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Abbreviations and glossary 

Abbreviation / term Full term 

AEP Annual exceedance probability 

ALERT Automated Local Evaluation in Real Time: a radio-telemetry protocol commonly 
used for communication of data from rainfall and streamflow gauging sites 

AMS Annual maxima series 

ARR Australian Rainfall and Runoff 

BoM Bureau of Meteorology 

GEV Generalised Extreme Value distribution 

HARC Hydrology and Risk Consulting 

IFD Intensity-Frequency-Duration 

Kriging A method of spatial interpolation, governed by prior estimates of covariances in the 
data. Under suitable assumptions of the covariance, kriging gives the best linear 
unbiased prediction at unsampled grid cells. 

LGA Local government area or Local government authority 

LIMB Lockyer, Ipswich, Moreton Bay and Brisbane local government areas 

L-moment Statistics used to summarise the shape of probability distributions, calculated using 
linear combinations of order statistics. L-moments are more robust than 
conventional moments and therefore they have been widely applied in analysis of 
rainfall, floods and other extremes of environmental phenomena over the last few 
decades. 

L1 First L-moment: Mean of annual maxima series 

L2, L3, L4 Second L-moment, Third L-moment, Fourth L-moment 

L-CV Ratio of L2/L1 

L-Skewness Ratio of L3/L2 

L-Kurtosis Ratio of L4/L2 

MAR Mean annual rainfall 

POT Peaks-over-threshold 

QA Quality assurance 

QRA Queensland Reconstruction Authority 

SEQ South east Queensland 

U/R factor Unrestricted to restricted duration factor 

Variogram A function defining the spatial dependence of a rainfall field with distance. The 
variogram is the mean of the squared difference in values (design rainfall intensity in 
this case) between two points that are at a given distance from one another. Where 
a co-variate is used to define the underlying expected value (say rainfall intensity as 
a function of mean annual rainfall), the variogram may be used to define the residual 
variance in the difference between rainfall intensity for a given duration and the 
expected value as a function of the covariate. The variogram function is applied in 
kriging to undertake spatial interpolation from point to gridded values. The variance 
typically increases with distance (sometimes reaching a constant sill value), so that 
values at closer points have lower variance and are assigned more weight in the 
spatial interpolation process than points that are more distant. 
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Figure ES- 2 Density of coverage of daily and sub-daily gauges across the study region, showing 
number of valid water year maxima at each site for the 24 h duration and density of gauges (number 
of water year maxima per km²) 

 
Figure ES- 3 Number of gauges reporting valid maxima by water year and duration 
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study and those that were used by the BoM (2016). This substantial increase in the size of the rainfall 

data record was sufficiently large to adopt different approaches to statistical analysis of the rainfall 

data across the region than were used by the BoM (2016), which applied techniques that could be 

applied on an Australia-wide basis, including regions with sparser rainfall gauge coverage. 

Table ES- 2 Total number of water year maxima by gauge type and rainfall burst duration 

Duration range Sub-daily gauges Daily gauges Total 

5 min - 3 h 14,071 0 14,071 

4.5 h - 18 h 13,926 0 13,926 

24 h, 48 h, 72 h 16,955 29,439 46,394 

30 h - 36 h 13,912 0 13,912 

96 h - 168 h 16,832 29,481 46,313 

 

 
Figure ES- 5 Comparison between number of valid water year maxima adopted for the 60 minute 
duration from sub-daily gauges between the current study (left) and used by the BoM (2016) IFD 
analysis (right) 

A water year of 1 October to 30 September was adopted for the analysis, as the lowest number of 

annual maxima are recorded in the months of July to September of each year. Factors to adjust the 
daily rainfall (restricted from 9am to 9am) to 24 hour rainfall that is not fixed to a set time window 

(unrestricted rainfall) were assessed from the data after QA screening of valid data.  The analysis was 

repeated for durations from 2 day to 7 day totals. The 1 day mean factor of 1.15 for the current study 

was identical to that derived by the BoM (2016) (Jakob et al., 2009) and Dwyer & Reed (1995), despite 
the different data sets and methods employed.  

