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1.1 

The Basics of Climate 

Change Science

Professor Andy Pitman
University of New South Wales

KPMG Climate Change Briefing, 28 July 2010, Sydney

The scientific evidence for a human-
induced influence on the climate

 

 

1.2 

The Greenhouse Effect

Source: IPCC 2007

 

• When the Sun’s energy reaches the 
Earth, some of it gets absorbed by the 
Earth and re-emitted as heat 

• CO2 and other greenhouse gases trap 
some of this heat in the atmosphere, 
creating the “greenhouse effect”  

• This “greenhouse” property of CO2 has 
been known for over 150 years 
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1.3 

Human activities and CO2

emissions

Global energy use, CO2 emissions & CO2 atmospheric concentrations, 
1850ς2005 

Sources: Energy: Nakicenovic, 2009; Emissions: CDIAC; Concentrations: Mauna Loa & Law Dome

 

• Humans have undergone incredible 
development since the Industrial 
Revolution 

• Huge increase in the consumption of 
energy, particularly from fossil fuels 

• Huge increase in CO2 emissions and in 
the concentration of CO2 in the 
atmosphere. 

1.4 

Carbon dioxide

•Carbon dioxide:

–Colourless, odourless, tasteless, natural

–aids plant growth

–very rare –about 0.0384% of the atmosphere

•Increase in CO2 equivalent to 0.5 W/m2

–16,000,000 J/m2 per year 

–Equivalent to distributing 200 billion hairdryers –
30 per human being –and running them continuously 
over the past 30 years 

4

 

 

1.5 

Global temperature change

!ǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀƴŘ ƛƴ ǘƘŜ ƭƻǿŜǊ ŀǘƳƻǎǇƘŜǊŜ 
(over a 12-month period from May to April)

Sources: Surface: NASA GISS; Satellite: Spencer-Christy/UAH

 

• The surface of the Earth has warmed 
by about 0.8°C over the last century 
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1.6 

The evidence for global 

warming

1. Human activities are increasing the levels of carbon 
dioxide and other greenhouse gases in the 
atmosphere

2. This is causing more energy from the sun to remain 
in the Earth system

3. Through the last century the Earth has warmed, and 
continues to warm

4. The rate and pattern of warming is consistent with 
greenhouse gas warming and cannot be explained 
by natural factors

 

 

1.7 

Evidence from temperature 

observations

Northern Hemisphere temperature reconstructions

Source: Mann et al. (2008) PNAS, 105(36): 13252-13257 

 

• The warming of the Earth in the last 
century is unusual in at least the 
previous 1800 years 

• Temperature is now beyond the 
envelope of natural variability for this 
period 

 

1.8 

Evidence from the Earth’s 

physical systems

Observed global sea-level change 1970ς2010

Source: The Copenhagen Diagnosis (2009)

 

• There are many observations that are 
consistent with a warming Earth: 

– The Earth’s surface is warming 

– There is more water vapour in the 
atmosphere 

– The heat content of the oceans is 
increasing... 

– ... and sea level is rising as a result 

– Greenland and Antarctic ice sheets 
losing mass 

– Glaciers and snow cover are shrinking 

– Arctic sea-ice extent is decreasing 

• Sea level is rising near the upper level 
of the range of model projections 
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1.9 

Projections for the future

Two possible futures: 
• Red: One in which no climate 

policies are implemented
• Blue: One with strong action to 

mitigate emissions

M. Meinshausen et al. (2009)

We are here

 

• Actual annual CO2 emissions are 
increasing at the upper range of 
expectations 

• If CO2 continues to rise unchecked, it is 
likely that global warming will exceed 
4°C by the end of the century 

• This warming is much greater than the 
0.8°C we have already experienced 

• Local temperature changes might be 
even higher 

 

1.10 

Key uncertainties 

•Trajectories of future human emissions

•Changes in the climate on regional scales

•Changes in rainfall

•The effects of aerosols (mainly a cooling effect)

•Feedbacks that could dampen –but more likely 
strengthen –warming, e.g.,

–More greenhouse gas methane released from melting 
permafrost

–Rapid loss of soil carbon, ecosystem die-back

 

 

1.11 

Implications

•Key messages on the evidence for a human-induced 
influence on the climate:

