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ABSTRACT 

The RRR model structure was developed 25 years ago to address the limitations of the runoff 

routing models that are currently the industry standard models.  However, apart from the usage 

of the model in South Australia for some significant flood flow estimation projects there has 

been no uptake, due to the lack of knowledge of the benefits of the model and the lack of 

software to run the model.  The publication of Australian Rainfall and Runoff in 2016 (ARR 

2016) highlighted the limitations of the industry standard models such as RORB.  This paper 

will describe work that has been carried out to benchmark the performance of the RRR model 

against the RORB model, and compares the direct estimation of baseflow using the RRR model 

with baseflow extracted using the Lyne and Hollick filter.   

In benchmarking the RRR model provided an equal or better calibration fit on every catchment 

and most events examined than the RORB model with and without baseflow extraction and 

using either continuing (IL-CL) or proportion (IL-PL) loss models. The verification of the 

RORB model is difficult, as RORB does not predict baseflow.  Hence, ARR 2019 procedures 

were used to predict baseflow for the RORB model. Although the results of the verification  

were not as clear cut the RRR model  performed better for verification in most cases than the 

RORB model. 

Comparison of the baseflow extracted by the Lyne and Hollick filter for events with the 

theoretically justified RRR model indicates that in the catchments examined so far, there are 

significant differences between the two, particularly in South West Western Australia, where 

the Marrinup Brook catchment produces only one runoff process. 

INTRODUCTION 

 

The basis of runoff routing as a method of flood estimation is that the catchment can be represented by 

a conceptual model reflecting non-linear storage effects, and an input representing the rainfall excess.  

It is not to be confused with rainfall-runoff process modelling, which estimates baseflow and 

evapotranspiration losses from the catchment as well as surface runoff.  The origin of runoff routing 

can be traced back to the work of Laurenson in the 1960s (Laurenson, 1964). Laurenson developed a 
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simple runoff routing model for application on Australian catchments (the LRRM model).  There have 

been several models developed since that time including RAFTS (which uses the LRRM model as an 

input to each node) (xpsolutions, 2016), RORB (Laurenson et al, 2010), URBS (Carroll, 2012) and 

WBNM (Boyd et al, 2012).  All these models share a common modelling approach consisting of the 

division of the catchment into sub-catchments, routing of rainfall excess through a series of non-linear 

storages, and the ability to model only one runoff process as had the LRRM model. 

 

Kemp and Daniell (2016), and Kemp and Hewa (2018) described issues that have arisen from the use 

of the 1960s models included in the update of Australian Rainfall & Runoff (ARR 2016) (Ball et al, 

2016).  The identified issues include: 

• There is still no robust methodology for the determination of mean losses for rural catchments. 

• As used in these models baseflow separation does not reflect underlying physical processes and 

is subject to substantial variation depending on the approach used. 

• A methodology for continuous simulation using the runoff routing model as a basis could not 

be developed. 

 

Kemp and Daniell (2016, 2020) recommended that a new approach that  uses of an internally consistent 

multi-process model to advance Australian hydrology.  To fulfil the requirements of the new approach 

the model must have: 

• A separate set of storages representing the channel flow and the hillside processes, for each 

process occuring.  Each process can discharge to the same channel, but can be considered to 

have independent paths, and thus have different lags.  Each process must have a separate and 

semi-independent loss model, the only limitation being that total runoff cannot exceed total 

rainfall. 

• A flexible calibration procedure that allows the model to consider only the processes that are 

occuring.  The number of processes is not fixed. 

• A standard number of storages representing process lag if the lag is non-linear. 

• A means by which the effect of non-linearity can be accounted for, so that regional storage 

parameters are independent of catchment area and can be thus derived for application to 

ungauged catchments. 

 

The RRR (Rainfall Runoff Routing) model was developed in the mid-1990s to be a model that would 

address the above issues. The RRR model is fully described by Kemp (2002). It follows the structure 

of the LRRM model, but it differs from the LRRM model in that three separate processes can be 

modelled. 

