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Summary 
This report forms the basis of internal advice from the ‘Basin Plan Modelling’ team to the 

‘Sustainable Diversion Limit Implementation’ team on the suitability of Queensland Department of 

Science, Information Technology, Innovation and Arts (DSITI) IQQM models – in this case for the 

Warrego – to be incorporated into its Water Resource Plans in accordance with the Basin Plan 

sections 10.10, 10.12 and 10.49. 

The assessment strictly adheres to MDBA Position Statement 3C criteria. The positions statement 

outlines the MDBA’s policy approach to assessing whether models brought forward by States, to 

determine permitted or actual take, comply with the Basin Plan requirements. Note that not every 

criterion is applicable to every model. 

Warrego WRP model – assessment against Position Statement 3C 
criteria 
DSITI has made improvements to the model that are sensible and aim to simplify and improve the 

accuracy of the system representation. Improvements to estimates of the flows, particularly in the 

Ward River, will result in a significantly different estimate of diversions under the BDL than first 

calculated for the Basin Plan. The evidence presented by DSITI in their reports suggests that the new 

estimate is reasonable and represent an improvement in model accuracy. 

The assessment against the position statement 3C ‘guidance notes’ are as follows: 

Documentation and model overview – (goes to BP 10.10) – adequate 

The reports describing the WRP model development and application are comprehensive and detail 

all the data used, the catchment (via maps) and its conceptualisation in the model (node-link), the 

calibration of the model, and the model runs required, to allow peer review consistent with the Basin 

Plan and MDBA Position Statement 3C. The model objectives are documented in the scenario report, 

and the SDL is appropriately interpreted in the reporting. The forms of take – surface water 

diversions only – and all classes of water right are adequately presented in the scenario report. The 

SDL model provides for a practical method to determine permitted take (and actual take where 

required) from watercourses. 

Overall, strong evidence is presented to support the view that this model is an improvement from 

the previous model. 

Data analysis – (goes to 10.49) – adequate 

Standard practice rainfall data was used to construct the model. The evaporation data used in the 

model is poor but reasonably considered to be the best available. The flow data from the nine major 

flow gauging sites used in the calibration of the model provide good coverage of the Warrego River. 

The missing periods of flow records were infilled appropriately. The limited historical diversion data 

is of concern but is considered to be the best available. 

Overall, the evidence presented in the reports supports the view that best available data is used. 
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Model structure – (goes to BP 10.10 and 10.12) – adequate (note outstanding risk) 

The model describes the Warrego system adequately. The reports clearly indicate the spatial 

coverage of the model. The models’ system conceptualisation contains the key system components 

i.e. major river tributaries, infrastructure, entitlements (with associated conditions) and catchment 

features such as losses and breakouts. Groundwater interaction is assessed as not occurring, and 

there is no upstream hydrology to consider. Floodplain harvesting is not represented in the model 

and should be addressed appropriately elsewhere in the plan. Water held by CEWH is represented in 

the model (as a diversion in W1601a). Conceptualisation of non-licensable storages and waterholes 

was removed (since the last version of the model), to improve model calibration. 

‘Permitted take’ is calculating assuming full development (or full entitlement taken), assuming that 

full entitlement is taken subject to applicable system rules and physical constraints. Therefore, the 

model addresses the 10.12 provisions. 

The model is flexible enough to demonstrate meeting the SDL, by defining all the entitlements in the 

system in terms of the full entitlement. The model is operated over the ‘historical period’ (1895-

2009) consistent with the Basin Plan 10.10(4). The demonstration of meeting the SDL is made by 

totalling the valley diversions and negating those held by CEHW from the result. This approach 

ignores effects of in-stream use and the MDBA should consider the associated risks when evaluating 

the WRP. 

DSITI provided the BP modelling team with the system files for the model, in which all the key 

features of the system are represented as per DSITIs documentation. 

Calibration, validation and testing – (goes to 10.49) – adequate 

Significant effort has been invested in gathering the correct data and calibrating the model. Key sub-

catchments are calibrated well and the calibration approach is sensible. The resulting fit is described 

in plain English and supported with appropriate statistical indicators. The calibrated model contains 

considerable uncertainty due to data limitations. The robustness of the model to operate outside of 

the calibration period is discussed in detail, noting significant limitations in every sub-catchment. 

Key results are reported clearly. The calibration ‘report cards’ developed to report on performance 

are effective and informative and contribute to the quality control. The evidence presented by DSITI 

indicates an improved calibration compared to the previous version of the model. 

Overall, the calibration is considered adequate relative to the previous model. 

Validation and testing – (goes to 10.49) – adequate 

All reasonable avenues for validation were explored, including sub-catchment water-balance and full 

catchment water balance. The results are well documented, supported with statistical information 

and discussed in plain English. The quality of the resultant fit is often poor but is recognised and 

discussed in the reports. The calibration report indicates that little diversions data is available and so 

validation of modelled diversions is not carried out. 
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Prediction – (goes to 10.49) – adequate 

The BDL estimate produced by the WRP model (W1601a) is adequately compared with the Basin Plan 

estimate in the scenario report. The differences are plausible and are driven primarily by the change 

in hydrological inputs. Basic diversion information is provided in the scenario report outlining the 

model run comparisons. A satisfactory water balance in achieved that accounts for all inputs and 

outputs – i.e. there is no missing water. The results are sound despite the in-stream use policy issues 

which could require a minor alteration to the water balance at the water recovery estimate. 

Sensitivity and uncertainty analysis – (goes to 10.49) – adequate 

The potential limitations and uncertainties are well documented in the calibration report and 

discussed in some detail. Lack of data is the key driver for these uncertainties. This is recognised in 

the reports. Uncertainty in predictions of take cannot be quantified due to lack of data. 

Model improvements (identified) – (goes to 10.49) – adequate 

Model development is primarily limited by lack of data which is identified in the reports. However, no 

pathway has been presented to delivering this improvement or any other improvement other than 

waiting for more data to be collected by the existing system in place. 

Quality assurance – (goes to 10.49) – adequate 

The model version is reported in the introduction of the calibration report. The model and model 

runs were submitted to the BP modelling team for review. The numbers reported by DSITI were 

replicated by the BP modelling team 

Determination of Actual Take (goes to 10.15) – if relevant – adequate 

DSITI has not indicated in the reports that it will use the model to estimate actual take from the 

watercourse. 
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1. Background 

1.1 This assessment – terms of reference 
The principal purpose of this review is to ensure that the model for the Warrego satisfies the 

requirements of the Basin Plan. Specifically, the Warrego model is “fit for purpose” to be used as a 

method for determining annual permitted take. 

The Warrego model is reviewed against the criteria outlined in the MDB Authority’s ‘Position 

Statement 3C: Method for determining take’. 

The information in this report can be used to inform the development of advice to the Minister on 

whether to accredit a Water Resource Plan submitted by a State for accreditation. 

Context 
Water resource modelling is used by States to consider the effects of climate, resource availability, 

complex system operations, and other factors, when making water resource management decisions, 

such as setting diversion targets. Water resource models have are also used by States to administer 

their water sharing arrangements. 

In 1995 the Murray–Darling Basin (MDB) Ministerial Council agreed to cap water diversion from the 

Basin at 1993/94 levels. As part of the implementation of the ‘Cap’, numerous water resource 

models were developed to set Cap targets across the MDB. 

Many of these models were submitted for approval by the Authority under ‘Schedule E’ of the 

Murray Darling Basin Agreement. Subsequently, versions of these models were also used to 

formulate estimates of take under the Baseline Diversion Limit (BDL) outlined in the Basin Plan. 

Chapter 10 of the Basin Plan sets out the requirements that a Water Resource Plan (WRP) must 

comply with, in order for it to be accredited or adopted under Division 2 of Part 2 of the Act. States 

must bring forward a ‘method’ to determine the maximum quantity of water permitted to be taken 

for consumptive use each year, which may include modelling. 

A WRP must be based on the best available information (section 10.49(1) of Basin Plan, MDBA 2012). 

It must also identify and describe the significant sources of information on which the WRP is based 

(section 10.49(2) of BP, MDBA 2012). 

1.2 Position Statement 3C 
On 27 July 2015, the Water Resource Plan Steering Committee – an internal MDBA committee – 

approved the MDBA’s policy approach, Position Statement (PS) 3C, to assessing whether models 

brought forward by States, to determine permitted or actual take, comply with the Basin Plan 

requirements. 

The position statement outlines a list of criteria to explain the supporting evidence sought to 

evaluate whether a model brought forward by a State meets Basin Plan requirements. 
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1.3 Modelling and terminology 
A hydrological model is a computer software tool that simulates the flow and behaviour of water 

along a river system, taking into account: 

• the movement of water through the river channel and associated floodplains, wetlands and 

anabranches 

• losses and gains as water moves through the landscape 

• how we manage the storage, supply and use of water for various purposes. 

These models take a variety of input data, such as measured data for rainfall, temperature, 

evaporation and stream flow for a given period of time. 

Additional information and conditions are specified for a given scenario — such as diversions, agreed 

water sharing rules and river operating rules, as well as landscape information for floodplains, 

wetlands and various works constructed in the system. 

Common terminology 
For the purposes of this report, some terminology to be familiar with are: 

Table 1: Terminology used for this report 

Term used General interpretation 

‘Model or (modelled 
scenario)’ 

A specific combination of computer software and input data used by the 
software to represent a scenario. Includes use of, model parameters, 
climatic data, system representation of inputs and outputs (may including 
routing), tributary inflow data, initial mode conditions. 

'Calibration' A model that represents historical system behaviour and is used to help 
define key model parameters, such as losses and routing parameters. 
Observed and modelled outputs are compared to refine model 
configuration. 