Updated design Intensity Frequency Duration (IFD) depths were produced for all combinations of 24 

durations (from 5 minutes to 168 hours) and 13 annual exceedance probabilities (63.2% to 1 in 2,000 

AEP and 2 and 5 year average recurrence intervals) for an area covering 11 local government areas 

in south-eastern Queensland and the surrounding region. This update represents a significant 
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Figure ES- 6 1% AEP IFDs 

 
Figure ES- 7 Percentage difference in the at-site and gridded IFDs for different AEPs and durations 

 
Figure ES- 8 1 Percentage difference between 1% AEP BoM IFDs (ARR, 2016) and IFDs from this 
study (HARC, 2024) 
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The study area was extended slightly, so that the whole of the Burnett River catchment was included 

(see Figure 2-2). The study area therefore completely covered the land area of the 11 LGAs listed in 

Table 2-1 and small portions of three others, to cover the extent of the Burnett River catchment. The 

overall study area extended to 77,215 km². Rainfall data was collected from sites that were within the 
buffer region, also shown on Figure 2-1 and Figure 2-2, which extended for approximately 20 km 

beyond the boundaries of the LGAs in the study region. 

 
Figure 2-2 Local government areas for current project and river basins in the region 
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Table 2-1 Local Government Areas included in this study 

Name Land area included in study (km²) 

Bundaberg Regional 6,431.11 

Cherbourg Aboriginal Shire 31.77 

Fraser Coast Regional 7,094.89 

Gympie Regional 6,885.74 

Noosa Shire 868.56 

North Burnett Regional 19,670.52 

Scenic Rim Regional 4,240.76 

Somerset Regional 5,373.64 

South Burnett Regional 8,378.59 

Sunshine Coast Regional 2,264.31 

Toowoomba Regional 12,976.31 

Western Downs Regional (part in Burnett River catchment) 2,964.50 

Banana Shire (part in Burnett River catchment) 30.84 

Gladstone Regional (part in Burnett River catchment) 4.00 

Total 77,215.52 
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Table 3-1 List of data formats provided, location on HARC network and numbering and naming 
convention for sites used by data provider 

Data provider Data type Timestep Numbering and naming convention used 
by data provider 

Bureau of 
Meteorology (SILO) 

Daily rainfall gauges 1 day All gauges numbered and named, using 
standard BoM numbers 

Bureau of 
Meteorology 

Sub-daily rainfall 
gauges 

6 minutes All gauges numbered and named, using 
standard BoM numbers 

Bureau of 
Meteorology 

One-minute AWS 
data 

1 minute All gauges numbered and named, using 
standard BoM numbers 

Bureau of 
Meteorology 

Flood warning event 
data 

Irregular 
(some daily) 

All gauges numbered and named, using 
standard BoM numbers 

Bureau of 
Meteorology 

Flood warning 
accumulated data 

Irregular All gauges numbered and named, using 
standard BoM numbers 

QWMIP, Department 
of Regional 
Development, Mines 
and Water (RDMW) 

Stand alone or with 
stream gauge 
rainfall gauge 

Irregular AWRC 6 digit numbering, with an appended 
alpha code (A, B, C etc.) for site location. 
Standalone pluvios use AWRC basin 
number, then P, then a three digit code 

Scenic Rim Regional 
Council 

One big CSV file, 
containing data for 
all sites 

5 minutes Gauges named and numbered using ALERT 
identification code numbers 

Seqwater Network Common 
Data Form 
(NetCDF) files of 
raw and processed 
point rainfall gauge 
data 

15 minutes All gauges numbered and named, using 
standard BoM numbers 

South Burnett 
Regional Council 

Daily gauges: 
Bureau of 
Meteorology daily 
rainfall format 

Daily All gauges numbered and named, using 
standard BoM numbers 

South Burnett 
Regional Council 

Sub-daily gauges: 
Bureau of 
Meteorology One-
minute AWS data 
format 

1 minute All gauges numbered and named, using 
standard BoM numbers 

Sunshine Coast 
Council 

One big CSV file, 
containing data for 
all sites 

5 minutes All gauges numbered and named, using 
standard BoM numbers 

Toowoomba Regional 
Council 

Toowoomba 
Regional Council 
csv export format 

5 minutes CSV files for each site only have site name. 
Within each of the CSV files, the 3rd value on 
each row is a site ID number (2, 3 or 4 digit 
integer value) 