 

This paper benchmarks the performance of the RRR model against the industry standard RORB model 

for application on rural catchments in the event based approach. As both RORB and RRR follow LRRM 

structure, the fundamentals of LRRM are described before the RRR is described. Subsequently, the 

benchmarking of RRR against the RORB model in calibration and verification are presented before 

concluding remarks are made. 

 

THE LRRM MODEL 

 

The LRRM (Laurenson Runoff Routing Model) was developed in the 1960s and is described by 

Laurenson (1964).  According to Laurenson, the model considers: 

• Temporal variation in rainfall excess. 

• Areal variation in rainfall excess. 

• The fact that different elements of rainfall excess pass through different amounts of storages. 

• The fact that catchment storage is distributed rather than concentrated; and 

• The fact that in general the relationship between stream discharge and catchment storage is 

nonlinear. 



 

 

The LRRM divides the catchment into sub-areas (typically 10) based on equal travel time to the 

catchment outlet (isochrones). However, it assigns a separate storage to each sub-area, and runoff from 

a sub-area is then routed through the series of downstream storages to the catchment outlet. The division 

into sub-areas and the detailed representation of travel time in the catchment allows the effects of spatial 

variation of catchment rainfall to be modelled explicitly.  All storage is assumed to occur within the 

channel system. 

 

Figure 1 Structure of the LRRM Model 

Figure 1 shows the structure of the LRRM model, showing the sub-areas and the series of ten storages 

along the channel with k representing the concentrated channel storage and P being the rainfall total for 

each sub-area.  Losses are extracted from the total rainfall, P to provide rainfall excess before entering 

the channel system.  The model uses nonlinear storages, with the relationship between discharge and 

storage in each reach being represented by a power function, as expressed by Equation 1 and Equation 

2. 

𝑆 = 𝑘(𝑞) 𝑞 
Equation 1 

 

and: 

𝑘(𝑞) = 𝐵 𝑞𝑛 
Equation 2 

 

 

Where   S is the storage volume in hour – m3/sec 

  q is the instantaneous rate of runoff in m3/sec 

  k(q) is storage delay time in hours as a function of q 

  B is a coefficient for the sub-area 

  n is a constant coefficient  

The catchment representation in the LRRM can be regarded as a linear network of ten runoff input 

nodes, ten routing links (each with a nonlinear concentrated storage) and one output node.  Laurenson 

assumed that the storage delay time for the last storage was equal to half that of the other nine, as the 

last channel length from the excess rainfall input is only half the other lengths. 

THE RRR MODEL 

 



 

 

The Model Structure 

As noted earlier, the RRR model follows the structure of the LRRM model but has ten equal sub-areas 

with ten equal linear storages representing channel flow through the catchment.  The RRR also differs 

from the LRRM model in that instead of a single rainfall excess from each sub-area being input into the 

stream channel it is assumed that multiple processes occurring in the catchment can be represented by 

a separate series of 10 equal sub-areas and 10 non-linear storages representing the hillside runoff 

processes contributing to each of the ten channel inflow points.  Each runoff process is assumed to 

follow a different path.  For each process losses are extracted from the total rainfall to provide rainfall 

excess. An initial loss (IL) is used followed by a proportional loss (PL). 

 

Each storage process path has a series of ten equal areas and ten equal storages of the form: 

 

S =  3600 𝑘𝑝 𝑄𝑚  Equation 3 

 

where S is the storage (m3) 

 kp is a dimensional empirical coefficient (related to the storage delay time) 

 Q is the outflow discharge (m3/sec) 

 m is a dimensionless exponent 

 

There will be a separate value of kp for each process, and these will be labeled by a process number.  

For example, for three processes they are labelled kp1, kp2 and kp3, and losses are labeled by process 

number also.  Each process can have an initial loss (IL1, IL2, IL3.) and a proportional loss (PL1, PL2 

and PL3). 

