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Ipswich City Council – Works Department 

Brief Review of Flood Frequency Analysis and 
Discharge Rating Curve for Brisbane River at 
Moggill Gauge 

1. Executive Summary  

This paper has been prepared to review the flood modelling of the Brisbane 
and Bremer Rivers in respect of the Moggill Gauge on the Brisbane River, in 
order to shed some light on an apparent anomaly between modelled and 
historic flood levels. 
 
The main outcomes of this review are summarised below: 

1.1. Hydrology 

The design peak flows are based on a flood frequency analysis for Moggill 
using an incomplete series of recorded levels, and using a rating curve (not 
included in report) to convert levels to discharges. 
 
Design hydrographs for input to MIKE11 are derived from a RAFTS model, 
calibrated for historic floods and with rainfall loss rates adjusted so that peak 
flows coincide with those from the flood frequency analysis. 
 
Some aspects of the RAFTS model parameters and inputs lead me to suspect 
that the flows are being overestimated and that too much weight has 
been given to the flood frequency analysis. 

Recommendations 

I recommend the following: 
 
� That the flood frequency analysis for Moggill be critically reviewed.  In 

order to do this, the basic data used in the analysis will need to be 
obtained from SKM, BoM or BCC as they have not been provided in the 
report.  This includes a critical review of the stage – discharge rating curve 
used to convert between water levels and flows. 

 
� That the RAFTS model design flows be recomputed, if the outcome of the 

above shows this to be necessary. 
 
� In any event, that a sensitivity analysis be undertaken to evaluate the 

sensitivity of the design hydrographs to the model parameters and to the 
design rainfall distribution (spatial and temporal), in order that some 
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assessment may be made of likely errors, in flows and subsequently in 
flood levels. 

 
� That this analysis be refined to account for the revised flood operating 

rules for Wivenhoe Dam when they become available. 

1.2 Hydraulic Modelling 

The major factor in the anomalously high 20 Year ARI flood levels in 
the Moggill to Goodna reach of the Brisbane River is undoubtedly 
the relatively high values of Manning’s n which have been adopted 
for the design runs of MIKE11. 
 
In calibrating the model, SKM found that it was necessary to use higher 
roughness values in some reaches to replicate the 1974 flood levels, than in 
the other floods, which were all substantially smaller.  This was necessary in 
order to account for head losses at the meander bends.  In the Moggill area 
the ratio of n values used to model the 1974 flood was up to twice that used 
for the smaller floods. 
 
These higher roughness values were subsequently applied to all of 
the design events, from 2 year ARI upwards. 
 
The peak flows in the 1974 flood in this reach were about 30 -35 Year ARI in 
the pre-Wivenhoe conditions of that time, but are about 100 Year ARI for 
current conditions. The result is that the model is conservative in respect 
of floods smaller than 1974, and possibly non-conservative in 
relation to larger floods. 
 
The MIKE 11 model was run with the lower roughness set and with the 20 
Year ARI design flows, in order to estimate the potential overestimation, with 
the following difference in peak water levels between 2 runs, identical except 
for the roughness parameters: 

� 1.88m for Brisbane River at Moggill; 
� 1.92m for Brisbane River at Goodna Creek confluence; and 
� 1.99m for Bremer River at David Trumpy Bridge. 

 
These are upper limits to the difference resulting from the assumed 
roughness, as the 20 year ARI would be expected to require roughness values 
intermediate between the 2 calibration sets.   
 
The current version of MIKE11 (v 2001b) has the facility to compute 
roughness as a power law function of velocity, depth or (velocity * hydraulic 
radius).  This option was not available in the version used in 1999 by SKM (v 
4.03).  Recalibration of the model using this approach (based on velocity 
head) would overcome the major problem outlined above. 
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Recommendations 

In order to improve the performance of the hydraulic model, I recommend 
the following: 
 

� convert the model to the current version of MIKE 11; 
 

� check the bridge, culvert and weir definitions and refine as 
necessary; 

 
� recalibrate the MIKE11 model using one of the functional forms for 

roughness which incorporate variations due to velocity and/or 
depth; 

 
� refine the floodplain roughness elements using the “triple zone” 

function available in M11 v2001b; 
 

� re-run the design runs with modified design discharges; 
 

� undertake sensitivity testing to identify likely error bands in 
predicted water levels; 

 
� revise the flood mapping. 
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2. Background 

This paper has been prepared in response to a request from Andrew 
Underwood to David Sargent to briefly review the flood modelling of the 
Brisbane and Bremer Rivers in respect of the Moggill Gauge on the Brisbane 
River, just downstream of the Brisbane/Bremer River confluence, in order to 
shed some light on an apparent anomaly between modelled and historic flood 
levels. This anomaly relates to small to medium level floods (up to about 20 
Year ARI).   
 
ICC is concerned that modelled flood levels in the Goodna to Moggill reach of 
the Brisbane River, in particular, are too high in this range of flood events, 
which also results in excessive backwater effects in the Bremer River up to 
One Mile Creek for these events. 

3. Approach 

The approach taken has been to consider the factors which may give rise to 
this anomaly, and how they have been dealt with in the hydrologic (RAFTS) 
and hydraulic (MIKE 11) models developed by SKM for this study. 
 
The review has been based on the SKM report and on MIKE11 model files, 
results files and some additional model runs. 
 
This paper outlines and comments on these factors, and makes 
recommendations regarding the further work which would be required to 
rectify the anomalies. 

4. Summary of Factors 

The factors influencing the modelling of floods of a given ARI, and the 
corresponding flood levels, at the Moggill Gauge fall into two categories, 
namely hydrologic and hydraulic.  The main factors are: 

4.1. Hydrologic 

 
� The adopted flow frequency relationship from the flood frequency 

analysis and the RAFTS model, and utilised in the MIKE 11 Model;  
 

� The stage discharge (rating) curve for Brisbane River at Moggill; 
 

� The relative magnitude and timing of peak flows in the Brisbane and 
Bremer Rivers; and 

 
� The assumed discharge hydrographs at the upstream boundary of the 
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hydraulic model representing Wivenhoe Dam discharge combined with 
Lockyer Creek flows. 

4.2. Hydraulic 

 
� Adopted values of hydraulic roughness (Manning’s n) from the MIKE 11 

calibration process; 
 

� Adequacy of lateral extent of modelled cross-sections at Moggill Gauge 
and in the reaches downstream; 

 
� Adequacy of modelling of hydraulic structures (bridges, culverts and 

weirs), particularly those downstream of Moggill. 
 
These are considered in the following paragraphs. 

5. Hydrologic Factors 

5.1. Flow Frequency Curve at Moggill 

The following process was followed by SKM in developing the flow 
frequency relationship for Brisbane River at Moggill, as quoted in 
Table 7.5 (page 87 of SKM’s report): 
 
a) Flood Frequency Analysis 
 

The basic data used were: 
 
� Incomplete flood level records from BoM’s flood warning gauge 

at Moggill, converted to discharge using a rating curve produced 
by SKM (from previous modelling?); 

 
� Additional floods added to the Moggill records by correlation 

with Port Office Gauge for the period prior to 1893 and between 
1983 and 1996; 

 
� Discharges below 2,000 m3/s were excluded due to tidal 

influence.  SKM noted that discharges above 10,000 m3/s are to 
be used with caution; 

 
� A flood frequency curve was derived on the adjusted data using 

a Log Pearson Type 3 distribution; 
 

� Adjustment was made to the pre-dam situation using an 
analysis by Brisbane City Council (BCC). 
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Comment: 
 
� The basic data are not included in the report, so it is not 

possible to comment on the detail of this analysis; 
 

� The results of the analysis are very dependant upon: 
� The rating curve used; 
� The statistical distribution used (Log Pearson Type 3) 

although recommended in ARR can severely overestimate 
flows particularly when used with an incomplete series, as 
in this case. 

 
� Given the importance of this relationship to the modelling in the 

Bremer River (as it sets the tailwater for the Bremer), the 
incomplete nature of the record, and its not being a flow 
measuring station, I don’t believe this should have been 
adopted as the primary relationship without further work, or at 
least by sensitivity testing. 

