
We often hear that as the world warms, extreme weather events will increase in frequency and/or intensity. 
But it’s hard to say how extreme wind events will change. This doesn’t make it easy for decision-makers 
considering the risks of extreme wind, so our researchers are working hard to provide useful insights to help.  

Extreme winds can pose a hazard to life, property, and our 
natural environment. 
Tropical cyclones, associated with extreme winds, heavy 
rainfall and storm surges are Australia’s most expensive 
natural disaster, costing Australia $23 billion since 1967 as 
well as impacting delicate ecosystems such as coral reefs. 
For southern Australia, where tropical cyclones are 
much less of a risk, extreme winds associated with 
thunderstorms are a key hazard of concern. For example, 
on 13 February 2024, extreme winds knocked over six 
transmission towers in Victoria, causing 500,000 people to 
lose power, some for more than a week.

What are extreme winds and when can 
they occur?
While the term ‘extreme’ is used broadly, an extreme 
wind event is one involving winds strong enough to cause 
damage. The Bureau of Meteorology defines this as 
sustained winds of at least gale force (63 km/h), or wind 
gusts of 90 km/h or more. 
These damaging winds are caused by a range of different 
weather systems that affect Australia, as shown in 
Figure 1, including tropical cyclones, tornadoes, severe 
thunderstorms, east coast lows, and strong cold fronts. 
These weather systems are often associated with extreme 
rainfall. 
Generally, the duration of an extreme wind event is 
proportional to the size of the weather system influencing 
or causing it, with small-scale weather systems such as 
tornadoes generating severe winds lasting from minutes 
to around one hour, and larger systems such as tropical 
cyclones, east coast lows and strong cold fronts producing 
extreme winds that can persist for a day or more.

Will extreme wind events be more 
damaging in the future?
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Will extreme wind events become more 
severe in the future? 
Understanding the extent of future changes is a challenging 
and active area of research. 
It requires an accurate picture of wind behaviour in the 
past, as well as highly sophisticated weather and climate 
modelling to develop projections for the future.

Figure 1: Map of Australia showing the types of weather systems linked to extreme wind and the regions generally impacted by each system (adapted from 
Raupach, T. H., et al 2024).

System type Where do strongest 
winds occur?

Characteristic length 
scale of strongest 
winds

Predictability

Tornadoes Anywhere Hundreds of metres

Forecasting is moderate to predict where and 
when conditions favourable for the formation of 
tornadoes, but we can’t easily predict exactly 
when and where these systems will form ​

Thunderstorms Anywhere A few kilometres

Forecasting is good to predict where and when 
conditions favourable for the formation of severe 
thunderstorms, but we can’t easily predict 
exactly when and where these systems will form ​

Tropical cyclones Coastal and island areas, 
northern areas of Australia Tens of kilometres

Forecasting is good at predicting the tracks of 
tropical cyclone, but only moderately good at 
predicting their intensities

Low pressure systems 
(including east coast 
lows)

Exposed coasts and 
elevated areas

Tens to hundreds of 
kilometres Forecasting is generally good

Table 1:  Key characteristics of weather systems associated with extreme winds.



Future extreme winds caused by 
tropical cyclones
In northern Australia, the strongest recorded wind gusts are 
associated with tropical cyclones, and even when tropical 
cyclones weaken to tropical lows, they can bring strong 
winds causing dangerous conditions. 
Table 2 below shows the severity ratings, or categories, 
of tropical cyclones and the typical wind impacts for each 
category. 
While all categories are usually associated with damaging 
winds, the biggest impacts and greatest risk comes from 
category 3 to 5 systems.
Climate Systems Hub researchers found the total number 
of tropical cyclones observed in the Australian region has 
decreased in recent decades. 
This aligns with previous hub research to some extent, 
where modelled projections suggest the trend of a 
decrease in tropical cyclones will continue in the future.
Climate models suggest we may experience less tropical 
cyclones, but they will likely be a higher intensity (e.g. 
Category 3-5). 
These severe storms bring increased risk of coastal 
flooding due to increased peak wind speeds, greater 
rainfall intensity and higher storm surges.
Hub researchers are working to address tropical cyclone 
intensity projection challenges and provide a better 
understanding of future intensity changes based on the 
latest climate models for Australia. 