 

At each channel inflow point, there is a storage in the channel of the form: 

 

𝑆 = 3600 𝑘 𝑄 Equation 4 

 

where S is the storage (m3) 

 k is a dimensional empirical coefficient (related to the storage delay time) 

 Q is the outflow discharge (m3/sec) 

 

The channel storage is thus linear (storage delay time not varying with flow).  

 

Accounting for Catchment Size and Mainstream Length 

It could be expected that for rural catchments channel lag is highly correlated with the mainstream length 

of the catchment.  Indeed, for the purposes of the derivation of a regional parameter, a further variable 

representing the characteristic flood wave velocity vc is introduced.  This is related to channel lag k on the 

basis that there are ten channel reaches, and that the channel response is linear.  Equation 5 can be derived, 

allowing for the 10 channel reaches and the conversion of lag time, which is in hours. 

 

  𝑣𝑐 =  
𝑑

36𝑘
 Equation 5 

 

Where vc is the channel characteristic flood wave velocity (m/sec) 

d  is the longest flow path length (km) 

k  is the channel storage parameter (hours) 

 

The non-linearity of process storages creates a problem in that the process storage lag depends on the 

storage outflow, which is in turn dependent on the modelled catchment or node area in a link node model.  

The process storage represents the flow of water from the hillsides to the channel.  It would be expected 

that the length of the flow path to the channel would remain relatively constant, as would the inflow per 

unit length of the channel. 

 

Therefore, so that the storage parameters can be compared across catchments having different areas a new 

regional parameter is used, being the catchment characteristic lag parameter, cp, where: 



 

 

 

𝑐𝑝 =  𝑘𝑝 𝐴(𝑚−1) 
Equation 6 

 

where cp is the catchment characteristic lag parameter 

 kp is the process storage parameter for an individual node  

 A is the area of the catchment or node (km2) 

 m is the exponent in the process storage relationship 

 

There is a catchment characteristic lag parameter for each process occurring in a catchment, which are 

labelled by process number, such as cp1 and cp2 for two processes. 

 

Summary  

The RRR model fulfils the requirements of an internally consistent multi-process model as described 

by Kemp and Daniell (2016). 

 

Software for the RRR model is being developed. The RRR version 1 only allows for a single rainfall  

and flow station input and one storage and loss parameter set. Consequently, most complex catchments 

to date have been simulated within the XP-RAFTS model platform (xpsolutions, 2016).  The software 

used has no impact on the results. 

PROGRESSING THE IMPLEMENTATION OF THE RRR MODEL 

It has now been 25 years since the RRR model structure was first developed (Kemp & Daniel, 1996, 

Kemp, 2002). Yet there has been no uptake of the model, apart from the developers own research and 

application of the model to catchments, particularly in the Mount Lofty Ranges. So, work is ongoing 

towards a justification for its use in Australia.  The efficacy of Australian Rainfall & Runoff 2016 (ARR 

2016) procedures has been addressed (Kemp & Hewa, 2016), Kemp & Daniel (2018), Kemp & Daniel 

(2020).  In addition, the RRR model to further catchments outside those used in Kemp (2002) to provide 

proof that the model works in a wide range of catchments, and the RRR model has now been 

benchmarked against the industry standard RORB model. 

BENCHMARKING THE RRR MODEL AGAINST THE RORB MODEL 

Approach to Benchmarking 

During the development of the RRR model reported by Kemp (2002) verification of the model 

performance on rural catchments was carried out by calibrating the model for a number of events 

(typically 6) and using weighted average parameter values applied to independent events (also 6).  

However, although this gives an absolute measure of the performance of the model, it cannot determine 

if its performance is any better than the current industry standard, as represented by the RORB model.  

It was thus decided to benchmark the performance of the RRR model against the RORB model 

calibrated and verified using the same procedure.  Additional catchments were added to the previous 

investigation, to cover a wider range of locations and climate. 

We selected Nash-Sutcliffe Efficiency (NSE) (Nash and Sutcliffe, 1970) and peak flow ratio to assess 

the performance of the two models. The peak flow ratio is the simple ratio of the estimated to measured 

peak flow. 