 
� The uncertainty in the flows as indicated by the 95% confidence 

limits are quite wide, as given in Table 7.5 and Figure 7.3) of 
SKM report (p87 and 89 respectively.).  For example, the central 
estimate of the 20 Year ARI peak flow at Moggill is 7886 m3/s, 
but the 90% confidence band (ie between the 5% and 95% 
confidence limits) is from 4668 m3/s to 13,322 m3/s.  
Incidentally, quoting such values to 4 or 5 places gives them a 
spurious precision.  Really this is saying - the best estimate is 
8,000 m3/s, and we are 90% confident that the real value lies 
between 4,500 m3/s and 13,000 m3/s. 

 
b) Stage Discharge Rating Curve 
The discharge rating curve for the Moggill Gauge location in the MiIKE 
11 model is shown in Figure 1. 
 
This curve shows a “loop” rating or hysteresis effect which is common 
in channels with flat gradients, at which the flow for a given water level 
is greater during rising water levels than it is during receding levels, as 
the corresponding water surface slopes are greater and lesser 
respectively. 
 
For example, a flow of 4,000 m3/s occurs at a stage of 11m on a rising 
flood, but at 13m on the falling limb.  Conversely, the flow at 13m 
rising is 5,400 m3/s, compared to 4,000 m3/s on a falling stage. 
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It is not known whether this effect was taken into account when 
converting observed water levels into flows. 
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Figure 1 
Discharge Rating Curve from MIKE11 for Brisbane River at 1006.250 

 

Also, if the stage-discharge curve used in the initial estimation of flows 
was from the MIKE 11 model of the Brisbane River (BCC or ICC study), 
then the flows used are not independent of the MIKE11 model, and 
depend upon the model parameters eg roughness, which as discussed 
in section 6 are not well defined. 
 

c) RAFTS modelling 
 

A comprehensive RAFTS model was developed for the Brisbane and 
Bremer River catchments and was calibrated using data from Jan 1974, 
Jun 1983, Apr 1989, Dec 1991 (Bundamba Ck only) and May 1996.  
Calibration included simultaneous or “in tandem” calibration of both 
RAFTS and MIKE11 models to ensure consistency between models, 
such as flows at various points, roughness and storage.  Also, an 
iterative process was necessary due to tidal and backwater influences 
at a number of the gauge locations; 

 
Model loss rates derived for the calibration events were: 

Flow m3/s 

Gauge Height 
m AHD 
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Event Peak flow at 

Moggill m3/s 
Initial Loss mm Continuing loss 

mm/hr 

1974 9,346 0 0 – 2.5 (mostly 

2.5) 

1983 1,457 0 0.4 – 2.5 

(mostly 2.5) 

1989 1,200 0 – 30 (mostly 30) 0 – 2.5 (mostly 
2.5) 

1996 2,792 100 - 150 0.8 – 2.5 

 
For the design floods, the RAFTS model loss rates were modified to give 
agreement with the peak flows from the flood frequency analysis, resulting 
in the loss rates given in Table 7.10 of SKM’s report (p95) and summarised 
below: 
 

ARI 

Years 

Peak flow at 

Moggill m3/s 

Initial Loss mm Continuing loss 

mm/hr 

100 13,843 0 0.5 

50 11,145 0 1.0 

20 7,886 0 1.5 

10 5,522 25 2.5 

5 2,595 70 3.0 

2 1,187 70 3.0 
NOTE: Peak Flow/ARI relationship in this table is pre-dam construction 

 
SKM accounted for spatial variability in design rainfall by estimating the 
point rainfall at 130 locations and interpolating these to the 450 sub areas in 
the RAFTS model, as an alternative to applying a traditional areal reduction 
factor citing findings by DNR that areal reduction factors in large storms 
under cyclonic rainfalls are close to 1. 
 
Comment: 
 

� Although the RAFTS model calibration was comprehensive, there was 
no “split record” testing to validate the model ie. running the model 
with historic events not used in calibration to check on performance 
outside the range of calibration events; 

 
� The calibration values of initial loss of zero obtained in some of the 

floods are very low, and would only apply on an already saturated 
catchment (which could have been the case), the dominant value of 
continuing loss of 2.5mm/hr is typical for SE Qld and is the median 
value given in ARR. 

 
� For floods of >= 20 Year ARI, the design initial loss was zero and the 

continuing loss was reduced below that found in calibration.  Whilst 
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the initial loss varies between events, the continuing loss is more 
consistent as it represents those soil properties determining the 
infiltration rate once saturation is achieved.  Its variation from the 
median value biases the frequency relationship of rainfall frequency 
equalling runoff frequency which is inherent in rainfall-runoff event 
modelling.  The fact that these values were reduced (as initial loss 
could not be reduced further) suggests that the higher ARI flows may 
be overestimated.  SKM do not present any results of sensitivity 
testing to quantify the change in peak flows resulting from this 
modification. 

 
� Whereas historic point rainfalls used for model calibration have their 

own temporal patterns, and exhibit spatial variability, the use of an 
areal reduction factor of 98% (ie only 2% reduction) over the whole 
Brisbane River catchment together with the design temporal rainfall 
patterns from ARR, would result, I believe, in overestimation of the 
catchment rainfall and the coincidence of that rainfall, which would 
lead in turn, other factors being equal, to overestimation of the 
design flood discharges. 

 
� The combination of smaller than expected design rainfall loss 

rates, and higher than expected catchment rainfall totals, 
with the same temporal distribution throughout, would lead, 
in my view to overestimation of the design discharges. 

 
� Also, given the relatively large degree of uncertainty in respect of the 

flows determined from the flood frequency analysis, it is unclear why 
the latter were used as the primary data, and the RAFTS results 
adjusted to match, even though that results in bias to the RAFTS 
model. 

 
� I would have thought that the flood frequency analysis should have 

been critically reviewed, possibly with it being modified to match the 
RAFTS results with unbiased loss rates and spatial/temporal rainfall 
distribution, or some compromise reached between the two. 

 
� The implication of this is that the peak flows used for the 

various ARIs may be conservative, especially at the higher 
ARIs (>= 20 year ARI).   

 
� This anomaly is apparent in the flood frequency curves for Brisbane 

River at Moggill (Figure 7.8 p103), which shows a distinct bump in 
the curve between 10 and 100 Year ARIs, which is not present in any 
of the other curves (Figures 7.9 to 7.20). 
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5.2. Relative Timing of Peaks 

There is some difference between the relative timing of peaks from the 
RAFTS model derived design flows, and that in the main calibration event 
(1974 flood), but this is unlikely to be significantly affecting the flood 
frequency curves. 

5.3. Upstream Discharges at Model Boundary 

SKM have incorporated Wivenhoe and Somerset Dams into the RAFTS model 
and taken account of reservoir operation as advised by DNR in determining 
design flows. 
 
The peak flows at the upstream boundary of the Brisbane River MIKE11 
model, which represents Wivenhoe Dam outflow plus Lockyer Creek flows are 
given below: 
 

Peak Discharge (m3/s) Brisbane River at Flood Event 

Upstream Boundary Moggill Gauge 

2 Year ARI 368 584 

5 Year ARI 942 1230 

10 Year ARI 2112 2238 

20 Year ARI 5578 5283 

50 Year ARI 7147 6866 

100 Year ARI 8814 8293 

 
Comment  
 
The effect of Wivenhoe Dam operation on the design flows should be checked 
once the new operating rules are established. 

6. Hydraulic factors 

SKM developed a MIKE11 model of the Brisbane/Bremer river system for the 
modelling of design floods ranging from 2 Year ARI to PMF throughout 
Ipswich, primarily in respect of the urban areas. 
 
The model was calibrated using historic flood flow and level data from the 
major flood of 1974, and for small floods in 1983, 1989 and 1996. 
 
Design flood flows were produced using the fitted RAFTS model (see section 
5.1), and input to MIKE 11 as upstream and tributary hydrographs. 

6.1. Adopted Hydraulic Roughness 

One of the main functions of the model calibration phase is to determine 
the hydraulic roughness (Manning’s n) of the waterway.  In MIKE11 the 



Ipswich City Council   Brisbane River Modelling – Moggill Gauge 

 

 
 

In association with 
 

    
Sargent ConsultingSargent ConsultingSargent ConsultingSargent Consulting    
X:\Sargent_Consulting\2002_jobs\02015_Ipswich_Flood\M11Review\Moggill_gauge.doc 
6/17/2009 

 
 

11

roughness may be varied along and between model reaches, and between 
the river channel and floodplain (specified either horizontally or vertically). 
 