This is being done using multiple lines of evidence, 
including: 
i.	 assessment of changes to tropical cyclone “potential 

intensity” (the theoretical upper limit of a tropical 
cyclone’s wind speed, which can be calculated 
using standard climate model output such as ocean 
temperatures and atmospheric humidity); and 

ii.	 assessment of simulated tropical cyclone maximum 
wind speeds in global and regional climate models. 

As tropical cyclone research continues to develop and 
bring a greater understanding of the future frequency 
and intensity of these events, we’ll also know more about 
how extreme winds associated with tropical cyclones will 
change.

Category Maximum mean 
wind (km/h)

Typical strongest 
gust (km/h) Typical effects

1 63 - 88 <124 Damaging winds. Negligible house damage. Damage to some crops, 
trees and caravans. Craft may drag moorings.

2 89 - 117 125 - 164
Destructive winds. Minor house damage. Significant damage to signs, 
trees and caravans. Heavy damage to some crops. Risk of power failure. 
Small craft may break moorings.

3 118 - 159 165 - 224 Very destructive winds. Some roof and structural damage. Some 
caravans destroyed. Power failures likely. (e.g. Clare, Olwyn).

4 160 -199 225 - 279
Significant roofing loss and structural damage. Many caravans destroyed 
and blown away. Dangerous airborne debris. Widespread power failures. 
(e.g. Tracy, Debbie, Lam).

5 >200 >280 Extremely dangerous with widespread destruction. (e.g. Vance, Marcia, 
Yasi).

Table 2: Tropical Cyclone Categories. The severity of a tropical cyclone is described in terms of categories ranging from 1 (weakest) to 5 (strongest). The categories 
are based on the maximum average wind speed (Source: Australian Climate Service, 2024).

Above: Destructive winds, Cyclone Yasi.
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Future extreme winds caused by 
thunderstorms
Researchers at the University of Melbourne and the 
Climate Systems Hub are developing new approaches 
to apply climate models to extreme winds caused by 
thunderstorms. These approaches indicate the large-scale 
environmental conditions that are conducive to extreme 
winds caused by thunderstorms. 
Results suggest conditions favourable for extreme winds 
caused by thunderstorms will occur more frequently over 
some parts of Australia due to global warming, particularly 
during summer. However, some results indicate a potential 
decrease in frequency for some regions and seasons, 
depending on the model used and the method being 
considered. For details, see Brown and Dowdy 2021.
Modelling extreme wind gusts is still in its infancy, and given 
the limitations of historical observations, it is too early to 
say if extreme winds are likely to become more damaging 
in the future. This doesn’t make it easy for decision-makers 
considering the risks of these events.

Next steps and knowledge gaps
The Climate Systems Hub has listened to a range of 
decision makers including local councils, state government 
planning and policy areas, catchment, water and 
emergency managers, and the private sector, including 
electricity infrastructure and insurance corporations.
Extreme wind events coinciding with wet conditions or 
extreme rain were highlighted by decision makers as a 
major risk. They want to understand how that risk, and 
others, will change in the future for their local area, to help 
inform preparedness and longer-term resilience planning.

The identified knowledge gaps include:
•	 Information about tropical cyclones to inform 

understanding of extreme winds: whether they will 
move further south, increase in intensity and/or 
maintain intensity for longer with climate change. Also, 
more information on trends observed around the likely 
impacts as tropical cyclones weaken and travel inland.

•	 How research about and projections of extreme winds 
can be applied in planning and development guidelines 
and decisions, including in construction codes.

•	 Understanding links between extreme winds and 
coastal erosion and/or other coastal hazards.

Identification of these knowledge gaps highlights 
the appetite decision makers have for usable and 
understandable information and is helping shape future 
research. 
The following research areas are being considered by the 
hub to address these gaps: 
•	 Compound events where heavy rain coincides with 

strong winds.
•	 What future tropical cyclone changes mean for 

extreme winds.
•	 Fine-resolution modelling of thunderstorms.
•	 What future changes to low pressure systems mean 

for extreme wind.

Challenges and limitations
The localised and sporadic nature of extreme winds means 
that many events can go undetected by Australia’s weather 
station network, leaving a limited and incomplete historical 
observational record of these events. 
The severity of extreme winds means that recording 
instruments can fail or be damaged making it impossible to 
record the true magnitudes. 
Current climate models do not yet simulate winds in space 
and time well enough to accurately represent extreme winds. 
Limited historical or observed records means the modelled 
climate simulations cannot be validated as well as other 
climate variables like temperature.
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The Climate Systems Hub is funded by the Australian Government under the National Environmental Science Program.
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