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ABSTRACT 
The recommendation in Australian Rainfall and Runoff (ARR) is that an ensemble of 10 rainfall 
temporal patterns is used for modelling. Patterns depend on region, catchment area and 
duration and are provided on the ARR Data Hub.  Most available patterns are consistent and 
appropriate but there are a few which are physically unrealistic and appear to be erroneous.  
A method was developed to identify problem patterns and all available areal and point patterns 
across Australia were checked.   

Nineteen problem areal temporal patterns were identified in 3 regions.  Areal patterns listed 
on the Data Hub for one region are sometimes borrowed from neighbouring regions and it was 
found that all the problem patterns originated in the Murray Basin in a small area near 
Jerangle, 100 km south of Canberra.  The problem seems to be that rainfall accumulated over 
24 hours has been allocated to a shorter time step in the pluviograph record.   

This problem means that these patterns are not likely to be suitable for modelling and may lead 
to unrealistically large flows from long-duration events.  A work around is to exclude these 
patterns and if necessary, replace them, or use ensembles with fewer than 10 patterns. 

Analysis also identified the least uniform point and areal patterns.  These are not necessarily 
in error but do have the potential to contain “embedded bursts” which occur when a period of 
rainfall within a temporal pattern has an annual exceedance probability rarer than the burst 
as a whole.  Embedded bursts can cause issues with modelling and modellers need to consider 
if they should be removed or smoothed. 

INTRODUCTION 
The recommendation in Australian Rainfall and Runoff (ARR) is that an ensemble of 10 temporal 
patterns is used for modelling.  These depend on the region, catchment area and duration and are 
available from the ARR Data Hub.  The temporal pattern regions are shown in Figure 1. 

There are two types of patterns: point and areal.  Areal patterns are appropriate when the catchment 
area exceeds 75 km2, point patterns are for smaller catchments.  Patterns are defined as a series of equal 
duration increments along with the percentage of rainfall in each increment.   

When troubleshooting results from a hydrologic model, some large flood discharges were found to be 



 

 

produced from very long duration events (120 hours or more) for a catchment with an area of 270 km2, 
which was not expected.  The issue appeared to be related to unusual areal temporal patterns.   

 

 
Figure 1. Regions used for temporal patterns (ARR Book 2, Figure 2.5.7). 

As an example, consider the 10 areal temporal patterns for the southern slopes (mainland) for 120 hours 
duration for a 200 km2 catchment (Figure 2).  These patterns are defined by a percentage for each 40 x 
3-hour increments.  

Pattern 7 (event ID 6884) stands out because of the small number of large values.  The largest peak in 
the pattern implies that 48.82% of the 120-hour rainfall occurs in a single 180 min (3 hour) increment.  
This is likely to cause an intense embedded burst that may produce misleading results from modelling. 

“Embedded bursts” occur when a period of rainfall within a temporal pattern has an annual exceedance 
probability rarer than the burst as a whole.  Embedded bursts can cause issues with modelling and 
modellers should consider if they should be removed or smoothed (see Book 2, Section 5.2.1 and 5.9.4; 
Scorah et al., 2016).   

It is possible to check if pattern 7 (ID 6884) is likely to lead to such a problem as follows. The areal 
temporal patterns in Figure 2 are for the Southern Slopes region which includes Melbourne (Figure 1).  
Using Melbourne CBD as an example (lat = -37.8139, lon = 144.9633); the 1 in 100 Annual Exceedance 
Probability (AEP), 120-hour rainfall for Melbourne is 194 mm - from the Bureau of Meteorology 
Intensity Frequency Duration (IFD) information.  Applying pattern 7 means there would be a 3-hour 
period when 48.82% of this rainfall occurs i.e., 94.7 mm in 3 hours.  The IFD data for Melbourne shows 
that an event of 94.7 mm in 3 hours has an AEP of between 1 in 500 and 1 in 1000.  So, the 1 in 100 
AEP, 120-hour storm contains a very rare 3 hour embedded burst.  If a flood event model was run using 
this pattern, the results are likely to depend on this one 3-hour period of rain rather than being indicative 
of the long 120-hour storm what was of interest. 