SKM’s approach was to vary the model roughness to maximise the agreement 
between modelled and observed flood levels at a number of points for which 
flood levels were recorded(or surveyed after the event).  Each reach was 
allocated a channel roughness and a floodplain roughness (defined by 
factoring up the channel roughness). 
 
SKM found that larger roughness values were necessary to replicate the 1974 
flood, than the smaller floods in some reaches.  From their Figures 6.1 to 
6.13 (following page 61), this can be seen to apply to the following reaches 
and tributaries: Brisbane River (downstream of Bremer River confluence); 
Bremer River; and Bundamba Creek. 
 
In Figures 2 and 3, these roughness values are plotted as a ratio of: 
 

Roughness for 1974 calibration: Average roughness for small floods 
 
for the channel and floodplain respectively for the Brisbane River part of the 
model only. 
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Figure 2 
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Brisbane River M11 Model 

n Ratio: 1974 calibration/other floods
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Figure 3 

These figures show: 
 

� The maximum roughness ratio between these calibration events 
was 2.0, and this occurred in the reach downstream from the 
Moggill Gauge, with a ratio of 1.85 also in the Goodna reach; and 

 
� The channel and floodplain ratios are identical. 

 
The actual values used in the Moggill to Goodna reach are shown in Figure 
4. 
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Figure 4  Model Roughness - Brisbane River Moggill to Goodna  
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SKM attributed the additional roughness to energy loss at bends, which is not 
specifically modelled in MIKE11 and has to be included by factoring the 
roughness.  Chow (1973) quotes a maximum factor of 1.3 for highly 
meandering streams.  SKM argue correctly that this bend loss increases as 
velocity increases (as a function of the velocity head) according to  
 

Hb = CL. V
2/2g 

 
Where Hb is the bend energy loss  

CL. is the energy loss coefficient and 
CL. = 2b/r where 

b = flow width and r = radius of the bend (in plan). 
 

As both b and V increase with increasing flood magnitude, a significant 
increase in head loss can occur.  SKM’s Table 6.2 (p68) compares the loss 
around one of the bends in the Brisbane River for the 1996 and 1974 floods 
and shows that the head loss would be 0.06 and 0.39m respectively.  The 
device of increasing roughness to account for this is reasonable.   
 
SKM subsequently adopted the roughness values from the 1974 flood 
calibration for all of the design events (Section 8.2 p 114), thereby biasing 
the model to floods or around that magnitude, and making the model 
conservative in respect of the smaller floods, and possibly non-
conservative in relation to floods of larger than 100 Year ARI.   
 
The small floods were in the range of 1,200 to 2,800 m3/s at Moggill, about 2 
to 5 year ARI.  Hence the 20 Year ARI would be expected to require 
roughness values between these 2 extremes. 
 
In order to try to quantify the degree of overestimation of flood levels, which 
would have resulted from the adoption of the 1974 roughness values, the 
MIKE11 model was run for 20 Year ARI existing conditions, but with the 
“small” flood roughness values.  Unfortunately, these results are not directly 
comparable to the SKM results as a more recent version of MIKE11 (version 
2001b) compared to that used by SKM (version 4.03).  This resulted in higher 
water levels probably due to changes to the hydraulic structure routines.  
Also, a number of minor errors in the model setup were identified in running 
the current version, which presumably were not apparent in version 4.03. 
 
To overcome this, the 20 Year ARI run was repeated (in version 2001b) with 
the 1974 calibration roughness values.  It was possible then to calculate the 
differences between these runs, as an indication of the differences expected 
in comparable runs of version 4.03, although it should be noted that these 
differences will not be identical. 
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The difference between peak levels for the v2001b runs was: 
 

� 1.88m for Brisbane River at Moggill; 
� 1.92m for Brisbane River at Goodna Creek confluence; and 
� 1.99m for Bremer River at David Trumpy Bridge. 

 
These are upper limits to the difference resulting from the assumed 
roughness, as the 20 year ARI would be expected to require roughness values 
intermediate between the 2 calibration sets. 

6.2. Model cross sections 

The river cross sections in the Moggill to Goodna reach were briefly reviewed 
to evaluate if their horizontal extent was adequate.  Inadequate cross-section 
extent would result in the waterway area being constrained.  Assuming that 
the largest of the calibration floods (1974) was within the modelled cross- 
sections, any inadequacy in this regard would be evident only in respect of 
floods larger than 1974, and would result in overestimation of flood levels. 
 
The brief examination of the cross sections undertaken in this review did not 
show this to be an issue. 

6.3. Hydraulic Structures 

SKM checked modelled structure (bridges, culverts and weirs) afflux predicted 
for the 1974 flood with that given by the HEC-RAS model.  This is a prudent 
approach, as HEC-RAS is generally regarded as having the best bridge 
modelling routines of any of the commercially available hydraulic model 
(although it appears that an old version of HEC-RAS was used, which didn’t 
model bridge waterway and pier geometry in detail).  The approach was to 
vary the geometry/hydraulic parameters of the structures in MIKE 11 until 
there was a good level of agreement with that obtained from the HEC_RAS 
models which were set up separately for each structure. 
 
For the Brisbane River downstream of Moggill, the total afflux in MIKE 11 (for 
1974 flood) was 1.17m compared to 1.03m in HEC-RAS (Table 6.3, p73), 
which is adding 0.14m to the estimated levels at Moggill, presumably 
compensated for by reduced roughness to achieve model calibration. 
 
The impact on this for other floods, greater and lower than the calibration 
flood is difficult to predict, as this will depend on the degree of submergence 
of each structure during the various design events. 
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6.4. Boundary Conditions 

Boundary conditions comprise 157 input flow hydrographs and one 
downstream water level hydrograph. 
 
For the design floods, the discharge hydrographs are from the appropriate 
RAFTS output, and the downstream water level, at the Brisbane River bar has 
been set at a constant value of 0.92m AHD, the mean high water spring tide 
level.   
 
The lack of a tidal component would not have a significant impact in the 
reach of interest during flood events, as the flood suppresses the tide to only 
the downstream part of the river.  
 
 SKM made model runs with 100 year storm surge (plus an allowance for the 
Greenhouse effect) of 2.5 m AHD which resulted in a maximum flood level 
increase of only 80mm within Ipswich.  This shows that flood levels in Ipswich 
are not sensitive to the downstream boundary level 
 
No problems are apparent with the Model boundary conditions.  

7. Discussion and Recommendations 

7.1 Hydrology 

My review of the hydrologic analysis and modelling suggests that design 
discharges may be overestimated for the following reasons: 
 

� In the RAFTS model, the combination of smaller than expected design 
rainfall loss rates, and higher than expected catchment rainfall totals 
(due to the lack of an areal reduction factor), with the same temporal 
distribution throughout, would lead, in my view to overestimation of 
the design discharges. 

 
� There is a relatively large degree of uncertainty in respect of the 

flows determined from the flood frequency analysis, so it is unclear 
why the latter were used as the primary data, and the RAFTS results 
adjusted to match, even though that results in bias to the RAFTS 
model. 

 
� It would have been preferable for the flood frequency analysis to 

have been critically reviewed, possibly with it being modified to match 
the RAFTS results with unbiased loss rates and spatial/temporal 
rainfall distribution, or some compromise reached between the two. 
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� The implication of this is that the peak flows used for the various 
ARIs may be conservative, especially at the higher ARIs (>= 20 year 
ARI). 

 
I recommend that the flood frequency analysis for Moggill be critically 
reviewed.  In order to do this, the basic data used in the analysis will need to 
be obtained from SKM, BoM or BCC as they have not been provided in the 
report.  This includes a critical review of the stage – discharge rating curve 
used to convert between water levels and flows. 
 
I also recommend that the RAFTS model design flows be recomputed, if the 
outcome of the above shows this to be necessary. 
 
In any event, I recommend that a sensitivity analysis be undertaken to 
evaluate the sensitivity of the design hydrographs to the model parameters 
and to the design rainfall distribution (spatial and temporal), in order that 
some assessment may be made of likely errors, in flows and subsequently in 
flood levels. 
 
I also recommend that this analysis be refined to account for the revised flood 
operating rules for Wivenhoe Dam when they become available. 

7.2. Hydraulic Model 

The critical factor in respect of the hydraulic model has been shown 
to be the choice of roughness values.   
 
The adoption of the higher roughness values derived from the 1974 flood 
calibration is reasonable in respect of the floods of similar magnitude to the 
1974 event. 
 
