowledges that the models are best suited to 

modelling at whole-of-valley and river reach scale and 

increasing the spatial resolution to farm-scale requires very 

detailed understanding and characterisation of flow 

pathways and farm management at that scale. However, 

the simulated floodplain harvesting results had low 

sensitivity to farm scale assumptions. 

Despite the significant improvements to date, there is still more 

that could be done to understand or capture the decision 

drivers to replicate farm behaviour, for simulation and 

verification of modelled on-farm processes such as choice of 

planting date, managed crop water use (i.e. deficit irrigation) 

and cropped and fallow areas. This is an area for improvement 

as identified by the NSW modelling team. Further 

improvements in the on-farm water balance can only be 

achieved through model parameter calibration and validation 

with observed data. 

Efforts to increase the spatial resolution rely heavily on farm 

operation, specific irrigation application data and water 

management, which is variable and is likely frustrated without 

observed data on actual volumes harvested as rainfall runoff or 

overbank flow harvesting. 

Despite this, NSW must hold a reasonable degree of confidence 

in model performance at the farm scale given the key 

modelling objective in developing volumetric entitlements for 

FPH. 

3 There was extensive collection of information informing 

on-farm infrastructure and its operation, sourced from 

‘farm surveys’. However, there is some risk of potential 

bias when relying on information submitted by landowners 

in the knowledge that it may influence the determination 

of FPH entitlements. 

The farm surveys provided the most complete, relevant and up 

to date information with regard to farm infrastructure and 

operation and local floodplain flow behaviour and has been 

extensively cross-checked and ground truthed by the NSW DPE 

and NRAR and the Floodplain Harvesting Review Committee. 

The participants in the farm survey represented over 90% of 

the licensed entitlement to water and over 95% of the annual 

water use in the regulated Gwydir river system (90% of NSW 
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# Limitation Opportunity 

It is acknowledged that this risk has been mitigated as 

much as possible using multiple, independent lines of 

evidence. 

Where reasonable suspicions were held that farm survey 

information was likely in error and outside reasonable 

limits, a range of alternative sources of information were 

used. 

An example of this is where farm surveys indicated a high 

prevalence of the use of temporary storages, which was 

later found to be much reduced upon interrogation of 

remote sensing information. 

This farm survey information is not published for privacy 

reasons (apart from summary data), which may present 

some concern about model parameter transparency and 

repeatability. 

annual water use in the Border Rivers valley). It is significantly 

more comprehensive than what has been used in previous 

modelling.  

Whilst this risk of bias is not considered significant, it highlights 

the importance of interrogation using multiple, independent 

lines of evidence. NSW should be commended for this and 

encouraged to continue verification of on-farm data and 

information. 

Detailed database management of farm survey information 

should be adequate to manage model repeatability. 

4 Processes of water movement onto, within and returning 

from, the floodplain are continually improving. However, 

there is still work to be done to better represent these 

processes and improve confidence in the mass balance of 

water moving onto the floodplain. It is this reviewer’s 

opinion that the representation of flood breakouts and 

paths is reasonably well-defined. The model includes all 

significant breakouts based on multiple lines of evidence, 

and the approximate flow rates down these breakouts 

based on local knowledge including farm surveys, flow 

change analysis and hydraulic modelling, as well as a high 

level of physical detail for each farm. 

However, property access to these flows is represented 

simply in the models by way of conceptual floodplain 

storage with assumed (unverified) loss parameters. 

The model build reports note that if more detailed 

information were known about conveyance of water across 

the floodplain and represented in the model, then the 

assumed (on-farm) intake rates as they relate to the 

conceptual storage would likely be a more significant 

source of uncertainty. 

The ‘demand’ created by floodplain environmental features 

i.e. wetland capture, does not appear to be well-

represented. Whilst the mass balance calibration to river 

gauging data is satisfied, the reviewer is uncertain if the 

volumes of water moving onto the floodplain satisfies the 

demand implied by remote sensing observations with 

persistent water bodies, greening assessments and the like. 

The models are limited in that return flows from 

floodplains to river channels are not represented, with all 

There appears to be opportunity to further interrogate the use 

of floodplain hydraulic models to better inform and represent 

actual timing and duration of access to FPH by a specific 

property, increasing the confidence in assumed FPH access 

parameters and the operating parameters of the conceptual 

storage in the model. 

The revised models are focused on the improved 

representation of on-farm processes, to inform the estimates 

of FPH take and development of FPH entitlements, and the 

overall estimate of consumptive diversions that make up the 

BDL. 

However, FPH take is only one component of the floodplain 

water balance. The models do not appear to adequately 

represent other components, including specific floodplain 

losses, capture to environmental assets (including use of Held 

Environmental Water) or river returns. Apart from HEW, which 

is modelled as an irrigation demand based on the former use of 

the entitlements acquired, these components are bulked up as 

system losses to satisfy the volume balance of water leaving 

the river less take by FPH for each modelled reach. 

It is noted that further research is underway to help fill some of 

these knowledge gaps and develop specific model 

representation of floodplain return flows to the river, and 

models are planned to be updated to explicitly represent how 

HEW is modelled. 

There is opportunity to improve the modelling of these 

floodplain ‘losses’ in this mass balance, not only to assist the 

representation of HEW, but also as a further measure to 

validate on-farm processes in the absence of observed data, of 

which a useful dataset is still some 10 years away. 
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# Limitation Opportunity 

breakout volume from the river ending up as harvested 

volumes or a simple loss to the system. 

5 Rainfall runoff is notoriously difficult to model and calibrate 

on-farm, given farm operations and manipulation of soil 

moisture through irrigation and agronomic practices. 

Hence, this remains as a significant source of uncertainty as 

there is still insufficient data to provide high-quality inputs 

to farm-scale rainfall-runoff estimates. 

Whilst it may be a smaller component of overall take, there 

is still risk of significant effects to the timing and volume of 

other forms of take, for example, if rainfall runoff occurs 

prior to the take of overbank flows or supplementary 

access, taking up space in the on-farm storage. 

Given that rainfall runoff is proposed to be partially 

exempted from FPH entitlement accounting in NSW, there 

is a risk that on-farm water movement records may not be 

sufficiently comprehensive to attribute rainfall runoff when 

analysing historical on-farm storage data, undermining 

future calibration and model improvement efforts. 

The current model representation and confidence in the 

modelled volumes of on-farm rainfall runoff is unlikely to be 

further improved until observed data is available. 

Careful attention will be required to correctly attribute water 

movements on-farm to rainfall runoff given lack of accounting 

imperative, to allow for this. 

6 Any error in watercourse river diversion measurement is 

linearly offset by FPH to satisfy the farm water balance. As 

river diversions are often a more significant source of 

water to a property, the relative error in FPH is magnified. 

The best, currently available data has been used. The 

implementation of the NSW non-urban water metering 

framework will provide improved observed data to refine the 

calibration of the on-farm water balance. As noted above, this 

could take up to 10 years or more before a valid dataset is 

available for this purpose. 

7 NSW DPE has acknowledged that the models overestimate 

supplementary access and are working to investigate 

potential solutions. Overbank events that give rise to FPH 

often occur alongside supplementary flow events and as 

such, uncertainty in supplementary flow diversions may 

impact the estimates of FPH water taken. 

There is opportunity to refine this aspect of the models and 

increase confidence in the FPH take estimates. However, 

confidence in the overall diversion estimate remains, given a 

high degree of model validation at the reach and valley scale. 

8 Rainfall runoff from developed irrigation areas is defined in 

the Basin Plan 2012 as floodplain harvesting and is to be 

included in BDL estimates. 

NSW models allows for separate reporting of overbank 

flows and rainfall runoff harvesting, providing confidence in 

the overall estimate of floodplain harvesting. 

MDBA is in discussion with NSW to determine if the 

proposed BDL re-estimate will include ‘exempt’ rainfall 

runoff. The published reports for Gwydir include exempt 

rainfall runoff in the Plan Limit total (NSW DPE, May 2022) 

however Border Rivers does not (NSW DPE, 2020). 

The BDL estimate analysis in this review has included all forms 

of rainfall runoff, as described in Table 1 & Table 2. NSW to 

clarify and agree with MDBA the included elements of the 

proposed BDL re-estimate. It is suggested that the published 

NSW Border Rivers Scenarios Report (NSW DPE, 2020) be 

updated to include the components of FPH, being overbank 

flow, exempt and non-exempt rainfall runoff, consistent with 

the Gwydir report (NSW DPE, May 2022). 