Gympie Regional 
Council 

Gympie 
spreadsheets 

1 day (usually 
6 am but some 
days have 
time of 
observation 
noted) 

CSV files have site name only, no numbering 





https://meteor.aihw.gov.au/content/270020
https://www.stylemanual.gov.au/grammar-punctuation-and-conventions/names-and-terms/australian-place-names
https://www.stylemanual.gov.au/grammar-punctuation-and-conventions/names-and-terms/australian-place-names
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Table 4-1 Standard abbreviations retained in cleaned up site names 

Abbreviation Term 

Aero Aerodrome 

ALERT Automated Local Evaluation in Real Time 

AWS Automated Weather Station 

BCC Brisbane City Council 

BoM Bureau of Meteorology 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

DNRM Department of Natural Resources and Mines 

DPI Department of Primary Industries 

Mt Mount 

RSL Returned and Services League 

SFR State Forest Reserve 

SPS Sewage Pump Station 

St Saint or Street 

STP Sewage Treatment Plant 

TM Telemetered 

TRC Toowoomba Regional Council 

WTP Water Treatment Plant 

WWTP Waste Water Treatment Plant 

 

4.3 Extraction of independent event maxima from each October-
September water year, for multiple durations 

Identification of extremes requires the use of an independency criterion that is consistent with the 

assumption made in application of the extreme value theorem to distribution fitting ensuring that the 

extremes are totally statistically independent (Ntegeka and Willems, 2008). 

For Annual Maxima Series (AMS) analysis, the standard water year applied in this study was 

1 October to 30 September. This period is commonly applied for annual frequency analysis of rainfall 

and streamflow data in Queensland. The driest period of the year in Queensland is typically August to 

October, so it was reasonable to assume that annual maxima burst rainfall depths observed in one 
water year would be uncorrelated with annual maxima in the next. However, this assumption assumes 

the absence of multi-year or multi-decadal drivers in the AMS and the absence of trends in the AMS. 

The use of the October-September water year should be sufficient to minimise year to year 

autocorrelation in the AMS. Use of an alternative water year definition (e.g. the January to December 

calendar year) would risk introducing spurious year-to-year autocorrelation in the AMS series, via 
events occurring late in one year that are correlated with those in the next. 

Checks on the water year definition (see Section 6.3) subsequently confirmed that the 1 October to 

30 September water year did produce the lowest number of annual maxima in July, August and 

September, which made it an appropriate choice for the definition of the water year. 

In all subsequent analyses for this project, a convention was adopted to label the water year as the 
year ending 30 September. This meant that AMS events occurring in the wettest months of the year in 
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Figure 4-3 An example map used to check the 1 day duration. Similar maps were generated to check 
the 7 day duration.  

 
Figure 4-4 An example map used to check the 1 hour duration. Similar maps were generated to check 
the 12 hour duration.  
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Of approximately 55,500 daily annual maxima, nearly 9,500 (17%) annual maxima were excluded due 

to excluding low annual maxima and the visual checks of the mapped data. 95% of the annual maxima 

excluded for the 1-day duration were also excluded for the 7-day duration.  

Of approximately 19,000 sub-daily annual maxima, around 800 (4%) annual maxima were excluded.  

81% of the annual maxima excluded for the 1-hour day duration were also excluded for the 12-hour 

duration.  

The QA checks for these 4 durations were extended to longer and shorter durations as shown in Table 

4-5. For combined gauges, the 1-day AMS can be made up of both daily and sub-daily gauges, 

whereas the 30- and 36-hour (i.e., 1800 and 2160 minute) AMS were derived only from sub-daily 

gauges. Thus, the 12-hour checks were considered more applicable to the 30- and 36-hour durations 
for combined gauges.  