The selected catchments 

Catchments were initially selected within South Australia as this was the focus of the research.  The 

chosen catchments had concurrent flow and rainfall data available to extract a sufficient number of 

events. For simplicity, the RRR model was verified where possible as a single sub-catchment, with 

uniform rainfall input.  This limited the size of the catchment, as the applicability of the single rainfall 

input can be expected to diminish with increasing catchment area.  Following examination of available 

streamflow stations four stations were selected in the Mount Lofty Ranges, all with a catchment area 

less than 40km2. 

 

Three catchments outside of South Australia were also selected.  These catchments were chosen to be 

in different climatic regions, but ideally also less than 40 km2 so that catchment area is not an influence 



 

 

on results and having a good pluviometer and flow records.  The three chosen catchments were the 

Celia Creek catchment in the Northern Territory, the Finch Hatton Creek catchment in Queensland and 

the Marrinup Brook catchment in Western Australia.  The catchment locations are shown on the 

following figures (Figures 2 and 3) and summarised in Table 1. Though all these catchments had good 

pluviometer and flow records and represented different climate zones, the catchment areas of the two 

of the selected catchments are slightly over the upper limit of 40km2.   
 

Table 1 Selected Catchments for Comparison 

Catchment name Station 

number 

State Catchment 

area  (km2) 

Station 

latitude 

Station 

longitude 

ARR 2016 

baseflow/peak 

factor 

Scott Creek at 

Scotts Bottom 

A5030502 SA 26.7 -35.10 138.68 0.034 

Echunga Creek 

upstream Mt Bold 

Reservoir 

A5030506 SA 34.3 -35.13 138.73 0.034 

Inverbrackie Creek 

at Craigbank 

A5030508 SA 8.44 -34.95 138.93 0.034 

Torrens River at 

Mount Pleasant 

A5040512 SA 25.9 -34.79 139.03 0.034 

Celia Creek 

upstream Darwin 

River Dam 

G8150151 NT 52.7 -12.91 131.05 0.092 

Finch Hatton Creek GS125006A Qld 35.7 -21.11 148.65 0.058 

Marrinup Brook 614003 WA 45.6 -32.70 15.97 0.084 
 



 

 

 

Figure 2 Location of Catchments Outside South Australia 

 

Figure 3 Location of South Australian Catchments 

Calibration and Verification Strategy 

Selection of Runoff Events 

Where possible 12 storms (six for calibration and six for validation) that produced highest flows within 

the period of record were identified and extracted for each catchment.  An exception was made for the 



 

 

Marrinup catchment in Western Australia, where only winter storms were selected. This is because 

Southwest Western Australia catchments have a significant change in response between winter and 

summer storms (Water Corporation, 2013), and choosing only winter storms ensured consistency in the 

modelling. 

Calibrating and Verifying the Models With Mean Parameter Values 

The RRR and RORB models were calibrated using a measure of the overall hydrograph fit as the 

objective function.  In the RRR model this was the minimisation of the least squares difference between 

the measured and predicted hydrographs.  In RORB it was the minimisation of the average absolute 

ordinate error, as this was available as an output at each RORB run. Consequently, the NSE of both 

RRR and RORB estimates were maximised. 

 

Once calibration has been carried out on a series of events, verification was carried out on a set of 

independent events, using weighted mean parameter values for both the storage and loss parameters. 

The error in the hydrograph fit must be normalized if the fit of different events is to be compared.  The 

weighting factor chosen was thus observed peak flow divided by the root mean square error of estimate. 