There is opportunity to create, clarify and maintain consistency 

in the approach to estimating FPH take going forward to instil 

confidence in reported volumes and manage the high 

sensitivity to FPH by the broad range of stakeholders, 

particularly downstream interests. 
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# Limitation Opportunity 

Moving forward, NSW’s approach to separately quantifying the 

components of FPH will help in addressing the issue of 

comparing “apples and oranges” (which is demonstrated in 

Table 1 & Table 2) when comparing previous, current and 

proposed BDL estimates within an SDL Resource Unit. 

9 Quality Assurance practices, regarding data and 

information sources and review, farm scale data validation 

and review (current and historical development) and 

independent reviews, are outlined in Appendix A of the 

Model Build Reports. Reference is made to the 

Department’s ‘in-house modelling practice guidelines’ to 

guide modelling approaches however these are not 

published. 

It is suggested that the Department publish the in-house 

modelling practice guidelines for model transparency and 

alignment with the Australian Hydrological Modelling Practice 

Notes 

(wiki.ewater.org.au/display/SC/Australian+Modelling+Practice). 

Whilst the ‘living document’ nature of the guidelines is noted, 

this should not present an impediment to website publishing 

with discipline in regular updates. 

 

  

https://wiki.ewater.org.au/display/SC/Australian+Modelling+Practice
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9. Conclusions 
This review has been conducted prior to NSW’s submission of NSW Border Rivers and Gwydir WRPs for MDBA 

accreditation and is based on the latest available modelling data, information and reporting that is expected to be 

submitted to support the re-estimate of the BDL. 

The current limitations and opportunities for future improvement as discussed in Section 8 are noted for context, and 

in reference to this review’s objectives, it is concluded that the hydrological models for the regulated NSW Border 

Rivers and Gwydir SDL Resource Units, that determine the proposed BDL re-estimates for regulated river and FPH: 

1. Are based on the best available information as given in Basin Plan s10.49 and therefore a better estimate of the 

BDL from Basin Plan 2012 BDL estimates. 

2. Represent the BDL description given in Basin Plan Schedule 3; the State water management law limit and 

baseline conditions associated with regulated river and FPH, including irrigator behaviour, access conditions 

and climate sequence. The updated long-term Cap models are consistent with the requirements of Schedule E 

of the Murray-Darling Basin Agreement and the long-term average annual extraction models are consistent 

with the description of the state limit set out in the relevant NSW water sharing plans at the baseline dates. 

The regulated river and floodplain harvesting BDL re-estimate is the long term average annual extraction water 

volume taken under the conditions of the water sharing plan for both SDL Resource Units, being lesser than the 

updated long-term Cap estimates. 

3. Includes sufficient documentation to provide evidence of the BDL re-estimate method and processes to be able 

to reproduce the BDL re-estimate. 
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APPENDIX A  
Terms of Reference 
 



 

 

Terms of reference for independent review of proposed NSW floodplain harvesting baseline 
diversion limit re-estimates  

December 2021 

1. Background 

The Murray Darling Basin Plan 2012 defines sustainable diversion limits (SDLs) for each SDL resource 
unit in the Basin, which is the maximum consumptive water limit. For surface water, SDLs are 
defined in Basin Plan Schedule 2 and are equal to the baseline diversion limit (BDL) less water 
recovery. Baseline diversion limits are defined in Basin Plan Schedule 3, which is the statutory point 
of reference for determining the BDL and is described for each form of take in each SDL resource 
unit. It generally provides, as a note, a volumetric estimate of long-term average take that was made 
by the MDBA at the time of Basin Plan development.  

Ahead of water resource plan (WRP) accreditation, a Basin state may provide a BDL re-estimate for 
any form of take in any SDL resource unit. If it is based on the best available information (Basin Plan 
s 10.49 WRP requirement) and aligns with the Basin Plan Schedule 3 BDL description, then it is 
reasonable and appropriate for the MDBA to agree with the BDL re-estimate. This process is set out 
in MDBA’s Position Statement 3D1 and established in Daren Barma’s 2014 report ‘A framework for 
incorporating changes to BDL estimates presented in the Basin Plan’. 

Ahead of WRP re-submission, NSW is re-estimating the BDL for take from floodplain harvesting (FPH) 
in five SDL resource units - the Barwon Darling Watercourse, NSW Border Rivers, Gwydir, Namoi and 
Macquarie-Castlereagh. The FPH BDL re-estimates are determined using hydrological models that 
incorporate the rules and conditions found in State water management law at the baseline date 
defined in Schedule 3 and run over the historical climate conditions. The baseline date is as at 1 July 
2009 for NSW Border Rivers, 30 June 2009 for Gwydir and Macquarie-Castlereagh and 1 July 2010 
for Namoi. At these dates, the baseline water sharing plans define the limit as the lesser of long-
term average annual extraction (LTAAEL) or the long-term Cap on diversions. As there was no water 
sharing plan for the Barwon-Darling Watercourse SDL resource unit at the time of Basin Plan 
development, the BDL description is set to that under the Murray-Darling Basin Cap on Diversions, 
given in Schedule E of the Murray-Darling Basin Agreement. The long-term Cap limits therefore are 
an important consideration in the proposed FPH BDL re-estimates. 

Consistent with the MDBA’s position statement on FPH2, the Authority seeks the services of an 
independent reviewer to review the proposed BDL re-estimates for take from FPH in the Barwon 
Darling Watercourse, NSW Border Rivers, Gwydir, Namoi and Macquarie-Castlereagh SDL resource 
units. The review will advise the MDBA on whether the FPH BDL re-estimates are based on the best 
available information as defined by Basin Plan s 10.49 and align with the BDL description for this 
form of take in Basin Plan Schedule 3. The independent review will be published.  

 

2. Objectives of project 

This review will increase confidence and transparency in relation to proposed NSW FPH BDL re-
estimates. This review will be published with the proposed NSW WRP packages when re-submitted 
and will underpin MDBA advice on the suitability of the FPH BDL models to meet the requirements 
of the Basin Plan. 

 

3. Scope of the project 

 
1 https://www.mdba.gov.au/sites/default/files/pubs/WRP-position-statement-3D-changes-to-BDL_0.PDF 
2 https://www.mdba.gov.au/publications/mdba-reports/floodplain-harvesting-position-statement 

https://www.mdba.gov.au/sites/default/files/pubs/WRP-position-statement-3D-changes-to-BDL_0.PDF
https://www.mdba.gov.au/publications/mdba-reports/floodplain-harvesting-position-statement


 

 

Undertake a review of each of the relevant Barwon Darling Watercourse, NSW Border Rivers, 
Gwydir, Namoi and Macquarie-Castlereagh hydrological models that determine the proposed BDL 
re-estimates for FPH to inform the MDBA that:  

1. It is based on the best available information as given in Basin Plan s 10.49 and therefore a better 
estimate of the FPH BDL from Basin Plan 2012 BDL estimates. MDBA’s Position Statement 3C3 
Attachment 1 - SDL model evaluation criteria sets out relevant aspects of the BDL model for the 
reviewer to consider in relation to s 10.49. 

2. It represents the FPH BDL description given in Schedule 3, i.e. that it represents the State water 
management law limit and baseline conditions associated with FPH, including irrigator 
behaviour, access conditions, climate sequence.  

The reviewer will review the updated long-term Cap models for consistency with the 
requirements of Schedule E of the MDB Agreement4 ; and the LTAAEL models for consistency 
with the description of the state limit set out in NSW water sharing plans at baseline dates. The 
reviewer will subsequently confirm the FPH BDL re-estimate is the lesser of: 

a. the updated long-term Cap or  

b. the LTAAEL. 

The MDBA will support the reviewer in extracting data from the relevant models as required.  

3. There is sufficient documentation to provide evidence of the FPH BDL re-estimate method and 
processes to be able to reproduce the FPH BDL re-estimate.  

The reviewer is to also note any limitations or uncertainties in the proposed FPH BDL re-estimates by 
SDL resource unit, but that do not affect the advice in relation to points 1-3 above.  

Issues around the legal status of floodplain harvesting are out of scope for the purposes of the 
reviews under this TOR.  