SKM’s argument that the “effective” roughness increases with velocity and 
flow width at major bends (see section 6.1), as this is the only way in which 
energy loss at these bends can be introduced into the MIKE11 model is 
reasonable. 
 
However, the consequences of adopting the 1974 calibration 
roughness values for all design floods are that: 
 

� for floods smaller than the 1974 event (30 – 35 Year ARI 
pre-Wivenhoe, about 100 Year ARI current conditions), 
water levels will be overestimated; and 

 
� for floods larger than the 1974 event (30 – 35 Year ARI 

pre-Wivenhoe, about 100 Year ARI current conditions), 
water levels will be underestimated. 
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The current model has a ratio between channel and floodplain roughness 
which is fixed for each reach, so if the channel roughness is doubled, for 
example, the floodplain roughness is also doubled.  This is of no consequence 
for the smaller floods which are contained within the river channel (Brisbane 
and Bremer Rivers), it further complicates the relationships for floods in which 
substantial floodplain flow occurs.  This is a second order problem compared 
to the major issue outlined above. 
 
MIKE11 (v 2001b) has the facility to compute roughness as a power 
law function of velocity, depth or (velocity * hydraulic radius).  
Recalibration of the model using this approach (based on velocity 
head) would overcome the major problem outlined above. 
 
As it will be necessary to convert the model to version 2001b to incorporate 
the above refinement, it will also be necessary to check/refine the 
bridge/culvert afflux evaluations.   
 
In respect of floodplain roughness, the methodology outlined in the previous 
paragraph can be separately applied to the floodplain, although there may be 
insufficient data on floodplain flows to enable the model to be adequately 
calibrated for the floodplain component. 
 
A further alternative would be to convert the model to a 2-dimensional model 
eg MIKE21.  This would have the advantage of being able to model the 
superelevation at bends, but the current formulation of MIKE21 is constrained 
to fixed values of Manning’s n for each grid square.  This would also be a time 
consuming and costly exercise, and is not considered to be warranted, 
considering the cost and that apart from the superelevation issue, the flow is 
essentially one-dimensional.  This option is not recommended for further 
consideration. 

 
In order to improve the performance of the hydraulic model, I 
recommend the following: 
 

� Convert the model to the current version of MIKE 11; 
 

� Check the bridge, culvert and weir definitions and refine as 
necessary; 

 
� Recalibrate the MIKE11 model using one of the functional forms for 

roughness which incorporate variations due to velocity and/or 
depth; 
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� Refine the floodplain roughness elements using the “triple zone” 
function available in M11 v2001b; 

 
� Re-run the design runs with modified design discharges; 

 
� Undertake sensitivity testing to identify likely error bands in 

predicted water levels; 
 

� Revise the flood mapping. 
 
 
 
David Sargent 
8th November 2002 
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EXECUTIVE SUMMARY 
 
This report covers the first application of the CRCFORGE and (CRC)ARF analytical 
techniques to Tropical and Sub-Tropical Regions of Australia.  These techniques are designed 
to produce catchment rainfall estimates for use in design flood estimation (modelling).  In 
Queensland and border locations, these analytical methods were applied to a large data set of 
daily rainfall stations provided by the Bureau of Meteorology. 
 
The CRCFORGE method is a regional analytical method for developing point rainfall 
estimates at rare risk levels - Annual Exceedance Probability (AEP) much less than 1%, from 
data records of less than 100 years duration on average.  The method is a development of the 
FORGE method (UK) by the Cooperative Research Centre for Catchment Hydrology. 
 
Areal Reduction Factors (ARF's) are the preferred means for converting point rainfall 
estimates to catchment rainfall estimates.  The other CRCCH partnership project successfully 
implemented in Queensland, was analysis to produce a mathematical model of ARF. 
 
In this report, the sampled rainfall data set in Queensland is defined in some detail and 
compared generally with the Victorian set.   Issues of stationarity, regional homogeneity, and 
appropriate probability distributions are resolved, and the issues of inter-site dependence are 
delineated.  Tools used and developed during these analyses and data checking are described. 
 
In both Victoria and Queensland, the raw annual maxima from the data set showed a 
correlation with the GEV distribution.  All available evidence indicates that the Queensland 
data set is stationary.  As the CRCFORGE method is more dependent on the extreme 
quantiles, there is no issue regarding split rainfall series within stations. 
 
Because of the nature of the technique, CRCFORGE represents a fresh analysis of more up-
to-date daily rainfall data for individual stations in the AEP range 1 in 50 to 1 in 100 - when 
compared with AR&R.  For these reasons, the Queensland partners have rejected the CRCCH 
recommendation to base the CRCFORGE output on the existing AR&R data for AEP 1 in 50. 
 
While there may be alternative methods of applying event independence, these were unable to 
be assessed within the resources available for the Queensland extension of the project.  
Bench-marking indicates that CRCFORGE is applicable sub-tropical areas.  The precision of 
the method indicates that the upper order of AEP produced is in the range 0.05% - 0.02%. 
 
The tangible outcomes are a set of design rainfall estimates at points, and a formula for 
generating areal reductions factors to enable transition to catchment design estimates.  These 
results are now available with tools and documentation on a CD.  The contents of the CD are 
in the public domain, at cost of production, and may be freely copied and distributed. 
 
In Summary: 
 New tools for estimating catchment design rainfall developed by the CRCCH, have been 

successfully trialled in sub-tropical Queensland, bench-marked and peer reviewed. 
 The combination of CRCFORGE/ARF allows for estimates across AEP and into the rare 

risk domain, covering most practical durations after extension using AR&R (1987) data. 
 The application of design rainfall methods (of which these techniques form a part) to 

catchments larger than 8,000 km2 is a matter for professional judgement. 
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1 BACKGROUND 
 
The Extreme Rainfall Estimation Project came from a need for improved certainty and 
accuracy in estimates of catchment design rainfalls for flood synthesis and risk analysis - 
particularly for medium to large dams. 
 
The Extreme Rainfall Estimation Project was part of an interstate partnership extending the 
development of techniques initiated by the Co-operative Research Centre for Catchment 
Hydrology (CRCCH) operating out of Monash University in Melbourne. 
 
The developments were part of broader changes in practice for catchment design rainfalls 
used in flood risk analysis.  These included a revision of Section 13 of Australian Rainfall and 
Runoff (AR&R) 1987, resulting in Book VI of AR&R 1999. 
 
The idea for the original project came from the Australian National Council on Large Dams 
(ANCOLD).  The extension in Queensland was established by a consortium of sponsors.  The 
sponsors are listed in alphabetical order below by organisational name as it stood at the time: 

 Cairns CC 

 CS EnergyDepartment of Natural Resources 
 Gladstone Area WB 
 Gold Coast CC 
 South East Queensland WB 
 Stanwell CorpTarong Energy 
 Toowoomba CC 
 Townsville/Thuringowa WB 

Specifically, the EREP project was to apply and develop the following two techniques in the 
tropical environment of Queensland and border areas: 

 CRCFORGE Design Point Rainfall Estimation 
 A modified Bell’s method for Areal Reduction Factors (ARF’s) 

 
The FORGE technique target was to estimate design point rainfalls in the range of concern for 
large dams – target range:  Annual Exceedence Probability (AEP) 1 in 5,000 to 1 in 10,000. 
 
Use of an Areal Reduction Factor based on a reliable analysis of local data is the currently 
preferred method of converting from point rainfalls to catchment average rainfalls. 
 
Previous to the new ARF method, the only options were those based on very limited, 
predominantly overseas, data analysis.  These options had largely been eschewed by 
practising professionals – erring on the side of significant conservatism. 
 



2 CRCFORGE POINT RAINFALL ESTIMATION 
 
2.1 Conceptual and Theoretical Basis of CRCFORGE  
 
The CRCFORGE method is an analytical statistical method for estimating design point 
rainfall.  The method is a development by the Cooperative Research Centre for Catchment 
Hydrology (CRCCH) of the FORGE method (UK). 

 
The idealised diagram at left shows 
that, for any given event, some 
rainfall recording stations are affected 
more than others. 
 
Therefore, if there were some 
legitimate way to pool station samples 
into an annual series, it would yield a 
more extreme series than that from 
any single station. 
 
One objection to such pooling is that 
the resulting series might include 
samples of the same event from 
different stations – dependent events. 
 