 

The weighting factor used is: 

 

𝑊𝐹 =
𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑒𝑎𝑘 𝑓𝑙𝑜𝑤

𝑅𝑜𝑜𝑡 𝑚𝑒𝑎𝑛 𝑠𝑞𝑢𝑎𝑟𝑒 𝑒𝑟𝑟𝑜𝑟
=

𝑄𝑜𝑝

√∑ (𝑞0 − 𝑞𝑐)2𝑛
1

𝑛

 

 

Equation 7 

where qo is the observed flow at each time step 

 qc is the calculated flow at the time step 

 n is the number of time steps or observations 

 Qop is the observed peak flow 

 

RORB Model – Baseflow Treatment 

 

As noted earlier, RORB is a single process model which only models surface runoff.  Therefore, the 

treatment of baseflow is an issue of significance with the RORB model calibration and verification. 

Chapter 4 of Book 5 of Australian Rainfall and Runoff recommends that where baseflow is expected to 

be a small component compared to the surface runoff, the design flood peak can be adjusted up to 

approximately 5% to make an allowance for baseflow. Catchments with a Baseflow Peak Factor less 

than 0.05 are considered suitable for this approach.  As can be observed from Table 1, Celia Creek, 

Finch Hatton Creek and Marrinup Brook have a baseflow peak factor greater than 0.05, being 0.092 

and 0.058 and 0.084 respectively.  

 

Even though for most of the catchments had low Baseflow Peak Factors, calibration of the RORB model 

was undertaken with both no baseflow extraction, and baseflow extraction using a 9 pass Lyne and 

Hollick filter (Lyne and Hollick, 1979), as recommended by Australian Rainfall & Runoff, 2016 (Ball 

et al, 2016), or for those catchments used as pilot catchments for the ARR loss modelling investigation 

the number of passes recommended in Hill et al (2013).  Most events were modelled with a 15 minute 

time step, and a Lyne and Hollick filter parameter value of 0.981, equivalent to a filter parameter pf 

0.925 for the hourly time step as recommended by ARR 2019. 

 

When baseflow was extracted before calibration of the RORB model the baseflow was added back to 

the calibrated model to produce the total hydrograph, which is then used to determine the NSE and peak 

flow ratio.  Thus, the RORB model calibrations with baseflow should be better than expected, as only 

some of the hydrograph is being modelled, and some is derived directly from the measured hydrograph.  

 

ARR 2019 procedures were used to estimate the baseflow hydrograph for the RORB verification events.  

RRR Model and Runoff Processes 

The RRR model is capable of modelling 3 runoff processes for each storm event.  In most catchments 

it has been found that 2 processes dominate, being termed baseflow and slow flow in the RRR model.  



 

 

These are equivalent to baseflow and quick (surface) flow in the RORB model.  However initial 

calibration and verification of the Marrinup Brook catchment indicated that the RRR model with a 

single process provided a better fit to verification events.  Thus, the RRR model was used with only one 

process in the Marrinup catchment. 

RESULTS 

Calibration Results 

The results are presented in the following table, with the mean values of both NSE and peak flow ratio 

as a percentage of all storms in each catchment used in calibration.  The best values are shown in bold 

in shaded cells. Also shown are the total number of events having the best result (for NSE) or the overall 

standard error (OSE) for the peak flow ratio of all events on all catchments.  The standard error is the 

standard deviation of the samples (in this case the peak flow ratios) divided by the square root of the 

number of samples.  It is a measure of the dispersion of sample means around the population mean, 

with the lower error indicating a lower spread of results. Table 2 and Table 3 show the mean NSE and 

peak flow ratio respectively for all models and catchments. 

Table 2 Calibration Results – Mean NSE of all Events 

Catchment 

name 

Number 

of events 

used 

Passes 

for 

baseflow 

extraction 

RORB with 

baseflow 

extraction, PL 

RORB 

without 

baseflow 

extraction, PL 

RORB 

without 

baseflow 

extraction, CL 

RRR 

Scott Creek  6 9 0.772 0.815 0.796 0.953 

Echunga 

Creek  

6 9 0.929 0.893 0.738 0.950 

Inverbrackie 

Creek  

6 9 0.928 0.915 0.909 0.964 

 