–It is based on a very comprehensive body of scientific 
understanding of how the Earth works

–It is based on an accumulation of multiple independent 
strands of evidence and data

–It is accepted by the vast majority of scientists who 
study areas related to climate change
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1.12 

Implications

•Climate Science explains:

–how much energy is trapped by more CO2–matching 
observations

–How much this energy warms –matching observations

–Where warms most/least –matching observations

–Warming/cooling in the lower/upper atmosphere

•Climate Science therefore explains the observed 
changes in the 20th Century

•No alternative hypothesis exists to explain these 
observations

 

 

1.13 

Conclusions from IPCC AR4

•In 2007 the Intergovernmental Panel on Climate 
Change (IPCC) released it fourth assessment report 
(AR4) on the scientific evidence for climate change

•“Warming of the climate system 
is unequivocal...”

•“Most of the observed increase 
in global average temperatures 
since the mid-20th century is 
very likely due to the observed 
increase in anthropogenic 
greenhouse gas concentrations.” 
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2.1 

Some Common 

Criticisms of 

Climate Change 

Science

Professor David Karoly
The University of Melbourne

KPMG Climate Change Briefing, 28 July 2010, Sydney

And why they are wrong or don’t 
diminish the scientific evidence for 
a human-induced influence on the 
climate

 

 

2.2 

Overview

•If the scientific evidence is so strong, why is there so 
much ‘debate’ about the reality of climate change?

•While there are many uncertainties in the details of 
climate science, the link between human activities 
and global temperature change is solid

•The ‘debate’ has been created by a small but vocal 
group from outside the climate science community

•This presentation will respond to some of the most 
common criticisms of the science and show why they 
don’t withstand scientific scrutiny

 

 

2.3 

“It’s a natural cycle”

Temperature and CO2 variations over the last four glacial cycles from ice 
core measurements

Source: Carbon dioxide and isotopic temperature records from the Vostok Ice Core, CDIAC

 

• Claim: Global temperature and CO2 
have varied naturally, including periods 
with much higher values in the past 

• Responses:  

– True, but the natural factors that 
caused the glacial cycles are known to 
not be causing the current warming 

– CO2 is higher now than for at least the 
last 800,000 years 
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2.4 

“It’s not warming anymore”

A slide from a publication by Christopher Monckton 

Source: “SPPI Monthly CO2 Report” Jan 2010

 

• Claims: 

– Observed global warming has 
stopped, but climate models predict 
continuous global warming 

– Climate projections don’t show the 
observed cooling in 2008 

2.5 

“It’s not warming anymore”

!ǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀƴŘ ƛƴ ǘƘŜ ƭƻǿŜǊ ŀǘƳƻǎǇƘŜǊŜ 
(over a 12-month period from May to April)

Sources: NASA GISS and Spencer-Christy lower atmospheric temperatures

 

• Responses: 

– The last decade and the last 12 
months have been the warmest on 
record for global average temperature  

– Trends need to be viewed over 
decades, as there are large year-to-
year variations 

– Climate models simulate this 
variability, but some people choose to 
hide this by showing only average 
predictions from models 

 

2.6 

“It’s due to the Sun”

Solar irradiance as measured by satellite

Source: Active Cavity Radiometer Irradiance Monitor (ACRIM)

 

• Claim: The observed warming is due to 
changes in the strength of the Sun 

• Responses:  

– Changes in solar activity can affect 
global temperatures, but they are 
small, occur with an 11-year cycle and 
are currently at a minimum 

– Increases in solar activity would give 
more warming in the day than night, 
and in summer than winter, but the 
opposite has been observed 

– Increases in solar activity would warm 
both upper and lower atmosphere, 
but we observe cooling in the upper 
atmosphere and warming in the lower 
atmosphere 
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2.7 

“It’s biased data”

!ǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀƴŘ ƛƴ ǘƘŜ ƭƻǿŜǊ ŀǘƳƻǎǇƘŜǊŜ 
(over a 12-month period from May to April)

Source: NASA GISS and Spencer-Christy lower atmospheric temperatures

 

• Claim: The observed warming is due to 
the influence of the urban heat island 
on temperature records, or other 
biases in observational data 

• Responses:  

– Data from major urban areas are 
excluded from averages of surface 
temperature 