It is possible to smooth patterns to remove embedded bursts, but pattern 7 does not appear to be a 
variation of the other patterns that a small amount of smoothing will fix.  It appears to be erroneous.  It 
is much less uniform that the other patterns and the peaks occur at regular intervals that are 8 x 3-hour 
intervals (24 hours) apart.  This suggests that the extremes are the result of accumulations of 24 hours 



 

 

of rainfall which have been allocated in error to a single time stamp within the pluviograph record. 

Given these issues, a method was developed to screen other patterns provided by the ARR Data Hub to 
determine if there were other similar problems. 

 
Figure 2. Ensemble areal temporal pattern for Southern Slopes (mainland) for 120 

hours duration, and a catchment area of 200 km2. 

METHOD 
The complete set of 10,692 areal temporal patterns and 8640 point temporal patterns were downloaded 
from the datahub along with meta data that provides information on the origin of the storms used to 
generate the patterns. 

Two approaches were used to search for extreme, and potentially erroneous patterns.  First, patterns 
with large peaks 24 hours apart were sought.  The search criteria return patterns were the largest and 
second largest peak were both greater than 15% and separated by 24 hours.  

Second, the most non-uniform patterns were identified.  These were determined based on a non-
uniformity index (NUI) which was developed for this analysis.  The NUI was based on the chi-squared 
probability, calculated using the difference between a particular temporal pattern and a uniform pattern.  
The number of degrees of freedom (df) used for the Chi-squared statistic is the number of increments 
in the pattern, minus 1. 

The Chi-squared quantile is calculated as: 

          (1) 

Where Pp is the proportion of rainfall in an increment in the pattern, Pu is the proportion of rainfall in 
an increment in a uniform pattern, the sum is over all the increments in the pattern.  

From the value of Q and df it is possible to calculate the probability p.  This probability is very close to 



 

 

one for the highly non-uniform patterns so was transformed to be in a range that is easy to work with.   

𝑁𝑈𝐼 = −log	(− log(𝑝))         (2) 

The maximum value of NUI is about 500 for the most extreme patterns. 

Note that it is not assumed that patterns follow a Chi-squared distribution, the Chi-squared statistic is 
just used as a convenient measure of non-uniformity that provides appropriate values for a range of 
numbers of increments.  A high value of the NUI will not necessarily indicate an issue with embedded 
bursts, as this depends on the rainfall characteristics where the pattern is being applied, but it will 
identify patterns that require checking.   

RESULTS AND DISCUSSION 
Areal patterns 
The top 17 least-uniform areal patterns as identified by the NUI are listed in Table 1, most of these also 
had extreme values 24 hours apart but an additional 4 patterns were found by this criterion (Table 2).  

Table 1. Least uniform areal temporal patterns (shading identifies the same pattern 
which has been borrowed for use in different regions) 

No Event 
ID 

Duration 
(hour) 

Region NUI Source region Area 
(km2) 

Lat Lon 

1 4207 120 Central slopes 481 Murray Basin 200 -35.89 149.34 

2 5989 120 Murray Basin 481 Murray Basin 200 -35.89 149.34 

3 6884 120 Southern slopes 
(mainland) 

481 Murray Basin 200 -35.89 149.34 

4 4119 96 Central slopes 385 Murray Basin 200 -35.89 149.34 

5 5901 96 Murray Basin 385 Murray Basin 200 -35.89 149.34 

6 5644 36 Murray Basin 378 Murray Basin 500 -35.91 149.46 

7 3950 48 Central slopes 347 Murray Basin 500 -35.96 149.51 

8 5731 48 Murray Basin 347 Murray Basin 500 -35.96 149.51 

9 4116 96 Central slopes 335 Murray Basin 200 -35.94 149.49 

10 5898 96 Murray Basin 335 Murray Basin 200 -35.94 149.49 

11 6797 96 Southern Slopes 
(mainland) 

