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Global mean temperatures are rising faster with time
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Sea level is rising in 20th century

Rates of sea level rise:
•1.8 + 0.5 mm yr-1, 1961-2003
•1.7 + 0.5 mm yr-1, 20th

Century
•3.1 + 0.7 mm yr-1, 1993-2003 

SPM-3b



Other evidence from observations
•Oceans have warmed

•Oceans becoming more acidic

•Patterns of rainfall/evaporation are changing

•Evidence over both land and oceans

•Droughts are more frequent

•Extremes events are changing

•More warm nights

•More storm surges

•Strengthening westerlies

• Reduced snow, shrinking Arctic Sea-Ice

•Melting Glaciers, melting Greenland ice sheet, mass loss from 
Antarctica 

“……evidence for climate change is unequivocal….”
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• Anthropogenic 

greenhouse gas 

increases very likely

caused most of the 

observed warming 

since mid-20th century

• extremely unlikely due 

to natural variation

Observations

Solar + volcanic 

TS-23

Attribution to man All forcing



Projections of Future Changes in Climate

Best estimate for 

low scenario (B1) 

is 1.8°C (likely 

range is 1.1°C to 

2.9°C), and for 

high scenario 

(A1FI) is 4.0°C 

(likely range is 

2.4°C to 6.4°C).
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The temperature and acidity of Australia's 

tropical waters are changing rapidly

• Increase of 0.8°C 

over the past century

• Increased in acidity 

(drop of 0.1 pH units)

• Tropical marine 

ecosystems are now 

changing rapidly

Increasing temperatures in Coral Sea

Decrease in pH of Pacific Ocean



Key example:  Great Barrier Reef 

• Sensitive to change

– Temperature, acidity

• Current conditions 

are outside those 

experienced for 

700,000 years

• Lots to lose World’s largest continuous coral reef

$6.5 billion per year, and 63,000 jobs

Huge recreational value, Australian icon



The Great Barrier Reef is already changing.

• Mass coral bleaching 
since 1979

• Coral calcification and 
growth has slowed by 
15% since 1990 (not seen 
in 400 years of record)

• Coral populations are 
around half of what they 
were in 1980.

• Coral cover is declining at 
the rate of 1-2% per 
annum

Southern GBR: Jan 2006Southern GBR: Jan 2006

Unprecedented 15% coral calcification since 1990



An increase in sea temperatures of 1°C 

above today will cause bleaching 

conditions to occur every year.

Known thresholds for 

mass coral bleaching

Further increases will 

amplify the chance of 

catastrophic bleaching 

events like 1998

At 2°C above today, the 

Great Barrier Reef will 

no longer be coral 

dominated.



At 450 ppm CO2, ocean acidity becomes 

too great for carbonate coral reef 

ecosystems to persist.

Cao and Caldeira,   Stanford University 

Key paleo-chemical evidence suggests that 

we are headed for conditions not seen for 

40 million years!

Ocean acidification



Under these conditions, the Great Barrier Reef will 

no longer be dominated by reef-building corals 

with major implications for the reef ecosystem, 

biodiversity, people and dependent industries.

$6.5 billion per year, and 63,000 jobs, recreational value, Aussie icon?



What can we do about it? 

• Stabilise CO2 as quickly as 

possible – and try to minimise 

time above 450 ppm

• Boost resilience of the GBR by 

increasing efforts to reduce 

local threats to the Great 

Barrier Reef such as water 

quality and overfishing

• Seek to bring atmospheric 

CO2 below 350 ppm in the 

longer term.





Supporting resources and 

peer-reviewed literature

1. Australian government, Bureau of Meteorology http://reg.bom.gov.au/cgi-

bin/silo/reg/cli_chg/timeseries.cgi?variable=sst&region=cor&season=0112

2. Bruno JF, Selig ER (2007) Regional decline of coral cover in the Indo-Pacific: timing, 

extent, and subregional comparisons. PLoS ONE., 2, e711.

3. Doney S, Fabry V, Feely R, Kleypas J (2009) Ocean Acidification: The Other CO2 Problem. 

Annual Review of Marine Science, 1, 169-192.
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coral reefs of the Great Barrier Reef to climate change. Climate change and the Great 

Barrier Reef. Great Barrier Reef Marine Park Authority and Australian Greenhouse 
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5. Great Barrier Reef Marine Park Authority: 
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6. Hoegh-Guldberg O, Mumby PJ, Hooten AJ et al. (2007) Coral reefs under rapid climate 

change and ocean acidification. Science. 2007 Dec 14. 318 (5857):1737-42.
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life. Oceanography and Marine Biology: An Annual Review, 45, 407-478.