Table 4-5 How checks were extended to longer and shorter durations.   

Duration (mins) Individual gauges Combined gauges 

5 

1 hour 1 hour 

10 

15 

20 

25 

30 

60 

90 

120 

180 

270 

12 hours 12 hours 

360 

540 

720 

1080 

1440 

1 day 

1 day 

1800 
12 hours 

2160 

2880 
1 day 

4320 

5760 

7 days 7 days 
7200 

8640 

10080 
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Table 5-1 Worked example calculation of burst-specific 24 hour/1 day U/R conversion factors for 4 
events (see Figure 5-1 and Figure 5-2) recorded at gauge QG143108A, Warrill Creek at Amberley 

Burst 29 Mar 2017 25 Feb 2022 19 May 2009 27 Jan 2013 

24 hour unrestricted 
burst start time 

29/03/2017 21:45 25/02/2022 11:40 19/05/2009 22:35 27/01/2013 9:20 

24 hour unrestricted 
burst depth (mm) 

232.0 202.5 163.3 152.0 

Day 1 9 am start time 28/03/2017 9:00 25/02/2022 9:00 18/05/2009 9:00 25/01/2013 9:00 

9 am day 1 rainfall depth 
(mm) 

79.0 139.0 39.1 89.6 

9 am day 2 rainfall depth 
(mm) 

153.0 141.0 135.0 135.4 

Maximum 9 am rainfall 
depth 

153.0 141.0 135.0 135.4 

Event-specific factor = 
Unrestricted depth / 
restricted depth 

1.52 1.44 1.21 1.12 

 

 
Figure 5-1 Cumulative rainfall depths from the 2 calendar day peak burst, with bursts always starting 
at 9 am local time on the first day, for 4 large rainfall events recorded at gauge QG143108A, Warrill 
Creek at Amberley 
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than those that were adopted by the Bureau for Australian Rainfall and Runoff (2019), Dwyer & Reed 

(1995) and Jakob et al. (2005). Boughton & Jakob (2008) found higher factors for shorter duration 

bursts, so the low values for the 24 hour duration from that study may have been due to not smoothing 

across durations. 

WMA Water (2021) derived U/R factors for the Lockyer, Ipswich, Moreton Bay and Brisbane (LIMB) 

study region, which are shown in Table 5-2. The LIMB study derived U/R factors by directly extracting 

unrestricted duration annual maxima and the restricted duration annual maxima (for an overlapping 

period) from the full record of data at all the gauges across the LIMB study region. U/R factors were 
then presented as box plots (see Figure 5-4), showing the median values, interquartile ranges and 

outliers for durations between 1 and 7 days. Although not explicitly stated in the report, it appears as 

though WMA Water (2021) adopted the median value for each duration as the U/R factor. For reasons 

explained below, the median value approach that was most likely adopted by WMA Water (2021) is 

systematically less than the estimates based on averaged U/R factors (refer Figure 5-4) and is at 
variance with previous estimates. 

Table 5-2 U/R factors adopted by previous studies 

Duration 
(days) 

Dwyer & 
Reed (1995)  
Brisbane 

Jakob et al. 
(2005, Fig. 6)  
Brisbane 

Boughton & 
Jakob (2008) 
Brisbane 

Bureau (2016)  
(Australian Rainfall 
and Runoff, 2019, 
Table 2.3.4) 

LIMB study 
(WMA Water, 
2021) 

1 1.147 1.15 1.081* 1.15 1.0994 

2    1.11 1.0204 

3    1.07 1.0083 

4    1.05 1.0036 

5    1.04 1.0015 

6    1.03 1.0009 

7    1.02 1.0000 

* See Table 1 of (Boughton and Jakob, 2008), which analysed data only from Brisbane annual maxima events.  
They found a mean factor for all Brisbane events of 1.112. 
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Figure 5-3 Periods (labelled A to E) selected for analysis of U/R factors by both the Bureau (Jakob et 
al., 2005) and Dwyer & Reed (1995) from the sub-daily rainfall data recorded at Brisbane Regional 
Office gauge, showing that there was complete or near-complete sub-daily rainfall records over each 
of those periods (reproduced from Figure 4 of Jakob et al., 2005) 
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Figure 5-4 Box plots of annual maxima series event totals derived from unrestricted periods to those 
derived from data restricted to 9 am start times derived for the LIMB study area (reproduced from 
Diagram 3, page 10 of WMA Water, 2021) 
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5.3 Method of analysis 

Water year maxima events were extracted, for both unrestricted and restricted durations, from all of 

the sub-daily rainfall sites across the study area that had sufficiently long and reliable rainfall records. 