335 Murray Basin 200 -35.94 149.49 

12 4029 72 Central Slopes 307 Murray Basin 200 -35.91 149.41 

13 5810 72 Murray Basin 307 Murray Basin 200 -35.91 149.41 

14 4170 96 Central Slopes 229 Central Slopes 10000 -26.39 147.71 

15 4043 72 Central Slopes 229 Murray Basin 500 -35.89 149.51 

16 5822 72 Murray Basin 229 Murray Basin 500 -35.89 149.51 

17 5004 96 Monsoonal North 210 Monsoonal 
North 

100 -13.06 130.96 

The creation of design areal temporal patterns is explained in ARR Book2, Chapter 5.6.  They are scaled 
from real storms but if there were insufficient patterns for a particular region then patterns may be 
donated from neighbouring regions.  For example, the Southern Slopes region can take patterns from 
the Murray Basin (see ARR Book 2, Table 2.5.10); pattern 7 in Figure 2, is an example of this.  The 
meta data available on the Data Hub shows that pattern 7 (Event ID 6884) came from Jerangle 



 

 

(lat = -35.8875, lon = 149.3375), in the Murray Basin, about 100 km south of Canberra which is in the 
upper catchment of the Queanbeyan River. 

The first 3 entries in Table 1 are actually the same pattern that originated in the Murray Basin, and 
which has been used in the neighbouring regions of Central Slopes and Southern Slopes (mainland).  
This is pattern 7 in Figure 2 (event ID 6884).  IFD information for this location shows that the 1 in 100 
AEP, 120-hour storm is 336 mm.  Pattern 7 means that 48.82% of this rain (164 mm) falls in 3 hours.  
For the Jerangle region this is much larger than a 1 in 2000 AEP event (the 1 in 2000, 3-hour rainfall is 
96.7 mm).  This suggests that pattern 7 is based on a very unusual storm so may not be appropriate for 
modelling “ordinary risks” such as those associated with 1% events.  Another possibility is that there is 
an error in the data, and it seems likely the large values have resulted from the accumulated readings 
from 24 hours of rain. 

 
Table 2. Additional areal temporal patterns identified based on extreme peaks 24 hours 
apart (shading identifies the same pattern which has been borrowed for use in different 

regions) 

No Event 
ID 

Duration 
(hour) 

Region Source region Area 
(km2) 

Lat Lon 

1 5829 72 Murray Basin Murray Basin 1000 -35.89 149.31 

2 4049 72 Central Slopes Murray Basin 1000 -35.89 149.31 

3 5732 48 Murray Basin Murray Basin 500 -35.89 149.34 

4 3951 48 Central Slopes Murray Basin 500 -35.89 149.34 

 

The next two rows in Table 1 (rows 4 and 5) relate to the same pattern that also originated in the Murray 
Basin and there are similar examples throughout the table.  Rows 9, 10 and 11 refer to the same pattern 
as do rows 12 and 13 and 15 and 16.  The patterns listed in Table 2 also originate in the same area.  Of 
the top 17 least-uniform patterns in Table 1, 15 are from the Murray Basin and all originated in the 
Jerangle area (Figure 3).  The pattern listed in row 14 originated near Charleville, Qld about 600 km 
west of Brisbane and the pattern in row 17 is based on a storm from Rum Jungle, 100 km south of 
Darwin.  Patterns are shown in Figures 4, 5 and 6.  In Table 2, 4 patterns are listed but these relate back 
to two Murray Basin patterns, again near to Jerangle.  Subsequently, all patterns which originated in the 
Jerangle area were checked but no additional problem patterns were identified.  

Ignoring the patterns listed in row 14 and 17, there are 7 problem patterns in Table 1 and 2 in Table 2, 
all originating in the Jerangle area.  These have then been borrowed for use in other regions so have 
been identified multiple times during the analysis. 



 

 

 
Figure 3. Origin locations of the 15 Murray Basin patterns from Table 1 based on meta 

data latitude and longitude 
The Bureau’s Water Resource Station Catalogue and website lists 4 daily rain gauges near Jerangle: 
‘Eastwood-Jerangle’ (570903) (-35.8875, 149.3556), ‘Slap-up Jerangle’ (570931) (-35.9056, 
149.4556), Jerangle (Anembo) (070304) (-35.83, 149.43) and Jerangle (Lyons Creek) (070321) (-35.75, 
149.35).  Stations 570903 and 570931 appear in the meta data for the point rainfall patterns.   

