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Climate Change Science

• Climate change science basics
• Geological record
• Observations and trends
• Modelling projections
• Recent observations
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Climate Change Politics

• Short-term policies have long-term 
implications

• Market failure (tragedy of the commons)
• Big stakes; no easy answers
• Winners and losers
• Vested interests
• Rent seekers (the free lunch)
• Global impact from local actions
• Developed world vs emerging economies 

(the Copenhagen syndrome)



 Key questions – from 
straightforward  to ‘diabolical”

1. Is the world’s climate changing?
2. Is this a problem?
3. Hasn’t climate always changed?
4. Do we know what causes climate to change?
5. Do people play a role, and if so how much?
6. Can we slow down climate change by reducing 

greenhouse gas emissions?
7. How much will it cost to act?  The cost not to act?
8. Will there be winners and losers?
9. What is the best approach (legislation, market)?
10. Shouldn’t we wait until others reduce their 

emissions (eg China, India, USA …)? SOCIO-
ECONOMIC, 

POLITICS

SCIENCE



What is Science?

- observation
- hypothesis
- experimentation
- theory
- test
- consensus
- paradigm
- challenge

Science is not a “belief”



The Intergovernmental Panel on 
Climate Change (IPCC)

• Two thousand peer-reviewed 
papers on climatology are 
published each year

• The IPCC is a transparent process 
set up by the UN to summarise the 
world’s peer-reviewed scientific 
papers into a form acceptable by 
all governments

• First assessment 1990
• 1250 lead and contributing authors 

+ expert reviewers and editors
• 3000 pages in 4th (2007) IPCC 

report

http://www.cambridge.org/uk/catalogue/catalogue.asp?isbn=9780521705974
http://www.cambridge.org/uk/catalogue/catalogue.asp?isbn=9780521705981
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IPCC – What’s coming? 

Fifth Assessment Report (AR5) 
•Physical science basis … Sep 2013
•Impacts, adaptation and vulnerability … Mar 2014
•Mitigation of climate change .. Apr 2014
•AR5 synthesis report … Oct 2014
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Source: Bureau of Meteorology



Human activities contribute

Temperature and CO2  (800,000-year record) 

Reconstruction from 
Antarctica ice cores

Current CO2  level

Temp

CO2

http://upload.wikimedia.org/wikipedia/en/6/63/Co2-temperature-plot.svg


Source: Climate Commission

Global CO2 budget, 1850 - 2008 

Sources

Sinks

Half the CO2 emitted stays in the atmosphere and lasts 50-100 years



Oceans are acidifying

“Half of human-
produced CO2 has 
been absorbed by 
the oceans”

Source: Will Steffen

“The last time the 
oceans were this 
acidic was 25 
million years ago”



xx

Source: IPCC



Sea-level rise is accelerating

 
Church and White 2006

“Half of sea level 
rise is caused by 
heating, and half 
by melting ice 
caps and 
glaciers”

Source: Will Steffen

Global sea level rise

3.2 mm/yr (+/- 0.4)



Modelling Confirms Human Impact 

Source: IPPC4, WG1



Understanding and Attributing Climate Change

Global warming 
   very likely shows 

a significant 
anthropogenic 
contribution over 
the past 50 
years

IPCC AR4 2007



Projections of future changes in climate

Australian Academy of Science (2010)

Busin
ess

 as
 usual



Update: faster change and more serious risks



Current emissions at ‘worse case’

Emissions have accelerated since 2000

Holper GH2009 - Raupach et al. (2007) PNAS updated to 2006 with IEA (2008) data

A2

1.0 % per year 1990-1999

curre
nt path

3.4 %
 per 

year
 2000-2008



 

Arctic Sea Ice

A. Sorteberg

1980-2010 (University of Washington Polar Science Center)



Konrad Steffen and Russell Huff, CIRES, University of Colorado at Boulder (James Hansen)
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Melt 
descending 
into a moulin, 
a vertical shaft
carrying water 
to ice sheet 
base.  

Source: Roger Braithwaite, 
University of Manchester (UK)

Surface Melt on Greenland



Impacts
Key impacts with increasing temperatures



Multiple lines of evidence

“10 key climate indicators that all 
point to the same finding: the 
scientific evidence that our world 
is warming is unmistakable.” 