‘Without development’ A model that aims to represent flows in the river with no development. 
This includes removing the impacts of regulating and setting diversions to 
zero. 

‘BDL’ A model representing the Baseline Diversion Limit (2009 level of 
development as per Basin Plan). The model results are reported for period 
1895-2009. 

‘SDL’ A model representing the Sustainable Diversion Limit (BDL model adjusted 
for environmental recovery and use). The model results are reported for 
period 1895-2009. 

‘Sacramento’ A tool used to generate the streamflow inputs into the model (sometimes 
referred to as catchment model) 

‘Crop model’ A tool used to generate the demand input for the model for relevant 
scenarios, sometimes not relevant in the ‘full development’ scenario. 

‘Full development’ A scenario where all the water that could be taken under entitlement is 
taken (but still limited by applicable system rules and physical constraints) 
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Other model uses 
The scope of this assessment pertains primarily to informing the accreditation of a Water Resource 

Plan. For completeness, it should be recognised that the Warrego model will be used for other 

purposes beyond this scope. Other uses include Water Resource Plan development for inter-

connected systems, policy development and review, scenario planning, research, river operations, 

and so on. 

Information in this assessment may be useful in informing those other processes where relevant. 

1.4 Data provided and documents reviewed 
The Queensland Department of Science, Information Technology and Innovation (DSITI) provided a 

number of documents, and model files used to inform the review. The documentation forms part of 

DSITI’s WRP submitted for accreditation. 

The primary documentation considered in this assessment include: 

• DSITI 2016, ‘Warrego River Catchment IQQM Calibration’ Report (referred to as the ‘Calibration 

Report’) 

• DSITI 2016, ‘Warrego River Model Results to Support Basin Plan Requirements’ (referred to as 

the ‘Scenario Report’) 

The data required to run the model was also provided. Key model files considered in this assessment 

are presented in the table below.  

Table 2: Key model files relevant to this assessment 

Model component BP model WRP model 

ROP run 0902a W1601a 

System files WARR.sqq 
(MDBA Run 871) 

W1601a.sys 
 

Climate files WARR_E.idx 
WARR_E.out 
WARR_R.idx 
WARR_R.out 

Rain11.idx 
Rain11.out 

4pakevp2.idx 
4pakevp2.out 

Inflows WARR_F.idx 
WARR_D.out 

W_flow_15.idx 
W_flow_15.out 

Demand files Moonie2.crp Moonie2.crp 

Run period 1895-2009 1895-2009 

 

The W1601a represents the BDL and SDL compliance. SDL compliance is calculated, as a post 

processing exercise, by negating the CEWH entitlement yields from the total consumptive pool. 
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1.5 Data provided and documents reviewed 
The review was undertaken in two broad phases: 

• An ‘assist’ phase, an initial review and dialogue with DSITI to clarify and resolve issues. 

• Final review, comprising of this report (following formal submission of WRP) – for essential 

purposes this was to confirm the work done in the assist phase. 

All the documentation received from DSITI during the assist process, including key emails and other 

exchanges regarding development of the model, is stored in the MDBA’s ‘HP records manager’ 

database. The folder number is E2016/0267.  

In both phases of the review, the assessment criteria of PS 3C were used to assess whether the Basin 

Plan requirements have been met. 
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2. Comparison of Basin Plan model 

and WRP model 
The purpose of this comparison is to consider the structure of the model, and any changes, and 

inform the assessment of whether the structure is reasonable and consistent with the Basin Plan. It is 

anticipated that any major changes to the model, since a previous version, should be accompanied 

with an explanation about why the change has occurred. This comparison goes to informing the 

assessment of PS 3C ‘model structure’ criteria primarily, but also impacts on all other criteria 

indirectly. 

This section also includes a comparison of model outputs, specifically flows and a water balance. 

These are standard tools for ‘sanity checking’ models. Any significant differences between the results 

indicate changes to the model (or issues) that should be explored further. 

2.1 Warrego IQQM model 
The model discussed in this section is the revised version of Warrego River IQQM model (W1601a) 

received 2015/16 from DSITI. The model includes the improvements carried out subsequent to the 

discussions with MDBA on the initial version of model.  

The Basin Plan model for Basin Plan purposes was DSITI’s ROP model 0902a (which is the 2006 ROP 

version). 

Model structure differences 
The Basin Plan model represents the Baseline Diversion Limit for the SDL resource unit, as defined in 

the Basin Plan. The Baseline Diversion Limit was originally defined using the Basin Plan model. 

DSITI propose to use the new WRP Model to represent a new BDL. It is inevitable that the updated 

model will produce different results to the BP model. This can be due to factors such as better data 

availability, improved calibration and improved understanding of the conditions that underpin the 

BDL. This will have an impact on the estimate of the BDL for the valley and potentially on the shared 

reduction amount achieved. Consequently, it is important to ensure that changes in model outputs 

(BDL estimate) to the Warrego model result from improvements to the representation of the BDL 

conditions and not to changes in definition of the BDL. 

The model has undergone numerous changes since development of the Basin Plan and the BDL 

estimate of diversions. The BP and WRP versions of the BDL model were compare and differences 

were clarified with DSITI. The changes in model structure can be categorised as follows: 

• Location of various licences was corrected (i.e. moved upstream or downstream) 

• Licences were ‘updated’ during the last Water Resource Plan, so were updated in the model 

• Commonwealth environmental water holder licence consolidation 

• Some nodes representing riparian rights and no longer required 



 

 
Murray–Darling Basin Authority  Assessment of State water resource model – Warrego            10 

• Representation of gully dams and waterholes 

The changes are either reasonable or otherwise non-material. DSITI also discuss the issue of 

modelling gully dams and waterholes in their scenario report. 

2.2 Valley-wide water balance comparison 
The valley wide water balances by the WRP and BP models for 114 years of data from July, 1895 till 

June 2009 is shown in the table below: 

Table 3: Catchment-wide water balance by the two models 

Water balance item BP (BDL) 
model 

WRP (BDL) 
model 

Inflows (GL/y) 616.14 870.3 

Diversions (GL/y) 44.72 59.2 

Losses (GL/y) * 506.25 715.8 

End of system flow at Fords 
Bridge (GL/y) 

59.15 93.05 

Balance (GL/y) (0.90) 2.12 

* The losses include the outflows to Paroo system at Yantabulla Swamp in Cuttaburra Creek and outflows to Nebine System 

in Norooma and Widgeegoara Creeks. 

The total inflows of the WRP Warrego model are more than the BP model, which is the direct result 

of the new estimates of residual inflows derived using Sacramento rainfall-runoff model. The method 

used for the derivation of stream flows using Sacramento model for the WRP version of Warrego 

River system model is significantly different to the one used in BP model. The key differences are 

discussed in DSITI, 2015. The evidence suggests that the model is an improved representation of the 

valley. 

2.3 Water balances for key reaches 
The water balance in different reaches along the main Warrego River by both WRP and BP models is 

shown in the Table 4. For this comparison the Warrego River was split into four reaches i.e. 

Augathella to Charleville, Charleville to Wyandra, Wyandra to Cunnamulla and Cunnamulla to Fords 

Bridge gauge. The comparison is for 114 years period i.e. from July 1895, till June 2009. 

Table 4 shows that the major difference between the two models is in reaches from Charleville to 

Wyandra gauge. The new WRP inflows are significantly higher than the BP inflows at Wyandra.  

Data from Ward River has allowed for an improvement to the estimation of the volumes involved. 

This is demonstrated in the improved statistical indicators and DSITI’s calibration report shows 

improvements for the match between the modelled and recorded flows, however they are still fairly 

poor for some sub catchments. A detailed assessment of the calibration for each sub-catchment and 

key indicators of model performance is presented in Appendices 1 and 3. The evidence suggests the 

increased volume is an improved estimate of BDL. 
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The estimate of BDL diversions has increased significantly downstream of Wyandra. This is most 

probably due to the increased opportunity to changes in the modelled hydrology driving more 

opportunity for the entitlements to take water. Also some licences have been relocated by DSITI to 

correct errors or due to trade. 

In all other reaches the difference between the reach inflows in two models are relatively small (i.e. 

less than 30% change). The extra inflow in Charleville to Wyandra gauge when routed through the 

system results greater estimates of flows at the Wyandra gauge and consequently this difference is 

reflected in the Wyandra to Cunnamulla river reach. However, some of these differences are reduced 

in the Cunnamulla to Fords Bridge river reach as the estimated losses in the new WRP model are 

higher. 
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Table 4: Comparison of reach-wise water balance by the two models, values in GL/y. 

River reach / Water balance item 
BP (BDL) 

model 
WRP (BDL) 

model 

Augathella (from start) to Charleville gauge 

Inflow 206.6 185.4 

Diversions 4.1 4.95 

Losses 32.2 6.4 

Flow at Charleville 170.1 178.5 

Other losses 0.2 0 

Charleville to Wyandra gauge   

Inflow 292.8 478.8 

Diversions 2.5 2.7 

Losses 40.4 63.6 

Flow at Wyandra 419.9 590.2 

Other losses 0.1 0.1 

Charleville to Wyandra to Cunnamulla gauge 

Inflow 35.1 48.3* 

Diversions 12.4 21.1** 

Losses 100.6 97.5 

Flow at Cunnamulla 342.0 516.5 

Other losses 0 0 

Cunnamulla to Fords Bridge gauge   

Inflow 21.8 31.8 

Diversions (Qld) 16.7 30.6 

Diversions (NSW) 6.9 0 

Losses 279.5 449.9 

Flow at Fords Bridge 58.2 84.8 

Other losses 2.5 1.8 

* Not including Widgeegoara Creek 

** Includes Cuttaburra Creek 
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2.4 Flows at important gauges 
The comparison of long term average simulated flows at key gauging stations along the Warrego 

River by both WRP and BP models are shown in the table below. These comparisons are for 114 

years period from July 1895 to June 2009. 