In considering the points above, the reviewer will consult with Tony Weber and Greg Claydon and 
build upon the existing reviews of NSW FPH BDL re-estimates that is: 

• Independent Review of Interim Baseline Diversion Limits for NSW Floodplain Harvesting by Tony 
Ladson, December 2019, unpublished 

• Independent Review of NSW Floodplain Harvesting Policy Implementation by Tony Weber and 
Greg Claydon, April 2019, 
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0004/272146/Final-floodplain-
harvesting-independent-review.pdf 

• Independent peer review of NSW FPH modelling reports for five valleys: 

a. Review of NSW Border Rivers Model Build, Scenarios and Environmental Outcomes reports 
relevant to Floodplain Harvesting Policy implementation, November 2020 
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0009/331875/reports-review.pdf 

b. Review of NSW Gwydir Valley Model Build, Scenarios and Environmental Outcomes reports 
relevant to Floodplain Harvesting Policy implementation, February 2021 
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0006/352158/gwydir-review-
report.pdf 

 
3 https://www.mdba.gov.au/sites/default/files/pubs/WRP-Position-Statement-3C-method-for-determining-
take.PDF 
4 Schedule E of the Agreement in the Commonwealth Water Act 2007 at 
https://www.legislation.gov.au/Details/C2016C00469 and Diversion Formula Register at 
https://www.mdba.gov.au/sites/default/files/pubs/diversion-formula-register-v6.pdf 

https://www.industry.nsw.gov.au/__data/assets/pdf_file/0004/272146/Final-floodplain-harvesting-independent-review.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0004/272146/Final-floodplain-harvesting-independent-review.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0009/331875/reports-review.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0006/352158/gwydir-review-report.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0006/352158/gwydir-review-report.pdf
https://www.mdba.gov.au/sites/default/files/pubs/WRP-Position-Statement-3C-method-for-determining-take.PDF
https://www.mdba.gov.au/sites/default/files/pubs/WRP-Position-Statement-3C-method-for-determining-take.PDF
https://www.legislation.gov.au/Details/C2016C00469
https://www.mdba.gov.au/sites/default/files/pubs/diversion-formula-register-v6.pdf


 

 

c. Review of NSW Macquarie River Valley Model Build, Scenarios and Environmental Outcomes 
reports relevant to Floodplain Harvesting Policy implementation, March 2021 
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0008/357956/final-summary.pdf 

d. Note for Barwon-Darling and Namoi River reviews will be available when modelling reports 
have been completed, refer to https://www.industry.nsw.gov.au/water/plans-
programs/healthy-floodplains-project/harvesting/policy-modelling-reports 

 

4. Reporting 

The reviewer will provide a final review report that advises whether the FPH BDL re-estimates in 
each of the five SDL resource units is based on the best available information, aligns with Basin Plan 
Schedule 3 BDL description and is sufficiently documented. This will be published with the proposed 
NSW WRP packages when re-submitted.  

https://www.industry.nsw.gov.au/__data/assets/pdf_file/0008/357956/final-summary.pdf
https://www.industry.nsw.gov.au/water/plans-programs/healthy-floodplains-project/harvesting/policy-modelling-reports
https://www.industry.nsw.gov.au/water/plans-programs/healthy-floodplains-project/harvesting/policy-modelling-reports
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APPENDIX B  
Summary of Best Available Information 
specific to this Review 
 



 

Independent review of NSW floodplain harvesting baseline diversion limits – 2022. 

Summary of what constitutes ‘best available information’ with regards to modelling and 

planning assumptions. (This summary does not supersede the referenced MDBA position 

statements and is intended for use only by the independent reviewer of NSW floodplain harvesting 

baseline diversion limits in 2022). 

Any change in BDL estimates must satisfy the definition of the BDL in Schedule 3 of the Basin Plan 

and must satisfy the Basin Plan requirement for the new BDL estimate to be the best available 

information such that the resulting WRP can be demonstrated to be based on the best available 

information.   

The primary requirement to be tested in an assessment is that the new BDL estimate is superior to 

the currently adopted BDL estimate. A proposal for a new BDL estimate must be supported by 

evidence that demonstrates the extent to which the alternate estimate is scientifically robust 

generally, and specifically in relation to the previous estimate. Any new BDL estimate must reflect 

the best available information in terms of data used and in modelling methodology. 

In assessing a proposal for a new BDL estimate, ‘Best available information’ would be expected to 

result from improved knowledge of the relevant levels of development and the entitlements and 

rules (as per the definition of the BDL in Schedule 3) and associated consumptive use occurring as a 

result. 

MDBA encourages that best practices are used in developing any models that form part of any re-

estimation of BDL to simplify the assessment process and improve the transparency and 

understandability of the proposed new method. 

MDBA recommends that the demonstrations of ‘best available’ could result from:  

- New or improved data that the method used to estimate a BDL take component is based on. 

This can be climatic data such as rainfall, temperature and streamflow information, or 

development data such as runoff dam characteristics and on farm storage volumes. The 

Basin Plan requires use of best available hydrological and meteorological information for the 

July 1895 to June 2009 period. 

- New methods for estimation of the BDL take component, such as new computer models 

(e.g. IQQM to Source). 

- Improved representation of physical and user processes in existing methods used to 

estimate take under the BDL (e.g. processes to estimate tributary inflows and climate inputs, 

levels of development, understanding of irrigator behaviour including crop types, water use 

patterns and risk management strategies). 

- Better representation of policies, allocation, accounting and river operational rules that 

apply under the definition of the BDL estimate.  

Documentation is key to supporting any change in BDL estimates; any improvement must be 

sufficiently documented to be able to reproduce the BDL. There must be clear reasoning and 

evidence to support any change to estimates of the volumes of any form of take and any planning 

assumptions or modelling settings that may impact the estimation of those volumes.  

MDBA requires that any limitations in, or qualifications of, the planning material under review 

should be noted in the independent reviewer’s report. 

 



 

References: 

MDBA Basin Plan Water Resource Plan Requirements Position Statements: 

3C - Method for determining take (WRP Position Statement 3C method for determining take 

(mdba.gov.au) 

3D (Changes to BDL) WRP position statement 3D changes to BDL (mdba.gov.au) 

Barma water resources, Oct 2014 report ‘A Framework for incorporating changes to BDL estimates 

presented in the Basin Plan’ (Unpublished) ref: D14/39761 

 
Barma Water 

Resources - Final report - Framework for Incorporating Changes to Baseline Diversion Limit (BDL) Estimates presented in the Basin Plan-Oct14.PDF 

https://www.mdba.gov.au/sites/default/files/pubs/WRP-Position-Statement-3C-method-for-determining-take_0.PDF
https://www.mdba.gov.au/sites/default/files/pubs/WRP-Position-Statement-3C-method-for-determining-take_0.PDF
https://www.mdba.gov.au/sites/default/files/pubs/WRP-position-statement-3D-changes-to-BDL_0.PDF
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APPENDIX C  
MDBA PS3C model evaluation 
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Table 12: MDBA Position Statement 3C: review against relevant evaluation criteria for NSW Border Rivers SDL Resource Unit 

Basin Plan Chapter 10:  Assess   Assist 

Principal 

Section 

Related 

Section 

Assessment Review Response Guidance 

No. 

Guidance Note Review Response 

S10.10  ANNUAL DETERMINATIONS OF WATER PERMITTED TO BE TAKEN 1 DOCUMENTATION AND MODEL OVERVIEW 

 s10.10(1) 

 

 

 

 

 

S10.10(2) 

Is the method – for determining the 

maximum quantity of water that the 

plan permits to be taken for 

consumptive use during a water 

accounting period – a model? 

 

Does the WRP set out the method, for 

example, by reference to a model 

report? 

Yes, this was clearly stated in 

the objectives of the model 

build report. 

 

 

 

No, there is no WRP 

document yet at this stage. 

1.1 Has a complete model report been provided which documents all the matters necessary 

to allow peer review consistent with the Basin Plan and these evaluation criteria? 

Yes, MDBA provided the full suite of documents associated with the model 

report. 

1.2 Has sufficient effort been directed to documentation? (i.e. is the model report readable 

and clear?) 

Yes, MDBA provided the full suite of documents associated with the model 

report. 

1.3 Where previous reports, including any peer reviews, are essential to evaluation of the 

model, have copies of these reports been provided? 

Yes, MDBA provided this 

1.4 Is there a clear statement of objectives in the report? Do the objectives include use of the 

model to compute SDL(s) (and BDLs) consistent with Chapter 10 of the Basin Plan? 