Torrens 

River  

6 9 0.871 0.855 0.866 0.951 

Celia Creek  6 9 0.802 0.827 0.726 0.922 

Finch 

Hatton 

Creek 

5 5 0.889 0.886 0.834 0.931 

Marrinup 

Brook 

6 9 0.949 0.922 0.798 0.949 

Total 

number of 

events with 

best result 

41  5 1 0 35 

 

Table 3 Calibration Results – Mean Peak Flow Ratio (Predicted/Measured) of all Events 

Catchment 

name 

RORB with 

baseflow extraction, 

PL 

RORB without 

baseflow 

extraction, PL 

RORB without 

baseflow 

extraction, CL 

RRR 

Scott Creek  81.3% 79.0% 88.9% 95.2% 

Echunga Creek  91.6% 90.5% 116.1% 92.5% 

Inverbrackie 

Creek  

94.2% 96.6% 101.4% 93.1% 

Torrens River  72.2% 74.2% 75.6% 85.4% 

Celia Creek  93.8% 95.8% 105.2% 101.1% 

Finch Hatton 

Creek 

77.6% 87.4% 95.5% 92.4% 

Marrinup 

Brook 

89.7% 92.1% 75.2% 89.7% 

OSE 2.46% 2.27% 3.43% 1.31% 



 

 

Total number 

of events with 

best result 

8 8 9 17 

 

Verification results 

Once the mean parameter values were determined, the models were applied to an independent set of 

events on each catchment.  For both Echunga and Inverbrackie Creeks one verification event was 

excluded for the comparison, as there was an extremely poor fit for all models for these events. Table 

4 and Table 5 show the mean NSE and peak flow ratio for all catchments and events. 

Table 4 Verification Results – Mean NSE of all Events 

Catchment 

name 

Number 

of events 

used 

RORB with 

baseflow 

extraction, 

PL 

RORB without 

baseflow 

extraction, PL 

RORB without 

baseflow 

extraction, CL 

RRR 

Scott Creek  5 0.522 0.582 -0.296 0.634 

Echunga Creek  5 -1.156 0.624 0.355 0.616 

Inverbrackie 

Creek  

5 0.815 0.799 0.677 0.824 

Torrens River  4 0.534 0.470 0.431 0.714 

Celia Creek  6 0.263 0.145 -0.239 0.430 

Finch Hatton 

Creek 

5 0.801 0.729 0.632 0.772 

Marrinup 

Brook 

6 0.670 0.704 0.075 0.949 

Total number 

of events with 

best result 

36 10 6 0 21 

 

Table 5 Verification Results – Mean Peak Flow Ratio (Predicted/Measured) of all Events 

Catchment 

name 

RORB with 

baseflow 

extraction, PL 

RORB without 

baseflow 

extraction, PL 

RORB without 

baseflow 

extraction, CL 

RRR 

Scott Creek  64.4% 60.7% 43.6% 59.4% 

Echunga Creek  158.2% 159.7% 192.0% 116.9% 

Inverbrackie 

Creek  

67.1% 92.4% 90.7% 105.6% 

Torrens River  87.7% 91.5% 95.0% 96.4% 

Celia Creek  34.8% 29.4% 18.7% 75.2% 

Finch Hatton 

Creek 

79.1% 84.8% 82.0% 75.3% 

Marrinup 

Brook 

84.4% 85.7% 113.7% 74.2% 

OSE 5.95% 8.59% 12.66% 5.71% 

Total number 

of events with 

best result 

8 7 3 17 

 

DISCUSSION 

Is the Increased Complexity of the RRR Model of Benefit? 

The RRR model is a more complex model, with more parameters than the RORB model. As it has more 

parameters it is possibly easier to get a better fit to events than the RORB model. The true test of the 

benefit of the RRR model is in the application to an independent set of events with mean parameter 



 

 

values.  In this study, emphasis was given to the best overall fit of the hydrograph, not the peak flow. It 

can be seen from Table 4 that the RRR model does indeed outperform in verification any variant of the 

RORB model, both in terms of the number of catchments with a better overall NSE, but also in the total 

number of verification events. 