Table 5: Mean and maximum flows at key gauging stations by the two models 

 BP (BDL) model WRP (BDL) model 

Flow gauge 
Mean 
(GL/y) 

Max flow 
(GL/d) 

Date of max 
flow 

Mean 
(GL/y) 

Max flow 
(GL/d) 

Date of max 
flow 

Augathella 
GS423204A 

49.40 480.98 21/04/1990 55.62 199.94 21/04/1990 

Charleville 
GS423201A 

170.05 228.76 22/04/1990 178.49 383.85 21/03/1910 

Wyandra 
GS423203A 

419.88 337.41 23/04/1990 590.25 521.25 24/03/1910 

Cunnamulla 
GS423202 

342.00 126.39 28/04/1990 516.54 387.04 26/03/1910 

Border Barringun 
GS423004A 

69.47 24.39 02/02/2008 118.97 266.13 30/03/1910 

Fords Bridge 
GS4230012 

58.21 16.67 15/05/1990 84.8 50.01 07/04/1910 

Augathella 
GS423204A 

49.40 480.98 21/04/1990 55.62 199.94 21/04/1990 

 

The flows simulated by both models up to Charleville gauge are similar, but after that the flows 

predicted by the WRP model are higher than the BP model. The differences are quite significant at 

Wyandra and Cunnamulla gauges. These significant differences are mainly due to the revised 

Sacramento generated residual inflows and application of data modification module (DMM). The 

DMM flow adjustment process is described in DSITI’s scenario report. 

  



 

 
Murray–Darling Basin Authority  Assessment of State water resource model – Warrego            14 

2.5 End of system flow comparison 
The Fords Bridge gauge (GS4230012) is the last gauge of the Warrego River System model, at which 

the transfer of flow takes place from Warrego to the Barwon Darling model.  

The river reach starts at the Barringun gauge and terminates at the Fords Bridge gauge. The 

comparison of key statistics of estimated flows at Fords Bridge gauge by both WRP and BP models is 

shown in the table below. The graphical comparison of estimated annual flows by the two models is 

shown in the figure. This graph shows the significant differences in flows predicted by two models in 

different years. 

Table 6: The statistics of WRP and BP modelled flows at Fords Bridge gauge from July 1895 till June 2009. 

Measure 
BP (BDL) 

model 
WRP (BDL) 

model 

Mean (GL/y) 58.2 84.8 

Standard deviation (ML/d) 613 880 

Volume (GL) 6,744 9,664 

Skewness 10.8 20.2 

Maximum Flow (GL/d) 16.7 50.0 

Date of maximum flow 15/05/1990 07/04/1910 

 

 

Figure 1: Comparison of annual simulated flows at Fords Bridge gauge by WRP and BP models 

The calibration period of Barringun to Fords Bridge gauge reach is from June 1993 to June 2011. The 

graph shows a greater difference between WRP and BP flows prior to 1980 and a comparatively 

better agreement between the two flows after 1980. Another noticeable difference is that prior to 
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1980 the WRP model estimated flows are greater than BP flows and after 1980 it is other way around 

i.e. the Basin Plan model estimated flows are more than the WRP model estimated flows. 

The calibration of this reach was reviewed after discussions between MDBA and DSITI modellers, the 

revised calibration results are much better with coefficient of determination improving from 0.03 

(initially) to 0.55 in the revised Warrego WRP model. 

Key findings: 

DSITI has made improvements to the model that are sensible and aim to simplify and improve the 

accuracy of the system representation. Improvements to estimates of the flows, particularly in the 

Ward River, will result in a significantly different estimate of diversions under the BDL than first 

calculated for the Basin Plan. The evidence presented by DSITI in their reports suggests that the new 

estimates are reasonable and represent an improvement in model accuracy. 
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3. Assessment against 3C criteria 

3.1 Documentation and model overview 
Two technical reports were submitted with the Warrego model i.e. model calibration report (DSITI, 

2016) and the model ‘scenario report’ (DSITI, 2016). The reports, along with subsequent 

correspondence and model files, contains everything required for peer review of Basin Plan 

compliance. Overall, the report is readable and clear. 

The calibration and scenario reports provide all details about the model and to a limited extent 

compare the results with the BP model (ROP Case 0902A) in terms of diversions and flow estimates. 

The calibration report is comprehensive, outlining the details of the data, model coverage, calibration 

and validation, results and limitations. The scenario report comprehensively reports on all the 

licences that make up the total take from stream diversions. Both reports are required to cover 

criteria 1 and 3, ‘documentation’ and ‘model structure’ respectively. Together the two reports cover 

the PS 3C criteria as per the table below. 

Table 7: Coverage of the PS 3C criteria by the two reports supplied by DSITI 

Criteria 1 2 3 4 5 6 7 8 9 

Calibration report ✓ ✓ ✓ ✓ ✓     

Scenario report ✓  ✓   ✓ ✓ ✓ ✓ 

 

DSITI also provided the relevant model system files that align with their reporting. The WRP model 

run is known as W1601a and represents the BDL. The BP modelling team has verified that the model 

contains the system elements and produces the results as reported by DSITI. 

The Chapter 10 objectives are considered briefly in the scenario report. The scenario report outlines 

the model scenarios that the model is capable of and their relevance to Water Resource Plan 

development. It also covers ROP or system representation, including water allocations. A scenario 

runs to reconcile with Basin Plan requirements is presented. 

Graphical ‘report cards’ are used to demonstrate key statistical information about the model 

calibration and predictive capacity, which are a good presentation tool. Maps are provided to 

describe the catchments.  

The independent audit report of a previous IQQM model (ROP Cases 0608A & 0909A) recommended 

to use better estimates of flood plain harvesting (FPH) diversions which are still not included in the 

new WRP model (W1601a). Therefore, FPH is lumped in as loss as part of calibration. 

As the Water Sharing Plan prevents increases in the capacity of storages to capture FPH, the risk of 

increases in diversions is small. However, this cannot be verified because it is not measured. 
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Commentary regarding the current status of flood plain harvesting diversions is included in the 

separate ‘methods’ report. 

 

 

3.2 Data analysis 
The different types of data used in the Warrego model (W1601a) include data about basin division 

and dendritic structure, stream flow, climatic (rainfall and evaporation), groundwater (none in this 

case), water infrastructure information, historical surface water extraction, water allocations 

information and crop model data. A brief recap of each type of data used in the model is presented 

below. 

• The total area of the Warrego Basin is 78,830 km2 till confluence with the Darling River. The 

Warrego model accounts for 65,313 km2. For modelling purposes, the Warrego River system is 

split into reaches based on the location of major stream gauging stations. A map is provided in 

the reports. 

• Stream flow data from eleven gauges was used. Nine gauges are along the main Warrego River 

and one gauge each from Ward River and Cuttaburra Creek. Six of the nine gauges along the 

main Warrego River are located in QLD, the rest in NSW. Stream flow data for the QLD gauges 

was obtained from HYDSTRA (Kisters Pty. Ltd, 2010) while NSW stream gauging station data was 

obtained from the Department of Primary Industries Office of Water of New South Wales. Also: 

i. Note that despite the improved available data, the number of gauges and period of record 

is still fairly poor. This will severely limit the predictive capacity of the model, and the 

model results should be interpreted in this context. 

ii. It is not explicit why gauged flow data points 423003 (Warrego River at Barringun 1967-

1981) and 423202B (Warrego River at Cunnamulla 1961-1967) has not been used for any 

purpose, despite being identified as available data. DSITI do explain that gauged records 

used for calibration were chosen in consideration of the reliability and quality of record, 

and that some records were excluded on this basis. This may be the reason. 

• Rainfall daily data was obtained for the period 01/01/1889 to 30/06/2011 from the 

meteorological data stored in the SILO dataset (http://www.longpaddock.qld.gov.au/silo). This is 

a standard practice dataset for rainfall across Australia, broadly acknowledged to be the best 

data available. Cross-checking was carried out with data from 33 rainfall stations across the 

Warrego. 

Conclusion: 

Standard practice rainfall data was used to construct the model. The evaporation data used in the 

model is poor but reasonably considered to be the best available. The flow data from the nine 

major flow gauging sites used in the calibration of the model provide good coverage of the 

Warrego River. The missing periods of flow records were infilled appropriately. The limited 

historical diversion data is of concern but is considered to be the best available. 

Overall, the evidence presented in the reports supports the view that best available data is used. 



 

 
Murray–Darling Basin Authority  Assessment of State water resource model – Warrego            18 

• Daily evaporation data was obtained for the period 01/01/1889 to 30/06/2011 from the 

meteorological data stored in the SILO data drill dataset (http://www.nrm.qld.gov.au/silo). For 

evaporation the station coverage is sparse and the length of records is generally short. For 

Warrego the nearest representative evaporation station was Hermitage site in Warwick which is 

located outside of the basin in the east.  

• The evaporation dataset is likely to under-estimate the evaporation over the catchment because 

of the higher site altitude and proximity closer to the coast. 

• No groundwater data is considered in the model due to low surface and groundwater 

connectivity (CSIRO, 2007). 

• There is no major water infrastructure in the catchment. The region has limited irrigation 

development. Allan Tannock Weir near Cunnamulla supports a small amount of irrigation from 

the weir pool. Some water harvesting into on-farm storage also supports irrigation. 