(National Oceanographic and 
Atmospheric Administration)



What do our experts say?

    Projections
• Australia will be 
hotter in coming 
decades 
• Much of Australia 
will be drier in 
coming decades
• It is very likely that 
human activities have 
caused most of the 
global warming 
observed since 1950
• Climate change is 
real 

State of the Climate – Snapshot
(CSIRO and BoM, Feb 2010)

• Australia has warmed 
over the past 50 years
• Some areas have 

warmed by 2 ºC

• Rainfall increasing in 
northern & central 
Australia
• Decreasing across 

much of southern and 
eastern Australia



    Q/A
•  What is climate change?
•  How has Earth’s climate changed in the distant 
past?
•  How has Earth’s climate changed in the recent 
past?
•  Are human activities causing climate change?
•  How do we expect climate to evolve in the future?
•  What are the consequences of climate change?
•  How do we deal with the uncertainties in the 
science?

Australia Academy of Sciences



Cancun Agreements (mitigation pledges to 2020)



May 2011

“The evidence that the Earth’s 
surface is warming rapidly is now 
exceptionally strong, and beyond 
doubt. 

Evidence for changes in other 
aspects of the climate system is 
also strengthening. 

The primary cause of the observed 
warming and associated changes 
since the mid-20th century – human 
emissions of greenhouse gases – is 
also known with a high level of 
confidence.”



Mitigation

• Reduce greenhouse gas 
emissions (primarily from 
fossil fuels)

• Reduce land clearing & land 
degradation

• Reforestation

• Mechanisms: 
- Legislation (mandate, 
incentives, penalties)

- Market based (carbon tax, 
emission trading)

http://www.cambridge.org/uk/catalogue/catalogue.asp?isbn=9780521705981


What if emissions stopped instantly? Projections for 2012, 2050 and 2100

How fast can earth respond?

Richard Monastersky, Nature 30 Apr 2009 (based on data from Solomon; Lowe)

• Natural sinks have slow uptake of GHGs – 
20% stays in atmosphere for 1000 years

• Temperature changes moderated by 
thermal inertia of oceans



Adaptation

• Adapting to climate change
 (higher temperatures, more storms, 

floods, rising sea levels, unreliable 
water supply)

• Buildings & infrastructure
• Food security
• Water supply
• Population displacement

http://www.cambridge.org/uk/catalogue/catalogue.asp?isbn=9780521705974


The new industrial revolution

• Renewable energy & clean technologies
• Electric trains and cars
• Biofuels and 
• Carbon sequestration
• Energy efficiency



 The attack on science

There has been a very effective 
campaign against the science of 
climate change by those opposed to 
taking action to cut emissions – 
many because it is not in their own 
financial interests of it.

Normally, in our consideration of 
scientific issues we rely on expert advice. 
Agencies like the CSIRO or the 
Australian Academy of Science are 
listened to with respect. Yet on this issue 
there appears to be a licence to reject our 
best scientists, both here and abroad, and 
rely instead on much less reliable views.

Malcolm Turnbull, Virginia 
Chadwick Foundation, 21/7/11

Tony Abbott, Beaufort, Vic, 30/9/10

The science 
behind climate 
change is crap

Ian Chubb, 26/6/11  

The climate change debate is not about 
politics, but science. In many respects the 
climate change issue is like that: if you 
wait for incontrovertible evidence, you 
would likely wait for ever

A scientific argument 
for climate change, and 
the ways in which 
humanity has 
contributed to it, is 
confused with political 
or economic arguments 
for or against a 
particular course of 
action to mitigate or 
adapt to climate change.

Penny Sackett, 
19/2/11



 Key questions – from 
straightforward  to ‘diabolical”

1. Is the world’s climate changing? YES
2. Is this a problem?   YES
3. Hasn’t it always changed?   YES
4. Do we know what causes climate to change?  YES
5. Do people play a role, and if so how much?   SOME
6. Can we slow down climate change by reducing greenhouse 

gas emissions?                YES
7. How much will it cost to act? LITTLE   Not to act?  A LOT
8. Will there be winners and losers?       YES
9. What is the best approach (market, legislation)    BOTH
10. Shouldn’t we wait until others reduce their emissions (eg 

China, India, USA …)?       LOCAL + GLOBAL
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