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Global Annual Mean Temperature 
Anomalies

Global Annual Mean Temperature 
Anomalies with respect to pre-
industrial conditions (1850-1900) for 
six global temperature data sets 
(1850-2022).

WMO 2023, State of the Global Climate 2022, no. WMO-No. 1316, 
World Meteorological Organisation, Geneva.





Temperature Trend - Australia

BoM/CSIRO 2022, State of the Climate 2022, Melbourne.

Anomalies in 
annual mean sea 
surface 
temperature, and 
temperature over 
land, in the 
Australian region 
(anomalies are the 
departures from the 
1961–90 standard 
averaging period, 
sea surface 
temperature values 
are provided for a 
region 4–46 ºS and 
94–174 ºE).
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Temperature Trend - Australia
Number of days 
each year where 
the Australian area-
averaged daily 
mean temperature 
for each month is 
extreme (extremely 
warm days). 
Extremely warm 
days are defined as 
those where daily 
mean temperatures 
are the warmest 1 
per cent of days for 
each month, 
calculated for the 
period from 1910–
2021.
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April to October Rainfall Trends 2000-2022

April to October 
rainfall deciles for 
the past 22 years 
(2000–21). A decile 
map shows where 
rainfall is above 
average, average, 
or below average 
for this period 
compared to all 
years from 1900 
(when reliable 
rainfall records 
began).
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October to April Rainfall Trends 2000-2022

Northern wet season 
(October–April) rainfall 
deciles for the past 22 
years (2000–01 to
2021–22).



What we can 
expect…

Holgate, C.M., Pepler, A.S., Rudeva, I., 
Abram, N.J., Anthropogenic warming
reduces the likelihood of drought-
breaking extreme rainfall events in 
southeast Australia, Weather and
Climate Extremes (2023).
9% less ‘blocking high’ and ‘intense 
trough’ rain events in SEAu for every 1 
degree of warming.



‘All models are wrong: some are useful’

Prof. George Box 1976
Journal of the American Statistical Association



https://www.longpaddock.qld.gov.au/qld-future-climate/dashboard/



Change in mean 
temperature by 2050

63 10

Change in days over 35 
degrees by 2050



Change in temperature under a high greenhouse gas emission scenario compared to 
1986-2005

Average of 
the models

Individual model 
results

Additional days over 35 
degreesQueensland Future Climate Dashboard











Change in number 
of consecutive dry 

days

The dry season 
has longer runs 

of dry days

The number of 
dry days in a 

row will increase



Change in number of 
consecutive wet days

The wet season 
has longer runs 

of wet days

The number of 
wet days in a 

row will increase



Deeper La Nina and El Nino but 
IOD feedback uncertain

Less TCs – but more intense

Inflow season shorter - floods





Rockhampton Climate
Average annual rainfall
• Rok 800 mm
• W-Fitzroy Basin 600mm
• E-Fitzroy Basin 900mm
Average Temperatures (max-min)
• Summer 32-22°C 
• Winter 23-9°C
Number of days per year > 35°C
• 18 days since mid C20
• 31 days in the period 2015-2020
Wet: Dec-Mar
Dry: Jun-Sep
Av Consecutive dry days (<1mm) - 50
Av Consecutive wet days (>1mm) - 5





Dr Michael Hewson
m.hewson@cqu.edu.au

“Climate is what you expect, weather is what you get.”
Andrew John Herbertson 1901
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Fire Weather Days

There has been an increase in 
the number of days with 
dangerous weather conditions 
for bushfires. 
The map shows the change in 
the annual (July to June) 
number of days that the FFDI
exceeds its 90th percentile 
between the two periods: July 
1950 to June 1986 and July 
1986 to June 2022. 
The FFDI is an indicator of 
dangerous fire weather 
conditions for a given location.



Business 
as usual

A brave 
new world

Low 
emissions 
scenario

Representative
Concentration

Pathway





• Australia’s climate has warmed by an average of 1.47 ±
0.24 ºC since national records began in 1910.

• There has been an increase in extreme fire weather and 
a longer fire season across large parts of the country 
since the 1950s.

• There has been a decrease in the number of tropical 
cyclones observed in the Australian region.

Observed Australian Climate Change

(Source: Bureau of Meteorology)



• There has been a decline of around 15 per cent in April to 
October rainfall in the southwest of Australia since 1970. 
Across the same region, May to July rainfall has seen the 
largest decrease, by around 19 per cent since 1970.

• In the south-east of Australia, there has been a decrease 
of around 10 per cent in April to October rainfall since the 
late 1990s.

• There has been a decrease in streamflow at most 
gauges across Australia since 1975.

• Rainfall and streamflow have increased across parts of 
northern Australia since the 1970s.

• Snow depth, snow cover and number of snow days have 
decreased in alpine regions since the late 1950s.

Observed Australian Climate Change



• Sea surface temperatures have increased by an 
average of 1.05 ºC since 1900. This has led to an 
increase in the frequency of extreme heat events over 
land and sea.

• Oceans around Australia have continued to become 
more acidic, with changes happening faster in recent 
decades.

• Sea levels are rising around Australia, including more 
frequent extremes that are increasing the risk of 
inundation and damage to coastal infrastructure and 
communities.

Observed Australian Climate Change
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What we can expect…

o Continued warming, with more extremely hot days and 
fewer extremely cool days.

o A further decrease in cool season rainfall across many 
south and east regions.

o Continued drying in the southwest of Western Australia, 
especially during winter and spring.

o Longer periods of drought on average in the south and 
east.

o A longer fire season for the south and east, and an 
increase in the number of dangerous fire weather days.
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What we can expect…

o More short-duration heavy rainfall events leading to 
complex streamflows, associated flood and erosion risks.

o Fewer tropical cyclones, but a greater proportion of high 
intensity - the intensity of associated rainfall will increase 
- higher sea levels will amplify coastal flooding.

o Fewer east coast lows, particularly during the cooler 
months.

o Ongoing sea level rise through this century and beyond, 
at a rate that varies by region. 

o Recent research on potential ice loss from the Antarctic 
ice sheet suggests that a scenario of larger and more 
rapid sea level rise can’t be ruled out.
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What we can expect…
o Sea level rise to cause coastal inundation and erosion.
o Continued warming and acidification of oceans with 

consequent impacts on biodiversity and ecosystem 
processes.

o Increased and longer-lasting marine heatwaves, which 
will further stress marine environments, such as kelp 
forests, and increase the likelihood of more frequent and 
severe bleaching events in coral reefs around Australia, 
including the Great Barrier Reef and Ningaloo Reef.

o An increase in the risk of natural disasters from extreme 
weather, including ‘compound extremes’, where multiple 
extreme events occur together or in sequence, thus
compounding their impacts.



CQ trough location to 2100?

Day, K. A., & McKeon, G. M. (2018). An Index of Summer 
Rainfall for Queensland’s Grazing Lands, Journal of 
Applied Meteorology and Climatology, 57(7), 1623-1641. 



(Source Petit et. al. 1999)



https://www.climatechangeinaustralia.gov.au
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