• Little recorded information is available on the historical diversions and the data available is of 

low quality. The impact of this data on the quality of the calibration is probably minimal, given 

the proportion of inflows to diversions. By far the biggest limitation is the lack of information 

about flood-plain harvesting. 

 

 

3.3 Model structure 
The W1601a model represents the Warrego River System from upstream of Augathella gauge to 

Fords Bridge gauge. A clear description of the model structure in terms of node link diagram (for the 

calibration model primarily) and its spatial coverage is provided in the model documentation. The 

final reach of the Warrego River from Fords Bridge to the confluence with the Darling River was not 

modelled due to limited data. As this reach is outside the WRP area, this is not considered an issue). 

Lack of data restricted the conceptualisation of the Widgeegoara Creek to a simple ‘breakout’ from 

the Warrego River. No calibration is carried out for it. All flow into Widgeegoara is lost and is has no 

independent inflow or out-flows, despite it being a sub-catchment. Flow into Widgeegoara is implicit 

in the calibration of the other reaches. 

The availability of flow data at Binnowee gauge (Ward River), at Turra gauge (Cuttaburra Creek) and 

at the Wallen gauge (Warrego River) allowed an improved representation of these river reaches in 

the new WRP model (DSITI, 2016). 

Conclusion: 

Standard practice rainfall data was used to construct the model. The evaporation data used in the 

model is poor but reasonably considered to be the best available. The flow data from the nine 

major flow gauging sites used in the calibration of the model provide good coverage of the 

Warrego River. The missing periods of flow records were infilled appropriately. The limited 

historical diversion data is of concern but is considered to be the best available. 

Overall, the evidence presented in the reports supports the view that best available data 

is used. 
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Configuration of W1601a represents all the key components of the system, primarily 

unsupplemented entitlements and related diversion conditions. Losses are also a key structural 

feature of the model, inherent in calibrations for upstream sub-catchments or otherwise instream 

losses are calibrated using a trial and error process. Also, simple assumptions are made to account 

for the occurrence of ‘breakouts’ primarily Widgeegoara Creek. 

The model is run to represent the ‘full entitlement’ (or full utilisation in terms of take). Therefore 

only hydrological availability and the licence conditions control the access to unsupplemented 

diversions in the model.  

Water holes and gully dams used in the previous ROP model have been taken out in the WRP model 

because they were inefficient and modelled flows were not representative of the observed flow data. 

These are now lumped into the resulting calibration for the WRP model.  

DSITI provided the BP modelling team with the system files for the model, in which all the key 

features of the system are represented as per DSITI’s documentation. The model is flexible enough to 

demonstrate meeting the SDL, by negating CEWH’s full entitlement from the system. This is 

essentially a post-processing exercise. W1601a is operated over 1895-2009 consistent with the Basin 

Plan. 

For the WRP model, DSITI decided that the inclusion of Non-Licensable Storages and Waterholes 

were more likely to reduce the accuracy of the low flow calibration than to add any value, so they 

were not included (where previously included). 

In-stream use 
In the system configuration of W1601a, all entitlements are represented as diverting all the water 

available to them. This is often referred to as the ‘full entitlement’ approach.  

This approach does not represent the anticipated ‘in-stream use’ of entitlements, such as ‘sleeper 

licences’ or water held by the CEWH that will be left in-stream. The effect is that this approach does 

not represent a downstream irrigators’ increased opportunity to divert water, permitted to be taken 

by their licence conditions, which an entitlement holder upstream has not diverted (as shown in 

W1601b). The figure below highlights the issue, specifically where CEWH in-stream use occurs. 
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Figure 2: Conceptualised comparison of W1601a and W1601b 

The opportunity for some unsupplemented licence diversions to take water is defined by flow based 

licence conditions. Hence more flow past the diversion point may increase opportunity to divert 

water. 

The BP Modelling team has estimated that permitted take is 0.5 GL higher, when an ‘in-stream use’ 

assumption is applied to CEWHs entitlements in the model (W1601b), and so the water recovered is 

about 9 GL instead (not 9.5 GL as reported by DSITI).  

This issue has been discussed at length with DSITI, over the ‘assist phase’ of the WRP assessment. A 

policy judgment to manage the risk of increased diversions due to this issue may be required. 

Floodplain harvesting (FPH) 
Floodplain harvesting is not included in the model due to non-availability of floodplain diversions 

data, which was also a major limitation of the previous BP model. Independent review of the BP 

version of the model also identified the representation of floodplain harvesting (FPH) as a weakness 

in the model. The decision to remove the representation of FPH from the WRP model is not ideal and 

an approximate conceptual representation of FPH would be better than ignoring the process. As 

better data and estimates for the floodplain harvesting become available, Queensland should revisits 

the calibration and include a representation of FPH diversions. This is a major limitation and 

consequently floodplain harvesting use in the model is implicit in the ungauged inflow estimates or 

losses in the system. 

The previous 2006 ROP model (0608a) included some conceptualisation of overland flow diversions. 

The 2010 Audit Report (Bewsher 2010) noted down that the take of overland flow diversions was 

difficult to define and the simulated overland flow diversions in the BP model were not better than 

‘rough estimates’. The issue has not been resolved in the new WRP model, and subsequently DSITI 

have removed FPH from the model. The effect is that FPH use is lumped into part of the ungauged 

inflow estimates or the losses of the system. 

W1601b (simplified) 
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3.4 Calibration 
The WRP model (W1601a) is calibrated against the recorded flows at nine important flow gauges 

along the Warrego River System. The model assumes no historical diversions because little recorded 

information is available about actual diversions and the available information is of low quality. The 

diversion are included in the final model at the full development of entitlements as defined in the 

ROP. The ungauged residual inflows in the reaches are estimated using a Sacramento rainfall runoff 

model. The calibration quality varies for each reach depending upon the quality and the length of 

recorded flows at both upstream and downstream gauges. 

The information about the parameters such as recorded flow length, rainfall data, evaporation data, 

routing parameters, unaccounted difference and Sacramento model parameter values is provided in 

the calibration report for each reach. 

The calibration results are presented as statistical outputs i.e. mean values, standard deviation, skew, 

maximum flow, volume change, coefficient of determination and coefficient of efficiency values. In 

addition, modelled and actual flows are compared graphically by annual time series plots, 

exceedance plots and residual mass curves. The calibration of various flow components like low, 

medium and high flow volumes and zero flow days are also classified as excellent, good, fair, poor 

and very poor. 

Conclusion: 

The model describes the Warrego system adequately. The reports clearly indicates the spatial 

coverage of the model. The models’ system conceptualisation contains the key system 

components i.e. major river tributaries, infrastructure, entitlements (with associated conditions) 

and catchment features such as losses and breakouts. Groundwater interaction is assessed as not 

occurring, and there is no upstream hydrology to consider. Floodplain harvesting is not 

represented in the model and should be addressed appropriately elsewhere in the plan. Water 

held by CEWH is represented in the model (as a diversion in W1601a). Conceptualisation of non-

licensable storages and waterholes was removed (since the last version of the model), to improve 

model calibration. 

‘Permitted take’ is calculating assuming full development (or full entitlement taken), assuming 

that full entitlement is taken subject to applicable system rules and physical constraints. 

Therefore, the model addresses the 10.12 provisions. 

The model is flexible enough to demonstrate meeting the SDL, by defining all the entitlements in 

the system in terms of the full entitlement. The model is operated over the ‘historical period’ 

(1895-2009) consistent with the Basin Plan 10.10(4). The demonstration of meeting the SDL is 

made by totalling the valley diversions and negating those held by CEHW from the result. This 

approach ignores effects of in-stream use and the MDBA should consider the associated risks 

when evaluating the WRP. 

DSITI provided the BP modelling team with the system files for the model, in which all the key 

features of the system are represented as per DSITIs documentation. 
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Overall, the model components calibrated are clearly reported on, with periods specified for the 

calibration, and the results are appropriate. 

The calibration of the WRP model (W1601a) is considered better than BP model (0902a) primarily 

due to improvements in model structure and additional gauge data used in the calibration. This is 

reflected in the improved statistical scored for model fit and predictive performance compared to 

the calibration of the BP model. 

A brief summary of each reach calibration is presented in Appendix 1. In Appendix 2, some typical 

model behaviour and ‘calibration fit’ at key gauging stations is presented graphically. An assessment 

of the calibration of each reach using statistical indicators is presented in Appendix 3. 

The model assumes no historical diversions during the calibration period because little recorded 

information is available on historical diversions. The actual diversion data in Warrego River is a 

significant constraint in calibrating the model. The model was thus conservative and assumed no 

historical diversions occurred. This approach seems sensible at this point in time. The model included 

the water allocations at the full use of the ROP authorisations which reflect ultimate or maximum 

diversion conditions. 

The guidelines to assess the quality of the model from very poor to excellent quality indicators are 

provided i.e. very poor, poor, fair, good and excellent. The quality indicators are assessed not only for 

the whole flow range, but also for low, medium and high flow ranges. The resulting ‘report cards’ are 

very informative. 

The values of “coefficient of determination” of the individual reaches are also calculated. Two sets of 

Warrego River system IQQM models are considered, one with Sacramento inflows and the other 

with final DMM adjusted inflows. The assessment of the final inflow sequence IQQM ranged from 

‘Very poor’ to ‘Excellent’ and medium to high flow ranges are better reproduced. 

DSITI discuss each sub-catchment’s calibration in section 7.4 of their calibration report, 

acknowledging significant limitations primarily due to data availability. DSITI acknowledge serious 

limitations in predicting timing and magnitude of events, to varying degrees in each sub-catchment. 

The discussion demonstrates their understanding of the limitations and they suggest potential future 

improvements where appropriate. 