A more nagging objection is that the 
regional series would still be limited 
to the average time sample across 
individual stations. 

Figure 1 - Concept of Regional Sampling 
 
The answer to the latter objection is that, while there are seasonal cyclic influences and 
decadal trends, there is a high degree of randomness in meteorology over longer records.  This 
is the basis of conventional hydrological statistics - including fitting of series to station data. 
 
Statistically, a fair sample is a set of independent events drawn from a homogeneous, random 
super set.  An analogy is tossing a die.  These statistical concepts of independence of events 
and homogeneity of the super set are complementary – each event must be separate (a toss or 
tosses of the die), but from the same type of root cause (the nature of the die, and the toss). 
 
If one can accept that: 

 meteorological events are highly random over longer time periods, and: 
 the samples being combined come from the same type of meteorology, and 
 the samples are corrected to remove the effects of combining dependent events; 

then a regional pool can be seen statistically to represent a larger time sample or series. 
 
CRCFORGE is a regional method based on pooling the samples of events from recording 
stations across a compatible region - taking account of the potential dependence of events 
recorded at different stations.  This regional pooling allows for estimates beyond that 
normally expected based on the average length of individual station records. 
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All current hydrologic analyses rely on the premise that rainfall does not trend over long time.  
Whether or not there are trends in meteorology is referred to as an issue of stationarity. 
 
If there were proven to be recent trends of global warming, then these might best be handled 
by factoring predictions that were based on the assumption of historically stationary data. 
 
There are three pre-conditions specific to applying a regional method: 

 The stations need to be subject to the same type of meteorological cause. 
This is an issue of homogeneity of meteorology and stations in regions. 

 The data must be standardised or normalised to allow combination. 
 The annual samples from each station should not be of the same event. 

This is an issue of independence between stations and recorded events. 
 
In the case of CRCFORGE, the data is normalised within station by dividing by the Mean 
Annual Maximum for the particular duration of event being considered.  This enables the 
combination of regional data, to which the local information (mean) may then be reapplied. 
 
This concept of regional combination was used previously in the 'station year' method.  The 
fundamental differences between 'station year' and the current methods are that independence 
is taken into account, and the current method of combining limited regional information. 
 
There are two stages in the CRCFORGE process: 

 A model of inter-station dependence is fitted to the data set 
 The regional-augmented curve for a particular focal station is grown 

 
In the CRCFORGE method, the model of inter-station dependence is calibrated using average 
statistical correlation between sample pools of stations.  It is the correlation between 
normalised station annual maxima for particular durations that is assessed. 
 
The model calibration exploits a statistical property of regional partial series as shown below. 
 

Figure 2 - Property Basis for Independence Model 

 



 
For both FORGE and CRCFORGE, a curve is progressively plotted (or 'grown').  To a plot of 
the data from the focal station is successively adding data from more distant regional stations.  
Both the acronyms reflect the concept – as displayed in the diagram below. 

FOcussed Rainfall Growth Estimation. 
 

 
Figure 3 - Second Stage of FORGE 

 

Important points to note are that: 
 The focal station data is plotted conventionally (no regional data / no dependency model). 
 From each regional pool, only the largest six events are plotted. 
 
As the geographic distance increases, there is an understandable general trend to less 
dependency between larger events in any regional pool.  The degree to which this makes the 
procedure robust, or less dependent on the model, predominantly depends on regional size. 
 
While the fitting of a particular probability distribution to the plotted data is not mandatory, in 
the CRCFORGE method in Victoria the Generalised Extreme Value (GEV) had been adopted. 
 
The following key aspects in applying CRCFORGE are considered in subsequent sections: 
Stationarity 
Homogeneity 
Independence 
Probability Distribution 
Realistic Outcomes 
 



2.2 Data Scoping, Characterisation, and Checking 
 
 

 
 
In applying the methodology, 
Queensland had the benefit of quite 
a large data set of daily rainfall 
stations - provided by the Bureau 
of Meteorology (BoM).  Limited 
use was also made of the available 
digitised pluviograph stations. 
 
 
The colour contour map at left 
shows the geographic coverage of 
daily rainfall stations (blue dots) 
with more than 30 years of 
available annual maxima for events  
of 1-5 day duration. 
 
 
The geographic density of stations 
in Queensland’s remote areas is 
clearly more sparse than elsewhere. 
 

Figure 4 - Geographical Spread of Useful Data 
 
For statistical analysis, a necessary prerequisite is that there is a high degree of randomness in 
rainfall data.  Using visual inspection tools under CRCFORGE processing, 1 to 5 day duration 
annual maxima were formed from the daily rainfall BoM data sets.  The most numerous and 
reliable 1 day duration maxima, were used for determinative statistical analyses in this report. 
 
One way of examining the broad nature of the data set is to plot the number of years of 
available event maxima for each station in the selected base data set.  For Queensland, entry 
to the base data set was limited to those stations with a minimum of 30 years annual maxima. 
 
Figure 5 - Population Dynamic of Useful Data Set 
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Another way to examine the data set is by the spread of the event quantiles (individual rainfall 
events) across the stations.  The data  is normalised within stations by dividing by the Mean 
Annual Maxima, and then the number of quantiles within ranges determined. 
 

Figure 6 - Quantile Spread of Useful Data Set 
 
One can readily see that any potential regional series will show a 'long tail' - a very small 
percentage by number, will form a high percentage by normalised quantile.  As indicated 
above, the CRCFORGE method is highly dependent on the larger regional quantiles. 
 
These population characteristics established the numbers for 'in station' raw data checking.  
The top 250 events from stations with more than 30 years of annual maxima were 
supplemented with the top 50 events from 5 nominal geographic regions – making a total of 
324.  Also data suspect because of its neat coincidence to whole unit numbers were identified. 
 
These events were then subject to comparison across nearby stations and within station.  The 
99 events still suspect were then subjected to further checking: 

 The original manual recording sheets were pulled for all events and checked 
 Opinion on suspect events was sought from BoM. 
 All available digitised pluviograph data was obtained. 
 Finally, surface fitting of rainfall events surrounding the suspect events was conducted 

in Arcview / Spatial Analyst (GIS) using daily and pluviograph data. 
 
Of the suspect 99 events – in a pool of 147,165 events across the database, 32 were rejected.  
They were rejected from all event durations to which they had contributed. 
 
2.3 Probability Distributions – Statistical Insights to the Data Set 
 
In statistical terms, a fair sample is a set of independent events drawn from a homogeneous 
pool.  In the first instance, we make the assumption that the whole Queensland data set is 
affected by the same meteorological system. 
 
Statistical parameters are calculated to determine the form of a fair sample, by its: 

 Central tendency - mean or median 
 Degree of scatter – standard deviation or variance 
 The shape of that scatter – skewness and kurtosis 

 



Statistical parameters are often used to determine which distribution may be best applied to a 
random data set.  Probability distributions may be thought of as mathematical models of 
randomness patterns in reality.  Tests specifically addressing the randomness of these data 
samples and the homogeneity of the data set, are examined in the following sections. 
 
L-moment statistics differ from the conventional statistics.  Conventional statistics obtain the 
deviation and shape about the central tendency by using powers of the differences between 
the central tendency and other quantiles – a 'least squares' technique.  L-moments determine 
the deviation and shape by using linear combinations of differences between all quantiles, to 
obtain information with a similar meaning.  Because powers have not been used in the 
calculation, the parameter assessments are less biased to the large quantiles. 
 
In the diagrams below, each point plotted represents the relevant shape parameters of the data 
sample contained within a single station.  The first diagram is the actual Queensland data set.  
The family curves for four distributions – Generalised Extreme Value, Pearson 3, Generalised 
Pareto, and Generalised Logistic are also plotted.  Note that any one point on a family curve 
represents a set of parameters for a particular distribution of that type. 

 
 
The scatter of stations is about 
a point (almost circular if the 
data is plotted on equal scales).  
This suggests that the best fit 
distribution for the potential 
regional pool would be GEV. 
 
This result is supported by 
results from Monte Carlo 
methods.  Routines were 
commissioned to estimate best-
fit parameters from real data 
sets for all four distributions, 
and to generate synthetic data 
sets.  The generation algorithm 
was transformation using the 
Matalas multi-site method. 
 
The synthetic data set shown at 
left was generated to be of the 
same shape and size (number of 
stations and average events per 
station) - using GEV parameters 
fitted from the real data set.  
Note the similarity of scatter for 
the purely random, synthetic 
GEV set of station data. 
 

