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Why do we care about rainfall extremes?

Rainfall extremes impact every sector of society



Why do we care 

about rainfall 
extremes?

NSW 2022 Flood Inquiry



Understanding rainfall extremes
Relevant time and space scales
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How have rainfall extremes been 

changing?



How have rainfall extremes been changing?

The trend in the annual maximum 1-day 

rainfall varies across the globe.

Parts of Eastern Australia have 

experienced increases while the rest 

experienced decreases over the last ~70 

years.

Trend in annual maximum 1-day rain 

(1950-2018)

mm/yr

Contractor, S., and Coauthors, 2020: Rainfall Estimates on a Gridded Network (REGEN) – a global land-based gridded dataset of daily 

precipitation from 1950 to 2016. Hydrology and Earth System Sciences, 24, 919–943, https://doi.org/10.5194/hess-24-919-2020.

https://doi.org/10.5194/hess-24-919-2020


More stations show short 

duration extremes are 

increasing

Short duration rainfall extremes 

are increasing faster

Lalani Madhushankha, J. M., C. Wasko, R. Nathan, and F. Johnson, 2023: Non-stationarity in extreme rainfalls across Australia. 

Journal of Hydrology, 129872, https://doi.org/10.1016/j.jhydrol.2023.129872.

https://doi.org/10.1016/j.jhydrol.2023.129872


BUT stations miss 90+% of sub-

hourly extremes

Using weather radars we find 10 

minute extremes increasing by 

at least 20% per decade.

Ayat, H., J. P. Evans, S. C. Sherwood, and J. Soderholm, 2023: An object-based climatology of precipitation systems in Sydney, 

Australia. Clim Dyn, 60, 1669–1688, https://doi.org/10.1007/s00382-022-06404-z.

https://doi.org/10.1007/s00382-022-06404-z


What time and space scales do climate 

models simulate?
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What can we say about future changes in 

rainfall extremes due to climate change?



Both global and regional models project an increase in annual 
maximum 1-day precipitation but with high uncertainty 

Global Climate Models Regional Climate Models



Projections for Hobart from RCMs for sub-daily duration 
extremes

1-in-100 year & 1-in-50 

year events increase 

100% from 1985 to 2085 

under high emission 

scenario.

Mantegna, G. A., C. J. White, T. A. Remenyi, S. P. Corney, and P. Fox-Hughes, 2017: Simulating sub-daily Intensity-Frequency-Duration curves in 

Australia using a dynamical high-resolution regional climate model. Journal of Hydrology, 554, 277–291, https://doi.org/10.1016/j.jhydrol.2017.09.025.

Future

Past

Wide 

uncertainty 

range 

Duration (hours)

https://doi.org/10.1016/j.jhydrol.2017.09.025


Summary – projections of rainfall extremes over Australia

Rainfall extremes generally 

increase but with low/medium 

confidence

The increase in rainfall extremes 

tends to grow for smaller 

durations and rarer events

BUT

The level of confidence tends to 

be lower

Chronicle, Brisbane



Research progress and prospects



Research progress & prospects

• Convection permitting climate 

projections are being created.

These have the potential to substantially 

improve our confidence in projections of 

rainfall extremes at daily and sub-daily 

durations.

• Improved confidence in the 

projections of rarer events will be 

facilitated through the use of Artificial 

Intelligence (AI) based climate model 

emulators. 
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