 

 

 

Conclusion: 

Error! Reference source not found. 
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3.5 Validation / Testing 
Chapter 7 of the calibration report presents the verification and testing of the Warrego WRP model 

(W1601a). The individual calibrated reaches were combined into one model to validate the ability of 

the whole model to reproduce recorded flow behaviour of the system.  

Validation on residual inflows was carried out for two reaches (Reaches 1 and 3), but only Reach 1 

had data not used over the calibration to validate with (1992-2011). Preferably, it would be good to 

use 10 years of data not used in the calibration for every sub-catchment, but until more data is 

collected this is not possible. More details are provided in Appendix 3 for the assessment of the 

model validation.  

The results are presented in terms of statistical analysis and graphs. Graphical comparisons are 

shown as flow duration and residual mass curves. The modelled flows by the DMM adjusted final 

inflow sequence are better than the purely Sacramento inflows. The quality of the final modelled 

flows in each reach depends upon the quality and length of the recorded data, but in general as a 

whole the modelled flows are satisfactory in predicting the trends and volumes of the recorded flows 

in different flow regimes. 

Visual comparison of modelled flow vs gauged flow indicate team to ensure that a reasonable fit is 

observed is provided in validation report cards. The flow timing and magnitude of flow events are 

acceptably modelled roughly. Limited data means that there is considerably uncertainty in model 

predictions and validation of model results is difficult.  

Some other non-used flow gauge data could be used to improve validation in future (i.e. 423003 and 

423202B) despite poor quality data or limitations. Given the lack of data overall, any available data 

should be seen to be a valuable resource.  

As diversion data is limited, diversions are not included in the calibration and it is not possible to 

validate the magnitude. Checks were undertaken to ensure that diversion rules defined in the ROP 

were correctly represented in the model, including: 

• Flow rules 

• Annual usage limits 

• Pump capacities 

• Any special conditions 

 

 

Conclusion: 

All reasonable avenues for validation were explored, including sub-catchment water-balance and 

full catchment water balance. The results are well documented, supported with statistical 

information and discussed in plain English. The quality of the resultant fit is often poor but is 

recognised and discussed in the reports. The calibration report indicates that little diversions data 

is available and so validation of modelled diversions is not carried out. 
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3.6 Prediction 
The Warrego River System model is constructed to run for the historical period from 01/01/1889 till 

30/06/2011, which is inclusive of 1895-2009 period required for the Bain Plan. 

The BDL estimate (0902a) is compared with the Basin Plan model estimate (W1601a) in the scenario 

report. The differences are plausible and primarily driven by the change in hydrological inputs. A 

water balance is provided in the scenario report outlining the model run comparisons. The resulting 

predicted BDL, for the take from watercourses component, is increased for the Warrego. The 

increase represents higher catchment inflows over the historical period, and as a result the WRP 

model estimates that more water is taken. 

Given the use of extra data used to calibrate the model, and the improved calibration as a result, the 

conclusion is that this model represents a better estimate of the BDL. The SDL and BDL Warrego 

River system models are, for essential purposes, the same model (W1601a). Therefore there is no 

comparison presented. The in-stream use policy issue is outstanding (discussed above in 3.3), and 

may alter the final water balance, however this is not a technical issue. 

There are no major storages in the Warrego hence there is no requirement to set initial conditions 

when the model is run. The model also does not require input from other models. 

Table 7, extracted from the Scenario report is provided below showing the comparison of the BDL 

and the estimate of the water recovery (from the reclaimed unallocated water entitlements that 

were gifted to the Commonwealth). There appears to be some rounding applied to numbers. 

 

 

Table 8: Comparison of BDL and water recovery for model runs 

Entitlement ROP 2006 (0902A) - Mean 
annual diversions (1895-
2009) 

ROP 2016 (1601A) - Mean 
annual diversions (1895-
2009) 

Total (BDL) 44.7 GL 59.0 GL 

CEWH entitlements only 7.4 GL 9.5 GL 

Total less CEWH entitlements 37.3 GL 49.5 GL 
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3.7 Sensitivity and uncertainty analysis 
The potential uncertainties and sensitivities in the model inputs are discussed in chapters 5 and 6 of 

the model calibration report while discussing the input data acquisition and calibration of the 

individual reaches.  

The sensitivity and uncertainty analyses of the model outputs are discussed in the chapters 6 and 7 

of the calibration report while discussing the calibration of individual reaches and presenting the 

modelled outputs by running the entire calibrated model. In general, the report has comprehensively 

discussed the shortcomings and uncertainties around the model input data and presented significant 

statistical and graphical analyses to discuss the sensitivities around the model outputs. Some 

uncertainties discussed in the report are: 

• The stream flow data from 9 gauging stations was used for calibration of WRP model. Other 

gauging station do exist but the quality and duration of their records were inadequate for 

modelling purposes. For future versions they may be used in the model calibration or validation 

if sufficient records will be available (despite quality issues). 

• The missing periods of the flow data were identified and excluded from the reach calibration. 

Data modification module was used to infill the missing periods in the final model run. 

• Local inflow contributions from the Widgeegoara and Noorama catchments and the Fords 

Bridge to the Darling River reach were not included in the model due to poor recorded data, 

they may be included in future versions of model if sufficient quality data becomes available. 

• The evaporation data from the Hermitage station in Warwick was used in the model calibration, 

which is outside the basin. 

• No historical diversion data was used in the model calibration due to non-availability of 

diversions data. The diversions are included in the final model at the full development level as 

per ROP. 

• No FPH data is considered in the model due to non-availability of FPH data, consequently FPH 

use is included implicitly either in residual inflows or in losses of the system. 

• The entire sub-catchment areas of assumed to contribute runoff (i.e. lumped catchment runoff 

assumption). 

Conclusion: 

 – adequate 

The BDL estimate produced by the WRP model (W1601a) is adequately compared with the Basin 

Plan estimate in the scenario report. The differences are plausible and are driven primarily by the 

change in hydrological inputs. Basic diversion information is provided in the scenario report 

outlining the model run comparisons. A satisfactory water balance in achieved that accounts for 

all inputs and outputs – i.e. there is no missing water. The results are sound despite the in-stream 

use policy issues which could require a minor alteration to the water balance at the water 
recovery estimate. 
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The limited available data means that it is not possible to separately quantify river losses, diversions, 

floodplain harvesting and ungauged inflows in all river reaches. These components could result in 

large errors in the water balance, even if the catchment outflow is acceptably modelled. Hence error 

bounds on estimates of diversions or ungauged flows or losses are expected to be high. 

 

 

3.8 Model improvements (identified by DSITI) 
The reports are missing any significant suggestions to improve the calibration in future versions of 

model. The only suggested method to improve the models is to wait for more data to get improved 

calibrations. A separate section or a list of potential improvements in the future versions of model is 

recommended to be included in the calibration report in future.  

It is anticipated that the future versions of Warrego IQQM model would be more robust, as 

additional data will be available to inform them. DSITI should also attempt to incorporate some of 

the non-used data (423003 & 423202B) despite data quality issues, perhaps in future validation. 

Some areas which need improvement in future models are: 

• The lack of actual diversion data in Warrego River is a significant constraint in calibrating the 

model. Little recorded information is available on the historical diversions and the data already 

available is of low quality. The model was thus conservative and assumed no historical 

diversions occurred. 

• Representation of flood plain harvesting. 

• Limited gauge data makes it difficult to separate residual inflows, losses, diversions and 

floodplain harvesting. 

• It is understood during discussions with DSITI modellers that the total diversions predicted by 

the Warrego model are an upper bound or maximum diversions, any future inclusion of FPH 

diversions in the model will decrease the diversions by water allocations such that net overall 

growth in modelled diversions is zero. 

• The model includes the unconverted licences. Unconverted licences are an outstanding issue 

from the last ROP model and is also unresolved in the new WRP model. 

• It is understood during discussions with DSITI that a considerable amount of data used in the 

calibration of the model is of low to medium quality which will improve overtime as additional 

data become available, it is anticipated that the future version of model will be more robust. 

Conclusion: 

The potential limitations and uncertainties are well documented in the calibration report and 

discussed in some detail. Lack of data is the key driver for these uncertainties. This is recognised 

in the reports. Uncertainty in predictions of take cannot be quantified due to lack of data. 
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3.9 Quality assurance 
The quality assurance procedures followed in the calibration of the model are discussed in chapter 8 

of the calibration report. 

The model version is reported in the introduction of the calibration report. The model and model 

runs were submitted to the BP modelling team for review, and the results have been replicated. The 

numbers reported by DSITI were replicated by the BP modelling team. On this basis, it can be 

demonstrated that the BDL/SDL model run can be repeated at a later date if required. 

 

 

3.10 Determination of Actual Take (s10.15) – if relevant 
The irrigation diversions in the model are based on the maximum level of infrastructure 

development. The flood plain harvesting diversions are not included in the model. The model may be 

used to estimate the permitted take of irrigation diversions and actual take permitted (where no 

other data exists). The surface and groundwater connectivity of the region is low and groundwater 

losses/gains are not separately modelled. All the inflows in the model are from the Basin Water 

Resources. 

DSITI has not indicated that it will use the model to estimate actual take from the watercourse. It is 

not recommended that this model be used to determine actual take. 

Conclusion: 

Model development is primarily limited by lack of data which is identified in the reports. 

However, no pathway has been presented to delivering this improvement or any other 

improvement other than waiting for more data to be collected by the existing system in place. 

Conclusion: 

The model version is reported in the introduction of the calibration report. The model and model 

runs were submitted to the BP modelling team for review. The numbers reported by DSITI were 

replicated by the BP modelling team 
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3.11 Conclusion 
DSITI has made improvements to the model that are sensible and aim to simplify and improve the 

accuracy of the system representation.  