Figure 7 - L-Moment Plots 

2.4 Stationarity – 
Checking Time 

 

 



Trends in Station Samples 
 
While there are irregular short term cycles in rainfall data sets (about ten year), the existence 
of long-term trends would contraindicate the use of conventional statistical methods of 
analysis.  This is because a trend obviates the basic premise of an approximate randomness. 
 
The tools supplied by the CRCCH to test the databases for stationarity were routines based on 
the Mann-Kendall rank correlation, and the CUSUM technique by McGilchrist and Woodyer.  
These were designed to be applied to the annual maxima for individual stations. 
 
When applied to the Queensland data set of stations (more than 30 years of annual maxima): 
 Mann-Kendall rejected 172 out of 2,444 stations (7 %) at the 5% confidence limit, and 
 CUSUM rejected 194 out of 2,444 stations (8 %) at the 5% confidence limit. 

(Interestingly, only 58 stations - less than 1/3, were common to both reject lists.) 
 
When applied to the GEV-distributed synthetic data set of similar shape and parameters: 
 Mann-Kendall rejected 116 out of 2,400 stations (5 %) at the 5% confidence limit, and 
 CUSUM rejected 113 out of 2,400 stations (5 %) at the 5% confidence limit. 

(Again, only 33 synthetic stations - less than 1/3, were common to both reject lists.) 
 
As a synthetic (Monte Carlo) data set is created as random as possible, there is no real trend in 
the generated data set – only apparent trend in a particular random sample. 
 
Suspect real station data was also visually inspected. A set of stations was formed consisting 
of those that failed either stationarity test by more than 30% of the nominal test parameter (62 
stations).  Where a plot of the annual maxima might have suggested a trend, the plot of the 
whole data set consistently disputed such a trend.  A typical example is below. 
 
Figure 8 - Plot of All Daily Data for a Test Station 

 

 



 
This latter evidence suggests that annual maxima may not be the best indicator of general time 
trends in rainfall.  While there may be alternatives to using annual maxima to determine 
independence between stations, this could not be tested within the resources for this project. 
 
CSIRO analysis of the national rainfall records by Hennessy, Suppiah and Page (1998) using 
the Kendall-Tau test, suggested that in Queensland there was a small non-significant increase 
in annual total rainfall and no significant change in heavy rainfall indices. 
 
Taking all this evidence together, it was concluded that the data set for Queensland is 
stationary within the limits of the current technology and length of record available.  There 
may well have been relatively recent trends due to global warming or whatever. 
 
 
2.5 Homogeneity for Queensland Regions – Meteorology vs Statistics 
 
The fundamental premise of any statistical analysis is a high degree of randomness and the 
sampling of independent events.  In a regional analysis, the aim of the technique is to combine 
data caused by the same type of meteorology into a type of mathematical model. 
 
The data for combination should be independent - ie. not from the same meteorological event.  
The issue of common type of root cause (ie. type of meteorology) is called homogeneity. 
 
Two sets of packaged tests were supplied by CRCCH as tools for testing regional 
homogeneity.  The tests attributed to Hoskings and Wallis (1993) were acknowledged by 
project partners as being more stringent than those by Lu and Stedinger (1992). 
 
In their paper, Hoskings and Wallis had postulated that the distances on an L-Moment 
diagram between real and simulated average parameters were normally distributed and the 
routines tested for coherence at a Gaussian 5% or 10% confidence level. 
 
The packaged set of tests by Hoskings and Wallis (using the method of L-Moments) 
contained three tests (in order of increasing stringency): 
 Between real and simulated averages of L-Skewness/L-Kurtosis  
 Between real and simulated averages of L-CV/L-Skewness  
 Between real and simulated (group) standard deviations of L-CV 
 
The reader is reminded of the meanings ascribed to conventional and L-moment parameters: 

 CV (Coifficient of Variation) –  a measure of scatter of the whole sample range 
 Skewness –  a measure of where in the sample range the central tendency is located 
 Kurtosis –  a measure of how concentrated or peaked is the central tendency 

 
In Victoria, decisions relating to homogeneity were based on L-moment statistics of 1-3 day 
duration events from all stations having more than 60 years of annual maxima.  In 
Queensland, decisions relating to homogeneity were based on L-moment statistics of 1 day 
duration events from all stations having more than 30 years of annual maxima. 
 
Although the Victorian data set of stations having more than 60 years of maxima did not pass 
all Hoskings and Wallace tests, the CRCCH held the view that their data set was sufficiently 
homogeneous for application of the CRCFORGE analysis methods. 



In Queensland, in order to clarify the Hoskings and Wallace results, L-moment parameters 
were displayed spatially using the GIS package Arcview.  No significant trend was found for 
L-Skewness or L-Kurtosis, but a definite spatial trend was found for L-CV. 
 
Each of the following plots is a colour-coded display of one parameter for all stations.  Each 
colour represents a particular range of value of the parameter being displayed.  Using these 
methods, Queensland was divided by trial and error into 8 nominal regions –  such that only 2 
regions failed the most stringent Hoskings and Wallis L-CV test at the 5% level. 
 

 

 

Figure 9 - GIS Display of L-Moment Parameters (for Regions) 
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There may be a difference between meteorological homogeneity – rainfall from 
predominantly the same type of cause; and statistical homogeneity – the ability to fit the one 
mathematical distribution to a set of rainfall recordings.  In this context, 'one distribution' 
means an example from a type of distribution (form of equation) thought to apply to the case. 
 
The words 'nominal regions' were used earlier because the Lcv parameter is a measure of data 
scatter (within station).  According to these tests, it is possible to group stations in Western 
Queensland with those on the Northern Coast to make a statistically homogeneous region – 
that successfully meets all of the most stringent (best practice) statistical tests.  However, it is 
not feasible to generate a set of (smaller) regions where all regions meet all tests individually. 
 
There is no reason to suggest that more geographically distant stations will be more 
meteorologically homogeneous.  Conversely, there is every reason to believe that 
geographically nearer stations may be more meteorologically homogeneous. 
 
For these reasons, the evidence contradicts the use of sample scatter for determining 
meteorological homogeneity.  The remaining statistical parameters lend support to the 
proposition that the whole data set in Queensland is meteorologically homogeneous. 
 
While the evidence is not conclusive on meteorological homogeneity for the whole 
Queensland data set, the nominal regions selected are as statistically homogeneous as it is 
reasonable to achieve with available data and current tools.  More importantly, as explored 
next, the CRCFORGE technique mandates its own view of homogeneity of the data set. 
 
 
2.6 Homogeneity for CRCFORGE - Sensitivity Testing of Regions 
 
To determine whether a regional division was necessary in Queensland, sensitivity testing of 
CRCFORGE outcomes was conducted with different regions or no regions.  The effect of 
regions on (1) the dependence modelling step and (2) the FORGE step was tested separately. 
 
To test the effect of the data set via the dependence model (1), three geographically diverse 
sub-regions were chosen and two stations were chosen from each.  Outcomes for the 'whole-
of-Queensland' model was slightly conservative in comparison with one tested sub-region. 
 
To test the effect of the data set via the FORGE step (2), two Northern regions were used– a 
superset containing both the coast and tableland, and subset with only the coast.  The superset 
(including tableland stations) resulted in a significant reduction in FORGE estimates. 
 
The outcomes of the sensitivity testing suggest that the FORGE step is quite dependent on the 
degree of scatter in the regional data set.  This is not unexpected. 
 
The fact that the FORGE step selects only the top six events in each regional pool, also 
removes the concern regarding the application of the method to tropical areas where there are 
multiple event mechanisms and potentially dual series at recording stations. 
 
As the FORGE step uses only large regional events and only uses the focal station to tie the 
bottom end of the final curve, any secondary (lesser) series that might appear in the station 
data will not be represented in the final (regionally-augmented) curve. 



 
2.7 Realistic AEP Limits for CRCFORGE Design Estimates 
 
In testing the CRCFORGE method in Victoria, the CRCCH (1997) estimated the confidence 
limits of the output based purely on the likely Gaussian variation in the dependency model 
and the curve fitting procedure.  The estimated error was less than 5% at AEP of 1 in 2,000.  
Subjective support for this finding was provided by inspection of all curves in Queensland. 
 
