
Rainfall Intensity ARI & AEP and Storwater Detention 

 

The Australian Rainfall and Runoff (ARR) guide to flood estimation, by Institution of Engineers, 2001, provided the methodology, 

equations, and a comprehensive series of maps to obtain the rainfall intensity for a given average recurrence interval (ARI) and 

storm duration. 

 

Stormwater detention is a method used to restrict the discharge from a site being developed to a pre-determined rate by utilising 

an orifice and water storage.  A method known as “The Swinburne Method” published by Dr Donald Phillips and Bruce Bowditch in 

2006 is implemented in Structural Toolkit.  This method calculates storage volumes, orifice size and permissible site discharge (PSD) 

utilising the rainfall intensities derived from an ARI and time of concentration for the site and catchment.  ARR 2001 is used to 

determine the intensities for varying storm durations to find the maximum, or peak requirement. 

 

Australian Rainfall and Runoff was revised in 2019 and is available for download in pdf format from the government website.  In this 

guidebook, design rainfalls (rather than rainfall intensities) are defined as a probabilistic estimate of the likelihood of a specific 

rainfall depth being recorded at a particular location for a defined duration and is classified by an Annual Exceedance Probability 

(AEP) (Rainfall Estimation, Chapter 3.2). The data associated with design rainfalls is available via the Bureau of Meteorology website 

(Rainfall Estimate, Chapter 3.9.1) and can be converted to design rainfall intensities. 

 

The glossary webpage on the Bureau of Meteorology also defines the AEP as “The probabilty that a given rainfall total accumulated 

over a given duration will be exceeded in any one year.”  The relationship between AEP and ARI is defined as: 

 

AEP =1-exp(-1/ARI) which results in the following: 

 

ARI (years)  AEP (%) 

1   63.2% 

2   39.3% 

5   18.1% 

10   9.5% 

20   4.9% 

50   2% 

100   1% 

 

ARIs of greater than 10 years are very closely approximated by the reciprocal of the AEP. 

 

The Intensity–Frequency–Duration (IFD) data available from the Bureau of Meteorology (known as the Rainfall Data System - 2016) 

has been added to the Structural Toolkit V5.5 release. 

 

The Bureau of Meteorology website states rainfall: 

 “The 2016 design rainfalls are based on a more extensive database, with more than 30 years of additional rainfall records and 

inclusion of data from an additional 2300 (sites) collected by organisations across Australia. By combining contemporary statistical 

analyses and techniques with this expanded rainfall database, the 2016 design rainfalls provide more accurate estimates for Australia. 

In addition, the 2016 design rainfalls provide better estimates of the 2% and 1% annual exceedance probability (AEP) design rainfalls 

than the interim 2013 design rainfalls. 

 

Note: The 2016 design rainfalls replace both the ARR87 design rainfalls and the interim 2013 design rainfalls. “ 

 

This guide aims to show the methodology to establish the parameters to derive the previous ARI method and the new AEP method 

using downloadable data from the Bureau of Meteorology.  
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Website links 

 

The ARR 2019 guideline: : http://arr.ga.gov.au/arr-guideline 

Bureau of Meteorology website: http://www.bom.gov.au/water/designRainfalls/ 

Intensity-Frequency-Duration data: http://www.bom.gov.au/water/designRainfalls/revised-ifd/ 

Bureau of Meteorology explanation of ARI vs AEP: http://www.bom.gov.au/water/designRainfalls/ifd-arr87/glossary.shtml

Rainfall intensity by Average Recurrence Interval (ARI) 

The rainfall intensity depends on the average recurrence interval (ARI) (ie. 1 in 100 years) and the duration of the storm event.  Less 

frequent events result in higher intensities whilst longer rainfall durations result in lower intensities. 

 

The Australian Rainfall and Runoff (ARR) A guide to Flood estimation, 2001, Volumes 1 and 2, is used to derive the intensity. 

Equations, outlined in Volume 1, Book 2, Cl A.3 utilise a set of parameters obtained from graphs/maps published as part of the ARR 

(on a CD). 

 

The maps can be used to derive the predicted intensities anywhere throughout Australia and are in sub-maps within the region 

folder on the CD. 

 

The following example is for Nunawading, an eastern suburb of Melbourne.   

 

From the ARR VOL2, open the index to determine the region then go to the Maps folder for the identified region 

 
Region index 

 

Go to the folder to get the values from the individual maps. 

 

http://arr.ga.gov.au/arr-guideline
http://www.bom.gov.au/water/designRainfalls/
http://www.bom.gov.au/water/designRainfalls/revised-ifd/
http://www.bom.gov.au/water/designRainfalls/ifd-arr87/glossary.shtml


 
Extract of sub-Map 1 

 

 

2 Year ARI          

1 hour (²i₁) = 19.0mm/hr  ( Map 1)   

12 hour (²i₁₂) = 4.5mm/hr  ( Map 2)  

72 hour (²i₇₂) = 1.4mm/hr  ( Map 3) 

        

50 Year ARI    

 

1 hour (⁵⁰i₁) = 37.6mm/hr  ( Map 4)  

12 hour (⁵⁰i₁₂) = 7.45mm/hr  ( Map 5)  

72 hour (⁵⁰i₇₂) = 2.40mm/hr  ( Map 6)  

 

Geographical Factors        

 

Skewness (G) = 0.35 (Map 7)      

Factor (F2) = 42.7 (Map 8 - Geographical factor for obtaining 6-minute duration intensities, ARI = 2 years)   

Factor (F50) = 15.0 (Map 9 - Geographical factor for obtaining 6-minute duration intensities, ARI = 50 years)   

 

Creating a Custom ARI in the [Rainfall Intensity (ARI)] module 

With the new Rainfall Intensity (ARI) V5.02 module, a custom ARI can be created. Open the Rainfall Intensity (ARI) and select the 

[Custom] tab. 