Yes, there is a clear statement of objectives in the model build report which 

references SDLs and BDLs consistent with the Basin Plan in the model 

design criteria to meet modelling objectives. 

1.5 In the model report, has the definition of SDL in Schedule 2 of the Basin Plan been 

correctly interpreted and documented? Where interpretations or assumptions have been 

made concerning the application of Schedule 3, have these been documented and are 

they appropriate? 

Partially. The definition of SDL is not interpreted explicitly with regard to 

Schedule 2, but it references Schedule 3 in terms of stating the relevant 

reference period. 

1.6 Have the WRP area(s) and the SDL resource unit(s) to which the model has been applied 

been clearly and accurately defined? If the model is applied to only part of these area(s) 

or resource unit(s), have the areas of application been clearly defined? 

Yes, the WRP area and SDL resource unit which the model applies to has 

been stated clearly. This model applies to the full area of the resource unit. 

 s10.10(3)(a) 

s10.12(1)(a) 

Has the model accounted for all forms 

of take from the SDL resource unit and 

all classes of water access right? 

Yes, the model build report 

lists all water sources in the 

NSW Border Rivers WSP 

which are: regulated water, 

supplementary water, 

floodplain harvesting water, 

unregulated water, and 

groundwater. 

1.7 Is there a clear statement, in the model report, which specifies the 'forms of take' that 

are included in the model and those which are not?  Should other forms of take have 

been included in the model, given its coverage and application within the WRP(s)? 

Yes, the forms of take were broken down to more explicit categories with 

statements on data sources and modelling approach. No other forms of 

take need to be included considering their limitations or insignificance as a 

source. 

 s10.10(2) Has the model been designed to be 

applied after the end of the relevant 

water accounting period, having regard 

to the water resources available during 

the period? 

Yes 1.8 Has the model report established that the model can be used to provide a practical and 

reliable method to determine the annual permitted take in a water accounting period (for 

the forms of take to which the model is applied)? 

Yes, the model build report describes practical and reliable methods to 

determine take. 

1.9 If these models were independently reviewed (e.g. when the model was applied as a cap 

model), have the recommendations of these reviews been considered in formulating the 

SDL model? If not, have the reasons been documented and are they appropriate? 

Yes, a full response to recommendations from previous independent review 

was provided, especially with regard to sensitivity testing and uncertainty 

analysis. 

1.10 Have the diversion results been individually reported for each form of take simulated in 

the model? Where the model covers more than one surface water SDL resource unit, 

have the diversion results been reported for each SDL unit, and for each form of take 

simulated in the model? 

Yes, the model scenario report has reported diversion results for each form 

of take included in the model. 

 s10.10(1) As per 10.10(1) above  1.11 Are the model report’s conclusions and recommendations reasonable and supported by 

evidence? 

Yes, the model scenario report has reasonable and justified conclusions and 

recommendations. 

S10.49  BEST AVAILABLE INFORMATION  2 DATA ANALYSIS  
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 s10.49(1) Is the model based on the best 

available information? 

Yes 2.1 Have all relevant data been collected and analysed? (surface water, groundwater, land 

use, diversions, climate, etc) 

Yes, all references to the data sources pertaining to the forms of take 

included in the model were made in the model build report. The model 

report also outlines quality assurance practices along with the data review 

and prioritisation of data sources. 

2.2 Has information on the spatial and temporal extent, together with the quality of the 

relevant data, been provided? 

Yes, the model build report details the conceptual and geographic spatial 

extent of the model, as well as the data periods used for various purposes in 

the river system modelling. 

2.3 Has the recorded diversion data (for the forms of take simulated in the model) been 

analysed and reported in sufficient detail to allow calibration/ validation of the model? 

Are the accuracy/ limitations of this diversion data adequately described? 

Yes, all relevant data sources underwent a structured review process, 

checked for completeness, consistency, accreditation, and verifiability. The 

assessment criteria listed (which require sufficient graphical and statistical 

understanding of the raw data) were made clear to assess model 

performance. Detailed commentary on the accuracy and limitations of 

these source data were provided. 

2.4 In respect of the relevant surface water, groundwater and climatic data used in the 

model, has the process of infilling data gaps and extending data beyond the period of 

record been properly documented? Where these data extensions relied on separate 

modelling, has this modelling been documented and provided for review? 

Yes, the process of infilling of data gaps for climate and flow data were 

documented. For the main river gauges, the Sacramento model was used to 

extend (to meet the modelling period) and fill gaps. 

2.5 Has the process of infilling gaps and extending data been carried out appropriately? Yes, the model report provided figures that show the validation test 

conducted for main river gauges, where 'final flow data inputs' (a 

combination of gauges flows and Sacramento model infilling) are compared 

to Sacramento inputs only. 

2.6 Have all locations been identified where recorded flow data already includes for 

upstream take (e.g. from runoff dams, groundwater usage or diversions from unregulated 

systems)? Have appropriate procedures been included to allow for this upstream take? 

Unregulated diversions were mostly recognised inherently in the gauged 

inflow data and/or flow-loss relationship. Yes, appropriate procedures have 

been included to allow for upstream take at each location via flow 

calibration and diversion calibration. 

S10.10 & 

S10.12 

 ANNUAL DETERMINATIONS OF WATER PERMITTED TO BE TAKEN. 

MATTERS RELATING TO ACCOUNTING FOR WATER. 

3 MODEL STRUCTURE  

 s10.10(3)(b) Is the model consistent with the other 

provisions of the water resource plan? 

Yes 3.1 Is there a clear description of the model structure and its spatial coverage? Is the model 

structure and coverage appropriate for SDL assessment? 

Yes, the model build report details the conceptual and geographic spatial 

extent of the model. The model structure and coverage is appropriate for 

SDL assessment. 

3.2 Has a complete link-node diagram or other representation been provided to identify all 

the components of the model within each reach? 

Yes, the model build report provided a figure to show the overall link-node 

diagram of the model. 

 S10.10(3)(a) 

s10.12(1)(b) 

(c)(d)(g)(h)(i) 

s10.12(2) 

s10.12(3) 

Does the method account for all 

matters in s10.12 of the Basin Plan? 

Yes 3.3 Are all the system conceptualisations appropriate for a SDL model (and consistent with 

the WRP) when properly calibrated, including those required under Basin Plan s 10.12? 

This includes, but is not limited to, conceptualisation of: principle water inputs and 

outputs, flow routing, transmission losses/gains, storage operations, diversions for each 

form of take, permanent and temporary trade, water sharing rules, resource 

assessments, other management rules, procedures to manage HEW, carryover, return 

flows, water used for aquifer recharge and Is the model time step(s) appropriate? 

Yes, the system conceptualisation (including for the components above are 

documented in the model build report. The daily model timestep is 

appropriate. As soil moisture content is continually tracked in the model, 

any limitations in accounting for rainfall intensity would not be a significant 

issue for a long-term simulation period. 

 s10.12(1)(e) Has the model accounted for water 

resources which have a significant 

hydrological connection to the water 

resources of the SDL resource unit? 

Yes 3.4 Where there are water resources with a significant hydrological connection to adjacent 

systems (including groundwater systems), has the structure of the model been prepared 

appropriately? If this inter-connection has not been simulated, has the likely impact on 

model results been assessed? Is the model appropriately structured to interface with 

other SDL models (surface water and groundwater), both upstream and downstream? 

Where the model interfaces with other SDL models (upstream and/or downstream) are 

There is no mention of interconnectivity with other SDL models or 

groundwater systems other than the consistent use of Source in Murray 

Darling Basin states for consistency, superseding the use of IQQM. It is 

assumed that the Source models can be linked where necessary at 

boundaries. 
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the linkages to these other models clearly described and appropriately established? Have 

the upstream models been independently reviewed and accredited? 

 s10.12(1)(f) Has the model accounted for 

circumstances in which there is a 

change in the way water is taken or 

held under a water access right? 

Yes, the model has accounted 

for this as best it could with 

limited data. 

3.5 Has the conceptualisation of held environmental water (i.e. managed by CEWH, TLM, 

VEWH, OEH, Water for Rivers and others, if any been sufficiently described? Is this 

conceptualisation appropriate for this SDL model, when properly calibrated? 

