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Practice note:  
Modelling a reach 
water balance 
This practice note is one of a set developed to provide consistency 
and transparency of river system models being used within the 
Murray-Darling Basin. The notes cover modelling practices, such as 
naming conventions for folder structures, to model methods, such 
as for flow routing and residual inflow estimation, and have been 
developed through a collaboration between the MDBA, Basin 
States and CSIRO. 
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This practice note, ‘Modelling a reach water balance’ describes agreed general principles 
and gives advice on what components of the water balance should be considered during 
reach calibration, how to derive acceptable values for modelled reach water balance 
components (e.g. residual inflows) and provides links to more detailed general principles and 
documentation currently used by the MDBA and State/territory jurisdictions. 

Background 
River systems models are water balance models designed to evaluate alternative water 
management strategies or policies for water sharing. The components of the water balance 
that are important will vary between reaches and the fluxes included on a reach will be 
determined by data availability and processes that are important for water management. 
(Figure 1 shows the range of the fluxes that may need to be included in a reach water 
balance). 

 
Figure 1: Fluxes that may occur on a river reach 

In most river systems, data available to explain various components of the water balance are 
limited and may not cover the full range of conditions (e.g. the full range of climate 
variability). 

General principles 
1. The quality of available data, key catchment processes and uses of the model should 

be considered when conceptualising a reach water balance model. 
2. The Source model should contain explicit modelling of the fluxes that are important 

on the reach (while being kept as simple as is realistic). 
3. Reaches should be defined based on the location of long term gauges, intermediate 

gauges should be used to break fluxes upstream of downstream of the gauging point 
if this is considered necessary. 

4. A reach model will be a collection of models representing the different processes 
(fluxes) occurring along the reach that are important for water management. 
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5. A broad range of information (multiple lines of evidence) should be used to inform the 
development of a reach water balance model 

6. A systematic approach should be used when calibrating a reach water model, the 
calibration should focus on periods with minimum data uncertainty for the different 
model components 

7. Uncertainty should be tested by using a reliable calibration and validation procedure 
so that the model is appropriate for use in water planning and management 

8. The calibration of a reach water balance model is based on an assessment of flows 
at the downstream gauge 

9. An acceptable match to the recorded flows at the downstream gauge (defined by 
appropriate metrics) should be reported along with an assessment of how 
appropriate the model is for its intended purpose. 

Figure 2 is an example of a typical layout for a regulated river reach, with nodes representing 
known diversions and losses, a flow correction function and residual inflows on the reach 
between gauges. 

 
Figure 2: Typical layout for a regulated river reach 

Recommended high level methods 

For reach calibration 

1. Define the reach extents based on the location of long term gauging stations. 
2. Identify the key component of the water balance for that reach. 
3. Collate data for each component of the water balance. In some cases, multiple lines 

of evidence may be required. 
4. Assess the quality of the data available for calibrating the reach water balance model 

and develop a conceptual model of the system that is commensurate with the data 
availability and knowledge of the fluxes that are important for water management. 

5. Ensure that the node-link layout considers the interactions between the different 
fluxes on the reach (for example, the location of a residual inflow will impact the 
water available for water users). 

6. Determine the periods for calibration and validation for the different processes and 
fluxes. Selection of the calibration period will be based on available data and 
consideration of the range of conditions that the model may be used for prediction. 

7. Systematically determine the model parameters for different processes (e.g. routing) 
and fluxes that are explicitly modelled. 

8. Determine appropriate models for the lumped flow-loss relationship. 
9. Assess overall reach calibration. 
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Refer to Practice note ‘Estimating diversions from floodwaters (floodplain harvesting and 
overland flow take)’ for more detail related to Step 3. 

For routing calibration 

1. Routing should be undertaking using the piece-wise linear storage model (MSM 
approach), unless there is a good reason to do otherwise. 

2. Piece-wise relationships should be limited to 10 index flows. 
3. Travel time for high flow events should be set based on observed data. 
4. Relationships should be flat at the start and the end. 
5. Optimisation programs (such as FORS) can be used to determine the travel time for 

appropriate index flows. 
6. Index flows should be determined from an assessment of the rating table and cross 

section. 

Refer to Practice Note ‘Reach calibration – routing’ for more detail. 

For estimating residual inflows 

1. Residual inflows should represent the flow coming off the indirectly gauged area 
between the upstream and downstream gauge 

2. It should be set to a plausible value on a mean annual basis 
3. Figure 3 provides a useful starting point for determining if your residual inflow is 

within the plausible range 
4. The estimate of the residual inflow may need to be revised following calibration of the 

flow–loss relationship. 

 
Figure 3: Estimated annual runoff across the Murray-Darling Basin, based on Teng et al (2012) 

Refer to Practice Note ‘Reach calibration – residual inflows’ for more detail. 

For estimating the lumped flow–loss relationship 

1. The reach loss node (or nodes) should include reach losses that have not been 
explicitly modelled. 

2. A relationship between flow and loss should be developed based on periods with 
minimal inflows and extractions. 

Refer to Practice Note ‘Modelling transmission losses’ for more detail. 

  



Practice note: Modelling a reach water balance 

 
5/07/2018 D18/33226 4 

 

Companion Practice Notes 
• Estimating diversions from floodwaters (floodplain harvesting and overland flow take) 
• Reach calibration – routing 
• Reach calibration – residual inflows 
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