Water year maxima were therefore extracted from a total of 132 sub-daily rainfall sites, as listed in 

Appendix L and with locations of the sites shown on Figure 5-14 and Figure 5-15. For the 1 day 
duration, this resulted in the analysis of 3,285 bursts of 1 day/24 hours, or an average of almost 25 

water year maxima per site. This approach of extracting all the water year maxima from reliable sub-

daily rainfall sites across the region was the same as that taken by the LIMB study (WMAwater, 2021). 

However, the approach taken for the current study differs from LIMB in the statistical analysis that was 

then undertaken on U/R factors after the water year maxima were extracted. LIMB adopted the 
median value as the U/R factor, whereas the current study used a different statistical approach, due to 

the strong skew in the U/R factors, which makes the median a low biased estimate of the 

representative U/R factor. 

Figure 5-5 shows that there were many more sub-daily rainfall sites available for analysis in the last 30 
years, since around 1992, than were available prior to that time. The analysis conducted for this study 

should reflect the hydro-meteorological factors that have been prevalent in the region over the last 

three decades, which could influence the U/R factor calculations. Figure 5-6 shows that the water year 

maxima were dominated by bursts occurring over January to March, with a lower prevalence over 

October to December and fewer maxima extracted over April to September. This reflects the 
seasonality of large rainfall events in South East Queensland (SEQ). 

 
Figure 5-5 Number of 24 hour sub-daily annual maxima, by water year, utilised for unrestricted to 
restricted factor analysis 
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Figure 5-7 Histogram of U/R factors for 24 hour/1 day duration, all data (N = 3,285) 

 
Figure 5-8 Cumulative distribution of U/R factors for 24 hour/1 day duration, all data (N = 3,285) 

Figure 5-9 shows that there was some relationship between seasonality and U/R factor. U/R factors 

were slightly lower in September-November and slightly higher in June-August than in December-May. 
Lower U/R factors in September-November were probably associated with greater relative prevalence 

of diurnal thunderstorm events, which would be more likely to have most of their rainfall contained 

within a single 9 am to 9 am day. Higher U/R factors in Jun-Aug were probably associated with greater 

relative prevalence of longer duration synoptic events, which are typically more uniformly distributed 

across the hours of the day. Similar relationships between U/R factors and changes in dominant storm 
types across seasons have been observed in previous studies overseas (Dwyer and Reed, 1994, 

1995; Llabrés-Brustenga et al., 2020). U/R factor distributions for Dec-May, which contain about 70% 

of the total number of 1 day annual maxima, were similar to the U/R factor distributions derived from 

all of the data.  
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the mean annual maxima at the site, had a mean U/R factor of 1.183 but there was no evidence within 

this band that much rarer events had different U/R factors to less rare events. 

 

 
Figure 5-10 Relationship between U/R factor for 24 hour/1 day duration and burst intensity (ratio of 
unrestricted burst maxima at the stie to mean annual 24 hour burst maxima at the site) 

 
Figure 5-11 Cumulative distribution of U/R factors for 24 hour/1 day duration by burst intensity (relative 
to mean annual unrestricted burst depth at each site) 
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24 hour annual maxima and each of the 500 samples (each 30 years) of restricted 1 day annual 

maxima. The ratio of the 50%, 20%, 10%, 5%, 2%, 1%, 0.5% and 0.2% AEP design rainfall estimates 

were then calculated from each of the 500 matching samples of unrestricted and restricted duration 

data. Confidence limits were then calculated for the U/R factors of the 50%, 20%, 10%, 5%, 2%, 1%, 
0.5% and 0.2% AEP design rainfall estimates. 

