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Selecting design events under climate change

• Before
– During estimation of design rainfalls
 Stationarity assessment of observed rainfalls

• After
– When using design rainfalls
 Climate change guidance in ARR2019



Before…

Stationarity assessment
(Dr Fiona Johnson)



Stationarity Questions

Can we use all of the historical data in deriving the new 
design rainfalls? 

or 

Have the changes been so large that only the most recent 
data should be used?



New South Wales Annual Rainfall
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Dry Period: 1900 - 1946
Average Rainfall: 477.7mm

*Dry conditions commenced 1890
Standard Deviation: 90.4 

Wet Period: 1947 - 2000
Average Rainfall: 573.9mm

20.1% increase 
Standard Deviation: 127.0

New  
Dry

2001/06
439.5mm

23.4% 
decline



Assessment of stationarity

• Analyses undertaken to assess if there is significant evidence of non-stationarity 
in Australia’s rainfall record

• Based on annual maximum series of both daily read and continuous rainfall data
− 17,247 daily read stations
− 58 long term continuous rainfall stations

• Undertaken on both point & region basis

• Assessed trends in daily and sub-daily annual maximum rainfall time series
• Assessed changes to fitted extreme value distributions
• Assessed average regional trends in threshold exceedances



Trends in annual maximum time series
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Trend Direction
Red - increasing, B   

Significance defined at 5% level

Daily
(1901-2000)

1 hour
(1956-2008)

6 minute
(1956-2008)

Total 
stations 4191 58 58

Positive 
trends

2733 
(9% sig.)

39
(49% sig.)

47
(47% sig.)

Negative 
trends

1458 
(5% sig.)

19
(21% sig.)

11
(9% sig.)



Changes in extreme value distribution

Significance defined at 5% level

Daily
(1901-2000)

1 hour
(1956-2008)

6 minute
(1956-2008)

5 yr
ARI 10.3% 1.7% 15.5%

20 yr 
ARI 10.9% 6.9% 17.2%

100 yr 
ARI 10.1% 1.7% 10.3%

100 yr quantile differences



Regional average threshold exceedance trends

Annual exceedance 
time series



Conclusions
• No significant evidence of non-stationarity in the Australian historic rainfall 

record could be found
• Although some individual stations show significant changes over time, there 

were no clear patterns to the changes spatially
• There is more evidence of change at shorter durations (particularly sub-hourly) 

but this may be a reflection of the shorter periods of record and greater impact 
of inter-decadal variability

• Therefore, the full historical record could be used in deriving design rainfall 
estimates

Note: These conclusions are specific to the analyses undertaken for the durations and 
probabilities of relevance to design rainfalls. They should NOT be taken out of context or 
misinterpreted to say that climate change is not occurring.



After….

Climate Change Advice in ARR2019
(Dr Bryson Bates et al)



Climate Change Advice in ARR2019
• ARR2019 Book 1; Chapter 6 – Climate Change Considerations
• Six step process
• Decision tree approach
• Enables practitioner to reach appropriate course of action

http://book.arr.org.au.s3-website-ap-southeast-2.amazonaws.com/figures/1036.png


Step 1 - Set the Effective Service Life or Planning Horizon

http://book.arr.org.au.s3-website-ap-southeast-2.amazonaws.com/figures/1033.png


Step 2 – Set the Flood Design Standard

http://book.arr.org.au.s3-website-ap-southeast-2.amazonaws.com/figures/1033.png


Step 3 – Consider the Purpose and Nature of the Asset or 
Activity and Consequences of its Failure

http://book.arr.org.au.s3-website-ap-southeast-2.amazonaws.com/figures/1034.png


Step 4 – Carry out a Climate Change Risk Screening Analysis

• If design AEP corresponds to ith
row, consider:
– (i+1)th

– (i+2)th



Step 5 – Consider Climate Change Projections and their 
Consequences

http://book.arr.org.au.s3-website-ap-southeast-2.amazonaws.com/figures/1035.png


Climate futures tool 

http://book.arr.org.au.s3-website-ap-southeast-2.amazonaws.com/figures/1045.png


Step 6 – Consider Statutory Requirements

http://book.arr.org.au.s3-website-ap-southeast-2.amazonaws.com/figures/1035.png


ARR Data Hub - Interim Climate Change Factors



Thank you
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