The model report states that not enough is known regarding exactly how 

Held Environmental Water (HEW) is going to be used. The HEW portfolio 

has been modelled as a consumptive use that assumes an irrigation demand 

pattern. This issue has been addressed in other reporting for Basin Plan 

compliance. We agree with NSW's plan to explicitly represent how HEW is 

used in future versions of the model. 

 s10.10(4) Does the model demonstration relates 

to the SDL of each resource unit in 

such a way that, if applied over a 

repeat of the historical climate 

conditions, it would result in meeting 

the SDL for the resource unit, including 

as amended under section 23B of the 

Act? 

Yes 3.6 Is the model flexible enough to demonstrate it will meet the SDL, including an adjusted 

SDL? Is a reason provided why, if this is not currently the case? 

Yes, the model report states that the Source platform has been designed for 

models built with it to be easily updated and extended, through inclusion of 

more data and/or new or improved component models. Additionally, it has 

a nice facility (input datasets) to describe scenarios and run them quickly 

through the model. 

3.7 Is the model operated over historical climate conditions consistent with the requirements 

of the Basin Plan, for each form of take simulated in the model? 

Yes, the Border Rivers model is operated over the period: 01/07/1895 to 

30/06/2019. This encompasses the 1895-2009 period specified in the Basin 

Plan for calculating the SDLs and BDL. The model’s simulation commences in 

1889 to provide sufficient time for robust initial conditions to be established 

by 1 July 1895, which is the start of the Basin Plan's reference climate 

period for reporting. 

S10.49  BEST AVAILABLE INFORMATION  4 CALIBRATION  

 s10.49(1) Is the model based on the best 

available information? 

Yes 4.1 Every model has different components that can be calibrated. These usually involve some 

or all of the following: flow calibration, storage calibration, diversion calibration and 

planted area calibration. For each of model components requiring calibration, has the 

calibration period been specified? Are the climatic and resource conditions over each of 

these calibration periods, described? Is the selection of these periods appropriate? 

Yes, the model build report addresses whether the calibration period of 

data was sufficient to capture climate variability. The climatic and resource 

conditions were described adequately and the selection of these periods 

were appropriate to the objectives and availability of data. 

4.2 Has sufficient effort been expended to obtain data for calibration of each model 

component? 

Yes, sufficient effort can be seen in the work that has taken place to reduce 

uncertainty as much as possible. 

4.3 Has the calibration 'fit' been documented for each model component requiring 

calibration? Have an appropriate range of statistics of the 'fit' and time series plots of 

observed and predicted values been provided? Have the model parameters that were 

'forced' during each component of the calibration been documented? 

Yes, assessments of fit of all the various model components (including flow 

calibration of each reach) were documented. Statistical and graphical 

results of observations and simulations were presented. Model parameters 

that were 'forced' were documented, such as crop areas 'forced' to 

historical data, releases from headwater storages are forced to recorded 

data and diversions are also forced using metered data. In early stages of 

the calibration model components were forced to observed values over the 

comparison period (e.g. supplementary diversions), and at later stages 

these were replaced with simulated values. 

4.4 Is each component of the model sufficiently calibrated against spatial and temporal 

observations? Are the calibrated values plausible and resultant 'fit' appropriate? 

Yes, this was addressed in the report against Criteria 3 and 4 of the 

modelling objectives. The uncertainty in calibration is not spatial per se but 

is due to lack of data on actual volumes harvested as either rainfall–runoff, 

or from overbank flow, as well as incomplete management detail on each 

farm, including application rates specific to that farm, and on-farm water 

management. However, calibration to inform parameterisation of the 

model was better at a reach scale was better where flow gauges, breakout 

volumes, and reach water balance can be assessed. Temporal observations 

were deemed to be calibrated sufficiently since the standard time step for 
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calculation in the Source Model is daily, as is the climate data and inflow 

data used for these models. 

4.5 If the calibration components share a sufficient common period, has the overall 

calibration been reported? What is the quality of the resultant 'fit'? For each of model 

components requiring calibration, has the calibration period been specified? Are the 

climatic and resource conditions over each of these calibration periods, described? Is the 

selection of these periods appropriate?" 

Yes, the quality of the resultant fit is good from the statistical and graphical 

results at key gauging stations in the calibration process documented in the 

model build report. 

4.6 Has the robustness of the model to operate outside the calibration period been 

considered? What is the robustness likely to be having regard to the variability of climatic 

and other factors during the calibration periods? 

Yes, this consideration was documented in the modelling approach for the 

different components of the model. The robustness of the model with 

regard to variability of data during calibration period can be seen in the 

sensitivity analysis and uncertainty section of the model report which 

ranked all uncertainties. 

S10.49  BEST AVAILABLE INFORMATION  5 VERIFICATION/TESTING  

 s10.49(1) Is the model based on the best 

available information? 

Yes 5.1 Where appropriate, have all reasonable avenues for verifying and testing the model been 

undertaken and documented? Alternatively if verification or testing has not been 

undertaken, have the reasons been documented and are they appropriate? 

The verification and testing of model parameters was undertaken where 

possible and documented, e.g. for on-farm storage capacity, pump rate and 

crop area. There was also documentation of validation tests for main river 

gauges (as part of calibration).  

5.2 Have the climatic and resource conditions over the validation period, been described? Is 

the selection of this period appropriate and has its duration been maximised? 

Yes, validation of the model took place as the final step in the calibration 

process by amalgamating the individual reach models. The validation model 

is used to confirm the performance and accuracy of the model run as a 

complete system and provides a foundation for the development of 

scenario models. All possible data relating to climatic and resource use was 

used to calibrate each reach and then the validation model was compared 

to all available flow data. This ensured that the model was developed to 

cover the widest range of conditions possible given the historical data 

records available. 

5.3 Have the initial conditions for the validation been documented and appropriately set? 

Has the extent of any other 'forcing' been described and justified? If present is such 

'forcing' appropriate. 

N/A, this was performed in the calibration steps. 

5.4 Have an appropriate range of statistics of the 'fit' and time- series plots of observed and 

predicted values been provided for all relevant model parameters? What is quality of the 

resultant 'fit'? 

Yes, the model report provided figures that show the validation test 

conducted for main river gauges, where 'final flow data inputs' (a 

combination of gauges flows and Sacramento model infilling) are compared 

to Sacramento inputs only. There are also a range of other components 

where the fit was assessed with metrics or visuals. 

5.5 For periods when the development limits are sufficiently similar to the historical 

infrastructure and management rules, has the model been run to compare annual take 

with the recorded take? Have these results been compared statistically? What is quality 

of the resultant 'fit' and what confidence can be placed in the resultant SDL (and annual 

take) determined by the model? 

Yes, results of simulated diversions from the fully assembled, calibrated 

model for the 2008/09 validation scenarios were compared with recorded 

diversions with statistical results shown. This scenario simulates all system 

operations and management rules such as supplementary announcements 

and general security allocations. Due to this, there is confidence in the 

quality of the resultant fit. 

S10.49  BEST AVAILABLE INFORMATION  6 PREDICTION  

 s10.49(1) Is the model based on the best 

available information? 

Yes 6.1 Has the procedure for establishing the initial conditions for a model run been described? 

Is this procedure appropriate? 

Yes, the initial conditions for the model run were documented. 1889–1895 

was used as the model warm-up period; with the reporting period 

commencing from 1895. Use of the 5 or 6 years prior to 1895 

(commencement of Basin plan scenarios) ensures the storage volumes and 
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any initial conditions in the model run have no impact on the long-term 

figures for the 1895 to 2009 period. 

6.2 Where the model relies on outputs provided by other SDL models, have the appropriate 

data sets been used? 

This is not applicable and not mentioned in the report because NSW Border 

Rivers is located upstream of other basins. 

6.3 Has the BDL and SDL estimate (for each form of take) been compared with that estimated 

by the Authority when developing the Basin Plan in 2012? Are the reasons for the 

differences documented? Are the differences plausible? 

No, this was not documented in the model build or model scenario report. 

A comparison between take from the 2012 Basin Plan and the modelled 

components of the BDL take in is presented in Section 3 of this report. The 

most significant differences relate to the manner in which floodplain 

harvesting is simulated and reported. 

6.4 Has a water balance been provided which defines the magnitudes of all principal model 

inputs and outputs? Has a satisfactory water balance been achieved? 

A water balance has been provided in the model scenario report which 

defines the values of all principal model outputs. Water balance checks 

(statistical metrics) of the inputs were outlined in the model build report as 

part of the farm water balance check at three different scales. A satisfactory 

water balance was achieved. 

