
From projections to action
Using science to point the way forward on climate change
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Thousands of years ago

Carbon dioxide concentrations over the last 800,000 years

We have put a large pulse of greenhouse gases into 

the atmosphere over a short period

Atmospheric CO2 concentrations reached 400 

parts per million in 2013



The ‘Enhanced’ Greenhouse Effect



What are those higher levels of greenhouse gases 

doing?

Less heat is being measured 

escaping to space by satellites

More heat is being measured coming 

back to the surface 

Two different types of direct 

measurement indicating that the 

greenhouse effect is being 

enhanced, as predicted



Warming around the globe

Warming since 1950 (°C)

2015 is very likely to reach 

1.0C warmer than pre-

industrial temperatures 



Australia is warming, on land and in the 

oceans

2013 was hottest year on record for Australia and South Australia



Seasonal temperatures

Spring maximums are 

strongly warming



Getting longer and more frequent 

heatwaves and very hot days

Increased tree die off in runs of extreme temperature



Fireweather trends

Trend in annual 90th percentile Forest Fire Danger Index 





The Hadley Cell is a key 

component of the weather 

patterns impacting southern 

Australia

Warming at the surface and 

lower troposphere increases the 

height of the Hadley Cell, which 

also increase the width.

This expands the tropics and 

pushes rainbearing cold frontal 

systems further south.

These changes are already 

being observed at about 0.5 to 

1.0 degree of latitude per 

decade in the northern and 

southern hemispheres. 



Changes in weather patterns

Trend in April to October rainfall

As the planet warms the tropics are expanding towards the poles pushing rain bearing weather systems away 

from South Australia



Changes in weather patterns
Daily weather map 

As the planet warms the tropics are expanding towards the poles pushing rain bearing weather systems away 

from South Australia



April to October rainfall for cropping SA 

is starting to see declines, but SE SA is 

already seeing strong declines not 

seen before in the rainfall record going 

back into the 1800's

This is no longer a normal drought 

patter meaning work is now needed to 

bring climate adaptation into normal 

business



CO2 fertilisation and other 

ecological influences

Trees, weeds and cereal crops 

grow better in increased Co2 

without water limitations

Protein levels decrease in 

cereals

Algal blooms under hotter, 

drier conditions



Modelling future climate

Global computer climate 

models are dynamical, 

being based on the laws of 

physics – calculations with 

conservation of energy, 

momentum & mass 

Paleo-climate indicators provide 

some clues.

Global climate models are the only 

way to forecast future change in 

any detail.



http://www.climatechangeinaustralia.gov.au/
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Possible futures

RCP8.5

RCP2.6

RCP4.5



Understanding interim projection plotsFuture temperature 



Surface pressure is 

projected to continue to 

increase



Rainfall declines 

depending on the 

scenario



Reduced water availability

Declines in soil moisture and strong declines in run-off and water availability



Sea level observations and projections

20cm increase means storm 

surges happen 5x  as often

50cm increase means once 

per 100 year events 

happen every year



By 2100:

~ 25cm

~ 15cm 

~25-45cm ??

Where will future sea level rise come from?



Minimising future changes 

From IPCC AR5 report

Low emissions choice      Burn all fossil fuels choice

Melt much of the Arctic ice. 

4 degrees C global warming

Actions in the next 20 years are key to the future path world climate 

follows



Minimising future changes 

4-6 °C

~2 °C1.5 °C

Winkelmann, Levermann and Caldeira, Science Advances 11  Sept 2015 

Recent work on Antarctic and Greenland icesheets indicates warming needs to be keep to a minimum to avoid very 

large sea level rise over longer timeframes 



Climate observations to inform action 

• Do an internet search for 

, or go to 'Climate and 

Past weather' on the 

Bureau homepage… 

• ( www.bom.gov.au) 

• Climate Data Online

• ( all BoM rainfall and 

temperature daily data)

• Daily Weather 

Observations

• Click on SA on the BoM 

home page and select 

'SA latest observations' 

for 3 days of half hourly 

observations

The Bureau collects a great 

deal of information about 

changes in climate in 

Australia

http://www.bom.gov.au/


What else do we need to measure and 

monitor?

Improved capabilities

 Satellites, drones, automated monitoring

 Ecological systems

 Coastal environments



Forecasts to manage extremes 

Improved forecasts of extremes are a 

valuable resource for adaptation, with 

new work going on in this area



Reducing emissions and working for a positive vision 

• Some signs that 

emissions may be 

slowing

• Renewable energy is 

getting cheaper and 

cheaper

• Transforming our energy 

systems is looking much 

cheaper and easier than 

anticipated 



Thoughts for today's discussion

• We are starting to transform the planet

• How much depends on our actions in the next 20 years

• There are signs emissions can be reduced

• Some further adaptation is needed

• There are actions available to assist and inform adaptation 

• Maintaining a positive vision and focus and seeking best 

information is key 



Thank you for listening 

Darren Ray 

Bureau of Meteorology 

d.ray@bom.gov.au