There is one outstanding issue, a residual risk of increase of increased diversions due to ‘in-stream 

use’, which the MDBA should address in consultation with DSITI. Accreditation should not be granted 

until this issue is addressed. 

Otherwise this assessment shows that the method to determine permitted take, the Warrego WRP 

model (W1601a), meets the requirements of the Basin Plan so far as practicable.  

This has been demonstrated via an assessment as per MDBA Position Statement 3C. 

Improvements to estimates of the flows, particularly in the Ward River, will result in a significantly 

different estimate of diversions under the BDL than first calculated for the Basin Plan. This in turn, 

will alter the annual average diversions tied to entitlements acquired by the Commonwealth. In this 

case, the diversions for these entitlements increase, leading to an increase in the recovered water. 

  

Conclusion: 

The model version is reported in the introduction of the calibration report. The model and model 

runs were submitted to the BP modelling team for review. The numbers reported 

by DSITI were replicated by the BP modelling team 
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Appendix 1 – Review of Warrego 
reach calibrations 

Summary 
The following 9 reaches were considered in the calibration of the Warrego River system model. 

Table 9: Calibration reaches of the Warrego River IQQM model 

Reach No. Upstream gauge Downstream gauge 
Catchment area 

(km2) 

1 - Augathella 423204a 8,070 

2 Augathella 423204a Charleville 423201a 8,229 

3 - Binnowee 423205a 14,671 

4 Charleville 423201a Wyandra 423203a 11,895 

5 Wyandra 423203a Wallen 423206a 4,022 

6 Wallen 423206a Cunnamulla 423202c 537 

7 Cunnamulla 423202c Barringun 423004 4,681 

8 Barringun 423004 Fords Bridge 423001&2 5,123 

9 Cunnamulla 423202c Turra 423005 8,085 

Total   65,313 

 

The annual comparison of modelled and recorded flow data at some key gauging stations is provided 

in Appendix 2.  

The statistical results of the calibration of each reach are presented in Appendix 3. 

  



 

 
Murray–Darling Basin Authority  Assessment of State water resource model – Warrego            31 

Reach 1 – Upstream of Augathella 
Recorded flows at the Augathella from 01/01/1968 to 30/06/2011 were used for the calibration and 

validation in this reach with missing data of approximately 3 years (06/11/1988 to 25/10/1991). The 

inflows and losses are inherent in the recorded data due to no upstream flow gauge. 

The modelled volume change ratios are 100.9% and 68.3% for calibration and validation phases 

respectively and coefficient of determinations are 0.4 and 0.49 (Appendix 3). 

The differences between the recorded and modelled annual times series are shown in Appendix 2. 

Since Augathella is a headwater reach the inflow time series used in the final model is adjusted to 

contain the recorded data for the calibration and validation periods, which is the reason behind a 

good fit between the two curves. There is no recorded data for the years 1988-1991. 

The comparison of flows at different flow thresholds to check the model’s capability in predicting 

flows of different volumes is shown in the following table. 

Table 10: Flow frequency analysis at Augathella gauge – October 1967 to June 2011 

Augathella 

Max. 
flow 

(ML/d) 

Mean 
flow 

(ML/d) 

Number of days flow is greater than or equal to flow 
threshold (ML/d)* 

5k 10k 20k 30k 50k 80k 100k 150k 

Recorded 47,343 154 67 35 10 5 0 0 0 0 

Modelled 199,942 149 97 46 16 9 2 2 2 1 

* Record length 15,977 days 

 

From above table the trend in predicting the flows for greater number of days in the entire flow 

regime can be seen. The modelled flows above 50,000 ML/d but not recorded are due to missing 

data in the years 1988-91. 

The review of statistics of Sacramento modelling shown in tables 6.3 and 6.4 and the comparison of 

graphs shown in figures 6.2, 6.3 and 6.4 of the calibration report (DSITI, 2016) suggest that model is 

reproducing historical recorded data satisfactorily in both the calibration and validation phases. 
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Reach 2 – Augathella to Charleville 
The recorded data at the Augathella gauge used in the model is from 01/01/1967 to 30/06/2011 and 

at Charleville gauge from 13/09/1926 to 31/10/1978, which gives a common period of 11 years 

between the two stations. There are multiple periods of missing data within 11 years period 

removing which reduced the period of common data between the two gauges to 5 years 

(03/10/1967 – 01/12/1972). The 5 years data is used for the calibration of the reach and no 

validation is carried out. 

The calibrated model was used to infill and extend the inflows for the full IQQM model period 

01/01/1889 – 30/06/2011 adjusted by DMM process.  

The modelled volume change ratio is 99.96% of the recorded data and the coefficient of 

determination is 0.62 (Appendix 3). 

The differences between the recorded and modelled annual times series are shown in Appendix 2. 

The flows used in the final model are adjusted by the Data Modification Module (Appendix 1), which 

is the reason behind a good fit between the two curves. 

The comparison of flows at different flow thresholds to check the model’s capability in predicting 

flows of different volumes is shown in the following table. 

Table 11: Flow frequency analysis at Charleville gauge – September 1926 to January 1978 

Charleville 
gauge 

Max. 
flow 

(ML/d) 

Mean 
flow 

(ML/d) 

Number of days flow is greater than or equal  
to flow threshold (ML/d)* 

2k 5k 10k 20k 30k 50k 70k 80k 

Recorded 95,070 423 649 325 174 74 43 15 2 1 

Modelled 83,714 428 735 369 183 89 40 17 4 2 

* Record length 18,769 days 

 

It can be seen from the table that generally there is a trend of predicting the flows for greater 

number of days in the entire flow regime.  

The review of statistics of Sacramento modelling shown in the calibration report (DSITI, 2016) – with 

specific reference to table 6.11 and the graph shown in figure 6.7 – suggest that model is 

reproducing historical recorded flows satisfactorily.  
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Reach 3 – Upstream of Ward River at Binnowee 
This reach is calibrated first time in the model due to availability of sufficient flow record at 

Binnowee gauge in the Ward River.  

It’s a headwater reach and the inflows and losses are inherent in the data at the Binnowee gauge. 

The model was calibrated to the recorded data at the Binnowee, from 01/02/2002 to 30/06/2011. 

The full period is used for the calibration of the model and the data is broken into two periods for 

validation purpose, 01/02/2002 to 31/12/2006 and 01/01/2007 to 30/06/2011. 

The modelled volume change ratios are 100.3, 118.4 and 97.0 for the calibration and the two 

validation phases respectively and the coefficient of determinations are 0.74, 0.45 and 0.77 

(Appendix 3). 

The differences between the recorded and modelled annual times series are shown in Appendix 2. 

Since Binnowee is a headwater reach the inflows used in the final model are adjusted to contain the 

recorded data for the calibration and validation periods, which is the reason behind a good fit 

between the two curves.  

The comparison of flows at different flow thresholds to check the model’s capability in predicting 

flows of different volumes is shown in the following table. 

Table 12: Flow frequency analysis at Binnowee gauge – January 2002 to June 2011 

Binnowee gauge 

Max. 
flow 

(ML/d) 

Mean 
flow 

(ML/d) 

Number of days flow is greater than or equal  
to flow threshold (ML/d)* 

5k 10k 20k 30k 50k 80k 100k 150k 

Recorded 198,082 1,268 147 79 47 32 17 10 7 3 

Modelled 201,183 1,243 145 85 47 32 18 11 7 3 

* Record length 3,460 days 

 

It can be seen from the table that the predicted number of days for different flow thresholds are very 

close to the recorded days which, as already explained earlier is due to the reason of using the 

recorded data for the calibration and validation periods in the final model.  

The review of statistics of Sacramento modelling shown in tables 6.16, 6.17 and 6.18 and the 

comparison of graphs shown in figures 6.10, 6.11 and 6.12 of the calibration report (DSITI, 2016) 

suggest that model is reproducing historical recorded data satisfactorily in both the calibration and 

validation phases. 
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Reach 4 – Charleville to Wyandra 
The recorded data at the Charleville gauge used in the model is from 13/09/1926 to 31/01/1978 with 

multiple records of missing data and at the downstream Wyandra gauge from 27/02/1967 to 

30/06/2011. This is a residual catchment and the model was calibrated for the common data period 

between the two gauging stations, from 01/03/1967 to 27/01/1978 excluding the missing periods. 

Validation of the model was not carried out due to short available data. 

The modelled volume change ratio is around 99.96% of the recorded data and the coefficient of 

determination is 0.62 (Appendix 3). 

The differences between the recorded and modelled annual times series at Wyandra are shown in 

Appendix 2, showing a good fit of curves except in year 2000 where mismatch is due to missing 

recorded data during various times. The Sacramento flows for the calibration period used in the final 

model are adjusted by the Data Modification Module (Appendix 1), which is the reason behind a 

good fit between the two curves. 

The comparison of flows at different flow thresholds to check the model’s capability in predicting 

flows of different volumes is shown in the following table. 

Table 13: Flow frequency analysis at Wyandra gauge – March 1967 to June 2011 

Wyandra 
gauge 

Max. 
flow 

(ML/d) 

Mean 
flow 

(ML/d) 

Number of days flow is greater than or equal  
to flow threshold (ML/d)* 

5k 10k 30k 60k 100k 150k 200k 250k 300k 

Recorded 337,400 1,770 827 466 177 85 50 38 23 9 2 

Modelled 334,585 1,563 769 455 161 78 42 30 19 9 1 

* Record length 16,194 days 

 

It can be seen from the table that generally there is a trend of predicting the flows for lesser number 

of days in the entire flow regime.  