S10.49  BEST AVAILABLE INFORMATION  7 SENSITIVITY AND UNCERTAINTY ANALYSES  

 s10.49(1) Is the model based on the best 

available information? 

Yes 7.1 Have the potential uncertainties in the model inputs been identified? Have the potential 

errors in the modelling processes been discussed? 

Yes, this was identified in the sensitivity analysis and uncertainty section of 

the model report which ranked all uncertainties and discussed the potential 

errors. 

7.2 Have the potential uncertainties in the model outputs been estimated, and in particular, 

the simulated annual take and SDL? 

Yes, the potential uncertainties were quantified in the sensitivity analysis 

and uncertainty section of the model build report.  

S10.49  BEST AVAILABLE INFORMATION  8 MODEL IMPROVEMENTS  

 s10.49(1) Is the model based on the best 

available information? 

Yes 8.1 Where model development has been constrained by limitations in the available data, 

have these been identified? 

Yes, the constraints in the availability of input data were discussed in the 

model assessment and uncertainty analysis sections of the model build 

report. 

8.2 Have the model's limitations been considered and has a potential list of improvements 

been prepared? Are these limitations and improvements appropriate? 

Yes, the limitations were considered in the sensitivity testing and 

uncertainty analysis. A full list of potential improvements were also 

included in the model build report.  

8.3 Is it necessary to collect more data or obtain further information to improve the model? If 

so have these been documented and scheduled? 

No, there is no need to collect more data to improve this version of the 

model. Improvement of the model is an ongoing process. Then need to 

collect more data will be beneficial for the next iteration and update of the 

model. 

8.4 Where any model improvements are considered essential within a specified timeframe, 

has this timeframe been documented? 

Not applicable, as the model is already using best available information. 

S10.49  BEST AVAILABLE INFORMATION  9 QUALITY ASSURANCE  

 s10.49(1) Is the model based on the best 

available information? 

Yes. Given that work is 

continuing to improve the 

simulation of floodplain 

harvesting consistent with 

the NSW Floodplain 

Harvesting Policy, in the near 

future better information 

may become available. 

9.1 Has the model run number, the software version and all relevant model input been 

defined to enable the SDL model run to be repeated, at a later date, if required? 

Yes, model version details were included in the model build report. 

9.2 Where the model relies on input data generated by other models, have sufficient details 

been provided to uniquely define those other models and their operating assumptions. 

Has the source and date of supply of those other models' results been documented? 

The model does not rely on inputs from other models due to its upstream 

location compared to other basins. 

S10.15  DETERMINATION OF ACTUAL TAKE 

MUST BE SPECIFIED 

 10 DETERMINATION OF ACTUAL TAKE  
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 10.15(3) If the determination for any form of 

take is to be made by estimating the 

quantity of water actually taken, is the 

method for making the determination 

consistent with the method set out in 

the WRP in response to the 

requirement in s10.10(1)? 

N/A for the terms of 

reference of this review. 

 - - 

 10.15(4)(a) Does the model demonstrate that the 

quantity of water taken includes water 

that was held environmental water 

which was disposed of and then used 

in the SDL resource unit for 

consumptive use? 

N/A for the terms of 

reference of this review. 

 - - 

 10.15(4)(b) Does the model demonstrate that the 

quantity of water taken excludes water 

sourced from the Great Artesian Basin 

and released into and taken from a 

Basin water resource? 

N/A for the terms of 

reference of this review. 

 - - 
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Table 13: MDBA Position Statement 3C: review against relevant evaluation criteria for Gwydir SDL Resource Unit 

Basin Plan Chapter 10:  Assess   Assist 

Principal 

Section 

Related 

Section 

Assessment Review Response Guidance 

No. 

Guidance Note Review Response 

S10.10  ANNUAL DETERMINATIONS OF WATER PERMITTED TO BE TAKEN 1 DOCUMENTATION AND MODEL OVERVIEW 

 s10.10(1) 

 

 

 

 

 

 

S10.10(2) 

Is the method – for determining the 

maximum quantity of water that the 

plan permits to be taken for 

consumptive use during a water 

accounting period – a model? 

 

 

Does the WRP set out the method, for 

example, by reference to a model 

report? 

Yes, this was clearly stated in 

the objectives of the model 

build report. 

 

 

 

 

No, there is no WRP 

document yet at this stage. 

1.1 Has a complete model report been provided which documents all the matters necessary 

to allow peer review consistent with the Basin Plan and these evaluation criteria? 

Yes, MDBA provided the full suite of documents associated with the model 

report. 

1.2 Has sufficient effort been directed to documentation? (i.e. is the model report readable 

and clear?) 

Yes, MDBA provided the full suite of documents associated with the model 

report. 

1.3 Where previous reports, including any peer reviews, are essential to evaluation of the 

model, have copies of these reports been provided? 

Yes, previous unpublished reports were provided directly by MDBA as well 

as ones already published publicly. 

1.4 Is there a clear statement of objectives in the report? Do the objectives include use of the 

model to compute SDL(s) (and BDLs) consistent with Chapter 10 of the Basin Plan? 

Yes, there is a clear statement of objectives in the model build report which 

references SDLs and BDLs consistent with the Basin Plan in the model 

design criteria to meet modelling objectives. 

1.5 In the model report, has the definition of SDL in Schedule 2 of the Basin Plan been 

correctly interpreted and documented? Where interpretations or assumptions have been 

made concerning the application of Schedule 3, have these been documented and are 

they appropriate? 

Partially. The definition of SDL is not interpreted explicitly with regard to 

Schedule 2, but it references Schedule 3 in terms of stating the relevant 

reference period. 

1.6 Have the WRP area(s) and the SDL resource unit(s) to which the model has been applied 

been clearly and accurately defined? If the model is applied to only part of these area(s) 

or resource unit(s), have the areas of application been clearly defined? 

Yes, the WRP area and SDL resource unit which the model applies to has 

been stated clearly. This model applies to the full area of the resource unit. 

 s10.10(3)(a) 

s10.12(1)(a) 

Has the model accounted for all forms 

of take from the SDL resource unit and 

all classes of water access right? 

Yes, the model build report 

lists all water sources in the 

Gwydir WSP which are: 

regulated water, 

supplementary water, 

floodplain harvesting water, 

unregulated water, and 

groundwater. 

1.7 Is there a clear statement, in the model report, which specifies the 'forms of take' that 

are included in the model and those which are not?  Should other forms of take have 

been included in the model, given its coverage and application within the WRP(s)? 

Yes, the forms of take were broken down to more explicit categories with 

statements on data sources and modelling approach. No other forms of 

take need to be included considering their limitations or insignificance as a 

source. 

 s10.10(2) Has the model been designed to be 

applied after the end of the relevant 

water accounting period, having regard 

to the water resources available during 

the period? 

Yes 1.8 Has the model report established that the model can be used to provide a practical and 

reliable method to determine the annual permitted take in a water accounting period (for 

the forms of take to which the model is applied)? 

Yes, the model build report describes practical and reliable methods to 

determine take. 

1.9 If these models were independently reviewed (e.g. when the model was applied as a cap 

model), have the recommendations of these reviews been considered in formulating the 

SDL model? If not, have the reasons been documented and are they appropriate? 

Yes, a full response to recommendations from previous independent review 

was provided, especially regarding sensitivity testing and uncertainty 

analysis. 

1.10 Have the diversion results been individually reported for each form of take simulated in 

the model? Where the model covers more than one surface water SDL resource unit, 

have the diversion results been reported for each SDL unit, and for each form of take 

simulated in the model? 

Yes, the model scenario report has reported diversion results for each form 

of take included in the model. 

 s10.10(1) As per 10.10(1) above  1.11 Are the model report’s conclusions and recommendations reasonable and supported by 

evidence? 

Yes, the model scenario report has reasonable and justified conclusions and 

recommendations. 

S10.49  BEST AVAILABLE INFORMATION  2 DATA ANALYSIS  
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 s10.49(1) Is the model based on the best 

available information? 

Yes, at the time the suite of 

model reports were 

completed, it utilised the 

best available information. 

This does not preclude 

ongoing work by the basin 

states and MDBA to improve 

floodplain harvesting 

modelling. 

2.1 Have all relevant data been collected and analysed? (surface water, groundwater, land 

use, diversions, climate, etc) 

Yes, all references to the data sources pertaining to the forms of take 

included in the model were made in the model build report. The model 

report also outlines quality assurance practices along with the data review 

and prioritisation of data sources. 