It is not clear what the source of the sub-daily rainfall data is as the Bureau does not list any sub-daily 
rainfall stations at the Murray Basin coordinates shown in Table 1 (plotted on Figure 3; Kahle & 
Wickham, 2013).  The nearest sites are Snowball (069062) and Braidwood (Krawarree) (070057) which 
are 21 km and 24 km to the east in the upper Shoalhaven catchment, Numeralla (Badja composite, 
070199) 26 km to the southeast in the Badja River valley and Chakola (Riversdale) (070073) on the 
Murrumbidgee River 28 km to the southwest.  Presumably the latitude and longitudes provided in the 
meta data are related to the interpolation of storms to the areal rainfall time series grid used in the 
derivation of areal patterns (ARR Book 2, Section 5.6.1).  

Given the questionable nature of these patterns it would be prudent to exclude them from Monte Carlo 
and ensemble analysis.  Other patterns could be adopted, or the analysis could proceed with 9 patterns 
rather than using the complete set of 10 patterns. 



 

 

 
Figure 4. Non-uniform patterns specified in Table 1 rows 5, 6, 8 and 10. 

 
Figure 5. Non-uniform patterns specified in Table 1 rows 13, 14, 16, 17. 



 

 

 
Figure 6. Non-uniform patterns specified in Table 2. 

Point patterns 
A similar analysis was undertaken for point patterns.  The top 8 least uniform patterns as measured by 
the NUI are shown in Figures 7 and 8 and listed in Table 3.  Most of these patterns are from the 
Rangelands and Rangelands (West).  The 4 patterns with the largest peaks 24 hours apart are shown in 
Figure 9.  Most of these are from the East Coast north region. 
 
The point patterns do not have the same issues as the areal patterns.  The patterns shown in the figures 
appear to be plausible and for these patterns, smoothing to reduce embedded bursts seems appropriate 
(Scorah et al., 2016).  Unlike the case for areal patterns there are no examples were patterns borrowed 
from other regions are leading to problems. 

 

Table 3. Least uniform point temporal patterns 

No Event 
ID 

Duration 
(hour) 

Time step 
(min) 

AEP bin Region NUI 

1 1208 144 180 Frequent Rangelands (West) 419 

2 1182 10080 180 Intermediate Rangelands (West) 416 

3 1973 10080 180 Frequent Rangelands 375 

4 1183 8640 180 Intermediate Rangelands 357 

5 1181 8640 180 Intermediate Rangelands (West) 357 

6 2870 10080 180 Frequent Central Slopes 342 

7 1083 10080 180 Intermediate Rangelands 341 

8 1079 10080 180 Intermediate Rangelands (West) 341 
 



 

 

 
Figure 7. Top 4 least-uniform point temporal patterns. 

 
Figure 8. Next 4 least uniform point temporal patterns. 



 

 

 
Figure 9. Point patterns where large peaks are separated by 24 hours 

CONCLUSION 
This paper has identified 9 areal temporal patterns that appear to be in error.  These patterns all originate 
from the Murray Basin region, from the Jerangle area between Canberra and Cooma and have then been 
borrowed for use in other regions creating a total of 19 problem patterns.   

In summary the problem areal temporal patterns are from three regions with the following event IDs: 

• Central slopes (3950, 3951, 4029, 4043, 4049, 4116, 4119, 4207) 

• Murray Basin (5644, 5731, 5732, 5810, 5822, 5829,  5898, 5901, 5989) 

• Southern Slopes (mainland) (6797, 6884) 

Modellers should consider excluding these patterns as part of Monte Carlo or ensemble runs and either 
replacing them with other patterns or running analyses with 9 patterns rather than the usual 10.  If 
investigation of the source pluviograph data shows these patterns are based on erroneous values, then 
they should be removed from the Data Hub. 

A range of other least uniform patterns have been identified.  These do not necessarily represent errors 
but do indicate where the presence of embedded bursts should be checked.   
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