It would be of benefit to have a viable alternative regional analysis method– even if this 
method were not sufficiently proven to be a benchmark for the current work.  Preparatory 
work was conducted by McConachy (1996) for the CRCCH using Schaefer's method, but a 
full comparison with CRCFORGE outcomes was not performed. 
 
In the absence of any better confidence estimates - and not having the resources to develop 
alternative methods, the writer examined the key issue of believability of the proposition that 
real (nominally random) data sets of the size and shape of Queensland and Victoria, might 
produce events that could be plotted at the order of 1 in 5,000 AEP. 
 
 

 
 
The real example at 
left, shows the 
common behaviour 
of the plots for 
successive data 
pools in the second 
part of the method – 
where an outlier 
occurs at the focal 
station. 
 
 
Note that the 
process of 
incorporating 
regional data 
returns the outlier to 
the estimated 
distribution. 
 
 
 
 
 
 

Figure 10 - Example of Real Station Plot, Stage 2 CRCFORGE 

 

REAL DATA 



 
 

 
 
 
 
The example at left 
is a synthetic 
station drawn from 
a monte carlo pool 
of data of the same 
'size and shape' as 
the Queensland 
real data pool.  As 
a monte carlo pool 
is purely random 
data by design, this 
indicates that one 
may expect 
occasional 'outlier' 
events of the order 
indicated earlier in 
random samples of 
this size and shape. 
 
 
 
 
 
 

Figure 11 - Synthetic (Monte Carlo) Station Plot, Stage 2 CRCFORGE 
 
 
2.8 Operational Decisions for Data Analysis using CRCFORGE 
 
In Victoria, all stations having 60 years or more of annual maxima were used for both the 
model calibration and (initially) the FORGE steps.  Later, in order to deliver a sufficiently 
dense geographic coverage of focal stations in some areas, growth curves focussed on stations 
with significantly fewer years of annual maxima were added. 
 
In Queensland it was decided that the independence Model should be calibrated across the 
full state, but that the FORGE step of the CRCFORGE method should be conducted on the 
regions selected on the basis of strict statistical homogeneity. 
 
In Queensland, all stations having 70 years or more of annual maxima were used for the 
model calibration step, and all stations having 30 years or more of annual maxima were used 
for the FORGE steps - applied within the regions, as previously selected.  The number of 
years were chosen based on the dataset and fundamental classical statistics respectively. 

 

SYNTHETIC DATA 



 
2.9 Post Processing 
 
Firstly, it must be remembered that the primary data samples were derived from rainfall 
stations recording daily rainfall to 9am.  Therefore a correction needs to be applied to the 
estimates to bring them to 'worst case' or 'open duration' events. 
 
The correction factors applied were drawn from the work of Dwyer and Reed (1995), and 
appear in the table below: 
 

CONVERSION 
1 Day to 
24 hours 

2 Days to 
48 hours 

3 Days to 
72 Hours 

4 Days to 
96 Hours 

5 Days to 120 
Hours 

FACTOR 1.160 1.106 1.072 1.049 1.034 

Figure 12 - Table of Correction Factors for Open Durations 
 
Secondly, processing is conducted in CRCFORGE separately for each of 1 – 5 days duration 
for all stations.  Resulting sample sets are not the same size across durations, and, for longer 
durations in particular, are limited by availability.  This can occasionally result in an anomaly 
for estimates, where total event duration rainfall does not increase with increasing duration. 

 
In the Victorian case, automatic 
smoothing routines were used to 
average a curve to the raw 
ordinates.  In Queensland, once 
the limited extent of anomalies 
was confirmed, manual adjustment 
was made by inspection of 3D 
plots in Excel. 
 
The few adjustments required 
were to the longer durations - 72 
to 120 hours, and much less than 
5% in magnitude.  An example, of 
the 3D plots utilised for visual 
comparison is at left. 
 
Note that this plot includes 
processed data beyond that 
considered suitable for design 
rainfall estimates. 
 
 

Figure 13 - Post Processing 3D Plot of CRCFORGE Station Output 
 
The resulting data sets for the CRCFORGE stations were surface-fitted using ANUDEM 
Version 4.6 (Hutchinson, 1997).  The resulting surfaces were converted to grids for use 
(initially) with the Graphical Information System (GIS), Arcview 3.2. 
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3 (CRC)ARF ESTIMATION 
 
3.1 Introduction to (CRC)ARF 
 
A preferred method of converting design point rainfalls to design catchment rainfalls is to 
apply an Areal Reduction Factor (ARF) to weighted average point estimates.  ARF's had not 
usually been applied in the past by professionals.  Factors available were inconsistent and/or 
typically based on very limited (if any) local data.  Significant conservatism was preferred. 
 
The other CRCCH partnership project successfully implemented in Queensland, produced a 
new set of Areal Reduction Factors (ARF's).  The CRCCH analysis used a modified Bell's 
Method - ie. nominal circular 'catchments' for sampling over areas 125 km2 to 8,000 km2. 
 
3.2 Data Selection Issues 
 
In selecting samples of stations for processing, the number of stations considered acceptable 
for different areas of catchment had been set by the CRC at: three stations, plus an additional 
station for each 500km of catchment area.  However, a decision needed to be made as to the 
amount of overlap of stations that would be considered reasonable for catchment samples. 

 
 
In Victoria, catchments had been 
selected manually using judgement. 
 
In Queensland, it was decided that up 
to 30% overlap of stations across 
sample catchments was a reasonable 
balance between excessive 
elimination of useful samples, and 
contamination of samples. 
 
An Avenue script was commissioned 
for Arcview 3.2 to select idealised 
circular catchments across the state 
on that basis. 
 
The image at left is an indicative 
representation of the idealised 
circular catchments used in the 
analysis.  The ones shown are for a 
catchment size of 125 km2. 
 
This typical pattern of idealised 
sample catchments are highly 
weighted to the coast and South East 
Queensland. 
 

Figure 14 - Typical Coverage of Idealised Catchments (Bell's Method)  
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3.3 Processing Aspects 
 
The CRCCH method of estimating ARF’s involves area-weighting across sample catchments 
of rainfall event samples from recording stations.  In the method, the distinction between 
point and catchment rainfall components for a trial catchment, was the data source and how 
the area-weighting was applied.  These distinctions are as follows, and in the diagram below. 
 
Point Rainfall Components for a Sample Catchment: 
Point rainfall series for each station in the trial catchment were derived by fitting a GEV2 
distribution to the raw station maxima for each duration - previously sampled for input to the 
CRCFORGE method.  As each distribution is based on one individual station, any point 
estimates taken from those distributions are limited by the data source to (say) AEP 1 in 100. 
 
Once the point rainfall maxima were fitted as series for stations, estimates were made of point 
design rainfall at a station for a range of useful AEP targets from 1 in 2 to 1 in 100.  The point 
estimates for each target AEP were then area-weight averaged across the sample catchment. 
 
Catchment Rainfall Components for a Sample Catchment: 
Catchment rainfall events for the trial catchment were produced by sampling for events of 
relevant durations across the stations in the trial catchment.  Each sample event was area-
weight averaged to form a catchment rainfall sample, and maxima were then selected for the 
various durations.  A GEV2 series was then fitted to the resulting catchment series, and 
estimates made for a range of useful AEP targets from 1 in 2 to 1 in 100. 
 
ARF Estimates for the Sample Catchment and Overall: 
The Areal Reduction Factor estimate for the sample catchment is then the ratio of the 
catchment estimates over the point estimates at the relevant AEP level.  Once all sample 
catchments are processed then the samples of ARF for a particular catchment size, event 
duration, and AEP (risk) level; were averaged as part of post processing. 
 

Comment: 
The inclusion of AEP as a test variable in the CRC-ARF analysis, probably resulted in the 
need to fit a statistical distribution.  Because of the nature of the method, point and catchment 
estimates are not 'event concurrent' -  but neither are they in application of the final output.  
Inspection of all potential catchment events was not practically viable nor justified. 

Figure 15 - Block Diagram for CRCCH(ARF) Technique 
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3.4 Post Processing 
 
The CRC-ARF project software had within it checks to eliminate catchment samples as being 
inadequate.  This severely reduced the number of valid catchment samples in some cases – 
particularly for the larger catchments – where the minimum station rule was more severe. 
 
In addition, the output was manually inspected and incomplete samples eliminated.  The 
following number of valid catchment samples were achieved after basic post-processing.  
While the set for 8,000 km2 might be considered statistically marginal, it needs to be 
remembered that considerable data across stations is contained in these larger catchments. 