2.2 Has information on the spatial and temporal extent, together with the quality of the 

relevant data, been provided? 

Yes, the model build report details the conceptual and geographic spatial 

extent of the model, as well as the data periods used for various purposes in 

the river system modelling. 

2.3 Has the recorded diversion data (for the forms of take simulated in the model) been 

analysed and reported in sufficient detail to allow calibration/ validation of the model? 

Are the accuracy/ limitations of this diversion data adequately described? 

Yes, all relevant data sources underwent a structured review process, 

checked for completeness, consistency, accreditation, and verifiability. The 

assessment criteria listed (which require sufficient graphical and statistical 

understanding of the raw data) were made clear to assess model 

performance. Detailed commentary on the accuracy and limitations of 

these source data were provided. 

2.4 In respect of the relevant surface water, groundwater and climatic data used in the 

model, has the process of infilling data gaps and extending data beyond the period of 

record been properly documented? Where these data extensions relied on separate 

modelling, has this modelling been documented and provided for review? 

Yes, the process of infilling of data gaps for climate and flow data were 

documented. For the main river gauges, the Sacramento model was used to 

extend (to meet the modelling period) and fill gaps. 

2.5 Has the process of infilling gaps and extending data been carried out appropriately? Yes, the model report provided figures that show the validation test 

conducted for main river gauges, where 'final flow data inputs' (a 

combination of gauges flows and Sacramento model infilling) are compared 

to Sacramento inputs only 

2.6 Have all locations been identified where recorded flow data already includes for 

upstream take (e.g. from runoff dams, groundwater usage or diversions from unregulated 

systems)? Have appropriate procedures been included to allow for this upstream take? 

Unregulated diversions are mostly recognised inherently in the gauged 

inflow data and/or flow-loss relationship. Yes, appropriate procedures have 

been included to allow for upstream take at each location via flow 

calibration and diversion calibration. 

S10.10 & 

S10.12 

 ANNUAL DETERMINATIONS OF WATER PERMITTED TO BE TAKEN. 

MATTERS RELATING TO ACCOUNTING FOR WATER. 

3 MODEL STRUCTURE  

 s10.10(3)(b) Is the model consistent with the other 

provisions of the water resource plan? 

Yes 3.1 Is there a clear description of the model structure and its spatial coverage? Is the model 

structure and coverage appropriate for SDL assessment? 

Yes, the model build report details the conceptual and geographic spatial 

extent of the model. The model structure and coverage is appropriate for 

SDL assessment. 

3.2 Has a complete link-node diagram or other representation been provided to identify all 

the components of the model within each reach? 

Yes, the model build report provided a figure to show the overall link-node 

diagram of the model. 

 S10.10(3)(a) 

s10.12(1)(b) 

(c)(d)(g)(h)(i) 

s10.12(2) 

s10.12(3) 

Does the method account for all 

matters in s10.12 of the Basin Plan? 

Yes 3.3 Are all the system conceptualisations appropriate for a SDL model (and consistent with 

the WRP) when properly calibrated, including those required under Basin Plan s 10.12? 

This includes, but is not limited to, conceptualisation of: principle water inputs and 

outputs, flow routing, transmission losses/gains, storage operations, diversions for each 

form of take, permanent and temporary trade, water sharing rules, resource 

assessments, other management rules, procedures to manage HEW, carryover, return 

flows, water used for aquifer recharge and Is the model time step(s) appropriate? 

Yes, the system conceptualisation (including for the components above are 

documented in the model build report. The daily model timestep is 

appropriate. As soil moisture content is continually tracked in the model, 

any limitations in accounting for rainfall intensity would not be a significant 

issue for a long-term simulation period. 

 s10.12(1)(e) Has the model accounted for water 

resources which have a significant 

hydrological connection to the water 

resources of the SDL resource unit? 

Yes 3.4 Where there are water resources with a significant hydrological connection to adjacent 

systems (including groundwater systems), has the structure of the model been prepared 

appropriately? If this inter-connection has not been simulated, has the likely impact on 

model results been assessed? Is the model appropriately structured to interface with 

other SDL models (surface water and groundwater), both upstream and downstream? 

Where the model interfaces with other SDL models (upstream and/or downstream) are 

There is no mention of interconnectivity with other SDL models or 

groundwater systems. The model is currently in IQQM but will be migrated 

to Source in the future so that it will be able to interface better with other 

SDL models also in Source. 
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the linkages to these other models clearly described and appropriately established? Have 

the upstream models been independently reviewed and accredited? 

 s10.12(1)(f) Has the model accounted for 

circumstances in which there is a 

change in the way water is taken or 

held under a water access right? 

Yes, the model has accounted 

for this as best it could with 

limited data. 

3.5 Has the conceptualisation of held environmental water (i.e. managed by CEWH, TLM, 

VEWH, OEH, Water for Rivers and others, if any been sufficiently described? Is this 

conceptualisation appropriate for this SDL model, when properly calibrated? 

The model report states that not enough is known regarding exactly how 

Held Environmental Water (HEW) is going to be used. The HEW portfolio 

has been modelled as a consumptive use that assumes an irrigation demand 

pattern. This issue has been addressed in other reporting for Basin Plan 

compliance. We agree with NSW's plan to explicitly represent how HEW is 

used in future versions of the model. 

 s10.10(4) Does the model demonstration relates 

to the SDL of each resource unit in 

such a way that, if applied over a 

repeat of the historical climate 

conditions, it would result in meeting 

the SDL for the resource unit, including 

as amended under section 23B of the 

Act? 

Yes 3.6 Is the model flexible enough to demonstrate it will meet the SDL, including an adjusted 

SDL? Is a reason provided why, if this is not currently the case? 

Yes, the model report states that the IQQM model has been designed for 

models built with it to be easily updated and extended, through inclusion of 

more data and/or new or improved component models.  

3.7 Is the model operated over historical climate conditions consistent with the requirements 

of the Basin Plan, for each form of take simulated in the model? 

Yes, the Gwydir model is operated over the period: 01/01/1890 to 

30/06/2019. This encompasses the 1895-2009 period specified in the Basin 

Plan for calculating the SDLs and BDL. The model’s simulation commences in 

1889 to provide sufficient time for robust initial conditions to be established 

by 1 July 1895, which is the start of the Basin Plan's reference climate 

period for reporting. 

S10.49  BEST AVAILABLE INFORMATION  4 CALIBRATION  

 s10.49(1) Is the model based on the best 

available information? 

Yes 4.1 Every model has different components that can be calibrated. These usually involve some 

or all of the following: flow calibration, storage calibration, diversion calibration and 

planted area calibration. For each of model components requiring calibration, has the 

calibration period been specified? Are the climatic and resource conditions over each of 

these calibration periods, described? Is the selection of these periods appropriate? 

Yes, the model build report addresses whether the calibration period of 

data was sufficient to capture climate variability. The climatic and resource 

conditions were described adequately and the selection of these periods 

were appropriate to the objectives and availability of data. 

4.2 Has sufficient effort been expended to obtain data for calibration of each model 

component? 

Yes, sufficient effort can be seen in the work that has taken place to reduce 

uncertainty as much as possible. 

4.3 Has the calibration 'fit' been documented for each model component requiring 

calibration? Have an appropriate range of statistics of the 'fit' and time series plots of 

observed and predicted values been provided? Have the model parameters that were 

'forced' during each component of the calibration been documented? 

Yes, assessments of fit of all the various model components (including flow 

calibration of each reach) were documented. Statistical and graphical 

results of observations and simulations were presented. Model parameters 

that were 'forced' were documented, such as crop areas 'forced' to 

historical data, releases from headwater storages are forced to recorded 

data and diversions are also forced using metered data. In early stages of 

the calibration model components were forced to observed values over the 

comparison period (e.g. supplementary diversions), and at later stages 

these were replaced with simulated values. 

4.4 Is each component of the model sufficiently calibrated against spatial and temporal 

observations? Are the calibrated values plausible and resultant 'fit' appropriate? 