– Global temperature for the lower 
atmosphere measured by satellites 
shows the same warming trends 

– The warming is seen in other 
observations, such as increases in 
ocean temperatures and melting 
glaciers 

2.8 

“It was warmer during 

Medieval times”

Reconstructions of Northern Hemisphere average temperatures

Source: Mann et al. (2008) PNAS, 105(36): 13252-13257 

 

• Claim: The Medieval Warm Period, 
when the Vikings colonised Greenland, 
was warmer than today 

• Responses: 

– The warmth in the medieval period 
was largest in the North Atlantic and 
western Europe, and was likely not 
global in extent  

– Reconstructions show that  the 
warmth in the last fifty years is global 
in extent and unusual in at least the 
previous 1300 years 

– Climate has been influenced by many 
natural mechanisms, but none of 
them can explain the current rate of 
warming 

2.9 

“The science is not done 

properly”

•Claim: The last IPCC report was wrong

•Responses: 

–Two legitimate errors were identified in almost 3000 
pages of the report; neither affected the main 
conclusions

–The UK’s Sunday Times retracted the article “UN 
climate panel shamed by bogus rainforest claim”, 
which erroneously reported a mistake in the IPCC 
report
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2.10 

“The science is not done 

properly”

•Claim: Hacked emails from ‘Climategate’ demonstrate 
a conspiracy by climate scientists to emphasise 
evidence of global warming and suppress contrary 
evidence

•Responses:

–Three independent official enquiries have each found 
no evidence to support those claims

–Data on global temperatures is analysed at multiple 
centres around the world and all show global warming

 

 

2.11 

No time to respond to all 

claims... 

•Overall, none of the ‘sceptic’ claims 
have undermined the scientific 
evidence that climate change is 
caused by human activity

–Claims are either wrong or immaterial

–Address just a small number of many 
lines of evidence

•It’s time to move on to the 
implications of the scientific 
information and how we should 
respond

iPhone app: www.skepticalscience.com

Sceptic arguments and science responses  

• Examples of other claims: 

– CO2 is good for plants – true but 
irrelevant 

– Antarctica isn’t warming – wrong, 
cooling at South Pole but warming 
averaged over whole area  

– It warmed before 1940 when CO2 was 
low – true, but CO2 and natural 
factors were contributors 

– Satellites show no warming in the 
troposphere – wrong 

– CO2 followed temperature in the past 
– true but irrelevant 

– Scientists can't even predict weather 
– wrong 

– CO2 is from underwater volcanoes –  
wrong 
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3.1 

The Impacts of 

Climate Change

Professor Lesley Hughes
Macquarie University

KPMG Climate Change Briefing, 28 July 2010, Sydney

The observed and projected 
impacts of climate change on 
natural and human systems

 

 

3.2 

Overview

•Warming from 
human-induced 
climate change 
already has observable 
impacts on natural and 
human systems

•Responding to and 
preparing for impacts 
will help social and 
economic systems cope

–glaciers

–Plant growth

–Agricultural systems

–Freshwater systems

–Urban water supply

–Human health

–Infrastructure

–Species stress and 
extinction

–Coral

 

 

3.3 

Observations of climate 

impacts

Temperature change 1970ς2004  and data series of observed impacts

Source: IPCC (2007)

 

• In the last century global 
temperatures have risen by about 
0.8°C 

• To look at the impacts of this 
warming, scientists have studied 
thousands of data sets of physical and 
biological systems to see how they 
have changed 

• The overall trends are consistent with 
warming 

• There is a growing number of studies 
from the Southern hemisphere, and 
they are consistent with Northern 
Hemisphere trends 
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3.4 

Glaciers

Areal extent of Chacaltaya Glacier, Bolivia, from 1940 to 2005

Source: IPCC (2007)

 

• Glaciers all over the world have been 
shrinking 

3.5 

Plant growth

Net change in primary productivity (plant growth), 1982ς1999

Source: IPCC (2007)

 

• Globally, there has been an overall 
increase in net primary productivity 

• This is consistent with rising 
atmospheric CO2 and warming 

3.6 

Agricultural Systems

Sensitivity of cereal yield to climate change for wheat and rice 

from 69 published studies at multiple sites 

Source: IPCC (2007)

 

• Response of agriculture to climate 
change is complex and depends on 
changes in water availability 