The review of statistics of Sacramento modelling shown in the calibration report (DSITI, 2016) – with 

reference to table 6.24 and the graph shown in figure 6.15 – suggest that the model is reproducing 

historical recorded flows satisfactorily. 
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Reach 5 – Wyandra to Wallen 
The recorded data at the Wyandra gauge used in the model is from 27/02/1967 to 30/06/2011 and 

at the downstream Wallen gauge from 04/11/2005 to 30/06/2011. The residual inflows were derived 

for the records of common period between the two stations from 04/11/2005 to 30/06/2011 i.e. five 

and half years of data with no periods of missing data. 

The model was calibrated for full five and half years of data, no validation is carried out due to short 

available data set. 

The volume change ratio is 100.4% of the recorded data (Appendix 3). The differences between the 

recorded and modelled annual times series at Wallen are shown in Appendix 2, showing a good fit of 

curves and explaining a high 100.4% volume change ratio. The Sacramento flows for the calibration 

period used in the final model are adjusted by the Data Modification Module (Appendix 1). 

The coefficient of determination is almost zero showing bad agreement between modelled and 

actual daily flow peaks. As per DSITI this is the best resulting calibration that could be achieved to 

maintain the timing, duration and magnitude of flow events. The 5 and half years of common data is 

the main restriction in the model capability to assess the full calibration parameters. The calibration 

will improve in future with the availability of additional records of data. 

The comparison of flows at different flow thresholds to check the model’s capability in predicting 

flows of different volumes is shown in the following table. 

Table 14: Flow frequency analysis at Wallen gauge – November 2005 to June 2011 

Wallen gauge 

Max. 
flow 

(ML/d) 

Mean 
flow 

(ML/d) 

Number of days flow is greater than or equal  
to flow threshold (ML/d)* 

5k 10k 20k 30k 50k 80k 100k 150k 

Recorded 245,465 2,734 186 109 36 19 13 12 8 5 

Modelled 244,826 2,792 187 111 38 19 12 12 10 6 

* Record length 2,065 days 

 

It can be seen from the table that generally prediction of the number of days at different flow 

thresholds are the same as recorded. 

The review of statistics of Sacramento modelling shown in table 6.30 and the graph shown in figure 

6.18 of the calibration report (DSITI, 2016) highlighted lag time issues resulting in the mismatch of 

daily flow peaks mainly due to short duration and low quality of recorded flow data. The calibration 

will improve in future as more recorded data will become available. 
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Reach 6 – Wallen to Cunnamulla 
The recorded data used in the model at the Wallen gauge is from 04/11/2005 to 30/06/2011 and at 

the downstream Cunnamulla gauge from 16/01/1992 to 30/06/2011. The residual inflows were 

derived for the records of common period between the two gauges i.e. from 04/11/2005 to 

30/06/2011, five and half years of data with no periods of missing data. 

The model was calibrated for the full five and half years of data and validation is not carried out due 

to short available data set. 

The volume change ratio is 99.93% of the recorded data (Appendix 3). The differences between the 

recorded and modelled annual times series at Cunnamulla are shown in Appendix 2, showing a good 

fit of curves and explaining a high 99.93% volume change ratio. The Sacramento flows for the 

calibration period used in the final model are adjusted by the Data Modification Module (Appendix 

1). 

The coefficient of determination is poor showing bad agreement between modelled and actual daily 

flow peaks. As per DSITI this is the best resulting calibration that could be achieved to maintain the 

timing, duration and magnitude of flow events. The 5 and half years of common data is the main 

restriction in the model capability to assess the full calibration parameters. The calibration will 

improve in future with the availability of additional records of data. 

The comparison of flows at different flow thresholds to check the model’s capability in predicting 

flows of different volumes is shown in the following table. 

Table 15: Flow frequency analysis at Cunnamulla gauge – February 1992 to June 2011 

Cunnamulla 
gauge 

Max. 
flow 

(ML/d) 

Mean 
flow 

(ML/d) 

Number of days flow is greater than or equal  
to flow threshold (ML/d)* 

1k 3k 6k 10k 15k 18k 20k 25k 

Recorded 135,892 1,380 534 340 202 113 43 25 20 4 

Modelled 150,457 1,461 608 347 207 118 43 21 19 6 

* Record length 7,081 days 

 

It can be seen from the table that generally the prediction of the number of days at different flow 

thresholds is the same as recorded, except at low flows like 2000 ML/d at which model predicts 

greater number of days. 

The review of statistics of Sacramento modelling shown in table 6.37 and the graph shown in figure 

6.21 of the calibration report (DSITI, 2016) highlighted lag time issues resulting in the mismatch of 

daily flow peaks mainly due to short duration and low quality of recorded flow data. The calibration 

will improve in future as more recorded data will become available. 
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Reach 9 – Cunnamulla to Barringun (QLD border) 
This reach has two important breakouts Cuttaburra Creek located close to Cunnamulla gauge (AMTD 

124.5 km) and the Irrara Creek which breaks out downstream of Cuttaburra Creek, just north of the 

border. The diversion relationship from Warrego River to Cuttaburra Creek is estimated by a model 

calibrated to the recorded flows at Turra in the Cuttaburra Creek. Irrara Creek does not have a 

measuring gauge site so the flow relationship in this tributary largely depends upon the local 

knowledge and observations. Consequently, 30% of the unaccounted difference calibrated for this 

reach is used to represent the inflow to the Irrara Creek. 

The recorded data used in the model at the Cunnamulla gauge is from 16/01/1992 to 30/06/2011, at 

the downstream Barringun gauge from 31/05/1993 to 30/06/2011 and at the Turra gauge, 

Cuttaburra Creek from 01/06/1993 to 30/06/2011. 

The residual inflows were derived for the period of common record between the two gauges from 

31/05/1993 to 30/06/2011 nearly 18 years of data with one period of missing data at the Barringun 

gauge, from 25/04/1997 to 27/04/1997. 

The model was calibrated for the entire 18 years data and validation of the model was not carried 

out. 

The volume change ratio is 99.93% and the coefficient of determination is 0.69 implying a good fit 

between the recorded and the modelled flows (Appendix 3). 

The differences between the recorded and modelled annual times series at Barringun are shown in 

Appendix 2, the annual flow peaks are not matched but the trends are predicted, which is basically 

due to the estimation of inflows in the Irrara Creek due to the absence of any measuring gauge. The 

Sacramento flows for the calibration period used in the final model are adjusted by the Data 

Modification Module (Appendix 1). 

The comparisons of flows at different flow thresholds to check the model’s capability in predicting 

flows of different volumes is shown in the following table. 

Table 16: Flow frequency analysis at Barringun Gauge – June 1993 to June 2011 

Barringun gauge 

Max. 
flow 

(ML/d) 

Mean 
flow 

(ML/d) 

Number of days flow is greater than or equal  
to flow threshold (ML/d)* 

1k 3k 6k 10k 15k 18k 20k 25k 

Recorded 19,556 333 435 194 73 27 13 5 0 0 

Modelled 32,936 338 421 171 76 29 15 3 2 1 

* Record length 6,605 days 

 

It can be seen from the table that generally the prediction of the number of days at different flow 

thresholds is the same as recorded. 

The review of statistics of Sacramento modelling shown in table 6.44 and the graph shown in figure 

6.24 of the calibration report (DSITI, 2016) suggest that the model is reproducing historical recorded 
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flows satisfactorily. There are some issues in predicting the annual flow volumes that can be 

improved through better estimates of flows going into Irrara Creek. 

 

Reach 11 – Barringun to Fords Bridge (NSW) 
The Irrara Creek inflow derived in the calibration of reach 9, flows back to Warrego River in this 

reach. The 50% of the flow in the Irrara Creek is lost to the environment and the remainder returns 

to the Warrego River. 

The recorded flow data at the Barringun is from 31/05/1993 to 30/06/2011 with a missing period of 

three days. The recorded flow data at the Fords Bridge gauge (423001) and the Fords Bywash gauge 

(423002) were combined to create a single flow file from 03/01/1972 to 30/06/2011. 

The residual inflows were derived for the period from 19/06/1993 to 30/06/2011 i.e. almost 18 years 

of recorded data. During the calibration period, 3 days of missing data at the upstream gauge exist 

(25/04/1997 – 27/04/1997). 

The volume change ratio is 99.98% and the coefficient of determination is 0.55 (Appendix 3). 

The difference between the annual recorded and modelled flow volumes, 1972 till 2011, is shown in 

Appendix 2 showing a reasonable fit between the two curves. The trends are predicted fairly well but 

there are some issues in predicting the annual flow volumes which are mainly due to poor estimates 

of flows entering the main river from the Irrara Creek. 

The comparison of flows at different flow thresholds to check the model’s capability in predicting 

flows of different volumes is shown in the following table. 

Table 17: Flow frequency analysis at Ford’s Bridge gauge – January 1972 to June 2011 

Ford’s Bridge 
gauge 

Max. 
flow 

(ML/d) 

Mean 
flow 

(ML/d) 

Number of days flow is greater than or equal  
to flow threshold (ML/d)* 

1k 3k 6k 10k 15k 18k 20k 25k 

Recorded 19,729 251 898 222 72 20 7 3 0 0 

Modelled 33,710 242 951 192 29 8 6 6 5 4 

* Record length 14,425 days 

 

It can be seen from the table that the prediction of the number of days is greater for lower flows 

1000 ML/d and below, and lesser for medium flows, 3000 to 10,000 ML/d. The difference between 

the flows above 20,000 ML/d is due to under-prediction of a flow event of year 1990 as shown in 

figure below. 
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Figure 3: Comparison of a daily flow event of Apr-May, 1990 at Fords Bridge gauge 

The review of statistics of Sacramento modelling shown in table 6.51 and the graph shown in figure 

6.27 of the calibration report (DSITI, 2016) suggest that the model is reproducing historical recorded 

flows satisfactorily. There are some issues in predicting the annual flow volumes that can be 

improved through better estimates of flows entering the river from Irrara Creek. 
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Reach 12 – Cuttaburra Creek Channel at Turra 
Cuttaburra Creek is a permanent tributary breakout from the Warrego River between Cunnamulla 

and Barringun. Catchment runoff feeds Cuttaburra Creek, which flows into the Yantabulla Swamp. 