Yes, this was addressed in the report against Criteria 3 and 4 of the 

modelling objectives. The uncertainty in calibration is not spatial per se but 

is due to lack of data on actual volumes harvested as either rainfall–runoff, 

or from overbank flow, as well as incomplete management detail on each 

farm, including application rates specific to that farm, and on-farm water 

management. However, calibration to inform parameterisation of the 

model was better at a reach scale was better where flow gauges, breakout 

volumes, and reach water balance can be assessed. Temporal observations 

were deemed to be calibrated sufficiently since the standard time step for 

calculation in the IQQM model is daily, as is the climate data and inflow 

data used for these models. 
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4.5 If the calibration components share a sufficient common period, has the overall 

calibration been reported? What is the quality of the resultant 'fit'? For each of model 

components requiring calibration, has the calibration period been specified? Are the 

climatic and resource conditions over each of these calibration periods, described? Is the 

selection of these periods appropriate?" 

Yes, the quality of the resultant fit is good from the statistical and graphical 

results at key gauging stations in the calibration process documented in the 

model build report. 

4.6 Has the robustness of the model to operate outside the calibration period been 

considered? What is the robustness likely to be having regard to the variability of climatic 

and other factors during the calibration periods? 

Yes, this consideration was documented in the modelling approach for the 

different components of the model. The robustness of the model with 

regard to variability of data during calibration period can be seen in the 

sensitivity analysis and uncertainty section of the model report which 

ranked all uncertainties. 

S10.49  BEST AVAILABLE INFORMATION  5 VERIFICATION/TESTING  

 s10.49(1) Is the model based on the best 

available information? 

Yes 5.1 Where appropriate, have all reasonable avenues for verifying and testing the model been 

undertaken and documented? Alternatively if verification or testing has not been 

undertaken, have the reasons been documented and are they appropriate? 

The verification and testing of model parameters was undertaken where 

possible and documented, e.g. for on-farm storage capacity, pump rate and 

crop area. There was also documentation of validation tests for main river 

gauges (as part of calibration).  

5.2 Have the climatic and resource conditions over the validation period, been described? Is 

the selection of this period appropriate and has its duration been maximised? 

Yes, validation of the model took place as the final step in the calibration 

process by amalgamating the individual reach models. The validation model 

is used to confirm the performance and accuracy of the model run as a 

complete system and provides a foundation for the development of 

scenario models. All possible data relating to climatic and resource use was 

used to calibrate each reach and then the validation model was compared 

to all available flow data. This ensured that the model was developed to 

cover the widest range of conditions possible given the historical data 

records available. 

5.3 Have the initial conditions for the validation been documented and appropriately set? 

Has the extent of any other 'forcing' been described and justified? If present is such 

'forcing' appropriate. 

N/A, this was performed in the calibration steps. 

5.4 Have an appropriate range of statistics of the 'fit' and time- series plots of observed and 

predicted values been provided for all relevant model parameters? What is quality of the 

resultant 'fit'? 

Yes, the model report provided figures that show the validation test 

conducted for main river gauges, where 'final flow data inputs' (a 

combination of gauges flows and Sacramento model infilling) are compared 

to Sacramento inputs only. There are also a range of other components 

where the fit was assessed with metrics or visuals. 

5.5 For periods when the development limits are sufficiently similar to the historical 

infrastructure and management rules, has the model been run to compare annual take 

with the recorded take? Have these results been compared statistically? What is quality 

of the resultant 'fit' and what confidence can be placed in the resultant SDL (and annual 

take) determined by the model? 

Yes, results of simulated diversions from the fully assembled, calibrated 

model for the 2008/09 validation scenarios were compared with recorded 

diversions with statistical results shown. This scenario simulates all system 

operations and management rules such as supplementary announcements 

and general security allocations. Due to this, there is confidence in the 

quality of the resultant fit. 

S10.49  BEST AVAILABLE INFORMATION  6 PREDICTION  

 s10.49(1) Is the model based on the best 

available information? 

Yes 6.1 Has the procedure for establishing the initial conditions for a model run been described? 

Is this procedure appropriate? 

Yes, the initial conditions for the model run were documented. 1890–1895 

was used as the model warm-up period; with the reporting period 

commencing from 1895. Use of the 5 or 6 years prior to 1895 

(commencement of Basin plan scenarios) ensures the storage volumes and 

any initial conditions in the model run have no impact on the long-term 

figures for the 1895 to 2009 period. 
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6.2 Where the model relies on outputs provided by other SDL models, have the appropriate 

data sets been used? 

This is not applicable and not mentioned in the report because NSW Border 

Rivers is located upstream of other basins. 

6.3 Has the BDL and SDL estimate (for each form of take) been compared with that estimated 

by the Authority when developing the Basin Plan in 2012? Are the reasons for the 

differences documented? Are the differences plausible? 

No, this was not documented in the model build or model scenario report. 

A comparison between take from the 2012 Basin Plan and the modelled 

components of the BDL take in is presented in Section 3 of this report. The 

most significant differences relate to the manner in which floodplain 

harvesting is simulated and reported. 

6.4 Has a water balance been provided which defines the magnitudes of all principal model 

inputs and outputs? Has a satisfactory water balance been achieved? 

A water balance has been provided in the model scenario report which 

defines the values of all principal model outputs. Water balance checks 

(statistical metrics) of the inputs were outlined in the model build report as 

part of the farm water balance check at three different scales. A satisfactory 

water balance was achieved. 

S10.49  BEST AVAILABLE INFORMATION  7 SENSITIVITY AND UNCERTAINTY ANALYSES  

 s10.49(1) Is the model based on the best 

available information? 

Yes 7.1 Have the potential uncertainties in the model inputs been identified? Have the potential 

errors in the modelling processes been discussed? 

Yes, this was identified in the sensitivity analysis and uncertainty section of 

the model report which ranked all uncertainties and discussed the potential 

errors. 

7.2 Have the potential uncertainties in the model outputs been estimated, and in particular, 

the simulated annual take and SDL? 

Yes, the potential uncertainties were quantified in the sensitivity analysis 

and uncertainty section of the model build report.  

S10.49  BEST AVAILABLE INFORMATION  8 MODEL IMPROVEMENTS  

 s10.49(1) Is the model based on the best 

available information? 

Yes 8.1 Where model development has been constrained by limitations in the available data, 

have these been identified? 

Yes, the constraints in the availability of input data were discussed in the 

model assessment and uncertainty analysis sections of the model build 

report. 

8.2 Have the model's limitations been considered and has a potential list of improvements 

been prepared? Are these limitations and improvements appropriate? 

Yes, the limitations were considered in the sensitivity testing and 

uncertainty analysis. A full list of potential improvements were also 

included in the model build report.  

8.3 Is it necessary to collect more data or obtain further information to improve the model? If 

so have these been documented and scheduled? 

No, there is no need to collect more data to improve this version of the 

model. Improvement of the model is an ongoing process. Then need to 

collect more data will be beneficial for the next iteration and update of the 

model. 

8.4 Where any model improvements are considered essential within a specified timeframe, 

has this timeframe been documented? 

Not applicable, as the model is already using best available information. 

S10.49  BEST AVAILABLE INFORMATION  9 QUALITY ASSURANCE  

 s10.49(1) Is the model based on the best 

available information? 

Yes. Given that work is 

continuing to improve the 

simulation of floodplain 

harvesting consistent with 

the NSW Floodplain 

Harvesting Policy, in the near 

future better information 

may become available. 

9.1 Has the model run number, the software version and all relevant model input been 

defined to enable the SDL model run to be repeated, at a later date, if required? 

No, model version details were not included in the model build report. 

9.2 Where the model relies on input data generated by other models, have sufficient details 

been provided to uniquely define those other models and their operating assumptions. 

Has the source and date of supply of those other models' results been documented? 

The model does not rely on inputs from other models due to its upstream 

location compared to other basins. 

S10.15  DETERMINATION OF ACTUAL TAKE MUST BE SPECIFIED 10 DETERMINATION OF ACTUAL TAKE  

 10.15(3) If the determination for any form of 

take is to be made by estimating the 

quantity of water actually taken, is the 

N/A for the terms of 

reference of this review. 

 - - 
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method for making the determination 

consistent with the method set out in 

the WRP in response to the 

requirement in s10.10(1)? 

 10.15(4)(a) Does the model demonstrate that the 

quantity of water taken includes water 

that was held environmental water 

which was disposed of and then used 

in the SDL resource unit for 

consumptive use? 

N/A for the terms of 

reference of this review. 

 - - 

 10.15(4)(b) Does the model demonstrate that the 

quantity of water taken excludes water 

sourced from the Great Artesian Basin 

and released into and taken from a 

Basin water resource? 

N/A for the terms of 

reference of this review. 

 - - 
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