 

The use of the RRR model has also given a useful insight into catchment behavior, where for the 

Marrinup catchment it has been demonstrated that in general only one runoff process occurs, being 

baseflow.  This can be seen in Table 6 that when the RRR catchment storage parameters are compared 

with mean values across the Mount Lofty Ranges catchments (Kemp, 2002). cp1 and cp2 are the two 

process storage parameters, for baseflow and slow flow processes respectively, and vc is the 

characteristic channel velocity. 

 

Table 6 Comparison of Marrinup Brook Storage Parameters with the Mount Lofty Ranges Parameters 

 cp1 cp2 vc (m/sec) 

Mount Lofty Ranges 

mean 

1.223 

(range 0.505 to 3.080) 

0.220 

(range 0.049 to 0.424) 

1.051 

(range 0.47 to 1.96) 

Marrinup Brook 1.789  1.090 

 

The Marrinup Brook single process lies within the range of the baseflow from other catchments.  

However, as the catchments in Southwest Western Australia typically have deep soils, and the 

connection to groundwater is low, it may be an interflow rather than baseflow (L. Pearce, 2021 personal 

communication, 28 June). 

Comparing Extracted and Modelled Baseflow 

Two catchments were modelled using the RRR model and the results of the baseflow prediction using 

this model compared with the baseflow extracted using the Lyne and Hollick filter. These were Spring 

Creek in Southeast Queensland (station number 422312B), having an ARR 2019 baseflow/peak factor 

of 0.033 and Finch Hatton Creek, also in Queensland (GS125006A) with a baseflow/peak factor of 

0.058. A 9-pass filter was used for Spring Creek in accordance with the ARR 2019 recommendations, 

and a 5-pass filter for Finch Hatton.  Selected event hydrographs are show in Figure 4 and Figure 5. 
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Figure 4 Comparison of RRR Modelled Baseflow and Extracted Baseflow for Spring Creek 

Events 
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Figure 5 Comparison of RRR Modelled Baseflow and Extracted Baseflow for Finch Hatton 

Events 

The events examined show a difference between the modelled and the extracted baseflow for all events.  

As examples, the RRR model baseflow is generally greater than baseflow assessed with the Lyne and 

Hollick filter for Spring Creek and less for Finch Hatton.  The efficacy of the use of the Lyne and 

Hollick filter should be questioned, where a model is available that incorporates the assessment of 

baseflow directly is available. 

Further Steps for the RRR Model 

At the moment the further development of the RRR model is limited by the lack of development of a 

link-node model that would enable more complex catchments to be modelled. The model could also be 

incorporated into a model such as the DRAINS model (Watercom, 2021), as a new hydrological model.  

Both approaches require considerable developmental input. As this paper has shown, the RRR model 

represents a considerable improvement over existing runoff routing models, and its development should 

therefore continue. 

The RRR model described here has been applied to rural catchments, but it has also been applied to 

urban catchments, with separate contributions from the Effective Impervious Area (EIA) and the 

unconnected area.  The process storage lag then becomes the time of entry to the gutter and pipe or 

channel system, with the process storage lags being the time of entry for the individual contibutions.   

As time goes by the RRR model is being applied to more rural catchments across Australia, and has 

now been benchmarked against the HEC-HMS model.  Regional parameters will  only be possible when 

software is developed and the model is in more widespread use. 
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SUMMARY 

The RRR model has been evaluated by a direct comparison with the RORB model on a series of storm 

events by calibration and then verification of the models using weighted parameter values.  This 

benchmarking of the RRR model against the industry standard RORB model has demonstrated a clear 

benefit in the use of the RRR model, that has theoretically justifiable assessement of baseflow.  The use 

of the RRR model has also demonstrated that its use could lead to a better understanding of catchment 

behaviour, for example by the finding in at least one Western Australian catchment that only baseflow 

is present in most runoff events. 

Software development is required if the RRR model is to progress to industry usage. 
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