Australia’s tropical seas
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Health Impacts of Climate Change
now and (increasingly) in future

Keith Dear, National Centre for Epidemiology and 

Population Health, ANU, Canberra



Climate Change is 
dangerous to our health

“Climate change is likely to be more rapid and severe, and 

more costly and dangerous than previously thought.”

Source: www.climatechangeinaustralia.gov.au/.../Climate Science Update 2_7Dec09 



Dangerous HOW?

Already apparent in Australia: risks amplified by climate change

• Heatwaves deaths, hospitalisations

• Bushfires injuries, deaths, mental health

Current probable impacts: but not yet clearly identified

• Mental health depression, suicide

• Food poisoning salmonella, diarrhoeal diseases

• Air pollution ozone, smoke, pollen: respiratory and cardio

Predicted future health impacts

• Mosquito-borne disease Dengue fever, Ross River virus, etc.

• Storms and floods injuries, deaths, inf.disease, depression

• Water shortages food yields, hygiene, recreation

• Thermal stress at work injuries, organ damage, heat stroke/exhaustion



HOW dangerous?

FRANCE 2003: 1-20 August 

• Worst ever heatwave ... “heatquake”

• Temperatures > 35°C for 10 days, including 4 consecutive days 

8-11 August.  

• Excess deaths: 14,802. 

VICTORIA 2009: 27-31 January.

• Daily max temperatures were 12-15°C above normal in much 

of Victoria.  

• Temperature > 43°C for three consecutive days, 28-30 

January.

• 126 out-of-hospital deaths, vs. 44 expected in a normal year: 

approx. 3-fold increase.



January 2009 Heatwave in Victoria: 

an Assessment of Health Impacts (State of Victoria 2009)

Heat stress
Ambulance attendances for  Dehydration

Heat stroke

Max daily temp



Hot off the press: CSIRO/BoM this Monday

Record hot day maximum temperatures at 
Australian climate stations, 1960-2009
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Not so much fun any more...

Ross River virus:
Endemic throughout Australia. 

4203 notifications in 2007 (>60% of all mosquito-borne infections).

Dengue fever: 
Not endemic, but importations can cause local epidemics. 

Over 1000 cases in North Queensland in 2009: 

Tourism, rainwater tanks, climate?  – all of these?

Malaria:
No longer endemic; 700-800 cases imported each year.

Local transmission does then occur, above latitude 19°S (Townsville).

Transmission could extend south to 24°S (Gladstone) by 2030 due to 
climate change (Ref: Bryan 1996, MJA).

Source: www.health.gov.au : Communicable Diseases Intelligence Volume 33 No 2 - June 2009 
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Carbon dioxide (CO2) and climate

Michael Raupach

Thanks:

Pep Canadell, Philippe Ciais, Ian Enting, Pierre Friedlingstein, 

Skee Houghton, Corinne Le Quere, Gregg Marland, Peter Rayner, 

Cathy Trudinger, and many other colleagues

Universities Australia Climate Forum, Parliament House, Canberra, 18 March 2010



Human-induced 
climate change

� CO2 emissions

� Atmospheric CO2

concentration

(accounts for 2/3 of warming)

� Global warming
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Fossil fuel

Deforestation
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Deforestation: 

15% of total CO2

emissions during 

2000-2008

Le Quéré et al. 2009, Nature Geoscience; Data: CDIAC, FAO, Woods Hole Research Center 2009

Total human-induced CO2 emissions

Signs of a 

decreasing trend?
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� CO2 from fossil fuels:

• 2000-2008:

grew at 3.5 % per year

� Financial crisis will "save":

• 6 weeks of total emissions

• 3.5 years emissions growth

Accelerating global 
CO2 emissions
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* Graphs: Raupach et al. (2007) PNAS, 
with updated data: CDIAC to 2007, IEA to 2006

* Reference SRES to data in 2000
* GFC effect: Use IMF data for GWP with historic

improvement of emissions/GWP (1.7%/y)



Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS, updated

+
Land:

29%

Air: 

45%

Ocean:

26%

Fate of CO2 emissions (2000-2008)
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Obligations for Scientific Credibility 

� On scientists
• To test their claims by peer review

• See  When is Science Valid? - www.fasts.org

� On journalists:
• To report the scientific consensus

� On politicians:
• To accept the scientific consensus view

• To weigh it against wider social, economic and political factors

• If they don’t accept the consensus scientific view, to declare 
their faith in challenging mainstream scientific concepts 
(evolution, human induced climate change, whether they are 
against specific energy sources, etc.)