 

Using the maps within the ARR 2006 publication, obtain the three parameters for the 2 year ARI (²i₁, ²i₁₂, ₇ ₂ ) and 50 year ARI ⁵⁰i₁, 

⁵⁰i₁₂, ⁵ ⁰ ₇ ₂ and the three geographical factors (G, F2 and F50). 

 

Enter the City name, latitude and longitude, then press [Save Custom ARI…] to save the data as a .xml file for later use in the 

Stormwater Detention module. 

  

Nunawading is 

close to station 

624. 



Rainfall intensity by Average Exceedance Probability (AEP) 

The Average Recurrence Interval (ARI) is replaced by Average Exceedance Probability (AEP) in the 2019 version of ARR (ie. 1% AEP 

replaces 1 in 100 year ARI).  Using the Bureau of Meteorology IFD data, a 7-coefficient natural log polynomial regression is used to 

derive a depth of rainfall for a specific AEP and duration. 

 

DepthP = e
(C0 + C1 ln(T) + C2 ln(T)2 + C3 ln(T)3 + C4 ln(T)4 + C5 ln(T)5 + C6 ln(T)6)

 (in mm) 

 

The depth is converted to a rainfall intensity using the following equation: 

 

intensity (mm/h) = depth (mm) / duration (hours) 

 

The data is obtained by entering latitude and longitude information on the website, and downloading the Rainfall Intensities; or the 

coefficients file for which you are able to calculate the depth, then convert to intensity. 

The following example is for Nunawading, an eastern suburb of Melbourne.   

http://www.bom.gov.au/water/designRainfalls/revised-ifd/ 

 

 
 

  

http://www.bom.gov.au/water/designRainfalls/revised-ifd/


Use “Select from Map” to determine the latitude and longitude.   

 

 
 

Selecting the point on the map places the coordinates in the lower table.   

 

We recommend saving a copy of this to your project documents folder by taking a screen shot (Shift-Windows-S) and selecting the 

[Window] option. 

 

 
 

Alternatively, you can use the Snipping Tool from the windows search bar. 

 

When you have the co-ordinates, select “Single Point” and enter the coordinates, then [Submit] 

 

 



 

A green table with IFD Design Rainfall Depth (mm) will appear.  Change the data unit to mm/h to display the orange IFD Design 

Rainfall Intensity (mm/hr) table and select Coefficients. 

 

 

 
 

 

 

 

 

 

Download the csv (comma-separated values file) data file for the intensities and the coefficients and save them to your project 

documents folder.  This file is used to create the custom AEP for use with the Stormwater Detention module. 

 

 

  

Download intensities 

Tick to obtain the 

coefficients 

Download coefficients 

Select the mm/h 

(not mm depth) 



Creating a Custom AEP in the [Rainfall Intensity (AEP)] module 

 

With the new Rainfall Intensity (AEP) V5.00 released with Structural Toolkit V5.5module, a custom ARI can be created.  

 

Open the coefficients csv data file previously saved in Microsoft Excel. 

 

 
 

Select the coefficient values in Microsoft Excel and use Ctrl-C to copy the data into the clipboard. 

 

Open the Rainfall Intensity (AEP) V5.00 module and select the [Custom] tab. Select the top left corner of the data table (cell 

C0/63.2%) and paste the data using Ctrl-V. 

 

 

 
 

Enter the City name, latitude and longitude, then press [Save Custom AEP…] to save the data as a xml file for later use in the 

Stormwater Detention module. 

 

  

Select data and copy into 

the clipboard using Ctrl-C 

Select cell, and paste data 

into the data area using 

Ctrl-V 



Verify the coefficient data values are correct by comparison of the intensities from the Bureau of Meteorology table with the table 

shown on the [IFD] tab. 

 

 
Bureau of Meteorology Rainfall Intensity 

 

 

 
AEP Rainfall Intensity 

 

Using the custom ARI and AEP with the Stormwater Detention module 

 

Both the old ARI and new AEP methods for rainfall intensity calculation can be used with the new Stormwater Detention V5.04 

design. 

 

Select the [Location] tab and load the desired data from the custom ARI or AEP xml data file created previously using the [Load 

Custom ARI…] or [Load Custom AEP…]. 

 

Select the [OSD Swinburne] tab, and under “Design Criteria”, select the Method (A)RI 2001 or A(E)P 2019. 

 

Following input or changing of any design parameters including the Storage method ie. Above, Pipe, Underground, or Custom 

(which allows a user specific PSD) press [Recalculate…] to design to recalculate the storage volume. 

 