50 km2   48 catchments 
125 km2   97 catchments 
250km2   74 catchments 
500 km2  219 catchments 
1,000 km2  147 catchments 
2,000 km2  78 catchments 
4,000 km2  33 catchments 
8,000 km2  12 catchments 

 
In Victoria, to generalise and facilitate application of the results, these averaged results had 
been fitted to a log and exponential relationship (mathematical model) for Areal Reduction 
Factor (ARF) dependent on three parameters: Area of catchment, Duration of event, and AEP. 
 
This presupposes a clear trend in the AEP domain.  An example of the resulting averaged 
output for Victoria is below for the 48 hour duration. Unlike Victoria, in Queensland no clear 
trend of variation with AEP was found.  In South Australia also, a clear trend did not appear 
for all durations.  (Overleaf are comparative examples for South Australia and Queensland.) 
 

Figure 16 - Example of Victorian Raw ARF Output 
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QUEENSLAND - 48 HOUR DURATION - AEP DOMAIN
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Figure 17 -  Examples of South Australian and Queensland Raw ARF Output 

 
Therefore, in Queensland, a conservative envelope model dependent only on area and 
duration was therefore fitted manually - using the mathematical software package Statistica. 
 
Conservative Envelope Model – based on Queensland Data: 
 
ARF = 1 - 0.2257 (Area 0.1685 - 0.8306 log (Duration) ) Duration - 0.3994 
But NOT > 1.0      (for smaller areas) 



4 APPLICATION OF OUTPUT AND BENCHMARKING 
 
4.1 General Comments on Application of Output 
 
The CRCFORGE method produces design point rainfall estimates for durations from 24 hours 
to 120 hours (in 24 hour increments), and from AEP 1 in 50 to AEP 1 in 2,000.  Estimates in 
AR&R 1987 had been extended to durations less than 24 hours and for more frequent events 
by virtue of the use of a limited number of pluviograph stations nationwide. 
 
Because the CRCFORGE method initially plots focal station data from a larger source data 
set - using a conventional plotting position formula; the lower end of the fitted curve, 
represents a fresh estimate of the design rainfalls at the AEP 1 in 50 to AEP 1 in 100 levels. 
 
In Victoria the decision was taken use the AR&R (AEP 1 in 50) design rainfall estimates as a 
base with growth factors (ratios) from CRCFORGE.  In Queensland, it was decided that the 
CRCFORGE represented the best estimates at this risk level and AR&R was used as an 
extender to lower durations and more frequent design events. 
 
Amongst other things, independent rainfall analyses support this decision – see next section. 
Benchmarking has consisted of extensive flood analyses conducted using these estimates and 
the new techniques described in AR&R 1999, on a variety of catchment sizes across the state. 
 
For application of ARF factors to estimate catchment rainfalls, accurate and precise area-
weighting using GIS tools is preferred.  The Queensland ARF model allows use across AEP, 
and for most practical event durations, when used conservatively and in concert with AR&R. 
 
Application to catchments larger than 8,000 km2 is a matter for professional judgement.  The 
appropriateness of the general 'design rainfall method' needs to be considered. 
 
4.2 Comparison with AR&R 1987 Design Rainfall Estimates 
 
Australian Water Engineering was commissioned in the 1990's by the Gold Coast City 
Council to review the rainfall analysis for that region – using similar methods to those used in 
AR&R.  The following indicates substantial agreement between CRCFORGE and AWE. 
 
 Duration 24 hours – AEP 1 in 50   
 AR&R AWE % Diff CRCFORGE % Diff 
Mt Tambourine 316 395 25 410 30 
Springbrook 554 617 11 717 29 
Little Nerang Dam 494 467 -6 456 -8 
 
 Duration 24 hours – AEP 1 in 100   
 AR&R AWE % Diff CRCFORGE % Diff 
Mt Tambourine 352 449 28 461 31 
Springbrook 632 704 11 807 28 
Little Nerang Dam 560 534 -5 512 -9 
 

Figure 18 - Comparative Design Estimates for Gold Coast 



Design Rainfall Comparison by Consultant - Small Catchment 

200

300

400

500

600

700

800

900

1000

0 20 40 60 80 100 120 140

Event Duration (hrs)

E
v
e
n

t 
R

a
in

fa
ll

 (
m

m
)

AR&R

CRCFORGE

CONSULTANT

 

One small catchment in Queensland, for which design rainfall values had been supplied, 
showed a considerable difference between the AR&R and the CRCFORGE design estimates. 
 
Interestingly, there were no long-term daily rainfall stations located within this catchment – 
certainly no CRCFORGE stations.  It appeared from a study of the rainfall contours that 
hydrometeorological opinion had been applied by BoM during the analysis for AR&R 1987 - 
in the form of expected increased rainfall due to the orographic effect of the coastal scarp. 
 
The consultant involved produced their own design rainfall estimates based on research and 
independent analysis of limited additional rainfall data – yielding the following comparison. 

Figure 19 - Comparative Design Estimates for Small Catchment 
 
These examples lend support to the decision to base current design rainfalls on the later 
CRCFORGE - which was based on a substantially larger source data set. 
 
4.3 Tools for Professionals and other Stakeholders – The CD 
 
The output from these two projects - CRCFORGE and (CRC)ARF, have now been 
consolidated onto a CD.  A range of documentation is included, together with robust basic 
GIS tools to enable the production of estimates in the form of IFD tables. 
 
The information on the CD is in the public domain, and the CD is available from NR&M at 
cost.  (Note that only ratios of certain AR&R design values can be obtained from this CD.) 



 
5 SUMMARY CONCLUSION 
 
Other than the PMP (extreme catchment rainfall) design estimates provided by the Bureau of 
Meteorology (BoM), there are now two sources of point rainfall design estimates in 
Queensland.  AR&R (1987) still offers values for event durations from below 24 hours to 72 
hours, with an AEP range from 1 in 2 to 1 in 100.  The basic CRCFORGE output offers 
values for durations from 24 hours to 120 hours, and AEP range from 1 in 50 to 1 in 2000. 
 
CRCFORGE is a statistical (regional) analysis method that provides estimates of rare rainfall 
events at individual stations.  However, for each station, the process includes a plot of that 
station's data alone - using a conventional (modified Cunnane) plotting position formula.  
Therefore, in the AEP range 1 in 50 to 1 in 100, CRCFORGE represents a fresh analysis of 
more up-to-date daily rainfall data for individual stations when compared with AR&R. 
 
Queensland has decided to base design point rainfalls on CRCFORGE, and provide for short 
durations and frequent events by applying factors derived from AR&R in a similar manner to 
that envisaged in Book VI.  Support for this decision comes from bench-marking and peer 
review - including independent rainfall analyses from raw data in two catchments. 
 
A preferred method of converting design point rainfalls to design catchment rainfalls is to 
apply an Areal Reduction Factor (ARF).  ARF's were not applied in previous studies as there 
were no factors both based on significant local data and showing reasonable consistency. 
 
The other CRCCH partnership project successfully implemented in Queensland, was an 
analysis of the rainfall data set to produce new ARF's.  This analysis used a modified Bell's 
Method (ie. nominal circular 'catchments') for sampling over areas ranging from 125 km2 to 
8,000 km2.  In Queensland, no clear trend of variation with AEP was found, and a 
conservative envelope model - dependent only on area and duration only - was fitted. 
 
A CD has been prepared to streamline the output of these CRC projects - as a service to the 
Queensland sponsors of this project, to professionals in the field, and the people of 
Queensland.  It is in the public domain and may be freely copied.  The CD includes: 

 A dataset suitable for introduction to any of the major GIS software, and tools that will 
provide a robust estimate leading to an IFD table for user-defined catchments. 

 Documentation of the conduct of the project, and selected presentation material has 
been included.  Hopefully you are reading this report as a result of receiving that CD. 

 
In Summary: 
 New tools for estimating catchment design rainfall have been developed by the CRCCH, 

have been successfully trialled in sub-tropical Queensland and extensively bench-marked. 
 The combination of CRCFORGE/ARF allows for estimates across AEP and into the rare 

risk domain, covering most practical durations after extension using AR&R (1987) data. 
 The application of design rainfall methods (of which these techniques form a part) to 

catchments larger than 8,000 km2 is a matter for professional judgement. 
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