Figure 5-12 shows that the mean U/R factors are relatively consistent with AEP. The mean U/R factor 

for any given AEP (between 50% and 0.2%) sits well within the inter-quartile range for all other AEPs. 
The variability in U/R factors from the fitted distributions increases with AEP, which is a consequence 

of the uncertainty in estimating design rainfall quantiles for rarer AEPs from relatively short records, as 

each generated sample only contained 30 years of record. Figure 5-12 shows that the distributions of 

U/R factors are skewed, with the mean greater than the median value and the upper tail (5% and 25% 
confidence limits) further from the median value than the lower tail (75% and 95% confidence limits). 

The skewed shape of the U/R factor distributions for the fitted rainfall quantiles are a consequence of 

the strongly skewed Beta distributions in U/R factors that were used to generate the data. 

 
Figure 5-12 Box plots of 24 hour/1 day U/R factors calculated from a numerical simulation experiment, 
involving generation of 500 samples each containing 30 values of water year maxima, with random 
generation of U/R factors for each individual event from the Beta distributions described by 
parameters given for each of the quartiles in Table 5-8 

Table 5-6 and Table 5-7 show that the mean values of the first and second L-moments (L1 and L2) 

and the mean values of the scale and location parameters of the GEV distributions fitted to the 500 

samples of unrestricted data were also about 1.14 times the corresponding values for the restricted 
data. The mean of values of the shape parameter (Table 5-6) and the L-skew and L-kurtosis (Table 

5-7) from the distributions fitted to restricted data were virtually identical to those fitted to unrestricted 

duration data. In summary, scaling the all the restricted duration maxima by the mean factor would 

have the same effect as a much more complicated approach of randomly sampling U/R factors from a 

Beta distribution on the L-moments and the parameters of the fitted GEV distribution. 

Figure 5-13 shows that there is no difference in the spread of L-skew and L-kurtosis parameters 

between data generated across the 500 samples for unrestricted 24 hour duration (left) and restricted 

1 day duration (right). Therefore, there is equivalent information content in L-moment parameters fitted 
to daily and sub-daily recording rainfall sites, given the same length of record at each site. 
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Figure 5-14 Map of 24 hour/1 day U/R factors for the March 2017 event 



Review and update of design rainfall-intensity-frequency-duration for eleven 
local government areas in South East Queensland 
Report 

 
 

QRA00002_DesignRainfallIFDUpdate_Report_Final.docx  
 34 
 

 
Figure 5-15 Map of 24 hour/1 day U/R factors for the January 2011 event, with the region where 
specific U/R factors were applied shaded 
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5.7 U/R factors for 2 to 7 day durations 

The same analysis as was conducted for 1 day U/R factors was repeated for the 2 day duration. For 

2 day duration, the mean U/R factor across all bursts was 1.059 (see Table 5-8). The histogram of the 

observed data for 2 day duration is shown in Figure 5-16 and the fitted cumulative distribution function 

for U/R factors is shown in Figure 5-17. 

As the event duration increased from 1 to 2 days, the sensitivity of U/R factors to seasonality reduced 

to the point where it was insignificant and could be ignored (see Figure 5-18). For the 2 day duration, 

the sensitivity of U/R factors to relative burst intensity also reduced considerably, as shown in Figure 

5-19 and Table 5-8. The highest quartile of events for the 2 day duration, by relative intensity, had a 

mean U/R factor of 1.069, which was 0.01 greater than the U/R factor for all events. A 1% difference in 
U/R factors was considered immaterial and the mean U/R adjustment factor of 1.059 for the 

48 hour/2 day duration was adopted for all events, regardless of relative intensity or season. 

 
Figure 5-16 Histogram of U/R factors for 48 hour/2 day duration, all data (N = 3,291) 

 
Figure 5-17 Cumulative distribution of U/R factors for 48 hour/2 day duration, all data (N = 3,291) 






























































































































































































































































































































































































































































