• In Australia, rainfall is projected to 
decline in the south and east but 
increase in the north 

• Therefore production could decline in 
south and east and increase in north 

• Cropping will become increasingly 
non-viable in drier margins 

• Impacts on pests and diseases in 
cropping areas uncertain 

• Increased heat stress and water 
shortages will affect livestock 
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3.7 

Freshwater Systems

•Reduced rainfall in the 
east and south-west will 
result in decreased 
runoff and water 
supplies

•Little known about 
future changes in 
groundwater and flood 
events

Murray-Darling Basin % change in 
annual runoff in 2030 for a median 

climate scenario

Source: CSIRO, MDB Sustainable Yields Project (2008)

 

• Streamflow and runoff in the Murray 
Darling Basin are projected to fall, 
leading to decreased water 
availability, toxic algal blooms and 
increasing salinity 

• 1% reduction in rainfall results in 2–
3% reduction in water supply 

3.8 

Urban water supply

Annual inflow to Perth Water Supply System, 1911ς2005

Source: WA Water Corporation

 

• Declines in water supply are already 
evident 

• Perth water supply underwent a 
sharp decrease in the mid-1970s 

3.9 

Human health

•Increased heat-related 
deaths

•Increased death and 
injury from bushfires

•Mental health impacts 
from rural hardship

•Increased range of 
vector-borne diseases

Dengue Fever: Estimated region 
suitable for A. aegypti mosquito 

vector

Source: NCEPH/CSIRO/BoM/UnivOtago (2003)

Current

High emissions
scenario, 2050
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3.10 

Infrastructure

•Sea-level rise combined with storm surges could 
damage coastal infrastructure

Brisbane Airport today (left) and in 2100 (right), with a projected 1.1 m 
sea-level rise above 1990 levels coupled with a high tide

Source: DCC Coastal Vulnerability Assessment (2009)

 

• 80% of population live within 50 km 
of coast 

• Intense coastal development in east 
will exacerbate risks from sea level 
rise and storm surges 

• Loss of wetlands, beaches, estuaries 
and other low lying systems, decline 
in water quality and flows 

• Sea level rise of 0.2 m by 2050 
projected to result in some 
beachfront properties in the Sydney 
coastal region to experience shoreline 
erosion of up to 
22 m 

3.11 

Infrastructure

•Heat waves disrupt 
transport and electricity 
networks

 

 

3.12 

Species stress and extinction

•Shifts in the spatial distribution of 
many species: pole-ward and up

•Shifts in timing of species life 
cycles eg. egg-laying  and 
flowering

•Extinctions
Golden toad (Costa Rica)

White 
lemuroid 
ringtail possum 
(Australia)

 

• Many species have proved extremely 
sensitive to the climatic changes that 
have occurred so far 

• The Golden toad from Costa Rica is 
generally considered to be the first 
well-documented climate-change-
related extinction 

• In Australia, the white lemuroid 
ringtail possum, which is highly 
sensitive to temperatures above 30°C, 
may be the first Australian vertebrate 
extinction from climate change 

• Climate change is expected to 
become the primary driver of species 
extinctions over the next century  
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3.13 

Coral

Coral reefs are highly sensitive to ocean temperature and acidity

 

• The Great Barrier Reef is worth over 
$5 billion p.a. to the Australian 
economy 

• Corals are subject to an increasing 
number of simultaneous threats:  

– Warming sea surface temperatures 
can cause bleaching 

– Acidification of ocean water from 
additional atmospheric CO2 can 
interfere with skeleton-building 

– Rising sea levels, Agricultural runoff, 
increased shipping 

• Modelling indicates that by 2030 
bleaching may be an annual event, 
leading to replacement of the coral by 
macroalgae  

3.14 

Key hotspots for Australia

Source: IPCC (2007)

 

 

 

 

Climate Scientists Australia is an independent group of senior working scientists with a mission to 
advance the use in Australia of balanced, scientifically-based information in decisions on climate-related 
issues.  

Climate Scientists Australia Secretariat, c/o ClimateWorks Australia, Building 74, Monash University, VIC 
3800, Australia. Email: csa@climateworksaustralia.org. Web: www.climatescientistsaustralia.org.au  

http://www.climatescientistsaustralia.org.au/