This swamp which has an estimated storage capacity of 300,000 ML is estimated to overflow once 

every five to seven years. Every 15 years (on average) conditions facilitate the flow to reach the 

Paroo River System, south of Wanaaring. 

This reach is included first time in the Warrego model which was not calibrated in the 2003 study. 

The upstream inflow was generated by getting the effluent flow from the Cuttaburra Channel 

diversion node in Reach 9, for the period from 31/05/1993 to 30/06/2011. At the downstream Turra 

gauge the recorded data from 01/06/1993 – 30/06/2011 is used to calibrate the Sacramento model. 

The residual inflows were derived for the period of common record between the two gauges from 

01/06/1993 – 30/06/2011, nearly 18 years data. 

The volume change ratio is 99.96% and the coefficient of determination is low i.e. 0.18 (Appendix 3) 

implying a poor agreement between the daily recorded and the modelled data. 

The difference between the annual recorded and modelled flow volumes, 1993 till 2011, is shown in 

Appendix 2 displaying a reasonable fit between the two curves. The trends are predicted fairly well 

except in years 1999 to 2002, due to long periods of missing recorded data. 

The comparison of flows at different flow thresholds to check the model’s capability in predicting 

flows of different volumes is shown in the following table. 

Table 18: Flow frequency analysis at Turra gauge – June 1993 to June 2011 

Turra gauge 

Max. 
flow 

(ML/d) 

Mean 
flow 

(ML/d) 

Number of days flow is greater than or equal  
to flow threshold (ML/d)* 

2k 5k 10k 20k 30k 40k 50k 60k 

Recorded 62,408 549 306 157 83 33 20 15 6 1 

Modelled 62,432 562 336 174 96 34 21 18 6 2 

* Record length 6,604 days 

 

It can be seen from the table that generally the prediction of the number of days is varying 

considerably for low thresholds 10,000 ML/d and below. 

The review of statistics of Sacramento modelling shown in table 6.57 and the graph shown in figure 

6.30 of the calibration report (DSITI, 2016) highlighted lag time issues resulting in the mismatch of 

daily flow peaks mainly due to two reasons, the reach is modelled first time with no opportunity to 

confirm data or compare the model performance previously. Secondly there was no headwater 

gauge at the upstream end of reach. The calibration will improve in future as more recorded data will 

become available to evaluate model performance. 
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Appendix 2 – Model behaviour at 
key gauging stations (annual) 
 

 

 

 

 



 

 
Murray–Darling Basin Authority  Assessment of State water resource model – Warrego            42 

 

 

 

 



 

 
Murray–Darling Basin Authority  Assessment of State water resource model – Warrego            43 

 

 

 

 



 

 
Murray–Darling Basin Authority  Assessment of State water resource model – Warrego            44 

 

 

 

 



 

 
Murray–Darling Basin Authority  Assessment of State water resource model – Warrego            45 

 

 

 

 

Long periods of 

missing data due to 

which annual 

observed flows are 

low 



 

 
Murray–Darling Basin Authority  Assessment of State water resource model – Warrego            46 

Appendix 3 – Key statistics – WRP model calibration and 
validation 
Calibration 

Reach No. Period Data 
Mean 
(ML) 

Standard 
deviation 

(ML) Skew 

Maximum 
flow 
(ML) 

Volume 
change 

(%) Cd * Ce ** Comments 
Traffic 
light 1 

Reach 1: 
Upstream of 
Augathella 

01/01/1968 
– 
31/12/1987 

Recorded 93.24 737.34 15.05 19,623 
10/12/1970 

100.9 0.405 0.251 2004 model Cd was 0.48. 
Minor loss of accuracy since last version. 

 

Simulated 94.08 759.05 15.37 19,651 
09/12/1970 

Reach 2 
Augathella to 
Charleville 

03/10/1967 
– 
27/01/1978 

Recorded 293.51 2828 18.33 83,186 
28/12/1971 

99.96 0.620 0.521 2004 model Cd was 0.43. 
Improvement overall. 

 

Simulated 293.39 3114 18.53 82,172 
28/12/1971 

Reach 3 
Upstream of 
Ward River at 
Binnowee 

01/02/2002 
– 
30/06/2011 

Recorded 1,191 8223 14.54 201,183 
21/01/2008 

100.33 0.752 0.742 2004 model Cd was 0.29 – Reaches 3 & 4 
were previously lumped and Cd was 0.29. 

 

Simulated 1,195 7978 15.16 205,140 
20/01/2008 

Reach 4 
Charleville to 
Wyandra 

01/03/1967 
– 
27/01/1978 

Recorded 293.51 2828 18.33 83,186 
28/12/1971 

99.96 0.040 -0.2 Missing data made for poor calibration.  

Simulated 293.39 3114 29.53 82,172 
28/12/1971 

Reach 5 
Wyandra to 
Wallen 

04/11/2005 
– 
30/06/2011 

Recorded 120.99 631.23 10.02 10,021 
15/03/10 

100.38 0.0097 -0.783 2004 model Cd was 0.03 – Reaches 5 & 6 
were lumped. 
Residual mass balance is pretty good, the 
poor score is due to timing. 

 

Simulated 121.45 624.20 10.70 11,574 
03/03/10 
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Calibration 

Reach No. Period Data 
Mean 
(ML) 

Standard 
deviation 

(ML) Skew 

Maximum 
flow 
(ML) 

Volume 
change 

(%) Cd * Ce ** Comments 
Traffic 
light 1 

Reach 6 
Wallen to 
Cunnamulla 

04/11/2005 
– 
30/06/2011 

Recorded 93.75 738.21 12.93 16,500 
13/03/10 

99.93 0.035 -0.595 Residual mass balance is not great, and 
the poor score is also due to timing 

 

Simulated 93.75 722.81 13.55 17,262 
04/03/10 

Reach 9 
Cunnamulla to 
Barringun 

31/05/1993 
– 
30/06/2011 

Recorded 18.32 242.97 27.15 10,023 
21/01/1995 

99.93 0.693 0.646 2004 model Cd was 0.33. Good 
improvement. 

 

Simulated 18.32 247.93 29.07 11,082 
12/03/2000 

Reach 11 
Barringun to 
Fords Bridge 

19/06/1993 
– 
30/06/2011 

Recorded 26.27 191.02 10.77 4,217 
23/03/2000 

99.98 0.554 0.452 2004 model Cd was 0.26, so good 
improvement here. Some timing issue for 
large flow. 

 

Simulated 26.27 203.28 12.44 4,890 
13/03/2000 

Reach 12 
Cuttaburra Creek 
at Turra 

01/06/1993 
– 
30/06/2011 

Recorded 80.58 764.69 18.12 21,951 
18/03/2010 

99.96 0.178 -0.117 Ok residual mass balance, some issue with 
timing producing low score 

 

Simulated 80.58 737.76 16.62 20,519 
03/03/2010 

* Coefficient of determination (R2) – indicator of how well data fits the model 

** Coefficient of efficiency 
1 Traffic light review system indicators, Green = No issues, Yellow = Some issues but only minor, Red = Major issues that should be addressed. These are determined by a 

comparison of recorded and simulated statistics, and performance indicators (Cd and Ce). A red is only assigned where there is a clear issue or error with the calibration 

that may have a material impact on the final results AND where improvements can be easily achieved. 
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Calibration 

Reach No. Period Data 
Mean 
(ML) 

Standard 
deviation 

(ML) Skew 

Maximum 
flow 
(ML) 

Volume 
change 

(%) Cd * Ce ** Comments 
Traffic 
light 1 

Reach 1: 
Upstream of 
Augathella 

01/01/1968 
– 
31/12/1987 

Recorded 143 1441 19.12 48,738 
05/02/1997 

68.26 0.484 0.696 Good result considering the calibration  

Simulated 98 853 17.24 26,716 
02/02/1997 

Reach 3 
Upstream of 
Ward River at 
Binnowee 

01/02/2002 
– 
30/06/2011 

Recorded 2111 11322 10.89 201,183 
21/01/2008 

97.05 0.776 0.766 Good result though technically not a 
validation because the data was used for 
calibration. Two periods of 5 years were 
used. 

 

Simulated 2049 11120 11.32 205,140 
20/01/2008 

* Coefficient of determination (R2) – indicator of how well data fits the model 

** Coefficient of efficiency 
1 Traffic light review system indicators, Green = No issues, Yellow = Some issues but only minor, Red = Major issues that should be addressed. These are determined by a 

comparison of recorded and simulated statistics, and performance indicators (Cd and Ce). A red is only assigned where there is a clear issue or error with the calibration 

that may have a material impact on the final results AND where improvements can be easily achieved. 
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Office locations 
Adelaide  
Albury-Wodonga 
Canberra 
Goondiwindi 
Griffith 
Mildura 
Murray Bridge 
Toowoomba 

mdba.gov.au 1800 230 067 engagement@mdba.gov.au 

 

http://www.mdba.gov.au/
mailto:engagement@mdba.gov.au

